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Preface to the Second Edition

Overwhelming appreciation, whole-hearted acceptance, and qualified success of the First Edition
of the textbook entitled ‘Pharmacognosy and Pharmacobiotechnology’ extended by the
postgraduate students specializing in Pharmacognosy and Phytochemistry, Biotechnology,
Pharmaceutical Chemistry, Chemistry of Natural Products; besides the enormous undergraduate
students in Bachelor of Pharmacy programmes in all the reputed Pharmacy Degree Colleges not
only in India but also abroad are quite encouraging.

Exclusively based upon the commendable comments and constructive criticisms received from
various academic colleagues across the country the author has meticulously presented this entirely
revised and duly expanded Second Edition. Moreover, the reading text material has been updated
thoroughly, various biosynthetic pathways modified adequately, chemical structures and tabular
contents enumerated more explicitly. Besides, the critical definitions, important statements,
terminologies, names of chemical constituents have been duly highlighted so as to facilitate its
readers to comprehend them accurately.

Tremendous achievement and advance in the different segments of highly sophisticated ‘Research
Techniques’ solely based on PC-modulated modern analytical techniques helped not only to clarify
the rather complex chemical structures of unravelled chemical constituents from Natural Products,
but also established precisely the plethora of ‘Biosynthetic Pathways’ dominating the plant kingdom.
The present textbook essentially comprises of nearly sixty ‘biosynthetic routes’ of predominantly
important natural chemical entities, such as: alkaloids, antibiotics, glycosides, marine-derived
drug substances, and terpenoids.

It is, however, pertinent to add here that certain extremely preliminary aspects to the related
pharmacognostical characteristic features of ‘Natural Plant Products’, namely: morphological
structures, adulterants used in herbal products, habitats, method of cultivation, geographical
distribution etc., have been expunged from the text, to which the students invariably obtain sufficient
exposure in the early stages of their systematic curriculum follow up.

The Second Edition essentially comprises of five additional chapters, namely:
(7) Nutraceuticals, (ii) Enzymes and Protein Drugs, (iii) Biomedicinals from Plant Tissue
Cultures, (iv) Hi-Tech Products from Plant Sources, and (v) Indian Traditional Herbal Drugs,
i.e., chapter-11 through chapter-15. The judicious and thoughtful inclusion of these five chapters
would certainly expose the PG/UG students of the aforesaid disciplines to an exceptionally solid
platform in the scientific pursuit of their knowledge.

The author feels convinced and earnestly believes that the Second Revised and Expanded
Edition of Pharmacognosy and Pharmacobiotechnology shall largely fulfil the much needed
value-added substantial text materials.
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viii PREFACE TO THE SECOND EDITION

It is hoped that Pharmacognosy and Pharmacobiotechnology will continue to enjoy its
popularity amongst the august teaching fraternity, brilliant students, herbal practitioners,
pharmacognosists, herbal chemists, phytochemists, biotechnologists, and above all the researchers
who would like to make an illustrious career in their respective professional discipline in the New
Millennium.

Finally, the author wishes to place on record his deep sense of gratitude to Shri Saumya Gupta
M.D., and the entire professionals of New Age International (P) Limited Publishers, for their excellent
support to bring out this edition in such a short-span.

Gurgaon Dr. Ashutosh Kar
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Preface to the First Edition

Etymological evidences reveal that ‘pharmacognosy’ refers to the knowledge (from the Greek
gnosis) of drug (Pharmacon) substances. Pharmacognosy may also be referred to as— ‘Study of
sources, and chemical and physical properties of drugs’. In the present context pharmacognosy,
since Dioscorides’s treatise, has spread its tentacles to investigations of a wider section of naturally
occurring materials essentially comprised of plants, animals, substances originated from
microorganisms and even biotechnology and genetically engineered entities. Jean Bruneton, the
famous French pharmacognosist, describes pharmacognosy as— ‘Study of starting materials and
substances intended for therapeutics, and of biological origin, in other words obtained from plants,
animals, or by fermentation from microorganisms’.

Since the past two centuries the identification, isolation and characterization of naturally occurring
substances across the world have been accomplished by the concerted efforts through a central
preoccupation of innumerable research chemists and biological scientists. In the recent past, the
world has witnessed an overwhelming progress towards intensification of interest more so in natural
products from the herbal-based pharmaceutical industries with the epoch-making discoveries of
extremely useful new drugs, namely, taxol, artemisinin ginsengoside Rg1 ginkolide A, doxorubicin
and the like, from the nature’s natural reserves.

The other predominant aspect is ‘pharmacobiotechnology’, an area that encompasses the intricate
production of natural-product-drug substances on the basis of the copious volumes of scientific
evidences amalgamated with tremendous progress and breakthroughs particularly in the fields of
‘biotechnology’ and ‘molecular biology’. It is indeed an altogether newer frontier charged with
innovative ideas and approaches in modern-drug-discovery scenario to modify and improve upon
the quality of life of human beings on this planet. Therefore, in the present textbook, an earnest
attempt has been made to deal with the newest drugs on one hand and the oldest ones on the other in
a very systematic and lucid manner with a strong conviction that these all belong to the natural
origins.

Interestingly, the last five decades have witnessed a quantum jump in relevant and useful
publications especially with regard to books pertaining to medicinal plants, medicinal herbs,
biologically active natural products, phytochemistry of medieval plants, alternative medicine; besides
herbal and botanical remedies for commoners. It is, however, pertinent to mention about the legitimate
exposure vis-a-vis the in depth knowledge of the various aspects of medicinal plants well within the
broader limits of pharmacognosy—a professional discipline widely recognised not only amongst
the pharmacy and medical herbalism academic programmes but also of utmost significance to non-
medical professionals.

The present text essentially comprised of ten chapters, namely: introduction to phytochemistry,
pharmacobiotechnology, carbohydrates, glycosides, terpenoids, phenylpropanoids, alkaloids, bitter
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principles, antibiotics, and drug molecules of marine organisms. Keeping in view the intensive and
remarkable progressive advances accomplished in phytochemical and technological research, it was
thought worthwhile to make adequate coverage of pharmacognosy essentially needed not only for
the pharmacy degree syllabuses in general but also for the professional class in particular.

The drugs have been classified on a unique broad-based, widely accepted and literature-supported
manner.

These are carefully selected and arranged in each chapter, organized on the strong footing of
chemical relationships, their biosynthetic approach, thereby elaborating sufficient basic fundamentals
for the better advanced knowledge and vivid understanding of the wonderful natural products as
‘drugs’.

Each individual drug belonging to various groups dealt with in the present textbook has been
carefully selected based on its academic merit, status and relevance. It has been treated in a most
scientific and methodical manner essentially consisting of the following highlights, namely: latest
classification, authentic nomenclature, synonym(s), biological source(s), chemical structure, chemical
name, molecular formula, isolation or preparation methods, characteristic features, identification
test(s), derivatization, characteristics of derivatives, therapeutic uses, and biosynthetic pathways,
wherever applicable. A number of important classes of compounds and their relevant features have
been summarized in tabular forms selected figures in the text have been incorporated at appropriate
places to make the ensuing subject matter more easily understandable to its readers biosynthetic
pathways have been explicitly dealt with. The text contains more than one thousand chemical structures
of drugs and their intermediates, more than fifty biosynthetic pathways and about fifteen figures.

Bearing in mind the extraordinary pace and appreciable momentum gathered by the global
pharmaceutical market, followed by an encouraging number of newer drug companies joining the
modern trend of market demands, there exists an enormous scope in phytochemical research and
development efforts. The world-wide intensive quest for newer, safer and effective drugs from natural
products is not confined only to the terrestrial plants from tropical rain forests and to animals, but
also to the plants and microorganisms occurring in deep oceans surrounding this earth.

It is earnestly believed that in the present textbook the modern concepts of pharmacognosy
shall fulfil the necessary requirements of undergraduate and graduate students of various universities
in India and other developing nations. Those who intend to continue their research in medicinal
plants and desire to establish a strong base in the production of herbal-drug industries may also find
this compilation equally informative and useful.

Addis Ababa Dr. Ashutosh Kar
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e Natural Drugs Substances: Cultivation
and Production

1.1 PHARMACOGNOSY—A BRIEF HISTORY

‘Pharmacognosy’—has been coined by the merger of two Greek words Pharmakon (drug) and
Gnosis (knowledge) i.e., the knowledge of drugs. The nomenclature—‘Pharmacognosy’ was used
first and foremost by C.A. Seydler, a medical student in Halle/Saale, Germany, who emphatically
employed Analetica Pharmacognostica as the main title of his thesis in the year 1815. Besides,
further investigations have revealed that. Schmidt has made use of the terminology ‘ Pharmacognosis’
in the monograph entitled Lehrbuch der Materia Medica (i.e., Lecture Notes on Medical Matter)
which dates back to 1811, in Vienna. This compilation exclusively deals with the medicinal plants
and their corresponding characteristics.

It is indeed quite interesting to observe that our ancients were duly equipped with a vast, in-
depth and elaborated knowledge of plethora of drugs from the vegetable origin but unfortunately
they possessed a scanty knowledge with regard to the presence of chemically pure compounds in
most of them.

Camphor found its enormous use in the treatment and cure of many ailments, for instance:
internally as—a stimulant and carminative; externally as—an antipruritic, counterirritant and
antiseptic by the ancient Egyptians, Chinese, Indians, Greeks and Romans.

Earlier it was obtained by mere cooling of volatile oils from—ssasafras,
rosemery, lavender, sage; while the Ancient Greeks and Romans derived it CH,
as a by product in the manufacture of wine. Nowadays, camphor is
obtained on a large-scale synthetically (racemic mixture) from the a-pinene
present in the terpentine oil (Chapter 5).

African natives used plant extracts in their ritual ceremonies whereby
the subject would lose his/her complete body movements but shall remain
mentally alert for 2 or 3 days. Later on, the earlier civilization also discovered
anumber of fermented drinks solely derived from carbohydrate—rich plant CAMPHOR
substances invariably containing alcohols and vinegar. With the passage (A Bicyclic Ketone)
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2 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

of time they also recognised certain plant products exclusively used for poisoning their spears and
arrows in killing their preys and enemies as well. Interestingly, they found that some plant extracts
have the unique property of keeping the new meat fresh and also to mask its unpleasant taste and
flavour.

The human beings belonging to the ancient era in different parts of the globe independently
discovered the inherent stimulating characteristics of a wide variety of drinks exclusively prepared
from the vegetative source as stated below in Table 1.1.

Table 1.1 Stimulating Characteristics from Vegetative Sources

S. Common Name Biological origin Part Active Distribution
No. (Family) used Ingredient
1. Guarana Paullinia cupana Seed Caffeine Brazil, Uruguay
Kunth (2.5-5.0%)
(Sapindaceae) Tannin
(Catheochutannic
acid) 25%
2. Paraguay Tea llex paraguariensis Leave Caffeine South America
or Mate St. Hill. (upto 2%)
(Aquifoliaceae)
3. Coffee Bean Coffee arabica Seed Caffeine Ethiopia,
or Coffee Seed Linne’ or (1-2%) Indonasia,
C. liberica Trigonelline Sri Lanka, Brazil
(Rubiaceae) (0.25%);

Tannin (3-5%)
Glucose & Dextrin
(15%);

Fatty Oil
(trioleoglycerol) and
palmitoglycerol

(10-13%)
Protein (13%)
4. Coca Kola Coca nitida Seed Caffeine Sierra Leone,
or Kolanuts (Ventenat) anhydrous Congo, Nigeria
Schott et Endlicher (£1%) Sri Lanka, Ghana
(Sterculiaceae) Brazil, Indonesia
Jamaica
5. Tea or Thea Camellia sinensis Leave Caffeine China, Japan,
Linne’s O. Kuntze or (1-4%) India, Indonesia
(Theaceae) Leaf Gallotannic Sri Lanka
bud acid (15%)
Volatile oil
(Yellow) 0.75%
6. Cacao Beans Theobrome cacao Seed Fixed Oil Ecuador, Columbia
or Cacaoseeds Linne’ (35-50%) Malasia, Curacao,
(Sterculiaceae) Starch (15%) Mexico, Trinidad
Protein (15%) Brazil, Nigeria
Theobromine Camerrons, Ghana
(1-5%); Caffeine Philippines,
(0.07-0.36%) Sri Lanka

Figure 1 shows the basic nucleus of ‘Xanthine’ and ‘Purine’; besides the three well-known
members of the Xanthine family viz., Caffeine, Theophylline and Theobromine.
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| Fig. 1.1 The Xanthine and Purine Structures |

Figure 1.2, illustrates the mode of synthesis of caffiene essentially from the same precursors
present in Caffea arabica as the three purine alkaloids (see Fig 1.1) found in order biological sys-
tems which have been studied so far at length, either from a compound which may afford an active
1-carbon fragment (e.g., serine, methanol, glycine and formalin) or from formic acid.

o CH; A = Active 1-carbon fragment [serine, methanol, glycine
Il 7™ .
C N5 A and formalin];
-~ 6 \C/ \8 / B = o-Amino acetic acid (H,N.CH,COOH) or glycine
3 | I CH C = Amide nitrogen of Glutamine
; 4 C=— B [HOOC.CH,.CH,CH.NH,.COOH];
~> N = Carbon dioxide;
ITI \ ? E = Nitrogen from Aspartic acid
CH; 4 [HOOC-CH,CH(NH,).COOH].
CAFFEINE

| Fig. 1.2 Mode of Synthesis of Caffeine |

Methionine along with the said four compounds act as active precursors of the three ‘Methyl
Groups’ at N, N5 and N, positions respectively.

Glycine is responsible for the contribution of C-4, C-5 and C-7,

Carbon dioxide contributes C-6,

N-1 is provided from aspartate, and

N-3 and N-9 are derived from the amide nitrogen of glutamate.

Such elaborated and intensive studies of chemical constituents present in ‘Natural Products’
could only be feasible with the advent of various advancement in the field of ‘Phytochemistry’.

However, it is pertinent to mention here that the scientific reasonings for the various age-old
established characteristic medicinal properties have been adequately ascertained and determined in
the past two centuries. A critical survey of literatures would reveal that a few chemical entities were
not only identified but also known to the therapeutic armamentarium between the said era. A few
typical examples are enumerated below in a chronological order, as stated in Table 1.2.
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Table 1.2 Examples of Plant Constituents in Use from 1627 to 1830
S. No Period Researcher Chemical Entity Remarks
1. 1627-1691 R. Boyle Alkaloid(s) (probably) Present in Opium
2. 1645-1715 N. Lemery Alcohol As a solvent in
(French Apothecary) extraction processes
3. 1709-1780 A.S. Marggraf Sugar isolated from many
(German Apothecary) plant sources
including Sugar-Beet
4. 1742-1786 K.W. Scheele Organic acids isolated from natural
oxalic, malic, citric, sources.
gallic, tartaric and
prussic (HCN)
5, 1805 Serturner Meconic acid Present in Opium
(German Chemist)
6. 1811 Gomeriz Cinchonine Isolated from
(Portugese Chemist) Cinchona Barks
7. 1817 Serturner Morphine An alkaloid present
(Geman Chemist) in Opium
8. 1817 Pelletier and Strychnine An alkaloid from
Caventou Strychnos Nux
(French Chemist) Vomica
9. 1819 -do - Brucine - do -
10. 1820 Meissner Veratramine An alkamine from
Green Hellebore.
11. 1830 - Amygdalin A cyanophore
glycoside from Bitter
Almond.

Considerable progress has been made in the nineteenth century when chemists seriously took up
the challenge of synthesizing a plethora of organic compounds based or ‘biologically-active-
prototypes’. Some of these purely ‘synthesized compounds’ essentially possessed structures of
ever increasing complexity; and later on, after systematic pharmacological and microbiological
evaluations proved to be yielding excellent useful therapeutic results. Evidently, as most of these
‘tailor-made’ compounds having marked and pronounced therapeutic indices were found to be
existing beyond the realm of ‘pharmacognosy’ or more specifically ‘phytochemistry’—an altogether
new discipline under the banner of ‘medicinal chemistry’ came into existence. However, this
particular discipline almost remained dormant since the era of Parcelsus. But now, the ‘medicinal
chemistry’ has acclaimed deserving wide recognition across the globe due to its own legitimate
merit and advantages.

In short, three major basic disciplines became largely prevalent with regard to the development
of drugs, namely:

¢ Pharmacognosy: embracing relevant information(s) with regard to medicines exclusively derived
from natural sources, for instance: plants, animals and microorganisms,

¢ Medicinal Chemistry: covering entirely the specific knowledge not only confined to the science
of ‘synthetic drugs’ but also the basic fundamentals of ‘drug-design’, and

e Pharmacology: dealing particularly the actions of ‘drugs’ and their respective effects on the
cardiovascular system and the CNS-activities.
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Over the years, with the tremendous growth of scientific knowledge and valuable informations
the three aforesaid disciplines have fully-emerged as ‘complete sciences’ within their own
spheres.

Though copious volumes of ancient literatures in Chinese, Egyptian, Greek, Unani and Indian
(Ayurvedic) systems of herbal medicines were found to contain factual and invariably exaggerated
claims of their therapeutic efficacies, yet when they are evaluated intensively on a scientific basis
with the advent of latest analytical techniques, such as: FT-IR, NMR, MS, GLS, HPLC, HPTLC,
X-Ray Diffraction, ORD, CD and UV-spectroscopy—it has adequately and promptly provided an
elaborated structure of various complex chemical constituents. A few select typical examples of
known compounds are given in Table 1.3.

1.2 IMPORTANCE OF NATURAL DRUG SUBSTANCES

In general, natural drug substances offer four vital and appreciable roles in the modern system of
medicine thereby adequately justifying their legitimate presence in the prevailing therapeutic
arsenal, namely:

(i) Serve as extremely useful natural drugs.
(ii) Provide basic compounds affording less toxic and more effective drug molecules.
(iii) Exploration of biologically active prototypes towards newer and better synthetic drugs.
(iv) Modification of inactive natural products by suitable biological/chemical means into
potent drugs.

The aforesaid aspects shall be briefly dealt with in the sections that follows:

m Serve as Extremely Useful Natural Drugs

On a recent survey conducted by the World Health Organisation (WHO) globally, around 20,000
medicinal plants are being used profusely either in pharmceutical industry or in folk medicines.
Interestingly, about 1.4% do possess well-established, widely—proven and broadly accepted un-
equivocally active constituents.

De Souza et al.” in 1982 opined on a serious note that— “the usual success rate of discovering
new drugs from natural sources is solely based not only on the conception but also on the implemen-
tation of ingenious comprehensive strategies which invariably explore and exploit the untrapped
potential of the natural sources”. In fact, there are four ways by which the above objectives may be
accomplished reasonably and legitimately, such as:

(a) Isolation of novel genotypes from marine and terrestrial ecosystems,

(b) Genetic engineering: creating novel and altered genotypes,

(¢) Biochemical manipulation of selected pathways, and

(d) Supersensitive and specific selection techniques and evaluation for varied bioactivities.

* De Souza, NJ et al., Annu. Rep. Med. Chem, 17, 301, 1982.
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S.No. Common name(s) Biological origin (Family)

Distribution

Chemical constituents

Uses

1. Artemisinin or
Qinghaosu

Artemisia annuna Linne,
Linne, (Asteraceae)

2. Doxorubicin or Streptomyces
Adriamycin and coeruleorubidus
Daunorubicin or Streptomyces
Cerubidine peucetius var

caesius

3. Ginkgo Ginkgo biloba

Linne
(Ginkgoaceae)

CHs China

CH,R

DOXORUBICIN : R = OH;
DAUNORUBICIN : R = H;

Eastern Asia
Southeastern
United States.

GINKGOLIDE-A

Treatment of
cerebral malaria;
Active against
both chloroquine
sensitive and
chloroquine-
resistant strains
of Plasmodium
falciparum

Treatment of
breast cancer,
various types of
carcinomas, acute
Leukemia;
Daunorubicin
Treats acute
Lymphocytic
Leukmias.

Ginkgolides A,

B, C, and M inhibit
platelet-activating
factor (PAF);
reduces capillary
fragility and blood
loss from the
capillary vessels
that may ultimately
check ischemic
brain damage.

(Contd.)

ADOTONHOF10IG0OVINHVYHd ANY ASONDOOVINHVHA




Ginseng

Gum opium or
opium or
Poppy Seed or
Maw Seed

Rauwolfia
sepentina

RO G)
Panax quinaquefolius SI M-H—rtadha A_I-Shareifi e-Library
Linne and

Panax ginseng C.A. Mey HO oH o

- HSC 1y
/
(Araliaceae) OH

OH
CH,OH

Papaver somniferum
Linne or

Papaver album
Deendolle
(Papaveraceae)

Rauwolfia serpentina
Linne Bentham
(Apocynaceae)

American ginseng
(p.g.) in Eastern
United States and
Canada;

Asian gingseng (P.g.)
In Eastern Asia
presently cultivated
profusely in Korea,
Japan and the former
Soviet Union.

Turkish Anatolian
plain extends to
Northern border of
Laos; India; China,
Democratic peoples
republic of Korea.

India, Myanmar,
Sri Lanka; Vietnam;
Malaysia; Indonesia;
The Phillippines.

Known to possess
tonic stimulant
diuretic and
carminative
properties;
reported to act
significantly on
metabolism, CNS
7 endocrines;
Exhibits adaptogenic
(antistress) activity.

Strongly narcotic
and hypnotic;
Centrally acting
analgesic.

Treatment control
of hypertension;

As an antipsychotic
agent.
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7.

8.

9.

Taxol or
Pacitaxel or
Pacific Yew

Curare or
South American
Arrow Poison

Yohimbine

Taxol brevifolia
Nutt
(Taxaceae)

Strychnos castenaei
Weddell;

S. toxifera Bentham;
S. crevauxii

G. Planchon
(Logniaceae); and
Chondendron
tomentosum

Ruiz et Pavon
(Menispermaceae)

Pausinystalia
yohimbe (K. Schum)
Pierre

(Rubiaceae)

TUBOCURARINE CHLORIDE

H3COOC =
OH

YOHIMBINE

Northwestern

OH United States.

Orinpoco basin;
Upper Amazon

regions;
Eastern Ecuadorian
plateau.
2CI~
3H,O
West Africa.

Treatment of
metastatic
carcinoma of

the ovary after
failure of first

line or followup
chemotherapy;
Treatment of breast
cancer after failure
of combination
chemotherapy for
metastatic disease.

As a disgnostic

aid in myasthenia
gravis;

As an adjunct

to electroshock
treatment in
neuropsychiatry

to control convulsion
caused due to tetanus
and strychnine
poisoning.

Treatment of
impotance in
patients with
vascular or diabetic
problems.

(Contd.)

ADOTONHOF10IG0OVINHVYHd ANY ASONDOOVINHVHA
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10. Cantharanthus
or
Vinca

Cantharanthus
roseus G. Don
(Apocynaceae)
Formerly
designated as
Vinca rosea
Linne’

It has a close
resemblance to
Vinca minor
Linne’, commonly
known as
Periwinkle.

N

I

H
H3CO
Vincristine sulphate
(R = CHO);
Vinblastine sulphate
(R =CHjy)

OH

CATHARANTHINE

PORTION
"""CH,CHg
COOCH3 L4 H2804

VINDOLINE PORTION

" ({ GOCHs
0

OCCHs

Madagascar,
India, South
America, Austria,
South Africa,
Europe, The
West Indies,
Southern

United States.

Treatment of
lymphocytic
lymphoma,
advanced testicular
carcinoma,
histocytic
lymphoma,

myosis

fungoids,
Hodgkin’s disease,
Kaposi’s sarcoma
choriocarcinoma
and breast cancer
Unresponsive to
other diagnosis.

NOILONAOHLNI
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A few typical examples of drugs derived from natural sources and their respective uses are
given in Table 1.4.

Table 1.4 Examples of Drugs from Natural Products

S.No. Name Biological Origin(s) Isolation Synthesis Uses
1.  Atropine Atropa beladona 1831 1883 Spastic colitis, gastro
(Linne) enteritis, peptic ulcer;
antispasmodic.
2. Ergotamine Claviceps purpurea 1918 1961 To prevent or abort
(Fries) vascular headaches,
(Migraine and
cluster headache)
3. Morphine Papaver somniferum 1805 1956 As narcotic analgesics
(Linne) strongly hypnotic.
4. Prostaglandins C-20 Lipid 1962 1969 PGE;-certain
(PGE; & PGE,) Metabolites in vitro congenital heart defects
from essential as a gastric antisecretory
unsaturated fatty acids and gastroprotective
of food (Linoleic acid) agent; PGE,-for
termination of second
trimester pregnancies.
5. Physostigmine Physostigma 1864 1935 In ophthalmology to
venesonum (Balfour) treat glaucoma;
decreases intraocular
pressure.
6.  Quinine Cinchona succirubra 1820 1944 For treatment of malarial
(Pavon et Kloyzsch) fever.
7. Scopolamine Atropa belladona, 1881 1956 As CNS-depressant;
(Hyscyamine) Datura stramonium, in motion sickness;
Hyoscyamus nigher; in preanaesthetic
(or Egyptian henbane) sedation; in obstetric
amnesia along with other
analgesic to calm
delirium.

Provide Basic Compounds Affording Less Toxic and More Effective

Drug Molecules

The numerous examples of naturally occurring plant products that serve as prototypes for other
medicinally potent compounds either having closely related structures prepared exclusively by
semisynthetic routes or possessing relatively simpler (less complex) purely synthetic structural
analogues have been adequately described in various literatures. A few interesting examples of such
compounds shall be described in this context as under:

Exploration of Biological-Active—Prototypes towards Newer and Better
Synthetic Drugs

A plethora of better synthetic drug models gained considerable recognition in the therapeutic arsenal
that were solely derived on the biologically-active-prototypes. It is, however, pertinent to mention
here that these synthetic models not only possessed similar and better therapeutic index but also



Dr.Murtadha Al-Shareifi e-Library

INTRODUCTION 11
S.No. Natural Semisynthetic Synthetic
1. Morphine Hydromorphone Methadone

(Narcotic Analgesic)

Acetyl salicylic acid

2. Salicin and
salicyclic acid (Asprin)
(Analgesic)
CH,OH
H2C—OH o OH
A OH
COOH
H3C—ﬁ—o
Ephedrine Phenylpropanolamine
(Adrenomimetic)

,/’""'\\ OH,"/E)H3 \\,‘ 7 \\‘--I--' i
@C:C—N ! i@?_?_N\'II
\ H H—/,’ H

1
'
v
\
\
\

’

/ @C%E—CHZCH3
'\\ ’_/1'
Sy ©

Ibuprofen
Ibuprofen

_____ oy

T
H—C-/COOH

|
H3C—CH—CHjs

Tetrahydrozoline

(Contd.)




Dr.Murtadha Al-Shareifi e-Library

12 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

4. Atropine Homatropine Glycopyrrolate
(Anticholinergic)

Note: The dotted areas in the above chemical structures show the presence of essential characteristic features in
the natural (biological-active-prototype), semisynthetic and synthetic models.

exhibited fewer side effects than their corresponding naturally occurring constituents. A few typical
examples are enumerated below:

(a) Procaine from Cocaine—As Local Anaesthetic:
Procaine Cocaine

(b) trans-Diethylstillbestrol from—Estradiol—as Estrogenic Hormone:

trans-Diethylstilibersterol a-Estradiol
N il
[”:I/ 2/ { \\
JOJ A
> e
= 0,0

(¢) Chloroquine from Quinine—as Antimalarial:

Chloroquine
TN CH,CH,
CHzH N -

| \CH2CH3 Quinine

/CH2 /H
H—C—CH N\
| 3 \CH2
NH

N

Cl
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m Modificaton of Inactive Natural Products by Suitable Biological/
Chemical Means into Potent Drugs

This particular role of natural products is not only distinctly different from the rest, as discussed in
section 1.2.1 through section 1.2.3, but also has its prime importance by virtue of the fact that certain
constituents present in them do not exhibit any significant biological activity or chemical means
surprisingly give rise to quite effective and potent drugs that are not easily obtainable by other
known methods.

The following examples will expatiate the above facts squarely:
Examples:

1. Vitamin* A from—carotene (isolation from carrots i.e., Dacus carota)
H,C

CH,
B-Carotene
H,C_ CH, CH, CH;
NN OH
CH,
Vitamin A (Retinol)

2. Taxol by conversation of 10-Dasacetylbaccatin III (Isolated from the needles of Taxus
baccata):
Synthetic Route

10—Dasacetylbaccatin III » Taxol (see Table 1.3)
Taxol is an antineoplastic agent invariably used in breast cancer.

3. Progesterone and Pregnenolone by conversion of Diosgenin (aglycone of Saponin Dioscin

from Dioscorea tokoro Makino): .

Synthetic :
HO Route

Diosgenin Progesterone

* 2 Moles of RETINOL are produced from 1 mole of d-B-Carotene which acts as a precursor of the former.
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T
Cc=0
CH,)
CH,
HO
Pregnenolone

4. Hydrocortisone and Corticosterone from Stigmasteol (occurs abundantly as Phytosterol

Mixture from Soyabeans and Calabar Beans)
(|3HZOH

C=0

Chemical :
HO Biological
Route Hydrocortisone
Stigmasterol
¢ CH,OH
C=0
HO CH,
CH,
%
O

Corticosterone

In addition to the Third World nations, the technologically advanced countries like the United
States have experienced a phenomenal change towards the acceptance of herbal medicines over the
expanded OTC usages of such drugs. It is believed that in the Twenty First Century a quantum leap
forward would be distinctly seen in the world pharmaceutical market. A few such projection of
pharmaceutical products by the year 2001 may be glanced as detailed below:

S. No. Name of Product(s) Uses Estimated Sales (USD)*/Year
1. Plantago Seed or Cathartic, 300 Million
Psyllium Seed or Purgative
Plantain Seed
2. Scopolamine and Nicotine Motion sickness,
Patches Calming delirium, As
anticholinergic agent 1 Billion
3. Taxol Antineoplastic agent 1 Billion
4. Vinblastine and Vincristine -do- 100 Billion

* USD: United State Dollar.
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It may appear to be quite realistic and amazing that in the near future about 50% of the healthy-
market-share would be captured legitimately by drugs belonging to the natural origin.

It is not out of place to assert that on one hand science is advancing in a tremendous logarithmic
progression towards gene-synthesis, rocket-fuels, super computers, electronic cash-transaction
across the globe, fax machine, paperless offices, modern analytical computer-aided instruments,
auto analysers for routine industrial analysis for on-going chemical and biological processes and
final products metioulously designed and skillfully formulated life-saving drugs; while on the other
hand the confidence of the people being restored at a steady pace towards the ancient herbal drugs
right from the treatment of constipation to management and control of malignancies in human beings.
Of course, the so-called ‘Crude-Drugs’ are presently available in well refined and latest state-of-
the-art packings as over the counter (OTC) drugs through chemists and druggists and super markets
across the world. Perhaps that day is not too far when a common person will be tempted to grow
medicinal plant in the kitchen garden rather than growing spring onions, lettuce, cucumber and
french beans for their daily needs. It is a pity that the inhabitants of the modern society is virtually
over-loaded by the usage of tonnes of chemicals used in the form of medicines for the cure of
various ailments.

1.3 NATURAL DRUGS SUBSTANCES: CULTIVATION AND PRODUCTION

It is pertinent to mention here that the actual production of ‘natural drug substances’ invariably
adopts a number of different routes and methods based on the fact that their diversified origin as
present in plant, microbial and animal kingdom. These t/ree sources shall be discussed individually
in the sections that follow:

m Plant Products

Many countries in the world have a ‘God-gifted’ natural reserve of medicinal plants. Because of
their judicious and cautious administration by the expertise of indigenous-systems of medicine people
could survive and thus explore and conquer the world as per the historical evidence. In the past, lack
of knowledge, non-availability of adequate storage facilities and proper scientific means and methods
of cultivation and collection a good number of useful medicinal plants almost reached a point of not
only depletion but also extinction. With the advent of scientific knowledge abundantly available
these medicinal plants are now grown in an organised fashion whereby proper identification, right
cultivation, due harvesting in the correct time of the year to yield maximum desired chemical
constituents, and adequate prevention from spoilage and infestation due to improper storage.
Nowadays, plant-extracts are available commercially across the globe so that these may be
incorporated duly in several tried and tested herbal preparations. Various advanced ‘analytical
methods’ help a long-way in establishing the true picture of their quality, for instance: percentage of
Eugenol present in Clove oil determines its quality; percentage of Cineol in Eucalyptus oil shows
its purity; percentage of Total Alkaloids in Datura stramonium depicts its medicinal value.

A few countries in the world are noted for their supply of certain specialized plant extracts,
namely:



Dr.Murtadha Al-Shareifi e-Library

16 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY
India : Opium extracts;
China : Extract of Artemisia annuna;
United States : Ginkgbo biloba extracts (GBE)
Korea, Japan : Panax ginseng extracts;
Madagascar : Catharnthus roseus extracts;
Eastern Europe Ergot produced by mechanical inoculation of rye plants with spores

of a selected fungus.

m Cell-Culture Techniques

It essentially involves the production of the ‘desired secondary constituents’ that caters for a
viable alternative means of drug-plant-cultivation. Extensive studies have revealed that under the
influence of ‘stress-conditions’, for instance: reacting with a suitable pathogen-may ultimately
help in simulating the yield of some specific highly desired constituents in plant-cell suspension
cultures. However, the actual slow growth of the cell-biomass possess a serious obstacle in the wide
acceptance of this innovated technique. Perhaps the day is not too far when the plant genes which
are responsible for coding enzymes catalyzing the desired biosynthetic routes may be converted to
rather more swiftly growing bacterial or fungal cells.

m Microbial Metabolites

A number of ‘microbial metabolites’ produced by well-defined process of fermentation give rise to
certain very useful therapeutically potent drugs, especially the antibiotics and related antieoplastic
agents as exemplified below:

(a) As Antibiotics: for instance:

(i) Chloromycetin — from Streptomyces venezualae Bartz,

(if) Erythromycin — from Streptomyces erythreus (Walksman) Walksan & Henrici,
(7ii) Gentamycin — from Micromonospora purpurea MJ Weinstein et al.
(iv) Penicillin O — from Penicillium chrysogenum,

(v) Streptomycin — from Streptomyces griseus (Krainsky) Walksman et Henrici,
(vi) Tetracycline — from Streptomyces viridifaciens.

(b) As Antineoplastic Agents: for examples:

(i) Dactinomycin — from several Streptomyces spp.
(ii) Daunorubicin — from Strepomyces peucetius G. Cassinelli; P. orezzi.
(iii) Mitomycin C — from Streptomyces caespitosus (griseovinaceseus)
(iv) Pilcamycin (or Mithramycin) — from Streptomyces argillaceus n. sp. and S. tanashiensis

Figure 1.3, illustrates the outline of the fermentation process usually accomplished in a pharmaceutical
industry whereby dried drugs are produced in a large scale. However, in certain specific instances,
per se cephalosporins, the end product obtained by the fermentation process is routed through
semisynthetic means to yield the desired pharmaceutical substance.
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Sterilized-Number
Medium
(50 — 100 KL)

Fermentation

Propogation
of Desired Organism
in Aerated Tanks

After Certain
Duration

’ Fermented Broth |

| Separation

Cell Growth Culture Broth
Extraction

| Extracted Product |
[ Purification
[ Desired Component |

Fig. 1.3 Out-line of Fermentation Process of Drugs |

It is pertinent to mention here that the production of ‘genetically—engineered—drugs’, bears
fundamentally a close resemblance to the various fermentation processes normally employed for the
antbiotcs. The major noteworthy difference in this specific instance lies in the fact that a gene
controlling the production of the desired constituent is virtually transferred from its basic source to
a fast-growing microbial cell-line whereby permitting the large-scale production in comparatively a
much shorter duration.

However, it is rather a ‘difficult task’ to isolate a gene coding for a particular antibiotic.
Interestingly, in the actinomycetin fungi, the ‘gene’ was separated conveniently from the
chromosomal genes and cloned on naturally occurring plasmids. It has been observed that though
plasmids are found in streptomycetes, only in the specific case of methylenomycin* biosynthesis,
the extrachromosomal element essentially consists of several structural gene absolutely necessary
for the prediction of antibiotic.

In general, a number of methods are employed to identify clones that usually harbour the plasmids
carrying antibiotic-biosynthetic genes, namely:

(a) Mutants that are found to be blocked at different steps in the aminoglycosidic-production-
pathways are known and also available. These ‘blocked mutants’ may be employed as
recipients for the prediction of respective genes from shotgun-cloning-experiments. Shotgun
cloning is the isolation of a specific DNA sequence and subsequent screening for the desired
phenotype. The plasmids eventually isolated from the transformants, wherein antibiotic-
biosynthesis is restored by the cloned genes, would ultimately the introduced for maximizing
the final yield.

(b) The latest technique of insertional mutagenesis may be used effectively to obtain not only
the mutant but also the cloned DNA in a single experiment.

* Member of a family of cyclopentenoid antibiotic related structurally to sarkomycins, and having in vitro activity Vs
Gram positive and Gram negative organism.



Dr.Murtadha Al-Shareifi e-Library

| 18 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

(c¢) As the enzymes that are intimately involved in the biosynthesis of aminology essentially
possess relatively wider substrate specificities, the transfer of genes between such species
that cause the production of various aminoglycosides were invariably utilised to generate
newer antibiotics.

If genes that code for the synthesis of chosen precursors are duly cloned interspecifically many
existing aminologycosides may be produced by just a one-step-fermentation process. Mutasynthesis*
has paved the way for the introduction of a plethora of interesting hybrids, for instance; mutamicins,
hybrimycins and hydroxygentamycin, and

(d) Conversion of Amikacin (I) from Kanamycin (II):

Amikacin (I) is one of the most effective aminoglycosides. It may be produced chemically
from Kanamycin (II) but this route is rather expensive and not cost-effective. However, an
aminoglycoside producing strain of Bacillus circulars is capable of converting (II) into (I) by the
addition of hydroxyaminobutyric acid. Thus, the interspecific transfer of this gene may be used to
persuade successfully a kanamycin producing streptomycetes to afford (I) and this recombinant
DNA route could prove to be an economical one.

Figure 1.4, summarizes the conversion of Amikacin (I) from Kanamycin (II) via chemical
and recombinant DNA routes.

Chemical
Conversation

CH,OH [Expenswe] CH,OH
HO
H2
CH NH,
HO
H O|H l-||O
R’ o NH \ﬁ\ co— C|) (l;HZCHZNHg
NH,
Recombinant H H
DNA
Conversation
Kanamycin Amikacin
) [Economical] ()]

| Fig. 1.4 Conversion of Amikacin(l) from Kanamycin(ll) |

m Animal Derivatives

Animal Derivatives are also referred to as the biologics in literatures. They are invariably categorized
into two groups, namely:

(a) Prepared from the blood of animals: Such as: serum, antitoxins and globulins. These are
usually obtained by the aid of certain specific treatment particularly carved to enhance the
strength of desired constituents.

* Here, a mutationally blocked producing organism is able to incorporate a precursor analogue to produce a modified
form of antibiotic.
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(b) Prepared from inoculation of suitable culture medium: For instance: vaccines, toxins,
tuberculins collectively termed as the ‘microbial products’. These products afford protection
against a host of causative pathogenic microorganisms. They are produced by inoculating
an appropriate culture medium that may consist of living tissue along the right pathogen.
The resulting product is purified suitably, and may be used as a ‘drug’.

In conclusion, it may be emphasised that even in developed countries a variety of natural products
enjoy their well-deserved recognition in the therapeutic arsenal. However, their actual and precise
method of production is more or less an extremely individualized aspect. Many advanced countries
like United States, Germany, France. Great Britain and most parts of Europe, where medical practice
is found to be oriented toward the utilisation of preferred-single chemical entities, a major protion
of natural drugs are treated to afford either one or more active components, such as:

Ginsengoside Rg, from : Ginseng;
Morphine from : Opium;
Reserpine from : Rauwolfia;
Taxol from : Pacific Yew;
Ergotamine from : Ergot;
Vincristine & Vinblastine  from : Catharanthus;
Digoxin from : Digitalis;
Ginkgolide-A from : Ginkgo;
Artemisinin from : Qinghaosu, etc.

It is worthwhile to state that in technologically-advanced nation like China, India, Korea,
Japan make use of a good number of herbal medicines having multicomponent entities with proven
and advantageous therapeutic values. Mostly such preparations are available in the form of film
coated tablets, capsules, syrups, powdered mixtures and dispensed under modern packing norms.
Of course, there is a visible-upward tendency to adopt these preparations, from reputed manufactures
in the Western World for the cure of a number of human diseases.

It is pertinent to mention here that the age-old practice of using hydroalcoholic tinctures and
fluid-extracts have become more or less obsolete nowadays.

Various official compendia-like USP, NF, BP, Eur. P, Int. P, I[P have duly incorporated the
standards of some purified natural products; and hence, the quality in such cases may not be a
significant concern at all.

1.4 PHYTOCHEMISTRY

‘Phytochemistry’ or the ‘Chemistry of Natural Products’ may be strategically placed somewhere
in between natural product organic chemistry and plant biochemistry. In fact, it is intimately related
to the above two disciplines. However, in a broader sense phytochemistry essentially deals with the
enormous different types of organic substances that are not only elaborated but also accumulated by
plants. It is solely concerned with the following various aspects namely:

Natural distribution.
Chemical structure,
Biosynthesis structure,
Biosyntheses (or biogenesis),
Metabolism, and
Biochemical function.
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Importantly, with the advent of most up-to-date analytical procedures the detailed phyto-
chemical study of an unknown plant may be accomplished right from elucidation of chemical
structure of pure constituents to the elaborated study of their biological characteristics.

Figure 1.5, illustrates the schematic development of a ‘drug’ from a ‘medicinal plant’ that may
serve as a fruitful guide for various phytochemistry studies:

Medicinal Plant

/ Natural Source) \

CoIIecnon
Authentication Based on Time/Plant Slze/Month] Survey of Literature
(Identification) (Documentation)

Classification

[ Segregation of Individual Parts |

Artificial Means / | Shade | \ Under Sun

* Hot-air Oven
Careful ob t

* Electric Bulb __Pulver|zat|on [Gareful observaton!
o Infrared Blower -
« HOT Air Blower [Powdering]

Siow [ Extaction | ———— 12

* Less Denaturation [Aqueous/Solvent] * More Degradation

e Preferred Mode * Broadly Used

[CC, Centrifugation, Salt-Formation]

[PC, TLC, GC, HPLC, IEC, HPTLC,
Electrophoresis, Gelfiltration]

| Pure Single Constituent |

Known Unknown

By Comparing Physical, v [New Compounds]
and/or Spectral | _Identification |————— « Elemental Analysis
Data with Those of *m.p., b.p.,
Reported Data ¢ RI, Solubility

I—>|Identified Pure Compound [¢—— * Optical Activity, [a]

*|R, UV, MS, ORD
¢ Derivatization

[ Biological Evaluation | *PC,TLC, GLC
Microbiology / \ Pharmacology/
\| Clinical Screening |/ . 9y

Toxicology

Clinical Trials

(Phase 1 to 5)

[ Approval by Drug Authority |

Drug Marketed

Fig. 1.5 Schematic Development of a ‘Drug’ from a ‘Medicinal Plant’
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It is, however, important to mention here that the ‘living organism’ of the universe (i.e.; plants,
microbes and animals) may be regarded as mother nature‘s splendid and huge BIOSYNTHETIC
LABORATORY. It not only caters for the survival of the so called ‘living creatures’ of the earth in
terms of providing a broad spectrum of essential chemical constituents, for instance: proteins, fats,
carbohydrates and vitamins but also meticulously bring forth an enormous quantum of
physiologically active chemical entities, such as: alkaloids, glycosides, volatile oil (terpenoids),
steroids, antibiotics, bitter principles, tannins and the like.

The ‘living organisms’ give rise to a number of interesting phytochemical aspects over the
years that may be viewed closely under the following three heads, namely:

(i) Constituents,
(if) Drug Biosynthesis (or Biogenesis) and
(#ii) Classification

m Constituents

The huge number of chemical substances that are present in the plant-kingdom and animal kingdom
in one form or the other are termed as ‘constituents’. These constituents may be further divided
into two main categories, namely:

(a) Active Constituents, and
(b) Inert Constituents.

1.4.1.1 Active Constituents

The chemical entities that are solely responsible for existing pharmacological, microbial or in a
broader-sense therapeutic activities are usually termed as active constituents. Most drugs like:
alkaloids, glycosides, steroids, terpenoids, bitter principles are the bonafide members of this particular
category.

1.4.1.2 Inert Constituents

The chemical compounds, though present in plant and animal kingdom, which do not possess any
definite therapeutic values as such but are useful as an adjunct either in the formulation of a ‘drug’
or in surgery are collectively known as inert constituents.

Examples:
(a) Plant Drugs: The following inert constituents are invariably present in plants, namely:

Cellulose : Microcrystalline forms of cellulose are used as combination binder-
disintegrants in tabletting. Collodal cellulose particles aid in
stabilization and emulsification of liquid;

Lignin : To precipitate proteins, and to stablise asphalt emulsions;
Suberin . Esters of higher monohydric alcohols and fatty acids;

Cutin : -do-

Starch : As pharmaceutic aid i.e., tablet filler, binder and disintegrant;
Albumin : Soyabean albumins—as emulsifiers;

Colouring Matters : Cochineal for colouring food products and pharmaceuticals.
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() Animal Drugs: The under mentioned inert constituents are mostly present in animals,
namely:
Keratin : For coating “enteric pills” that are unaffected in the stomach but
dissolved by the alkaline into intestinal secretions;
Chitin : Deacylated chitin (chitosan)—for treatment of water; sulphated chitin—

as anticoagulant in laboratory animals.

It has been observed that the very presence of ‘Inert Constituents’ either act towards modifying
or check the absorbance and the therapeutic index of the ‘active constituents’.

Obviously, to get at the right active constituents one has to get rid of the host of ‘inert constituents’
by adopting various known methods of separation, purification and crystallization. Therefore, most
literatures invariably refer to the former as ‘secondary’ plant products.

The presence of these secondary plant products (active constituents) are governed by two
school of thoughts, namely:

(a) Superfluous Metabolites: i.c., substances that have no value as such and perhaps their
presence are due to the lack of exceretory mechanism in them and ultimately result as the
‘residual lock-up’ superfluous metabolites, and

(b) Characteristic Survival Substances: i.e., substances which exert a positive survival value
on the plant wherein they are actually present. They offer more or less a ‘natural defence-
mechanism’ whereby these host plants are survived from destruction owing to their
astringent, odorous and unpalatable features.

Examples: Poisonous alkaloidal containing plants; astringent containing shrubs; and pungent volatile
oil-containing trees etc.

1. Genetic Composition (or Heredity): In reality, genetic effects exert both qualitative and
quantitative alterations of the active constituents in medicinal plants.

Examples:

(/) Eugenol: It is naturally present in two different species in varying quantities as follows:
Eugenia caryophyllus (Sprengel) Bullock et Harrison: 70-95%
Syzgium aromaticm (L.) Merr et L.M. Perry: Not less then 85%.

(ii) Reserpine-rescinamine group of Alkaloids:
Rauvolfia serpentina (Linné) Bentahm: NLT* 0.15%;
Rauvolfia vomitoria Afzelius (from Africa): NLT 0.20%;
(*NLT: Not less than)

(iii) Rutin:
Fagopyrum esculatum Moznch : 3-8%;
Sophora japonica Linné i 20%;
(iv) Menthol:
Mentha piperita L. : 50-60%
Mentha arvensis Linnévar 2 75-90%

(Japanese Mint Oil)
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2. Environment Factors:

The environment factors largely contribute to the quantitative aspect of secondary constituents
i.e., active constituents. It is pertient to mention here that medicinal plants belonging to the same
species which are phenotypically identical i.e., they essentially bear a close resemblance with regard
to their form and structure, may not, however, genotypically be the same i.e., possessing the same
genetic composition. This particular natural phenomenon evidently gives rise to an altogether marked
and pronounced difference in their chemical composition, specially with reference to active
constituents. In a more logical and scientific manner it may be said that these plants categorically
belong to different chemical races.

Example:

()) Ergotamine: Modified strains of Claviceps purpurea (Fries) have been developed,
exclusively for field cultivation, that are capable of producing nearly 0.35% of ergotamine
(in comparison to the normal one producing NLT 0.15% of total ergot alkaloids).

(@) Eucalyptol (Syn: Cineole, Cajeputol): 1t is present in the fresh leaves of Eucalyptus globus
Libillardiere to the extent of 70—-85%. It has been observed that the chemical races of some
species of Eucalyptus invariably display significant variations in the content of eucalyptus
and related components present in the essential oils.

There are a number of environmental factors which may afford considerable changes in active
plant constituents, for instance: composition of soil (mineral contents); climate (dry, humid, cold);
associated flora (Rauvolfia serpentina and R. vomitoria) and lastly the methods of cultivation (using
modified strains, manual and mechanical cultivation). For a specific instance it may be recalled that
a soil rich-in-nitrogen content evidently gives rise to a relatively higher yield of alkaloids in the
medicinal plants; whereas a soil not so abdundant in nitrogen content and grown in comparatively
dry zones may yield an enhanced quantum of volatile oil.

3. Ontogeny (or Ageing of Plant): The age of a medicinal plant has a direct impact on the
concentration of the ‘active constituent’. It is, however, not always true that older the plant
greater would be the active principal.

Example:

(i) Cannabidiol: It is present in Cannbis sativa L. (C sativa var. Indica Auth), possessing
euphoric activity; and its content attains a maximum level in the growing season and
subsequently the decline commences gradually. Interestingly, the concentration of dronabinol
(or tetrahydrocannabinol) starts to enhance reciprocally till the plants gets fully matured.

(ii) Morphine: The well-known narcotic-anlagesic present in the air-dried milky exudate
collected by incising the capsules of Papaver somniferum Linné or P. album Decandolle is
found to be the highest peak just 2 to 3 week after flowering. An undue delay in harvesting
from this ‘critical-period’ would ultimately result into the decomposition of morphine. It is
worth to be noted that a prematured harvesting of latex would certainly enhance the content
of allied alkaloid like codeine and thebaine.

In short, it is a prime importance to affect the harvesting of medicinal plant at the right time so

as to maximise the yield of the active principal.
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1.4.1.3 Drug Biosynthesis (or Biogenesis)

In the recent past, a good deal of well-deserved importance and recognition have been attributed to
the exclusive study of the biochemical pathways that precisely lead to the formulation of ‘active
constituents’ otherwise referred to as the secondary constituents mostly employed as drugs. This
specific study is normally termed as Drug Biosynthesis or Biogenesis.

As a ‘medicinal chemist’ is required to know the synthesis of chloroquine—an antimalarial
drug from pure synthetic compounds, a ‘phytochemist’ is supposed to know the biogenesis of
quinine in the cinchona bark. With the advent of isotopically labelled organic compounds known in
the early fifties it was quite possible to establish scientifically that the host of amino acids along with
their corresponding derivatives more or less acted as precursors of complex alkaloids. However,
these logical studies confirmed the earlier hypothesis stated above by Trier in 1912.

Figure 1.6, summarizes the various biosynthetic pathways and their inter-relationships that
ultimately lead to the formation of different kinds of secondary constituents (i.e., active constituents)
belonging to the plant kingdom which are invariably employed as drugs having potent therapeutic
index.

Carbohydrates

Pentose
Phosphate Glycolysis  Shikimic acid
Pathway Pathway

Carbon dioxide
* Pyruvic acid Transamination
Water Ammonia

TCA -Cycle R \ v

Acetyl CoA » | Amino acids
Fatty aC|ds Acetate | Proteins | | Alkaloids |
Mevalonate
Pathway

Polyket|des TerpenOIds

l v
Aromatlc

| Fig. 1.6 Biosynthetic Pathways and their Interrelationships |

Aromatic
compounds

1.4.1.4 Classification

A plethora of pharmacologically active naturally occurring substances derived from ‘medicinal
plants’ essentially comprise of rather large and complex molecules that invariably possess one or
more than one of the chemical functional moieties which are responsible for attributing characteristic
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features for alcohol, phenols, esters, aldehydes, ketones, oxides and organic acids. In fact, the aforesaid
chemical groups are often attached to the molecular skeletons (e.g. aromatic, heterocyclic
compounds) of noticeable diversified nature and complexity.

In the light of the following two observations, the phytochemical classification is eventually
done on a more rational and broader perspective:

(a) Morphine and salicylic acid has one phenolic—OH group in their molecule but structurally
they are world-apart, and

(b) Essential (or volatile) oils mostly contain a mixture of substances, such as: hydrocarbons,
ketones, aldehydes, and terpenes.

Therefore, ideally the phytochemical classification is solely based on the types of plant constituents
present in the natural products, namely:
(/) Comprising of C and H only,
(if) Comprising of C, H and O only,
(iii) Comprising ‘O’ into heterocyclic rings,
(iv) Comprising of N, S and P,
(v) Mostly containing Nitrogen
(vi) Comprising of diversified chemical entity, and
(vii) Mixtures.
The above phytochemical classification will be further expatiated with the help of some typical
examples from the domain ‘pharmacognosy’ along with their structures, wherever possible, as
under:

1.4.1.4.1 Comprising of C and H only: They essentially consist of hydrocarbon present in the
natural products.

Examples:

(@) B-Myrcene: It is an unsaturated acyclic hydrocarbon found in oil of bay, verbena, hop
and others.

CH,

H CH
3 3 l(:H2

B-Myrcene 32
(b) Ocimene: It is also an unsaturated acyclic hydrocarbon found in the 4 CH,
essential oil distilled from the fresh leaves of Ocimum basilicum L. and p
from the fruits of Evodia rutaecarpa (Juss.) Hook & Thoms. It exists 7
in two modifications and forms. The cis- and trans-refers to the H.C CH
3 3

stereochemistry at the double-bond between C-3 and C-4. .
trans—3—Ocimene
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1.4.

(¢) p-Cymene (Dolcymene): It is an aromatic hydrocarbon and occurs in a number of essential
oils e.g., sage, lemon, thyme, nutmeg, coriander, origanum, cinnamon.
CH,

H,C CH,
p-Cymene (Dolcymene)
(d) Limonene (Syn: Cinene, Cajeputene, Kautschin): It is an alicyclic hydrocarbon and
further classified into monocyclic terpene. It occurs in various ethereal oils particularly in
oils of lemon, orange, caraway, dill and bergamot.

CH,

HC CH,
Limonene
(e) o-Pinene: Itis also an alicyclic hydrocarbon and further classified into bicyclic monoterpene
d-a-pinene obtained from Port Oxford Cedar Wood Oil (Chamaecyparls lawsorliana Parl.).
I-a-Pinene obtained from Mandarin Peel Oil (Citrus reticulata Blando).

H,C CH,
CH,
d-o-Pinene

1.4.2 Comprising of C, H, and O only: A wide spectrum of plant constituents containing C, H

and O have been identified.

Examples:

(A)

Alcohols:

(a) Geraniol (or Lemonol): It is an olephenic terpene alcohol constituting the major portion
of oil of rose and oil of palmarosea. It is also found in many volatile oils, for instance:
citronella, lemon grass efc.

M/\
TR 7 “on

Geraniol
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(b) Menthol (or Peppermint Camphor): It is a monocyclic terpene alcohol obtained from
peppermint oil or other mint oils or prepared synthetically on large scale by carrying out
the hydrogenation of thymol.

Menthol

(B) Aldehydes:

(a) Citral: It is an aliphatic terpene aldehyde present in oil of lemon grass, lemon, lime, ginger
root and in the oils of several Citrus species etc. The citral from natural sources is a mixture
of two isomers geraniol and neral.

KCHO OHC
CH, CH,
H, CH, H, CH,
Geranial (Citral-a) Neral (Citral-b)

(b) Vanillin: It is a cyclic terpene aldehyde. It occurs in vanilla in potato parings, in Siam
benzoin, Peru balsam, clove oil etc. It is made synthetically either from guaiacol or eugenol;
also from waste (lignin) of the wood pulp industry.

CHO

OCH,
OH
Vanillin

(C) Ketones:

(a) Carvone: It is a monocyclic terpene ketone. d/-Carvone is found in gingergrass oil;
d-carvone is found in caraway seed and dill seed oils, /-carvone is found in spearmint and
kuromoji oils.

(b) Camphor: It is a bicyclic terpene ketone. It naturally occurs in all parts of the camphor
tree, Cinnamonum camphora T. Nees & Ebermeier; while 3/4th of the camphor consumed
in USA is manufactured from pinene as the racemic form.
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d-camphor: is found in oil of sassafras, rosemary, lavender and sage;
I-camphor: is found in lavender and artemisia;
dl-camphor: is found in oil of sage and in oil of Chrysanthemum sinense var. japonicum.

CH,
O
CH,
0)
HC CH, @
Carvone Comphor

(D) Phenols:

(@) Thymol: Itis amonocyclic phenol. It is obtained from the volatile oil of Thymus vulgaris L.
and Monarda punctata L. and several spices of Ocimum. Commercially it is synthesized
from p-cymene, m-cresol and piperitone.

CH,

OH
H,C CH,
Thymol

(b) Eugenol (or Allyguaicol): It is a dihydric phenol and is the main constituent of several
important essential oils, such as: oil of clove, oil of cinnamon leaf, oil pimenta.

OH
OCH,

CH,.CH=CH,
Eugenol

(¢) Myristicin: It is a trihydric phenol occurs in oils of nutmeg, mace, French parsley, dill
oils and carrot.

OCH,

Myristicin
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(d) Apiole: It is a tetrahydric phenol which occurs in Dill oil (4nethum graveolus L.) and
known as Apiole (Dill); and also in Parsley oil (Petroselinum sativum Blanchet, Sell) and
termed as Apiole (Parsley).

OCH,
H,C=CH CH; 7 OCH;

Apioile (Dill) Apiole (Parsley)

(E) Quinones:

Examples:

Anthraquinone Glycosides: A plethora of glycosides having aglycone moieties related to anthracene
are present in such drugs as aloe, rhubarb, senna, frangula and cascara sagrada. In general, the
glycosides on hydrolysis give rise to corresponding aglycones which are di-, tri-, or tetra-
hydroxyanthraquinones or invariably structural modifications of these compounds.

Examples: Frangulin-A upon hydrolysis yields emodin and rhamnose as shown below:

OH O HOH OH O
Hydr01y51s
+Rhamnose
H,C
3
HO
HO
OH
Frangulin A Emodin (An Aglycone)
(F) Acids:

(a) Caffeic acid: It is the constituent of plant and isolated from green coffee beans. It probably
occurs in plants only in conjugated forms e.g. chlorogenic acid.

OH
H OOCCH:{H—<::§%—OH CH=CH-COOH
HOOC H
OH
HO OH
H OH OH

Chlorogenic acid Caffeic acid
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(b) Ferulic acid: It is widely distributed in small amounts in various plants species. It is isolated
from Ferula foetida Reg.
CH=CH-COOH

OCH,
OH
Ferulic acid

(G) Esters:

(a) Pyrenthrins (Pyrethrin I & Pyrethrin II): It is the active insecticidal constituents of
pyrethrum flowers.

0
ﬁ CH,CH—CH CH—CH,
H,C CH,CO,

HCOL X CH,

c=C H

RN

H H .

Pyrethrins

(b) Methyl Salicylate: It is present in a number of oils, namely: wintergreen oil, betula oil,
sweet birch oil, teaberry oil.

I
C—OCH,
OH
Methyl Salicylate

(H) Lactones:

(a) Podophyllotoxin (Syn: Condyline, Podofilox, Martec): It is an antineoplastic glycoside
found in the rhizomes of North American Podophyllum peltatum L.

H,CO OCH,
OCH,

Podophyllotoxin
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(b) o-Santonin: It is an anthelmintic isolated from the dried unexpanded flower heads of
Artemesia maritima L., sens lat.

o-Santonin

(I) Terpenoids:

(a) Gibberellins: It represents a class of plant growth hormones first isolated from the cultures
of Gibberella fujikuroi (Sawada) Wollenweber.

CH,

H3 CH3éH3 CH3

Gibberelane

(b) Primaric Acid: It is obtained from American rosin, French galipot and from Pinus maritima
Mill.

H,C” COOH
Pimaric Acid
(J) Carotenoids:

(a) Xanthophyll (Syn: Vegetable lutein; Vegetable lutenol; Bo-Xan): It is one of the most
widerpread carotenoid alcohol present in nature. It occurs in egg-yolk, nettles, algae, and
petals of many yellow flowers. It also occurs in the coloured feathers of birds.

H
=

Xanthophyll
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(b) B-Carotene: It is most abundantly distributed in the plant and animal kingdom. In plants it
occurs invariably with chlorophyll. It acts as a precursor of Vitamin A. It was first isolated
from carrots and hence bears its name. It usually represents the natures ‘red’ colouration in
plant kingdom.

H,C

B-Carotene

(K) Steroids:

(@) Cevadine: It is one of the steroidal alkaloids obtained from Veratrum viride. American or
Green hellebore from its dried rhizome and roots.

Cevadine

(b) Digitoxin: It is a cardiotonic steroidal-glycoside obtained from Digitalis purpurea L;D.
lanata and other species of Digitalis. About 10 Kilo leaves yield only 6 Grams of pure

digitoxin.
H,C OH OH
H,C OH

CH,

0]

CH, CH,
|
OH
HO 0

H
Digitoxin
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(c) Ergosterol: It is usually obtained from yeast that synthesizes it from simple sugars such as-
glucose. The damp yeast yield about 2.5 g ergosterol; however, the particular variety of
yeast is very important.

HO

Ergosterol

1.4.1.4.3 Comprising of ‘O’ into Heterocyclic Rings: There are a number of natural plant
constituents that essentially possess an oxygen atom into the heterocyclic ring-system. A few typical
example are cited below to initiate some commendable interest in the domain of “phytochemistry”:

1.4.1.4.3A Furan-based Constituents: These constituents are derived from five-membered
heterocyclic ring ‘furan’, namely:

(a) Furfural (or 2-Furfuraldehyde): It is a heterocyclic aldehyde that usually occurs in the
first fraction of many essential oils, belonging to the natural order-Pinaceae, for instance:
Pinus palustris (Pine oil) and cade oil. It is also present in oil of orris rhizome, clove oil,
petit-grain, lavender and cinnamon oils.

i .CHO

Furfural

1.4.1.4.3B Pyran-based Constituents: They are derived from six-membered heterocylic ring
‘pyran’, namely:

(a) Dicoumarol (Syn: Dicoumarin: Dufalone; Melitoxin;): It was originally isolated from
sweet clover (Improperly cured Mililotus hay).

QL O

CH,
OH OH
Dicoumarol

(b) Umbelliferone (Syn: Hydrangin; Skimmetin;): It is present in many plants and obtained
by the distillation of resins belonging to the natural order Umbelliferae. It is the aglucon of

skimmin.
o

Umbelliferone
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(¢) Meconic Acid (Syn: Oxychelidonic acid): It is obtained from opium i.e., Papever
somniferum which contains 4 to 6% of meconic acid.

HOOC COOH
OH
0]
Meconic Acid

(d) Coumestrol: An estrogenic factor occuring naturally in forage crops, especially in ladino
clover (Trifolium repens L.), strawberry clover (I, fragiferum) and alfalfa (Medicago
sativa L.).

Coumestrol

1.4.1.4.3C Flavan based Constituents:
(a) Caechin (Syn: Catechol; Cyanidol): It is a flavonid found primarily in higher woody
plants as (+)—catechin along with (—)—epicatechin (cis-form).
Source: From mahogany wood and catechu (gambir and acacia).
OH
OH

OH

OH

d-Catechin

(b) Leucocyanidin (Syn: Flavan; Leucocyanidol): It is obtained from the petals of Asistic
cotton flower (Gossipum spp.) Stephens; Butea frondosa Koen ex Roxb. and taxifolin.

OH

OH
HO : || @
OH

OH OH
Leucocyanidin
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1.4.1.4.3D Phenylbenzopyrilium based Constituents:
(a) Cyanidin Choride: It is isolated from bananas and prepared by the reduction of quercitin.

OH
o O .
O
OH

OH

Cyanidin Chloride

1.4.1.4.3E Carbohydrates: There are several examples of well known compounds belonging to
the carbohydrates:

(a) Glucose: It occurs naturally in the free state in fruits and other parts of plants, it is also
found in the combined form in glucosidase, in di- and oligosaccharides, in the
polysaccharides (cellulose and starch) and in glycogen.

CH,OH

HH H

no\!  T/OH

OH OH

Glucose
(b) Algin (Syn: Kelgin; Allose; Protanol): It is a gelling polysaccharide extracted from giant
brown seaweed [giant kelp (Macrocystis pyrifera) (L.) Ag]; horsetail kelp [Laminaria
digitata) (L.) (Lamour)]; and sugar kelp [Laminaria succharina) (L.) (Lamour)].
(c) Pectin: Itis a polysaccharide substance present in cell walls of all plant tissues that functions
as an intercellular cementing materials. Orange and lemon rind serve as the richest source
of pectin and contains about 30% of the same.

1.4.1.4.4 Comprising of N, S and P: It can be divided into three groups, namely:
(A) Comprising of N:

(a) Amygdalin: The name amygdalin is currently used interchangeably with ‘lactrile’. It is a
cyanogenic glycoside that occurs in seeds of Rosacea, principally in bitter almonds and also
in peaches and apricots.
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Amygdalin
(B) Comparising of N and S:

(a) Sinigrin (Syn: Sinigroside: Allyl glucosinolate): It is a B-glucopyranoside isolated from
black mustard seeds Brassica niagra Linne, Koche., horse raddish root Alliaria officinalis

Andrz.

CH,OH CH,CH==CH,

H . S—C=NOSO;K
HO H
H OH
Sinigrin
(C) Comprising of P:
(a) Glycerophosphoric Acid: In fact, three isomers of phosphoric acid glycerol esters exist,

namely:
(HOCH,), CHOPO(OH),) and HOCH,CH(OH)CH,0—PO(OH),
B-Glycerophosphoric acid D(+) and L(-) forms of

B-Glycerophosphoric acid
The L-o-acid is the naturally occuring form; whereas the corresponding acid, found to be present
in the hydrolysates of lecithins (soyalecthin, egg-ylk) from natural sources, arise from migration of
the phosphoryl moiety from the a-carbon atom.

1.4.1.4.5 Mostly Containing Nitrogen: The various examples of naturally occurring plant substances
that contain nitrogen as essential component are as follows:

(A) Amino Acids: They are mostly present in the protein hydrolysates.

(B) Proteins: These form an essential component of natural products e.g., seeds, fruits, barks, leaves
etc.

(C) Amines and Allied Compounds:

(a) Capsaicin (Syn: Mioton; Zostrix): It is the pungent principal in fruits of various species of
Capsicum, Solanaceae. 1t is isolated from aparika and cayenne.
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(b) Trigonelline (Syn: Coffearin; Gynesine; Trigenolline): It occurs in the seeds of Trigonella
foenumgraecum L., in coffee beans, in the seeds of Strophanthus spp. and the Cannabis
sativa L., Besides in seeds of many other plants. It is also found in jellyfish and in sea

urchin.
To
NS
AN
‘ - >Cco0®
Trigonelline

(¢) Trimethylamine: It occurs as a degradation product of nitrogenous plant and animal
substances. It is widely distributed in animal tissue and especially in fish.

T
H,C—N—CH,
Trimethylamine

1.4.1.4.6 Comprising of Diversified Chemical Entity: The naturally occurring plant products
invariably represent a class of entirely diversified chemical entity and nature. A few typical examples
are cited below:

(a) Thiamine Hydrochloride (Syn: Vitamin B,; Aneurine Hydrochloride; Bivatin;
Metabolin; Bedome; Bewon): It occurs abuntantly in plant and animal tissues, notably in
rice husk, cereal grains, eggs, milk, green leaves, yeast, liver, tubers and roots.

HCI
CH,CH,OH

H,C N NH, S
ﬁ ]U/ \‘ : . Cle
N.
= CH/Z@ CH,

Thiamine Hydrochloride

(b) Ascorbic Acid (Syn: Vitamin C; Cantaxin; Cevalin): It is widely distributed in the plant
and animal kingdom. However, the good sources are fresh tea-leaves, citrus fruits, hip
berries and acerola. It was isolated from lemons and paparika.
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HC—OH
0)

HO OH
Ascorbic Acid

(¢) Chloramphenicol (Syn: Chloromycetin; Levomycetin; Klorita): It is a broad-spetrum
antibiotic obtained from cultures of the soil bacterium Streptomyces venezualae.

1|1 ITIHCOCHCIQ
OZNA@flC—?—CHpH
OH H

Chloramphenicol

(d) Penicillium O (Syn: Panicillium AT): It is an antibiotic produced by Penicillium

chrysogenum.
s\)k s CH
2

COOH
Penicillin O

1.4.1.4.7 Mixtures: A good number of naturally occurring plant substances contain a mixture of
constituents, namely:

(A) Tannins:
(a) Hydrolyzable Tannins : Examples:
Chest Nut . Bark and wood;
Oak : -do-
Sumac . Leaves;
Turkish Tannins . @Galls of Cynips tinctoria
(b) Consensed Tannins : Examples:
Eucalyptus :  Bark;
Black catechu . Hearthwood;
Spruce . Bark;
Gambier : Leaves and Twigs
(¢) Pseudotannins : Examples of drug containing pseudotannins are as

follows:
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Gallic acid . Rhubarb;
Catechins :  Acacia; catechu; cocoa; guarana;
Chlorogenic acid : Nux-Vomica; coffee; mate;
Ipecacuanhic acid . Ipecacuanha
(B) Volatile Oils :  Examples
(Syn: Essential Oils)
Oil of Chenopodium :  p-Cymene; o-terpinene; /-limonene; methadiene;
Oil of Cinnamon :  Cinnamaldehyde; eugenol; cinnamyl acetate;
Oil of Cloves . Eugenol; acetyleugenol; caryophyllene; vanillin; furfural;
Oil of Bitter Orange . d-Limonene; citral; decyl aldehyde; linalool; terpineol;
methyl anthranilate;
Oil of Juniper . Pinene; cadinene, camphene;
terpineol; juniper; camphor
(C) Resins:
Examples:

(a) Rosin (Syn: Colophony: Yellow resin): It is obtained as a residue left over after distilling
off the essential oil from the oleoresin obtained from Pinus palustris and other species of
Pinus.

(b) Guaic (Syn: Guaiacum; Resin guaic) : It contains
o-and B-Guaiaconic acid D= 70%;
Guacic acid + Guaiaretic acid + Related
compounds : 11%;
Vanillin + Guaiac Yellow + Guaiac
Saponin (Guaiacin) : 1.5%

(D) Latex:
Examples:

(a) Opium Latex: It is the air-dried milky exudation from incised unripe capsules of Papaver
somniferum L., or P. album Mill. It contains about 20 alkaloids, constituting about 25% of
the opium, meconic acid, sulphuric acid and lactic acid, sugar, resinous and wax-like materials.

() Euphorbia (Syn: Cat's hair; Snake weed; Queensland; Asthma weed; Pill bearing
Spurge): It is obtained from the dried herb of Euphorbia hirta L., or E. pilifera L. It contains
several resins and an unstable glucoside.
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2.1 INTRODUCTION

In a broader-sense “biotechnology” may be defined as—‘the use of organism or enzymes for the
large-scale production of useful substances ranging from not only agricultural products, food products
and environmental science but also in the field of medicinal compounds, vaccines and diagnostics’.

Interestingly, Robbers et al.* (1996) coined an altogether newer terminology called the
Pharmacobiotechnology so as to specifically refer to the wide application of “biotechnology” to
the development of pharmaceuticals or pharmaceutically active substances.

The 1980s proved to be a golden—era in the ficld of biotechnology. In this particular decade
science has virtually conquered the peak of “Everest” when it really became absolutely possible to
detect, isolate and decipher the large congregation and wide—spectrum of natural proteins that
invariably play a major role in coordinating the various functions extremely critical and vital to
human life and health. Thus for the first time the numerous complicated processes that were mostly
responsible as the root-cause of a plethora of mysterious major and dreadful ailments have been
unearthed successfully and hence, could be modulated duly.

In short, this upcoming, innovating and fool proof comparatively newer developing methodology
has made an ever-lasting impact that more or less embraced the unique-top-notch blending of
meaningful discoveries from various diversified fields, such as:

¢ Recombinant DNA-technology
¢ Molecular biology,
e DNA-alteration

* Robbers, J.E.; Speedie, M.K. and Tyler, E., ‘Pharmacognosy and Pharmacobiotechnology’, Williams & Wilkins,
London, 1996.
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¢ Gene-splicing,

¢ Genetic engineering,
¢ Immunology, and

¢ Immunopharmacology

into an wonderful perfect scientific blend of high-tech-state—of-the-art industry.

Though, at present the viability and potential of newer range of pharmacobiotechnologically
developed products is almost facing a staggering fate vis-a-vis the stringent US-FDA regulation and
Drug Laws in the other countries of the world, it is expected earnestly with a great hope and wishful
desire that in the new millenium quite a few of them , which are at present under critical phases of
trials, would see the light-of-the-day with a thunderous bang to improve the quality of life of the
human suffering due to the host of dreadful ailments.

It is, however, pertinent to mention here that in the recent past a number ‘biotechnology-based
products’ have already made a gainful entry into the Western World. A few typical examples are
mentioned below:

Actimmune® : For chronic granulomatous disease,
Betaseron® : For relapsing ,remitting multiple sclerosis,
Epogen® :  For treatment of anemia associated with chronic renal failure,
KoGENate® :  For treatment of haemophilia A,
Leupine® :  For autologus bone marrow transplantation,
OncoScint® CR/OV : For detection,staging and follow up of colorectal and ovarian cancer,
and
Proleukin® : For renal cell carcinoma.
2.2 THEORY

Since 1953, the epoch making discovery of a 3D structure of DNA by the help of exclusive X-ray
diffraction studies carried out by Watson and Crick® (1953) there has been a tremendous quantum
growth in the development and application of biotechnology. These advancements shall be briefly
highlighted at this juncture so as to ascertain the much—deserved-acclaim of this nescent technology
not only in the field of drugs but also in various aspects of our day-to-day life, namely:

(/) Mutation, Crossing-over and Recombination at Meiosis:
(if) Third revolution in modern medicine,
(iif) Genetic code,
(iv) Collection of specialized cells,
(v) Reverse transcriptase,
(vi) 3D-Proteins,
(vii) From nervous systems to immune systems,
(viii) Body’s defence mechanism,
(ix) PCR-in Forensic and Research,

* James Watson and Francis Crick, 1953 (Nobel Prize, 1962).
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(x) DNA-Metabolic Pathways,
(xi) Recombinant vaccinia vector, and
(xit) OKT3-Monoclonal Antibody.

m Mutation, Crossing-over and Recombinant of Meiosis

‘Mother nature’ has been actively engaged in carrying out silently an wonderful task of ‘natural’
genetic experiments since the past several billion years. The outcome of these splendid and meticulous
experiments are as follows:

Mutation (or Random Heredity Alteration)

It has been exploited judiciously in enhancing the yield of antibiotic and strain selection. Thus the
initial yield of penicillin from Penicillium notatum Westling, amounting to 4 mg L' and from
Penicillium chrysogenum Thom, amounting to 40 mg L' has been increased to a phenomenal
extent of 21,000 mg L' by the utilisation of mutation and strain selection.

Crossing Over

It essentially refers to the simultaneous breakage and exchange of corresponding segments of the
homologous chromosomes. The relentless efforts of inbreeding (hyberdization) experiments invariably
give rise to a better new species, such as:

(i) Improved strains of cereals: wheat, corn, rice producing much more yield per acre,
(i) Improved versions of fruits: seedless-grapes, seedless-watermelons, larger and sweeter
oranges, larger and bulky tomatoes,
(iii) Improved versions of vegetables: larger potatoes, pumpkins, tubers, cucumbers, etc.,
(iv) Improved hyberdization: Tangelo due to crossing the tangerine with the grapefruit,
(v) Improved hyberdization in animals: Alsetian Dogs-due to cross breeding of a German
shephard dog with a wild-wolf; mule-due to crossing a donkey and a horse.

Recombination at Meiosis (or Fertilization): The innovation of such processes have brought about
a revolution to the status of present diversity of life on various parts on this globe.

m Third Revolution in Modern Medicine

According to Sadee* (1987) not only the physical characteristic features but also the gross-structures
of each and every organism basically originated by virtue of the genetic code inherited and actually
present within the nucleus of each cell. The major building blocks responsible for the architectural
design of the cell are due to the essential components like carbohydrates, lipids, proteins and nucleic
acids. Eventually the enzymes, which are nothing but a special class of proteins, invariably build
and use such types of molecules in the course of a cell-life, viz., maturation, maintenance and finally
reproduction. Deoxyribonucleic acid (DNA) is the central point wherein the code for building the
proteins in a cell takes place. In fact, DNA is the genetic blueprint of an organism. It essentially

* Sadee, W. ‘A Third Revolution in Modern Medicine. The World and I, Washington Times, Washington D.C., Pt |
(Nov), 178; Pt I (Dec), 162 (1987).
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comprises of nucleotides that are appropriately connected together in a sufficiently lengthy structure
which more or less looks like a ladder.

m Genetic Code

The human genome* contain appropriately three billion nucleotide units of which four different
nucleotides essentially comprise of the bases, namely: adenimine, cytosine, guanine and thymidine
that are compactly stored into the chromosomes. Importantly, these possess the genetic code for
about one million different type of gene. Now, each of these genes controls and regulates the synthesis
of a protein that is made up of a long chain-like-sequence of amino acids ranging in number from 50
to 1000. Nirenberg et al. (1966) and Khorana (1966) for the first time in the world accomplished
successfully the determination of the genetic code, In fact, they proved scientifically the
manner whereby the inherent nucleotide sequence present in a gene actually regulates the particular
sequence wherein the requisite number (say 20) of individual amino acids shall be combined to
produce a specific protein molecule. It has been observed that one single codon is comprised of
three necleotides placed in a series; and every codon represents one specific amino acid. Thus, the
very sequential arrangement of a codons in the DNA, following transcription into messanger RNA
(i.e., mRNA), eventually establishes the particular sequence of amino acids that will ultimately give
rise to a specific protein. In short, both molecular biology and biotechnology has one common goal
to achieve, that is to decepher the manner by which the genes and their corresponding proteins help
in the management and control of basic cellular processes.

m Specific Sets of Genes in Each Individual Organ

It has been observed that each organ, which is nothing but a collection of specialized cells, possesses
some very specific sets of genes. Since, essential organs of the body, such as: brain, heart, liver,
tissue, blood etc is tantamount to carry out a certain exclusively particular set of jobs, they are
supposed to be triggered of for activation and followed up by deactivation i.e., turned “on” and
“off” as and when required by the system.

Thus, under the supreme command of the genetic code of DNA and subsequently mediated by
mRNA a broad-spectrum of proteins are duly generated by every individual cell in a continous
fashion. A good number of these highly specific and specialized proteins are consumed within the
cell itself, whereas the remaining are secreted directly into the extra cellular fluid. It is assumed
justifiably that over a certain long duration and bearing in mind the enormous possible permutation
and combination of nearly 500 amino acids, that each organism would have evolved a reasonably
large excess of unique proteins having optimized characteristic functions.

m Reverse Transcriptase (RT)

The basic underlying principle of ‘modern biology’ rests on the fact stated below:

* Genome: The entire DNA capable of expressing all the genetic information in the cell.
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In 1970, another landmark was established with the advent reverse trancriptase (RT) which
was responsible for the actual conversion of its own genomic RNA into a double-stranded RNA. It
is, however, pertinent to mention here that the latest trends in biotechnogy profusely bank upon this
particular enzyme (RT). A few typical and glaring examples of RT, sometimes also refered to as
cellular catalyst’s are enumerated as under:

A

¢ Produce the chemical building blocks of cell life, for instance: fats and carbohydrates.
e To carry out the digestion of food.

Generate hormones which in turn regulate and monitors organism,

e Severe as fuel for energy production, and

¢ Production of important molecules like DNA.

m 3D-Proteins

In true sense, the proteins are responsible for the creation of the cell cytoskeleton which ultimately
gives rise to an organised three-dimensional (3D) structure. Generally speaking, the proteins not
only help in the transport but also regulates the movement of various molecules throughout the
cellular structure. They are strategically located in the outer-cell-membrane and aids in the
transportation of ions as well as nutrients across the cell-membranes Proteins play various vital roles
as described below briefly:

(a) Regulate gene-activity by binding to DNA.

(b) Both proteins and peptides (smaller fragments of proteins) are usually secreted by cells as
hormones like insulin and as neurotransmitters.

(c) Caters as carrier molecule such as hemoglobin to act as body’s oxygen transport mechanism,
and

(d) Serve as receptor sites for various hormones which in turn tunes up the cell-function as per the
varying pattern of body’s requirements.

From Nervous System to Immune System

It is virtually an open-secret that ‘hormones’ not only influence directly a good number of specific-
cell-surface-receptors but also more or less on all functions of the body right from the nervous
system to the immune system. By virtue of the fact that these hormones are capable of exerting
highly selective, potent and above all hitting the bullseye by affording a specific action on the
selective target cells have gained a wide recognition as a most promising and viable candidate for a
new generation-drug in terms of the ‘magic-bullet’ hypothesis laid down by Ehrlich. These hormones
have the following merits, namely:

e When given parenterally they approach the target receptors just on the outer-periphery of the
cells without even penetrating the membranes, and
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e Capable of binding to cell-surface-receptors intimately thereby activating the cell’s specific
function instantly;

Example: Interleukin—2, which is still an experimental anticancer substance, may triger
stimulation to certain immune cells so as to exert a direct influence on cancerous cell-growth.

m Body’s Defence Mechanism

The so called ‘immune system’ of the human body actually governs its defence mechanism against
all sorts of pathogenic invading organisms. The two vital factors that have a direct influence on the
body’s defence mechanism (immune system) are, namely:

(a) Memory: the capability of recognizing and responding immediately to the previously
encountered infections; and
(b) Specificity: the capability of concentrating directly on the specific pathogens.

The various cells which are solely responsible to the spectrum of immune responses are —
Phagocytic cells (macrophages); B-cells; Suppresor T-cells; Helper T-cells; Killer T-cells and
Natural Killer (NK) cells; and Memory cells.

m PCR-in Forensic & Research

The DNA research on the polymerase chain reaction (PCR) has turned out to be a very efficacious
and useful technique in the specialised field of forensic as well as research applications. Many
mysteries from the scene of murder, hither to impossible to detect precisely, has now been made
easy with the blood-strains collected from the victim. Likewise, the authenticity of fraternity may be
established beyond any reasonable doubt with the help of DNA studies.

m DNA-in Metabolic Pathways

The recent developments in the field of metabolic engineering has made a tremendous impact on
the intermediary metabolism with a big bang. A few typical examples whereby DNA helps in the
metabolic pathways are enumerated below:

¢ To facilitate and solve the branch-point-control problems,

¢ Introduction of identical enzymes obtained from different sources into the studied organism has
brought to light not only improved and newer degree of flexibility but also introduced much
better and acceptable metabolic characteristics into the older mechanism.

¢ To increase copies of a gene at a rate-controlling point,

¢ To remove a poisonous product by the addition of a single specific gene

e To accomplish an altogether new pathway into an organism that otherwise ceases short of the
desired product by addition several genes.

m Recombinant Vaccination Vector

It is now known that the vaccinia virus may be used as a molecular vehicle for transporting foreign
genes into other organism. With the advent of both extensive and intensive research it is quite
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possible to exploit this recombinant vaccinia vector to act as a vehicle for the production of live
vaccines for otherwise difficult ones to produce.

m OKT3-Monoclonal Antibody

Antibodies are regarded as the body’s missile defence mechanism. These are large protein molecules
produced by WBC which seek out and destroy dreadful foreign substances. They are used gainfully
in matching donors and recipients in organ transplantation, in blood typing, in the measurement and
identification of hormones, toxins and various antigens in blood and fluids. The remarkable use of
monoclonals as a pinpoint attack on a cancerous cell or to eradicate cells left after a conventional
chemotherapy. They may also be utilized to transport drugs, radioactive particles and toxins to
such cells. Recently, OKT3 monoclonal antibody has been duly cleared and approved by the
US-FDA for the treatment of acute renal allograph rejection.

2.3 IMPORTANT MEANS IN BIOTECHNOLOGY

There are a number of ways and means whereby this wonderful ever-expanding field of biotechnology
has gained enough recognition to be identified as a top-brass zone of research. A few such important
tools of technology shall be discussed in the sections that follows:

m Recombinant DNA (rDNA)

It may be defined as—*“the hybrid DNA produced by joining pieces of DNA from diferent
sources”. It is usally designated as rDNA.

Recombinant DNA is normally formed outside the living cell with the aid of highly critical
enzymes termed as ‘restriction enzymes’ which will essentially cleave the DNA at particular sites.
Subsequently, another type of enzymes known as ‘ligases” will help to insert the cut piece of DNA
(called the ‘insert’) directly into the Vector DNA (i.e., viral DNA or plasmid). The resulting vector
DNA shall be capable of entering conveniently into a ‘hest’ cell or otherwise called as
microorganism.

It is pertinent to mention here that once the foreign DNA (or vector DNA) gains an entry into
the microorganism (i.e., host organism), it is known as a “recombinant organism”.

m Restriction Enzymes

Restriction enzymes are also known as ‘restriction endonucleases’. They are found to ‘digest’
DNA into corresponding short strands at very particular sites which is exclusively governed by the
following two factors, namely:

(a) By afour-base-system i.e. four different nucleotides containing the bases — adenine, cytosine,
guanine and thymidine; and
(b) By arelatively larger stretch of specific DNA sequence.

Restriction enzymes, infact just act as a pair of “molecular scissors”. Evidently, the longer the
number of bases that command a particular cleavage-site for a specific enzymes, the less frequently
it will afford a cut to a long strand of DNA.
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Table 2.1 illustrates the examples of a few restriction enzymes* and their cleavage sites
respectively:

Table 2.1 Examples of Restriction Enzymes

Name of Enzymes Generating Organism Cleavage Site
Pvui Proteius vulgaris CG ATCG
GCTA ' GC
Hpai Haemophilus GTT | AAC
parainfluenzae CAA TTG
Eco R1 Escherichia coli G |—| AATTC
CTTAA ' G
Sau 3A1 Staphylococus aureus GATCZ
CTAG

Most restriction enzymes have either ‘sticky ends’ or ‘blunt ends’.

m DNA-Ligase

It has been observed that the DNA pieces cut with the same enzyme shall possess ‘sticky ends’
which would anneal under the appropriate and favourable conditions when such ‘pieces’ are pooled
together. The resulting annealed pieces usually exhibit only single strands (termed as ‘nicks’) at the
specific sites where they were actually cleaved. When such mixed pieces are treated with an enzymes,
termed as DNA — ligase, it will ultimately give rise to an intact piece of recombinant DNA by the
combination of phosphodiester bond (at the ends of the DNA strands) with the complementary
bases (adenine, cytosine, guanine and thymidine).

m Cloning Vector

A cloning vector may be a plasmid** or a bacterophage***. In genetic engineering (i.e., gene
cloning techniques) — a gene having a close resemblance to a particular protein shall be joined
together with a cloning vector so as to enable it get transferred into a host cell.

* (@) Restriction enzymes are named by using the first letter of the genus name combined with the first two letters
of the species name;
(b) Strain is designated by a capital letter (e.g. Eco R1) or an arabic numeral and a capital letter (eg Sau 3A1) and
Roman numerals follow immediately to specify individual enzymes when a given microbe has more than one.
** These are self replicating, double-stranded, circular DNA molecules which are invariably found and maintained in
the respective host-cell as an independent extrachromosomal moiety. They are normally characterised by specificity
of host, size, and copy number.

*** They are viruses that infect bacteria. These are employed as cloning vectors. The foreign DNA is usually inserted
into the viral genome in an analogous fashion. At times the genes could be eliminated from the bacteriophage to
result a vector that might infect cells but not kill the infected cell; thus, the DNA may be expressed within the
recipient bacterial cell.
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Ampicillin’
lac Z’'gene
Multiple cloning site
lac | gene

Origin of Replication

| Fig.2.1 Genetic Map of Plasmid puc19

Figure 2.1 represents the genetic map for a plasmid puc 19 that has been used in cloning where,
A = Ampicillin,
B = lac Z gene,
C = Multiple cloning site
D = lac 1 gene, and
E = Origin of replication.

Here, the plasmid contains an ampicillin resistance gene (A) that permits only the selection of
plasmid — bearing organism. The multiple cloning site (C) possesses a member of restriction enzymes
sites. It essentially exists very much within the lac Z gene (B) which in turn encodes B-galactosidase.
In fact, isopropylethiogalactoside (IPTG) induces B that eventually interferes with the binding
process of the repressor proteins encoded by (D) to the (B) promoter. In this manner (B) undergoes
depression ultimately leading to its subsequent transcription and translation. At this juncture, any
foreign genes strategically inserted into the multiple cloning site (C) shall positively interfere with
the production of B-galactosidase activity. However, these would be expressed by themselves either
from the promoter belonging to the gene or from the lac Z gene (B) promoter.

m Hybridization Probes

Hybridization probes constitute another extremely important and vital technique exclusively meant
for genetic engineering. In reality, probe is nothing but a complementary sequence of DNA that is
specifically labelled with anyone of the three different means namely:

(a) A radioactive substance,
(b) A fluorescent material, and
(¢) A chromagenic material.

Probe DNA or probes may be either larger segments of DNA or synthetic oligonucleotides or
even whole plasmids. In usual practice, the DNA which is subjected to probe shall be conveniently
bound to a solid support that could be either nitrocellulose or nylon. The product thus obtained is
heated in a mixture clong with the probe DNA. Subsequently, the strands would separate and reanneal
thereby allowing the probe to bind with its complementary sequence. Consequently, the resulting
product shall determine the very presence of that segment of DNA by rendering the hyberdized
DNA either chromogenic or fluorescent or radioactive.
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m Cloning Process

Literally it refers to — ‘a cutting used for propagation’. In the present context cloning means, to make
identical copies. The recent advances accomplished in the field of “Biotechnology” the cloning
process has been exploited in the following six aspects, namely:

(i) DNA—cloning,
(if) Cloning larger DNA fragments in specified cloning vectors,
(iii) Cloning Eukaryotic DNAs in bacterial plasmids,
(iv) Cloning Eukaryotic DNAs in phage genomes,
(v) Cloning cDNAs, and
(vi) Expression cloning.

The above diversified cloning processes shall be dealt individually as under:

2.3.6.1 DNA-Cloning

The DNA cloning is nothing but a broad based technique whereby large quantum of a particular
DNA-segment are produced. Usually, the resulting DNA segment which is to be cloned is first
linked to a vector DNA, that serves as a vehicle for carrying foreign DNA into a suitable host cell,
such as the bacterium Escherichia coli. The vector (i.e., E. coli) essentially contains sequences
which in turn permits to be replicated within the host cell. In order to clone DNAs within bacterial
hosts two types of vectors are commonly employed, namely:

(a) The DNA segment to be cloned is introduced into the bacterial cell by first joining it to a
plasmid and secondly, causing the bacterial cells to take up the plasmid from the medium,
and

(b) The DNA segment is joined to a portion of the genome of the bacterial virus lambda (L)
which is subsequently allowed to infect a culture of bacterial cells. Thus, a huge quantum of
viral progeny are produced, each of which contains the foreign DNA segment.

It is, however, pertinent to mention here that by following either of the two methods stated
above—the DNA segment once gets inside a bacterium, it will undergo the replication process with
the bacterial (or viral) DNA and partitioned to the daughter cells (or progeny viral particles). In this
manner, the actual number of bacterial cells which are actually formed.

Besides, cloning may also be employed as a versatile method to isolate in a pure form any
specific DNA fragment amongst a relatively large heterogeneous population of DNA molecules.

2.3.6.2 Cloning Larger DNA Fragments in Specified Cloning Vectors

It has been observed that neither plasmid or lambda phage (L) vectors are adequately suitable for
cloning DNAs whose length is more than 20-25 kb*. This specific lacuna has revitalized the interest
of researchers to look into the development several other vectors which might facilitate to clone
much larger segments of DNA. However, the most important of these vectors are termed as yeast
artificial chromosomes (YACs)

* [Kilobase (kb)]: A 1000 — base fragment of nucleic acid. A kilo base pair is a fragment containing 1000 base pairs.
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YAC:s are nothing but artificial versions of a normal yeast chromosome. They normally comprise
of all the elements of a yeast chromosome which are absolutely necessary for the specific structure
to be replicated during S-phase and subsequently segregated to daughter cells during mitosis,
including:

¢ One or more origins of replication,
e Having telomers at the ends of the chromosomes, and
¢ A centromere to which the spindle fibers may get attached during chromosome separation.

Invariably, the YACs are designed in such a fashion so as to provide essentialy:

(a) A gene whose encoded product permits those particular cells having the YACs to be selected
from those that lack the element, and

(b) The DNA fragment to be cloned like other cells, subsequently the yeast cells shall pick up
DNA from their respective medium that caters for the path whereby YACs are introduced
directly into the cells.

It has been observed that DNA fragments cloned in YACs range typically from 100kb to 1, 000
kb in length. Example:

‘The restriction enzyme usually recognizes the eight-nucleotide sequence GCGGCCGC, which
in turn specifically cleaves mammalian DNA into fragments approximately one million base pairs
long’.

Fragments of this length can now be introduced conveniently into YACs and subsequently
cloned within host yeast cells.

2.3.6.3 Cloning Eukaryotic* DNAs in Bacterial Plasmids**

A foreign DNA intended to be cloned is strategically inserted into the plasmid to give birth to a
recombinant DNA molecule. However, the plasmid used for DNA cloning are exclusively the
modified versions of those occurring in the bacterial cells. Consequently, the bacterial cells are able
to take up DNA from their medium. This particular phenomenon is termed as ‘transformation’ and
forms the basis for cloning plasmid in bacterial cells.

Figure 2.2 represents the DNA cloning using bacterial plasmids. First of all the recombinant
plasmids each containing a different foreign DNA insert are added to a bacterial culture (E.coli)
which has been previously treated with Ca* ions. These bacteria are gainfully stimulated to take up
DNA from their respective surrounding medium upon exposure to a brief thermal-shock treatment
yielding plasmid DNA (purified). Secondly, human DNA are also obtained in the purified form.
Subsequent treatment of human DNA and plasmid DNA with EcoR1*** result into the cleavage of
human and bacterial DNA into various sized fragments. Now, these small fragments join together to
yield recombinant DNAs with DNA ligase and thus give rise to the plasmids. These population of
plasmids invariably contain various segments of human DNA. Incubation of these plasmids with

* Eukaryote: A cell or organism having a unit membrane—enclosed (true) necleus and has no extracellular form.
** Plasmid: An extrachromosomal genetic element that is not essential for growth and has no extracellular form.
*** EcoR1: Enzymes designation for E. coli with reocgnition sequence G AA* TTC [arrow indicate the sites of enzymatic
attack; indicate the site of methylation].
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Fig. 2.2 DNA Cloning Using Bacterial Plasmids

E coli cells under controlled experimental parameters ultimatly yield plasmid that are free from
E coli. It has been observed that only a very small percentage of the cells are competent to pick up
and retain one of the combinant replicate molecules. Once it is taken up the plasmid undergoes
replication autonomously within the recipient and is subsequently passed on to its progeny during
cell division. The isolated recombinant plasmids can then be treated with the same restriction
enzymes used in their formation, that releases the cloned DNA segments from the remainder of the
DNA which served as the vector. Thus, the cloned DNA can be separated from the plasmid.
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2.3.6.4 Cloning Eukaryotic DNAs Phase Genomes

A bacterophage, or more commonly a phage is a virus particle which infects a bacterial cell. In fact,
a phage particle normally comprises of two essential components: first, a phage head that contains
the genetic material and secondly, a tail through which the genetic material is injected into the host
cell.

Interstingly, one of the most broadly explored of these phage particles, termed Bacteriophage
Lambda [or bacteriophage (A)], has more or less turned out to be a commonly employed cloning
vector*.

The genome** of lambda is a linear and double-stranded DNA molecule having 50kb length.

Figure 2.3 depicts the protocol for cloning eukaryotic DNA fragment in lambda (A) phase.

In usual practice, the modified strain (mutant)*** employed in most cloning experiments contains
two cleavage sites for the enzymes EcoR1 that ultimately fragments the genome into three large
segments. However, the two outer segments essentially contain all informations required for the
infectious growth, whereas the middle fragment could be rejected conveniently and replaced suitably
by a piece of DNA upto 25 kb in length.

It has been observed that the genes of eukaryotes are often split, with non-coding intervening
sequences—known as introns, thereby separating the coding regions—termed as exons. The two
outer segments undergo splicing” with eukaryotic fragment to result into the formation of
recombinant DNA. Consequently, the recombinant DNA molecules can be packaged into phage
heads in vitro and in turn these genetically engineered phage particle may be employed to infect host
bacteria. Once gaining entry into the bacteria, the eukaryotic DNA segment is adequately amplified
along with the viral DNA and subsequently packaged into an altogether new generation of virus
particle that are released when the cell undergoes Iysis'f. The released particle thus obtained infect
new cells, and without any loss of time either a plague’™ or a clear spot in the ‘bacterial lawn’ is
visible distinctly at the site of infection. Each plaque, which is nothing but a zone of lysis, possesses
millions of phage particle, each carrying a single copy of the same eukaryotic DNA segment.
Interestingly, a single pertridish may accommodate more than 10, 000 different plaques.

2.3.6.5 Cloning cDNAs

It is pertinent to mention that the explanation of cloning cDNAs has been specifically restricted to
cloning DNA fragment isolated from extracted DNA i.e., genomic fragments. In other words, the
isolation of a genomic DNA means the eventual isolation of a particular gene or a family of genes
out of a pool of hundreds of thousands of unrelated sequences. Besides, it becomes more or less
necessary to study the following different aspects during the course of isolation of genomic fragment,
namely:

* Vector: A genetic element able to incorporate DNA and cause it to replicate in another cell.
** Genome: The complete set of genes present in an organism.
*** Mutant : A strain differing from its parent because of mutation.
T Splicing : The processing step whereby introns are removed and exons are joined.
T Lysis: Rupture of a cell, resulting in a loss of cell contents.
T Plaque: A zone of lysis or cell inhibition caused by virus infection on a lawn of cells.
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Fig. 2.3 Sequence for Cloning DNA Fragments in Lambda (A) Phage.

¢ Non-coding intervening sequences,

¢ Regulatory sequences flanking on either sides the coding portion of a gene,

¢ Different members of a multigene family that invariably lie very close in the genome,

¢ Evolution of DNA sequences, such as: duplication and DNA of various species vis-a-vis their
rearrangement, and

¢ Interspersion of transposable genetic elements’.

There are two aspects which are very important with cloning cDNAs, namely:
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(a) Analysis of gene structure, and
(b) Analysis of gene expression.

Figure 2.4 illustrates the manner by which cDNAs are synthesized for cloning in a plasmid.

In order to clone cDNAs, first of all a sizable population of mRNA is isolated; secondly, it is
employed as a template to provide a single-stranded DNA complement; thirdly, the resulting product
(single stranded) is duly converted to a double stranded population with the help of a DNA polymerase;
and fourthly, they are finally combined with the desired vector. It is quite evident that essentially
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Fig. 2.4 Synthesis whereby cDNAs get Cloned in a Plasmid.
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mRNA populations typically consist thousands of altogether different species, and as with experiments
employing genomic DNA fragments, the clones should be invariably screened to isolate only one
particular sequence from a heterogeneous population of recombinant molecule.

From Figure 2.3, it may be observed that when polypeptide (A) and mRNA are annealed, it
provides a small segment of primer attached to poly(A) to the tail of mRNA. Now, with the help of
reserve transcriptase the primer to poly(A) gets fully developed. Alkali helps in the separation of
DNA and RNA strands to give rise to fully developed primer alone, which on treatment with RNA
polymerase 1 yields the combined product. The resulting product when digested with S1 nuclease
two separate strands of the primer and poly(A) are obtained. Lastly, integrate cDNA into the plasmid
vector that will produce a bacterium wherein DNA can be cloned.

2.3.6.6 Expression Cloning

For practical applications it is quite important that such systems must be available wherein the
cloned genes may be expressed. In other words, expression cloning is an alternative method for
identifying a phage plaque which essentially contains a particular cDNA. In this specific method
the cDNA being cloned is inserted directly in the downstream region from a strong bacterial promoter,
which adequately ensures that the foreign DNA is not only transcribed but also translated in the
course of the infections process. Interestingly, those phage which has originally incorporated the
gene being sought must form plaques that essentially possess the protein encoded by the gene.
Further identification of the plaque is performed on replica plates of employing a labeled probe
which binds particularly to the encoded protein. The antibodies serve invariably as the most commonly
used probe to identify the desired cloned genes which have been critically located on the replica
plate whereas the genes may be subsequently isolated from the viruses on the original plate.

2.3.6.7 Amplifying DNA: The Polymerase Chain Reaction (PCR)

The conventional molecular cloning techniques may be considered in vivo DNA—amplifying tools.
Interestingly, the latest development in the field of synthetic DNA* has evolved an altogether new
method for the rapid amplification of DNA in vitro, broadly termed as the Polymerase Chain Reaction
(PCR). In reality, PCR is capable of multiplying DNA molecules to the extent of a billion fold in
vitro, thereby giving rise to huge amounts of very specific genes employed for various purposes,
such as: cloning, sequencing or mutagenesis. In short, PCR utilizes the enzyme DNA polymerase,
which eventually copies DNA molecules.

The polymerase chain reaction (PCR) for ampliying specific DNA sequences have been shown
in Figure 2.5 [Stage—A through Stage—F]. These six stages have been duly explained here under:

Stage—A: The target genes (DNA—combined form) if first heated to affect the separation of the
strands of DNA; secondly, a reasonably excess amount of two oligonucleotide primers**, of which
one is complementary strand, is added along with DNA-polymerase;

Stage—B: As the resulting mixture attains the ambient temperature, the excess of primers relative to
the target DNA makes sure that most target strands anneal to a primer exclusively and not to each other.
In this way, the primer extension ultimately gives rise to a copy of the original double-stranded DNA.

* Synthetic DNA—short fragments of DNA of specified base sequence and widely used in molecular genetics.
** Primers: A molecule (usually a polynucleotide) to which DNA polymerase can attach the first nucleotide during
DNA replication.
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Fig. 2.5 PCR for Amplifying Specific DNA Sequences (Stage—A through Stage—F) |

Stage—C: Further follow up of three above mentioned steps sequentially viz; heating, primer annealing
and primer extension results into the formation of a copy of the original double-stranded DNA. In
other words, DNA polymerase extends the primers employing the target strands as a template.
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Stage-D: Another primer extension of the resulting product yields the second double-stranded DNA.

Stage-E: The end product obtained from the previous step is subjected to incubation for a suitable
duration; and the resulting mixture is heated once again so as to separate the strands. Subsequently,
the mixture is brought to the room temperature whereby the primers aptly get hybridized with the
complementary regions of newly synthesized DNA. Thus, the whole process is repeated. In this
particular instance, the two additional PCR-cycles give rise to 8 and 16 copies, respectively, of the
original DNA sequence.

Stage-F: It represents a plot between the number of PCR cycles (along the X-axis) and the copies of
the target gene (along the Y axis). The graphical illustration depicts the effect of carrying out 20
PCR cycles on a DNA preparation initially having only 10 copies of a target gene. The resulting
graph is semilogarithmic in nature.

Advantages of PCR-Technique
PCR-technique has two cardinal advantages, namely:

(a) Each and every cycle virtually doubles the content of the original target DNA, and

(b) A 10° to 10® fold increase in the target sequence is actually achieved after a 20-30 PCR
cycle run.

2.4 RECOMBINANT PROTEINS

After accomplishing the isolation, cloning and sequencing of a gene, it becomes absolutely necessary
to express it in an appropriate expression* system which could be either fungal, bacterial
mammalian tissue culture, or insect tissue culture. The inclusion of a host organism together with
the specific vector** gives rise to an expression system. At this juncture a promoter*** not only
augments relatively high yields of protein but also yields a secreted protein by sheer manipulation.
It is, however, pertinent to mention here that the criteria of selecting an expression system are namely:
economic factors and the structure of proteins.

The production of recombinant proteins and peptides can be accomplished to a fairly reasonable
extent by the following three techniques, namely:

(a) Bacterial systems,
(b) Gylcosylation, and
(¢) Mammalian tissue culture expression systems.

These techniques shall be discussed briefly in the sections that follows:

m Bacterial Systems

It essentially makes use of the microorganism E. coli which being considerably inexpensive, but
unfortunately they fail to yield an active protein invariably. Ideally, a constant endeavour is always

* Expression: The ability of a gene to function within a cell in such a way that the gene product is formed.
** Vector: An agent normally an insect or other animal, able to carry pathogens from one host to another. OR A
genetic element able to incorporate DNA and cause it to be replicated in another cell.
**% Promoter: The site on DNA where the RNA polymerase begins transcription.
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made to look for cheaper, dependable and reproducible methods whereby newer active protein is
produced first on a smaller scale and then scaled up to a pilot and finally to the commercial scale
without any compromise on the quality of protein.

It has been observed that the proteins produced by bacterial systems essentially have an
N-formylmethionine (designated as ‘f-Met’) at the N terminus because that is considered to be a
critical signal for the exact initiation of translation,* to a stage whether ecither a cleavage site is
introduced or the resulting protein is cleaved and secreted in the process.

It has been observed that when proteins are overexpressed in a bacterial system of E.coli, they
exhibit a tendency to aggregate in intracellular bodies usually termed as inclusion bodies. They may
prove to be either beneficial or harmful for the subsequent protein recovery that could be accomplished
by anyone of the following two methods usually adopted.

Method-1 Method-2

[rroren_

Attachment of
Treatment signal sequence

Lysis of Cells

PROTEIN Denatu- with UREA v
- ration and Enters the periplasmic
(Precipitated) { GUANIBINE FiCl space** of E. coli
Dilution Careful and gentle
Dialyzation removal of
and i) Cell wall, and
Refolding if) Outer membrane
v v
PROTEIN PROTEIN
(Recovery simple) (Much pure form)

Note: (1) Most proteins may not survive the above drastic
treatment, and
(2) Most proteins are not easily recoverable from the
inclusion bodies.

m Glycosylation

Glycosylation mainly contributes in enhancing the molecular weight of several mammalian
glycoproteins. It also helps in modifying activity of the protein of choice. It has been observed that the
eukaryotic proteins which are usually either secreted or inserted in membranes enter through the golgi
apparatus and endoplasmic reticulum right into the eukaryotic cell and are duly glycosylated during
this particular phenomenon. O-glycosylation takes place upon threonines or serines in the protein
sequence, whereas N-glycosylation occurs exclusively at the aspargine residues which are essentially
part of the sequence.

Precisely, a recombinant protein which has duly undergone the process of glycosylation for
improving its activity should be produced only in the eukaryotic cells. Thus, glycosylation may be
accomplished by using specific yeast cells, such as:

Note: Production of human-insulin using a
proinsulin gene

* Translation: The synthesis of protein using the genetic information in a messenger RNA as a template.
** Periplasmic space: The area between the cytoplasmic membrane and the cell wall in gram negative bacteria
(e.g. E. coli).
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Yeast Characteristics
Saccharomyces cereviseae : Attached oligosaccharides having more than 100 mannose residues.
Pichia pastoris : Transfection* with a baculovirus expression system.

m Mammalian Tissue Culture Expression Systems

The mammalian tissue culture expression systems, for instance: Chinese hamster ovary cells, are
invaribaly transfected with a viral vector. In reality, they require a very complex media for the
production of protein, besides the entire process shows slower growth and very poor yields thereby
making it an expression system. Of course, there exists an ample genuine scope whereby the
exhorbitant cost may be brought down considerably by the advent of more stable and more efficient
mammalian tissue culture systems.

Once a protein has been developed by the help of biotehnology it is essential that its identification
and determination of its purity is established by known modern—analytical techniques, such as:

Characteristics Techniques used

Molecular Weight of Protein : Polyacrylamide electrophoresis to assess any proteolytic, cleavages
Bioactivity : Bioassay;

Charge : Isoelectric focussing electrophoresis to assess any amino acid substitution;
Hydrophobicity or charges : High performance liquid chromatography

In charge to assess folding errors;

Purity : Capillary electrophoresis and pyrogenicity;

Confirmation of identity : X-ray crystallography with respect to initially identified protein.

2.5 BIOTECHNOLOGY VS MODERN PHARMACY PRACTICE

In the recent past, ‘biotechnology’ has already gained a tremendous magnitude of commendable
success in the most upcoming field of modern pharmacy practice. These multifold plus points may
be further expatiated with the help of the following four cardinal aspects, namely:

(a) A hostofmodern drug substances available in the therapeutic armamentarium belong to the
class of protein and peptides. Therefore, they essentially require prime consideration towards
their stability, dosage forms, storage, administration and lastly the probable side-effects as
compared to the relatively much smaller synthetic drug molecules;

(b) The proper selection of the recombinant products would heavily depend upon not only the
correct choice of the expression system but also the small differences existing in the structure
which may result from the use of various known expvression systems;

(¢) Aplethora ofnew drug class have evolved as a result of the advent of more in-depth knowledge
of pathophysiology besides newer modes of therapies for such diseases that could not be
successfully treated earlier; and

(d) A good number of ‘diagnostic products’, available in the form of “kits’, are solely based on
monoclonal antibody technology. They have been exclusively developed for the proper

* Transfection: The transformation of a prokaryotic cell by DNA or RNA from a virus.
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diagnosis of thyroid disorders, anaemia, fertility for pregnancy, allergies, cancer, and finally
the management of several hormone-related imbalances (i.e., disorders). In short, diagnostic
products represent one of the largest biotech startups.

It is worth while to mention here that since the world-wide recognition of biotechnology an
enormous progress has already been accomplished in modern pharmacy practice. A few typical and
classical instances shall be cited as under, namely:

(/) Human proteins as drugs,
(if) New Drug Classes,
(iif) Vaccines,
(iv) New Diagnostic Agents, and
(v) DNA probes and RELP analysis.

The aboresaid various aspects shall now be treated individually in the sections that follows:

m Human Proteins as Drugs

It has been established beyond any reasonable doubt that DNA, the genetic material, not only directs
the production of the proteins which essentially comprise the structure of, but also regulate the
processes in the living system.

Genetic engineering fundamentally comprises of picking up a particular gene from a chromosome
of one brand of organism and then inserting the same into the chromosome of another. In other
words, genetic engineering is nothing but a sheer manipulation of DNA in a deliberate and controlled
manner. It really allows the wisdom and skill of biotechnologists to lay hand on specific individual
components of complex living systems and subsequently produce them on a large-scale either in
comparatively much simple micro-organisms or mammalian cells inside fermentation tanks.

However, the production of human proteins exclusively by the aid of genetic engineering
exclusively guided by the following three factors, namely:

(a) Ability to isolate the DNA of interest,

(b) Selection of an appropriate organism (e.g. E. coli; B. subtilis) wherein the selected DNA is
first inserted and then produced and

(c) Ability to extract and purify the resulting product after fermentation.

Various categories of human proteins are invariably used as drugs, such as: hormones, blood
products and lymphokines. These specialized proteins shall be discussed briefly as under:

2.5.1.1 Hormones

Interestingly, hormones are relatively simple protein molecules that usually serve as a medium organ-
to-organ communication in the body. Examples:

1. Human Insulin: Insulin is a protein essential for correct sugar metabolism and is produced in
the body by the pancreas. Humulin™ (Eli Lily) was the first approved and marketed clinical
product produced by recombinant DNA technology in E. coli (1983). Soonafter in 1987, NOVO-
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a Danish company evolved a continuous process for the production of genetically engineered
human insulin from yeast cells.

2. Calcitonin gene-related peptide(CGRP): Calcitonin being a thyroid hormone which helps in
the regulation of calcium retention in bones. It has been observed that patients either suffering
from Paget’s disease* or post menopausal condition thereby rendering the bones structurally
weakened. Cloned CGRP was developed by Sandoz (Basel, Switerland) with a view that the
peptide could be useful in the treatment of cardiovacular diseases.

2.5.1.2 Blood Products

Interestingly, more than fifty proteins naturally occurring in human blood have been successfully
cloned either in mammalian cells or in E.coli, but only a handful of these have gained access for
detailed clinical studies. A few typical examples will be cited below:

(a) Tissue Plasminogen Activator (tPA): It is a protein generated by the body cells that is
exclusively involved in the dissolution of unnecessary and unwanted blood clots. However,
tPA is formed by natural cells of the body exactly in a similar manner as the interferons, but
the former is produced in such a small quantity that its isolation in sizable quantities poses
a difficult problem for its ultimate utility either in research or medicinal purposes. With the
advent of biotechnology it is now possible to c/one the human tPA gene into bacterial cells
and thus produce any amount required. When tPA is administered intravenously to a patient
suffered from heart attack, it reaches directly to the culprit blood clot that blocks the cardiac
vessel thereby acting as a ‘Cardiac-drano’ i.e. it helps in clearing off the blocked passage
quickly and swifty.

(b) Factor VIII: The genetically engineered Factor—VIII is used exclusively for the treatment
of haemophillia.

2.5.1.3 Lymphokines

Lymphokines represent a class of small proteins, which essentially include substance like:
interleukins, interferons and tumour-necroses factor, and are usually secreted most naturally by
cells of the immune system. They exert a hormone-like action through cell-to-cell interactions rather
than spread out over the entire body. Perhaps this aspect offers a clear line of demarkation with
regard to their usage as pharmaceutical substances as most drugs need to be administered systemically.

Examples: A few typical examples of lymphokines are enumerated below along with their
applications in therapeutic domain:

(i) o-Interferon: for rare cancer hairy cell leukemia;
(ii) Interleukin—2: for cancer
(iii) Tumour Necrosis Factor (TNF)-for killing tumour cells and causing a generalized wast-
ing syndrome.

* Paget’s disease: A chronic form of osteilis with thickening and hypertrophy of the long bones and deforming of the
flat bones.
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m New Drug Classes

The recombinant DNA technology has paved the way in the management and control of a number
of diseases related to body’s immune system. In the past two decades the US-FDA approved quite a
few recombinant DNA products that are being used as drugs across the world. Recently, the exact
role of cytokines has been revealed in order to understand the intricacies of the relatively complex
immune system.

The most recent and epoch-making developments with regard to the new drug classes are the
novel vaccines, proteins, hormones, glycoprotein, blood-clotting proteins and immunoactive drugs.
A few typical examples have been enumerated in Table 2.1, to stress upon the versatility of newer
recombinant DNA products.

Table 2.1 Approved Biotechnology Medicines

S. No. Name of the Brand Name Indication
Product (Mfg. Co.)
Vaccines:
1. Hepatitis B Engerix B® Hepatitis B prevention. Comprise of
vaccine (Smith Kilne highly specific antibodies that more
Beecham) or less act as ‘magic bullets’.
2, Human Insulin Humulin® To combat insulin dependant
(Eli-Lilly); Novalin® diabetes; it is the first human health
(Nova Nordisk) product used in medicine.
Proteins
3. Interleukin- 2 Proleukin® For metastatic renal cancer. A
Recombinant (Chiron/ Cetus) protein drug through which immune
cells communicate with each other.
4. Interferon Alfa- Roferon-A For hairy cell leukemia;
2a, (Hoffman- AIDS related Kaposi’s sarcoma;
Recombinant LaRoche) Antiviral activity, especially against
RNA Viruses; Enhances the
targetting of monoclonal antibody-
tethered cytotoxic drugs to cancer cells.
5. Interferon alfa — Intron-A For hairly cell leukemia; AIDS related
2b, (Schering Alferon) Kaposi’s sarcoma, chronic hepatitis
Recombinant (Interferon Sciences) types B & C; Condylomata acuminata.
Hormones:
6. Somatropin Humatrope® Identical to human pituitary derived
(Eli-Lilly); Protropin® somatropin; for human growth
(Genentach) hormone deficiency in childern.
7. Calcitonin Cibacalcin® To decrease osteoelastic activity
(Ciba); Miacalcin® thereby inhibiting the movement of
(Sandoz) Calcimar® bone salts from bone to the blood;
(Rhone-Poulenc also decreases renal tubular secre-
Porer) tion of calcium.
Glycoprotein
(Purified)
8. Alteplase Actirase® For acute mycocardial infarction;
Recombinant (Genentech) Pulmonary embolism.

(Contd.)
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( Table 2.1 contd.)
S. No. Name of the Brand Name Indication
Product (Mfg. Co.)
Blood Clotting
Proteins:
9. Antihemophilic Profilate® For the management and control of
Factor (Alpha) severe hemorrhage in the patient with
Hemofil TR hemophilia A.
(Hyland);
KoGENate®
(Miles);
Recombinant®
(Baxter)
Immunoactive
Drugs:
10. Muromonab Orthcloue OKT3 For acute alograft rejection in renal
CD3 (Ortho) transplant patients; and cardiac trans-
plant patients.

m Vaccines

Vaccine is a suspension of infectious agents, or some part of them given for the purpose of establishing
resistance to an infectious disease. Traditionally, vaccines comprise of four general classes, namely:

(a) Those containing living attenuated infectious organisms, for example, vaccine for
poliomyelitis;

(b) Those containing infectious agents either by chemical or physical means, for instance:
vaccines used to protect human beings against typhoid fever, rabies and whooping cough.

(¢) Those containing soluble toxins of microorganisms sometimes used as such, but usually
forming toxoids such as : vaccine used in the prevention of diphtheria and tetanus, and

(d) Those containing substances extracted from infectious agents, for examples: capsular
polysaccharides extracted from pneumococci.

At this juncture, it is worthwhile to draw a line between the traditional vaccines as stated above
and the recombinant vaccines (or subunit vaccines) obtained exclusively by the aid of genetic
engineering techniques known so far are described below:

Recombinant Vacines
(or Subunit Vaccines)

S. Traditional Vaccines S.
No. No.

with a view to disabling the disease causing function of
the pathogens.

2. Immune activating molecules remained unharmed.

3. Modified pathogens on being injected into a subject
induce immunity to the modified pathogen thereby
preventing the disease.

Disadvantages:

(a) In certain instances, the whole virus vaccine (i.e.,
the attenuated pathogens) invariably revert back to
their virulant state in the produced disease in the
vaccinated subject rather than preventing it,

1. Prepared either by attenuating or killing the pathogens 1.

By the help of genetic engineering techniques it is quite

possible to eliminate the potential vaccine induced

illness by separating effectively the immune activation
function of pathogens from the disease producing
functions.

2. First, all the gene(s) solely dedicated for encoding the
cell surface molecules that eventually trigger the
immune activation function is isolated.

3. Secondly, these genes are removed from the pathogens

genome by endonuclease action and subsequently

inserted into a cloning vehicle that later on employed
to transform either a bacteria (E. coli) or yeast

(Saccharomyces cereviseae) host cell.

(Contd.)
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( Table contd.)
S. Traditional Vaccines S. Recombinant Vacines
No. No. (or Subunit Vaccines)

(b) Possibility of certain pathogens being escaped from
attenuation (or being killed).

(c) Impurities may be incorporated through the method
of production based on different animal species. They
may be removed by very tedious and exensive
procedures.

Advantages:
Inspite of various serious adverse reactions they have
been used successfully in combating diseases like; Polio,
Small pox, Yello fever, Measles, Mumps, Tetanus and
Diphtheria.

4. A series of antigenic molecule are synthesized by the
host cells that may be suitably isolated, purified and
made into a vaccine.

5. When this recombinant vaccine is injected into a subject,
the individual affords an immune response against the
antigen.

6. The synthesis of suitable memory B cells is the net
result of the immune response.

7. The immunized subject on being exposed to a pathogen
that essentially bears that specific antigen on its cell
surface, the resulting immune response swifty
erradicates the pathogen totally.

Advantage:
As it contains only the immune-activating subunit* of
the pathogen, it is incapable of inducing the disease
state in the subject.

* Recombinant vaccines only contain a subunit of the original pathogen, hence they are also termed as ‘Subunit Vaccines’.

2.5.3.1 Specificity of Vaccines

Whether it is a whole virus vaccine or a subunit vaccine both exert their action by including an
immune response against a specific subset of molecules that could be the reason why a vaccine
specifically prepared against one influenza strain fails to response against an altogether different
strain. Based on this observation the health authorities in hospitals and OPDs always advise the
youngsters, the elderly ones and above all the chronic ones to receive the shot against influenza
every year periodically. It has been duly observed that each outbreak of flu is invariably caused by a
different and newer influenza virus which means logically to produce new vaccines with each outbreak
of the disease. The same logical explanation holds good for polio whereby three different strains
give rise to three types of vaccines to control and prevent the same disease.

2.5.3.2 Search for AIDS Vaccines

Human Immunodeficiency Virus (HIV) belongs to the class of viruses termed as retroviruses
which differ from most of the cell types. Here they usually comprise of RNA as their only major
genetic material in comparison to the more common DNA. It has been observed that whenever a
HIV virus infects a cell it not only injects its RN A but also the specific genetic material usually an
enzyme termed as reverse transcriptase. Now, the reverse transcriptase affords the synthesis of a
DNA molecule complementary to the viral RNA inside the host cell. Thus the virally derived DNA
exert the ‘infective assault’ upon the host cell and ultimately leads to a condition commonly known
as Acquired Immunodeficiency Syndrome (AIDS).

It is pertinent to mention here that HIV is not adequately suitable for production of vaccine by
virtue of the following four aspects, namely:

(a) Being an extremely complex virus it may conveniently get lost in the inner portion of the
infected cells thereby leaving absolutely no trace of viral antigens on the cell surface. At the
end, the overall immune system may appear to behave as if no outside viral were ever
present,
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(b) Unfortunately, till date no appropriate animal model has been established for human HIV
infection, which has slowed down the active research and subsequent screening through an
elaborated experimental laid-down procedure.

(c) Consideration of ethical aspects with regard to human screening of any probable and potential
AIDS vaccines, and

(d) HIV possesses its unique ability to insert pieces of its self-genome right in the genome of
the infected host, thereby rendering the genetic material invisible to the respective host
human-system.

Keeping in view the above serious limitations encountered a good number of AIDS vaccines
have been prepared meticulously and tested adequately. A few such examples are illustrated below:

(/) Thymosin Alpha 1 : For AIDS in combination with
(Immunomodulator) PEF-II-2 and Retrovir®®
Manufactured by (under Phase I/II Clinical Trial)

Alpha 1 Biomedicals
(Bethesda, MD)

(ii) Soluble CD4 . This protein interacts with HIV
(Product of Recombinant and thereby blocks its attachment
DNA technology) to intact CD4 T cells.

m New Immunodiagnostic Agents

Immunodiagnostic agents are regarded as stranded tools in the physicians diagnostic regimens.
They afford an improved testing technology whereby diagnosis could be faster, cheaper and easier.

2.5.4.1 Monoclonal Antibodies (MABs)

Antigen recognition by antibodies, that more or less acts like an anchor in body’s defence mechanism
system to combat dreadful diseases, has been judiciously explored for quite sometime towards the
logical development of newer diagnostic tests for various ailments making use of antibodies from
animal sources.

Hybridoma Technology The hybridoma technology is the process whereby the fusion of an
immortal cell with a lymphocyte to produce an immortal lymphocyte. In other words, the antibody
producing cells are duly fused with the respective tumour cells which results into the production of
a hybrid that could be grown in an appropriate laboratory culture and which reproduces antibodies
of a single specificity (monoclonal antibodies).

The tremendous growth in the field of pharmacbiotechnology in the recent past has broadened
the scope of monoclonal antibodies (MABs) in two vital aspects of immunodiagnostics, namely:

(i) MABs in diagnostics, and
(i) MABs in Imaging and Therapy.
2.5.4.2 MABs in Diagnostics

More recently MABs have gained rapid and wide recognition into the ever-expanding field of health-
care diagnostics. There are usually four important techniques that find their utility in diagnostics, for
instance:
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(a) Immunoassays: Most immunoassays make use of radioactive antibodies [i.e. radio-
immunoassays (RIA)] whereby the sample showing positive test which allow the antibody
to get bound to it and thus the radioactivity will be retained onto the sample. However, the
stringency and authenticity of RIA tests mostly restrict it to centralized specialist disgnostic
facilities exclusively;

(b) Enzyme Immunoassays (EAI): In this particular instance a specific colour-producing
enzyme is coupled to the antibody. Thus, the outcome of the results may be read either
directly by a naked eye or spectrophotometerically;

(c) Enzymes- Cascade Technique*: Here, several enzyme reactions taking place are coupled
to generate an appreciable amplification of the original binding signal which is either read
by a naked eye or spectrophotometerically; and

(d) Fluorescence Immunoassays (FIA) and Luminescence Immunoassays (LIA): Precisely,
these are nothing but related techniques wherein the ‘lable’ either exhibits fluorescence or
light respectively.

Examples:
1. Pregnancy Dipstick Test: Based on MABs the pregnancy dipstick test determines the pregnancy
either at home or in a clinical laboratory.
2. Ovulation Dipstick Test: Another dispstick test based on MABs ascertains the positive or
negative ovulation in a subject , and
3. AIDS Test: MABs based AIDS test kit is available to identity its presence in donated blood
sample(s).

2.5.4.3 MABs in Imaging and Therapy

Ironically, the most acute and severe hinderances ever encountered in the treatment of cancer virtually
lies in the fact that malignant cells have a very close resemblance to the normal cells. 1t is, therefore,
quite possible that the therapeutic agents that are actually intended to destroy (kill) malignant cells
also destroy normal cells perhaps due to their close similarity. However, it has been established
beyond any reasonable doubt that the surfaces of malignant cells do differ in certain respects from
those of normal cells. As we have seen earlier that MABs only recognise specific antigens on cells,
they are being fully exploited to image cancerous tumours particularly in an intense on-going clinical
research programme and in therapy against a variety of malignancies, such as: lymphomas,
melanomas, colon and breast cancer.
A few typical examples have been duly expatiated below, namely:

(a) Glastrointestinal Cancer**: MABs is employed singly to combat gastrointestinal cancer.
The underlying principle being that when the antibodies opt to bind to the turnover, they
invariably exhibit a tendency to attract the cells of the immune system to act against the
prevailing cancerous tissue.

(b) Lung, Breast, Prostate and Pancreas Cancer: It is however, pertinent to mention here
that enough research activities have triggered off in the recent past towards the development
of monoclonal conjugates of two important class of drugs namely:

* Developed by I Q (BIO) in Great Britain.
** A collaborative research by Centocor (USA) & Hoffman — LaRoche (Switzerland).
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(i) Anthracycline Drugs*: Such as antibodies having quinones and related structures, eg.
Adriamycin® (Adrio); Bufex® (Bristol);

(ii) Desacetyl Vinblastine**: When desacetyl vinblastin ie. a chemical enity obtained either
from the plant source or produced by plant cell culture, is conjugated to a monoclonal
which consequently acts specifically on lung, prostate, breast and pancreas malignant
cells.

(¢) Drug Targetting and Tumour Imaging: Another theory of drug targetting vis-s-vis tumour
imaging is based on the use of highly specific and relatively small molecular size toxins
[e.g., castor seed) and toxin from bacteria (microorganism source)] conjugated with
monoclonals. It has been observed that the same monoclonals that are being employed to
target may also be used to image tumours via conjugation to radioactive elements. Once the
conjugate has been injected, whole-body-scanning methods may be carried out to localize
and quantify the malignant thereby helping the physicians either to intiate a preliminary
diagnosis or to ascertain if the patient is giving due response to the conventional therapy.

EXEH onA Probes and RFLP Analysis

Probe that are specific to different genes as well as DNA fragments have paved the way for the
diagnosis of a number of prenatal problems. Besides, the genetic probes makes it possible to establish
future outset of some ailments for instance: emphysema (i.e., pathological distention of interstitial
tissues by gas or air) and Huntington’s disease (i.e., an inherited disease of the CNS which usually
has its outset between ages 25 and 55).

The cross section of recombinant DNA and medicine invariably occurs when genetically
engineered probes help in the cure and management of human ailments. DNA probe is a radioactive
labeled DNA fragment that acts as a complementary to a particular gene or gene segment. Thus,
suitable probes may be employed to analyse not only the abnormal genes but also the human genome,
Interestingly, prenatal medicine makes use of probes to ascertain the presence of the genes in some
ailments, namely: Cystic fibrosis*** and Tay-Sachs disease™***.

In addition, DNA probe is considered to be the most versatile and powerful technique for the
identification of individuals.

The application of DNA probe as diagnostics has been extended to test for AIDS, understand
the course and causes of cancer, genetic disease (e.g., muscular dystropy, sickle cell anaemia) and
bacterial infections (e.g., walking pneumonia, Legionnaire s disease).

Restriction Length Fragment Polymorphism (RELP) Analysis Each and every human being
born on this earth essentially inherits one set of genes from its father and another one from its

* A collaborative research of Carbo-Erba (Italy) and Cytogen (New Jersey, (USA).
** Eli — Lilly (USA).
**% A single gene defect manifesting in multiple body systems as chronic obstructive pulmonary disease, pancreatic
exocrine deficiences, urogenital dysfunction and abnormally high electrolyte concentration in the sweat.
*#%* Aninherited disease transmitted as an autosomal recessive trait. Because of the lack of the enzymes hexosaminidase
A, which is important in sphingolipd metabolism, sphingolipids accumulate in the cells, especially those of the
nerves and the brain. Death normaly occurs before the age of 4. There is no specific therapy.
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mother which in most cases have been found to be identical. Invariably, mutation of genes that one
inherits from one or other of one’s parents ultimately leads to diseases like muscular dystropy and
haemophilia. Besides, these distinct differences occurring between the two sets of DNA there exists
many thousands of relatively ‘Silent’ differences usually termed as restriction length fragment
polymorphisms (or RELP).

The enormous progress made in the field of biotechnology has made it possible to afford the
diagnosis of genetic defects prenatally. The following steps are performed sequentially:

(a) Cells from the growing foetus are first drawn by sophisticated methods, namely: Chorionic
vili sampling and aminocentesis,

(b) DNA preparations are subsequently made by standard methods,

(¢) Specific enzymes that chop DNA in strategic positions are usually employed so as to trace
‘silent’ genetic markers and also the RELPs, associated with the prevailing ailments,

(d) Carrying out a close comparison between the ‘pattern of silent genetic markers’ on the
foetal DNA and those on the paternal and maternal DNA, it is now relatively possible to
ascertain with a high degree of probability, whether the foetus under investigation is either
normal or diseased.

In addition to the above mentioned diseases RELP analysis has also been judiciously and
effectively extended to some more gruesome diseases such as: schizophrenia, Alzheimer s disease
and complications of heart.

m Enzyme Linked Immunosorbant Assay (ELISA)

The unique covalent attachment of enzymes to antibody molecules provided an immunological
method that not only affords high specificity but also high sensitivity. ELISA utilizes antibodies to
which enzymes (eg: peroxidase, alkaline phosphatase and 3-galactosidase have been covalently
bound in such a fashion that neither the enzyme’s catalytic characteristics nor the antibody’s specificity
are changed.

It is however, pertinent to state that ELISA may prove to play a major role in pin-pointing the
early diagnosis of plethora of human ailments or medical conditions that are of major public health
significance, for instance:

Diseased Condition Primary(P)/Confirmatory (C)
® Pregnancy P
® |eprosy P
(Mycobacterium leprae)
® Syphillis P

(Treponema pallidum)
® Tuberculosis
(Mycobacterium tuberculosis)
Leishmaniasis
Hepatitis
AIDS
T3-T4, TSH
(Thyroid hormones)

T TUTTUTO (@]
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In fact two fundamental ELISA methodologies are prevalent, namely:
(a) Direct ELISA: It is meant for detecting antigen exclusively, for instance:

(i) Virus particles from faecal sample, and
(éf) Virus particles from a blood sample.

Method of Testing:

(i) Specimen is first added to the wells of a microtitre plate that has been duly precoated with
antibodies specific for the antigen to be detected. If the antigen (i.e. virus particulates) is
present in the sample, it would be trapped by the available antigen binding sites present
on the antibodies.

(if) The unbound material is washed out and a second antibody (containing a conjugated\
enzyme) is added,

(7ii) As the second antibody is also specific for the antigen it gets bound to any available
remaining exposed determinants,

(iv) After giving a proper wash, the enzymes activity of the bound material present in every
microtiter well is estimated by adding the substrate of the enzymes, and

(v) The characteristic colour thus produced is found to be directly proportional to the amount
of antigen present.

(b) Indirect ELISA: It is meant for detecting antibodies present in human serum. It is invariably
employed to specifically detect antibodies to human immunodeficiency virus (HIV).

Method of Testing (HIV- ELISA):

(/) The microtiter plates are first and foremost coated with a disrupted preparation of HIV
particles (approximately 200ng of disrupted HIV particle is needed in each and every
well)

(if) The resulting plates are subjected to a brief incubation period so as to ensure plates of the
antigens to the surface of the microtiter wells.

(iii) Now, a diluted serum sample is added and the mixture thus obtained is again incubated so
as to permit HIV—antibodies to bind to HI'V antigens.

(iv) In order to detect the presence of antigen—antibody complexes, a second antibody is now
introduced, which is essentially an enzyme conjugated anti-human IgG preparation,

(v) Again after a short incubation (with the second antibody) followed by a washing step to
ensure complete removal of any unbound second antibody, and

(vi) The enzyme activity is now determined with the production of a colour which is directly
proportional to the quantum of anti-human TgG antibody bound.

Note:

1. Itis a positive indication by virtue of the fact that the binding of the second antibody and
the antibodies from the patients serum ultimately recognised the HIV antigens i.e., the
patient possesses antibodies HIV, and the same has been exposed to HIV.

2. Always the control sera* are also assayed simultaneously along with any sample(s) so as to
measure the extent of background absorbance in the particular assay.

* Control sera: which is known to be HIV—negative



Dr.Murtadha Al-Shareifi e-Library

PHARMACOBIOTECHNOLOGY 71

However, the ‘Indirect ELISA-Test’ for the detection of antibodies to HIV, the casual agent of
AIDS, has been depicted in Figure 2.5 along with the various sequential procedural details for both
positive and negative test vis-a-vis the graphic representation between the quantum of antibody and
the intensity of the colour produced.

2.6 BIOTECHNOLOGY BASED PHARMACEUTICALS FOR THE MILLENNIUM

From arecent survey (1993)* it has been broadly accepted that biotechnology based pharmaceuticals
(or Biotechnology Drugs) will enhance tremendously to combat today’s complex ailments. In the
last two decades American Pharmaceutical concerns have grossly shifted their interest towards life-
saving medicinals based solely on biotechnology that is shown by the quantum jump of their on-
going research projects from a meager 2% (in 1980) through 33% (in 1993) to a maximum of upto
70% (in 1993) for larger pharmaceuticals**.

S. Methodology Positive Test Negative Test
No.
1. Miceotitre wells are coated * ¥ K Kk ¥k k %
with antigen preparation C Surfaceof Tl S B St fur Sl o
from disrupted HIV particles(*) Microtiter Well

2. Patient serum sample is \< \<
added. HIV specific antibodies
bind to HIV antigen ’& )’{/\
* * ¥k ¥ ¥ % * k ¥ ¥ ¥ k %
3. Washing is done with buffer W
* * k * ¥k % * ¥ k ¥ k ¥k *

4. Human anti-IgG antibodies E+El EETEETE

conjugate to enzymes (EXE)
is added

* * ¥ ¥ ¥ % * k k ¥ k k ¥

5. Washing is done with buffer EE

* kK k Kk x ¥

6. Substrate for enzyme is
added and quantity of
colored product(.) is
measured, which is directly
proportional to the antibody
concentration.

Colour Intensity ++++ -

* k k k k x ¥

* Mossionghoff G: Biotehcnology medicines in Development (1993).
** Study by the Boston Consulting Group (BCG); April, 1993.
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Fig. 2.6 Indirect ELISA Test for Detecting Antibodies to
HIV, the Casual Agent of AIDS.

Interestingly, the biotechnology based pharmaceuticals for the millenium may be broadly
categorised under the following five heads; namely:

(i) Genetically engineered vaccine,

(if) Gene-splicing and DNA recombinant procedures,
(iii) Antibodies in biotechnology,
(iv) Gene Therapy

(v) 3-D Picture of the ‘Lock’ and ‘Keys’

These different categories shall be discussed briefly in the sections that follows:

m Genetically Engineered Vaccine

In general, vaccines preparations made of either dead organisms or living attenuated microorganisms
which may be administered to man or animal to specifically stimulate their immunity to infection by
the same or closely related organisms. It has been observed that once an individual’s immune system
has positively responded to a particular antigen, it gives rise to a state of resistance that will remain
for a reasonably long period of time. Thus, vaccines are regarded as important immunizing agents.

Interestingly, many viruses invariably possess an outer-coat made of protein. When human
subjects or animals become immune to virus diseases, it is achieved by virtue of the fact that their
immune systems to recognize the particular virus protein-coat and subsequently make corresponding
antibodies to it. Now, mostly the pharmaceutical concerns actively engaged in gene-cloning maintains
a keen interest in ‘yeast’ as possible host for the expression of cloned gene.

Following are the examples of some genetically engineered vaccines, namely:

(a) Hepatitis B Surface Antigen (HBSAG): It is prepared by cloning a coated protein gene in
yeast, extracting the protein formed by the genetically altered yeast, and obtaining from it
the desired vaccine. It confers immunity to Hepatitis B without exposure to the virus itself.

(b) Viral Vaccines: In reality, viral vaccines are of two types, namely:

(i) those consisting of inactivated viruses that are incapable of mutiplication in the body,
for instance, Salk Poliovaccine; and

(i) those consisting of viruses that multiply at low rates in the body, but do not exhibit the
symptoms of the disease, such as: Sabin Oral Polio Vaccine

(c) Whooping Cough Vaccine: It is essentially a bacterial vaccine that consists of dead cells
and provides a long-term immunity.

(d) Vaccines from Live Attenuated Viruses: Both Small Pox Vaccine and Measles Vaccine
obtained from live attenuated viruses induce a high degree of immunity in the vaccinated
subjects, effective for a long duration and thus prove to be highly effective in the control
and management of the respective diseases.
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(e) Influenza Vaccine: The vaccine of influenza viruses that have been grown in chick embryos
and subsequently rendered non-infectious either by UV irradiation or by formalin. It prevents
influenza by its parentral injection and the duration of immunity rarely exceeds a year because
of the fact that the causative agent (virus) of influenza is capable of undergoing mutation

rather frequently.

It is pertinent to mention here that by the turn of the century the development of synthetic
vaccines via genetic combination and gene cloning would likely to promote legitimately their

medicinal utility and availability.

Figure 2.7 illustrates the various steps involved for the preparation of vaccine from hepatitis

virus by the method of genetic engineering.

Genetic
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Fig. 2.7 Preparation of Vaccine from Hepatitis Virus by the

Technique of Genetic Engineering

m Gene Splicing and DNA Recombinant Procedures

The techniques invariably referred to as ‘gene-splicing’ are well defined means of judiciously and
constructively rearranging the genetic code to give rise to an organism with an altogether new, altered
and most desirable features. It essentially comprise of the following five cardinal aspects namely:

(i) A simple microbe may be empowered to generate a specific chemical,
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(if) This desired characteristic informative feature or product is strategically located on the
DNA molecule,

(iii) ‘Engineering’ aspect is mainly concerned with cutting out only that particular section of
the string and subsequently grafting this into another organism.

(iv) “Splicing’ is generally carried out with a specific set of enzymes termed as ‘itigation
enzymes’, that would help in sticking the fragments once again, and

(v) In fact, ‘cutting’ and ‘splicing’ involves more or less a very delicate surgery and these
functions are actually accomplished chemically in solution only.

A brief description of recombinant DNA (rDNA) has already been made in section 3.1 in this
chapter.

Figure 2.8 vividly depicts the basic gene-splicing and recombinant DNA procedures in an
elaborated sequential manner.

—> —> |2 —>
%90
= - Large chromomes Plasmid
E.Coli With [2]Bacterial cells 3] removed by (4] DNA
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e g
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cules by cen-i and incubate of eukaryote DNA enzyme and
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Linear Fragments [Tails Match]
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Fig. 2.8 Basic Gene Spilcing and Recombinant DNA Procedure in Sequential Order.
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First of all the bacterial cells are removed from the mixture of E.coli with plasmids and the
resulting chromosomes are retained. Secondly, the large chromosomes are removed by centrifugation
and the resulting plasmid. DNA is treated with restriction enzymes and incubated accordingly. Thirdly,
add to it fragments of eukaryote DNA cleaved by the same restriction enzymes and add ligase;
incubate to join tails. Fourthly, the circular molecules are removed by centrifugation and retained,
whereas the linear fragments are rejected. Fifthly, the plasmids are resuspended and the ones with
eukaryotes gene-inserts being heavier are removed by centrifugation. Sixthly, these segregated heavier
plasmids are treated with bacterial protoplasts, Seventhly, the plasmids infected protoplasts are duly
cultures on agar plates, grown into colonies of identically infected bacteria. Finally, the resulting
clones may be incubated into large volumes of media and produced in large quantity.

m Antibodies in Biotechnology

An extremely important and versatile aspect of recombinant DNA technology is the application of
antibodies in biotechnology. In fact, antibodies are produced by the B-cells (or plasma cells)
exclusively. They are virtually composed of four protein chains that one are interconnected by
‘disulphide bonds’. It has been observed that the surface of the antibody essentially bears a highly
specific marking (or ‘lock’) that would promptly recognize the particular foreign particle (or ‘key”)
with which it readily undergoes complexation or binding. It has now been well established that
different antibodies are actually generated in each individual person for their characteristic and
highly specific interaction with antigens. In other words, antibodies play the role of the immune
surveillance in the living system. Certain antibodies have the job of surveying foreign cells or
molecules and mark the invading antigenic entity distinctly for destruction by other immune system
cells. Consequently, the marked antigens are actually removed from the living system thereby leaving
the unmarked ones in situ.

It is understood that there exists approximately 4000 strategic locations in the human genome
which are responsible for various genetic disorders (diseases). Interestingly, out of this lot only 30
(i.e. 1200) have been studied in sufficient details. It has been observed that certain abnormalities
found on the genes are usually termed as ‘point mutations’. In all these instance, a single nucleic
acid base present in a gene is normally replaced by a different one. Therefore, in the encoded protein
the net result would be visualised by the exchange of a single amino acid.

Example: The genes encoding the hemoglobin protein sequences invariably possess a minimum of
forty ‘point mutations’.

It is pertinent to state here that the molecular probing, with regard to the characteristic alteration
in the shape of blood cells in sickle-cell anemia*, would go a long way in revealing these types of
abnormalities parentally, or in the early stage of life so as to make it possible to institute a suitable
remedial measure or a preventive action adequately (i.e.; ‘gene therapy’).

Figure 2.9 clearly illustrates that the manner by which genetic defects could be detected in a
logical way in foetal cells.

It has been noticed that quite often variance do take place in the genetic code on account of error
into the chemical sequence. The defects of this sort are invariably caused by chemical change or by
inheritance and ultimately results into specific disease condition. At this particular juncture the

* Sickle Cell Anemia: The gene for sickle cell anemia is hemoglobin S. Thus each RBC has both normal hemoglobin A
and abnormal hemoglobin S. These will not become sickled until extremely low concentration of oxygen occur.
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prenatal examination of the foetal cells would help in locating the faculty genes and thus, identify
particular subjects who may develop certain disease. The DNA is carefully removed from the foetal
cells and with the help of an appropriate enzyme the DNA is cleaved whereby the same is unwound
into respective single strands. In this particular instance, one nucleotide base (say, ‘A’) is defective
giving rise to a situation termed as ‘point mutation’. Now, a purely synthetic DNA is manufactured
in the laboratory whose genetic sequence will allow it to bind to the ‘point mutation’ i.e; its ‘T’ with
adefective ‘A’. A radioactive tag (-) is then attached to the probe which is subsequently mixed with
the foetal DNA. This specific radioactive tag makes it possible for investigators to know whether
the bases get bound or not. In this particular instance (Figure 2.9), they do, thereby suggest that the
foetus under investigation may develop the blood disease.

Occaissionaly variance do occur in
the genetic code due to error into the
chemical sequence. Defects of this by
chemical change or by inheritence
and results into disease condition.
Timely prenatal screening may locate
faulty genes & thus, identify particular
subjects who may contract certain
diseases.

The DNA is carefully removed from ,;«';,;‘..'5“\'
the foetal cell. REANSR )
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Enzyme rSingIe Strand DNA
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An enzyme is employed to cleave the
DNA. It is unwound into respective
single strands. In this instance, one
nucleotide base is defective giving rise
to a situation termed as a “Point
mutation’.
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(@) A purely synthetic DNA is prepared [t must be “T")
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Fig.2.9 Searching for Genetic Defects in Foetal Cell. |
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m Gene Therapy

It has been adequately proved that there exists two probable cellular targets essentially required for
carrying out the process of ‘gene replacement therapy’ namely: the Somatic Cell* and the Germ
Cell**,

In the light of the ethical issues inherent in ‘gene therapy’, five narrowly cardinal objectives
have been put forward by the scientific review committees, namely:

(i) Research should be limited to somatic cells only, so that a treated individual cannot pass
genetic alterations to offspring,
(i) Risk to the patient must be outweighed by the potential therapentic benefit,
(iii) Target diseases must be limited to those that involve a known defect in a single gene, and
the normal gene must be cloned and available,
(iv) Disease must involve cells that can be isolated from a patient, altered in tissue culture and
subsequently reimplanted in the patient, and
(v) Planned well-defined procedures must meet strict safety standards in animal trials, before
attempts are made with human beings.

Targets of human gene therapy essentially include several serious ailments such as:

(a) Lesch-Nyhan Syndrome: [M. Lesch, b: 1939, William Leo Nyhan, b: 1926, U.S.
Pediatricians] A functional lack of a single enzymes i.e. hypoxanitin — guanine
phosphoridbosyl! transferase, produced by a single gene, which is essential for purine
metabolism, gives rise to an inherited metabolic disease that affects only males, in whom
mental retardation, aggressive behaviour, self-mutation, and renal failure are exhibited, and

(b) Tumour Necrosis Factor (TNF): Another effort is exclusively focussed on new approaches
in the treatment of cancer, whereby immune system cells known to be associated with tumours
are suitably modified to produce a protein with appreciable anti-tumour activity termed as
TNF. Alternatively, TNF is a protein mediator or cytokine released primarily by macrophages
and T lymphocytes that helps regulate the immune response and some hematopoietic
functions.

There are two factors, namely:

(/) Alpha (TNF-a) : [Syn: Cachectin — produced by macrophages, and
(if) Beta (TNF-b) : [Syn: Lymphotoxin]- produced by activated CD4*** + T cells.
Interestingly, gene therapy is a process by which a patient is cured by altering his or her
genotype**** Severe Combined Immunodeficiency (SCID)***** is treated by gene therapy for
a variety of valid reasons, such as:

* Somatic Cell: [Gr. Soma = body] Petaining to nonproductive cells or tissues;
** Germ Cell: A cell whose function is to reproduce the organism. It usually has a single set of chromosomes. Germ
cells are called ‘ova’ in females and ‘spematozoa’ in males.
**% CD4: A protein on the surface of cells that normally helps the body’s immune system combat disease. HIV
attaches itself to the protein to attack WBC, causing a failure of host defence.
**%% Genotype: The precise genetic constitution of an organism (Phenotype the observable characteristics of an organism).
wddxk SCID: A syndrome marked by gross functional impairment of both humoral and cell-mediated immunity and by
susceptibility to fungal, bacterial and viral infections.
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(i) There is no possible cure for the disease and is fatal at an early age,

(if) SCID, results from an alteration in a specific gene that has been isolated and cloned and
thus is available for use in treatment.

(iii) SCID, results from the hereditary absence of a single enzymes adenosine deaminase
(ADA), and

(iv) The cells that usually express a gene are a type of WBC that can be easily removed from
a patient, cultured in vitro, genetically modified and then reintroduced into the patient by
transfusion.

In the recent past, the somatic cells have been regarded as ‘targets’ for gene therapy. It has
been observed that adenosine deaminase defficiency (ADD), a very serious type of disorder of the
immune system, takes place once in each 200, 000 newly born babies. Adenosine deaminase (ADA)
plays a vital role for the production as well as maintenance of two of the most important cell types
that are found to be active in the immune response, namely: B-lymphocytes and T-lymphocytes. In
the absence of these aforesaid cell types the childern are susceptible to every possible infection to
which they are exposed.

Examples:

(i) The case of David, the ‘Bubble Boy’ from Texas (USA) in 1971, represents a typical
example wherein he suffered from ADA deficiency causing severe immune dysfunction.
Eventually, David had SCID and died at the age of 13 years probably due to a series of
infections spread out through his entire body as a result of the fotal collapse of prevailing
immune systems.

(ii) Blaese and Anderson (1990) isolated T-cells from the blood of a 4-year old girl suffering
with ADD. They were successful in the transformation of these isolated T-cells with a tailor
made, genetically nonmutant ADA gene. The resulting engineered T-cells, having the
inserted ADA gene, were subsequently inducted to the same child through blood transfusion.
The investigators had a strong prediction that the newly administered gene will not only
function properly but also help in the synthesis of enough ADA to restore normal immune
function required by the affected child.

m 3D Picture of the ‘Lock’ and ‘Keys’

The explanation of ‘lock’ and ‘keys’ has been made in Section 2.6.3 of this chapter. With the advent
of latest developments in the fields of science and technology and the unique combination of X-ray
crystallographic studies, molecular mechanic calculations and supercomputers have tremendously
helped in revealing the three-dimensional (3D) arrangement vividly. Based on this 3D picture of the
‘lock’ scientists are in a position to design specifically shaped drug molecules (‘keys’) that would
conveniently fit into the active sites of the 3D protein (or the folded protein). In this way, it has really
paved the way towards a quantum jump for a realistic and rational approach to drug design. It is
earnestly expected that in the near future this 3D-picture of the ‘lock’ and ‘keys’ would certainly
prove to be a great asset.
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2.7 BIOTECHNOLOGY AND MODERN DRUG DISCOVERY

In the past two decades, an exponential growth has emerged in the field of modern drug discovery
exclusively based on ‘biotechnology’. An unique blend of wisdom, skill, knowledge and an enormous
strength of perseverance with regard to the most advanced and sophisticated techniques of
recombinant DNA technology, gene splicing, cloning of genes, genetically engineered vaccines
and the like have given birth to the discovery of a plethora of drug substances. Interestingly, these
newer types of drugs would certainly prove to be beneficial in treating some of the most dreadful

human ailments besides improving the quality of life.
These ‘biotechnology medicines’ may be broadly categorised into two heads, namely:

(a) Approved medicines, and
(b) Medicines under development.

The two different categories of biotechnology medicines shall be exemplified in the sections
that follow.

Approved Medicines

A number of medicines that have been approved by several drug authorities are enumerated below:

S.No Name of the Product Company Indication (s)
1. Activase® Genentech Acute myocardial infarction
(Alteplase) (S. San Francisco CA) Pulmonary embolism;
2. Actimmune® Genentech Chronic granulomatous
(Interferon gamme —1b) (S. San Francisco CA) disease
3. Beta seron® (Interferon beta — 1b) Berlex Laboratories (Wayne, NJ)  Multiple sckerosis
4. Cerezyme® (Imiglucerase) G-enzyme Type-1 caucher's disease
5. Epogen® Amgen Anemias of chronic renal
(Epoctin alfa) (Thousand Oaks, CA) disease; AIDS, cancer; chemotherapy
6. Engerix-B® (Hepatitis B vaccine)  Smith Kline Beecham Hepatitis —B prevention
(Philadelphia, PA)
7. Humatrope® Eli-Lilly Human growth hormones
(Somatropin) (Indianapolis, IN) deficiency in childern
8.  Humulin® (Human insulin) Eli-Lilly (Indianapolis, IN) Diabetes;
9. Intron-A® Schering Plough Hairy-cell leukemia; genital warts;
(Interferon alfa-2b) (Madison, NJ AIDS-related Kaposi’s sarcoma;
hepatitis — C; hepatitis B
10. Leukine® Immunex Myeloid recognition after
(Sargramostim) (Seattle, WA) bone marrow trans-plantation
11. Neopogen® Amgen Neutropenias due to myclosuppressive
(Filgrastim) (Thousand Oaks, CA) chemotherapy; myeloid reconstitution
after bone marrow transplantation
12. Orthoclone OKT3 Ortho Biotech Reversal of acute kidney transplant
(Muromonab CD-3) (Raritan, NJ) rejection; reversal of heart and liver
transplant rejection
13.  Proleukin® (Aldesleukin) Chiron (Emeryville, CA) Renal cell carcinoma;
14. Recombivax HB®) Merck (Rahway, NJ) Hepatitis B prevention
(Hepatitis B vaccine)
15. Recombinate® Baxter Healthcare/ Hemophilli A
(Antihmophilac factor Hyland Division
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Medicines Under Development

A good number of medicines are in the last phase of clinical trial i.e., Phase-III with regard to their
development status in USA. A few typical examples of drugs under this class are mentioned below:

S. No. Name of Product Company Indication(s) (Class)
1. P1XY 321 Immunex (Seatle, WA) Chemotherapy-induced Colony-stimulating
neutropenia and thronbocytopenia factors
2. Procrit® Ortho Biotech Prevention of anemi associated Erythropoetin
(Epoetin alfa) (Raritan, NJ) with surgical blood loss; autologous
blood donation adjuvant
3. Epidermal growth factor Intraptics (Inrvine, CA) Corneal and cataract surgeries Growth factor
4. Recombinant human Chiron
platelet derived growth (Emeryville, CA) Wound healing Growth factor
factor-BB(PDGF)
5.  Nutropin® (Somatropin  Genentech Turner's Syndrome* Human Growth
for injection) (S. San Fracisco, CA) Hormones
6. Beta Interferon Biogen Multiple sclerosis Interferon
(Cambridge, MA)
7. Immuneron Biogen Rheumatoid arthritis Interferon
(Interferon gamma) (CambridgeMA)
8.  Roferon-A®) Hoffman Roche Chronic myclogenous Interferon
(Interferon alfa 2a) (Nutley, NJ) leukemia; Hepatitis C
9. Recombinant human Sandoz Adjuvant to chemotherapy Interferon
interleukin-3 Pharmaceutcials autologous bone marrow
(East Hanover, NJ) transplants
10. Anti-LPS Mab Chiron Sepsis Monoclonal
(Emeryville, CA) Antibodies
11. CentoRX Centocor Anti-platelet prevention Monoclonal
(Mab) (Malvern, PA) of blood clots Antibodies
12. ES™ Pfizer Gram-negative sepsis Monoclonal
(Mab) (New York, NY) Antibodies
13. Myoscint Centocor Cardiac imaging agents Monoclonal
(Mifarmonab) (Malvern, PA) Antibodies
14. Antitumor necrosis Miles Ine; (West Sepsis syndrome Tumor necrosis
factor Haven, CT) factors
15. Melacine Ribi Immunothem Stage llI-IV Vaccines
(Therapeutic vaccine) (Hamilton, MT) Melanoma
16. VaxSyn® HIV-1 MicroGene Sys AIDS Vaccines
(gp 160) (Menden, CT)
17. Antril (Interleukin | Synergen Severe sepsis Others
receptor antagonist) (Boulder, CO)

* A congenital endocrine disorder caused by failure of the ovaries to respond to pituitary hormone simulation;

g3 Human Clone

Severino Antinori and Robert Edwards jointly produced the first test-tube baby and created a
history in the world. Now, Antinori, a 53 year old Italian embryologist wants to repeat the history by
creating the world’s first human clone. Inspite of severe glaring ethical challenges, Antinori with
the help of first human in vitro fertilization (IVF) technique enabled a 62 year old woman in 1994
to become the oldest to have a baby. He advocates and argues strongly that the technology of cloning
is nothing but a logical and legitimate extension of IVF that may help in fertile couple to bear
childern.



Dr.Murtadha Al-Shareifi e-Library

PHARMACOBIOTECHNOLOGY 81

After decades of constant dedicated efforts the scientists have developed the key techniques to
“reset” the DNA of living cells that essentially possessed specialist functions so they behaved as
though they were a newly fertilized embryo which grew into a clone of the adult. In early 1998, the
experts at the University of Hawaii succeeded the cloning of mice.

Thus, the prospect of ‘human cloning’ is now perceived as an absolute reality in the near future.
In view of the above rapid development in biotechnology the US government and the European
parliament have made strict legislations to outlaw its practice on human beings. Although, it has
been entirely left upto individual American and European states to accept or reject it outright. In
Britain, the strict control of the Human Fertilization and Embryology Authority (HFEA) which
has strongly pronounced its obvious intension to block and reject any requests to do work related to
human cloning.

Antinori argues and seeks support from the world body for him to go ahead with human clone—

“What about the man who does not produce any sperm at all? What should he do? If he
cannot reproduce himself why should he not reproduce his ‘genes’ in this way—this is one of
the few cases where it is acceptable to clone”.

our medicines and how we keep healthy.

‘Functional-food’ was first developed by the US Institute of Medicine as food wherein the
concentration of one or more ingredients have been duly manipulated to enhance their all-out
contribution towards a healthy and complete diet.

Since 1969, when the very idea of healthy foods was first conceived , a host of such products
slowly gained entry for the human consumption, for instance:

¢ Bran and soy; low-fat, low-salt and no-sugar products
¢ Ginseng—based products

e Fish oil supplement products,

o Extra-strong cabbage,

¢ Specially designed pasta, and

¢ Genetically altered porridge

Besides, some specially produced vegetables and other eatables also took due cognizance of
their added therapeutic value such as:

Name of Product Indication

Special broccoli For cancer

Tomatoes To prevent prostate malignancies
Spagetti For arthritis

Egg sandwich To prevent heart disease

Cornflakes To minimise the risk of breast cancer

Likewise, the genetically altered rapessed oil plant to result hybrids that produce a substantial
amount of B-carotene, the well known precursor of Vitamin-A, commonly found in rather very
small concentrations in carrots, palm oil etc. It has also been proved logically* that if one consumes

* According to Dr. G. Kishore, the St. Louis based Chief Biotehcnologist at Monsanto (USA).
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a tablespoon of this oil daily, one would have an adequate amount of Vitamin-A required by the
body. Perhaps, it would help a long way in providing between 250m to 1 billion people around the
world, having various stages of Vitamin-A deficiency, and saving 10m childern dying each year
globally as a result of this deficiency, as an alternative ‘functional food’.

2.8 BIOTECHNOLOGY: SOME THOUGHT PROVOKING NEWER IDEAS

Since, the intensive and extensive research has gained a surmountable momentum in ‘biotechnology’
a number of newer thought provoking ideas have been put forward by the scientists, such as: potato
vaccine, functional food revolution and human clone. These different aspects shall be discussed
briefly in the sections that follows:

m Potato Vaccine

A researcher in US has recently developed a genetically engineered potato that could afford
protection against food poisoning and diarrhoea. Charles Arntzen* has successfully transferred the
antibiotic gene of E.coli into the genetic material of potato. As the potato could not be tricked into
producing enough E.coli proteins to elicit an immune response, an ‘artificial gene’ identical to the
bacterium was duly synthesized. It has been observed that small chunks of raw potato incorporated
with the synthetic gene were administered orally by 14 volunteers, antibodies against E.coli appeared
in the gut. According to the researcher this ‘vegetable vaccine’ is going to be a very effective strategy
for delivering oral vaccines as it goes straight into the gut. It is earnestly believed that this engineered
potato may prove to be the forerunner of many edible vaccines against a wide range of diseases,
including cholera and hepatitis B.

m Functional Food Revolution

The time is not far when it is all set to convert our kitchens into culinary pharmacies;. Interestingly,
it is termed as functional food revolution. This new concept of ‘functional food’ bears an attitude
which is poised to revolutionise the manner we normally take.
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3.1 INTRODUCTION

The Germans first and foremost introduced the word ‘kohlenhydrates’ which was later on coined
to carbohydrates. The name obviously suggests that these compounds are essentially the hydrates
of carbon. In reality, all carbohydrates comprise of carbon, hydrogen and oxygen; whereas, the last
two elements are found to exist in the same proportions as in water (i.e., H,O —2:1). However, it has
been observed that there are certain compounds that do conform to the said ‘hydrate rule’ i.e.,
maintain the ratio of H and O (2:1) but do not belong to the category of carbohydrates, for instance:

(/) Formaldehyde [HCHO] 2:1
(i) Acetic Acid [CH;COOH] 2:1
(@ii) Lactic Acid [C;3H4O5] 2:1

Besides, there exist such compounds that evidently show the chemical properties of carbohydrates
but do not necessarily abide by the above mentioned ‘hydrate rule’, for example:

S.No. Name Emperical Formula Structure Remarks

1. Cymarose C,H,0, Apocynum cannabinum L.
A. androsaemifolium L.,

A. venetum L.

2. Digitoxose CgH1,0, CH, Obtained by mild hydrolysis
of the glycosides eg;
il H e digitoxin, gitoxin and
H H H digoxin
HO

(Contd.)
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H
HO O\ oH
3. Rhamrose CsH1205 ﬁHs H Rhus toxicodendron
L.

OH HO

4. Sarmentose C,H,0, Hydrolysis of

sarmentocymarin, a
HO H glycoside isolated from

seeds of Strophanthus

sarmentosus DC by the

H enzymatic method.

5, Oleandrose C,H40, HO H Nerium oleander
L. (Laurier Rose)
H
HO

CH,
(0]
H
H
,CO
H
CH, 0
H
,CO
CH,
6. Digitalose C,H;405 O H Obtained by hydrolysis of
H the glycoside from the
H OCH, H OH seeds of Strophanthus
eminii Aschers & Pax.
H OH

In view of the above cited glaring examples with regard to various anomalies the terminology
‘Carbohydrates’ has still been retained to represent not only the sugars but also those substances
that are related to them basically in structure and other characteristic features.

Invariably, the carbohydrates belong to the chemical class of the aldehydes, ketone alcohols,
and also the condensation polymers of these partially oxidized polyalcohols collectively known as
‘Polysaccharides’ or ‘Oligosaccharides’.

Glycan is the generic term for polysaccharide and in the systematic nomenclature the latter is
assigned a suffix “-an”. Generally, the polysaccharide may be classified into two broad heads, namely:

(a) Homoglycan: The polysaccharide is termed as homoglycan when it contains only one type
of monosaccharide unit, and

(b) Heteroglycan: The polysaccharide is known as heteroglycan when it involves more than
one kind of monosaccharide unit.

However, a more accurate and precise demarkation of polysaccharides essentially makes use of
nomenclature that includes, first the type of monosaccharide building unit, and secondly, the exact
position and configuration of the glycosidic linkage involved.

Examples:

(i) Homoglycan: e.g., Cellulose. It may also be expressed as -1, 4 —D-glycan by virtue of the
following reasons, namely:

¢ Prevailing attached unit is D-glucose,
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e D-glucose bears the B-configuration at the anomeric C-atom (i.e., C-1),
e C-1is linked to C-4 of the next identical unit of D-glucose.

(ii) Heteroglycan: e.g., D-gluco-D-mannose. It is made up of D-glucose and D-mannose. The
two altogether different monosaccharides usually show up in an orderly manner. In this
particular instance, the diheteroglycan is composed of two different types of monosaccharides
that has been arranged in an alternating and regular fashion.

It is worhwhile to mention at this juncture that plant kingdom provides a variety of complex
polysaccharrides, such as: cellulose, starch, dextran, inulin and the like. These complex
polysaccharides yield the respective sugar residues upon hydrolysis, for example:

Pentosans Hydrolysis » Pentoses, Arabinose, Xylose, Ribose;
Hexosans Hydrolysis » Hexoses, Glucose, Fructose;
Fructan Hydrolysis » Inulin that results Fructose;

Glucan Hydrolysis » Strach that gives Glucose.

Nevertheless, the starch and sugars find their abundant applications not only as food or food
supplements, but also as indispensable adjuvants in the formulation of a wide range of pharmaceutical
products all over the globe.

3.2 CLASSIFICATION

In broader sense the polysaccharides or glycan may be classified into two major groups, namely:

(@) Homoglycans, and
(b) Heteroglycans

These two major groups would be described in details with the help of important representative
members in the sections that follows:

m Homoglycans

A large number of plant products belonging to this particular category are namely: honey, starch,
hetastarch, inulin, lichenin, dextran, cyclodextrins, cellulose, cotton, and dextrin.

3.2.1.1 Honey
Synonyms Madhu, Madh, Mel, Honey (English);

Biological Source Honey is a viscid and sweet secretion stored in the honey comb by various
species of bees, such as: Apis dorsata, Apis florea, Apis indica, Apis mellifica, belonging the natural
order Hymenotera (Family: Apideae).

Geographical Source Honey is available in abudance in Africa, India, Jamaica, Australia,
California, Chili, Great Britain and New Zealand.

Preparation Generally, honey bees are matched with social insects that reside in colonies and
produce honey and beeswax. Every colony esentially has one ‘queen’or ‘mother bee’, under whose
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command a huge number of ‘employees’ exist which could be mostly sterile females and in certain
seasons male bees. The ‘employees’ are entrusted to collect nector from sweet smelling flowers
from far and near that mostly contains aqueous solution of sucrose (ie; approximately 25% sucrose
and 75% water) and pollens. Invertase, an enzyme present in the saliva of bees converts the nector
into the invert sugar, which is partly consumed by the bee for its survival and the balance is carefully
stored into the honey comb. With the passage of time the water gets evaporated thereby producing
honey(ie; approximately 80% invert sugar and 20% water). As soon as the cell is filled up completely,
the bees seal it with wax to preserve it for off-season utility.

The honey is collected by removing the wax-seal by the help of a sterilized sharp knife. The
pure honey is obtained by centrifugation and filtering through a moistened cheese-cloth. Invariably,
the professional honey collectors smoke away the bees at night, drain-out honey, and warm the
separated combs to recover the beeswax.

Description
Appearances : Pale yellow to reddish brown viscid fluid,
Odour : Pleasant and characteristic,
Taste: : Sweet, Slightly acrid,

Specific gravity : 1.35-1.36
Specific rotation : +3°to —15°
Total Ash : 0.1-0.8%

However, the taste and odour of honey solely depends upon the availability of surrounding
flowers from which nector is collected. On prolonged storage it usually turns opaque and granular
due to the crystallisation of dextrose and is termed as ‘granular honey’.

Chemical Constituents The average composition of honey rangles as follows: Moisture 14-24%,
Dextrose 23-36%, Levulose (Fructose) 30-47%, Sucrose 0.4-6%, Dextrin and Gums 0-7% and Ash
0.1-0.8%. Besides, it is found to contain small amounts of essential oil, beeswax, pollen grains,
formic acid, acetic acid, succinic acid, maltose, dextrin, colouring pigments, vitamins and an admixture
of enzymes eg; diastase, invertase and inulase. Interestingly, the sugar contents in honey varies
widely from one country to another as it is exclusively governed by the source of the nector (availability
of fragment flowers in the region) and also the enzymatic activity solely controlling the conversion
of nector into honey.

Substituents/Adulterants Due to the relatively high price of pure honey, it is invariably adulterated
either with artificial invert sugar or simply with cane-sugar syrup. These adulterants or cheaper
substituents not only alter the optical property of honey but also its natural aroma and fragrance.

Uses
1. Itis used as a sweetening agent in confectionaries.
2. Being a demulsent, it helps to relieve dryness and is, therefore, recommended for coughs, colds,
sore-throats and constipation.
3. Because of its natural content of easily assimilable simple sugars, it is globaly employed as a
good source of nutrient for infants, elderly persons and convalescing patients.

3.2.1.2 Starch
(Corn starch, Potato Starch, Rice Starch, Wheat Starch)
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Synonym Amylum

Biological Source Starch comprises of mostly polysaccharide granules usually separated from
the fully grown grains of Corn [Zea mays Linn.]; Rice [Oryza sativa Linn.] ; and Wheat [ Triticum
aestivum Linn.] belonging to the family Gramineae and also from the tubers of Potato [Solanum
tuberosum Linn.] family Solanaceae.

Geographical Source USA, Canada, Australia, China, India, CIS — countries (Russia), Thailand,
Indonesia, Vietnam, Pakistan and many other tropical and sub-tropical countries are the major
producers of starch in the world.

Preparation In general, cereal grains e.g., corn, rice and wheat mostly comprise of starch bundles,
oil, soluble protein and the insoluble protein termed as ‘gluten’; whereas the potato contains starch,
mineral salts (inorganic), soluble proteins and vegetable tissues. Obviously, various specific methods
are normally employed to separate starch either from cereal grains or from potato. These methods
are briefly enumerated below, namely:

(a) Methods for Maize (Corn) Starch

Maize grains are first washed with running water to get rid of dust particles and adhered organic
matters. They are now softened by soaking in warm water (40-60°C) for 48 to 72 hrs charged with a
0.2-0.3% solution of SO, to check the fermentation. The swollen grains are passed through ‘Attrition
MilP’ to split and partly crush them to separate the embryo and the epicarp. It is extremely important
to isolate the germ (embryo) which may be accomplished by addition of water, whereby the germs
float and are segregated by skimming off promptly. The corn oil, a rich source of Vitamin E, is
recovered from the germ by the process of expression. After removal of the germ the resultant liquid
mass is subsequently freed from the accompanying cell debris and gluten (insoluble protein) by
passing through a number of fine sieves. The milky slurry thus obtained is a mixture of starch and
gluten particles which is then subjected to centrifugation by custom-designed starch purification
centrifuges. Thus, the starch which being relatively heavier settles at the bottom and the gluten
being lighter floats on the surface and removed quickly by a jet of water. Consequently, the starch is
washed thoroughly with successive treatment of fresh water, centrifuged or filter pressed and
ultimately dried either on a moving belt dryer or flash dryer.

(b) Method for Rice Starch

The rice* is adequately soaked in a solution of NaOH (0.5% w/v) till such time when the gluten is
softened and dissolved partially. The resulting grains are wet-milled and taken up with water. The
suspension is purified by repeatedly passing through sieves and the starch is recovered by
centrifugation. Finally, the starch is duly washed, dried, powdered and stored in HDPE** bags.

(c¢) Method for Wheat Starch

Wheat being an extensively used common staple food, therefore, its utility for making starch is
restricted by many government authorities. First of all the wheat flour is made into a stiff ball of

* Broken pieces of rice obtained during the polishing are mostly used for preparation of rice starch.
** HDPE : High density polyethylene.
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dough which are kept for a short duration. The gluten present in the dough swells up and are shifted
to grooved-rollers that move forward and backward slowly. Constant sprinkling of water is done
which carries off the starch along with it whereas gluten remains as a soft elastic mass. The shurry of
starch is purified by centrifugation, washed, dried, powdered and packed in HDPE bags.

(d) Method for Potato Starch

The tubers of potato are thoroughly washed to get rid of the sticking soil. These are subsequently
chopped into small pieces and made into a fine pulp by crushing in a Rasping Machine. The resulting
slurry is passed through metallic sieves to remove the cellular matter as completely as possible. The
starch suspension (slurry) is purified by centrifugation, washed, dried and the stocked in HDPE
bags.

Description
Starch occurs in nature as irregular, angular, white masses that may be easily reduced to power.

Appearance : White — rice and maize starch,
Creamy white — Wheat starch,
Pale yellow — potato starch,

Odour : Odourless

Taste : Bland and mucilaginous.

Nevertheless, all the four types of starch mentioned above do possess a definite shape and
characteristic features as illustrated in Fig. 3.1

Granules: Round Granules: Lenticular
or Polyhedral; circular or oral in
Diametter 5-35 _ shape,
9 @ um; oF 0 Dlame_ter:5-50 um;
.,9’ Hilum: Distinct, oq d Hilum: Central
56 central, H( )b Concentric;
B 9 triangular; O"o O Striations: Faintly
@ 8“,‘ Striations o © 00 marked;
£ Absent © Components 2-4

A C
Grahules: Polyhedral; Granules: Simple:
Diameter: 2-12 um; irregularly avoid
Components: 2-150; or spherical and
Hilum: Minute, subspherical;
5T central point, Diameter: 30-100 um;
:iE-E:% rarely conspi- Hilum: Eccentric;
SR 4 cuous; Striations:
i,‘i; Striations: @ well marked
Absent and concentric;

B D

Fig. 3.1 Characteristic Features of (A) Maize Starch, (B) Rice Starch,
(C) Wheat Starch, (D) Potato Starch.
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Chemical Constituents

In general, under ideal experimental parameters hydrolysis of starch in acidic medium yields glucose
in theoretical proportion that essentially represent the main building block of the starch molecule. It
has been established that starch molecule is essentially made up of two complex polysaccharides,
namely:

(@) Amylopectin: (0.-Amylose)

Amylopectin is insoluble in water and swells in it thereby giving rise to a thick paste upon boiling
with water. It produce a distinct violet or bluish red colouration with iodine* solution (0.1 N). It has
a highly branched structure that is composed of several hundred short chains of about 20-25
D-Glucose units each. Interestingly, one terminal of each of these chains is joined through C-1 to a
C-6 with the next chain and so on and so forth as shown below:

HO H
g H OH ¢}
o~ CHOH H
HO & H
HH OH CH, H

Amylopectin (Chair — Conformations Anticipated)
(b) Amylose: (B-Amylose)

Amylose is water soluble and gives an instant bright blue colour with iodine solution (0.1 N). Based
on the fact that amylose upon hydrolysis yields the only disaccharide (+) — Maltose and the only
monosaccharide D-(+) — Glucose, it has been suggested that amylose is comprised of chains of a
number of D-(+) — glucose units, whereby each unit is strategically linked by an alpha—glycoside
bondage to C-4 of the next unit as depicted below:

* Jodine colour reaction is influenced by the starch-chain ie; longer the branching the colour varies from Blue—Blue
violet—Red—Brown.
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H
< 0-ACH,0OH H
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o

Amylose (Chair Conformations Anticipated)

Amylose invariably constitutes upto 25% of the total starch content; however, the proportion

varies with the particular species under consideration. Amylose is found to be either absent or present
to a very small extent (< 6%) in some glutinous or waxy starches available in the plant kingdom.

Substituents and Adulterants

A number of biological species containing starch is generally employed to substitute (adulterate) the
conventional commercially available starch used as food and as pharmaceutical adjuvants, namely:

S.No. Name Biological Source
1. Topioca Starch or Manihot esculenta Pohl., Family:
Cassava Starch Manihot aipi Pohl., Euphorbiaceae
Manihot utilissima Pohl.
2. Sago Starch Metroxylon sagu Family: Palmae
3. Brazilian Arrowroot Ipomoea batas Lam. Family: Convolvulaceae
Starch or
Sweet-Potato Starch
4. Nuts Starch Tapa bispinosa Roxb. Family: Onagraceae
Uses
1. It possesses both absorbent and demulcent properties.
2. Itis employed in dusting powder because of its unique protective and absorbent property.
3. Itis used in the formulation of tablets and pills as a vital disintegrating agent and a binder.
4. It is utilized as a diagnostic aid for the proper identification of crude drugs.
5. Itis employed as a diluent (or filler) and lubricant in the preparation of capsules and tablets.
6. Itis used as an indicator in iodimetric analyses.
7. It is an antidote of choice for iodine poisoning.
8. Dietetic grades of corn starch are marked as ‘Maizena’ and ‘Mondamin’.
9. ‘Glycerine of starch’ is used not only as an emolient but also as a base for the suppositories.

—
=

—_— —
N —

. Itis the starting material for the large scale production of liquid glucose, glucose syrup, dextrose

and dextrin.

. It finds its extensive industrial application for the sizing of paper and textile.
. It possesses nutrient properties as a food and in cereal based weaning foods for babies e.g.,

Farex® (Glaxo) and Cerelac® (Nestle).
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13. It is used topically and externally to allay itching.
14. It is used profusely in laundry starching.

3.2.1.3 Hetastarch

Hetastarch is a semisynthetic material that essentially comprises of more than 90% amylopectin,
which has been treated with pyridine and ethylene chlorohydrin, so as to give rise to 7 to 8 hydroxyethyl
substituents present for every 10 D-glucopyranose units of the starch polymer. The molecular
weight is approximately 450, 000 daltons.

Amylose Derivative

Where R or R”=H or CH, CH, OH

Amylopectine Derivative It specifically differs from the amylose derivative in that the sequence
is frequently interrupted by a unit in which R is the residue of an additional o-hydroxyethylated o-
D-glucopyranosyl moiety that essentially constitutes the first unit in a branch or sub-branch of the
polymer.

Uses
1. It serves as a ‘Plasma Volume Expander’. A 6% solution is osmotically equivalent to a 5%

albumin solution. But in the blood, it draws up certain quantum of water either from the intestinal
or intracellular fluids, thus expanding the blood volume slightly in excess of the volume infused.
This acquired expansion lasts for 24 to 36 hours.

2. Itis employed in the management and treatment of hypovolemic shock*.

3. Itis also used as a suspension medium for leukapheresis**.

4. Ttis employed as a cryoprotective®*** agent for erythrocytes.

3.2.1.4 Inulin

It is found to bear a close resemblance to starch except that it is a levulan rather than a dextran. The
following characteristic features make it altogether different from starch, namely:

¢ Gives yellow colouration by iodine.
¢ Does not gelatinize with water.

* Shock caused due to diminished blood volume.
** The separation of leukocytes from blood, which are then transfused back into the patient.
*#% A chemical that protects cells from the effect of cold.
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¢ Not commonly found in plants in the form of granules having concentric layers, and
e Upon hydrolysis in acidic medium yields fructoses.

Synonyms Dahlin; Alantin; Alant starch.
Biological Source It occurs in certain plants of the Compositae family, such as:

Inula helenium Linn. . Roots contain inulin;
Eupatorium cannabinum Linn.  : Plant contains inulin;
Cynara scolymus Linn. : Flower heads contain inulin;
Carpesium cernuum Linn., : Roots contain inulin;
Calendula officinalis Linn. : Roots contain inulin;
Aretium lappa Linn. : Roots contain 45% inulin.

Geographical Source

A. lappa — Western Himalayas from Kashmir to Simla;

C. officinalis — India, Pakistan;

C. cernuum — Temperate Himalayas and Nilgiri Hills (India);

S. scolymus — Throughout India; E. canabinum—Temperate Himalayas;
1. helenium — Europe and Asia.

Preparation Isolated from dahlia tubers and from other members of the family Compositae.
Description The crystals are spherical in shape when prepared from water.
Chemical Constituents
CH,OH
H O H

HO OH H

H OH
0)

HOCH, 0

Ho np9H

Inulin

[Structure of INULIN showing arrangement of Fructofuranose residues in chain]

Inulin is quickly hydrolyzed by acids to D-fructose by the enzymes inulase but does not undergo
hydrolysis by the amylases. However, methylated inulin upon hydrolysis gives rise to 3,4,6-
trimethylfructose as a major product and 1,3,4,6- tertamethylfructose as a minor product, thereby
suggesting that the fructose residues are present in the furanose form and the adjacent units are

joined through C-1 and C-2 (i.e., the glycosidic hydroxyl moiety).
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H OMe H OMe
MeOCH, O OH MeCH,O O OH
2 5 2
H'S CH,OH H CIZHZOMe
4 1
MeO 3 MeO 4 Y
3,4,6-Trimethyl Fructose 1,3,4,6 — Tetramethyl Fructose
(Furanose-Form) (Furanose-Form)
(Major Product) (Minor Product)
Uses

1. Itis used in culture media as a fermentative identifying agent for certain bacterial species.

2. Itis filtered exclusively by the glomeruli and is neither secreted nor reabsorbed by the tubules.
Hence, it is employed as a diagnostic agent for evaluation of glomerular filteration i.e., renal—
function test (or kidney function test).

3. It is considered to be valuable in the diet of the diabetic patients.

3.2.1.5 Lichenin
Synonym Moss starch; Lichen starch;

Biological Source Cetraria islandica (L.) Ach., Family: Parmeliaceae. 1t is known as Iceland
Moss.

Description It is a cellulose like polysaccharide which occurs as a cell wall component in lichens.
It is readily soluble in hot water to give rise to a colloidal solution. It is more rapidly hydrolyzed than
cellulose. It produces cellobiose upon acetylation with acetic anhydride and sulphuric acid. It is a
white powder.

On methylation followed by hydrolysis it yields 2,3,6-trimethylglucose as a major component
and tetramethylglucose as minor one thereby suggesting that the chain present in lichenin is not
branched at all as in cellulose.

Chemical Constituents The exact chemical structure of lichenin molecule is yet to be established;
however, it has been indicated that it may contain both -1, 4 and B-1, 6 linkages.

3.2.1.6 Dextran

Dextran is a carbohydrate substance made up predominantly of D-glucose units i.e. (C¢H,(Os),. It
is o1, 6 linked polyglucan.

Synonyms Dextraven; Expandex; Gentran;Hemodex; Intradex; Macrose; Onkotin; Plavolex;
Polyglucin.

Biological Source A number of organisms produce dextrans; however, only two of them, namely;
Leuconostoc mesenteroides and L. dextranicum, belonging to the family Lactobacteriaceae, have
been used commercially.

Preparation Commercially, dextrans are manufactured by the process of fermentation of sucrose
(adisaccharide) either by cell-free enzymatic fermentation technique or by whole culture technique.
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The enzymes that are responsible for producing dextrans from sucrose as a substrate are collectively
known as ‘dextran-sucrases’.

Native dextran possesses a very high moleculer weight, whereas the clinical dextrans have
lower moleculer weights, for instane; Dextran 40 [Gentran 40® (Baxter); Rheomacrodex®
(Pharmacia)]; Dextran 70 [Hyskon® & Macrodex® (Kabi Pharmacia)]; Dextran 75 [Gentran
75® (Baxter)]; These may be accomplished by controlled depolymerization e.g., ultrasonic vibration,
fungal dextranase and acid hydrolysis.

Description Dextrans obtained by the precipitation from methanol vary considerably with regard
to their characteristic physical and chemical properties which solely depends upon the individual
method of preparation.

Chemical Constituents The interaction between ‘n’ molecules of sucrose and ‘x’ number of
glucose moieties yields dextran together with ‘n’ molecules of fructose as shown in the following
equation:

nSucrose + (Glucose), — (Glucose),,, + nFructose

Primer Dextran

x+n

Uses

1. Dextran 40 is employed as an isotonic solution either to prime pumps or to improve flow in
surgery concerned with cardiopulmonary bypass. Thus, it exerts its effect by lowering the viscosity
of blood and improving flow; and the latter is caused due to hemodilution.

2. Dextrans as a whole helps in minimising platelet adhesiveness, which property is gainfully
exploited in their usage for prophylaxis of thrombosis and thromoembolism both during and
after surgery.

3. Both Dextran 70 and Dextran 75 find their extensive use as plasma extender for the control and
management of iypovolemic shock. Hypertonic solutions usually afford the dehydration of tissues,
whereby the abstracted water being added to the plasma causing increase in its volume. For this
reason they are quite useful in the prevention and treatment of foxemia of pregnancy and nephrosis.

4. Dextran 70 and Dextran 75 are used in 6% solutions to prevent pending shock caused by
hemorrhage, trauma, and severe burns.

5. Dextran 40 (10% solution) is not only used to lower blood viscosity but also to improve
microcirculation at low flow rates.

6. Dextrans are employed in the formulation of fat-soluble vitamins (viz. Vitamin A, D, E, K).

7. It is also used in preparing sustained released tablets.

8. Dextrans find their abundant applications in various types of confectionaries, for instance: ice-
creams, candies, jellies, syrups and cake—topings.

9. Itis employed as an adjunct in cosmetic preparation exclusively meant for soothening wrinkles.

3.2.1.7 Cyclodextrins

Cyclodextrins invariably consist of 6, 7 or 8 molecules (viz. o, B and y cyclodextrin) in a 1, 4-
configuration to result into the formation of rings having various diameters. In fact, based on the
geometry of the chiral isomer, only one would possibly gain entry into the cavity in the ring while
the other is excluded evidently.



Dr.Murtadha Al-Shareifi e-Library

96 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

Synonyms Cyloamyloses; Cycloglycans; Schardinger dextrins.

Biological Source Starch on being treated with the amylase of Bacillus macerans, a specific enzyme,
gives rise to a mixture of cyclodextrins. They are naturally occuring carbohydrates.

Preparation Itis obtained from the action of B. macerans amylase on starch to yield homogeneous
cyclic o — (1—4) linked D-gluco-pyranose units.

Description The various rings constituting the cyclodextrins appear to be as doughnut shaped.
However, a-cyclodextrin i.e., the smallest of the lot, has a diameter about two times that of 18-
crown—6 (viz., as crown ethers) and its hole (4.5°A across) is approximately two times as broad.

Chemical Constituents Cyclodextrins mainly are comprised of three different types, as detailed
below:

S.No. Name/Mol. Formula Chemical Name Shape
1. o-Cyclodextrin (C35Hgg030) Cyclohexamylose Hexagonal plates, or blood—shaped needles
2. B-Cyclodextrin (C,,H7O35) Cycloheptaamylose Parallelogram shaped crystals
3. vy—Cyclodextrin (C4gHg0040) Cyclooctamylose Square plates or rectangular rods.

The structure of a-cyclodextrin may be represented in Figure 3.2, in two different manners,
namely:
CH,OH 9

0) OH O

OH HO

O A

HO SR
OH ". - ‘.A“.. '.L- .:A.‘: _-.' .. -
CHOH (7. )i/
HOCH, OH HO
O
0

o OH
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CH,OH

Fig. 3.2 A Schematic Representation of a-Cyclodextrin:
(a) Chair-conformation Based (b) Doughnut Shaped.

(a) Chair-conformation based cyclic structure, and
(b) Doughnut shaped or like a tiny-pail with the bottom knocked out.



Dr.Murtadha Al-Shareifi e-Library

CARBOHYDRATES 97

Uses
1. Asenzyme models based on the fact that, like enzymes, they first and foremost bind the substrate
and then, through substituent groups, act on it.
2. As a complexing agent to explore the various types of enzyme action.
3. It may be employed as an additive to the mobile phase (in HPLC*), but it invariably gets bound
to an innert support material.

3.2.1.8 Cellulose

Cellulose represents one of the most widely distributed and abundantly available organic matter on
this planet. It is, in-fact, the most important structural element of higher-plant-cell walls. In nature,
wood (40-50% cellulose) caters as the major source of cellulose for industrial utilities, whereas
cotton (98% cellulose) provides the balance requirement globally.

Geographical Source It has been observed that nearly thirty billion MT of carbon is transformed
annually into organic compounds by higher plants and out of this approximately 1/3rd is converted
into cellulose. As cellulose is profusely utilized in the form of wood to build houses, paper industry
and textile industry, a considerable amount of research has been duly conducted on this well-known
polysaccharide.

Preparation The scientific and large-scale methods for preparing cellulose essentially involves
the removal of excess of the non-cellulose substances e.g. Lignin. In fact, there are three well
defined and established procedures whereby the undesired ‘lignin content’ present in wood shavings
are removed exhaustively, namely:

(a) Treatment with Sodium Bisulphite [Sulphonate Process]: The small wood chips are boiled
with a solution of sodium bisulphite whereupon the lignin is removed as lignosulphonate,

(b) Treatment with Sodium Hydroxide [Soda Process]: The wood chips on being boiled with
sodium hydroxide solution removes the lignin content as soluble products, and

(¢) Treatment with NaOH and Na,SO, [Sulphate Process]|: The sodium sulphide (Na,S)
obtained by the interaction of NaOH and Na,SO, will remove most of the lignin component
from the wood shavings.

However, the traces of lignin may be removed by bleaching with chlorine. The remaining mixture
of hemicellulose and cellulose are subsequently extracted by subjecting it to alkaline treatment. The
readily soluble hemicellulose are removed by treatment with higher concentration of NaOH solution,
whereas the cellusans (Xylans) may be removed by treatment with a 5% solution of NaOH.

Description Cellulose has molecular weights ranging from 250,000 to 1,000,000 or even more. It
is assumed that at least 1500 glucose units may be present in each molecule. Based on the findings
by X-ray analysis and electron microscopy it is revealed that these long chains lie side by-side in
bundles, held together by H-bonds available between the huge number of adjoining —OH moieties.
Further, these bundles are twisted together to give rise to rope-like structures, that ultimately are
clubbed together to yield the normal apparently visible fibers. Interestingly, in the case of wood

* HPLC: High performance liquid chromatography.
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these cellulose “ropes™ are meticulously embedded in lignin to afford a structure that resembles to
concrete reinforced structures used for making buildings.

Chemical Constituents Cellulose is comprised of chains of D-glucose units, whereby each unit
is joined by a glycosidic linkage to C-4 of the next unit.

fu H H
Henon o HO OH o CH,OH | 0 )
%0%0 ©
0
ol CH,0OH HO OH
L H H H H L H
Cellulose

Cellulose Cellulose derived from various sources and also from different modes of preparations
usually display great differences not only in their mean chain length but also in their degree of
homogenity. Generally, the cellulose that are distinctly more homogenous are the most suitable for
industrial utilities.

Uses
1. The viscose when forced through a spinnerette into an acid-bath, it gives rise to the generation
of cellulose as fine filaments that yield threads of a substance termed as RAYON.
2. Cellulose undergoes an analogous reaction to produce cellulose xanthate, that is made to dissolve
in alkali to yield a viscous colloidal dispersion known as VISCOSE.
3. Methyl, ethyl and benzyl ethers of cellulose are proved to be important in the commercial
production of films, textiles and various types plastic materials.

3.2.1.9 Absorbent Cotton
Synonyms Purified cotton; Cotton wool; Surgical cotton.

Biological Source Cotton comprises of the epidermal trichomes (or hairs) from the seeds of
different species of Gossypium, such as : G. herbaccum; G. hirsutum; G. barbedense; belonging to
the family Malvaceae. In fact, absorbent cotton or purified cotton consists exclusively of the trichomes
that are completely freed from adhering impurities, fat, properly bleached and finally sterilized.

Geographical Source Cotton is produced on large scale in USA, Egypt, China, India, South
America and certain parts of Africa. Egyptian cotton—yarn enjoys a world-wide reputation. Both
India and China are not only self-sufficient in the production of absorbent cotton but also exports a
substantial quantity to various countries.

Preparation The cotton plant after flowering bears fruits which are also called ‘capsules’ or
‘balls’. These are usually 3-5 celled. Once the fruit ripens they open-up widely that contains a
number of seeds per loculus. The brown coloured seeds are normally surrounded with a thick mass
of white hairs. The long-lint hairs are known as ‘staple’ or ‘floss’; whereas the short-fuzz hairs are
called ‘linters’. The cotton fibres (i.e., mass of white hairs) along with their seeds are collected
manually by hand picking. The raw cotton is subjected to a mechanical process called ‘ginning’
whereby only the hairy substance is collected separately and the undesired substances, such as: dirt,
leaf-fragments and other foreign materials are removed separately. ‘Delintering’ is the mechanical
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process which discards the short hairs that eventually passed along with the cotton fibres obtained
from the ‘ginning’ process. The raw segregated long-sized cotton hairs are subsequently freed from
colouring matters and traces of wax and oil coating the hairs which render them non-absorbent. The
treated absorbent cotton obtained above is processed through the ‘carding machine’ so as to arrange
the fibres in parallel direction and also to get rid of immature fibres completely. Short fibres are once
again removed by ‘combing’ mechanically. Finally, the processed cotton fibres are defatted (with
alkali) washed, bleached (with chlorinated soda) and then washed (with diluted mineral acid). It is
again washed, dried, recarded and sterilized.

Description White, soft, fine, filament like hairs appearing under the microscope as hollow, flattened
and twisted bands, striate and slightly thickened at the edges, practically odorless and tasteless.
Cotton fibres are usually 2.5 to 4.5 cm in length and 25 to 35 | in diameter.

Chemical Constituents Absorbent cotton is mostly cellulose 93-94% and moisture 6-7% (for
structure see under section 3.2.1.8)

Uses

1. Itis employed as surgical dressings.

2. Itis mostly used in the textile industry to prepare a wide range of fibres.

3. It is invariably employed as its derivatives to be recognized as the most versatile adjunct in
pharmaceutical formulations, for instance:

Microcrystalline cellulose — as Tablet Disitegrant

Carboxymethyl Cellulose (CMC) — as Binder and thickening agent;
Cellulose acetate phthalate — as an Enteric coating material;

Ethyl Cellulose — as Binder and Film

Methyl Cellulose } coating substance;

Hydroxypropyl methyl Cellulose

Oxidised Cellulose —  as local Haemostatic;

Purified ‘Rayon’ — as Surgical aid;

Pyroxylin — as an ingredient in the preparation of

Collodian and nail polishes.
4. Ttis used as a filtering medium and also as an insulating material.
5. Pharmaceutical grade cotton seed oil is used as an emolient and in the preparation of Steroidal
Hormone Injections.
6. It is used for making explosives.

3.2.1.10 Dextrin

Synonyms British Gum; Starch Gum; Leiocom; Pyrodextrin; Torrefaction dextrin; Canary dextrin;
Yellow dextrin; White dextrin.

Preparation Dextrin is prepared by carrying out the incomplete hydrolysis of starch with dilute
acid or by heating dry starch.
Various types of dextrin are prepared as detailed below namely:

(a) British Gum, Starch Gum: It is produced at high temperature in the absence of acid.



Dr.Murtadha Al-Shareifi e-Library

| 100 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

Characteristic features:

(i) Dark brown colour, odourous,

(if) High viscosity, very soluble in cold water,
(éii) Does not reduce Fehling’s Solution, and
(iv) Gives reddish-brown colour with iodine.

(b) Canary Dextrin, Yellow Dextrin: It is prepared by hydrolyzing starch at high temperature for
a longer duration but in the presence of small quantum of acid.

Characteristic features:

(i) Light brown to yellow colour, slight odour, and
(if) Low viscosity, very soluble in cold water.

(¢) White Dextrin: It is prepard by hydrolysis at low temperature for a shorter duration but in the
presence of large quantum of acid.

Characteristic features:

(/) White colour, odourless,
(if) Slightly soluble in cold water, and gives a red colour with iodine, and
(éif) Very soluble in hot water and gives a blue colour with iodine.

Uses

As an excipient for dry extracts and pills.

It is used for preparing emulsions and dry bandages.

It is employed for thickening of dye-pastes and mordants used in printing fabrics in fast colours.
It is used for sizing paper and fabrics.

It is employed for preparing felt and printing tapestries.

It is used for preparing printer’s inks, glues and mucilage.

It is employed for polishing cereals.

. Itis extensively used in making matches, fireworks and explosives.

m Heteroglycans

In general, Gums represent a heterogenous group of acidic substances, that essentially possess in
common the characteristic property of swelling in water to form either gels or viscous, sticky, solutions.
It has also been advocated that gums are the resulting products obtained from normal plant metabolism.
In addition, it is also believed that gums may have been produced from starch or cellulose through
hydrolysis, followed by oxidation to uronic acids and finally undergoing the process of esterfication
or formation of salt accordingly.

In actual practice, the natural gums may be classified into four different groups, namely:

© NG L

(@) Exudate Gums

(b) Seed Gums

(¢) Marine Gums, and
(d) Microbial Gums
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These different types of gums would be discussed along with some typical examples in the
sections that follows:

3.2.2.1 Exudate Gums

It has been observed that a large number of plants which grow in a semiarid environment generate
exudate gums in sufficient amount when either an incision is made on their bark or they get damaged
that invariably helps to seal off the cracked wound thereby preventing dehyration of the plant.

A plethora of exudate gums find their abundant applications as a pharmaceutical aid, namely:
Acacia, Tragacanth and Karaya Gum.

3.2.2.1.1 Acacia
Synonyms Indian Gum; Gum Acacia; Gum Arabic.

Biological Source According to the USP, acacia is the dried gummy exudation from the stems
and branches of Acacia senegal (L.) Willd; family; Leguminoseae, or other African species of Acacia.
It is also found in the stems and branches of Acacia arabica, Willd.

Geographial Source The plant is extensively found in India, Arabia, Sudan and Kordofan (North-
East Africa), Sri Lanka, Morocco, and Senegal (West Africa). Sudan is the major producer of this
gum and caters for about 85% of the world supply.

Cultivation and Collection Acacia is recovered from wild as well as duly cultivated plants in the
following manner, such as:

(a) From Wild Plants: The Gum after collection is freed from small bits of bark and other
foreign organic matter, dried in the sun directly that helps in the bleaching of the natural
gum to a certain extent, and

(b) From Cultivated Plants: Usually, transverse incisions are inflicted on the bark which is
subsequently peeled both above and below the incision to a distance 2-3 feet in length and
2-3 inches in breadth. Upon oxidation, the gum gets solidified in the form small translucent
beads, sometimes referred to as ‘Zears’. Tears of gum normally become apparent in 2-3
weeks, which is subsequently hand picked , bleached in the sun, garbled, graded and packed.

Description
Colour: Tears are usually white, pale-yellow and sometimes creamish-brown to red in colour.
The power has an off-white, pale-yellow or light-brown in appearance.
Odour: Odourless (There is a close relationship between colour and flavour due to the
presence of tannins).
Taste: Bland and mucillagenous.
Shape & Size: Tears are mostly spheroidal or ovoid in shape and having a diameter of about
2.5-3.0 cm.
Appearance: Tears are invariably opaque either due to the presence of cracks or fissures pro-
duced on the outer surface during the process or ripening. The fracture is usually
very brittle in nature and the exposed surface appears to be glossy.

Chemical Constituents Acacia was originally thought to be composed only of four chemical
constituents, namely : () arabinose; (+) — galactose; (—)-rhamnose and (+) glucuronic acid.
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On subjecting the gum acacia to hydrolysis with 0.01 N H,SO, helps in removing the combined
product of () — arabinose and (+) — galactose, whereas the residue consists of the product (+) —
galactose and (+) — glucuronic acid. These two products are formed in the ratio of 3:1.

H
CH,OH o HO H O H
HO H O H 7 OH
0 OH H H - OH
H OH (—)—Arabinose
(+)—Galactose [3 Parts]
COOH
H 0 O 0 o
HO OH H H HO i H
H OH Pt Won
(+)Glucuronic Acid H OH
[1 Part] (+)-Galactose

It also contains a peroxidase enzyme.

Chemical Tests

1. Lead Acetate Test: An aqueous solution of acacia when treated with lead-acetate solution it
yields a heavy white precipitate.

2. Borax Test: An aqueous solution of acacia affords a stiff translucent mass on treatment with
borax.
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3. Blue Colouration due to Enzyme: When the aqueous solution of acacia is treated with benzidine
in alcohol together with a few drops of hydrogen peroxide (H,0,), it gives rise to a distinct-blue
colour indicating the presence of enzyme.

4. Reducing Sugars Test: Hydrolysis of an aqueous solution of acacia with dilute HCI yields
reducing sugars whose presence are ascertained by boiling with Fehling’s solution to give a
brick-red precipitate of cuprous oxide.

5. Specific Test: A 10% aqueous solution of acacia fails to produce any precipitate with dilute
solution of lead acetate (a clear distinction from Agar and Tragacanth); it does not give any
colour change with lodine solution (a marked distinction from starch and dextrin); and it never
produces a bluish-black colour with FeCl; solution (an apparent distinction from tannins).

Uses

1. The mucilage of acacia is employed as a demulscent.

2. Itisused extensively as a vital pharmaceutical aid for emulsification and to serve as a thickening
agent.

3. It finds its enormous application as a binding agent for tablets e.g., cough lozenges.

4. Ttisused in the process of ‘granulation’ for the manufacture of tablets. It is considered to be the

gum of choice by virtue of the fact that it is quite compatible with other plant hydrocolloids as

well as starches, carbohydrates and proteins.

It is used in conjuction with gelatin to form conservates for microencapsulation of drugs.

It is employed as colloidal stabilizer.

It is used extensively in making of candy and other food products.

It is skillfully used in the manufacture of spray — dried ‘fixed’ flavours — stable, powdered

flavours employed in packaged dry-mix products (puddings, desserts, cake mixes) where flavour

stability and long shelf-life are important.

3.2.2.1.2 Tragacanth

Synonym Gum Tragacanth

N

Biological Source The dried gummy exudation from Astragalus gummifer Labill. (white gavan)
or other Asiatic species of Astragalus belonging to the family of Leguminoseae.

Geographical Source It is naturally found in various countries, viz., Iran, Iraq, Armenia, Syria,
Greece and Turkey. A few species of Astragalous are located in India, viz., Kumaon, Garhwal and
Punjab.Persian tragacanth are exported from Iran and North Syria, whereas the Smyrna tragacanth
from the Smyrna port in Asiatic Turkey.

Collection The thorny shrubs of tragacanth normally grow at an altitude of 1000-3000 meters.
As an usual practice transverse incisions are inflicted just at the base of the stem, whereby the gum
is given out both in the pith and medullary rays. Thus, the absorption of water helps the gum to
swell-up and subsequently exude through the incisions. The gummy exudates are duly collected and
dried rapidly to yield the best quality white product. It usually takes about a week to collect the gum
exudates right from the day the incisions are made; and this process continues thereafter periodically.

Description
Colour: White or pale-yellowish white
Odour: Odourless
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Taste: Tasteless
Shape: Curved or twisted ribbon —like flakes marked with concentric ridges that is indicative
of successive exudation and solidification. Fracture is normally short and horny.
Size: Flakes are usually 25 x 12 x 12 mm.
Appearance: Translucent

Chemical Constituents Interestingly, tragacanth comprises of two vital fractions: first, being water-
soluble and is termed as ‘tragacanthin’ and the second, being water-insoluble and is known as
‘bassorin’. Both are not soluble in alcohol. The said two components may be separated by carrying
out the simple filtration of a very dilute mucilage of tragacanth and are found to be present in
concentrations ranging from 60-70% for bassorin and 30-40% for tragacanthin. Bassorin actually
gets swelled up in water to form a gel, whereas tragacanthin forms an instant colloidal solution. It
has been established that no methoxyl groups are present in the tragacanthin fraction, whereas the
bassorin fraction comprised of approximately 5.38% methoxyl moieties. Rowson (1937) suggested
that the gums having higher methoxyl content i.e., possessing higher bassorin contents, yielded the
most viscous mucilages.

Chemical Test

1. An aqueous solution of tragacanth on boiling with conc. HCI does not develop a red colour.

2. Ruthenim Red* solution (0.1% in H,0) on being added to powdered gum tragacanth whereby
the particles will not either acquire a pink colour or are merely stained lightly.

3. When a solution of tragacanth is boiled with few drops of FeCl, [aqueous 10% (w/v)] it produces
a deep-yellow precipitate.

4. It gives a heavy precipitate with lead acetate.

5. When tragacanth and precipitated copper oxide are made to dissolve in conc. NH,OH it yields a
meagre precipitate.

Substituents/Adulterants Karaya gum which is sometimes known as sterculia gum or Indian
tragacanth and is invariably used as a substitute for gum tragacanth.

Uses
1. Itis used as a demulcent in throat preparations.
2. Itis employed as an emolient in cosmetics (e.g., hand lotions).
3. It is used as a pharmaceutical aid as a suspending agent for insoluble and heavy powders in
mixtures.
4. Itis effectively employed as a binding agent for the preparation of tablets and pills.
5. It is also used as an emulsifying agent for oils and waxes.
6. A substantial amount find its application in calico printing and in confectionary.
7. Itis used in making medicinal jellies e.g., spermicidal jelly.
8. A 0.2-0.3% concentration is frequently used as a stabilizer for making ice-creams and various
types of sauces e.g., tomato sauce, mustard sauce.
9. It is used to impart consistence to troches.
10. The mucilages and pastes find their usage as adhesives.

* Ruthenium oxychloride ammoniated, C;sH4,N;40,R 3, soluble in water and used in microscopy as reagent for pectin
and gum.
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3.2.2.1.3 Karaya Gum
Synonyms Gum Karaya; Kadaya; Katilo; Kullo; Kuteera; Sterculia; Indian Tragacanth; Mucara.

Biological Source Karaya Gum is the dried exudate of the tree Sterculia urens Roxb; Sterculia
villosa Roxb; Sterculia tragacantha Lindley and other species of Sterculia, belonging to the family:
Sterculeaceae. It is obtained from Cochlospermum Geographical Source: gossypium, De Candolle
or other species of cochlospermum Kunth —family: Bixaceae.

Geographical Source The S. urens is found in India especially in the Gujarat region and in the
central provinces.

Preparation The gum is obtained from the Sterculia species by making incisions and, thereafter,
collecting the plant excudates usually after a gap of 24 hours. The large irregular mass of gums
(tears) which weigh between 250 g to 1 kg approximately are hand picked and despatched to the
various collecting centres. The gum is usually tapped during the dry season spreading over from
March to June. Each healthy fully grown tree yields from 1 to 5 kg of gum per year; and such
operations may be performed about five times during its lifetime. In short, the large bulky lumps
(tears) are broken to small pieces to cause effective drying. The foreign particles e.g., pieces of bark,
sand particles, leaves are removed. Thus, purified gum is available in two varieties, namely:

(a) Granular or Crystal Gum: Having a particle size ranging between 6 to 30 mesh, and

(b) Powdered Gum: Having particle size of 150 mesh

Description
Colour : White, pink or brown in colour
Odour : Slight odour resembling acetic acid
Taste : Bland and mucilageous taste
Shape : Irregular tears or vermiform pieces.

It is water insoluble but yields a translucent colloidal solution.

Chemical Constituents Karaya gum is partially acetylated polysaccharide containing about
8% acetyl groups and about 37% uronic acid residues. It undergoes hydrolysis in an acidic medium
to produce (+)—galactose, (—)-rhamnose, (+)—galacturonic acid and a trisaccharide acidic
substance. It contains a branched heteropolysaccharide moiety having a major chain of 1, 4-linked
o—(+)—galacturonic acid along with 1, 2-linked (-)-rhamnopyranose units with a short (+)—
glucopyranosyluronic acid containing the side chains attached 1—3 to the main chain i.e.,
(+)—galactouronic acid moieties.

Chemical Test It readily produces a pink colour with a solution of Ruthenium Red.
Substituent/Adulterant It is used as a substitute for gum tragacanth.

Uses

1. It is employed as a denture adhesive.

2. Itisused as a ‘binder’ in the paper industry.

3. Itis also employed as a thickening agent for dyes in the textile industry.

4. Ttis widely used as a stabilizer, thickner, texturizer and emulsifier in foods.
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5. Itis used as a bulk laxalive.

6. It finds its usage in lozenges.

7. It is employed extensively in wave set solution and in skin lotions.

8. Itis used in preparations concerned with composite building materials.

3.2.2.2 Seed Gums

Seed Gums are hydrocolloids contained in some seed embryos where they actually play the role as
polysaccharide food reserves.

A few typical examples of seed gums are described below, such as: Plantago seed; Pectin;
Locust bean gum; and Guar gum.

3.2.2.2.1 Plantago Seed The origin of the word ‘Plantago’ is from the Latin and means sole of
the foot, referring to the shape of the leaf. Likewise, ‘Psy/lium’ is from the Greek and means flea-
describing the seed.

Synonyms Psyllium seed; Plantain seed; Flea seed; Ispaghula; Isapgol; Isabgul.

Biological Source It is the dried ripe seeds of Plantago psyllium L., or Plantago arenaria Waldst
& Kit (P. ramosa Asch.) (Spanish or French psyllium seed) or of Plantago ovata (blond or Indian
plantago seed) or of Plantago amplexicaulis belonging to the family: Plantaginaceae.

Geographical Source P amplexicaulis is grown on the Panjab plains, Malwa and Sind and
extending to Southern Europe.

P. psyllium is an annual pubescent herb practically native to the Mediterranean countries. It is
grown in France and constitutes the main bulk of the American imported psyllium seed.

P. ovata is extensively grown in Pakistan; besides it is found to be native to Mediterranean
countries and Asia.

Preparation The crops are grown usually on light, well drained sandy loamy soils; and during
their entire growth peroid the climate must be cool and dry. The ripe and matured fruits are normally
collected after a span of about three months. The seeds are separated by thrashing lightly on a solid
support. The dust and foreign particles are removed by sieving and against a current of mederate
air-blast.

Description
Colour : Pinkish grey to brown
Odour : No characteristic odour
Taste : Bland and mucilageous
Weight : 100 seeds weigh between 0.15-0.19 g

Figure 3.3 gives an account of the dorsal surface as well as the ventral surface of Ispaghula seed
and Psyllium seed along with their overall shape, size and outersurface.

Chemical Constituents Plantago seeds generally comprise of approximately 10% of mucilage
invariably located in the epidermis of the testa together with proteins and fixed oil. The mucilage
essentially consists of pentosan and aldobionic acid.
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ISPAGHULA SEED PSYLLIUM SEED
A1-Dorsal Surface A2-Dorsal Surface
B1-Ventral Surface B2—Ventral Surface

Shape : Ovate or boat shaped
Size : Length = 1.8-3.5 mm, Width = 1.0-1.7 mm.

Outersurface: The Convex surface has a central brown oval spot, whereas the Concave surface bears a deep furrow
having its hilum covered with a thin whitish membrane.

Fig. 3.3 Dorsal and Ventral Surfaces of Ispaghula Seed and Psyllium Seed.

H
O
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The various products of hydrolysis are, namely: xylose, arabinose, rhamnose and galacturonic acid.

Chemical Tests

1. Its mucilage gives a distinct red colouration on treatment with Ruthenium Red solution.

2. Swelling Factor*: It establishes the purity of the drug and ranges between 10 to 14. It is easily
determined by transferring accurately 1.0g of the drug in a 25 ml measuring cylinder duly filled
with 20 ml of water with intermittent shaking. The exact volume occupied by the seeds after a
duration of 24 hours of wetting is noted carefully which represents the swelling factor of the
seeds under investigation.

Substituents/Adulterants A number of species of Plantago have been studied extensively for
their mucilage contents. Interestingly, Plantago rhodosperma which is particularly habitated in
Missouri and Lousiana (USA) and Plantago wrightiana are worth mentioning. The former species

* Swelling Factor: It represents the quantitative swelling due to the presence of mucilage present in the drug substance.
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contains mucilage to the extent of 17.5% whereas the latter contains about 23%. However, these two
species compare favourably with the official drug.

In addition to the above, a few species like P. purshii, P. aristata and P. asiatica are also employed
as a substitute for plantago seeds.

Uses

Plantago seeds are mostly employed as demulscent and in the treatment of chronic constipation.
It is also used in amoebic and bacillary dysentary.

Mucilage of the isapgol is invariably employed in the preparation of tablets (e.g., granulation)
It is used as a stabilizer in the ice-cream industry

The crushed seeds are employed as a poultice for rheumatic pain

The acid form of polysaccharide is obtained by carefully removing the cations from the mucilage
by treatment with cation-exchange resins and spray drying the resultant products. This
‘specialized product’ finds its enormous applications as a tablet disintegrator, as enteric coating
substance and finally employed in the sustained release drug formulations.

ANl e

3.2.2.2.2 Pectin Pectin, in general, is a group of polysaccharides found in nature in the primary
cell walls of all seed bearing plants and are invariably located in the middle lamella. It has been
observed that these specific polysaccharides actually function in combination with both cellulose
and hamicellulose as an intercellular cementing substance. One of the richest sources of pectin is
lemon or orange rind which contains about 30% of this polysaccharide.

Pectin is naturally found in a number of plants namely: lemon peel, orange peel, apple pomace,
carrots, sunflower-heads, guava, mangoes and papaya. The European countries, Switzerland and
USA largely produce pectin either from apple pomace or peels of citrus fruits. Evaluation and
standardization of pectin is based on its ‘Gelly-Grade’ that is, its setting capacity by the addition of
sugar. Usually, pectin having ‘gelly grade’ of 100, 150 and 200 are recommended for medicinal and
food usuages.

Biological Sources Pectin is the purified admixture of polysaccharides, obtained by carrying out
the hydrolysis in an acidic medium of the inner part of the rind of citrus peels, for instance: Citrus
limon (or Lemon) and Citrus aurantium belonging to the family Rutaceae, or from apple pomace
Malus sylvestris Mill (Syn: Pyrus malus Linn, family: Rosaceae).

Geographical Source Lemon and oranges are mostly grown in India, Africa and other tropical
countries. Apple is grown in the Himalayas, California, many European countries and the countries
located in the Mediterranean climatic zone.

Preparation The specific method of preparation of pectin is solely guided by the source of raw
material i.e., lemon/orange rind or apple pomace; besides the attempt to prepare either low methoxy
group or high methoxy group pectins.

In general, the preserved or freshly obtained lemon peels are gently boiled with approximately
20 times its weight of fresh water maintained duly at 90°C for a duration of 30 minutes. The effective
pH (3.5 to 4.0) must be maintained with food grade lactic acid/citric acid/tartaric acid to achieve
maximum extraction. Once the boiling is completed the peels are mildly squeezed to obtain the
liquid portion which is then subjected to centrifugation to result into a clear solution. From this
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resulting solution both proteins and starch contents are suitably removed by enzymatic hydrolysis.
The remaining solution is warmed to deactivate the added enzymes. The slightly coloured solution
is effectively decolourized with activated carbon or bone charcoal. Finally, the pectin in its purest
form is obtained by precipitation with water-miscible organic solvents (e.g., methanol, ethanol,
acetone), washed with small quantities of solvent and dried in a vaccum oven and stored in air-tight
containers or polybags.

Note: As Pectin is fairly incompatible with Ca?*, hence due precautions must be taken to
avoid the contact of any metallic salts in the course of its preparation.

Description
Appearance : Coarse or fine- powder
Colour . Yellowish white
Odour . Practically odourless
Taste : Mucilaginous taste
Solubility : 1. Completely soluble in 20 parts of water forming a solution containing

negatively charged and very much hydrated particles.
2. Dissolves more swiftly in water, if previously moistened with sugar syrup,
alcohol, glycerol or if first mixed with 3 or more parts of sucrose.

Chemical Constituents Pectin occurs naturally as the partial methyl ester of o0 (1—4) linked (+)
— polygalacturonate sequences interrupted with (1-2) — (—) — thamnose residues. The neutral sugars
that essentially form the side chains on the pectin molecules are namely: (+) — galactose, () —
arabinose, (+) — xylose, and (-) — fructose.

Schneider and Bock (1938) put forward the following probable structure for pectin galacturonan:

COOCH, OOH
0 o
—0 H H N/ H
OH -
o H H
H OH

COOCH,OH

Pectin Galacturonan

Chemical Tests
1. A 10% (w/v) solution gives rise to a solid gel on cooling.
2. A transparent gel or semigel results by the interaction of 5 ml of 1% solution of pectin with 1 ml
of 2% solution of KOH and subsequently setting aside the mixture at an ambient temperature
for 15 minutes. The resulting gel on acidification with dilute HCI and brisk shaking yields a
voluminous and gelatinous colourless precipitate which on warming turns into white and
flocculent.

Uses
1. Itis employed mostly as an intestinal demulscent. It is believed that the unchanged molecules of
polygalacturonic acids may exert an adsorbent action in the internal layers of the intestine,
thereby producing a protective action along with Kaolin to prevent and control diarrhoea.
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2. As apharmaceutical aid pectin is used frequently as an emulsifying agent and also as a gelling
agent preferably in an acidic medium.

3. It is employed extensively in the preparation of jellies and similar food products e.g., jams,
sauces, ketchups.

4. Poectin in the form of pastes exerts a bacteriostatic activity and hence, is used frequently in the
treatment of indolent ulcers and deep wounds.

5. A combination of pectin and gelatin find its application as an encapsulating agent in various
pharmaceutical formulations to afford sustained-release characteristics.

3.2.2.2.3 Locust Bean Gum
Synonym Carob Flour; Arobon; Carob Gum; Ceratonia; Johannisbrotmehl;

Biological Source The Gum essentially consists of the hydrocolloid from the powdered endosperm
of tree pods of Ceretonia siliqua Linn, belonging to the family Leguminoseae (St. John’s bread). It
normally takes about 15 long years for a full-grown tree to yield seeds which , therefore, restricts the
provision of a regular production of the gum to cater for the ever-expanding needs for the
hydrocolloids.

Geographical Source The tree is found in abundance in Egypt, Cyperus and Sicily. It is very
sensitive to low temperature. It is also commercially grown in countries like: Algeria, Greece, Israel,
Italy, Morocco, Portugal and Spain.

Preparation The locust bean pods comprise of about 90% pulp and 8% kernnels. The kernnels
are separated from the pods mechanically by means of Kibbling Machine. The kernnels comprise
of mainly the endosperm (42-46%), husk (30-33%) and germ to the extent of 25%. First of all the
seeds are duly dehusked and splitted lengthwise the seeds are duly dehusked and splitted lengthwise
to facilitate the separation of the endosperm from the embryo* (i.e., the yellow germ). The dried
gum is pulverised and graded as per the mesh-size e.g., 150, 175 and 200 mesh sizes available in the
European market.

Description
Colour : Translucent white, yellow green
Odour  : Odourless
Taste . Tasteless and mucilaginous. Acquires a leguminous taste when boiled with water

Solubility : Insoluble in alcohol. Dispersable in concentration upto 5%
Viscosity : As it is a neutral polysaccharide, hence pH has no effect on viscosity between
3-11.

Chemical Constituents Locust bean gum comprises of proteins, for instance: albumins, globulins
and glutelins; carbohydrates, such as: reducing sugar, sucrose, dextrins, and pentosans; besides ash,
fat, crude fiber and moisture.

* Embryo enhances the rate of fermentation of gum solutions and hence it must be removed as completely as possible.
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Chemical Tests The mucilage of this gum when gently boiled with 5% KOH solution it yields a
clear solution; but agar and tragacanth gives rise to a yellow colour, whereas karaya gum produces
a brown colour.

Substituent Adulterant In food industry it is employed as a substitute for strach.

Uses

It is used as a stabilizer, thickner and binder in foods and cosmetics.
It is widely employed as a sizing and finishing agent in textiles.

It finds its abundant use as fiber - bonding in paper manufacture.

It is used as an adsorbent - demulcent therapeutically.

It is employed as drilling mud additive.

3.2.2.2.4 Guar Gum

Nk v =

Synonyms Guar flour; Decorpa; Jaguar; Gum cyamopsis; Cyamopsis gum; Burtonite V-7-E.

Biological Source Guar gum is the ground endosperms of Cyamopsis tetragonolobus (L.) Taub;
belonging to family Leguminoseae.

Geographical Source It grows abundantly in tropical countries like: Indonesia, India, Pakistan
and Africa. In USA, southern western regions it was introduced in the year 1900 and its large-scale
production commenced in early 1950’s.

Preparation First of all the fully developed white seeds of Guar gum are collected and freed from
any foreign substances.

The sorted seeds are fed to a mechanical ‘splitter’ to obtain the bifurcated guar seeds which are
then separated into husk and the respective cotyledons having the ‘embryo’. The gum is found into
the endosperm. Generally, the guar seeds comprise of the following:

Endosperm : 35t040%
Germ (or Embryo) : 45 to 50%, and
Husk : 14t0 17%

The cotyledons, having a distinct bitter taste are separated from the endosperm by the process
called ‘winnowing’. The crude guar gum i.e., the endosperms is subsequently pulverised by means
of a ‘micro-pulveriser’ followed by grinding. The relatively softer cotyledons sticking to the
endosperms are separated by mechanical ‘sifting’ process. Thus, the crude guar-gum is converted to
a purified form (i.e., devoid of cotyledons), which is then repeatedly pulverized and shifted for
several hours till a final white powder or gramular product is obtained.

Description
Colour : Colourless; Pale-yellowish white powder
Odour : Characteristic smell
Taste : Mucilagenous

Solubility : Insoluble in alcohol with water it gives a thick transparent suspension

Chemical Constituents It has been found that the water soluble fraction constitutes 85% of Guar
gum and is commonly known as Guaran. It essentially consists of linear chains of (1 — 4) —3-D-
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mannopyranosyl units with o—D-galactopyranosyl units attached by (1 — 6) linkages. However, the
ratio of D-galactose to D-mannose is 1:2.

CH,OH
HO 0
H
OH H
H HO
CH, H H
AT ON—0—<OH HO
_ | o—\gH HO A o
- H H N
Guaran

Chemical Tests

1.

On being treated with iodine solution (0.1 N) it fails to give olive-green colouration.

2. It does not produce pink colour when treated with Ruthenium Red solution (distinction from

sterculia gum and agar)

3. A 2% solution of lead acetate gives an instant white precipitate with guar gum (distinction from
sterculia gum and acacia)

4. A solution of guar gum (0.25 g in 10 ml of water) when mixed with 0.5 ml of benzidine (1% in
ethanol) and 0.5 ml of hydrogen peroxide produces no blue colouration (distinction from gum
acacia).

Uses

1. Itis used therapeutically as a bulk laxative.

2. Itis employed as a protective colloid.

3. Itis also used as a thickner and its thickening property is 5 to 8 times more than starch.

4. Tt finds its use in peptice ulcer therapy.

5. Itis used as an anorectic substance i.e., it acts as an appetite depressant.

6. It is employed both as a binding and a disintegrating agent in tablet formulations.

7. Itis used in paper sizing.

8. Itis abundantly employed as film forming agent for cheese, salad dressing, ice-cream and soups.

9. It is used in pharmaceutical jelly formulations.

10. It is widely used in suspensions, emulsions, lotions, creams and toothpastes.
11. It is largely used in mining industry as a flocculant and also as a filtering agent.
12. It is also employed in water treatment plants as a coagulant aid.

3.2.2.3 Marine Gums

A variety of algae and seaweeds comprise of marine gums as components of cell walls and
membranes or present in the intracellular regions where they actually serve as reserve food material.
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A few typical examples of marine gums would be discussed in the sections that follow.
3.2.2.3.1 Algin

Synonyms Sodium alginate; Alginic acid sodium; Sodium polymannuronate; Kelgin; Minus;
Protanal;

Biological Source Algin is a gelling polysaccharide extracted from the giant brown seaweed (giant
kelp. Macrocystis pyrifera (L.) Ag., Lessoniaceae) or from horsetail kelp (Laminaria digitata (L.)
Lamour, Laminariaceae) or from sugar kelp (Laminaria saccharina (L.) Lamour). Some other
common species are Laminaria hyperborea and Ascophyllum nodosum

Geographical Source The different varieties of seaweeds are invariably found in the Pacific and
Atlantic Oceans, more specifically along the coastal lines of USA, Canada, Scotland, Japan and
Australia. In India the Western coast of Saurashtra is also a potential source of algin. However,
USA, and UK are the largest producers of algin in the world.

Preparation The algin (or sodium alginate) is the sodium salt of alginic acid which is a purified
carbohydrate extracted from brown seaweed (algae) by the careful treatment with dilute sodium
hydroxide. The brown colour of the crude algin is due to the presence of a carotenoid pigment
associated with it which may be eliminated by treating the aqueous solution with activated carbon
and spray drying the powder.

Description
Colour : Yellowish-white, cream coloured, buff coloured
Odour : Odourless
Taste . Tasteless

Solubility : Insoluble in alcohol, ether, chloroform and strong acids, freely soluble in water
Viscosity : A 1% (w/v) aqueous solution at 20°C may show a viscosity ranging between 20-
400 centipoises.

Chemical Constituents Alginic acid is mainly comprised of D-mannuronic acid residues which
on methylation and hydrolysis gives rise to the formation of 2,3 dimethyl-D- mannuronide. Therefore,
the ring as well as bridge oxygen atoms involve C-4 and C-5 and the carboxyl groups are absolutely
free to react (to form sodium salts), whereas the aldehydic moieties are duly utilized by the respective
glycosidic linkages. It has been observed that these mannuronic acid entities are joined by B-1, 4-
glycosidic linkages. The resulting structure could be either linear or very slightly branched.

H H COOH H COOH

0 0 0

—O0—y/on oH H OH HO H o—

H OH H H HQ

of —0 of —o
COOH H H COOH H H

Alginic Acid

Chemical Tests
1. The aqueous solution of algin gives an instant white copious precipitate with calcium chloride
solution.
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2. A 1% (w/v) aqueous solution of algin yields a heavy gelatinous precipitate with diluted sulphuric
acid.

3. It is not precipitated by saturated ammonium sulphate solution (distinction from agar and
tragacanth)

4. It gives effervescence (liberates CO,) with carbonates.

5. Itreadily reacts with compounds having ions of alkali metals (e.g., Na", K*, Li") or ammonium
(NH,") or magnesium (Mg>") to produce their respective alginates (salts) that are water soluble
and forms thick and viscous solutions characteristic of hydrophillic colloids.

Uses
1. It is extensively used in the manufacture of ice-creams where it serves as a stabilizing colloid,
ensuring creamy texture thereby checking the growth of ice-flakes (or crystals).
It is also used in the flocculation of suspended solids in most water treatment plants.
It is employed as a stabilizing and thickening agent in food and pharmaceutical industry.
It is used as a film and film-forming agent in the rubber and paint industry.
It is widely used in the textile industry as absorbable haemostatic dressings.
It is employed as a binding and distintegrating agent for tablets and lozenges.

3.2.2.3.2 Agar

kv

Synonyms Agar-agar; Gelose; Japan-agar; Chinese-isinglass; Bengal isinglass; Ceylon isinglass;
Layor carang; Vegetable gelatin.

Biological Source Agar is the dried hydrophilic colloidal polysaccharide complex extracted from
the agarocytes of algae belonging to the class Rhodophyceae. It is also obtained as the dried gelatinous
substance from Gelidium amansii belonging to the family Gelidaceae and several other species of
red algae, such as Gracilaria (family: Gracilariaceae) and Pterocladia (Gelidaceae). The predominant
agar-producing genera are, namely; Gelidium; Gracilaria; Acanthopeltis; Ceramium and Pterocladia.

Geographical Source Agar is largely produced in Japan, Australia, India, New Zealand, and
USA. It is also found in Korea, Spain, South Africa and in the Coastal regions of Bay of Bengal
(India) together with Atlantic and Specific Coast of USA.

Preparation It is an usual practice in Japan where the red-algae is cultivated by placing poles or
bamboos spread in the ocean which will serve as a support and shall augment the growth of algae on
them. During the months of May and October the poles are removed and the algae are carefully stripped
off from them. The fresh seaweed thus collected is washed thoroughly in water and subsequently
extracted in digestors containing hot solution of dilute acid (1 portion of algae to 60 portions of
diluted acid). The mucilagenous extract is filtered through linen while hot and collected in large
wooden troughs to cool down to ambient temperature so as to form solid gel. The gel is mechanically
cut into bars and passed through a wire netting to form strips. The moisture from the strips is removed
by successive freezing and thawing* and finally sun dried and stored as thin agar strips.

Alternatively, the mass of gel if frozen and subsequently thawed and the dried agar is obtained
by vaccum filtration. The crude agar is usually formed as flakes which can be powdered and stored
accordingly.

* To bring down to room temperature from —20 to —30°C.
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Description
Colour : Yellowish white or Yellowish grey
Odour : Odourless

Taste : Bland and mucilaginous

Shape : It is available in different shapes, such as: bands, strips, flakes, sheets and coarse
powder

Size  : Bands: width = 4cm; Length = 40 to 50 cms

Sheets: Width = 10-15cm; Length = 45 to 60 cms
Strips: Width = 4mm; Length = 12 to 15 cms

India produces about 250 MT of good quality agar using Galidiella accrosa as the raw material.
It is insoluble in cold water in organic solvents. It readily dissolves in hot solutions and it forms a
translucent solid mass which characteristic is very useful in microbiology for carrying out the Standard
Plate Count.

Chemical Constituents Agar can be separated into two major fractions, namely: (a¢) Agarose-a
neutral gelling fraction; and (b) Agaropectin—a sulphated non-gelling fraction. The former is solely
responsible for the gel-strength of agar and consists of (+) —galactose and 3,6-anhydro-(—)-galactose
moieties; whereas the latter is responsible for the viscosity of agar solutions and comprises of
sulphonated polysaccharide wherein both uronic acid and galactose moieties are partially esterified
with sulphuric acid. In short, it is believed to be a complex range of polysaccharide chains having
alternating o—(1—3) and B—(1-4) linkages and varying total charge content.

Chemical Tests
1. It gives a pink colouration with Ruthenium Red solution.
2. A 1.5-2.0% (w/v) solution of agar when boiled and cooled produces a stiff-jelly.
3. Prepare a 0.5%(w/v) solution of agar and add to 5 ml of it 0.5 ml of HCIL, boil gently for 30
minutes and divide into two equal portions:
(a) To one portion add BaCl, solution and observe a slight whitish precipitate due to the formation
of BaS0, (distinction from Tragacanth), and
(b) To the other portion add dilute KOH solution for neutralization, add 2 ml of Fehling’s
solution and heat on a water bath. The appearance of a brick red precipitate confirms the
presence of galactose.

Substituents/Adulterants Gelatin and isinglass are usually used as substituents for agar.

Uses
It is used in making photographic emulsions.
It is also employed as a bulk laxative.
It is extensively used in preparing gels in cosmetics.
It is widely used as thickening agent in confectionaries and dairy products.
It is used in the production of ointments and medicinal encapsulations.
In microbiology, it is employed in the preparation of bacteriological culture media.
It is used for sizing silks and paper.
It finds its enormous usage in the dyeing and printing of fabrics and textiles.
It is also used as dental impression mould base.

. It is employed as corrosion inhibitor.

A e AR o e
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3.2.2.3.3 Carrageenan
Synonyms Irish moss; Chondrus.

Biological Source Carrageenan refers to closely associated hydrocolloids which are obtained
from different red algae or seaweeds. The most important sources of carrageenan are namely:
Chondrus crispus (Linn.) stockhouse and Gigartina mamillosa (Goodnough and Woodward) J.
Agardh belonging to the family Gigartinaceae).

Geographical Source The plants are abundantly found along the north-western coast of France,
the coast of Nova Scotia, and the British Isles.

Preparation In general, the plants are collected mostly during June and July, and spread out on
the bench for natural drying. They are then exposed to the sun rays directly whereby bleaching takes
place. Now, they are treated with a brine solution, and ultimately dried and stored.

Description The Chondrus is more or less an allusion to the cartilage-like characteristic features
of the dry thallus; whereas Gigartina is an absolute allusion specifically to the fruit bodies which
appear as raised tubercles on the thallus.

Chemical Constituents The carrageenan bears a close physical resemblance to agar. However,
its hydrocolloids are mostly galactans having sulphate esters, which are present in excess amount in
comparison to agar. Carrageenan polysaccharides essentially comprise of chains of 1, 3 linked B —
(+) — galactose and 1,4-linked a- (+) — galactose moieties that are invariably substituted and later on
modified to the 3, 6- anhydro derivative. In fact, carrageenans may be further separated into three
major components, namely: k-carrageenan; i-carrageenan; and A-carrageenan.

Uses

1. Both k-and i-carrageenans proved to be good gelating agents because of the fact that they tend
to orient in stable helics when in solution.

2. The A-carrageenan does not form stable helics and hence represent the nongelling portion of the
carrageenans which serves as a more useful thickner.

3. The fairly stable texture and supported by excellent rinsability of the hydrocolloids these are
immensely useful in the formulations of toothpastes.

4. They are used as bulk laxative.

5. They are employed as a demulscent.

6. They constitute as an important ingredient in a large number of food preparations.

3.2.2.4 Microbial Gums

Microbial Gums are produced by certain selected miroorganisms in the course of fermentation.
The resulting exopolysacharides are usually isolated from the fermentation broth by appropriate
procedures.

A few typical examples are described below, for instance: Xanthan Gum; Chitin.

3.2.2.4.1 Xanthan Gum

Synonyms Polysaccharide B-1459; Keltrol F; Kelzan.
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Biological Source The Polysaccharide Gum is produced by the bacterium Xanthomonas campestris
on certain suitable carbohydrates.

Preparation One of the latest techniques of ‘biotechnology’ i.e., ‘recombinant DNA technology’
has been duly exploited for the commercial production of xanthan gum.

Methodology: First of all the genomic banks of Xanthomonas campestris are meticulously made in
Escherichia coli by strategically mobilizing the broad-host-range cosmids being used as the vectors.
Subsequently, the conjugal transfer of the genes take place from E. coli into the nonmucoid X.
campestris. Consequently, the wild type genes are duly separated by virtue of their unique ability to
restore mucoid phenotype. As a result, a few of the cloned plasmids incorporated in the wild type
strains of X. campestris shall afford an increased production xanthan gum.

Interestingly, the commercial xanthan gums are available with different genetically controlled
composition, molecular weights and as their respective sodium, potassium or calcium salts.

Description It is a cream coloured, odourless and free flowing powder. It dissolves swiftly in
water on shaking and yields a highly viscous solution at relatively low concentrations. The aqueous
solutions are extremely pseudoplastic in character. It gives rise to a strong film on evaporation of its
aqueous solutions. It is fairly stable and resistent to thermal degradation. The viscosity is independent
of temperature between 10 to 70°C. It is fairly compatible with a variety of salts.

Chemical Constituents Xanthan gum is composed of chiefly D-glucosyl, D-mannosyl and D-
glucosyluronic acid residues along with variant quantum of O-acetyl and pyruvic acid acetal. The
primary structure essentially comprises of a cellulose backbone with trisaccharide side chains and
the repeating moiety being a pentasaccharide.

Uses
1. Its potential in chemically enhanced oil recovery is well known.
2. The inherent pseudoplastic property of its aqueous solutions rendered both toothpastes and
ointments in enabling them to hold their shape and also to spread readily.
3. It is extensively employed in pharmaceuticals due to its superb suspending and emulsifying
characteristic features.

3.2.2.4.2 Chitin Chitin, is the nitrogen containing polysaccharide which invariably occurs in certain
fungi e.g., ergot. It is also commonly found in some invertebrate animals eg, crab, shrimp, lobster-
specifically located in the exoskeleton of the body. Besides, it is located in the appendages of insects
and crustaceans.

Biological Source The mycelia of Penicillium species contain approximately 20% of chitin. The
relatively hard crustacean shells of crab and lobster are reported to contain 15 to 20% chitin, whereas
the rather soft crustacean shells of shrimp contain between 15 to 30% chitin. It is found in the spores
of many fungi and yeasts.

Preparation The hard or soft crustacean shells are first ground to fine powder and then treated
with dilute HCI (5%) for a duration of about 24 hours whereby most of the calcium* and other
impurities are eliminated completely as soluble CaCl,. The above extract containing the proteins
derived from the shells are eliminated by treating it with proteolytic enzymes like pepsin or trypsin.

* Crustacean shell contain approx. 60-75% of calcium carbonate.
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The resulting pink coloured liquid extract is bleached by H,0, in an acidic medium for 5-6 hours at
room temperature. The bleached product is subjected to deacetylation at 120°C with a mixture of 3
parts of KOH, 1 part EtOH and 1 part ethylene glycol. The deacetylation process is repeated several
times till the ‘acetyl content’ reaches a minimum level. Chitin is obtained as an amorphous solid
substance.

Description It is an amorphous solid. It is practically insoluble in water, dilute acids, dilute and
concentrated alkalies, alcohol and other organic solvents. It is soluble in concentrated HCI, H,SO,,
anhydrous HCOOH and H;PO, (78-97%). There exists a wide difference with regard to the solubility,
molecular weight, acetyl value and specific rotation amongst chitins of different origin and obtained
from different methods.

Chemical Constituents Chitin may be regarded as a derivative of cellulose, wherein the C-2
hydroxyl groups have been duly replaced by acetamido residues. In fact, it is more or less a cellulose
like biopolymer mainly consisting of unbranched chains of B-(1—4) -2- acetamido -2-deoxy-D-
glucose. It is also termed as N-acetyl-D-glucosamine. It contains about 6.5% of nitrogen.

CH,OH CH,OH CH,OH
q ; 0 H 0 H O\ OH
o) H H
OH H ~ O
HO i OH H \ ~_NOH H \
H NHCOCH, H NHCOCH, H NHCOCH,

Chitin

Chemical Tests

1. Chitin affords a brown colour with Iodine solution which turns into red violet on acidification
with sulphuric acid.

2. Chitin sulphate gives rise to a characteristic strain with acidic dyes, such as: picric acid and
fuchsin.

3. When chitin is heated with strong KOH solution under pressure it fails to dissolve, but undergoes
deacetylation to form acetic acid and other products collectively termed as chitosans.

4. Hydrolysis of chitin in the presence of strong mineral acids forms acetic acid and glucosamine.

5. When chitin is dissolved in dilute nitric acid (50%) and allowd to crystallise overnight it forms
beautiful spherocrystals of chitosan. These crystals on being examined under polarised light, by
making use of crossed nicols, a distinct cross is observed.

Uses

Chitosan i.e., deacetylated chitin, finds its application in water treatment operations.
It is used in pholographic emulsions.

It is used in improving the dyeability of synthetic fibers and fabrics.

Therapeutically it is used in wound healing preparations.

It shows considerable adhesivity to plastics and glass.

It is used as a sizing agent for cotton, wool, rayon and for synthetic fibers.

Al e
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3.3 CARBOHYDRATE BIOGENESIS

One of the most vital aspects of pharmacognosy which has gained paramunt importance and legitimate
recognition in the recent past is the intensive and extensive studies involving the various biochemical
pathways that has ultimately led to the production of ‘secondary constituents’ invariably employed
as ‘drugs’. This type of specific and elaborated study is frequently termed as biogenesis or drug
biosynthesis. It is quite pertinent to mention here that as it is absolutely necessary for a medicinal
chemist to understand the intricacies of chemical synthesis of a potent drug substance, such as:
naproxen, chloramphenicol etc., exactly in the same vein a pharmacognosist must possess a
thorough knowledge of the biogenesis of drugs of natural origin.

A Swiss chemist G. Trier, as far back in 1912, not only predicted but also postulated that amino
acids and their corresponding derivatives invariably act as the precursors of relatively complex
naturally occurring alkaloids mostly used as potent therapeutic agents. Interestingly, soonafter the
second half of the twentieth century, there had been a tremendous progress in the era of isotopically
labelled organic compounds that facilitated the affirmation as well as confirmation of the earlier
speculated theories.

Withthe advent of mostadvanced knowledge in sciences it has been established that the carbohydrate
biogenesis usually takes place due to the Photosynthesis from carbon dioxide (CO,) as the starting
material occurring abundantly both in all plants and in certain purple bacteria as depicted below:

nCO, +n H,0 + Light —— (CH,O)n + nO, (a)
(energy) (carbohydrate)

However, the general pattern of ‘Carbohydrate Biogenesis’ may be shown explicitely in the

following Fig. 3.4.
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Calvin and coworkers established the various steps involved in the chemical reactions ultimately
leading to the overall Eq. (a). They have also shown that D-ribose-1, 5-diphosphate is the primary
acceptor of CO,. However, the exact mechanism of this particular step whereby CO, gets assimilated
has been studied at length with radio labelled '*CO, and Chiorella (a fresh water algae).

Besides, the following Eq. (b) evidently illustrates the distribution of radiocarbon originating
from '*CO, after completion of one full photosynthetic cycle:

E3 * *
3 * *
* * & * * * * * *
2CHO.CHOH.CH,0P — CH,0P—CO—CHOH—CHOH—CHOH—CH,OH (b)

From Eq. () it may be inferred that a triose phosphate having the identified radiocarbon
distribution shall ultimately result after completing a single full cycle. It would most logically lead
to hexose phosphate which should invariably contain relatively higher amounts of '*CO, (i.e., radio
labelled carbon), till such time after a series of recycling slots, give rise to an even distribution of
radio active carbon spread over the entire hexose molecule.
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4.1 INTRODUCTION

Glycosides, in general, are defined as the condensation products of sugars with a host of different
varieties of organic hydroxy (occasionally thiol) compounds (invariably monohydrate in character),
in such a manner that the hemiacetal entity of the carbohydrate must essentially take part in the
condensation. It is, however, pertinent to state here that the polysaccharides are also encompassed
in this broad-based overall definition of glycosides. The noncarbohydrate moiety is usually termed
as aglycone (or aglycon), or a genin.

The rather older or trivial names of glycosides usually has a suffix ‘in” and the names essentially
included the source of the glycoside, for instance: strophanthidin from Strophanthus, digitoxin
from Digitalis, barbalein from Aloes, salicin from Salix, cantharidin from Cantharides, and
prunasin from Prunus. However, the systematic names are invariably coined by replacing the “ose”
suffix of the parent sugar with “oside”. The stereochemical anomeric prefix o or 3 and the
configurational prefix (D- or L-) immediately precede the sugar nomenclature, and lastly the chemical
name of the aglycone precedes the name of the sugar. It may be expatiated with the help of the
following examples:

(a) Aloin (or Barbaloin): 10-Glucopyranosyl-1, 8-dihydroxy-3-(hydroxymethyl)-9 (10H)-
anthracenone;

(b) Salicin: 2-(Hydroxymethyl) phenyl- -D-glucopyranoside;

(¢) Amygdalin: D-Mandelonitrile—3-D-glycosido-6--D-glucoside;

(d) Digitoxin: 3-[0-2, 6-Dideoxy-f-D-ribo-hexopyranosyl -(1 — 4)-0-2, 6-dideoxy-B-D-ribo-
hexopyranosyl (1 — 4), 2, 6-dideoxy-[B-D-ribo hexopyranosyl) oxy]-14-hydroxycard- 20(22)-
enolide.

Interestingly, the glycosides may be regarded as internal acetate. The two series of stereoisomeric
glycosides are usually termed as o and P glycosides. Thus, taking into consideration the simple
example of methyl D-glucosides, these o and 3 structures may be represented as shown below:
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6
CH,OH

(@ (b) (0)

Fig. 4.1 Methyl-a-D-Glucoside

H,Co—{L

HO—
H-

| Fig.4.2 Methyl-B-D-Glucoside

Figures 4.1 and 4.2 represent the open-chain structure, cyclic structure and boat configuration
of methyl-a-D-glucoside and methyl-B-D-glucoside respectively. In this particular instance the
glycosidic likage is established by dehydration involving a hydroxy group of the aglycone portion
(i.e., methyl alcohol) and the hydroxyl group on the hemiacetal carbon of the carbohydrate (in
question), thereby ultimately resulting into the formation of an acetal type of structure.

a-Configuration If the —OCH; moiety (generalized as OR’) is in opposite steric sense as the
—CH,OH moiety on C-5 (for D-family sugars), the glycosidic structure is designated as
o-configuration.

B-Configuration If the -OCH; moiety is in the same steric sense as the CH,OH group on C-5, the
glycosidic structure is designated as B-configuration.

It has been observed that the substantial quantum of naturally occurring glycosides essentially
possess the stereo-configuration. However, this observation may be further expatiated with the
help of the following typical examples of B-amygdalin and B-salicin:
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B-Salicin Aglycone

Sailent Features (B-Amygdalin):

(i) Glycosidic linkage is B-because it is hydrolysed by emulsin (an enzyme),

(ii) The linking oxygen is on the same side of the plane of the ring as the CH,OH moiety on C-5.
(@ii) It contains several asymmetric C atoms i.e., chiral centres, and
(iv) It is optically active.

Salient Features (B-Salicin):

1. Hydrolysed by emulsin, hence it has B-configuration,

2. The linking oxygen is on the same side of the plane of the ring as the CH,OH moiety on C-5,
3. It has several chiral centres, and

4. It is optically active.

Glycosides, are found to exert a wide spectrum of therapeutic actions, both in modern medicines
and in traditional medicaments, ranging from cardiotonic, analgesic, purgative, and anti-rheumatic,
demulcent and host of other useful actions.

The Glycosidic Linkages The exact point of linkage between the carbohydrate (sugar) and non
carbohydrate (aglycone) moieties is an ‘oxygen bridge’ that essentially connects the reducing group
present in carbohydrate to either an alcoholic or a phenolic group present in the non carbohydrate.
Such glycosides are collectively termed as O-glycosides. However, if the ‘O’ is replaced by ‘S’ it is
called S-glycosides; if replaced by ‘N’ is known as N-glycosides; and if replaced by ‘C’ is termed
as C-glycosides.

These four types of glycosides shall be described briefly at this juncture with appropriate examples
from the domain of medicinal plants.
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m O-Glycosides

The O-glycosides are usually represented as follows:
—OH HO—C(H, 05 —— —O0—C(H,,05 O-Glycoside

These are most abundantly found in nature in the higher plants, such as: senna, rhubarb and
frangula.

Examples: Rhein-8-glucoside obtained from rhubarb.

CH,OH

| |
q O O O OH
H
COOH
H OH

Rhein-8-Glycoside

m S-Glycosides

The S-glycosides are normally designated as below:

The presence of S-glycosides is more or less restricted to isothiocyanate glycosides, such as:
Sinigrin, obtained from black mustard seeds. (i.e., Brassica campestris Family: Cruciferae)

N—O0—S0,—OK
CH,OH I
S—C

I
CH,— CH=CH,

Sinigrin

m N-Glycosides
The N-glycosides may be represented as shown below:
=N—H HO—CH,;,0; —— =N—C(H,,05 N-Glycoside

The most typical example of N-glycosides is the nucleosides, wherein the respective amino
group of the base ultimately reacts with —OH group ribose/deoxyribose.

Examples: Adenosine: It is widely distributed in nature e.g.; from yeast nucleic acid.
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OH OH

Adenosine
m C-Glycosides
The C-glycosides may be designated as shown under:
—=CH HO—CH,; 05 —— = C—CH,; 05 C-Glycoside
C-Glycosides are present in a variety of plant substances, such as: aloin in Aloe; cascaroside in

Cascara. HO 0 OH
(/) Aloin or Barbaloin:

CH,0H

Aloin (or Barbaloin)

(ii) Cascarosides (A, B, C and D):
HOCH, O

HO
OH
HO

Cascaroside A: R = OH, (129)
Cascaroside B: R = OH, (10R)
0 Cascaroside C: R = H, (10S)
w +O Cascaroside D: R =H, (10R)

CH,R

Cascarosides
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4.2 CLASSIFICATION

In reality, the most befitting classification of glycosides is rather a hard-nut-to-crack. In case, the
classification is to be governed by the presence of sugar moiety, a good number of rare sugars are
involved, if the aglycone function forms the basis of classification, one may come across groups
from probably all major categories of plant constituents identified and reported. Of course, a
therapeutic classification offers not only a positive edge over the stated classification but also affords
an excellent means from a pharmaceutic viewpoint, but it grossly lacks a host of glycosides which
are of great pharmacognostic interest.

The most acceptable classification of glycosides is based on the chemical nature of the aglycone
moiety present in them, namely:

(i) Anthracene glycosides
(if) Phenol glycosides
(éii) Steroid glycosides
(iv) Flavonoid glycosides
(v) Coumarin and Furanocoumarin glycosides
(vi) Cyonogenetic glycosides
(vii) Thioglycosides
(viii) Saponin glycosides
(ix) Aldehyde glycosides
(x) Bitter glycosides
(xi) Miscellaneous glycosides

All these different categories of glycosides would be discussed individually with appropriate
examples in the sections that follows:

m Anthracene Glycosides (or Anthraquinone Glycosides)

Anthracene glycosides represent a major class of glycosides. They are abundantly found in various
dicot plant families, such as: Ericaceae, Euphorbiaceae, Leguminoseae, Lythreaceae, Polygonaceae,
Rhamnaceae, Rubiaceae and Verbenaceae to name a few. Interestingly, some monocots belonging
to the family Liliaceae also exhibits the presence of anthracene glycosides. Besides, they are also
present in certain varieties of fungi and lichens.

A plethora of glycosides having their aglycone moieties closely related to anthracene are present
in noticeable amounts in a variety of drug substances, for instance: aloe, cascara, frangula, sagrada
and senna. These drugs are invariably employed as cathartics.

4.2.1.1 Aloes
Synonym: Aloe

Biological Source: Aloe is the dried latex of leaves of various species of Aloes, namely:
Aloe barbadensis Miller (or Curacao Aloe);
Aloe ferox Miller (or Cape Aloe);
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Aloe perryi Baker (or Socotrine Aloe);
Aloe africana Miller and Aloe spicata Baker (or Cape Aloe).

All these species belong to the family Liliaceae.

Geographical Source

Curacao, Barbados, Aruba Curacao Aloes or Barbados Aloes
and Bonaire (West Indian Islands)
Cape Town (South Africa)

Socotra and Zanzibar Islands

Cape Aloes
Socotrine or Zanzibar Aloes

It is also cultivated in Europe and the North West Himmalayan region in India.
Preparation

General Method The leaves are transversely cut at the base and the incised ends placed downwards
ina ‘V’ shaped trough having a hole at its bottom. The latex drains down the trough and is collected
in individual receptacles placed beneath. The latex is evaporated in a kettle made of copper till it
attains such a consistency that it may be poured into metallic ingots where it gets solidified. When
the latex is concentrated gradually and then cooled slowely, it gives rise to an opaque product. The
aloe thus obtained is termed as ‘hepatic’ or ‘livery’ aloe. If the latex is concentrated rapidly, followed
by sudden cooling the resulting product appears to be transparent and relatively brittle in nature. The
broken surface has a vitreous or glassy surface. Such a product is commonly known as “vitreous’,
‘lucid’ or ‘glassy’ aloe.

Description
S. Properties Curacao Aloes Cape Aloes Socotrine Aloes Zanzibar
No. Aloes
1. Colour Brownish black Dark brown or Brownish yellow Liver brown
opaque mass greenish brown to opaque mass colour
olive brown mass
2. Odour Strong odour Sour and distinct Unpleasant odour Characteristic
resembles with odour but agreeable
lodoform odour
3. Taste Intense bitter taste Nauseating and Extremely bitter Bitter taste
bitter taste and nauseous
taste
4, Texture Waxy and Breaks with a Fractured surface A dull, waxy,
somewhat resinous glassy fraction looks conchoidal smooth and
even fracture

Chemical Constituents Aloe-emodin occurs in the free state and as a glycosides in various species
of Aloe and also in Rheum (Rhubrb). Curaeao aloes contains about two and half times the amount
of aloe emodin when compared to cape-aloes.
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HO 0 OH
CHZOH O‘O CH,OH
)

Aloe-Emodin H
(Free State)

HO Aloin
A Glycoside
4 Ol (A Gly: )

Interestingly, the glycosides of anthranols, dianthrones, and oxanthrones i.e., the reduced
derivatives of anthraquinones, invariably found in various plant substances. These plant products do
make an appreciable contribution to the inherent therapeutic values of the naturally occurring
substances. The structural relationships of emodin are represented as shown in Figure 4.3.

HO O OH HO O OH HO O OH
8 1
7 2 Oxidation Oxidation
6 ;] ——» —_
HO CH CH CH
5 g M 4 3 HO H OoH 3 HO 0 3
Emodin Anthrone o-r,y Emodin Oxanthrone Emodin
P

Tl % HO O OH

HO HO O 900
0 HO o] Ho o,
RS e
HO CH; CH,

Emodin Anthranol HO O oOH

Emodin Anthranol

Fig. 4.3 Emodin: Structural Relationships of its Derivatives.

Both anthrones and anthranols mostly occur either as free or combined as glycosides. From a
close look at their respective structures it may be observed that they are reduced anthraquinone
derivatives. Both anthrone and anthranol are isomeric in nature; however, the latter may be partially
converted to the former, which is essentially a non-fluorecent substance and is not soluble in alkaline
solutions. Generally, the anthrones are converted on oxidation into their corresponding anthraquinones,
namely: oxanthrone and dianthrone. Hence, it has been observed that prompt oxidation usually
takes place in the powdered crude drug rather than the rhizomes itself.

Besides, aloin (or barbaloin) the aloes also contain isobarbaloin (Curacao aloes), B-barbaloin)
= (Cape aloes), aloe emodin and resins. The principal resin present in the aloes is known as aloesin.
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Glu
HO 0 CH,

| @)
CH;0

Aloesin

Y-Coniceine, which is a piperidine alkaloid is found in Aloe gililandii, A. ballyi, and A. ruspoliana

(Liliaceae)
(Nj\/\CH3

v-Conieceine

Aloe yields not less than 50% of water soluble extractives. It also contains volatile oil to some
extent that imparts a characteristic odour to it.

Chemical Tests The overall chemical tests for aloes may be divided into rwo separate heads,
namely: (@) General Tests, and () Special Tests

(a) General Tests: For this prepare a 0.1% (w/v) aqueous solution of aloes by gentle heating, add to
it 0.5g of Kiesulgur and filter through. Whatman Filter Paper No. 42 and preserve the filtrate for the
following tests:

1. Borax Test (or Schoenteten’s Reaction): To 5 ml of the above test solution add 0.2 g of pure
borax and heat gently till it gets dissolved. Transfer a few drops of the resulting solution into a
test tube filled with distilled water, the appearance of a green coloured fluoroscence due to the
formation of aloe emodin anthranol shows its presence.

2. Bromine Test: When equal volumes of the test solution and bromine solution are mixed together,
it yields a pale-yellow precipitate due to the production of tetrabromaloin.

3. Modified Borntrager’s Test: It is known that aloin (or barbaloin) belongs to the class of C-
glycoside which does not undergo hydrolysis either by heating with dilute acid or alkali, but it
may be decomposed with ferric chloride due to oxidative hydrolysis. Hence, the Modified
Borntrager’s test employing FeCl; and HCl is used as stated below:

First of all heat together 0.1 g of powdered aloe with about 2 ml of FeCl, solution(5% w/v) and
2 ml of dilute HCI (6N) in a test tube over a pre-heated water bath for 5 minutes. Cool the contents
and extract the liberated anthraquinone with carbon tetrachloride. Now carefully separate the lower
layer of CCl, and add to it ammonia solution. The appearance of a rose-pink to cherry red colour
confirms its presence.

(b) Special Tests

1. Nitrous Acid Test: Crystals of sodium nitrite together with small quantity of acetic acid when
added to 5 ml of the above test solution of aloe, the following observations are noted:
(a) Curacao Aloes: A sharp pink to caramine colour due to the presence of isobarbaloin.
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(b) Cape Aloes: A faint pink colour due to isobarbaloin.
(c) Socotrine and Zanzibar aloes: Colour comparatively lesser change in colour.

2. Nitric Acid Test: The Test solution of aloes when made to react with nitric acid, it gives rise to
various shades of colour due to different types of aloes available commercially as shown below:

Caracao Aloe : Deep brownish red

Cape Aloes : Initial brownish colour changing to green
Socotrine Aloes : Pale brownish yellow

Zanzibar Aloes  : Yellowish brown

3. Cupraloin Test (or Klunge’s Isobarbaloin Test): To 10 ml of a 0.4% (w/v) aqueous solution of
aloe add a drop of the saturated solution of copper sulphate, immediately followed by 1 g of
NaCl and 20 drops of ethanol (90% v/v). It produces different shades of colours depending on
the variety of aloes used:

Carocao Aloes  : A wine red colour lasting for few hours,
Caoe Aloes : A faint colouration changing to yellow quickly,
Socotrine Aloes : No colouration
Zanzibar Aloes : No colouration
Uses

1. Though, both aloes and aloin are official drugs, the former is mostly used as a purgative by
exerting its action mainly on colon, whereas the latter is generally prepared over the former
now-a-days.

2. Aloes find its usefulness as an external aid to painful inflammatory manifestations.

3. It constitutes an important ingredient in the ‘Compound Tincture of Benzoin’ (or Friar’s
Balsam).

4. Aloe gel made from the mucilaginous latex of 4. vera is frequently employed in the treatment
and cure of radiation burns to get immediate relief from itchings and pains.

5. Aloe usually causes gripping and is, therefore, administered along with carminatives.

4.2.1.2 Rhubarb
Synonyms: Rheum; Radix rhei; Rhubarb rhizome.

Biological Source: Rhubarb is the rhizome and roots of Rheum officinale Bail., R. palmatum L.,
Rheum emodi Wall ; R. webbianum Royle, belonging to the family Polygonaceae. The rhizome and
roots are mostly collected from 6-7 year old plants just prior to the following season. They are
commercially available either with intact cortex or partially decorticated.

Geographical Source It is obtained largely from cultivated as well as wild species of Rhubarb
grown in regions extending from Tibet to South East China. It is also found in Germany and several
European countries. In India it is grown extensively in Kashmir, Kullu, Sikkim, Uttar Pradesh,
Panjab. It is also found in Nepal. It is cultivated in Southern Siberia and North America.

Preparation The rhizomes are collected either in spring or in autumn from 6 to 10 year old plants.,
grown at an altitude of more tha 3, 000 meters. These are duly cleaned, decordicated and dried. The
relatively larger rhizomes are cut into small pieces either longitudinally or transversely. The cut
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fragments are threaded and dried in the shade. They are also dried artifically in an atmosphere of hot
wooden boxes and exported for commercial consumption.

Description Rhubarb is usually found to be compact, rigid, cylindrical conical or barrel shaped
with 8-10 cm length and 3-4 cm thickness. They appear to be mostly longitudinally wrinkled, ridged
or furrowed; whereas a few of them do exhibit transverse annulations or wrinkles. Interestingly, the
flat pieces are prepared from large rhizomes that are normally cut longitudinally and, therefore, they
appear to be largely as plano-convex with tapering at both ends. These two varieties of pieces possess
a sharp characteristic odour and a bitter astringent taste. The surface is often smeared with a bitter
yellowish powdery substance, which on being removed gives rise to a rather smooth surface that
appears to be pale brown to red in colour.

Chemical Constituents Rhubarb essentially contains mainly the anthraquinone glycosides and
the astringent components. The former range between 2 to 4.5% and are broadly classified into four
categories as stated below:

(a) Anthraquinones with —COOH moiety—e.g., Rhein; Glucorhein;

HO O OH
O

Rhein

COOH

(b) Anthraquinones without —COOH moiety—e.g., Emodin; Aloe-Emodin; Chrysophanol;
Physcion;

o 0 O

SOCHIOCHNCSCMmAdS W

Physcion

(¢) Anthrones and Dianthrones of Emodin—as shown below:

HO O OH HO O OH

NeosW

HO CH 3
S oo™

HO O OH

Emodine Anthrone Emodin Dianthrone

(d) Heterodianthrones—e.g. Palmidin A, B, and C, which are produced from two different
anthrone molecules, as stated under:
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Palmidin A : Aloe-emodin anthrone + Emodin anthone
Palmidin B : Aloe-emodin anthrone + Chrysophanol anthrone
Palmidin C : Emodin anthrone + Chrysophanol anthrone

However, the astringet portion of rhubarb chiefly comprises with the following components,
namely: gallic acid as o~ and [-glucogallin; tannin as d-catechin and epicatechin.

CH,OH

OH
o O\ H o CH,OH
H H O\ 00C OH
OH H H
HO 00C OH OH H
OH
HO H
H OH OH
H OH
o-Glucogallin B-Glucogallin
OH
OH
e Q
OH
H
HO
d-Catechin Epicatechin

Rhubarb in addition to the above constituents, consists of rheinolic acid, pectin, starch, fat
and calcium oxalate. The calcium oxalate content ranges between 3-40% in various species of
rhubarb which reflects directly on the corresponding ash values (i.e., total inorganic contents).

Chemical Tests
1. The Rhubarb powder on being treated with ammonia gives rise to a pink colouration.
2. Rhubarb gives a blood-red colouration with 5% potassium hydroxide.
3. It gives a positive indication with modified Borntrager’s test (see under Aloes).

Uses
1. Itisused mainly in the form of an ointment in the treatment and cure of chronic eczema, psoriasis
and trichophytosis—as a potent keratolytic agent.
2. Itis employed as a bitter stomachic in the treatment of diarrhoea.
3. Itis also used as a purgative.

4.2.1.3 Cascara Sagrada

Interestingly, the very name ‘cascara sagrada’ is Spanish for the sacred bark; Rhamnus is the
ancient classical name for buckthorn, and Purshianus was attributed as a mark of honour and respect
to the great German botanist Friedrich Pursch.

Synonyms Sacred bark; Chitten bark; Chittin bark; Purshiana bark; Persian bark; Bearberry bark;
Bearwood; Cascara bark; Cortex Rhamni purshianae.
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Biological Source Cascara sagrada is the dried bark of Rhamanus purshiana DC., belonging to
family Rhamnaceae, from which a naturally occurring cathartic is extracted. It is usually collected
at least one year prior to its use.

Geograhical Source It is invariably obtained from cultivated as well as wild shrubs and small
trees grown in Northern Idaho, West to Northern California, North Carolina, Oregon, in Kenya and
Western Canada.

Preparation The bark is collected, during the dry season (April to August) from the 8 to 9 years
old trees that have gained a height of 16-18 meters with their stems having a diameter of 8 to 10 cm,
by inflicting longitudinal incisions on the fully developed stems. In usual practice, the coppicing
technique is employed for the collection of bark. The bark is carefully stripped off from the branches
and the stems. They are subsequently allowed to dry in shade by putting their inner-surface facing
the ground so as to permit the completion in the enzymatic conversion of the anthranol derivative
i.e., glycosides (an emetic principle) to its anthraquinone derivative usually present in the fresh
drug, thereby exerting a milder cathartic activity. During this span of one year the drug must be duly
protected from rain or humid environment so as to check the growth of mould.

Description
Colour : Outside-purplish brown; Inside reddish brown.
Odour : A typically nauseatic odour.
Taste : Persistently bitter.
Size : Occurs in varying sizes of thickness between 1 to 4 mm.
Shape : Mostly occurs in quills or channels. Also available in small, flat and broken segments.

However, internally the bark exhibits longitudinal striations; whereas externally the bark appears
to be quite smooth and usually displays the presence of seattered lenticles, lichens and cork. Besides,
mostly insects and liveworts are found on the exterior surface of the bark.

Chemical Constituents The cascara sagrada bark is found to contain two major types of
anthracene compounds, namely:

(a) Normal O-Glycosides These are based on emodin like structures and constitute about 10
to 20% of the total glycosides, and
(b) Aloin-like C-Glycosides These comprise of about 80 to 90% of the total glycosides.

The two C-glycosides are known as barbaloin and deoxybarbaloin (or chrysaloin) as given
below:

Barbaloin (Aloin) Deoxybarbaloin (Chrysaloin)
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The main active constituents are four glycosides usually designed as Cascarosides A, B, C and
D. From extensive and intensive studies of these cascarosides by optical rotary dispersion (ORD)
technique it has been established that the cascarosides A and B are solely based on optical isomers
of barbaloein ; whereas cascarosides C and D on optical isomers of deoxybarbaloin. However,
from a close inspection of all the four basically primary glycosides of barbaloin and deoxybarbaloin
it may be revealed that they possess the characteristic features of O-glycosides as well as C-glycosides.

CH,0OH_0o

Ho/igi::;;>/o O OH
OH

HO

CH,R
HOCH,
OH HO
Glycosides Type R Configuration
CASCAROSIDE A OH (10S)
CASCAROSIDE B OH (10 R)
CASCAROSIDE C H (10S)
CASCAROSIDE D H (10 R)

Salient Features The sailent features of the various glycosides are as follows:

(/) About six anthracene derivatives isolated and identified in the drug belong to the category of
O-glycosides which are solely based on emodin,
(i) Dried cascara bark normally produces not less than 7% of the total hydroxyanthracene
derivatives, calculated as cascaroside A, and
(iii) The remaining cascarosides must make up at least 60% of this total quantum.

Perhaps the presence of a ‘lactone’ in the drug attributes a bitter taste to it.

Casanthranol is the purified version of a mixture of anthranol glycosides highly water-soluble
and duly extracted from cascara sagrada. It has been reported that each gramme of casanthanol
contains not less than 200 mg of the entire hydroxyanthracene derivative, calculated as cascaroside
A, out of which not less than 80% of the respective derivatives mainly consists of cascarosides.

Chemical Test It gives a positive indication with Modified Borntrager’s test because of the
presence of C-glycosides.

Substituents/Adulterants The barks of Rhamanus californica and R. fallax are generally used as
a substitute for cascara sagrada bark. Sometimes the frangula bark is also used as a substitute for
this drug. However, the former types of barks (Rhamnus species) exhibit a more uniform coat of
lichens along with broader medullary rays when compared to the original drug species.
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4.2.1.4 Frangula

Synonyms Buckthorn bark; Alder buckthorn; Black dogwood; Berry alder; Arrow wood; Persian
berries;

Biological Source Frangula bark is the dried bark of Rhamnus frangula Linne belonging to the
family Rhamnaceae.

Geographical Source The plant is a shrub which grows abundantly in Europe, the Mediterranean
coast of Africa and Western Asia.

Preparation The preparation of frangula bark resembles to that of cascara bark (see section
4.2.1.3). Just like the cascara bark, the frangula bark must be aged for at least a period of one year
before it is used therapeutically so as to permit the reduced forms of the glycosides with harsh action
to be oxidised to comparatively milder forms.

Chemical Constituents The seed, bark and rootbark of Rhamnus species, specifically in Alder
Buckthorn (Rhamnus alnifolia L’ Her); in Rhamnus carthartica L., in Rhamnus purshiana DC
(Cascara sagrada) consists of the two important glycosides Frangulins A and B, which were initially
thought to be isomeric compounds. Later on two more glycosides known as glucofrangulns A and
B have also been reported . However, the structures of Frangulins A* and B** along with
Glucofrangulins A and B are given below:

OH O OR OH O OH
I CH,OH o. O T CH,
H,C O CH,O
HO
HO oy HO  OH
Frangulin A : R=H; Frangulin B : R = H;

Glucofrangulin A : R = -D-Glucopyranose  Glucofrangulin B : R = B-D-Glucopyranose

Besides, frangulin the frangula bark contains emodin (see Section 4.2.1.2) and chrysophanic

acid as shown below:
HO 0] OH
I l CH,
0]

Chrysophanic Acid

* Horhammer, Wagner, Z. Naturforsch, 27B, 959, 1972.
** Wagner, Demuth, Tetrahedron Letters, 5013, 1972.
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Substituents/Adulterants As the activity of Frangula Bark corresponds to that of cascara
sagrada, it finds a good substitute and comparable usage in Europe and the Near East. Interestingly,
the drug substances obtained from the ripe and duly dried fruits of Rhamnus catharticus Linn., are
invariably employed in Europe and the Near East for their recognised cathartic therapeutic activity.

Uses It is mostly used as a cathartic.

4.2.1.5 Senna

Senna was first used in the European medicine as early as the 9th or 10th century by the Arabs. An
Egyptian native Issae Judaeus (850 to 900 A.D.) was reported to be the pioneer in bringing and
introducing the drug to Egypt from Mecca,

Synonyms Senna leaf; Sennae folium; Tinnevelley Senna; Indian Senna;

Biological Sources Senna is the dried leaflets of Cassia senna L. (Cassia acutifolia Delile,
(Alexandria senna), or of Cassia angustifolia Vahl (Indian or Tinnevelley Senna) belonging to the
family Leguminoseae. However, the modern taxonomists recommend to club together both the
commonly available species of senna, namely: Alexandria senna and Thinnevelley senna—under
one name as Senna alexandria Mill.

Geographical Source C. acutifolia grows wild in the vicinity of Nile River (Egypt) extending
from Aswan to Kordofan; whereas, C. angustifolia grows wild in the Arabian Peninsula, Somalia,
India, and Northwest Pakistan. In India the drug is cultivated in Southern part- Tinnevelly, Mysore
and Madurai; Northern part- Jammu, Western part Pune and Kutch region of Gujrat.

Preparation After a duration of 2-3 months of sowing the Alexandra senna is harvested both in
April and in September by cutting off the tops of the plants approximately 15 cm from the ground
level and subsequently allowing them to dry in the sun. Later on, the unwanted stems and pods are
segregated from the leaflets with the help of sieves using mechanical vibrators. The portion that
passes through the sieves, is now ‘“ossed’ carefully, whereby the leaves are colleted on the surface
and the relatively heavier stalk fragments at the bottom. The dried leaves are now graded, packed in
bags and stored in dry place. The commercial drug at present is distributed through Port Sudan
located on the Red Sea, and from the Port of Tuticorin, in India.

Description

Features Alexandria senna Tinnevelley senna

Colour . Pale greyish green Yellowish green

Odour : Slight Slight

Taste : Mucilagenous slightly bitter Mucilagenous, bitter and
and characteristic characteristic

Size :  Length=2-4 cm, Length = 2.5-5cm
Width = 7-12 mm; Width = 3-8 mm

Shape : Ovate -lanceolate; Lanceolate

Texture : Thin and brittle Thin and flexible

Chemical Constituents The principle active constituents of senna are four sennosides A, B, C
and D, which are the dimeric glycosides having their aglycones composed of either rhein and/or
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aloe-emodin moieties i.e.; 10, 10" -bis (9, 10-dihydro-1, 8-dihydroxy-9-oxoanthracene-3-carboxylic
acid).
The structure of the above four glycosides are as given below:

CH,OH
0]
HO 0] O OH
HO OH
7
6 R
, COOH
6 3
2/
7 R
CH,OH . &
27 0L O O OH
HO
HO OH
Glycosides R C-10 & C-10' Characteristics
Sennoside-A —COOH trans- Optically active, a levoratory isomer present in large concs; water
insoluble
Sennoside-B —COOH meso- Intramolecularly compensated present in large concs; more water
soluble
Sennoside-C =~ —CH,OH trans- Aglycone (-) isomer; present in small concs;
Sennoside-D —CH,OH meso- Aglycone (+) isomer; present in small concs.

Besides, relatively small quantities of monomeric glycosides and free anthraquinones are also
present in senna pods, such as: rhein—8-glucosides, rhein-8-diglucoside, aloe emodin-8-glucoside,
aloe-emodin anthrone diglycoside, rhein, aloe-emodin and isorhamnetin.

It also contains kaempterol (a phytosterol), mucilage, resins, myricyl alcohol, chrysophanic
acid, calcium oxalate and salicylic acid.

Specific method of extraction for the sennosides: Exclusively for commercial purposes, the
sennosides are extracted as their corresponding calcium sennosides in varying strengths because of
its enhanced stability.

Methodology: The drug powder (about 80-100 mesh size) is duly macerated with either 80% acetone
or 90% methanol for a period of 6 hours, followed by 2 hours with cold water. This process helps to
achieve an extract that contains between 17-18% sennosides and enables to extract about 65% of
sennosides from the crude drug.

The sennosides and other anthracene derivatives may be extracted by the help of a mixture of
polyethylene glycols (in 70% v/v ethanol) and solutions of non-ionic surfectants.

However, the isolation of individual sennosides may be achieved by employing non-polar
synthetic resins having porous structural features.
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Alternatively, the drug powder is macerated with citric acid in methanol which is followed by a
repeated extraction with a mixture of methanol, toluene and ammonia. The resulting extract is treated
with a concerntrated solution of calcium chloride to salt out the sennosides as their respective calcium
salts.

Chemical Tests
1. Modified Borntrager’s Test: It gives a pink to red colouration for the presence of anthraquinone
glycosides (see under section 4.2.1.1).
2. The mucilage of senna gives a distinct red colouration with Ruthenium Red solution.

Substituents and Adulterants Tinnevelley senna is invariably found to be adulterated with the
following three cheaper varities of senna namely:

(a) Dog senna ie; Cassia abovata,
(b) Palthe senna ie; Cassia auriculatad, and
(¢) Arabian Senna or Mecea senna or Bombay senna i.e.; wild variety of Cassia angustifolia
Vahl. from Southern Arabia.
Dog senna . It contains approximately 1% of anthraquinone derivatives.
Palthe senna  : 1t contains no anthraquinone glycosides
Arabian senna : It is brownish-green in appearance.

Uses

1. Senna and its branded preparations, for instance: Glaxenna® (Glaxo); Pursennid® (Sandoz);
Helmacid with senna® (Allenburrys); are usually employed as purgative in habitual constipation.
The glycosides are first absorbed in the small intestinal canal after which the aglycone portion
gets separated and ultimately excreted in the large intentine (colon). The released anthraquinones
irritate and stimulate the colon thereby enhancing its peristaltic movements causing bulky and
soft excretion of faces.

2. The inherent action of senna is associated with appreciable griping , and therefore, it is generally
dispensed along with carminatives so as to counteract the undesired effect.

m Phenol Glycosides

A variety of phenol glycosides are widely distributed in nature. It has been found that quite a few
simple phenol glycosides have their aglycone portion loaded with either phenolic moieties or more
often with alcoholic moieties or carboxylic acid functions. Invariably, the natural vegetative plant
products, such as: Willow bark (containing Salicin) and Bearberry leaves (containing arbutin) have
been employed therapeutically since ages, the former as antipyretic and the latter both as urinary
antiseptic and as diuretic.

A few frequently used phenol glycosides commonly found in natural plant products are described
below; such as: Arbutin; Gaultherin; Salicin; Populin; Glucovanillin.

4.2.2.1 Arbutin
Synonyms Ursin; Arbutoside; Uvasol; Uvaursi; Bearberry leaves; Busserole.

Biological source It occurs in the dried leaves of Bergenia crassifolia (L.) Fritsch, belonging to
the family Saxifragaceae.
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It is also obtained from the dried leaves Uva-Ursi or Bearberry Arctostaphylos uva-ursi (Linne”)
Sprengel, belonging to family (Ericaceae) and other related plants e.g., coactylis or adenotricha
Fernald and McBride (family Ericaceae). Besides, it is extracted from the leaves of blueberry,
cranberry and pear trees (Pyrus communis L., family; Rosaceae).

Geographical Source Bearberry is mostly grown in various parts of North and Central Europe,
North America, Canada and Scotland.

Description Arbutin occurs in white needles that are promptly soluble in water and ethanol. It is
very hygroscopic in nature.

Chemical Constituents The structure of arbutin is given below:

CH,0H
P O
H
o \PH W/
H OH
Arbutin

It has a B-D-glucopyranoside function attached to the para position of a phenol.
It yields upon hydrolysis, either by dilute acids or by emulsin, one mole each of D-glucose and
hydroquinone.

O_C6H1105 OH
Dil. Acid
+ H,0 o > +C.H.0
2 Emulisin 6126
(Hydrolysis)
OH OH
Arbutin Hydroquinone D-Glucose

Besides, the leaves also contain methyl arbutin, quercetin, gallic acid, ursolic acid and tannin.
However, arbutin forms a complex with hexamethylenetetramine that may be used as a means to
separate it from methylarbutin.

00— CeH,,05

O CH,

HO O

Methyl Quercetin Gallic Acid Ursolic Acid
Arbutin
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Chemical Tests
1. Arbutin yields a blue colouration with ferric chloride solution.
2. Its presence in crude drug may be detected by frist moistening the powdered tissues with dilute
HCI, warming cautiously over a watch glass on a low flame and carefully collecting the sublimate
as crystals of hydroquinone that forms on another watch glass.

Important Features The presence of gallotannin usually helps in preventing certain specific
enzyme, for instance: B-glucosidase from splitting arbutin that justifiably explains why the crude
plant extracts are more effective therapentically, as compared to pure arbutin.

Uses
1. Itis used as a diuretic.
2. It finds its application as an antiseptic agent on the urinary tract.
3. It also exerts astringent actions.

4.2.2.2 Gaultherin
Synonyms Monotropitoside; Monotropitin; Methyl salicylate 2-glucoxyloside.

Biological Source It occurs in the leaves of the Canadian Wintergreen plant Gaultheria procumbens
L., in Monotropa hypopitys L., belonging to family Ericaceae 1t is also found in the bark of Betula
lenta L., family Betulaceae; in Spiraca ulmaria L., and S. filipendula L., family Rosaceae.

Geographical Source It grows in the hills of India, Burma and Ceylon.

Description It has a needle-shaped star formation look when crystallised from acetone (99%). It
is soluble in water and alcohol.

Chemical Constituents When gaultherin is hydrolysed with 3% H,SO,, it forms one mole each
of methyl salicylate, D-glucose and D-xylose as shown below:

COOCH, 3% COOCH CH, OH
O0— C11H19O9 H SO
rimeveros |
Primeverose Hydro—
lysis OH HO
Methyl
Gaultherin Salicyl}':lte D-Glucose D—Xylose

However, gaultherin (or monotropitin) on being subjected to hydrolysis by the enzyme
gaultherase gives rise to the production of one mole each of primeverose [i.e.; 6- (B-D-xyloside)-
D glucose] a disaccharide and methyl salicylate.

H CH,
Gaulth g H 0 H NGH Methyl
Gaultherin —2Uticrase H ethy
Hydrolysis ~ 110 OH H H 1O OH H 4 Salicylate
H OH H OH

Primeverose
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4.2.2.3 Salicin

Synonyms Salicoside; Salicyl alcohol glucoside; Saligenin B-D-glucopyranoside.

Biological Source It is obtained from the bark of poplar (Populus) and willow (Salix) and also
found in the leaves and female flowers of the willow. It is specifically found in two species of Salix,
namely: Salix fragilis and Salix purpurea , belonging to the family Salicaceae. It is also found in the
root bark of Viburnum prunifolium L., family : Caprifoliacea and in Spiraea ulmaria, family:
Rosaceae.

Geographical Source It grows in China, Europe and in India.

Preparation The powdered bark is macerated with hot water for several hours whereby the
glucoside (salicin) and tannin are extracted collectively. The resulting liquid extract is filtered,
concentrated under vacuum and treated with lead acetate to remove the tannins as a precipitate. It is
subsequently treated with hydrogen sulphite to remove the excess of lead. The clear filtrate is
neutralized with ammonia, allowed to concentrate, chilled to obtain the crystals of salicin. The crude
salicin may be further purified by treating its solution with animal charcoal and concentrating followed
by cooling.

Description It occurs as colourless crystals or prisms or scales. It has a very bitter taste. It is
highly soluble in hot water and practically insoluble in ether. It is a levoratatory substance [ (0t)p:
—63°].

Chemical Constituents It is hydrolysed in the presence of the enzyme emulsin by yielding one
mole each of saligenin (aglycone) and D-glucose as stated below:

CH,OH
CH,0H Emulsin ’
O0— C¢H,,0; +H,0 Enzyme_» @OH + CH,,0q
Glucose (Hydrolysis)
Salicin Saligenin D-Glucose

When hydrolysis is done in an acidic medium by boiling for a prolonged duration, two moles of
saligenin combine together to provide saliretin (water insoluble) with the loss of a mole of water,
which may be summarised as shown under:

CH,OH CH,OH ygo

s Apon Fess Ao e (D)o
(Hydrolysis)
Saligenin Saliretin

Chemical Tests
1. It gives an instant bright red colour with concentrated sulphuric acid that fades out on the addition
of water.
2. Its hydrolysed product saligenin gives a blue colour with ferric chloride.
3. On oxidation with potassium dichromate and sulphuric acid and heating yields salicylaldehyde
having a characteristic odour.
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4. It gives specific colours with the following reagents:
Frachde’s Reagent : Violet colour
Mandelin’s Reagent* : Purple red colour
Erdmann’s Reagent** : Bright red colour
Uses

1. Itis used as an analgesic

2. It has been employed as a bitter stomachic.

3. Itis also used as an antirheumatic agent.

4. Ttis used as a standard substrate in evaluating enzymes preparations containing [3-glycosidase.

4.2.2.4 Populin
Synonyms Populoside; Salicin benzoate.

Biological Source It occurs in the bark leaves of Populus tremula L., P. nigra L., P. nigral. L. var
italica Duroi, P. canadensis Moench., P. grandidentate Michx., and P. tremuloides Miehx., belonging
to the family Salicaceae . It is perhaps also found in Salix helix, Salix purpureae L. var helix (L.) Koch.

Preparation It may be prepared either from salicin by melting with benzoic anhydride, or from
salicin and benzoyl chloride in the presence of KOH as shown below:

CH,OH E CH,OH
©O—C6ngs@_ No A @—O—QH,OOS—CO—QHS
@_ c’ Populin
Saligenin [l
(0]
enzoie CH,0H
OR o CH,0.CO.C H,
0 0
.y | KoH Y
Salicin +@— C—Cl——» OH
HO H
Benzoyl H OH
Chloride Populin

Description It occurs as white needles having a sweet taste like licorice. It is readily soluble in
alcohol and hot water, but sparingly soluble in cold water and almost insoluble in solvent ether.

Chemical Constituents Populin on hydrolysis with alkalies [eg., Ba(OH),] yields salicin and
benzoic acid, whereas, its hydrolysis in an acidic medium gives benzoic acid, saligenin and glucose.
However, its enzymatic hydrolysis with taka-diastase provides salicin and monobenzoyl glucose.

Chemical Tests It gives exactly identical reactions with conc. H,SO, and Frachde’s Reagent as
those with salicin.

* Mandelin’s Reagent: Dissolve 0.5 g of ammonium vanadate in 15 ml of water and dilute to 100 ml with sulphuric
acid. Filter the solution through glass wool.
** Erdmann's Reagent: A 1% (w/v) aqueous solution of ammonium diamminetetrakis—(nitrito—N) cobaltate (1-).
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4.2.2.5 Glucovanillin

Synonyms Vanilloside; Avenein; Vanillin -D-glucoside. It is obtained from the green fruit of vanilla.

Preparation Itis prepared from coniferin by oxidation with chromium-6-oxide (CrO;) as follows:

CHO
OCH,
O
S« |
3 Aot OH H
0O—C,H,, O, Oxidation HO

«— >

Glucose H OH
Coniferin Glucovanillin

Description It has a needle-like appearance having a bitter taste. It is readily soluble in hot water
and alcohol; but almost insoluble in ether.

Chemical Constituents Glucovanillin is the chemical constituent present in the green fruit of
vanilla.

Uses
It is mostly used in pharmaceutical preparations as a flavoring agent.

4.2.3 Steroid Glycosides

Steroid glycosides are also referred to as ‘Cardiac glycosides’ in many available books on
phytochemistry. In fact, there exists enough evidence in literatures to reveal that a host of medicinal
plants comprise of cardiac or cardiotonic glycosides, collectively known as ‘steriod glycosides’,
and they have since been employed as arrow poisons or cardiac drugs. Interestingly, from a therapeutic
perspective this particular group of compounds may be regarded as one of the most important of all
naturally occurring plant products.

The cardiac glycosides are basically steroids with an inherent ability to afford a very specific
and poweful action mainly on the cardiac muscle when administered through injection into man or
animal. As a word of caution, a small amount would exhibit a much needed stimulation on a diseased
heart, whereas an excessive dose may cause even death.

Generally, the steroid glycosides are invariably employed in the therapeutic domain primarily
for two vital reasons, namely: (a) to enhance the tone, excitability and above all the contractibility of
the cardiac muscle; and (b) to increase the diuretic action, due principally to the enhanced renal
circulation (an inherent secondary action).

A few important plant products belonging to this category are discussed in the sections that
follows, namely:
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4.2.3.1 Digitalis
Synonyms Foxglove; Purple foxglove; Fairy gloves; Digifortis; Digitora; Pil-Digis; Neodigitalis.

Biological Source Digitalis comprises of the dried leaves of Digitalis purpurea L., belonging to
the family Scrophulariaceae. | The word purpurea has been derived from the purple colour of
flowers]. It is pertinent to mention here that the fresh leaves must be dried immediately in the dark
at a temperature not exceeding 60°C so that the final dried leaves should not contain more than 5%
of inherent moisture. This is, however, extremely important to retain the glycosides in a good
undecomposed condition.

Geographical Source It is grown in Southern and Central Europe, England, Holland, Germany,
United States and India. In India, it is grown in Kashmir and Nilgiri Hills.

Preparation Good quality digitalis is grown specifically from the seeds of selected strains that
will invariably yield only leafy plants enriched with glycoside contents. Even the soil is usually
sterilized by steam before commencement of sowing. Mostly it grows both appreciably and luxuriantly
at an altitude ranging between 1600-300 meters preferably in a shady environment. In actual practice,
the sowing of seeds is performed in autumn (October/November) , and the seedlings are virtually
transplanted in the fields in the following springs (March/ April). The leaves are normally hand
picked in the afternoon during August/ September in the first and second year, when almost 2/3rd of
the flowers have fully bloomed. The leaves collected in the first year are found to contain the highest
percentage of glycosides. The basal leaves and the ones located at the top are collected at the end.
The discoloured leaves are sorted out and rejected outright. The selected leaves are duly spread on
perforated trays (usually a thin bed), the trays are stacked one above the other in a well-closed dark
drying shed heated by a stream of hot air maintained strictly at a temperature not more than 60°C.
The dried leaves having a misture content not more than 5% are carefully packed in suitable air-tight
containers, charged with appropriate dehydrating agents and shipped for export.

Note The therapeutic potency vis-a-vis the activity of the leaves is solely due to the glycoside
content. Surely, the presence of moisture and certain enzymes, namely; oxidase and
digipurpuridase, are chiefly responsible for the ultimate deterioration of the glycosides of the
leaves. In case, the leaves are made to dry at a temperature beyond 60°C, it has been observed
that there is a drastic loss in potency on account of chemical degradation (irreversible).

Description
Colour : Dark greyish green
Odour : Slight

Taste : Bitter
Size . Length: 10-14 cm; width: 4-15 cm
Shape : Orate-lanceolate to broadly ovate

Special Features The digitalis leaves are more or less pubescent venation together with pronounced
and marked veinlets on the under surface. The leaves are invariably crumpled and broken.

Chemical Constituents Nativelle (1868), Kiliani (1891), and Stoll (1938) were the pioneers who
contributed valuable informations with regard to the chemical constituents present in digitalis through
their extensive and intensive studies.
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It has been reported that digitalis essentially contains three important primary glycosides namely:
Purpurea glycoside A, Purpurea glycoside B, and Purpurea glycoside C, which upon hydrolysis
give rise to digitoxin, gitoxin and gitalin respectively. These secondary glcosides on further hydrolysis
yields noncarbohydrate moieties (called aglycones or genins) digitoxigenin, gitoxigenin and
gitaligenin or gitaloxigenin respectively. The series of all these hydrolysed products and their structures
are summarised below.

Besides, the crude drug also contains a good number of other glycosides (e.g.; digitalin, diginin);
saponins (e.g.; digitonin, gitin and digitosaponin); tannins, gallic, formic, acetic, succinic and benzoic
acids; fatty acids and enzyme digipuridase solely responsible for hydrolysis of purpurea glycosides.

Chemical Tests A plethora of chemical colour reactions have been evolved to be used as the
qualitative tests either for the various glycosides or their corresponding aglycones in the chemical
laboratory. However, the exact positions of the respective glycosides or their aglycones may be
detected either on the paper charomatograms or on the thin layer chromatographic plates by virtue
of the production of specific colours or by exposing the chromatograms under UV light so that

the components would be detcted by their fluorescence. All these specific tests are summarised in
Table 4.1.

Purpurea Purpurea Purpurea
Glycoside-A Glycoside-B Glycoside-C
l Hydrolysis l Hydrolysis l Hydrolysis
O .
Gltalin + Glucose
Hydrolysis
i + Glucose
HOH 3
L Gitoxin 0
Digitoxin
Hydrolysis O—C—H
Hydrolysis l Y
o H
OH (6]
H Gitaligenin
H H + 3 Digitox¢se o
HO™ Gitoxigenin Gitaloxigenin
Digitoxigenin CH,
. HA——QoH .
+ 3 Digitoxose —» O <++— + 3 Digitoxose
H
Digitoxose
[3 Moles]
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Table 4.1

Colour Tests of Glycosides

S.No Specific Tests

Experimental Procedures

Inferences

1.

Kellar-Kiliani
Test

Legal Test

Baljet Test

Raymond Test

Tollen’s Test

Xanthydrol Test

Antimony
Trichloride Test

Kedde Test

The glycoside is dissolved in glacial acetic
acid containing a trace of FeClj;, add the
same amount of FeClj; dissolved in conc.
H,SO, along the side of the test tube to settle
at the bottom (for a-deoxy sugars eg;
digitoxose)

A few mg of the glycoside (except scillaren) is
dissolved in a few drops of pyridine. To this is
added a drop of sodium nitroprusside soln.
(2% w/v), add a drop of NaOH soln. (20%
w/v)

The aglycone portion of the glycoside is
mixed with Baljet reagent*

Dissolve a small quantity of the glycoside in 1
ml of ethanol (50%) Add to it 0.1 ml of
Raymonds Reagent** and 2/3 drops of NaOH
solution (20% w/v) (for activated methyene
group at C-21 in the lactone ring)

Dissolve a small amount of the glycosde in a
few drops of pyridine. To this is added a few
ml of Tollen’s Reagent*** & heated gently (if
required).

Add to the glycoside solution 0.5 ml of
xanthydrol solution**** (for 2-desoxy sugars
only)

To a solution of glycoside add a solution of
antimony trichloride and trichloroacetic acid,
and then heat the mixture (for Cardenolides &
Bufadienolides)

A solution of glycosides is treated with a
small amount of Kedde’s Reagent***** (for
Cardenolides & Cardinolide aglycones)

A reddish brown colour changing to
bluish green colour appears at the
junction of two reagents within 2-5
minutes spreading slowly into the acetic
acid layer.

Appearance of a pink or deep red colour
indicates its presence.

Appearance of an orange or red colour
shows its presence.

Appearance of a violet colour slowly
changing to blue gives an affirmative
test.

Appearance of a silver mirror shows a
positive test.

Development of red colour shows its
presence.

Appearance of a blue or violter colour
shows its presence.

Development of a blue or violet colour
that fades out in 1 to 2 hours shows its
presence.

* Baljet Reagent: Aqueous solution of picric acid (1% w/v) and NaOH soln. (10% w/v). Both solutions mixed
immediately before use and filtered.
** Raymond’s Reagent: A 1% (w/v) solution of m-dinitrobenzene in ethanol (or methanol)

*** Tollen’s Reagent: To a 0.1 N soln. of AQNO; is added dilute NH,OH till the white precipitate intially formed gets
dissolved after further addition of NH,OH.
**** Xanthydrol Reagent: A solution of 0.125% (w/v) xanthydrol in glacial acetic acid containing 1% HCI.

=+ Kedde’s Reagent: Mix equal volumes of a 2% (w/v) soln. of 3, 5 dinitrobenzoic acid in methanol and a 7.5% (w/v)

Substituents/Adulterants

aqueous soln. of KOH

varieties of leaves, namely:

The digitalis leaves have been frequently adulterated with the following

1. Great mullein leaves: The leaves of Verbascum thapsus belonging to the family Scrophularineae
are usually mixed with the genuine drug leaves which may be identified and distinguished
microscopically by the abundant presence of huge woolly and branched candelabra trichomes.

2. Primose leaves: The leaves of Primula vulgaris belonging to the family Primulaceae are invariably
mixed to digitalis, that may be identified microscopically as follows:

(a) P. vulgaris has uniseriate covering trichomes , that are normally 8-9 celled long, and
(b) P. vulgaris leaves have straight lateral veins.
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3. Comfrey leaves: The leaves of Symphytum officinale belonging to the family Boraginaceae are
mixed with digitalis, which may be distinguished by the presence of multicellular trichomes seen at
the top in the shape of a hook.

Uses

1. Digitalis enhances the force of contradiction of heart muscle which ultimately affords an increased
carrdiac output, decreased size of heart, decreased venous pressure and above all the decreased
blood volume. Hence, digitalis together with its various marketed preparations are
employed profusely as vital cardiotonics in the management and control of different kinds of
congestive heart failure, atrial flutter, atrial fibrillation, supraventricular tachycardia and premature
extra systoles.

2. Digitalis has a tendency to exert an overall cumulative effect in the body, and hence it gets
eliminated rather gradually. Therefore, it is extremely important to monitor the dosage regimen
by a physician whether he relies on branded products or natural drug preparations eg., Digitoxin
injection, Lanoxin, Prepared digitalis and Digitalis tinture.

4.2.3.2 Allied Drugs of Digitalis
Three important allied drugs of digitalis which shall be discussed in this section are, namely:
(a) Digitalis lanata,

(b) Digitalis lutea, and
(¢) Digitalis thapsi.

4.2.3.2.1 Digitalis Lanata The drug is almost three times more potent in comparison to Digitalis
purpurea discussed earlier.

Synonyms Wooly Foxglove leaf, Grecian Foxglove; Austrial Digitalis.

Biological Source The dried leaves of Digitalis lanata Ehrhart, belonging to family
Scrophularineae.

Geographical Source It is a biennial or perennial herb which being indigenous to Southern and
Central Europe. It is also cultivated abundantly in India, Holland, United States and Ecuador.

Preparation The preparation of D. lanata leaves is quite similar to the one described under section
4.2.3.1 earlier.

Description The leaves are usually 5-15 cm in length, sessile, linear lanceolate to oblong lanceolate;
margin- entire apex-acute; veins leave the mid-rib at an acute angle.

Chemical Constituents Stoll and Jucker* (1955) first isolated from its leaves three chemically
pure primary glycosides usually termed as Lanatoside A, Lanatoside B, and Lanatoside C. These
primary glycosides are also known as Digilanid A, Digilanid B, and Digilanid C respectively.

However, the inter-relationship of digitalis glycosides found in Digitalis lanata may be
represented in the following flowchart.

* Stoll, A.; and E. Jucker, ‘Modern Methods in Plant Analysis’, Springer Verlag, Berlin, 1955
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Digitalis Lanata

Lanatoside-A

(1) Yz

Deacetyllanatoside-A
(Purpurea Glycoside -A)

2N M)
Digitoxin

1(3)

Digitoxigenin

Acetyldigitoxin

()

Deacetyllanatoside-C
(Purpurea Glycoside -C)

(2\4 &)

Digoxin

1(3)

Acetyldigitoxin

v
(1) )

Acetylgitoxin
Gitoxin

@)

(1) Alkaline Hydrolysis  : Loss of Acetyl Moiety
(2) Enzymatic Hydrolysis : Loss of Glucose Moiety
(3) Acidic Hydorysis : Loss of three Digitoxose Moiety.

Deacetyllanatoside-B
(Purpurea Glycoside -B)

4.2.3.2.2 Digitalis lutea
Synonym Straw Foxglove.
Biological Source The dried leaves of Digitalis lutea Linn. belonging to family Scrophulariacea.
Geographical Source It is found in Europe and USA.

Description The leaves have a length of 28 cm and width of 6 cm, but they usually attain only half
of their size.

Chemical Constituents The chemical constituents of D. /utea have not been fully reported, but it
does not contain calcium oxalate.

Uses
1. Itis used as a common substitute for the official drug.
2. Itis potent as D. purpurea.
3. Itis mostly used for the same purpose as that of D. purpurea , but it is found to exert much lesser
irritation.

4.2.3.2.3 Digitalis Thapsi

Synonyms Spanish Foxglove; Spanish digitalis.
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Biological Source The dried leaves of Digitalis thapsi Linn. belonging to the family
Scrophulariacea.

Geograhical Source It is grown in Italy and Spain.

Description The leaves are mostly yellowish green in colour; and have lanceolate with decurrent
lamina and crenate margin. It also contains calcium oxalate crystals.

Uses Its therapeutic efficacy is almost 1.25 to 3 times more potent than D. purpurea and its actions
are similar to those of the latter.

4.2.3.3 Saquill

A survey of literature reveals that the Squill bulbs was thoroughly and repeatedly investigated since

1879. However, Stoll in 1933 was first able to separate and isolate two glycosides in their purest

form, namely: Scillaren A and Scillaren B. These two naturally occurring glyosides are usually

present in the crude drug in the ratio 2:1 (i.e., 2 parts of Scillaren A and 1 part of Scillaren B).
Generally, the squill is available in three varieties, namely:

(@) European Squill

(b) Indian Squill, and

(¢) Red Squill.

These three varieties would be described in the sections that follows:

4.2.3.3.1 European Squill
Synonyms Sea, onion, Bulbus Scillae; Meerzweibel, White Squill, Squill bulb; Scila.

Biological Source European squill is the fleshy inner bulb scales of the white variety of Urginea
maritima (L.) Baker (Scilla maritima L.) belonging to family Liliaceae.

Geographical Source Itis found to be indigenous to those countries located near the Mediterranean
region, such as: France, Malta, Italy, Greece, Spain, Algeria and Morocco.

Preparation Normally the white squill yields fully grown and healthy bulbs that have a height
ranging between 18-20 cm and a diameter varying between 12-15 cm. These bulbs are grown in
partially submerged condition in sandy soil in the mediterranean coastal region. The bulbs are usually
collected in late August soonafter the flowering season. The roots and the thin external scaly layers
are removed and discarded. While the central fleshly bulbs are collected separately. These bulbs are
then cut into transverse slices and subsequently dried either in sun rays or by artificial heating
devices.

Description
Colour : White; Whitish yellow;
Taste : Bitter and gummy;

Size : Length = 3.5-5 cm; Width = 5-8 mm; Thickness = 2-5 mm;
Shape : Available as strips with tapering both ends.
Chemical Constituents Squill has the following glycosides, namely:

Glucoscillaren A = Scillarenin + Rhamnose + Glucose + Glucose;
Scillaren A = Scillarenin + Rhamnose + Glucose;
Proscillaridin A = Scillarenin + Rhamnose.
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Scillaridin A; Scilliglaucoside; Scillipheoside; Glucoscillipheoside; Scillicyanoside.
The structures of these glycosides are as shown below:

Y
=
CH,
CH, . Glucoscillaren A : R = CH;,0,,;
OH Scillaren A : R = C,,H,,0O;
Proscillaridin A : R = CH,, 0,
Scillarenin : R=H
7
R

In addition to the above cardiac glycosides, the drug also comprises of flavonoids, calcium
oxalate, xanthoscillide, sinistrin (an inulin like carbohydrate) and an irritation causing volatile
component.

The following flowchart evidemtly illustrates the various steps involved in the acidic and
enzymatic hydrolysis of Scillaren A as shown below.

Stoll was first to separate the two glycosides from squil bulbs and named them as Scillaren A
and Scillaren B. They have the following characteristic features.

Chemical Test Scillaren A on interaction with acetic anhydride and H,SO,, it gives rise to a red
colour which changes gradually first to blue and finally to bluish green colour.

Enzymatic

Hydrolysis
[Scillarenase]

Proscillaridin-A + Glucose

Acid | Hydrolysis

g:iliaridin-A + Rhamnose
T

Scillaren-A

Scillaren-A

- Scillaridin-A + Scillabiose
Hydrolysis

+H,0
Rhamnose
Glocose
CH,OH H
0) 0)
H
H O CH, ¢H
HO OH H H HO H H H
H OH HO OH

Scillabiose



Dr.Murtadha Al-Shareifi e-Library

152 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY
Characteristics of Scillaren A and Scillaren B
S.No. Properties Scillaren A Scillaren B
1. Nature Crystalline Amorphous
2. Colour Colourless White/ Yellowish white
3. Taste Bitter Very bitter
4. Odour Odourless Odourless
5, Solubility Comparatively less More soluble in water
water soluble ethanol and methanol
6. Activity (in Less active (3 times More active (5 times
Frog assay) to reference drug) to reference drug)
7. Stability Less stable More stable
Uses
1. Itis a potent cardiotonic without having any cumulative effect (unlike Digitalis).
2. Itis mostly employed in small doses as an effective expectorant specially in chronic bronchitis.
3. It causes emesis in relatively higher doses.
4. The squill glycosides usually produce copious diuresis.
5. By virtue of the fact that the squill glycosides possess high therapeutic index and rapid elimination

they invariably maintain compensation in such patients where a prolonged treatment is required.

4.2.3.3.2 Indian Squill
Synonyms Scilla; Sea onion; Jangli Pyaj; Urginae.

Biological Source Indian squill comprises of the dried slices of the bulbs of Urginbea indica
Kunth; belonging to the family Liliaceae.

Geographical Source Itis grown in India along the sea coasts of Konkan and Saurashtra; and also
on the dry hills of the lower Himalayan range located at an altitude of 1500 meters.

Preparation The method of preparation of dried slices of Indian squill is very much alike the
European squill. It loses approximately 80% of its weight after sun drying.

Description
Colour : Yellowish to White
Odour : Slight and characteristic
Taste : Acrid, bitter and mucilaginous
Size : Length = 30-60 cm; Breadth = 3-8 mm
Shape : Usually 4 to 8 slices are placed one on the top of other and gives it a curved shape.
Characteristic Features
1. It has an overall diameter of 15 cm
2. The dried slices are translucent in appearance which become flexible and rather tough soonafter
gaining moisture.

Chemical Constituents Indian Squill essentially comprises of cardiac glycosides (0.3%), alcohol
soluble extractives (20-40%), mucilages (40%) and calcium oxalate.

The two major cardiac glycosides present in the drug are Scillaren A and Scillaren B (see
Section 4.2.3.3.1).
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Substituents/Adulterants The bulbs of different species of Ledebouria (Scilla, Linn) are sold in
the Indian bazars, under vernacular names which are equivalent to ‘small squill’.

Ledebouria hyacinthoides, is used as a substitute for squill. It has a scaly bulb, about the size
and shape of a small pear, composed of very amooth and fleshyscales, which are so imbricated that
they might be mistaken for entire coats if not carefully examined.

Uses
1. Itis largely employed as a cardiotonic , stimulant and also an expectorant.
2. Itis used as a very effective expectorant both in asthma and chronic bronchitis.
3. It possesses anticancer activity against human epidermoid carcinoma of the masopharynx in
tissue culture.
4. Itis in no way a perfect replacement for Digitalis since it possesses not only irritant effect but
also is very poorly absorbed systemically.

4.2.3.3.3 Red Squill It is the red variety of European squill Urginea maritima (L.) Baker
belonging to family Liliaceae. In fact, the red colour is attributed due to the presence of anthrocyanin
pigments present in the mesophyll cells of scales.

The glycoside present in the red squill is known as scilliroside having the following structure.

O~_o0

=

OH
OH

Glucose— O
OCOCH,

Scilliroside

It is slightly soluble in water, but is soluble freely in lower alcohol, ethylene glycol, dioxane and
glacal acetic acid. It is mostly used as a rat poison.

4.2.3.4 Strophanthus
Synonyms Semino stropanthi.

Biological Source These are the dried and ripe seeds of Strophanthus hispidus De*, or of
Strophanthus kombe Oliver, belonging to the family Apocynaceae, deprived of the awns.

* De = De Candolle
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Geographical Source

Strophanthus plants are elimbers, which being perennial large & woody,

found to be indigenous in the vicinity of Shire river, Nyanza and Tanganyika lakes of Eastern tropical

Africa.

Preparation The ripe strophanthus fruit comprises of two fully developed follicles each about
30cm broad with tapering at both ends and consisting of a number of seeds. The ripe fruits are
collected from the wild plants, the seeds are subsequently separated and freed from their awns.

Description
Colour
Odour
Taste
Size
Shape

Weight
Specific
feature

Chemical Constituents

. Greyish green to light yellowish brown
: Slight unpleasant

: Length 1- 2 cm; Breadth = 3-5 mm; Thickness =2 mm

: Lanceolate to linear-lanceolate, acute at the apex,
rounded or blunt at the base

: For 100 seeds 3-4 g

: On treating with 80% H,SO, the endosperm exhibits a deep
Emerald green colour.

The seeds of strophanthus usually contain three vital glycosides, namely:

K-strophanthoside, K-strophanthride B and cymarin. Interestingly, all these glycosides undergo
hydrolysis to yield strophanthidin.
The structure of strophanthidin and its allied glycosides are given below:

Q)

/

CH,

HCO
OH

0 OH

LCymarose 3-D—Glucose—o-D—Glucose
'\__Y—)

Cymarin
~ —
K-Strophanthidin-3
[ >
——

K-Strophanthoside

K-Strophanthoside It is the main constituent of S.kombe, the aglycone is known as strophanthidin
that has the following characteristic features, namely:
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(a) Three—OH moieties at positions C-3, C-5 and C-14.

(b) An aldehydic (—CHO) function is present at C-10 which being an essential requirement.

(¢) AtC-17 an unsaturated 5S-membered lactone ring, and

(d) At C-3 an ‘O’ atom forms a bridge to the sugar compotent(s) essentially comprising of
cymarose, B-D-glucose and o-D-glucose.

Acidic hydrolysis of K-strophanthoside gives rise to the aglycone strophanthidin along with a
triose sugar known as strophanthotriose that comprise of one mole of cymarose and two moles of
glucose.

Enzymatic hydrolysis of K-strophanthoeside using the enzymes-glucosidase, usually present in
yeast, helps in cleaving off the terminal a-D glucose thereby yielding the secondary glycoside known
as K-strophanthidin B. Further hydrolysis of the resulting product with strophanthobiase, the former
yields the glycosides cymarin which comprises of the aglycone strophanthidin along with one
mole each of cymarin and B-D-glucose.

Strophanthobiase

However, it is worth noting that the acidic hydrolysis of K-strophanthoside gives rise to the
aglycone strophanthidin and strophanthobiase which being a disaccharide (or biose) It may be
observed that the terminal glucose possesses an alpha linkage, while the one attached to cymarose
bears a beta linkage.

Chemical Tests

1. Generally, the strophanthus glycosides exhibit an emerald green colouration on the addition of
sulphuric acid.

2. Dissolve about 0.1g of strophanthin in 5 ml of water and add to it a few drops of ferric chloride
solution followed by a 1-2 ml of concentrated sulphuric acid; the appearance of an initial red
precipitate that finally turns green within a period of 1-2 hours.

3. To 50 mg of strophanthin add 5 ml of water, shake and add 2 ml of 2% tannic acid solution, the
appearance of a distinct precipitate affirms its presence.

4. Tt shows positive Baljet Test, Legal Test and Keller Killiani Test (see Section 4.2.3.1).

Uses
1. Itisused intravenously for treating emergency cardiac conditions. However, orally strophanthin
is not so active.
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2. These glycosides have been found to exert less cumulative effect unlike the digitalis glycosides.
3. Overall their therapeutic actions are very much similar to those of Digitalis.

4.2.3.4.1 Allied Drugs
G-Strophanthin

Synonyms Ouabain; Gratus strophanthin; Acocantherin; Gratibain; Astrobain; Purostrophan;
Strophoperim; Strodiral.

Biological Source G-Strophanthin is obtained from the seeds of Strophanthus gratus (Wall &
Hock)Baill. It also occurs in the wood of Acokanthera ouabio Cathel and A. schumperi belonging to
the family Apocynaceae.

Geographical Source The wood is grown in Ethiopia and Somaliland.

Chemical Constitutents The seeds contain the glycoside G-strophanthin (or Ouabain) as given
below:

G-Strophanthin
[or Ouabain]

QOuabain on hydrolysis gives rise to an aglycone termed as G-strophanthidin (or Ouabagenin)
and L-rhamnose as the residual sugar moiety.

Description G-Strophanthin mostly occurs as colourless small shining crystals, which are
odourless and have an extremely bitter taste. It is readily affected by light, but is quite stable in air.
It is practically insoluble in ether, chloroform and ethyl acetate, whereas it is sparingly soluble in
cold water (1:75); freely soluble in hot water and alcohol (1:100).

Chemical Tests
1. Mix a few crystals of oubain with a mixture of conc. H,SO, and water (4:1), the appearance of
a brownish red colour, which deepens slowly and ultimately shows a green fluorescence.
2. Froehde’s Test: Mix a few crystals with a drop of Froehde’s reagent, evaporate to dryness, cool
and add a drop of H,SO,—the development of a blue colour takes place.



Dr.Murtadha Al-Shareifi e-Library

GLYCOSIDES 157

3. Mandalin’s Test: Moisten a few crystals with Mandalin’s reagent, evaporate to dryness, cool
and then add one drop of conc. H,SO,—the appearance of a green colour ocurs.

Uses
1. It is an important cardiotonic, which is usually administered intravenously in acute cardiac
failure, due to its inherent rapid onset of action.
2. Itis invariably employed as a ‘reference standard’ for comparison of cardiac glycosides.
3. It also exerts diuretic action.

m Flavonoid Glycosides

Flavonoid constitute one of the largest class of naturally occuring plant products mostly phenols
either in the free state or as their respective glycosides. As the very name suggests they are usually
yellow-coloured compounds (flavous is a latin word yellow colour). Interestingly, more than 2000
different chemical compounds have been isolated, identified and reported from plant sources. In
fact, their chemical structures are solely based upon a C,—C;—C carbon skeleton having a pyran
or chroman ring bearing a second benzene (aromatic) ring strategically positioned at C—2, C—3 or
C—+4 as shown below:

——— —>» Pyran
—  —— — —» Benzopyran

In nature they are invariably available as: flavones, flavanones, flavonols, isoflavones, and
anthocyanidins*. In certain specific instances either the 6-membered heterocyclic ring (pyrones)
is replaced by a 5 membered heterocyclic ring (aurones) or exists in an open-chain isomeric form
(chalcones). Besides, the normally existing glycosylated derivatives found in nature, other types of
derivatives, such as methylated, acetylated, prenylated, or sulphated ones also exist. Nevertheless, it
has been established that a large variety of flavonoids exert a wide range of activities in nature,
namely: antimicrobial agents, signaling molecules, or stress metabolites.

The structures of a few typical flavonoids are represented here as follows:

* Anthocyanidins are the colored aglycones found as a large number of pigments from flowerd and fruits (Gr. Antho
flower + Gr. Kyanos, blue). Investigations of these pigments were initiated by Willstatter in 1914 and later on extended
by Karner R Robinson, GM Robinson and others.
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The structure (a) is more stable, because it has a naphthalenoid system of linkages, whereas
(b) contains a quinonoid system.
The structures of only the key portions of pyrones, aurones and chalones are as follows:

OCH,

O. O,
NCH— N H;,CO OH CH OCH,
| | | C=CH— T
ot C/ o~ CH
Il Il Il
O O
Pyrones Aurones Chalones

(6-membered) (5-membered) (Open-Chain isomeric form)
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The flavonoid glycosides mostly occur as O-glycosides or C-glycosides contained in the cell
sap of relatively younger tissues of higher plants belonging to several families, such as: Compositae,
Leguminosae, Polygonaceae, Rutaceae and Umbelliferae . It has been observed that a host of natural
plant products containing flavonoid glycosides exert a variety of therapeutic effects, namely:
antiasthmatic, antispasmodic, diuretic, fungicidal and oestrogenic activities.

A few typical flavonoid glycosides shall be discussed in the sections that follows, namely:

(a) Flavone Glycosides,

(b) Flavonol Glycosides,

(c) Flavanone Glycosides,

(d) Chalcone Glycosides,

(e) Isoflavonoid Glycosides, and
(f) Anthocyanidin Glycosides.

4.2.4.1 Flavone Glycosides

The two important members of this class of glycosides are Apiin and Diosmin which are described
here under:

4.2.4.1.1 Apiin
Synonyms Apioside, Apigenin 7-apiosyglucoside.

Biological Source Apiin usually occurs in the seeds and leaves of Petroselinum sativum Hoffm,
and Apium petroselinum Linn., known as parsley, and also in Apium graveolens L., and Anthemis
nobilis. L, called as celery, family Umbelliferae. It has also been found to be present in the ray
florets of Marticaria chamomilla Linn., and some other ray florets belonging to the family Compositae.

Geographical Source The fruits are grown in Persia, Greece, Northwest Himalaya and Europe.

Description It is a very small fruit, almost globular in shape. The taste is at first like anise, but
afterwards bitter. The colour is like anise, but generally faint. It occurs as colourless needles.

Chemical Constituents The structure of apiin is given below:
OH

Apiose-Glucose—(Q O

OH O
Apiin

Apiin is neither hydrolysed by the enzyme emulsin, nor by yeast or yeast extract. However, it
undergoes hydrolysis in an acidic medium to yield glucose, apiose (pentose sugar) and apigenin
(aglycone) which is 4, 5, 7-trihydroxyflavone.
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Mineral
.. Acid
Apiin —» Glucose +
[Hydrolysis]

Apigenin
[475,7-trihydroxyflavone]
H O
+«—— H—C=0
+ K OH H.OH
CH, H —
H H (I: OH
OH OH ¢ —OH
Apiose HOH,C CH,0OH
Apiose

Apiin when treated with dilute sulphuric acid (0.5 to 1%) undegoes cleavage only at apiose
moiety thereby giving rise to 7- glucoapigenin as shown below:

) H,50,(0.5-1%) . Glucose — 0O
Apiin  ————— > Apiose +
[Hydrolysis]

HO O
7-Glucoapigenin

Chemical Tests
1. It gives a yellow precipitate with basic lead acetate.
2. It produces a reddish brown colour with FeCl;.
3. It gives an intense yellow colour with NH,OH solution
4. Ttyields a pale yellow colour with NaOH solution.

4.2.4.1.2 Diosmin
Synonym Barosmin.

Biological Source It occurs in the dried Buchu leaves i.e.; various species of Barosma crenulata,
Barosma serratifolia and Barosma betulina belonging to family Rutaceae. It has also been isolated
from Serophularia nodosa, Hyssopus officinalis, Mentha crispa, Mentha pulegium and from species
of Conium, Dahlia etc.

Description It occurs as pale yellow needles.

Chemical Structure The chemical structure of diosmin (5, 7, 3’-trihydroxy-4’-methoxyflavone-
7-rhamnoglucoside) is given below:
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OH
o)
Rhamnose-Glucose — O | OCH,
)
o Diosmin
—~ —

Diosmetin (Aglycone)

Disomin upon hydrolysis yields rhamnose, glucose and the aglycone diosmetin.

Chemical Test A solution of diosmin in concentrated sulphuric acid exhibits a slight fluorescence.

4.2.4.2 Flavonol Glycosides

The two well known glycosides belonging to this class are namely: Rutin and Quercetin, whereas
the less important ones are—galangin, gossypin, hibiscitrin, kaempferin and avecularin.

4.2.4.2.1 Rutin

Synonyms Melin; Phytomelin; Eldrin; Ilixanthin; Sophorin; Globularicitrin; Paliuroside; Osyritrin;
Osyritin; Myrticolorin; Violaquercitrin; Birutan; Rutabion; Rutozyd; Tanrutin.

Biological Source Rutin is found in many plants, especially the buckwheat plant (Fagopyrum
esculentum Moench; family: Polygonaceae); in forsythia [Forsythia suspensa (Thunb).) Vahl ver.
Fortunei (Lindl). Rehd., family Oleaceae/; in hydrangea (Hydrangea paniculata Sieb., family:
Saxifragaceae), in pansies (Viola sp. Violaceae); from leaves of Eucalyptus macroryncha F.v. Muell.,
family : Myrtacea); in Fagopyrum tartaricum Gaertn: family: Polygonaceae); in Ruta graveolens
L., (family: Rutaceae), in buds of Sophora japonica L., (family: Leguminoseae); in fresh leaves of
tobacco plants, Nicotiana tabacum L., (family : Solanaceae); in cotton seed Gossypium
hirsutum, (family Malvaceae); in Viola tricolor, (family : Violaceae).

Geographical Source The various plants like eucalyptus, tobacco, and cotton grow abundantly in
tropical countries like India, Africa, Ceylon and United Stated, Australia and China.

Preparation Based on experimental evidences it has been observed that the glycoside content in
plants declines sharply as they mature; however, the highest yields are usually obtained from the
buckwheat leaves and flowers as soon as the plants attain the blossom-stage.

The dried and ground plant material (say 150 g) is extracted with two successive quantities (2 X
200 ml) of ethanol (80% v/v). The resulting filtered hydro-alcoholic extract is carefully evaporated
under vaccum in a rotary evaporator till it reaches upto 50-60 ml. The content of the flask is mixed
with an equal volume of ether and the ethereal layer is separated. The aqueous layer is once again
extracted with the same volume of ether and the ethereal layer separated. Both the ethereal layers are
discarded and the aqueous layer is evaporated under reduced pressure to 10 ml. Keep the concentrated
residual liquid in a refrigerator (0-5°C) overnight when a solid crystalline substance appears. Separate
it from the mother liquor. The crude rutin, thus obtained may be further purified by Column
Chromatography, using magnesium silicate as an adsorbent and ethanol as an eluant.

Description It has a pale yellow crystalline needle like apprearance. It is practically insoluble in
water, ether, petroleum ether and chloroform. It is fairly soluble in ethanol and acetone.
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Chemical Structure The structure of rutin (or 5, 7, 3’, 4’ tetrahydroxy flavonol -3-
rhamnoglucoside) is given below:

OH
OH
HA HoH 0 om
CH, H
O— Rutinose H@‘;O@
OH O OH H H HO
Rutin Rutinose

Rutin on refluxing with dilute mineral acid (200 ml of 0.1N H,SO, + 1 g rutin) for 90 minutes
gives rise to the aglycone known as quercetin plus the corresponding sugars.

Chemical Tests
1. It gives a distinct yellow precipitate with basic lead acetate.
2. Ityields a greenish brown colour with ferric chloride.
3. It produces a silver mirror with ammonical silver nitrate solution (Tollen’s Reagent)

Uses
1. Rutin is used to decrease the capillary fragility (i.e., to enhance the tensile strength of capillary
walls), reduce capillary permeability by tissue injury, and minimise the destruction of epinephrine
in body tissues.
2. It has been mostly used in certain disease condition to reduce capillary bleeding promptly.
3. Itis found to be useful in the treatment of retinal harmorrhages.

4.2.4.2.2 Quercetin
Synonyms Quercitroside; Quercimelin; Quercitin — 3-L-rhamnoside; Thujin; Quercitin; Quercetin.

Biological Sources Quercetin occurs in the bark of Quercus tinctoria and some other species of
Quercus. It is also obtained from Alsculus hippocastarum L., horse chest nut, belonging to family
Hippocastanaceae. Besides, it is also found in Thuja occidentalis L., Morus alba L., Humulus lupulus
L., Fraxinus excelsior L., Vitis vinifera and a host of other plants.

Geographical Source A. hippocastanum is found in India and the African continent.

Description The crystals are yellow in colour when obtained from ethanol or methanol. It is
practically insoluble in cold water and ether. Flavine yellow shade obtained from the quercitron
bark by extraction under high pressure steam which is used exclusively in dyeing fabrics.

Chemical Structure The structure of quercetin is as shown below:

OH

HO

O — Rhamnose
[CH,O.]

HO O

Quercitin
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Quercitin on hydrolysis in an acidic medium gives rise to rhamnose and quercetin (i.e., 5,7, 3,
4’-tetrahyroxy flavonol).

It has been observed that the fully methylated quercetin upon hydrolysis yields 5, 7, 37, 4’-
tetramethyl flavonol which amply suggests that the residue is duly attached at C-3 of the aglycone
moiety and also quercitin is nothing but quercetin-3-rhamnoside.

Chemical Tests
1. It exhibits a brown fluorescence under the UV-light.
2. It gives a distinct yellow precipitate initially with a solution of basic lead acetate, but it gets
dissolved on further addition of the reagent in excess.
3. It reduces Tollen’s reagent to give a silver mirror.
4. It gives a negative test with Fehling’s solution i.e., not yielding brick red precipitate.

Uses It has been used as textile dye.

4.2.4.3 Flavanone Glycosides

Flavanone glycosides are most abundantly distributed amongst the citrus fruits. Hesperidin is the
glycoside most commonly found in this particular class. However, the comparatively less important
glycosides belonging to this category are, namely: naringin, citronin and liquiritin. Hesperidin
shall be discussed in details here.

4.2.4.3.1 Hesperidin
Synonyms Cirantin; Hesperitin 7-rhamnoglucoside; Hesperetin-7-rutinoside.

Biological Source Hesperidin is the most predominant flavonoid in lemons and sweet orange
Citrus sinensis (Linn.) Osbeck. It is also found in the rind or peel or unripe, green citrus fruits, for
instance: Bitter Orange (Citrus aurantium Linn.); Lemons (Citrus limon Linn); Citron (Citrus
medica Linn.).

Geographical Source Citrus fruits are abundantly grown in the tropical African countries e.g.;
Togo, Nigeria, Ghana, besides the Mediterranean regoins.

Preparation The glucoside may be isolated by adopting the laid down detailed procedures as in
Section 4.2.4.2.1. It is also present in the dried orange peel upto 8% and it occurs in the highest
concentration in the white portion of the peel usually termed as a/bedo.

Description Hesperidin is a colourless needle like crystals. It seems to be closely related to Vitamin
P (Citrin). It is readily soluble in hot water, sparingly soluble in alcohol and cold water, and practically
insoluble in ether, benzene and chloroform.

Chemical Structure The Structure of hesperidin is given as under:

The hesperidin chalone, comprising of an embeded phloroglucinol ring is promptly converted
to flavones (e.g., hesperidin) in an acidic medium, when heated or allowing it to stand in the dry
state for a long duration. However, methylation of the hesperidin chalone helps in the ultimate
methylation of one of the phenolic moieties present in the phloroglucinol portion of the chalone not
only stablizies the corresponding methyl chalone but also prevents closure of the ring to produce
the flavones [see structure on next page].
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CH,
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CH

CH Methylation HO O
—

HO O
Hesperidin Chalone Hesperidin methyl chalone

Uses
1. It is normally used in conjunction with ascorbic acid to minimise capillary fragility.
2. It is also indicated in the prevention and management of capillary fragility or permeability in
hypertension, cardiovascular and cerebrovascular disease, and also in habitual and threatened
abortion.

4.2.4.4 Chalcone Glycosides

Chalcones are characterised usually by the presence of the following essential structure:
Ar(A) —CO—CH = CH—Ar(B)

Evidently, the two aromatic rings (A and B) are linked by the three carbon -aliphatic chain
which does not actively take part in the formation of a hetero-ring as is normally found in other
types of flavonoid compounds. Likewise, the dihyrochalones shall have the following general
structure:

Ar(A) —CO—CH,—CH,—Ar(B)

Also, the chalone yields a flavanone on treating with 10% H,SO,. These two reactions may be

represented as follows:

OCH,
OCH, H.C,0 OH @
CH
H,C,0. OH CH@OCH3 54 \@ i 3 OCH,
\@ I o CH,
C/CH I
[ 0
o (A Dihydrochalone)
(A Chalone)
OCH,
H.C,0O.
5o O OH @ OCH,
H,
O

(A Flavanone)
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Interestingly, the chalones and flavanones are closely related to each other and they are also
fully interconvertible.

Examples:
Rhamnose Rhamnose
| o | o OH
Glucose-O OH Glucose-O O
—>
4—
OH (0] OH (¢}
Naringin Naringin Chalcone
[Flavanone-Form] [Chalcone-Form]
(a)
Yy O
—
«—
(0]
Liquiritigenin Liquiritigenin
[Flavanone-Form] [Chalcone-Form]
(b)

A few typical examples are described below:

4.2.4.4.1 Carthamin
Synonyms Safflor carmine; Safflor red; Carthamic acid.

Biological Source Carthamin is the coloring principle obtained from Carthamus tinctorius L.,
belonging to family Compositae (Safflower).

Geographical Source It is grown throughout a large portion of Inida. It is one of the most ancient
crops cultivated in Egypt as a dye-yielding herb. It is also grown in Russia, Mexico, United States,
Ethiopia and Australia.

Description It is a dark red granular powder having a green luster. It is slightly soluble in water
and practically insoluble in ether. It is found to be soluble in alcohol and in dilute alkali carbonates.

Chemical Structure The structure of carthamin is as given below:

Glucose-O OH HO O-Glucose
HO. OHO, OH
HO@— CH= Cli . - c— CH= CH@ OH
Il
0 O 0

Carthamin
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Carthamin on being treated with diilute hydrochloric acid gets converted to ite isomeric yellow
compound known as isocarthamin.

Glucose—O OH HO O-Glucose
OH OH

Carthamin———p Dil. HCl O—@— CH=C _
Isomerlc Q Cc— CH=C OH
I
(0]

Change | |
1) (0] (0] . (0]
Isocarthamin

Uses
1. Itisused as a dye.

4.2.4.5 Isoflavonoid Glycosides

Unlike most other flavonoids, the isoflavonoid glycosides possess a rather limited taxonomic
distribution, chiefly confined to the family Leguminosae. On the contrary, their chemical structures
display an exceptionally broad spectrum of modifications. Wong (1975)* carried out an extensive
review of the chemistry as well as taxonomic distribution of isoflavonoids. A few major classes of
isoflavonoids along with their enormous prevailing structural variations are exemplified in Table 4.1.

Table 4.1 Major Classes of Isoflavonoids

S.No Name Biological Source Chemical Structure Uses
1 Tephrosin From leaves of Toxic to fish,
(Toxicarol; Tephrosia vogelli insects and
Hydroxydequelin) Hook.f., crustaceae.
(Legumonoseae) Not toxic to
In derris root, human
cube root;
2. Sophoricoside From the green Not reported
(Genistein-4'- pods of Sophora
glucoside) Japonica L.,
(Leguminosae)
O-D-Glucose
3. Prunetrin From the bark of CH;0 o Not reported
(Glucoside Prunus avium L., O |
prunetin) var Bigarreau O
Napolean
(Rodaceae) okl © O-Glucose

However, there exists a close relationship with the structure of isoflavones to the skeleton of the
rotenoids (or rotenone), whereas both of them may be regarded as being derived from 3-phenyl
chroman as shown below:

* Wong, E ‘The Flavonoids’ Chapman & Hall, London, p. 743-800, 1975.
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OCH,
Isoflavone Rotenoid
[Genistein] [Rotenone]

Y
3—Phenyl Chroman

4.2.4.6 Anthocyanidin Glycosides

In addition to chlorophyll, anthocyanins represent the most important class of natural plant pigments
visible to the naked eye. Anthrocyanidine (aglyconoes) are structurally closely related to each
other. It has been established that there exist six prominent anthrocyanidines whose chemical structres
are entirely based on the structure of pelargonidin. These six aglyconoes differ from pelargonidin
by having one or two additional hydroxyl or methoxyl moieties strategically positioned at C-3” and
C-5’ in the latter, as shown in Table 4.2.

Cl

Pelargonidin (R =R’ = H)

Table 4.2 Six Major Anthocyanidins and Biological Source

S.No. Anthocyanidins R R’ Biological Source(s)
1. Pelargonidin H H Flowers of Pelargonium graveolens L'Herit., and P. roseum (R. Br.in)
Ait. Family: Geraniaceae.
2. Cyanidin OH H Flowers of Althaea roaea cav., Family: Malvaceae.
3. Peonidin H,CO H Tubers from Peony officinalis Linn., Family: Ranunculaceae.
4. Delphinidin OH OH From the whortleberry Vaccinium myrtillus Linn., family: Ericaceae.
5. Petunidin OH OCH,4 Flowers of Petunia hybrida, family: Solanaceae.
6.  Malvidin H;CO OCHjg Flowers of Malva sylvestris Linn., family: Malvaceae.

It is, however, pertinent to mention here that the sugar components are invariably attached to
C-3’ position, and more rarely to C-5" position. It is worth mentioning here that in the flavone
glycosides the attachement is normally at C-7 position. These sugar moieties may be:

Monosaccharides . e.g.: arabinose, galactose, glucose and rhamnose
Disaccharides . e.g.: thamnoglucosides (present in Antirhinum sp.)
Trisaccharides . e.g.: 5-glucosides-3-rutinoside (present in some Solanaceae species such

as: Atropa and Solanum.)
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Leucoanthocyanidins (or Proanthocyanidins) Procanthocyanidins represent a group of highly
water soluble naturally occuring plant pigments that are closely related to anthocyanidins. However,
they may be easily differentiated from other flavonoids by virtue of the fact that the procanthocyndins
are easily converted into their corresponding anthocyanidins on being boiled either with alcoholic
or aqueous hydrochloric acid.

In general, they are considered equivalent to flavan 3, 4-diols chemically, which may be present
either in their monomeric/ polymeric forms or as their corresponding derivatives. Examples:
(-)-Melacacidin obtained from Acacia melanoxylan and other related species.

(-) — Melacacidin (2,3 — cis & 3, 4 — cis)
The isomelacidin has the 2,3-cis and 3,4 —trans. configuration

m Coumarin and Furanocoumarin Glycosides

Generally, couramin and its derivativces furanocoumarin are found to be present in a plethora of
naturally occuring plants. Nevertheless, the coumarin is presnet either in the free state or its
corresponding glycosides form in nature, but it has been observed that the former being most common.

The two different types of glycosides of this group shall be discussed separately under the
following heads:

4.2.5.1 Coumarin Glycosides

These are reported to be present in about 150 different species spreading over to nearly 30 different
families, of which a few important ones are, namely: Caprifoliaceae, Leguminosae, Oleaceae,
Rubiaeeae, Solaneceae, and Umbelliferae.

This basic nucleus of coumarin is considered to be derived from o-hydroxy cinnamic acid (or
o-coumarin acid) by its dehydration to yield the fused lactone ring as shown below:

It has been observed that invariably most naturally occurring coumarins essentially bear an
oxygen atom either as hydroxyl (OH) or alkoxyl (—OCH; or —OC,Hs) at C-7 position.

A few important naturally occurring coumarin glycosides along with their respective biological
sources have been summarised in Table 4.3.

2.5.1.1 Coumarin Coumarin is abundantly found in a variety of natural products which are
used profusely as a flavouring agent in pharmaceutical preparations.

Synonyms Tonka bean camphor; Cumarin; Coumarimic anhydride.
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Table 4.3 Coumarin Glycosides and Biological Sources

S.No Name Biological Source Chemical Structure Uses

1. Acsulin Horse chest nut 8 0 O Fruit and
tree; Fruit and HO 7 12 bark in
bark of Aesculus Glucose O 8 3 diarrhoea
hippocastanum 5 4
Linn., family
Hippocastanaceae

2. Cichorin Flowers of the OH Used as

chicory plant: 8l o tonic,

Cichorium p-D-Glucose — 0 — o febrifuge,
intybus Linn., P and in
family: diarrhoea

Compositae

3. Daphnin Bark of various As a
species of B-D-Glucose — ? febrifuge
Daphne eg: o 8l o0 °
Daphne mezerium 7@;;/(
family: F
Thymelaceae

4. Fraxin From bark of Bark used
the common Glucose—0 = 0~ ° as a bitter
European ash: 6 _ astringent,
Fraxinus excelsir HO 5 tonic and
Linn., family: febrifuge.

Oleaceae.

Biological Source It is found in the fonka seed, also known as tonquin beans or tonco seed i.e.,
Dipteryx odorata Wild, and Dipteryx oppositifolia L., belonging to family Leguminosae. 1t is also
obtained from Woodruff (Asperula species) and in sweet clover i.e.; Melilotus alba Dess., family :
Leguminosae.

Geographical Source These plants are found in Europe, India and in the African continent.

Description
Colour : Colourless
Odour : Pleasant and fragrant odour resembling that of vanilla beans.
Taste : Burning Taste
Shape : Orthorhombic, rectangular plates.

Chemical Structures Coumarin has the following structure:

O~_o

=
Coumarin
Uses It is mostly employed as a pharmaceutical aid.
4.2.5.2 Furanocoumarin Glycosides

In general, the furanocoumarins are obtained by the fusion of the ‘furan ring’ to the coumarin
nucleus either at C-6 and C-7 positons or at C-7 and C-8 positions. A few typical examples belonging
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to this class of glycosides are discussed in the sections that follows, namely: Khellol glucoside;
Psoralea; and Cantharides.

4.2.5.2.1 Khellol Glucoside
Synonyms Khellinin; 2-Hydroxy-methyl-5-methoxyfuranochrome glucoside.

Biological Source Itis obtained from the seeds of Eranthis hyemalis Linn., family Ranunculaceae,
Ammi visnaga Lam family Umbelliferae.

Geographical Source The drug is indigenous to Egypt specially the Nile Delta and also to the
Mediterranean region. It is cultivated in India.

Preparation The annual herb plant usually bears flowers from March to April. The harvesting is
carried out when the ripening of first fertilized flowers takes place. The plants are cut and preserved
in stacks, preferably in a dry place, whereby all the fruits are ripened.

Chemical Structure The furanocoumarin derivative khellol glucoside has the following strutcure.

Khellol Glucoside: R, = H;

CH,0H
0
R=H/A 0—
HON M/
H HO

Khellin: R, = OCH;; R,= H;
Visnagin: R, =R, =H;

The drug also contains two well known aglycones khellin and visnagin as shown above.

Description The characteristic features of khellol glucoside, khellin and visnagin are summarised
in Table 4.4.

Table 4.4 Characteristic Features of Khellol Glucoside, Khelin and Visnagin

acid, hot ethanol;
slightly soluble in
hot methanol;
practically insoluble
in acetone, ethyl
acetate, ether,
chloroform, cold
alkali

S.No Characteristic Khellol Glucoside Khellin Visnagin
Features
1. Colour Colourless crystals Colourless crystals Colourless thread
like needles.
2. Odour No specific odour Odourless Odourless
3. Taste = Bitter =
4. Solubility Soluble in acetic Sol. In water 0.025 g/ Very slightly

100 ml at 25°C, in
acetone 3.0 g; in
methanol 2.6 g; in
isopropanol 1.25 g; in
ether 0.5 g; in skelly
solve B 0.15 g; More
soluble in hot water
and methanol

soluble in water,
sparingly soluble
in alcohol; and
freely soluble in
chloroform.
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Uses
1. It is mostly used as a coronary vasodilator
2. Khellin has proved to be a potent smooth muscle relaxant
3. Khellin is employed as coraonary vasodilator, in angina pectoris, renal and uterine colic pains,
bronchial asthma and whooping cough.

Note Khellin is found to be fairly stable when mixed with the usual tabletting excipients.
4.2.5.2.2 Psoralen
Synonyms Lata-kasturi (Bengali); Bahuchi (Sanskrit).

Biological Sources They are the dried ripe fruits of Psoralea corylifolia Linn., belonging to the
family Leguminosae. Psoralen is also found naturally in more than two dozen plant sources, namely:
Bergernot, Limes, Cloves: family Rutaceae; Figs.: family Moraceae.

Geographical Sources It is grown almost throughout India as a weed in abandoned locations. It is
also found in Ceylon. Several species of Psoralea have been used medicinally in America.

Description
Colour : Dark chocholate to black
Odour : Pungent and characteristic after crushing the fruits
Taste : Unpleasant, bitter and acrid
Size : 3to5%x2to3 mm
Shape : Pods are ovoid, oblong beam shaped

Chemical Constituents The fruits of P. corylifolia invariably contain fluorocoumarin compounds
known as psoralen and isopsoralen as shown below:

Psoralen Isopsoralen

The seed kernel of P. corylifolia is found to conatin psolaridin as given below:

HO oL
Y ap
CH, o OH
Psolaridin

The plant also contains substituent components of the /inear molecule, such as:
8-methoxypsoralen and 5-methoxypsoralen (or bergapten); besides angular molecules, such as:
anglicin and isobergapten.*

* It has been observed that the naturally occurring psolarens lower the phototoxic potential whereas the anglicins may
enhance it.
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o) NP o) o o, o o oL
‘e’ Oy » p
OCH, OCH,
8-Methoxypsoralen 5-Methoxypsoralen Angelicin Isobergapten
Bergzrlpten

However, in the recent past two more compounds, namely: psoralenol and bavachromanol
have been reported.

Besides the fruit contains a variety of other chemical constituents, for instance: fixed oil (10%);
resin (8.9%); essential oil (0.05%) and small amounts of raffinose and a pigment.

Chemical Tests (For Psoralen)

1. To a small amount of drug add a minimum quantity of alcohol for complete dissolution. Add to
this 3 volumes of propylene glycol, 5 volumes of acetic acid and 43 volumes of water and shake
well. The appearance of a blue fluorescence under UV-light indicates its presence.

2. The drug is dissolved in minimum amount of alcohol and on addition of a little sodium hydroxide
solution exhibits a yellow fluorescence in UV-light.

Uses
1. The seeds are recommended in leprosy, leucoderma and other skin manifestations. They are
also used for snake bite and scorpion sting.
2. The oleroesin extracts of seeds are employed to cure leucoderma patches.
3. The seeds also find their use as stomachic, anthelmintic, diuretic and diaphoretic.
4. Itis used orally as a laxative.

4.2.5.2.3 Cantharides Beetles
Synonyms Spanish fly; Blistering fly; Blistering beetles.

Biological Sources Cantharides comprises of the dead and dried insects of Cantharis vesicatoria
Linn., (Lyatta vesicatoria) belonging to the family Meloidae. Cantharides contains the
furanocoumarin derivatives cantharidin ranging from 0.6 to 1%.

Geographical Sources These beetles are invaribaly found in the Southern and Central Europe
residing on the plants belonging to the family Oleaceae and Caprifoliaceae. The various countries
that are commercially engaged in the collection of cantharides are namely: Russia (now known as
CIS countries), Rumania, Italy, Spain, Sicily and India.

Preparation The fully developed insects, that are brilliant green in apprearance with a distinct
metallic lusture, are invariably collected in the early morning on a large spread cloth by vigorously
shaking the branches of the shrubs. The beetles are sacrificed either by exposing them to the vapours
of chloroform, sulphur dioxide and ammonia in a closed chamber or dipping them into vinegar. The
dead beetles are dried artificially at a controlled temperature not exceeding 40°C.

Description
Colour : Brilliant green or Bronze green
Odour : Characteristic odour
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Size : Length = 10-20 mm: Width = 3-6 mm.

Chemical Constituents Cantharides essentially contains an important vesicating® principle
termed as canthraridin, which is nothing but the anhydride of cantharidic acid, located in the soft
portions of beetles.

Besides, cantharides also contains resin, formic, acetic, uric acids and fat (12-15%)

Cantharidin

Substituents/Adulterants Cantharides beetles are mostly substituted by Mylabris species, the
well known Chinese cantharis having a close resemblance to the former ones. Mylabris essentially
comprises of the dried beetles of Mylabris cichorii or Mylabris pustulata abundantly found in China
and India, and contains cantharidin ranging between 1 to 1.2%.

Uses
1. Cantharidin has proved to a hair growth stimulant and hence used in hair oil.
2. Cantharides beetles, in general, is a vesicant, rubefacient and counter irritant.

m Cyanogenetic Glycosides

The cyanogenetic glycosides are named so because they yield either hydrocyanic acid upon hydrolysis
or they essesntially possess a hydrocyanic acid in the aglycone moiety. They are also designated as
‘cyanophore glycosides’. Interestingly, about 110 families belonging to the plant kingdom have
been reported to contain the cyanogenetic glycosides; however, Rosaceae being the most prominent
one amongst them.

It is pertinent to mention here that cyanogenetic glycoside containing drug substances, as such
do not exert any specific therapeutic activity, but they are invariably employed as viable pharmaceutical
aids, such as: flavouring agents.

A large number of cyanogenetic glycosides were isolated and identified from various plant
sources, namely: Linamarin, Linustatin, Lotaustralin and Lucumin as shown in Table 4.5.

A few important examples of naturally occurring drug substances containing cyanogenetic
glycosides shall be discussed here, namely; Bitter almond, Wild cherry bark and Linseed. These
drugs shall be discussed in the pages that follows:

4.2.6.1 Bitter Almond

Synonym Amygdala amara.

* Vesicating = Causing blisters.
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Table 4.5 Cyanogenetic Glycosides and Biological Source

S.No Name

Biological Sources

Chemical Structure

1. Linamarin
(Manihotoxine;
Phaseolunatin)

Clover (Trifolium repens; Birds foot
trefoil (Lotus corniculatus); and
other legume pasture plant. Acacia
spp. (Leguminosae); seedlings of
flax (Linum usitatissimum, fam
Linaceae);cassava (Mahihot
esculentum) fam: Euphorbiaceae);
Passiflora spp. (Passifloraceae)
and several other families

CH,OH cH,

HO /%o i

OH

I CH,

=N

2. Linustatin

Seed meal of flax (Linum
usitassimum, fam: Linaceae); also
present in certain Passiflora spp.
(fam: Passifloraceae)

CH

HO %0_(“"7'

ICH,

C=N

3. Lotaustralin

Lotus corniculatus Linn., australis,
Trifolium repens and other legume
herbs; Haloragis ereta
(Haloragidaceae); Linum
usitatissimum(Linaceae); Passiflora
spp. (Passifloraceae) and certain
Trictum spp. Including T-
monococcum (Graminaceae)

CHzog CH,

HO 0

HO OH C=

_<,..uu CH,

N

4. Locumin
(Lucuminoside;
Prunasin
xyloside)

Seeds of Calocarpum sapota
(Sapotaceae; (S) — Epilucumin i.e.;
the epimer is present in Anthemis
altisssima (Compositae), alongwith
two cyanogenic glycoside,
Anthemis glycosides A and B

CH, OH
HO

/©

HO O‘H
HO OH

2
©

Biological Source Bitter almond comprises of the dried ripe kernels of Prunus amygdalus Batsch.
Var amara (DC) Focke; Prunus communis Arcang., P. amygdalus Bail; and Amygdalus communis
Linn., belonging to family Rosaceae.

Geographical Source Bitter almond trees are mostly native of Persia and Asia Minor. They are
also cultivated in the cooler parts of Panjab and Kashmir, Italy, Sicily, Portugal, Spain, Southern
France and Morocco.

Description
Colour : Brown
Odour : No specific odour
Taste . Bitter
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- olvcosipes
Size : Length=1.5to 2 cm; Breadth = 12.5 mm;
Thickness = 8§ mm
Shape : Oblong, ellipsoidal, rounded at one end and pointed at the other.

Solubility : Insoluble in ether, but soluble in water and boiling alcohol.

Preparation The cyanogenetic glycoside amygdalin is usually obtained from either the cake of
bitter almond or other prunaceous seeds after the expression of the fixed oil. The cake is subjected to
extraction with ethanol (95%, v/v), and the resulting alcoholic extract is concentrated to a small
volume preferably under vacuum and mixed with a large volume of ether, when the desired glycoside
will separate out as a crystalline product.

Chemcial Constituent Bitter almond contains a colourless crystalline cyanogenetic bitter
glycoside commonly termed as amygdalin present to the extent of 1-3% as given below:

OH CH,

HO
H-(Ejo%‘O\CHCN

Amygdalin @

Amygdalin upon enzymatic hydrrolysis with emulsin gives rise to one mole each of benzaldehyde
and hydrocyanic acid plus two moles of glucose as follows:

Emulsin

CyH»;NO,;, + 2H,0 —— C,Cs—CHO + HCN + 2C¢H;,O4
Amygdalin (Hydrolysis) Benzaldehyde Hydro— Glucose
Cyanic acid

Besides, bitter almond contains fixed oil (40-50%), proteins (20%), volatile oil (0.5%) and an
enzyme emulsin.
The enzymatic hydrolysis of amygdalin takes place in the following three steps, namely:

(a) The enzyme amygdalase helps to cleave the glycoside amygdalin first into one mole each of
glucose and prunasin (or mandelonitrile glucoside),

(b) The enzyme prunase helps to liberate the second molecule of glucose with the formation of the
aglycone mandelonitrile (or benzaldehyde cyanohydrin), and

(¢) The enzyme hydroxynitrilase helps to break down the mandelonitrile into one mole each of
benzaldehyde and hydrocyanic acid.

All these three steps may be summarised as given below:
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O— CH,0,0.CH, 0 0 CeH,,0;
| — RS Amygdalase
CH Gentibiose yg @CH +CH,O,
| +H,0 Step 1] Glucose
CN
Amygdalin Pmr}agln
[Mandelonitrile
Glucoside]
Prunase
> [Step-2]
| g
HCN N ©C= O _ Hydroxynitrilase @ (le +CH,,0;
[Step-3] CN
Hydrocyanic Benzaldehyde Mandelonitrile Glucose
Acid [Benzaldehyde Cyanohydrin]

It is, however, assumed that the enzyme emulsin, isolated from the kernels of bitter almonds,
comprises of several enzymes, such as: amygdalase, prumase, hydroxynitrilase etc.

Chemical Tests The general tests of the cyanogenetic glycosides by means of microchemical
reactions in naturally occurring crude drugs are based on their hydrolysis to yield hydrocyanic acid.
In fact, there are four speciifc and characteristic reactions to detect the presence of liberated HCN,
namely:

1. Ferriferrocyanide Test: Macerate 1 g of the powdered drug with 5 ml of alcoholic KOH (5%
w/v) for five minutes. Transfer it to an aqueous solution containing FeSO, (2.5 %w/v) and FeCl,
(1% w/v), and maintain at 60-70°C for 10 minutes. Now, transfer the contents to HCI (20%) when
the appearance of a distinct prussian blue colour confirms the presence of HCN.

2. Precipitation of Hg from HgNO;: The reduction of aqueous mercurous nitrate solution (3%
w/v) to metallic Hg by HCN being observed by an instant formation of black metallic Hg in the cells.

3. Grignard Reaction Test: First of all, dip a strip of white filter paper into a solution of picric acid
(1 % w/v in water) drain and then dip into a solution of sodium carbonate (10% w/v in water) and
drain. Now, place the crushed and moistened drug material in a small Erlenmeyer flask, and
subsequently suspend the strip of the prepared sodium picrate paper above the material and stopper
the flask with an air tight cork. Maintain the flask in a warm place for 1 hour when the liberated
HCN would turn the sodium picrate paper from its original yellow colour to brick red colour due to
the formation of sodium isopurpurate (Grignard’s Reaction).

4. Cuprocyanate Test: First of all, saturate pieces of filter paper in a freshly prepared solution of
guaic resin dissolved in absolute ethanol and allow them to dry completely in air. Now, carefully
moisten a piece of the above paper with a very dilute solution of CuSO, and place it into contact
with a freshly exposed surface of the drug. In case, HCN is generated, it will give rise to a distinct
stain on the paper.
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Uses
1. Bitter almonds are employed as sedative due to HCN content.
2. The fixed oil of bitter almond finds its use as demulscent in skin-lotion.
3. Itis also employed in the preparation of amygdalin and bitter almond water.

Note
1. The misleading term Vitamin B,;, has sometimes been applied to amygdalin.
2. Bitter almond oil must not be used for flavouring of foods and confectionaries.

4.2.6.2 Wild Cherry Bark
Synonyms Viginian Prune Bark; Wild Black Cherry Cortex; Pruni.

Biological Source It is the dried bark of Prunus serotina , Ehrk, and Prunus macrophylla Sieb et
Zucc, belonging to family Rosaceae.

Geographical Source Wild Cherry bark is found to be indigenous to the Eastern States of USA
and certain parts of Canada. However, in the United States it is found abudantly in Dakota, Florida,
Missisipi, North Carolina and Virginia.

Preparation It has been established that the wild cherry bark possesses the highest potency only
during the autumn. Therefore, the bark is mostly collected during this period. As the inner layer of
the bark contains a substantial amount of HCN, hence soonafter collection it is necessary to get rid
of the inner layer of cork. Consequently, after the removal of cork as well as a portion of the cortex,
the exposed surface of the bark exhibiting phloem more or less give rise to an uniform dark brown
coloured product, which is commercially known as Rossed Bark. The resulting rossed bark is dried
in the shade and stored carefully in a dry place for onward trasmission to several countries as a
valued export material.

Description
Colour : Dark-brown colour
Odour : Mostly very faint; but when slightly moisten it has an odour resembling to
that of benzaldehyde (bitter almond like)
Taste : Bitter and astringent
Size : Length = 10 cm; Width = 4 ¢cm; Thickness = 3-4 mm
Shap : Mostly curved or chanelled
Fracture : Short and granular

Inner Surface : Reddish brown and longitudinally striated

Outer Surface : ‘Rossed Bark’ - Rough with pale buff coloured lenticel scars; ‘Unrossed
Bark’—Reddish brown to brownish black, smooth, glassy and exfoliating
cork having prominent whitish lenticels.

Chemical Constituents Wild cherry bark essentially contains a cyanogenetic glycoside termed
as prunasin (or mandelonitrile glucoside) as shown below:
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CH,OH

H O\O...
H e
OH  H/ 7]
HY N
OH

HO
H
d-Prunasin
d-Prunasin undergoes hydrolysis in the presence of the enzyme prunase, usually present in the
bark itself, to yield one mole each of bnzaldehyde, glucose and hydrocyanic acid.

Besides, the drug also contains p-coumaric acid, scopoletin i.e., B-methylesculetin, benzoic acid
and trimethyl gallic acid.

CH=CH.COOH COOH COOH
Homo
P
H,CO H,CO OCH,
OH OCH,
p-Coumaric Acid Scopoletin Benzoic Acid Trimethyl
Gallic Acid

Chemical Tests The chemical tests are same as described under Section 4.2.6.1.

Uses
1. The syrup of wild cherry is mostly employed as a flavoured vehicle in cough syrup.
2. Itis also used as a sedative expectorant.

4.2.6.3 Linseed

Synonym Flax seed.

Biological Source It consists of the dried fully ripe seeds of Linum usitatissimum Linn. belonging
to family Liliaceae.

Geographical Sources It is cultivated extensively as a source of fibres in Algeria, Egypt, Greece,
Italy and Spain; as a source of oil in Afghanistan, India and Turkey; and in Russia (now CIS —
countries) for both oil and fibre. It is also found in several temperate and tropical zones.

Preparation The cyanogenetic glycoside /inamarin is prepared from the defatted oil meal, seed-
skins or embryos of flax by standard methods available for glycosides.

Description
Colour : Reddish brown
Odour : Characteristic odour
Shape : Oval and strongly flattened
Size : Length = 4-6 mm; Width = 2-3 mm.
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Chemical Constituents The ripe seeds of linseed contain small quantitites of a cyanogenetic
glycosides known as linamarin (or phaseolunatin) as given below:

Interestingly, linamarin evolved HCN with linseed meal only but not with emulsin. However,
pure linamarin is a bitter needle like crystalline substance. It is freely soluble in water, cold alcohol,
hot acetone, slightly in hot ethyl acetate, ether, benzene, chloroform and practically insoluble in
petroleum ether.

CH,0OH CH
H 0 |
H O0—C—CH,
|
HO OH H H CN
H HO
Linamarin

Besides, linseed seeds comprise of fixed oil (33-43%) mucilage present in testa (6%), proteins
(25%) and an enzyme called linase.

Linamarin upon enzytmatic hydrolysis yields HCN which actualy renders the seeds highly
poisonous.

Chemical Test The mucilage of linseed seed gives a distinct red colour on being treated with
Ruthenium Red Solution.

Uses
1. Therapeutically, the linseed oil is mostly recommended for the external applications only; liiments
and lotions.
2. It is employed in the treatment of scabies and other skin disease in combination with pure
flowers of sulphur.
3. Asthe linseed oil has an inherent very high ‘iodine value’ it is used mostly in the preparation of
non staining ‘lodine Ointment’ and several other products such as: ‘Cresol with Soap’.
4. Commercially, it is one of the most important ‘drying oil’; and, therefore, substantially huge
amounts are exclusively used for varnishes and paints.
5. Linseed oil finds its extensive application in the manufacturer of soap, grease, polymer, plasticizer,
polish and linoleum.

Thioglycosides

This speicific group of glycosides is also referred to as ‘Thiocynate Glycosides’ or ‘Sulphurated
Glycosides’ or ‘Glucosinolate Compounds’ or Isothiocyanate Glycosides’ in various literatures.
The aglycone portion of such glycoside essentially contains isothiocynate residue having sulphur
plus nitrogen atoms. The general structure originally assigned to these aglycones (Formula A) has
now been replaced by a more favourable one (Formula B).

In general, the thioglycosides are specifically abundant in several families, such as: Cruciferae,
Capparidaceae and Rosaceae. More tham forty thiocyanate glycosides, having a variety of



Dr.Murtadha Al-Shareifi e-Library

180 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY
_0.50,.0X _N—0.50,.0X
R—N=C R—C
~0.CH,,0; NS.CH,,0;
(Formula-A) (Formula-B)

configurations in the side chain, have been isolated and identified. In fact, most glycosides belonging
to this category invariably comprise of a sulphuric acid residue which on hydrolysis gives rise to a
potassium salt resepctively.

The three principal thioglycosides commonly known are as follows: Sinigrin—in Black
Mustards; Sinalbin—in White Mustards; and Gluconapin—in rape seeds. These naturally
occurring plant drugs shall be discused individually in the sections that follows.

4.2.7.1 Black Mustard
Synonym Brown Mustard.

Biological Sources These are dried ripe seeds of Brassica nigra Linn., Koch or Brassica juncea
Linn, Czern & Coss, belonging to family Cruciferae.

Geographical Sources B. nigra is extensively cultivated in various parts of Europe and United
States. B. juncea is widely grown in different parts of India and the CIS-countries (i.e., Russia).

Preparation The thioglycoside sinigrin is obtained from the defatted black- mustard seed by
employing standard methods. It is usually present in the seeds to the extent of 4%.

Black mustard seeds are powdered and defatted with petroleum ether. The defatted meal is
boiled with ethanol to destroy the enzyme. The resulting marc is squeezed while hot, dried at 100°C
and maceraed in cold water for 3-4 hours with constant stirring, since sinigrin is fairly soluble in
cold water. The liquid content is decanted and maceration is repeated a number of times to ensure
complete extraction of the thioglycoside. The combined aqueous extract is collected and treated
with mild alkalies, such as : BaCOs, so as to neutralize any free acidity. The liquid is now concentrated
under vaccum to a syrupy consistency. The resulting syrup is boiled with ethanol (95% w/v) for
about 2-3 hours to allow sinigrin to dissolve and at the same time to precipitate the mucilageous
components. The alcholoic extracts are filtered and allowed to cool slowly when sinigrin crystallizes
out (approximately 4%).

Description
Colour : Black, dark brown or reddish brown
Odour : Whole seed-none; Crushed seed-pungent characteristic odour.
Taste : Bitter
Size : Approx. 0.9-1.0 mm in diameter
Shape : Mostly spherical in shape

Special Features Seeds are normally covered with a brittle testa and the kernel is oily and greenish
yellow in colour. The approx. weight of 100 seeds ranges between 150 to 170 mg.

Chemical Constituents The black mustard seed contains a thioglycoside i.e., a B-
glucopyranoside termed as sinigrin. It is also known as myronate potassium or allyl glucosinolate
as shown under:
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CH,OH 'CHZCH=CH3
H " S—C = NOSO,K
HO OH H i
H HO
Sinigrin

However, sinigrin undergoes complete hydrolysis in the presence of an enzyme myrosin to
yield one mole each of allyl iso-thiocyanate, glucose and potassium hydrogen sulphate as given
below:

Myrosin
C oH(KNOyS,+H,0 N S=C=N-CH,-CH=CH, + C¢H,,0, +KHSO,
(Hydrolysis)
Sinigrin Allyl iso-thiocyanate Glucose Pot.hydrogen

Sulphate

The allyl iso-thiocyanate i.e., the volatile oil component of mustard is solely responsible for the
characteristic pungent dour of musturd oils.
Besides, it contains fixed oil (30%), proteins (20%), and volatile o1l (0.7-1.3%).

Chemical Tests
1. The powdered black mustard seeds on being treated with sodium hydroxide solution yields
bright yellow colouration
2. Chromatographic Evaluation
(a) Paper chromatography of the mustard oil in a solvent system consisting of butanol-acetic
acid water; and subsequently spraying the chromatogram with 0.02 N silver nitrate solution,
drying at 100°C and finally spraying with 0.02 N potassium dichromate produces yellow
spots against a red background of silver chromate thereby confirming the presence of sinigrin.
(b) The thiourea derivatives are used as reference compounds along with the mustard oil spots
in paper chromatography using the solvent system consisting of water saturated chioroform
or butanol-ethanol-water. The chromatogram is sparyed with Grote s Reagent (i.e., a mixture
of sodium nitroprusside, hydroxylamine and bromine) which distinctly yields blue spots
with thiourea derivatives as well as sinigrin.

Uses
1. A paste of black mustard seed is mostly employed in the form of plaster or poultice as a
rubefacient and counter irritant.
2. In bigher doses, when administered internally, it acts as an emetic.
3. Black mustard seeds are invariably used as a widely accepted condiment in the preapration of
pickles, curries and vegetables.
4. The fixed oil is widely employed as a popular edible oil.

4.2.7.2 White Mustard
Synonyms Brassia alba Hook f. & Th., Sinapis alba Linn.
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Biological Source These are the dried ripe seeds of Brassia alba H.f. & T., belonging to family
Cruciferae.

Geographical Source The plant is grown in India as a garden crop. It is a weed usually arising
from cultivation in Panjab.

Preparation The powdered white mustard seeds are defatted with a suitable solvent (e.g.,
petroleum ether, n-hexane) and the dried marc is extracted with boiling ethanol (95% v/v). The
thioglycoside is purified by dissolving in warm water, decolourised with activated charcoal, filtered
and the resulting filtrate is crystallied out.

Chemical Constituents The main constituent of white mustard is the thioglycoside known as
sinalbin (or sinapine glucosinalbate) having the following structure:

HO@ CH, ﬁ—S — Glucose

N — OSO,— Sinapine
Sinapine

The enzymatic hydrolysis of sinalbin by the enzyme myrosin gives rise to one mole each of
glucose, acrinyl isothiocynate and sinapine acid sulphate as shown (see page 214).

+ _
Mvrosi H,CO CH=CHCOOCH, CH,N (CH,),*HSO,
yrosin
C30H42NZQISSZ [Hydrolysis] CeH Ot HO
Sinalbin +H,0 Glucose
OCH,

Sinapine Acid Sulphate

+ HO@—CHZ—NCS

Acrinyl Isothiocyanate
(p-Hydroxy Benzyl Isothiocyanate)

Chemical Tests
1. The hydrolysed product of sinalbin e.g.; sinapine acid sulphate and other salts are crystalline
and give rise to a distinct bright yellow colouration in an alkaline medium .

Uses
The paste of white mustard seed is frequently employed in the form of a plaster or poultice as
counter irritants and rubefacients.

m Saponin Glycosides

In general a group of plant glycosides commonly referred to as saponin glycosides, usually share in
different extents, the following two specific characteristics namely:

(a) They produce foam in aqueous solution, and
(b) They cause haemolysis of Red Blood Corpuscles (RBC).
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The saponin glycosides are broadly regarded as haemotoxic in nature by virtue of the fact that
they afford the haemolysis of erythrocytes, which render most of them as fisk poisons’. Invaribaly,
they possess a bitter and acrid taste, besides causing irritation to mucous membranes. They are
mostly amorphous in nature, soluble in alcohol and water, but insoluble in non-polar organic solvents
like benzene, n-hexane etc.

Interestingly, the naturally occurring plant materials consisting of saponin glycosides have been
extensively employed in various parts of the globe for their exclusive detergent characteristics, for
instance: In South Africa the bark of Quillaia saponaria belonging to family Rosaceae and in Europe
the root of Saponaria officinalis belonging to family Caryophyllaceae.

Sapogenins—The aglycone of the saponin glycosides are collectively known as sapogenins.
Sapotoxins—the harmful and poisonous sapogenine/ saponins are aften referred to as sapotoxins.

Based on the nature of the ‘aglycone’ residue present in the saponin glycosides, they are broadly
classified into the following two categories, namely:

(i) Tetracyclic triterpenoid saponins (or Steroidal saponins), and
(if) Pentacyclic triterpenoid saponins.

These two categories of saponin glycosides will be discussed with suitable examples from plant
sources in the sections that follows:

4.2.8.1 Tetracyclic Triterpenoid Saponins (or Steroidal Saponins)

Due to the enormous pharmaceutical importance a plethora of plants have been screened thoroughly
for the detection of steroidal saponins. They are not only confined to monocot plants but also
extended to dicot plants, such as:

Monocot Plants : Family—Amaryllidaceae, Dioscoreaceae and Liliaceae
Dicot Plant : Family—Apocynaceae, Leguminosae and Solanceae

However, from a commercial angle the steroidal saponins occupy a very important position in
the therapeutic armamentarium which is evidenced by the following glaring examples, such as: used
as raw material for the synthesis of a number of medicinally potent steroids e.g., vitamin D, sex
hormones—Ilike testosterone, progesterone, oestradiol etc., cardiac glycosides e.g., digoxin,
digitoxin; corticosteroids e.g., cortisone acetate, cortceosterone, aldosterone; oral contraceptives
e.g., mestranol, norethisterone; and diuretic steroid e.g., spironolactone.

A few typical examples of naturally occurring medicinal plants containing tetracyclic
triterpenoid saponins shall be described in the sections that follow, namely: dioscorea, solanum
khasianum and shatvari.

4.2.8.1.1 Dioscorea
Synonyms Rheumatism root; Yam.

Biological Source It essentially comprises of the dried tubers of Dioscorea delitoidea Wall.,
Dioscorea tokora Makino, and Dioscorea composita and other species of Dioscorea belonging to
the family Dioscoreaceae.

Geographiacal Source D. delitoidea is grown in United States and Mexico. It is cultivated from
Nepal to China at an altitude ranging from 3,000 to 10,000 feet. It is also found growing abundantly
in North Western Himalayas from Kashmir to Panjab in India.
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Preparation Generally, the saponins do have high molecular weight and hence their isolation in
the purest form poses some practical difficulties.

The tubers are washed, sliced and extracted with hot water or ethanol (95% v/v) for several
hours. The resulting extract is filtered, concentrated under vacuo and the desired glycosides is
precipitated with ether.

However, there are various ways and means to obtain the respective steroidal saponins from the
aqueous/ alcoholic extracts as stated below:

For Acid Saponins : Lead Acetate is employed to precipitate the steroidal saponins from
aqueous extract.

For Neutral Saponin : Basic lead acetate is used to precipitate the neutral steroidal saponins
from aqueus extract.

Nevertheless, a few saponins are also precipitated from their aqueous solutions either by the
addition of Ba(OH), solution or by the addition of (NH,),SO, solution.

Note The Barayata-Saponin Complex is sometimes employed for the estimation of Saponins.

Description
Colour : Slightly brown
Odour : Odourless
Taste : Bitter and acrid
Size : Varies dependig on the actual age of the rhizomes (tubers)

Chemical Constituents The major active constituent of dioscorea is diosgenin usually present in
the range of 4-6%. Diosgenin is the aglycone of saponoin dioscin

H

“CH,

Diosgenin

Besides, the rhizomes contain starch to the extent of 75% but it has no edible utility because of
its bitter taste. They also contain phenolic compounds and an enzyme sapogenase.

Uses

1. Dioscorea is mostly employed in the treatment of rheumatic arthritis.

2. Dioscorea has a tremendous potential as a commercial product because of its high content of
diosgenin, which in turn is invariably employed as a starting material for the synthesis of a host
of important therapeutic drugs, for instance: sex-hormones, oral contraceptives and several
corticosteroids.

4.2.8.1.2 Solanum Khasianum

Biological Source It consist of the dried and full grown berries of Solanum khasianum CR belonging
to the family Solanaceae.
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Geographical Source The plant grows indigenously on the Khasia Mountains in Assam (India).

Preparation The plant usually grows in various climatic and agricultural conditions. Almost after
a duration of six months the plants are normally harvested for the collection of berries. They are
dried immediately either in an artificial environment at low temperature (50-60°C) or dried preferably
in shade so as to bring down the initial large moisture content to enable its prolonged storage life.

The dried berries are powdered by mechanical grinders and the oil is removed by solvent
extraction. The defatted material (marc) is then extracted in a soxhlet assembly with ethanol (95%
v/v) The resulting alcoholic extract is filtered, concentrated under vacuo, treated with HCI (12N)
and refluxed for at least six hours. The alcoholic extract thus obtained is made alkaline by the
addition of ammonia and the eontents are again refluxed for a duration of 1 hour. The contents of the
flask is filtered and the residue is washed, dried and taken up in chloroform. The resulting mixture is
fltered and the steroidal alkaloid solasodine is obtained as a solid residue soonafter evaporating
the solvent.

Description The berries have a yellowish to greenish colouration with flattened smooth brown
seeds.

Chemcial Constituents The berries mostly comprise of the steroidal saponin Salosanine as shown
below:

HO HO 0 Solasodine
H OH
H
HO O\H
CH,
H
HO OH
Solasonine

Solasonine also occurs in various Solanum species namely : Solanum aviculare Forst F., Solanum
sodomeum L., Solanum xanthocarpum Schrad & Wendl, m Solanum nigrum Linn., Solanum torvum
Sw., and Solanum verbascifolium Linn.

Besides, the berries contain a steroidal glycoalkaloid known as solasodine (Approx. 3%) and
a greenish yellow fixed oil (8-10%).

Uses Solasodine is the hydrolysed product of solasonine which is mostly used as a starting material
for the synthesis of steroidal drugs, such as: 19-NOR steroids, pregnane etc.
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4.2.8.1.3 Shatavari
Synonyms Shatamuli.

Biological Source The shatavari mostly comprises of the dried roots and the leaves of the naturally
occurring plant known as Asparagus racemosus Will, belonging to the family Liliaceae.

Geographical Source It is widely distributed throughout the tropical regions of Africa, Australia,
Asia and India. It is also found in the Himalayan range up to an altitude of 4000-4500 feet. It occurs
as a wildely grown plant in the dry and deciduous forests of Maharshtra State in India.

Preparation The roots usually occur in the form of a cluster or fascicle at the base of the stem.
The leaves are mostly linear green and needlelike. The steriodal spanonin is extracted by the standard
methods.

Chemical Constitutents The shatavari contains four steriodal saponins usually designated as
shatavarin I-IV present collectively to the extent of 0.2%; however, shatavarin I is the major
glycoside present.

R=H:Sarsasapogenin
R=— (l}LU — GLU— GLU: Shatavarin-I

Rhamn

RO =—GLU—GLU: Shatavarin-IV

Rhamn

Uses

1. The roots are employed mostly as galactogogue to promote the flow of milk.

2. The roots are used invariably as tonic and diuretic.

3. The steroidal saponin Shatavari-I is reported to exert antioxytocic activity.

4. The roots are extensively employed as a medicinal oil for the control and management of nervine
disorders and rheumatism.

5. In the Ayurvedic System of Medicine it is widely used both in threatened abortion and safe
delivery because of its distinct uterine blocking activity.

4.2.8.2 Pentacyclic Triterpenoid Saponins

This particular class of saponin essentially contains the sapogenin component with pentacyclic
triterpenoid nueleus, that is eventually linked with either sugars or uronic acids. It is pertinent to
mention here that the sapogenin may be further classified into three major categories namely: o
Amyrin, B-Amyrin and Lupeol.
CH,
H,C

CH, CH,
HO

H,¢ CH,

o-Amyrin
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Interestingly, the most important derivative of this specific class of saponins is the triterpenoid
acids that are present in different drugs. The general structure of the tritenpenoid acid is given below
and a few commonly found such acids are summarized herewith:

The—COOH moiety present

A Triterpenoid Acid
at C-4, C-17 and C-20

The typical examples of some naturally occurring plants containing the pentacyclic triterpenoid
saponins shall be described in the sections that follow.

Triterpenoid Acids in Plants

S.No Name (Source) R’ R”

1. Gypsogenin; Githagenin; Albasapogenin; —CHO —H
(Agrostemma, Githago L., Scop.)

2. Hederagenin; Caulosapogenin; —CH,OH —H
Melanthigenin; (Hedera helix L.)

3. Oleanolic acid; Oleanol; —CH, —H
Caryophyllene; (Olea europaea)

4. Quillaic acid; Quillaja sapogenin; —CHO —OH
(Quillaia sapogenin Molina)

4.2.8.2.1 Ginseng
Synonyms Panax; Energofit; Pannag; Ninjin.

Biological Source Ginseng is the dried root of different naturally occurring species of Panax,
namely: Panax ginseng C.A. Mey or Aralia quinquefolia Deene & Planch (Korean Ginseng);
Panax japonica (Japanese Ginseng); Panax notoginseng (Indian Ginseng) belonging to family
Araliaceae.

Geographical Source The plant is found extensively in Korea, Russia and China, but off late it
has been cultivated on a large commercial scale in Japan, Canada and United States.

Preparation The plants are usually harvested 3 to 5 years after transplantation. It is usual practice
to affect the actual harvesting between July to October.

White Ginseng It is obtained by removing the outer layers of the roots. However, it has been
established that the removal of outer layers may tantamount to serious loss of the active components.

Red Ginseng It is obtained by first subjecting the roots to stearning and after that they are dried in
an artificial environment between 50-60°C. The two types of roots sare subsequently graded and
packed.

Description
Colour : Yellowish- brown,, white or red
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Odour : None
Shape : Tuberous and corpulent

Appearance : Translucent and bears the stem scars.

Chemicals Constitutents Ginseng chiefly comprises of a complex mixture of triterpenoid
saponins which may be either a steroidal triterpene or a pentacyclic related to oleonic acid. However,
these glyscosides have been classified into three major heads, namely:

(@) Ginsenosides,
(b) Panaxosides, and
(¢) Chikusetsu Saponins.

Ginsenoside Rg;, is one of the major saponins that has been isolated and identified in ginseng,
with a steroidal triterpene aglycone known as (20S)-protopanaxatriol as shown below:

CH,0H

MO\
HO OH Y

HSC/////,,
HO

\\\\\\H

OH

OH
CH,OH

Ginsenoside Rg;

In all, about 13 ginsenosides have been isolated and identified. Interestingly, panaxasides undergo
decomposition yielding oleanolic acid, panaxadipol and panaxatriol as given below:

H,C~_-CH;

OH

CH, CH, by

Oleanolic Acid Panaxadiol Panaxatriol
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Uses

1. Inthe Chinese system of medicine ginseng is the most favourite remedy for a variety of ailments
e.g., as a general tonic, stimulant, carminative and diuretic activities.

2. It also possesses adaptogenic (antistress) properties and is found to exert positive action on the
metabolism, the endocrine system and the central nervous system.

3. Inthe orient ginseng is used abundantly in the treatment of anaemia, diabetes, insomnia, gastritis,
neurasthenia and specifically to cure sexual impotence.

4. It is found to enhance the natural resistance (i.e., non-specific resistance) and increases the
ability to overcome both exhaustion or illness to a great extent.

5. It prolongs the life of elderly persons and cures giddiness.

4.2.8.2.2 Liquorice
Synonyms Glycyrrhiza; Liquorice root; Glycyrrhizae radix.

Biological Sources Liquorice is the dried, peeled or unpeeled, roots, rhizome or stolon of
Glycyrrhiza glabra Linn., invariably known in commerce as Spanish liquorice, or of Glycyrrhiza
glabra Linne. var Glandulifera Waldstein et Kitaibel, mostly known in commerce as Russian liquorice,
or of other varieties of Glycyrrhiza glabra Linne., which produce a sweet and yellow wood, belonging
to family Leguminosae.

The word Glyeyrrhiza has been derived from the Greek origin that means sweet root; and
glabra means smooth and usually refers to the smooth, pod-like fruit of this particular species.
Nevertheless, the fruits of the glandulifera variety has a distinct gland like swellings.

Geographical Sources Liquorice is grown in the sub-Himalayan tracts and Baluchistan. It is
cultivated on a large scale in Spain, Sicily and Yorkshire (England) G. glabra var violaceae is
found in Iran; whereas G. glabra var glandulifera exclusively grows in Russia (the ‘Russian
Liquorice’).
The following are the three commonly grown varieties of Glycyrrhiza glabra, namely:
(a) G. glabra var. violaceae (or Persian Liquorice): This specific species bears violet
flowers,
(b) G. glabra var gladulifera (or Russian Liquorice): It has a distinct big stock together with a
number of elongated roots, but it has not got any stolon, and
(¢) G. glabra var. typica (or Spanish Liquorice): This specific plant bears only purplish-blue
coloured papilionaceous flowers. It possesses a large number of stolons.

Preparation The roots are usually harvested after 3 to 4 years from its plantation when they
mostly display enough growth. The rhizomes and roots are normally harvested in the month of
October, particularly from all such plants that have not yet borne the fruits. thereby ascertaining
maximum sweetness of the sap. The rootlets and buds are removed manually and the drug is washed
with running water. The drug is first dried under the sun and subsequently under the shade till it
loses almost 50% of its initial weight. The large thick roots of the Russian Liquorice are usually
peeled before drying. It is an usual practice in Turkey, Spain and Israel to extract a substantial
quantity of the drug with water, the resulting liquid is filtered and evaporated under vacuo and the
concentrated extract is molded either into sticks or other suitable forms.
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Description
Colour : Unpeeled Liquorice-Externally, yellowish brown or dark brown; and internally,
yellowish colour
Odour : Faint and characteristic
Taste : Sweet
Size : Length = 20 to 50 cm; Diameter =2 cm

Shape : Unpeeled drug—Straight and nearly cylindrical
Peeled drug—Mostly angular
Fracture : Fibrous in bark; and splintery in the wood.

Chemical Constituents Glycyrrhiza (liquorice) comprises of a saponin like glycoside known as
glycyrrhizin (or glycyrrhizic acid) as shown below:

COOH _O

HO

HO

COOH _OQ
HO
HO OH

Glycyrrhizin
[Glycyrrhizic Acid]

Glycyrrhizin is found to be 50 times as sweet as sugar. Glycyrrhizin upon hydrolysis loses its
sweet taste and gives rise to the aglycone glyeyrrhetinic acid (glycyrrhetic acid) together with two
moles of glucuronic acid. The former is a pentacyclic triterpene derivative of the 3 amyrin type. A
host of other chemical constituents essentially include are namely: coumarin derivatives e.g.,
umbelliferone and herniarin; flavonoid glycoside e.g., liquiritoside; isoliquiritoside, liquiritin,
isoliquiritin, rhanoliquiritin, and rhamnoisoliquiritin; asparagine; 22-33-dihyrostigmasterol;
glucose; mannitol and about 20% of starch.

Interestingly, carbenoxolone, which is an oleandane derivative is prepared from glycyrrhiza
and possesses considerable mineralocorticoid activity. It is used as an anti-ulcer drug.
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H,C, COOH

H,C, COOH

HO N7 |
H,¢ cuH HOOCCH,CH,COO™ ">«
H,C CH,;

Glycyrrhetic Acid Carbenoxolone

Chemical Tests
1. When sulphuric acid (80%) is added to a thick section of the drug or powder, it instantly produced
a deep yellow colour.

Substituents/Adulterants Glycyrrhiza uralansis, also known as Manchurian Liquorice, which
is pale chocholate brown in appearance having wavy medullary rays and exfoliated cork is mostly
used as an adulterant for G. glabra. This particulr species is from sugar, but contains glycyrrhizin.
Sometimes, the Russian Liquorice is also used as an adulterant, because the drug is purplish in
appreance, has long roots but having no stolons.

Uses
1. Glycyrrhiza has demulscent and expectorant properties
2. Itis used as a masking agent for bitter drugs in pharmaceutical formulations, such as: quinine,
aloe, ammonium chloride etc.
3. Ammoniated glycyrrhiza is employed as a flavouring agent in beverages, pharmaceuticals and
confectionary.
4. The inherent surfectant activity due to the presence of saponins helps to facilitate the absorption
of poorly absorbed drugs, for instance: anthraquinone glycosides.
5. Itis invariably added to beer to form stable and enhanced foaminess.
6. It imparts a distinct and characteristic bitter tastte to a number of beverages, such as: stout, root
beer and porter.
7. The presence of glycyrrhetinic acid exert mineralocorticoid activity and hence it is used in the
treatment of inflamations, rhematoid arthritis and Addison’s disease.
8. Liquorice is an important ingredient in ‘Liquorice compound powder’ wherein it augments
the action of senna.
9. Liquorice liquid extract is employed as a foam stabilizer in the foam type-fire-extinguisher.
10. Liquorice liquid extract is used in the treatment of peptic ulcer.
11. In Europe the glycyrrhetic acid is employed exclusively in dermatological formulations for its
remarkable antiinflammatory properties.

Caution As glycyrrhzin appreciably enhances sodium and fluid retention and promotes
potassium depletion. Therefore, patients with history of either cardiac problems or
hypertension must avoid consumption of signficant amount of liquorice.



Dr.Murtadha Al-Shareifi e-Library

192 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

4.2.8.2.3 Senega
Synonyms Senega snakeroot; Seneca snakeroot; Rattlesnake root; Radix senegae; Senega root.

Biological Source Senega is the dried root and root stock of Polygala senega L., or Polygala
senega var latifolia Torret Gray or Polygala alba Nutt. belonging to family Polygalaceae.

Geographical Source The plant is grown in North America and Eastern Canada. Presently, the
drug is chiefly sourced from the cultivated species in Japan. However, the species grown in North
West United States is known as Northern Senega, whereas the one found in Canada, Minnesota and
Mannitoba is called as Western Senega.

Preparation The root is collected from the wild plants normally in summer. The stems are promptly
cut off and the roots are sorted out, washed thoroughly and dried either in the shade or artificial
environment between 50-60°C.

Description
Colour : Brownish grey
Odour : Characteristic odour of methyl salicylate
Taste : First sweet and then acrid taste
Size : Length =5 to 20 cm; Diameter = 3 to 10 cm

Appearance : A large knotty crown with a long tapering root normally curved, twisted having
two or more large branches

Fracture : Short in the bark and splintery in the wood.
Chemical Constituents Senega essentially contains two saponin glycosides that are triterpenoid
in character, namely: senegin (4%) and polygallic acid (5.5%).

Hydrolysis of senegin gives rise to one mole each of senegenin, senegenic acid and
presenegenin. It has been established that senega contains certain other derived forms of
presenegenin known as Senegin II as shown below:

Rhamnose-Xylose —Galactose

COO—F
ucose OCH,

\ O0C—CH= CH—@ OCH,
N -

~—

3,4-Dimethoxy Cinnamic Acid
Senegenin—H CH.OH

2
H,C_,CH,

HC———
|

HFCH

HCOH

H|COH

HOOC “CH,

CH;

Senegenin Polygalitol
[1,5-Anhydrosorbitol]
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The sweet taste of the drug is owing to the presence of 1, 5-anhydrosorbitol (or polygalitol).
Besides, the senega root contains fixed oil, resin, sucrose, proteins, sterol and methyl salicylate
(which is formed by the enzymatic hydrolysis of the glycosides called as primveroside).

Substituents and Adulterants The roots obtained from Polygala chinensis Linn., grown almost
throughout India at an altitude of 5000 feet is mostly used as an adulterant in Senega root.

Uses
1. The senega root is used extensively as an expectorant and in chronic bronchitis to relieve the
spasms.
2. Itis also employed as an emetic.

4.2.8.2.4 Bacopa
Synonyms Herpestis; Brahmi.

Biological Sources It comprises of the fresh stems and the fresh leaves of Bacopa monnieri Linn.,
Pennell or Bacopa monnniera Wettst., or Herpestis monniera Linn., H.B. & L., belonging to family
Serophulariaceae.

Geographical Sources The plant is grown extensively throughout the marshy places in India,
Ceylon and Singapore. The plant is glabrous, succulent and creeping herb.

Preparation The leaves along with stems are collected from the fully grown plant and are dried
preferably in shade. The leaves are separated from the stems and packed separately in polybags.

Description
Colour : Green
Odour : None

Taste : Bitter
Size : Length = 1.2-1.8 cm; Breadth =2.5-10 mm
Shape : Leaves sessile, broad, entire, ovate-oblong or spathulate with black spots.

Chemical Constituents The leaves contain saponin glycosides known as bacoside A and bacoside
B which on acid hydrolysis give rise to triterpenoid aglycone termed as bacogenin A and bacogenin
B respectively. It also contains asiatic acid and brahmic acid as depicted below:

CH,

COOH

R=H; Asiatic Acid
R=0OH; Brahmic Acid

HOCH, CH,

Uses
1. Itis used in the treatment of insanity and epilepsy
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2. Itis also employed as a potent nervetonic, cardiotonic and diuretic
3. Itis mostly used in the treatment of asthma and as an aperient ie; acts as a mild laxative.

4.2.8.2.5 Quillaja
Synonyms Soap bark; Quillay bark; Panama bark; China bark; Murillo bark; Quillaia bark.

Biological Source Quillaja bark consists of the inner dried bark of Quillaja saponaria Molina
belonging to family Rosaceae.

Geographical Source The plant is grown in South America i.e., Peru and Chile. It is also cultivated
in Northern India.

Preparation The bark is collected from the trunk of wild plants. Careful incisions are made on the
trunk and the bark is stripped off. The bark is freed from the outer dark coloured cork, cut into small
pieces, dried, graded and packed in polybags.

Description

Colour : Outer surface: Pale yellowish brown, smooth with occasional reddish or blackish
patches
Inner surface: Yellowish white, smooth and hard

Odour : Odourless

Taste : Astringent and acrid

Size : Length = 100 cm; Breadth = 10-20 cm; Thickness = 5-10 mm

Shape : Hard, tough and flat

Fracture : Splintery.

Chemical Constituents Quillaja (quillaia) contains 9-10% of colourless amorphous triterpenoid
saponin glycosides. The glycosides on hydrolysis give rise to quillaic acid and quillaia sapotoxin.
The acrid and astringent taste of the bark is due to the presence of quillaia sapotoxin.

H,C_ CH,

HO ™
OHC
53 CH,

Quillaic Acid

Besides, the drug also contains tannin, starch, sucrose and calcium oxalate.

Uses
1. Itis used in mineral water industry.
2. Itis employed for making shampoo liquid.
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3. It is mostly used as a foam producer.
4. It is generally employed as an emulsifying agent.

m Aldehyde Glycosides

Vanilla pod is the most glaring example of a naturally occurring plant that contains an aldehyde
glycoside e.g.; glucovanillin, and cinnamon bark is another important example which contains
cinnamic aldehyde.

4.2.9.1 Vanilla
Synonyms Vanilla beans; Vanilla pods; Fructus vanillae; Baunillha.

Biological Sources Vanilla consists of the cured, full grown, unripe fruit of Vanilla planifolia
Andrews, commonly known as Bourbon, Madagascar or Mexican vanilla; or Vanilla tahitensis J.W.
Moore, frequently termed as Tahiti vanilla, belonging to family Orchidaceae.

Geographical Sources The plant is indigenous to the Eastern coast of Mexico. Presently, it is
widely cultivated in West Indies, Reunion, Mauritius, Seychelles, Tahiti, Java, Madagascar, Ceylon,
France, Polynesia, Indonesia, Uganda, Hawaii and India.

Preparation The full grown and unripe fruits are hand picked at that particular stage when their
colour changes from green to yellow. These fruits are allowed to undergo fermentation whereby a
characteristic flavour and aroma develops gradually. However, the very important and critical process
of fermentation essentially consists of slow drying in shades at a controlled temperature. Fermentation,
in fact, helps in the conversion of vanilloside to vanillin and glucose respectively.

Description
Colour : Green to yellowish-green
Odour : Characteristic pleasant odour
Taste : Acrid and astringent.
Size : Length = 15-25 cm; Diameter = 8-10 mm

Surface : Longitudinally wrinkled.

Chemical Constituents The fruits of vanilla pod contains between 2 to 2.75% vanillin, which is
esentially present in the form of glucovanillin as given below:

CHO
CH,OH OCH,
wA o
HO\OH oA
H HO

Glucovanillin (Avenein)
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It also contains another glycoside known as glucovanilline aleohol, which upon hydrolysis
yields vanillic alcohol and glucose. The vanillic alcohol on oxidation gives vanillin.

Uses
1. It is mostly used as a pharmaceutical aid for flavouring various liquid preparations.
2. Interestingly, the pleasant odour and flavour of vanilla are not only confined to vanillin, but
more or less collectively on account of vanillin along with other fragrant chemical constituents.
3. Vanillin enhances the chocholate flcvour of cocoa based malted milk foods.

m Bitter Glycosides

In general, bitters are the edible natural products mostly consumed before any normal meals to
stimulate as well as enhance the appetite. However, the bitter glycosides as a class do possess
almost similar activities like the bitters such as: digestive, stomachic and febrifuge.

Therapeutically, the bitters have been found to exert their stimulant effects on the gustatory (i.e.;
related to the sense of taste) nerves located in the mouth and ultimately give rise to an improved
gastric juice secretion in the stomach.

The bitter glycosides have been found not confined to the same chemical class, but the most
important ones amongst them essentially possess the pyran cyclopentane ring.

A number of bitter glycosides isolated from natural plants have been put into actual therapeutic
practice, namely: Picrorhiza, Gentian, and Chirata, which shall be discussed in the sections that
follow.

4.2.10.1 Picrorhiza
Synonyms Indian Gentian; Katki.

Biological Source It is the dried rhizome of Picrorhiza kurroa Royle ex Benth., belonging to
family Serophulariaceae.

Geographical Sources It is a perennial herb grown abundantly and distributed on the Alpine
Himalayas extended from Kashmir to Sikkim at an altitude between 3000 to 5000 meters. It is also
found in China.

Preparation The plant is either propogated by seeds or by rhizomes. The rhizomes are collected
from the cultivated and naturally growing plants washed dried and packed.

Description
Colour : Externally—Dark Greyish brown
Internally—White blackish
Odour : Slight and unpleasant

Taste : Bitter

Size : Length = 3-5 cm; Diameter = 0.5-1 cm

Shape : Mostly cylindrical small fragments having longitudinal wrinkled and annulations
at the tip.

Special

Features : The stems and conical buds along with the drugs usually form a part of the drug
itself. The roots are invaribaly wrinkled in the longitudinal fashion having transverse
cracks. They are greyish to brown in appearance, while the fracture is tough.
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Chemical Constituents The therapeutically potent constituents of the drug essentially comprises
of three vital bitter glycosides, namely: Picroside I, Picroside II and Kutkoside as given below:

Colls H
OR c=C
H _
H ™\ C00
Trans-Cinnamoyl
0 Co0
R,OCH
: : O—Glucose-R, Vanillog]
OCH,
OH
S.No Glycoside R, R, R;
1. Picroside | H H Trans-Cinnamoy!
2. Picroside Il Vanilloy! H H
3. Kutkoside H Vanilloyl H

In fact, chemically both Picroside and Kutkoside are C-9 monoterpene iridoid glycosides
having an epoxy moiety present in the cyclopentane ring.
Besides, it also contains organic acids, resin, sugar and tannins.

Uses
1. It is mostly employed as a vital bitter tonic
2. Itis also used as a stomachic and febrifuge.
3. In large doses it exerts its action as a laxative
4. Tt also finds its usefulness in the treatment of jaundice.
5. Its alcohlic extract exhibits remarkable antibacterial effect.

4.2.10.2 Gentian

Synonyms Yellow Gentian; Pale Genetian; Bitter Root; Gentian Root; Radix; Radix Gentianae;
Gentiana.

Biological Source Gentian is the dried rhizomes and roots of Gentiana lutea L., belonging to
family Gentianaceae.

Geographical Source It is perennial herbaceous tree which is found to be native to the hilly zones
in Central and Southern Europe. It is also grown on Vosges mountains, Yugoslavia (now known as
Serbia and Crotia) and Jura.

Preparation The long rhizomes and fully grown fleshly roots of 2 to 5 year aged plants are dug up
carefully and collected preferably in autumn. The roots and rhizomes are washed thoroughly to get
rid of the adhered soil and then sliced into a longitudianal fashion. The freshly sliced pieces of roots
and rhizomes generally appear white in colour and do not have any odour. However, during the process
of gradual drying in small heaps at a controlled temperature of 50-60°C fermentation commences
which eventually turns them into dark or yellow coloured product that have a characteristc odour.
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Description The description of root and rhizome of gentian are summarised below:

Description Root Rhizome
Colour Yellowish brown to dark brown Yellowish brown to dark brown
Odour Characteristic and agreeable Characteristic and pleasant
Taste Initially sweet in taste but rapidly Initially sweet in taste bu rapidly
turns very bitter becomes externally bitter
Size Length = 15 to 20 cm; Length = 15 cm;
Dismeter = 2.5 cm; Diameter = 6 cm
Shape Cylindrical and branched Cylindrical, but usually have one
or moe conical buds at the apex
Outer surface Longitudinally striated Transversely wrinkled having
marks of leaf scars and root scars

Chemical Constituents The principal bitter glycosides of common gentians, which was isolated
in 1862 from G. lutea, is gentiopicrin, also known as gentiopicroside. It is present upto 2%.

O—(B—D—Glucosyl)
H,C=CH ‘4

Gentiopicrin (Gentiopicroside)

It is a highly water soluble crystalline substance having a bitter value to the extent of 12, 000.

The process of drying and fermentation helps in the cleavage of the above glycoside to
gentiogenin and glucose.

The drug also contains amarogenin, which is considerd to be a strongly bitter glucoside that
even imparts a distinct bitter taste at 580 thousand time dilutions.

_OH

HOCH, —-H
2 H HO X “0oH
H OH OH

Amarogentin
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Besides, it contains amaroswerin and gentioside; and gentinin which is a mixture of gentiopicrin
and gentinin. It also contains a flavonoid alkaloid commonly known as gentisin (Syn: Gentianic
acid; Gentianin; Gentin) and gentisic acid.

Uses
1. It is invariably used as a bitter tonic in anorexia and dyspepsia.
2. It appreciably improves the relatively dull appetite.

4.2.10.3 Chirata
Synonyms Bitter stick; Chiretta; Chirayita; East Indian Balmony.

Biological Source It is the dried plant of Swerlia (Ophelia) chirata (Roxb) Buch-Ham; belonging
to family Gentianaceae.

Geographical Source It is found in India from Himalaya to the mountainous regions in Kashmir,
Bhutan, Meghalaya and Khasi Hills at an altitude ranging between 1200-1500 meters. It is also
grown in Nepal.

Preparation The plant usually flowers from July to October. It is collected for medicinal utilities
as and when the capsuls are fully formed. The dried plants are tied into bundles weighting
approximately 1-1.25 kg.

Description
Colour : Leaves, flowers and fruits-yellowish shade; stem-yellowish brown to purple
Odour : Odourless
Taste : Extremely bitter

Size : Stems = Length: 1.0 meter; Breadth = 6 mm
Shape : Stems are mostly cylindrical, glabrous and quandrangular at the appex hawing a
large pith.

Chemical Constituents It invariably contains bitter principles, namely: ophelic acid; bitter
glycosides: amarogentin and chiratin; alkaloids; gentianine and gentiocrucine.

Substituents/Adulterants In fact, there are three widely known substituents for chirata, namely:

(a) Swertia paniculata Wall: The plant grows in the temperate climate of Western Himalaya , from
Kashmir to Nepal at an attitude of 2000-3000 meters;

(b) Swertia angustifolia Buch-Ham: The plant is found in the subtropical region of Himalaya at an
altitude ranging between 300 to 2000 meters from the Chenab to Bhutan; and

(c) Sweritia densifolia: 1t grows in the Konkan region and usually attains a height of about 30 to 90
cm.

Uses

It is invariably used as a bitter tonic.

It also finds its use as a febrifuge.

It is employed in dyspepsia.

It has been recommended as a diuretic and in epilepsy.
Industrially, it is extensively used in dyeing cotton cloth.

MY
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m Miscellaneous Glycosides

There are a number of glycosides which do not fall into the various classifications discussed under
Sections 4.2.1 to 4.2.10 ; therefore, they have been grouped together under the present head i.e.,
‘Miscellaneous Glycosides’ A few imortant members of this group shall be described here
briefly.

4.2.11.1 Steroidal Alkaloidal Glycosides

They are sepecifically abundant in two families, namely: Liliaceae and Solanaceae. Just like saponins,
the steroidal alkaloidal glycosides do possess significant haemolytic activities, such as:

S.No. Name Biological Source Steroidal Uses
(Family) Alkaloidal
Glycosides
1. Bitter Sweet Solanum dulcamara Linn., Solanidine Skin disease,
(Solanaceae) psoriasis
2. Tomato Solanum lycopersicum Rubijervine Antifungal
Linn., (Solanaceae)
3. Potato or Solanum tuberosum Linn., Solanine —
White Flower (Solanaceae)
Potato
cH, 1

CH,
“CH,

HO

Solanidine Rubijervine

CH,OH HO O— Solanidine

H

Solanine
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The sugar components are usually attached at C-3 in solanidine and rubijervine which may be
galactose, glucose, rhamnose or xylose and their quantity may vary from one to four.

4.2.11.2 Antibiotic Glycosides

Streptomycin is the glaring example of an antibiotic glycosides produced by the soil Actinomycete,
Streptomyces griseus (Krainsky) Waksman et Henrici belonging to family Actinomycetaceae. 1t is
usually formed by the combination of the genin Streptidine a nitrogen containing cyclohexane
derivative and Stretobiosamine a disaccharide representing two-thirds of the streptomycin molecule,
through a glycosidic linkage as shown below:

NH
NH— C— NO,
HO H
Streptidine

R=CH,NH

Streptobiosamine Streptomycin

4.2.11.3 Glycosidal Resins

The Jalap and Scammony are the two well known examples of the glycosidal resins occurring in the
natural products, namely: Jalap—from the dried tuberous root of Exogonium purga (Hayne) Lind]l.
(E. jalap Balill., Ipomea purga Hayne), belonging to family Convolvulaceae; Scammony—from the
dried roots of Convulvulus scammonia L., belonging to family Convolvulaceae. The glycosidal
nature of these resins are evidenced by the presence of sugars, such as glucose, rhamnose and fucose
on hydrolysis.

4.2.11.4 Nucleosides (Nucleic Acids)

These naturally occurring substances are of prime biological importance and essentially possess
three vital components namely: first, a sugar moiety e.g.; ribose or 2-desoxyribose; secondly, a
purine or pyrimidine base e.g.; adenine, guanine and cytosine, and thirdly, a phosphoric acid.

A base-sugar unit is known as a nucleoside, whereas a base-sugar phosphoric acid unit is
known as nucleotide.

An example of a nucleotide and a nucleoside is given here under:
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H
O\ /O 1 ’
N .
P
) O/ \O o {N O N 1 Adenine
_ ) H N
h O
H
H
OH
-~ 0 -
— ~
Nucleotide

Nucleotide : An odenylic acid unit of RNA
Nucleoside : Adenosine with the adenine as the heterocyclic base.

4.3 BIOSYNTHESIS OF GLYCOSIDES

Generally, the naturally occurring living plant could be regarded as the most sophisticated and
meticulously designed biosynthetic laboratory not only confined to the primary metabolites such
as: Amino acids, carbohydrates, terpenes, fatty acids which are mostly consumed as a source of
edible food material by human beings, but also for a plethora of secondary metabolites
of enormous pharmaceutical significance, for instance: glycosides, flavonoids, alkaloids, essential
oils and the like. Interestingly, such naturally found chemical substances which specifically attribute
plant drugs their marked and pronounced therapeutic activities are collectively termed as
‘phytopharmaceuticals’. Therefore, a higher plant is nothing but an intricate solar energised
biochemical reactor that is exclusively responsible for the mass production of primary as well as
secondary metabolites from air, water, minerals and sunlight - a source of UV radiations.

However, the primary metabolites are more or less widely distributed in nature practically in all
organisms that are essentially required for the overall growth as well as physiological development
by virtue of their basic cell metabolism. Nevertheless, the secondary metabolites are biosynthetically
engineered products solely derived from the primary ones and are confined in their distribution
strategically ie; being restricted to a particular taxononic group. These products may be regarded
either as various chemical adaptations to environmental stresses or they may be considered as nature’s
protective, defensive or offensive chemical entities against the host of microorganism, fungi, insects
and higher herbivorous predators.

Thus, with regard to cellular economic cognizance the secondary products are mostly tedious to
form and subsequently accumulate, and hence, invariably show up in the plant kingdom in relatively
much lesser amounts in comparison to the primary metabolites. The secondary metabolites are
also regarded to be as the waste products of the plant metabolic processes.

The different biosynthetic reactions taking place in the plant cells are based on certain enzymes.
In fact, it is the control of enzymatic activity on the plant metabolism which ultimately governs a
specific biosynthetic pathway. In general, the enzymatic reactionbs in plants ae reversible. Under
the influence of specific enzymes the secondary metabolites are either synthesized or hydrolysed
in plants.

The biosynthetic pathways in plants may be duly elucidated and extensively studied by the aid
of isotopically labelled precursors. Nowadays, with the advent of ‘tracer technology’, it is a lot
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easier to introduce isotopes into the anticipated precursors of plant metabolites and employed as
specific ‘markers’ in the elaborated biogenetic experiments. It is now quite possible to unfold the
mysteries of biosynthetic pathways with the use of radioactive carbon (**C), hydrogen (*H), sulphur
(*>S) and phosphorus (**P).

The biosynthesis of different categories of glycosides shall be discussed briefly in the sections
that follow.

m Biosynthesis of Anthracene Glycosides

The biosynthesis of anthracene glycosides may be considered under the following two heads,
namely:

(a) Emodin and Other Related Derivatives:The indepth knowledge with regard to the biosynthesis
of anthracene aglycones has been duly established from an elaborated study with microorganisms,
specifically Penicillium islandicum as shown below:

PR I
O (N CNCANC CH; HO O‘O CH,
—
K/C\/CVC\/ COOH
HO O OH

Poly—f-Ketomethylene Acid Emodin & oth.er Related
[An intemediate with Derivatives

8-Acetate Units]

In this particular instance, an intermediate poly B-ketomethylene acid is assumed to have formed
from 8 acetate units which on being subjected to intramolecular condensation gives rise to
anthraquinones i.e.; emodin and other related derivatives.

(b) Alizarin: Another metabolic pathway for the formation of anthraquinone is established and
recognised through the shikimic acid—mevalonic acid mediators as could be seen functional in
certain plants belonging to the family Rubiaceae as given below:

OOH
HO~ E OH
OH
Shikimic acid

Alizarin
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The biosynthesis of alizarin reveals that the 7ing 4 in alizarin molecule has been derived from
the shikimic acid, whereas the ring C in alizarin has been incorporated by the mevalonic acid
component.

m Biosynthesis of Phenol Glycosides

The biosynthesis of Phenol Glycosides arbutin takes place from the shikimic acid via phenylalanine
(an amino acid)—cinnamic acid—hydroquinone and finally to the desired glycoside as indicated
below:

COOH OH O-GLU
NH,
O —Cr T =) —
—> —

HO ol COOH COOH

OH OH OH
Shikimic Acid Phenylalanine Cinnamic Hydroquinone Arbutin

Acid

m Biosynthesis of Steroid Glycosides

Biotransformation of steroids and cardiac glycosides (e.g., gitoxin, digitoxin) by plant cell cultures
have been studied extensively and have been reviewed by Reinhard* (1974), Stohs and Rosenberg™**
(1975), Stohs*** (1977), and Furuya**** (1978).

However, in general the steroidal aglycones of cardioactive glycosides may be assumed to
have formed as a broad based overall mechanism of steroid biogenesis as shown below:

Acetate ——> Mevalonate—— Isopentenyl —— Squalene ——Steroid
Pyrophosphate

The steroidal molecule is considered to have generated with the head to tail linkage of several
acetate units.

m Biosynthesis of Flavonoid Glycosides

Recently, both extensive and intensive research at the enzymatic level has more or less confirmed
the original hypothetical steps postulated for the incorporation of acetate and phenylalanine into
flavonoids. In fact, studies related to enzymology and regulation of flavone and flavonol glycoside
biosynthesis has unfolded many further details of the individual reactions. It has been reported that

* Reinhard, E., In Tissue Culture and Plant Science—1974, (H.E. Street Ed.), Academic Press, New York, pp.
433-459, 1974.
** Stohs S.J., and H. Rosenburg., Lloydia, 38, 181-194, 1975.
**% Stohs, S.J., ‘In plant Tissue Culture and its Biotechnological Applications’, (W. Barz, E. Reinhard and M.H.
Zenk, eds), Springer-Verlag, New York, pp. 142-150, 1977.
**%% Fuarya, T., In ‘Frontiers of Plant Tissue Culture’, (T.a. Thorpe-ed.) The Boostore, University of Calgary, Alberta,
Canada, pp. 191-200, 1978.
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more than 20 different flavonoid glycosides occurrig in irradiated parsley cells are based on only
three flavone and three flavonol aglycones all of which have essentially very similar substitution
modes (Kreuzaler and Hahlbrock*, 1973). The chemcial structures of the aglycones and their probable
reactions are as shown here under.

It may be observed that except for the characteristic C-3 hydroxyl moiety of flavonols the six
aglycones essentially differ only with respect to substitution at C-3' position.

Another school of thought suggests that the flavonoid glycoside aglycones may be obtained
from the major pathways ultimately leading to the synthesis of aromatic compounds in the biological
systems, namely:

(a) Acectate Pathway, and
(b) Shikimic Acid Pathway

It has been observed that one 6-carbon fragment of the C4-C5-C4 compounds derived from the
acetate pathways gets combined with the remaining 9 carbon fragment ontained from the shikimic
(phenyl propanoid) pathway as stated below:

Explanation

1. The C4—C; segment, perhaps in the oxidation form of a cinnamic acid molecule, gets combined
with three molecules of acetate to yield first a C,5 chalcone moiety an intermediate and
subsequently the flavanone residue.

2. The simultaneous introduction of removal of OH moieties from the aromatic rings B and A
gives rise to the production of a good number of derivatives,

3. Flavonoids are first formaed by the introduction of the hydroxy group at position 3, whereas
dehydrogenation at positions 2 and 3 results in the formation of flavonols, and

4. Evidently, the simultaneous occurance of a variety of glycosides having the same aglycone in a
specific plant species strongly supports the well established hypothesis that glycosylation usually
takes place at a late stage of flavonoid biosynthesis.

m Biosynthesis of Coumarin and Furanocoumarin Glycosides

It has been established experimentally that by using grafts of Melilotus alba on Trigonella foenum
graecum, practically no coumarin is formed in the shoots of M. alba ; therefore, it may be inferred
that the roots are absolutely essential for coumarin synthesis, perhaps since they provided an important
precursor (Reppel and Wagenbreth, 1958)**. However, more recently it has been shown with the
aid of reciprocal grafting experiments involving parsnip (Pastinacia sativa) that furanocoumarins
in this species are usually generated in the fruits where they accumulate, and of course, no evidence
for translocation could be observed (Beyrish, 1967)***,

There are two experimentally demonstrated pathways whereby natural products incorporating
the bezopyran nucleus are usually formed, namely:

* Kreuzaler, F., and K., Hahlbrock, Phytochemistry, 12, 1149-1152, 1973.
** Reppel L., and D. Wagenbreth, Flora (Jena), 146, 212-227, 1958.
**% Beyrish, T., Planta Med. 15, 306-310, 1967.
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4
OH O HO O
Chalcone Flavanone
[Naringenin Chalone] [Naringenin]
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HO O HO O

Chrysoeriol (G) Isorhamnetin (H)
COOH
NH,
HO’ ; OH COOH
OH
Shikimic Acid Phenyl Alanine
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3CHC OH + d @

C
HQ\C/ I [
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Acetic Acid Cinnamic Acid Chalcone Flavanone

[Intermediate]
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(a) In 3- and 4-phenylcoumarins, the aromatic components of this nucleus is derived from
polyketide, wherein the 3 aliphatic carbon atoms and the phenyl substitute is found to originate
from shikimic acid via a phenylpropanoid intermediate, and

(b) Thecoumarin originates via the shikimate-chorismate pathway leading to phenylpyruvic acid,
from which arise L-phenylalanine by transmination and frans-cinnamic acid in turn by the action
of phenylalanine ammonia lyase. Generally, two types of furanocoumarins are recognised,
namely: Linear furanocoumarin and Angular furanocoumarin as shown below:

5
5 6 4\3
AN 7 2
/ 3 12N
2 o) g O
0 o~ ©
Linear Angular
Furanocoumarin Furanocoumarin
(A) (B)

In (A), the furan ring is fused at C-6 & C-7 positions of the benzopyran nucleus (eg., psoralens),
whereas in (B) the fusion is between C-7 and C-8. However, the latter is less widely distributed than
the former.

m Biosynthesis of Cyanogenetic Glycosides

Cyanogenesis is the ability of living organisms that exist freely in the higher plants but instead it is
released from the cyanogenetic precursors as a result of the enzymatic action. Now, it has been
well established that these precursors are normally glycosides of hydroxynitriles (or cyanohydrins).
Once the cellular integrity of a cyanophoric plant tissue is disrupted, the cyanogenetic glycosides in
turn are brought in contact with the respective catabolic enzymes that helps to hydrolyze the glycosides
and ultimately give rise to the formation of hydroxynitriles.

There are two important cyanogenetic glycosides, namely: dhurrin nad prunasin which are
present in a variety of plant families and genera as stated below*:

S.No. Glycoside Family Genera

1. Dhurrin Gramineae Sorghum spp.
Proteaceae Macadamia, Stenocarpus
Trochodendraceae Trochodendron

2. Prunasin Caprifoliaceae Sambucus
Compositae Achillea,Centaurea, Chaptalia
Leguminosae Acacia Spp. (Australia), Holocalys
Myoporaceae Eremoophila
Myrtaceae Eucalyptus
Oliniaceae Olinia
Polypodiaceae Cystopteris, Pteridium
Rosaceae Cotoneaster Spp. Cydonia
Saxifragaceae Jamesia
Scrophulariaceae Linarria Spp.

* Seigler, D.S., Prog, Phytochem., 4, 83-120, 1977.
Seigler, D.S., Rev Latinoam Quim, 12,39-48, 1981.
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The two amino acids Tyrosine and Phenylalanine are considered to have derived from the
Shikimic Acid Pathway and Phenylalanine Pathway as depicted below:

(a) Shikimic acid Pathway: It is based on studies carried out with E. coli as follows:

COOH COOH
|COOH |COOH coon cmo  HO. COOH
| |
|c=0$ |?—OH—bcop + HCOH —» —> —
|| | O o 0 ong HO OH
CH;, CH, CH,  HCOH OH OH OH
CH,OP
Pyruvic Acid Pyruvic Acid Phospho- Erythrose- 5-Dehydro- 5-Dehydro- Shikimic
(Keto-form) (enol-form) enolpyruvic  4-P, quinic Acid Shikimic Acid Acid

acid

(b) Phenylalamine Pathway: It starts with Shikimic acid as the starting material as shown under:

(0)
I
OOH OOH HOOC_ CH,C.COOH
Phosphoenol
—> > —
P ic Aci
HO OH PG OH yruvic Acid
OH OH

HO H
Shikimic 5-Phospho- Prephenic
Acid shikimic Acid Acid
(0]
[
CH,COOH H H
~C .
N COOH
N
it NH,
Phenyl-
Pyruvic Acid Phenylalanine

(¢) Tyrosine from Phenylalanine: It is obtained by the oxidation of phenylalanine.

HoH H H
@ C\CJ_,.»COOH (0) /@ C\C_.A,,..‘COOH
—_—
N ~»
n’ NH, HO i NH,
Phenylalanine Tyrosine

(d) Dhurrin from Tyrosine: It is obtained from tyrosine as shown below:

N
@ CH,0H—op
HoH !
“¢__.COOH c—0 OH
/c”\ . OH
HO H NH,
Tyrosine Dhurrin
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(e) Prunasin (or Prulaurasin) from Phenylalanine: It is obtained from phenylalanine as given
below:

CH,OH_ oy

OH

. Prunasin
Phenylalanine (Prulaurasin)

It has been established that labelled shikimic acid and labelled tyrosine were equally effective
precursors of the hydroxylated aglycone of Dhurrin, a cyanogenetic glycoside produced by Sorghum
vulgare Linn. belonging to family Gramineae.

Likewise, introducing labelled phenylalanine to young cherry laurel plants ie; Prunus
laurocerasus, has proved that the amino acid acts as a precursor of Prunasin in young peach
seedlings.

Biosynthesis of Thioglycosides

The seeds of a number of plants belonging to the mustard family comprise of glycosides, the aglycones
of which are invariably isothiocyanates. Hence, these glycosides are also known either as
thioglycosides or as glucosinolates and mostly form a group of bound toxins.

It has been observed that the aglycone portions of thioglycosides may largely consist of either
aliphatic or aromatic derivatives. It is established experimentally that the carboxy-labelled acetate is
being inorporated in the allyl moiety of Sinigrin usually present in Brassica juncea.

* *
CH,OH CH,—CH=CH,

*
2 CH,.COONa — > S—(C=NO0OSO;Na

H OH

Sodium Acetate Sinigrin

m Biosynthesis of Saponin Glycosides

Saponins are usually of two types, namely: first, the steroidal saponins which essentially have a
spiroketal side chain, and secondaly, the triterpenoid saponins. It has been proved that labelled
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acetate and mevalonate are duly incorporated into spiroketal steroids as well as pentacyclic
triterpenoids. It is, however, pertinent to mention here that the major pathway adopted by both
types of sapogenins is more or less identical and that it involves head to tail coupling of various
acetate units. It is asumed that a branching takes place most probably after the formation of the
triterpenoid hydrocarbon squalene, that ultimately leads to the spiroketal steroids in one direction
and to the pentacyclic triterpenoids in the other as shown below:

-0

CH, HO,
CH,COOH—» h

HOCH, COOH

Diosgenin
Acetate Mevalonate (Spiroketal Steroid)

B-Amyrin
(Pentacyclic Triterpenoid)

m Biosynthesis of Aldehyde Glycosides

It has been established that the aromatic nuclei of aldehyde glycosides are usually from the C4-C;
precursors formed via the Shikimic Acid Pathway. However, the conversion of cinnamic acid to
vanillin is considered to be the most propable route as shown under:

COOH
CHO
— OO,
COOH /©/
OCH,
ShlklmIC Acid Phenylalanine Cinnamic Acid Vanillin

4.4 PROFILE OF GLYCOSIDES IN NATURAL PLANT SOURCES

The variety of glycosides occurring in natural plant sources are so numerous that it is not quite
possible to include all of them in one chapter in the present context. Hence, it is thought worthwhile
to summarize them in the following Table 4.6:
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Table 4.6 Summary of Glycosides in Natural Plant Sources

S. Class Name Biological Source Major Uses
No. (Family) Glycosides
| Anthracene Aloe Aloe barbadensis; Aloin, Purgative
Grycosides A. Ferox; A. perryi; Aloe-
A. africana; A. spicata emodin,
(Liliaceae)
Rhubarb Rheum officinale; Rhein; Bitter
R. palmatum; R. emodi; Aloe emodin; Stomachic;
R. webbianum; Purgative
(Polygonaceae)
Cascara Rhamrnus Barbaloin; Cathartic,
sagrada purshiana Deoxybarbaloin Tonic and
(Rhamnaceae) Carcaroside-A, B, C & D  Stomachic
Frangula Rhamnus frangula Frangulin A & B; Cathartic
(Rhamnaceae) Glucofrangulin-A & B
Senna Cassia senna; C., Sennoside A, Purgative
angustifolia; (Leguminosea) B,C &D
Chrysarobin Andira araroba Chrysophano Ringworm
(Leguminoseae) anthranol
Il Phenol Bearberry Bergenia crassifolia Arbutin Diuretic
Glycosides (Uvs ursi) (Saxifragaceae)
Canadian Gaultheria procumbens Gaultherin —
Wintergreen and Monotropa
Plant hypopitys (Ericaceae)
Poplar and Salix fragilis and Salicin Analgesic
Willow Salix purpurea Populin Bitter
(Salicaceae) Stomachic
Khatta Citrus aurantium Hesperidin —
(Rutaceae)
Irridis rhizoma Iris kumaonensis Iridin Cathartic,
(Orris root) (Iridaceae) stimulant, Diuretic
Apple Malus sylvestris (or Phlorizin —
Pyrus malus) (Rosaceae)
Il Steroid Digitalis Digitalis purpurea Purpurea Glycosides Cardiotonic
Glycosides (Fox Glove) (Serophulariaceae) A, B, & C; Digitoxin
Digitalis Digitalis lanata Lantosides Cardiotonic
(Scrophulariaceae) A, B & C; Digoxin
European Urginea maritima Glucoscillaren Cardiotonic
Squill (Scilla maritima) Scillaren —A; Scillarenin;
(Sea Onion) (Liliaceae) Proscillaridin
Indian Squill Urginea indica Scillaren-A; Rat poison
(Scilla) (Liliaceae) Scillaren-B
Red Squill Urginea maritima Scilliroside Cardiotonic
(Red variety of  (Liliaceae);
European Squill)
Strophanthus Strophanthus hispidus Cymarin; K- Cardiotonic
(or S. kombe) Strophanthidin-f3;
(Apocyneceae) K-Strophanthosi de
Ouabain Strophanthms gratus G-Strophanthin Cardiotonic
(Apocyneceae) (Ouapain)
Oleander Nerium oleander Oleandrin Cardiac
(Apocynaceae) Stimulant
Black Helleborus niger Hellebrin Cardiotonic
Hellebore (Ranunculaceae)

(Contd.)
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( Table 4.6 contd.)

Adonis Adonis vernalis K-Strophanthin; Cardiotonic
(Renunculaceae) Adoniotoxin
Thevetia Thevetia nerifolia Thevetin- A Cardiotonic
(Apocynaceae)
IV Flavonoid
Glycosides
A Flavone Parsley Petroselinum sativum Apin Stimulant;
Glycosides and Apium petroselinum Diuretic;
(Umbelliferae)
Buchu Barsoma crenulata Diosmin —
B. serratifolia; B. betulina;
(Rutaceae)
B  Flavonol Buck Wheat Fagopyrum esculatum Rutin Decrease
Glycosides (Polygonaceae) capillary fragility
Ring Crategus oxycantha Quereitrin Textile dye
(Rosaceae)
C Flacanone Lemons, Citrus sinensis; Hesperidin Minimise
Glycosides Sweet Oranges; Citrus limon; C. aurantium, capillary
Bitter Oranges;  C. medica, (Rutaceae) fragility
D Chalone Safflor Red Carthamus Carthamin Dye
Glycosides tinctorius
E Isoflavonoid Sharapunkha Tephrosia purpurea Tephrosin Fish poison
Glycoside (Leguminosae)
Gilas Prunus avium (Rosaceae) Prunetrin —
Green Pods Sopora japonica Sophoricoside —
(Leguminosae)
F  Anthocyani- Pelargonium Pelargonium gravecolens Plargonidin Diuretic
din Flower and P. roseum (Geraniaceae)
Glycosides Althaea Flower  Althaea rosea (Malvaceae) Cyanidin —
Peony Tuber Peony officinalis Peonidin —
(Ranunculaceae)
Whortle Berry Vacinium myrtillus Delphinidin —
(Ericaceae)
Petunia Flower  Petunia hybrida (Solanaceae) Petunidin —
Malva Flower Malva sylvestris (Malvaceae) Malvidin =
V  Coumarin and
Furanocou
marin
Glycosides
A Coumarin Horse-chestnut  Alsculus hippoeastanm Aesculin Fruit and bark
Glycosides Tree; (Hippocastanacea) in diarrhoea Tonic
Chicory Chicorium intybus Chicorin Febrifuge
Flower (Compositae) Diarrhoea
Daphne Bark Daphne mezerium Daphnin Febrifuge
(Thymelaceae)
European Ash Fracinus exclsior Fraxin Tonic; Febrifuge;
(Oleaceae) Bitter Astringent;
Tonka Seed Dipteryx odorata Coumarin Pharmaceut
D. oppositifolia ical aid
(Leguminoseae)
B Furanocour- Honey Plant Ammi Visnaga Khellin; Khellol; Coronary
marin (Visnaga) (Umbelliferae) Glucoside; vasodiltor
Psoralea Psoralea Corylifolia Psoralen, Isopsoralen In leprosy and
Fruit (Leguminosae) Psolaridin leucoderma
Cantharides Cantharis Cantharidin Vesicant

(Contd.)
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Beetles vesicatoria rubefacient
(Spanish Fly) (Mesloidae) and hair growth
stimulant
Mylabris Mylabris sidae Cantharidin Rubefacient,
(Chinese (Coloeoptera) Counter
cantharides) irritant
VI Cyanogenetic White Clover Trifolium repens Linamarin —
Glycosides (Leguminsoae)
Flax Linum usitassimum Linustatin Demulscent
(Linaceae) as poultices
Lotus Lotus corniculatus Lotaustralin —
Legumes (Leguminosae)
Calcocarpum Calcocarpum Lucumin —
seeds sapota (Sapotaceae)
Anthemis Anthemis altissima Anthemis =
Seeds (Compositae) Glycosides A and B
Bitter Almond Prunus amygdalus Amygdalin Sedative;
P. communis; Amygdalus Demulscent
communis; (Roseceae) in skin lotion
Wild cherry Prunus serotina d-Prunasin Sedative
Bark P. macrophylla (Rosaceae) expectorant
VIl Thioglyco- Black Mustard Brassica nigra Sinigrin Rubefacient
sides Brassica juncea Counter
(Cruciferae) irritation
White Mustard Brassica alba Sinalbin Rubefacients,
(Cruciferae) Counter Irritation;
VIl Saponin
Glycosides
A Tetracyclic Rheumatism Dioscorea Diosgenin As a starting
Triterpenoid Root delitoidea; material for
Saponins C. tokora; some potent
D. composita steroidal drugs
Solanum Solanum Solasonine Starting material
Berries khasianum for synthesis of
(Solanaceae) steroidal drugs
Asparagus Asparagus Sarsapogenn; Tonic
Roots recemosus Shatavarin-I, Diuretic
Shatavarin-IV
B  Pentacyclic Ginseng Panax ginseng, Ginsenoside- General
Triterpenoid P. japonica; P. notoginseng; Rg; tonic;
Saponins P. quinquefolium; Panaxosides Stimulant;
P. pseudo ginseng; Carminative,
(Araliaceae) Diuretic
Ligorice Glycyrrhiza glabra; Glycyrrhizin Demulscent
(Leguminosae) Expectorant
Senega Polygala senega Senegin-Il Expectorant;
Polygala alba; (Polygalaceae) Emetic
Bacopa Bacopa monnieri Bacogenin A, Insanity;
(Scrophulariaceae) Bacogenin B Epilepsy
Soap Bark Quillaja saponaria Quillaia Foam
(Rosaceae) Sapotoxin producer
Sarsaparilla Smilax aristolochiaefolia; Sarsapogenin; Rheumatism,
S. regelii Smilagenin Skin ailments,
(Liliaceae) Syphilis

(Contd.)
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IX Aldehyde Vanilla Beans Vanilla planifolia Gilucovanillin Pharmaceut-
Glycosides (Vanilla Pods) Vanilla tahitenis ical aid;
(Orchidaceae)
X  Bitter Indian Picrorhiza kurroa Picroside |, Tonic,
Glycosides Gentian (Scrophulariaceae) Picroside I, Stomachic,
Kutposide Febrifuge, Laxative
Bitter Root Gentiana lutea Gentiopeirin, Bitter tonic in
(Gentianaceae) Amarogentin dyspepsia
and anorexja
Bitter stick Swertia (Ophelia) Chiratin, Bitter tonic
(East Indian Chirata Amarogenin Febrifuge Diuretic
Balmony) (Gentianaceae) Epilepsy
Xl Miscellaneous
Glycosides
A  Steroidal Bitter Sweet Solanum dulcamara Solanidine Psoriasis
Alkaloidal (Solanaceae) skin diseases
Glycosides Tomato Solanum lycopersicum Rubijervine Antifungal
(Solanaceae)
B  Antibiotic Streptomycin Streptomyces griseus Streptomycin Antibiotic
Glycosides (Streptomyce-taceae)
C  Nucleosides Adenosine Base-sugar Adenosine RNA, DNA
(Nucleic Acids) unit as a nucleoside formation
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5.1 INTRODUCTION

A plethora of naturally occurring plant products have been found to be related wherein they are
comprised of one or more units of isoprene (CsHg)-a hydrocarbon:

CH,

H,C=C—CH=CH,
Isoprene

In general, terpenoids, may be defined as natural products whose structures are considered to
be divided into several isoprene units; therefore, these compounds are invariably termed as
isoprenoids. Besides, this particular group of compounds is sometimes collectively referred to as
the terpenes in relatively older texts. Logically, the —oid suffix seems to be more acceptable and
convincing, as it is in the same vein for steroids, alkaloids, flavonoids, etc., However, the-ene suffix
must be solely confined to the unsaturated hydrocarbon belonging to this specific class of compounds.

It has now been established experimentally that the isoprene units come into being through the
biogenetic means starting from acetate via mevalonic acid. Each such unit essentially consists of
five-carbons having two unsaturated bonds and possesses a branched chain. The terpenoids usually
have a number of such isoprene units joined together in a head to tail manner, as exemplified
below:

Terpenoids are broadly classified on the basis of the number of isoprene units incorporated
into a specific unsaturated hydrocarbon terpenoid molecule, such as:

(a) Monoterpenoids: These are built up of rwo isoprene units and have the molecular
formula C,;H,;

(b) Sesquiterpenoids: These are composed of three isoprene units and have the molecular
formula C;sH,;

(¢) Diterpenoids: These are comprised of four isoprene units and have the molecular

formula C, Hj;,;
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"
H,C=C—CH=CH,
Isoprene
(2-Methyl buta 1,3 Diene)
Myrcene Limonene Cadinene
Acyclic Monocychc Bicyclic
Monoterpenmd Monoterpenmd Sesqulterpenmd
C
C—é—C—C @
_————
Head Tail
0-Pinene
. . Abietic Acid Lanosterol
Bicyclic ” ) .
[Monoterpenoid} Tricyclic Tetracyclic
Diterpenoid Triterpenoid
(d) Triterpenoids: These contain six isoprene units and have the molecular formula
C;oHyg; and
(e) Tetraterpenoids These are made up of eight isoprene units and have the molecular
(or Carotenoids): formula C,,H,.

Biogenetic Isoprene Rule The very idea and basic concept that terpenoids are essentially built
up of several isoprene units is commonly termed as the biogenetic isoprene rule as could be
observed from the various typical examples cited earlier.

Meroterpenoids It has been observed that a good number of other natural products do exist which
essentially belong to mixed biosynthetic origin and are mostly made up from isoprene as well as
nonisoprenoid entities.

(L

N g CH;
Ergotamine Quinine
[One Isoprene Unit] [One Monoterpenoid Unit]

Cannabinol Vitamin-E
[Two Isoprene Unit] [One Isoprene Unit]
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Examples A few typical examples are: ergotamine, quinine, cannabinol and vitamin-E.

More than 20, 000 naturally occurring large variety of terpenoids have been duly isolated and
characterized, and thus constitute a major congregation of such products when compared to any
other individual class of natural products. In fact, the chemical ecology rests heavily and
predominantly on the occurrence of profusely distributed plant terpenoids, and hence, the latter
play a broad-spectrum of highly specific and characteristic roles in the plant kingdom, such as:
insect propellents and antifeedants, phytoalexins, attractants for pollingranes, pheromones,
defensive substances against herbivorous animals, allelochemicals, signal molecules and above
all the plant growth hormones. Terpenoids usually engage in a variety of probable interactions, for
instance: plant and plant, plant and microorganism, and plant and animal.

The International Union of Pure and Applied Chemistry (IUPAC) recommends a systematic
mode of nomenclature of terpenoids; however, the names suggested by it are not only lengthy but
also quite cumbersome. Therefore, the old and the trivial names of most terpenoids are used most
frequently even today for naming the relatively common substances: examples:

Trivial Name IUPAC Name
Geraniol 3, 7- Dimethyl-2, 6-octadien-1-ol;
Limonene 1-Methyl-4-(1-methylethynyl)- cyclohexene;
B-Myrecene 7-Methyl-3-methylene-1, 6-octadiene;

Carbon-Skeleton in Terpenoids A comparative study of carbon-skeleton in terpenoids has revealed
that a great majority of monocyclic terpenes essentially possess a para menthane carbon skeleton;
besides, derivatives of cyclopentane and methylated cyclohexanes also exists invariably.

Generally, two different methods of tackling the structural problems normally encountered in
terpenoids are adopted, namely:

(/) Dehydrogenation: Mostly the terpene hydrocarbon, dienes, upon dehydrogenation give rise
to p-cymene. Having identified the prevailing carbon-skeleton in it, the exact location of the
double bonds in the existing framework may be established by oxidative degradation to the
corresponding simple aliphatic acids, and

(if) Oxidation: Tilden was pioneer for the strategic incorporation of nitrosyl chloride (O=N—CI)
function by the help of a specific reagent (Tilden Reagent) so as to characterize and ensure
the purity of the starting material via formation of definite crystalline derivatives of the
corresponding terpenes under investigation. It has been established by Tilden’s study that the
olefenic linkage reacted specifically with this reagent to yield the respective nitrosochloride
adduct, as shown below:

Cl NO Cl N—OH

Ll
—c—Cc=Cc—Cc—NC, _ ¢ (——Cc——»—Cc—C—C<C

&

Nitrosochloride Isonitrosochloride
(An Oxime)

In a situation, where the C-atom possesses both nitrosomoiety and a H-atom, the former undergoes
isomerization readily to yield isonitrochloride an oxime. However, in the absence of this specific
characteristic feature the nitrosochloride is fairly stable.
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It has been observed that when the substance is monomeric* the corresponding nitrosochloride
provides a distinct blue colouration, which also ascertains the presence of tetrasubstituted ethylenes.

5.2 CLASSIFICATION

Based on the extensive distribution of terpenoids in the vast plant kingdom they are classified
broadly as follows, namely:

(/) Monoterpenoids

(ii) Sesquiterpenoids

(iii) Diterpenoids

(iv) Triterpenoids

(v) Tetraterpenoids and Carotenoids
(vi) Volatile Oils (or Essential Oils)
(vii) Resins and Resin Combinations
(viii) Oleoresins

(ix) Oleo-Gum-Resins

(x) Balsams

These different classes of naturally occurring substances shall be discussed individually in the
sections that follows:

m Monoterpenoids

In general, monoterpenoids represent a structurally diverse class of compounds may be categorised
into nearly 35 varying structural analogues. However, the most commonly occurring structural
variations are of the following types, namely:

Name Chemical Structure Type
|
Myrcene Acyclic
p-Menthane Monocyclic
o-Pinene Bicyclic

* Monomeric: An entity or a unit from which polymer is formed.



Dr.Murtadha Al-Shareifi e-Library

TERPENOIDS 219

It has been found that a large number of monoterpenoid derivatives belonging to these categories
invariably occur naturally in the purest optically active form; however, certain plant species do have
both enantiomers, such as: Pinus species contain both (+)- and (-)-o. — pinene.

A few typical examples of monopenoids found in naturally occurring plant species are described
under: camphor, eucalyptol, menthol and thymol.

5.2.1.1 Camphor
Synonyms Gum camphor; Japan camphor; Formosa camphor. Laurel camphor.

Biological Source It occurs in all parts of the camphor tree, Cinnamonum camphora. T. Nees &
Ebermeier, belonging to family Lauraceae.

Geographical Source The word camphora is derived from the Arabic Kafur, meaning chalk. The
camphor tree, which is a huge evergreen plant, is found to be indigenous to Japan, China and
Taiwan. It has also been naturalized specifically in the Mediterranean region eg; Algeria, Tunsia,
Libya, Egypt, Italy and Greece. Besides it is grown in South Africa, Ceylon, Brazil, Jamaica, Florida
and California. History reveals that Borneo camphor (from Borneol) arrived in Arabia in the sixth
century and in Europe in the twelth century. Earlier, the worlds 80% supply of natural camphor was
provided by Taiwan (Formosa) alone and the rest 20% by Japan and Southern China. Soonafter the
second World War (1945) the commercial production of synthetic camphor has more or less catered
for the ever increasing demand of camphor in the world market.

Preparation It is prepared from the chipped wood by subjecting it to steam distillation and
subsequently collecting the distillate in specifically designed chambers where camphor will solidify
on its miner walls upon colling and may be collected later on from the bottom of the chamber. The
crude solidified camphor is purified by mixing it with a suitable proportion of soda lime, sand and
charcoal; and subjecting the mass to sublimation at controlled temperature when pure crystals of
camphor would be collected as a sublimate. It is finally compressed into either small cubes or thin
plates, wrapped and exported.

Camphor from Volatile Qils It may be prepared from volatile oils by two simple methods, namely:

Methods-I In case, the oil contains a substantially large proportion of camphor, it may be separated
by deep freezing or sudden chilling; and if the camphor content in oil is not so much it is mostly
fractionated and the camphor containing fraction is chilled to recover camphor.

Method-II Camphor may be recovered from volatile oils by the instant production of insoluble
complexes with strong mineral acids eg; sulphuric acid 80% (30N).

Synthetic Camphor (or Borneol Camphor) The camphor is obtained commercially from -
pinene present in the turpentine oil through several steps sequentially e.g., treatment with HCI,
isomerization, treatment with KOH and finally oxidation with HNO; as given below:

cl Cl A OH 0}
HCl Isomerlza q
tlon Ox1da—

O-Pinene Pinene Bornyl Borneol tion Camphor
Hydrochloride Chloride
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Description
Colour : Translucent mass with crystalline fraction
Odour : Characteristic odour
Optical Activity : Natural camphor = Dextro rotatory (+41°to 43°) Synthetic camphor =Racemic
mixture;
Solubility : Soluble in water (1:600)

Chemical Structure Camphor is a bycyclic terpenoid ketone as given below:

CH,

Camphor

In the presence of platinum black it undergoes hydrogen at ambient temperature giving rise to
isoborneol as the major product and traces of borneol.

H,C_ _CH,

ST
T

o-Borneol 1-Isoborneol

Its prolonged hydrogenation often yields camphene.

CH,
CH,

XCH,
Camphene

Chemical Tests
1. Its semicarbazone derivative using semicarbazine hydrochloride has a m.p. 247-248°C for
d-camphor.
2. Its 4-dinitrophenyhydrazone derivative has different mp e.g., d- and /- = 175°C and d/ = 164°C.

Camphor in presence of Borneol
1. Borneol is first esterified with stearic acid to yield a high-boiling ester. The resulting mixture on
steam distillation removes camphor as the product while the ester remains in the flask.
2. Borneol forms an adduct with either succinic anhydride or phthalic anhydride upon heating
to yield borneol acid auccinate and borneol acid phthalate respectively, which are soluble in
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NaOH solution. Camphor (unreacted) is subsequently extracted with ether from the alkaline
medium.

3. Camphor forms an oxime ( >C=N-—OH) with hydroxylamine which is then dissolved in
sulphuric acid; the unreacted borneol is removed by extraction with ether.

Distinction between Natural Camphor and Synthetic Camphor A drop of freshly prepared
vanillin solution (1: 100 in dilute HCI) and sulphuric acid when added to powdered natural camphor,
it gives rise to an instant yellow colouration changing to red, violet and finaly blue. The synthetic
camphor fails to respond to this test and gives a distinct bright smoky flame.

Uses

1. Itisused as a topical antipruritic in concentrations ranging between 0.1 to 0.3%

2. It is mostly used as a counterirritant (11%) particularly for fibrositis and neuralgia associated
with inflamed joints, sprains and other inflammatory manifestations.

3. Itis also employed as antipyretic, antiseptic, antifungal and carminative agent.

4. It is employed as a safe and effective measure for reducing cough when applied externally, in
the form of an ointment, on the chest and throat of children.

5. It exerts its stimulant, rubefacient, antispasmodic and analgesic activities.

6. It stimulates the nerve endings in the skin and causes substantial relief of pain due to the masking
of deeper visceral pain with a milder pain arising from the skin at the same level of innervation.

5.2.1.2 Eucalyptol
Synonyms Cineole; Cajeputol.

Biological Source It is obtained from the leaves of Eucalyptyus globulus Labill, belonging to
family Myrtaceae.

Geographical Source The eucalyptus tree is a native of Australia and Tasmania. It is largely
cultivated in Calfornia, Spain, Portugal and India. In India it is abundantly found in the Himalayan
region, Nilgiri district, Kumaon Hills and Assam.

Preparation A number of volatile oils from certain Eucalyptus species invariably contain eucalyptol
as high as 30 to 70%. It also occurs in cajuput oil (40%) and in laurel leaf oil (50%). However,
eucalyptol may be isolated from these oils by adopting one of the following methods:

Method 1 By subjecting the volatile oil to fractional distillation and collecting the fractions between
170-180°C to obatin crystals of cineole at —10°C (m.p. + 1.5°C)

Method-2 Cineole forms addition compounds with halogen acids, e.g., C,,H,;0 HCl and C, H 50O.
HBr; with phosphoric acid as C,,H,30 - H;PO, which also serve as a means of its purification, and

Method 3 Eucalyptol yields an addition product with a 50% (w/v) alcoholic solution eg; C,H,5O.
C¢H¢O, (mp 82-85°C), from which the former may be generated.

Note: This method is mostly applicable to such volatile oils that have a higher cineole content.

Synthetic Method Eucalyptol may be prepared synthetically by the dehydration of terpin hydrate
as given below:
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CH, CH,
OH
Dehydration o)
OH
H,C CH; H,C CH,
Terpin Hydrate Eucalyptol
Description
Colour : Colurless or pale yellow liquid.
Odour : Camphoraceous and aromatic.
Taste : Pungent and leaves a cold sensation.

Solubility : Water insoluble; soluble in paraffin, fixed oils and ethanol 90%.

Chemical Structure

7
CH,

Eucalyptol

Eucalyptol is an epoxy or oxido derivative of p-menthane. and is also known as 1,8-epoxy-p-
methane or 1,8-oxido-p-menthane. It is found to be quite stable and hence may be distilled over
metallic sodium safely without undergoing any change whatsoever. It is not affected by the action of
reducing agents.

Chemical Tests
1. When a drop of eucalyptol is carefully treated with a drop of 5% (w/v) solution of hydroquinone
in alcohol on a slide, it forms either colourless prisms or thomboids; but with a 50% (w/v)
solution of resorcinol in alcohol leaf-like crystals are obtained.
2. It forms characteristic addition compounds with HCI, HBr and H;PO, with well defined melting
points.

Uses
1. Itisused internally as a stimulating expectorant to relieve severe cough and in bronchitis in the
form of inhalatious.
2. It is abundantly employed externally as a mild anaesthetic and antiseptic for the treatment of
various inflammatory conditions.
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3. It also finds its use as a decongestant nasal drops.

4. It is profusely used in room sprays, lotions and all types of cosmetic preparations.

5. It is also used as a flavouring agent in pharmaceutical preparations e.g.; mouth washes, and
gargles.

5.2.1.3 Menthol
Synonyms 1-Menthol; 3-Menthanol; Menthan-3-ol; Peppermint camphor, Hexahydrothymol.

Biological Sources It is found in the peppermint oil obtained from the fresh flowering tops of the
plants commonly known as Mentha piperita Linn., or other allied species of Mentha, belonging to
family Labiatae.

Geographical Source Various mentha species are duly cultivated in various parts of the world. It
grows both abundantly and widely in Europe, while it is cultivated in Japan , Great Britain, Italy,
France, United States, CIS countries, Bulgaria and India.

Preparation It is normally prepared from Japanese Peppermint Oil, from the flowering tops of
Mentha avensis Linne’ var piperascens, by subjecting it to refrigeration below —22°C whereby the
menthol crystallizes out distinctly. The crystals of menthol are separated by filteration and squeezes
between layers of filter papers to remove the adhering oil and finally purified by recrystallization.

Synthetic racemic menthol is prepared by the hydrogenation of either pulegone or thymol as
shown below:

CH,
O CH,
H,C CH, H, R
Pulegone Hydrogenation'
CH, OH
H,C CH,
Menthol
OH
H,C CH,
Thymol

It may also be prepared from pinene.
Description

Colour : Colourless
Odour : Pleasant peppermint like odour
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Taste : Characteristic, aromatic and cooling taste
Shape : Hexagonal cyrstals usually needle like, prisms; crystalline powder; fused masses.

Chemical Structure Menthol has three chiral centres (*), hence it would give rise to eight (2%)
optically active isomers and four racemic forms. Menthol on oxidation gives menthone (a ketone),
by the sacrifice of one chiral centre; therefore, the resulting menthone must exist in four (22) optically
active isomers and two recemic forms and all, these have been actually prepared.

CH, CH,
(O)
Oxidation
OH O
1, CH, H,C  CH,
Menthol Menthone

Special Features following are the special features of menthol, namely:

(a) Dehydrogenation: Menthol first on dehydration yields two isomeric forms of p-menthane,
which on subsequent dehydration gives rise to p-cymene as follows:

-H O
Dehydratlon Dehydro ge-
nation

HC CH, H,C CH,

Menthol p-Menthone p-Cymene
(Isomeric Forms)

(b) Reduction: Menthol on reduction with hydroiodic acid yields p-menthane as under:

CH, CH,4
HI
Reduction
OH
H,C CH, H,C CH,
Menthol p-Menthane

Chemical Tests
1. When 10 mg crystals menthol are first dissolved in 4 drops of concentrated sulphuric acid and
then a few drops of vanillin sulphuric acid reagent are added it shows an orange yellow colouration
that ultimately changes to violet on the addition of a few drops of water.
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2. A few crystals of menthol are dissolved in glacial acetic acid and to this solution a mixture of 3
drops of H,SO, and 1 drop of HNO, are added. It fails to produce either green or bluish green
colouration (Thymol gives a green colouration).

3. Menthol provides a plethora of compounds of diagnostic value for differential identification,
for instance: menthoxy acetate; p-nitrobenzoate; d-camphor sulphonate; acid phthalate;
phosphoric acid-complex; and 3,5-dinitrobenzoate.

Uses

1. Itisused profusely in various types of mouth washes, toothpastes and similar oral formulations.

2. It finds its enormous use as a flavouring agent for chewing gums, candies, throat lozenges and
also certain mentholated cigarettes.

3. Itis mostly used on the mucous membranes or on the skin to serve as a counterirritant, antiseptic
and as a mild stimulant at a cencentration ranging between 1 to 16%.

4. It is employed in conjunction with other allied substances e.g., camphor, eucalyptus oil
(eucalyptol) in various pharmaceutical preparations, such as: expectorants, nasal sprays, and
inhalants to cause immediate relief from symptoms of nasal congestion, sinusitis and above all
bronchitis.

5. Menthol at a lower concentration ranging from 0.1 to 1%, when applied to the skin helps in the
dilatation of blood vessels affording a cold feeling followed usually by a depression of the
sensory cutaneous receptors thereby exhibiting an antipruritic action. Perhaps this could be the
reason for its logical inclusion in formulations meant for treating sunburns, minor burns, douche
powders, athelete’s foot and poison ivy rash.

5.2.1.4 Thymol
Synonyms Thyme camphor; m-Thymol; 3-p-Cymenol; 3-Hydroxy-p-cymene;

Biological Sources It is obtained from the essential oil of Thymus vulgaris L., (Thyme oil); Monarda
punctata L., (Horsemint oil), and Monarda didyma L., (Oswego tea oil), belonging to family Lbiatae.
It may also be derived from Carum capticum Bentham er Hooker, (Ajowan oil), belonging to family
Umbelliferae, and several species of Ocimum, for instance: Ocimum gratissimum L. (Tulsi oil),
belonging to family Labiatae.

Geographical Source 7 vulgaris is grown and cultivated abundantly in many parts of Europe,
Australia and North Asia.

Preparation Thymol may be extracted from thyme oil by agitation with dilute aqueous alkali
solution (= 5% w/v in water). The aqueous layer is first separated and subsequently made acidic
with dilute acid, when thymol gets separated as an oily layer floating on the surface that may be
recovered either by extraction with ether or by steam distillation.

Another means of obtaining thymol from thyme oil is to subject the latter to very low temperature
(-25°C) when thymol separates as crystals.

Synthetic Thymol The thymol of commerce may be prepared synthetically by anyone of the
following routes, namely:
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(a) From Menthone: Menthone is first treated with bromine. and then quinoline to produce
thymol:
CH, CH,

i) Br,

i) Quinoline

OH
H,C CH, H,C CH,

Menthone Thymol

() From m-Cresol: m-Cresol on being treated with isopropanol in the presence of a suitable
catalyst yields thymol.

CH, CH,
OH
+ H,C— CH— CH, Catalyst
OH
m-cresol Isopropanol
H,C  CH,
Thymol

(¢) From Piperitone: When pipertone, usually obtained from the Australian Eucalyptus oils,
is treated with ferric chloride it gives rise to thymol.

CH, CH,
FeCl,
_
(0] OH

o H,C CH,

Piperitone Thymol
Description
Colour : Transparent, colourless
Odour : Aromatic thyme—Iike odour
Taste : Pungent taste

Solubility : In water (1: 1200); in alcohol (1:1), in glycerol (1: 1000); Freely soluble in ether,
chloroform, carbon disulphide, benzene and glacial acetic acid; soluble in fixed oil and
volatile oil.

Chemical Structure The phenolic OH moiety present in thymol enables it to form salts of acetate
and carbonate easily which are used as antiseptic and anthelmintic respectively.
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CH,

OH
H,C CH,
Thymol

Thymol when disolved in NaOH solution and treated with an I,-KI solution it forms thymol
iodide that finds its use as an anti-infective and antifungal agent.

CH, CH, CH,
s NaOH
2 2 —>+KI +4HI
OH 10 Ol
H,C CH, H,C CH, H,C CH,
Thymol Thymol Todide

Chemical Tests

1. Thymol when fused with phthalic anhydride develops bright violet red to intense red colouration,
and on adding dilute alkali it gives an intense blue coluration due to the formation of
thymolphthalein.

2. Thymol on being dissolved in concentrated sulphuric acid yields the corresponding thyme-
sulphuric acid [C4H,(SO;H) (CHj;). (C;H,).OH], which produces a distinct violet colour with
ferric chloride solution.

3. An alcoholic solution of thymol on being treated with FeCl; solution does not produce any
colouration.

Note: Carvacrol on identical treatment gives a green colouration.

4. A small crystal of thymol is dissolved in 1 ml of glacial acetic acid and to this is added one drop
of HNO; and six drops of sulphuric acid, when it exhibits a deep bluish green colour.

5. Dissolve 0.1 g of thymol in 2 ml of NaOH solution (10% w/v) and heat in a water bath to
produce either a clear colourless solution or a pale red solution, that ultimately turns darker in
shade on keeping without the separation of oily drops. If the resulting solution is shaken with a
few drops of chloroform it gives a violet colouration.

6. Thymol forms definite derivatives with various reagents e.g., napthylurethane derivative (m.p.
160°C); phenylurethane derivative (106-107°C).

Uses
1. Itis invariably employed as an antifungal and antibacterial agent.
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2. Itisavital component in several analgesic and topical antiseptic formulatios in low concentrations
ranging between 0.1 to 1% in personal health care products.

3. It is widely employed in preparation exclusively intended for mouthwashes, gargles, oral
preparations and as a local anaesthetic in toothache.

m Sesquiterpenoids

The sesquiterpenoids are found to be extensively distributed in nature and by all means represent
the most abundantly prevailing class of terpenoids. A few typical examples are cited below:

S. Name Biological Source Geographical Uses
No. (Family) Source

1. p-Cadinene Juniperus communis Linn., United States, Europe, Canada, For scenting soaps

(Cupressaceae); Oil of Cade  India in Western Himalayas
(12,500-14,000 ft)
2. B-Caryophyllene  Syzygium aromaticum Moluccas Islands Antitoothache;
(I.) Merrill & Perry (volcanic island in Antiseptic in tooth-
(Jambrosa caryophyllus Easternindonesia), pastes, mouth
Niedenzu; Eugenia Zanzibar, Tanzania wshes; As a spice;
caryophylata Thumb) (Pemba Islands), stimulant aromatic
(Myrtaceae) Clove oil Madagascar, Ceylon, carminative; Perfumery;
Malaysia, Haiti and preparing vanilline
Southern India (from Eugenol)

3. Abscisic Acid Found in sycamore, birch, Mostly in tropical An essential plant
rose leaves, cabbage, potato, countries growth anddevelopment
lemon, avocado hormone

CH,
H CH, H H,
[ H3C /
CH(CH,), CH,
[-Cadinene [-Caryophyllene Abscisic Acid
Bicyclic Bicyclic Monocyclic
Sesquiterpenoid Sesquiterpenoid Sesquiterpenoid

Sesquiterpenoids may be classified into four major categories namely: acyclic, monocyclic,
bicyclic and tricyclic sesquiterpenoids, as summarized in Table 5.1.

Sesquiterpenoid Lactones Interestingly, another class of compounds essentially bearing such
characteristic features as an oc-methylene Y-lactone system; o<, f-unsaturated carbonyls, and
epoxides and obiviously chemically distinct from the sesquiterpenoids are collectively termed as
sesquiterpenoid lactones. The specific and vital biological nucleophilies e.g.; thiol and amino
moieties present in the enzymes, help in the augmentation of faster and reactive approach to receptor
sites by these sesquiterpenoid lactones. Thus, the overall effect is evidenced by a marked and
pronounced biological activities, for instance: modified antimicrobial activity, enhanced antitumour
properties.
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Table 5.1 Classification of Sesquiterpenoids with Summarized Details
S.No. Type of Name Biological Geographic Nos of  Specific Structure Characteristic Uses
Sesquiter- Source (Family) al Source Double Gravity Features
penoids Bonds
| Acyclic o-Farnesene,  Citronella oil Ceylon, 4 0.84 N Ozonolysis Perfume
B-Farnesene, from leaves of India = cleaves- in
Cymbopogon (Malabar B-Farnesene farnesene into toiletaries;
winterianus and Coast) acetone,
C. flexuosus N formalin,
(Steud.) Melabar J succinic and
Lemongrass Wats levulinic acid
(Graminaceaeg) «-Farnesene components
Il Monocyclic  Zingiberene From rhizomes South East 3 0.87-0.98 H, Has 3 double Stomachic
of Zingiber Asia, West bonds and 2 of Carminative
offocinale Indies, 3 which are
Roseoe, Australia, Hs conjugated
(Zingiberaceae); Africa, H,C CH, Dehydragenati
Jamaica Ginger Jamaica, Zingiberene on with S
Taiwan, yields
Mauritius, cadalene-a
India napthalene
hydrocarbon
] Bicyclic
A Napthalene  B-Cadinene From essential Canada, 2 0.90-0.92 Hs Heating with S Scenting
Derivatives oils of juniper USA, it gets soaps
species and Europe, transformed
cadars (oil of India HsC H CH(CH into cadalene-
cade) Juniperus : (CHy), a napthalene
L B-Cadinene
communis Linn., hydrocarbon
(Cuperessaceae)
B Azulene Guaiazulene  From chamomile Europe, 2 0.90-0.92 (CH,),GH GHs Unsaturated Anti
Derivatives oil, Achillea Africa ‘I hydrocarbons inflammat
millefolium Q Catalytic ory
Linn., H hydrogenation
(Compositae): Guaiazulene yields
[Syn: A deahydroazulenes
lanulosa Nutt]
Y, Tricyclic o-Santalene Sandalwood oil India, 1 0.91-0.935 A tricyclic Scenting
from the wood Malaysia saturated soaps
of Santalum ~-Santalenes hydocarbon
album Linn., with a 6-carbon
(Santalaceae) side chain

SAION3dY3L

| 622
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In general, the sesquiterpenoid lactones are classified into three major group as summarized
below:
S. Class Name Biological Geographical Special Uses
No. Source Source Features
1. Germacra- Germacranolide Leaf of Labrador Tea Europe, Has a ten membered —
nolides Geranium macrorrhizum carbon skeleton
(Geraniaceae) ring
2. Eudesma- Eudesmanolide = Magnolia Europe Has two fused six Neurotrophic
nolides obovata North membered carbon activity
(Magnoliaceae) America skeleton ring
3. Guaian- Guaianolide Guaiacum officinaleLinn., Tropical Has a five membered  Antioxidant
olides (Zygophyllaceae) America ring fused to a seven
Packwood Tree; membered ring
Brazil Wood
CH
CH, CH, ’
CH, CH, H,
CH, Q CH, Q CH, O
0 O O
Germacranolide Eudesmanolide Guaianolide

It would be worthwhile to mention some typical examples of natural products that have the
sesquiterpenoid lactone functions, namely: artemisinin.

5.2.2.1 Artemisinin

Biological Source It is obtained from the leaves and the closed, unexpanded flower heads of
Artemisia annuna Linn., belonging to family Asteraceae.This particular herb has been used in the
Chinese system of medicine exclusively for the treatment of malaria since more than one thousand

years.

Geographical Source The plant grows abundantly in China.

Chemical Structure Though the herb was used for its wonderful proven therapeutic efficacy for
more than a decade centuries, but its active principal artemisinin was isolated and identified in 1972.

¢

H,

Artemisinin
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It has been established experimentally that the presence of an internal peroxide linkage
strategically located in the seven membered ring is an absolute necessity for it to exert the unique
antimalarial property.

Modifications in Structure On account of the poor water solubility of artemisinin an attempt
was made to improve either its water solubility ir its lipid solubility. In the former instance, Sodium
artesunate i.e., the sodium salt of its hemisuccinate ester was developed; while in the latter instance,
Artemether i.e., its corresponding methyl ether analogue was produced. Evidently, sodium artesunate
is employed for intraveneous injections and artemether is used as a potent long acting drug.

Uses
1. The drug and its derivatives are used as fast acting blood schizontocides in the control and
management of malarial fever caused by plasmodium vivax strain.
2. These drugs are found to be active against both chloroquine resistant and chloroquine sensitive
strains of Plasmodium falciparum.
3. These drugs are found to show extremely encouraging therapeutic effects specifically in the
treatment of Cerebral malaria by virtue of their significant rapid clearance of the prevailing
parasites when compared to either chloroquine or quinine (synthetic antimalarials)

Note: The chances of recurrence is quite substantial by the treatment of artemisinin and its
derivatives; therefore, it is always necessary to adopt the course of a combination
therapy employing other antimalarials.

5.2.2.2 Parthenolide

Biological Source It is obtained from the leaves of Tanacetum parthenium (L.) Schultz-Bip,
belonging to family Asteraceae. It is commonly known as feverfew and has been employed for
centuries as an effective febrifuge (antipyretic) which perhaps suggested the original nomenclature.

It is also obtained from Chrysanthemum parthenium (L.) Bernh. Family Compositae; and
Magnolia grandiflora (L.) family Magnoliaceae.

Geographical Source The plant M. grandiflora is a native of North America and also cultivated
in Indian gardens.

Chemical Structure Parthenolide is a sesquiterpenoid lactone having the following structure
with the chemical name 4, 5e<-epoxy-6 B-hydroxy germacra-1 (10), 11(13)-dien-12-oic acid
v-lactone.

Parthenolide

It has an additional epoxide bridge between 4-and So-positions.

Uses
1. It is found to act as a serotonin antagonist thereby causing an inhibition of the release of
serotonin from blood platelets.
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2. Based on the findings conducted by an elaborated double blind placebo-controlled clinical trials
have established that the drug is significantly effective in the prophylaxis of migraine by reducing
considerably the severity as well as the frequency of the pain due to headache.

3. A normal dose of 125 mg per day of good quality dried leaves either in the form of tablets or
capsules are used in the therapeutic practice as an antipyretic or febrifuge.

5.2.2.3 Matricarin

Biological Source It is obtained from the dried flower heads of Matricaria chamomilla L., and
Artemnisia tilesii Ledeb, belonging to family Compositae. 1t is also found in Matricaria recutita
Linne., family Asteraceae which represent the drug usually termed as German Chamomile. Besides,
an allied plant source Chamaemelum nobilc Linne, normally known as Roman Chamomile also
comprises of identical components and used alike.

Geographical Source In general, the above two chamomiles are cultivated abundantly in various
parts of Europe.

Chemical Structure Its chemical name is 8o-acetoxy-4o-hydroxyguaia-1(10), 2-dien-12, 60

olide.
Q
CH,
O%cm

Matricarin

Uses

1. Chamomile has acclaimed to be the most popular ‘herbal tea’ in the United States because of
its definite anti-inflammatory and antipasmodic therapeutic properties.

2. The volatile oil of M. chamomilla contains the sesquiterpenoid (-)-0--Bisabolol (Bisabolane)
which exerts anti-inflammatory activity.

3. An infusin (tea) when consumed over a long span results into a cumulative overall positive
effect which certainly justifies its age-old usage as an unique home-remedy and healthy beverage
not only in Europe but also in the United States.

H,C OH

H,C CH,
(-)-o-Bisabolol (Bisabolane)
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m Diterpenoids

Generally, diterpenoid represent a broad class of non-volatile C,, compounds that have been
essentially obtained from geranyl pyrophosphate.
T

.
C CH C
Ve AN 2 ™

CH,— OPP

Geranyl Pyrophosphate

It has been observed that they mostly originate from the plant or fungal sources, but they are
invariably formed by certain insects as well as marine organisms.

Characteristic Features Following are some of the characteristic features of diterpenoids,
namely:

(a) Most of them are carboxylic compounds having upto five aromatic rings.

(b) Certain members of this class are acyclic compounds,

(c¢) Mostly occur as hydrocarbons or highly oxygenated compounds based on their degree of
oxidation,

(d) Invariably isolated as optically active solids which may occur as the antipodal stereochemical
cofigurations and the normal configurations; the former ones are called the ent series,
while the latter ones possess and A/B ring fusion and are related to the steroid
stereochemically.

A few typical examples of diterpenoids shall be discussed in the sections that follow.

5.2.3.1 Colforsin
Synonyms Forskolin; Beforsin (obsolete)

Biological Source It is obtained from the root of Coleus forskohlii, Briq., belonging to family
Labiatae. The word coleus has been derived from the Greek coleus equivalent to sheath i.e.; the
natural formation of the fused filaments of the flower which form a staminal sheath around the style;
and the word forskohlii is due to the honour bestowed upon the Finnish botanist Forskal.

Geographical Source The plant is extensively distributed within the subtropical to temperate
climatic zones on the hilly regions of Burma, Africa, Nepal, Ceylon and Thailand. It is also found on
the dry, sunny slopes of hills at an attitude ranging between 300 to 1800 meters. It is cultivated in
India.

Chemical Structure It was first discovered in India during a general sereening studies of
potential medicinal plants*. Its chemical name is 7B-acetoxy-8, 13-1a, 6f, 9a-trihydroxylate-14
en-11-one.

* Bhat, S.C. et al., Tetrahedron Letters, 1669, 1977
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Forskolin

Uses

1. Itisused in the purification of adenylate cyclase; and as a result it serves as a vital research tool
in cyclic AMP-related investigations.

2. It also finds enormous use in glaucoma and hypertension.

3. It possesses significant therapeutic potential in diseases like: congestive cardiomyopathy and
bronchial asthma wherein the excessive long term usage of B-adrenergic agonist drugs (e.g.;
propranolol, labetalol) ultimately results into the desensitization of the receptors and a loss of
drug efficacy.

5.2.3.2 Ginkgolide-B

Biological Source It is obtained from the root bark and leaves of Ginkgo biloba L., belonging to
family Ginkgoaceae.

Geographical Source It is cultivated in the south eastern United States. The priests in China and
Japan have confined this specimen to their temple grounds. It is a dioecious tree attaining a maximum
height of 30 meters and has been cited in literatures as a living fossil that still survived unchanged in
the region of eastern Asia since 200 million years.

Chemical Structure Ginkgolide-B is the most active member of the family significant therapeutic
efficacy in the treatment of severe sepsis, whereas the corresponding A and C analogues are devoid
of such activities.

Ginkgolide-B

Uses
1. The standardized dehydrated acetone—water extract of the dried leaves equivalent to 6%
terpenoids and 24% flavone glycosides is sold commercially in Europe as an approved drug to
enhance blood fluidity and circulation.
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2. In the United States only the tablets containing 40mg of the Ginkgo is allowed to be sold as a
ditary suppliment.

3. Ginkgolides A,B, C and M have been shown to check the platelet activating factor (PAF)
thereby preventing the bronchoconstriction, hypotension, cutaneous vasodilatation and finally
the release of inflammatory compounds.

5.2.3.3 Taxol
Synonym Paclitaxel; Taxol A; NSC — 125973.

Biological Source It is obtained from the bark of the Pacific Yew tree, Taxus brevifolia Nutt
belonging to the family Taxaceae.

Geographical Source The plant is a native to the northwest United States. It is a small, not so
growing evergreen tree.

Preparation Keeping in view the paucity of the drug it look quite sometime to isolate taxol and
establish its chemical structure. The very complexity of its chemistry has more or less turned its total
synthesis into a not so viable and feasible economic exercise. However, an attempt is being made to
enhance its availability through the semisynthetic route whereby the taxol precursors are usually
obtained by extraction from the needles of largely available species of Taxus.

Example The chemical component, 10-descetylbaccatin III, isolated from the needles of Taxus
baccata Linn., may be conveniently converted to taxol via simple synthetic route.

Note: The needles, in comparison to the bark, may be harvested without causing any injury
to the plant whatsoever, and thus provides a rather more easily renewable plant source
for the drug.

Chemical Structure The chemical structure is provided in Chapter 1 (Table 1.1).
Characteristic Features Taxol has the following characteristic features, namely:

(a) It has a taxane ring system,

(b) It has a four membered octane ring

(c¢) An ester side chain at C-13 of the taxane ring is a prime requirement for taxol’s cytotoxic
activity, and

(d) The presence of an accessible hydroxyl moiety at C-2 of the ester side chain renders an
appreciable enhancement of the cytotoxic activity.

Uses

1. Taxol is primarily employed in the treatment and management of metastatic carcinoma of the
ovarian glands after the failure of follow-up chemotherapy.

2. Itis also used in the treatment of breast cancer usually after the observed failure of combination
chemotherapy for metastatic disease.

3. Because of its hydrophobic nature the injectable concentrate of taxol formulation meant for
intravenous infusion is normally solubilized duly in polyoxyethylated caster oil. However, before
injection it should be appropriately diluted in normal saline or dextrose solution or combination
thereof.



Dr.Murtadha Al-Shareifi e-Library

| 236 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

Triperpenoids, generally are obtained by biogenesis from six isoprene units, They are found to
share commonly the acyclic precursor squalene (C;). Based on the various possible modes, whereby
ring closure in squalene takes place may ultimately give rise to a large number of triterpenoids
having a variety of skeleton structures. In actual practice, more than 4000 naturally occurring
triterpenoids have been isolated and identified, and over 40 varying skeleton types have been
established.

The triperpenoids may be categorized into two major groups, namely: the tetracyclic and the
pentacyclic compounds: the former ones of the steriodal types with C-27 carbon atoms present in
the skeleton while the latter are of the triterpenoid types with C-30 carbon atoms as shown below:

(Steroidal Triterpenoid) (Pentacyclic Triterpenoid)
[C-27] [C-30]

However, the steroidal types (C-27) and the triterpenoid types(C-30) may be distinguished by
virtue of the fact that the former yields Diel’s hydrocarbon on dehydrogenation with Se at 360°C,
while the latter gives either naphthalene or pinene end products.

Interestingly, both these types of compounds may easily combine with sugar moieties at C-3
position to yield the corresponding glycosides. Nevertheless, the free triterpenoids are invariably
associated with natural latex, resins, or cuticle of plants.

A few typical examples shall be discussed in the sections that follows:

5.2.4.1 Cucurbitacin-B

A group of tetracyclic triterpenoids, usually termed as “bitter principles of cucurbits” that
essentially possess distinct antineoplastic and anti-gibberellin activity.

Biological Sources Cucurbitacins are obtained from a number of species belonging to
cucurbitaceous plants known since antiquity due to their useful as well as toxic properties.

It is obtained primarily from most plants belonging to the Cucurbitaceae family, namely: Luffa
acutangula (Linn.) Roxb. (Ridged or Ribbed gourd); Luffa cylindricaa (Linn.) M. Roem (Luffa
aegyptiaca Mill ex Hook f. (Dish-cloth gourd, Vegetables sponge, Spongegourd)|, Luffa echinata
var longystyla Clarke (supposed to be a hybrid of L. graveolens Roxb. And L. aegyptica Mill); and
Luffa graveolens Roxb. It is also found in various species belonging to family viz., Begoniaceae,
Cruciferae, Datisceae, Euphorbiaceae, and Scrophulariaceae.

Geographical Source It is found in Eastern Himalayas, Sikkim, Bihar and Bengal abundantly.

Chemical Structure It has been observed that cucurbitacin B and E are the most commonly
identified principles of these plant sources.
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Cucurbitacin-B

Uses

1. It has antineoplastic and anti-gibberellin activity.

2. The plants have been employed as vermifuges, narcotics, emetics and antimalarials.
3. They have also been implicated in sporadic livestock poisoning in South Africa.

5.2.4.2 Quassin
Synonyms Nigakilactone D; Nortriterpenoid, Quassane.

Biological Source It is one of the bitter constituents of the wood of Quassia amara L., belonging
to family Simaroubaceae, usually known in commerce as Surinam quassia. It is also obtained from
the dried wood of Pierasma quassioldes Benn., Picrasma excelsa (Picroena excelsa or Aeschrion
excelsa) belonging to family Simaroubaceae.

Geographical Source It is found abundantly in Surinam and Jamaica.

Chemical Structure It has a triterpenoid structure as given below:

OCH,

Quassin

Uses
1. Its bitterness threshold is found to be 1: 60,000; and hence used as bitter tonic.
2. lItalso finds its application as an insecticides and an anthelmintic for the expulsion of threadworms.
3. Itis also used as a febrifuge.
4. Quassin possesses antifertility activity, thereby inhibiting testosterone secretion of rat Leydig
cells.
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5.2.4.3 Azadirachitin
It is a tetranontriterpenoid obtained from the seeds of the Neem tree and the Chinaberry tree.

Biological Sources It is obtained from the seeds of Azadirachta indica A. Juss., (Melia ozadirachta
L.) and Melia azedarach L., belonging to family Meliaceae.

Geographical Sources The plant is found abundantly in tropical countries like India, Africa and
Burma.

Chemical Structure Its chemical structure was first reported by Thornton* in 1993, as shown
below:

Azadirachtin

Uses
1. Itis a highly active feeding deterrent and growth regulator.
2. Itis used experimentally as insect control agent.
3. It helps in insect ecdysis and growth inhibition**.

It is, however, pertinent to mention here that the triterpenoids which are exclusively used as
drugs are described in the chapter on ‘Glycosides’.

m Tetraterpenoids and Carotenoids

A plethora of natures yellow, orange, red and purple colours are mostly by virtue of the presence of
carotenoids. The essentially consist of an important group of C,, tetraterpenoids. Invariably, there
are two specific regions in a living plant wherein the biogenesis of carotenoids usually occur,
namely: chloroplasts and chromatophores of bacteria and fungi.

There are two characteristic features that have been observed in such types of naturally occurring
compounds, namely:

(a) Additional isopentenyl moieties (H;C—CH=—CH—CH,CHj;) could be embeded onto the
tetraterpenoid backbone to result into the formation of either C,5 or Cj carotenoids, as seen
in certain microbes.

Example Homocarotenoids, and

* Thornton, M.D., ‘Phytochemistry’, 12, 391, 1973.
** Reimhoed, H, and K.P. Sieber, ‘Z. Naturfoesch., 36C, 466, 1981.
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(b) Oxidation of C,, carotenoids aften yields such carotenoids that do possess less than 40
carbon atoms,
Example Apocarotenoids

So far nearly 600 carotenoids have been duly isolated and identified from naturally occurring
sources, such as: plants, bacteria, fungi and marine organisms. The ones obtained from the marine
sources are found most abundantly and usually contain acetylenic moieties (HC=CH).

Characteristic Features of Carotenoids Some characteristic features of carotenoids are
enumerated below:

(i) Most widely known carotenoids are either simple unsaturated hydrocarbons having the basic
lycopene structure or their corresponding oxygenated analogues, usually termed as
Xanthophylls,

(ii) Eight isoprene units are found to be joined head to tail in lycopene to give it a conjugated
system that eventually is responsible for attributing the chromophoric character to the molecule
i.e.; producing colour, and

(iii) Cyclization of lycopene at both terminals of the molecule yields a bicyclic hydrocarbon
commonly known as B-carotenes, which occur most abundantly in the higher plants.

Interestingly, both in plants and micro-organisms the carotenoids have been observed to serve
three major roles, namely: first, as photosynthetic pigments; secondly, as photoprotective agents;
and thirdly, as membrane stabilization substances. In contrast, carotenoids in animals serve as a
precursor of vitamin A and other retenoids. Besides, they also act not only as cancer preventive
agents but also as photoprotective agents. Perhaps the protective characteristic features of
carotenoids, in general, may be due to the easy accessibility to various singly oxygen atoms and
ample free radicals, collectively checking the oxidation damage to cells and catering as antioxidants.

With the advent of various innovative aspects of biotechnology a quantum jump in the availability
of carotenoid production is very much on the cards.

5.2.5.1 Vitamin A

Synonyms Retinol, All-trans-retinol; Oleovitamin A; Biosterol; Lard factor; Vitamin A alcohol;
Acon; Afaxin; Agiolan; Atav; Avibon; Avitol; Axerol; Epiteliol; Testanol; Vaflol; Vogan;

It mostly occurs in animals (not in plants) such as: milk fat, fish liver oil. However, the naturally
occurring carotenoids are duly converted into Vitamin A by the liver. It is mainly extracted from
fish liver oils where it invariably occurs in the esterified form.

H,C CH, CH, CH,

NN

CH,
Vitamin-A

However, total synthesis of Vitamin A has been accomplished from B-ionone and a propargyl
halide.
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It gets easily absorbed from the normal intestinal tract to the extent of 80-90% and is subsequently
stored in body tissues, mostly in the liver. It has been observed that approximately one third of the
Vitamin A consumed is usually stored in the body.

The most abundntly found dietary sources of Vitamin A are namely: fish- liver oils (e.g., cod-
liver oil); dairy products (e.g., butter, cream, whole milk powder, cheese)., animal organs (e.g., liver,
kidney, heart).

Biochemcially, carotene and provitamin A substances i.e., allied B-carotenoids undergo
cessation by the presence of B-carotene oxygenase in the mucosal cells of the intestine to give rise
to retinal; and a substantial portion of which is readily gets reduced by NADH to retinol.

Uses
1. It is particularly useful in the proper maintenance of vision, growth and tissue differentiation.
2. The vitamin is employed mainly as a prophylactic when there exists an insufficient normal
dietary intake
3. It helps in the synthesis of specific glycoproteins.

Vitamin A Derivatives There are two important derivatives of vitamin A which find there usage
in therapeutic domain, namely:

(a) 13-cis Retinoic Acid (Synonym Isotretinoin; Isotrex; Accutane; Roaccutane).

Uses
1. Itis used in acute recalcitrant cystic acne.
2. Itis invariably employed in keratinization disorders of the skin, that are mostly preneoplastic.

(b) All-trans Retinoic Acid (Synonyms Tretinoin; Vitamin A acid)

H,C CH, CH, CH,

N N N

CH,
All-trans-Retinoic Acid

Uses
1. It is generally used for the treatment of acne vulgaris by virtue of the fact that it enhances
epidermal cell mitosis and epidermal cell turnover.
2. Itisused in several formulations like cream, solution and gel meant for tropical applications.

[EEXJ Voatile Oils (or Essential Oils)

Volatile oils are the odorous and volatile products of various plant and animal species. As they have
a tendency to undergo evaporation on being exposed to the air even at an ambient temperature, they
are invariably termed as volatile oils, essential oil or ethereal oils. They mostly contribute to the
odorferous constituents or ‘essences’ of the aromatic plants that are used abundantly in enhancing
the aroma by seasoning of eatables.
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The nature has so meticulously provided specialized secretary structures within the plants which
are primarily responsible for the generation of volatile constitutents, as shown in the following
Table 5.2.

Table 5.2 Specialized Secretary Structures Vs Plant Sources

S.No Specialized Secretary Biological Source Family
Structures
1. Glansular hairs Lavandula angustifolia Lamiaceae
(Lavender oil)
2. Oil tubes (or vittae) Foeniculum vulgare (Fennel) Apiaceae
Pimpinella anisum (Aniseed)
3. Modified parenchymal cells Piper nigrum (Black pepper) Piperaceae
4. Schizogenous (or lysigenum) Pinus palustris (Pine oil) Rutaceae
passages Citrus limon (Lemon oil)

These volatile oils are usually formed by two modes namely; first, by hydrolysis of some
glycosides; and secondly, by the protoplasm directly. It has been observed that the volatile oils are
present in different parts of a plant as given in Table 5.3.

Table 5.3 Plant Organs Containing Volatile Oils

S.No Plant Organs Biological Source (S) Family
1. Petals (Rose oil) Rosa gallica; R. alba; R. Rosaceae
damascena and R. centifolia
2. Flowering Tops (Lavender oil) Lavandula angustifolia Lamiaceae
3. Leaves (Citronella oil) Cymbopogon winterianus Poaceae
and C. nardus;
4. Bark (Cinnamon oil) Cinnamomum camphora Lauraceae
5, Fruit (Caraway oil) Carum carvi Apiaceae
6. Wood (Pine oil) Pinus palustris Pinaceae
7. Buds (Clove oil & Syzygium aromaticum Compositae
Chamomile oil) and Matricaria chamomilla
8. Rhizomes (Ginger oil & Zingiber officinale, Acorus Zingiberaceae
Calamus oil) calamus; Araceae
9. Seeds (Gramis of Paradise & Aframonum melegueta Zingiberaceae
Cardamom) Elletaria cardamomum

Volatile oils differ from the fixed oils in many respects which may be enumerated below:

S.No Characteristic Features Volatile oil Fixed oil
1. Chemical Constituents Mostly consist of terpenoids; Mostly consist
of glyceryl esters
of fatty acids;
2. Spot Test Does not leave any spot Leaves a permanent
on filter paper grease spot on paper
3. Saponification Test Not applicable Saponifies with alkalies.
4. Rancidity Not applicable Becomes rancid
on storage
5. Exposure to air and Easily oxidised and undergo Not applicable
light resinification
6. Fragrance Distinctly marked Not applicable
and specific




Dr.Murtadha Al-Shareifi e-Library

242 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

In general, it has been observed that a single volatile oil invariably comprises even more than
200 different chemical components, and mostly the trace constituents are solely responsible for
attributing its characteristic flavour and odour.

5.2.6.1 Preparation of Volatile Oils

There are in all four established methods whereby the preparation of volatile oils from various plant
sources may be accomplished, namely:

(i) Direct Steam Distillation,
(if) Expression,
(iii) Extraction and
(iv) Enzymatic Hydrolysis.

These methods are described in the sections that follows:

5.2.6.1.1 Direct Steam Distillation In case of direct steam distillation, the freshly cut drug is
introduced into the distillation flask. The generated steam is made to pass through the drug material
as shown in Fig. 5.1, and the volatile oil content along with the steam on being passed through the
water condenser is collected in Florentine Flasks of the type FLW or FHW depending on whether
the resulting oil is lighter than water or heavier than water.

/ﬁﬁ\/ﬁﬁ\
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| Fig. 5.1 Assembly for Preparation of Volatile Oils by Steam Distillation

The various parts of the assembly for the preparation of volatile oils by steam distillation are as
follows:

A = Steam generator (Copper),
B = Distillation Flask,
C = Sand bath,
D = Water condenser,
E1 = Florentine Flask for oils lighter than water (OLW),
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E2 = Florentine Flask for oils heavier than water (OHW), and
F = Beaker.

Caution The distillation flask is heated initially to start the process of steam distillation. Once the
distillation commences the heat of the steam entering the flask not only maintains the high-temperature
required but also in removing the volatile components to the water condenser for ultimate collection
in the respective Florentine Flask.

In actual practice, however, there are three different modes of distillation depending exclusively
on the condition of the plant substance, namely:

(a) Water Distillation: It is mostly applicable to such plant material which is dried initially in
air and the constituents are not degraded by boiling upto 100°C.
Example: Turpentine Oil—In this instance, the crude turpentine oleoresin is added directly
into the distillation flsk and subsequently subjected to distillation.

(b) Water and Steam Distillation: It is often suitable for such plant material, whether fresh or
dried, the constituents of which undergo degradation by direct boiling.
Example: Clove Oil, Cinnamon Oil—In this case, the crude drug is first macerated with
water for several hours, prior to steam distillation.

(c) Direct Steam Distillation: It is invariably applicable to fresh drugs that is loaded with
sufficient natural moisture and hence no maceration is required.
Example: Pippermint Oil, Spearmint Oil—In this instance the freshly cut drug is added
directly into the distillation flask prior to steam distillation.

5.2.6.1.2 Expression A number of volatile oils mostly undergo decomposition on being subjected
to distillation. Likewise, volatile oils found in the rind of the fruit, such as: orange, lemon and
bergamot peel, are best obtained by extrusion i.e., by the application of pressure. Even on a
commercial scale these oils are produced by extrusion so as to preserve the natural fragrance that
otherwise get deteriorated by distillation process.

In actual practice, however, the expression may be accomplished by any one of the four following
processes, namely:

(a) Sponge Method: The citrous fruit (e.g., orange, lemon, grape fruit, bergamot) is first
washed to remove the dirt, and then cut into halves to remove the juice completely. The rind
is turned inside out by hand and squeezed when the secretary glands rupture. The oozed
volatile oil is collected by means of the sponge and subsequently squeezed in a vessel. The
oil floating on the surface is separated.

(b) Scarification Process (Ecuelle a Piquer): Ecuelle a piquer is a specially designed apparatus
(Fig. 5.2) first introduced on the Revieras in France, which is nothing but a large bowl
meant for pricking the outer surface of citrous fruits. It is more or less a large funnel made
of copper having its inner layer tinned properly. The inner layer has numerous pointed metal
needles just long enough to penetrate the epidermis. The lower stem of the apparatus serve
two purposes; first, as a receiver for the oil; and secondly, as a handle. Now, the freshly
washed lemons are placed in the bowl and rotated repeatedly when the oil glands are punctured
(scarified) thereby discharging the oil right into the handle. The liquid, thus collected, is
transferred to another vessel, where on keeping the clear oil may be decanted and filtered.
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Fig. 5.2 Ecuelle a Piquer

(c¢) Raspings Process: In this process the outer surface of the peel of citrous fruits containing
the oil gland is skillfully removed by a grater. The ‘raspings’ are now placed in horsehair
bags and pressed strongly so as to ooze out the oil stored in the oil glands. Initially, the
liquid has a turbid appearance but on allowing it to stand the oil separates out which may be
decanted and filtered subsequently.

(d) Mechanical Process: A substantial quantum of volatile oil across the globe is now prepared
by various mechanical means solely based on the above principles. However, the use of
heavy duty centrifugal devices may also be incorporated so as to ease the separation of oil/
water emulsions invariably formed. It is pertinent to mention here that with the advent of
modern mechanical devices the oil out put has increased appreciably and the older methods
have only remained for the sake of history.

5.2.6.1.3 Extraction The extraction process is particularly useful for such plant sources which
either contain very small amount of volatile oils or the oil contents are extremely succeptible to
decomposition by the exposure to steam. In such cases the recovery of volatile oils is not commercially
feasible.

Examples: Volatile oils obtained from various flowers like Jasmine (Jasminum officinale Linn. Ver
grandiflorum Bailey: family — Oleaceae); Sweat violet (Violaodorata Linn, family — Violaceae);
Gardenia (Gardenia lucida Roxb., family — Rubiaceae); Acacia (Acacia farnesiana Willd., family—
Leguminosae),; Narcissus (Narcissus tazetta Linn., family —Amaryllidaceae); and Mimosa (Mimosa
pudia Linn., family — Leguminosae).

In general, the extraction of volatile oil from natural sources is carried out by two different
methods, namely:

(7) Extraction with volatile solvents e.g., Hexane, Benzene and
(if) Extraction with non-volatile solvents e.g., Tallow, Lard, Olive oil

These two extraction processes shall be discussed briefly in the sections that follows:

5.2.6.1.3.1 Extraction with Volatile Solvents The plant material containing the volatile oil is
usually extracted with a low boiling volatile solvent, such as n-hexane, benzene, petroleum ether
etc., either by adopting the method of hot continuous extraction (Soxhlet extraction) or by percolation.
The resulting volatile oil containing solvent is removed under reduced pressure when the volatile oil
will remain in the flask.

Advantages There are several advantages of this process, namely:
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1. Ttis possible to maintain an uniform temperature (usually 50°C) during most of these extractions
which ultimately ensures the retention of a more intense and natural fragrance which otherwise
cannot be achieved by distillation (perhaps due to chemical degradation of constitutents).

2. Floral Concretes: The ultimate concentrated and purified volatile oils are collectively designated
as ‘floral concretes’. In actual practice, these floral concretes represent an admixture of natural
odoriferous components of flowers, plant waxes, colour pigments and certain albuminous
material. Hence, most of them are solid in consistency and partly soluble in 95% alcohol.

5.2.6.1.3.2 Extraction with Non-Volatile Solvents This process is usually employed for the
preparation of the finest brands of perfume oil i.e., the natural flower oils. In this instance, the
volatile oil content usually present in the fresh plant sources eg., flower petals, is so scanty that oil
removal is not commercially viable by any other methods. Grassein Southern France, is the well-
known centre for the extraction of flower volatile oil in the world.

There are three methods that are used for the extraction of volatile oils from flowers with non-
volatile solvents, namely:

(i) Enfleurage Method,
(if) Pneumatic Method, and
(éii) Meceration Method.

These methods would be described briefly as under.

(a) Enfleurage Method: A thick layer of molten lard and tallow (beef fat) is applied on either
surfaces of pre-cleaned glass plates that are securedly placed in a covered wooden frame (or
the chasis) Each glass plate is liberally sprinkled with fresh flower petals to cover its top
surface only. These plates are now stacked one over the other and enclosed in the wooden
frame, whereby each layer of the flower shall be enclosed between two layers of the fat.
Such batteries of loaded plates are allowed to remain for 24hours, after which the flowers
are removed and recharged with fresh lots. This very process is repeated religiously for
several weeks till the fatty layers appear to be fully saturated with the essential oils of the
flowers or until a certain desired concentration of it is accomplished.

Example: Jasmine flowers—The whole process lasts nearly seventy days.

The flowers are subsequently removed (defleurage) and the fat is separated carefully and stirred
with absolute alcohol. The latter will dissolve the volatile oil portion thereby leaving the former
undissolved in alcohol. The alcoholic extract is reasonably chilled and filtered to get rid off any
traces of residual fat. Three successive extraction procedures are repeated so as to affect the complete
recovery of volatile oil and the resulting solution is employed as such in the perfume industry and is
commonly termed as the ‘Tripple Extract’.

The volatile oil may be recovered from the ‘Triple Extract’ by anyone of the following methods,
namely: first, fractional distillation under vacuum at 0°C; secondly, evaporation under vacuum at
0°C; thirdly, the alcoholic extract is diluted with water and saturated with NaCl, when the oil will
seaparate with the retention of fresh natural ordour.

(b) Pneumatic Method: The basic principle of this method is very much like the ‘enfleurage
method’. In this particular instance, the current of warm-air is made to pass through the
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flowers , and the subsequent air loaded with suspended volatile oil particles is then routed
through a fine spray of molten fat in a closed chamber wherein the volatile oil gets absorbed
promptly, and

(c¢) Maceration Method: The fresh flower petals are gently and carefully heated in molten fat
(lard, tallow, or fixed oil), stirred frequently until complete exhaustion takes place. The
flowers are then strained, squeezed and the exuded fat is returned to the main bulk of the fat,
unless and until a desired concentration is achieved. The volatile oil containing fat is allowed
to cool and is recovered by three successive extractions with absolute alcohol.

5.2.6.1.4 Enzymatic Hydrolysis It has been observed that the volatile oil is normally found in
plant substances in the form of odourless glycosidal combinations. However, the odoriferous
components are liberated free only by hydrolysis of such aforesaid glycosides. A few typical examples
of such volatile components are given below:

5.2.6.1.4.1 Volatile Oil of Bitter Almond (Benzaldehyde) 1t is found to be present in the kernels
of bitter almond in the form of the glyoside amygdalin:

NC OC,H,0,,

CHO
+2H,0 ———>» +HCN +2C,H,,0,

Amygdalin Benzaldehyde

5.2.6.1.4.2 Volatile Oil of Black Mustard The volatile oil component is present is ally!
isothiocyanate in the form of the naturally occurring glycosides sinigrin:

cH,

N

0SO, K+ H,0—» CH,= CH.CH,.NCS+KHSO,+ C,H,,0,

Sinigrin Allyl Isothio- Glucose
cyanate

5.2.6.1.4.3 Eugenol 1t occurs invariably in the form of glycosides combination as gein present
in the roots of Geum urbanum Linn. belonging to family Rosaceae.

O—-CH, O, OH
OCH,
OCH,
+H,0O —» + CH,,0q
CH,.CH=CH, CH,.CH—CH,

Gein Eugenol Glucose
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5.2.6.1.4.4 Methyl Salicyalate 1t is found to occur in the form of glycosidal combination as
gaultherin (Synonym: monotropin or monotropitiside) in the leaves of Gaultheria procumbens Linn.
belonging to family Ericaceae. The glycosides gaultherin undergoes hydrolysis in the presence of
the enzyme gautherase to yield the aglycone methyl salicylate and the corresponding sugars glucose
and xylose.

COOCH,
0] OH
Gaultherase
OCH3+ HZO > + C6H12O6+ CSHIOOS
O-primeverose
. [C11H19O9]
Gaultherin Methyl Glucose  Xylose
Salicylate

5.2.6.2 Quantitative Determination of Volatile Oil in a Plant Material

The necessity to determine the volatile oil quantitatively from a plant material is mostly accomplished
by a specially designed apparatus , which helps in ascertaining the raw material to be employed for
commercial production. Such a determination is also extremely helpful in establishing and appraising
the quality of spices and oleoresins.

Clavenger devised an apparatus to determine the volatile oils which essentially has several
advantages, namely: (¢) Compactness in size, (b) Cohobation of distillation waters, and
(c) Reasonably accurate estimation of volatile oil content by employing relatively smaller
quantum of the raw material. However, the apparatus also possesses an additional merit for steam-
rectification of small quantities of essential oils.

Apparatus It consists of a round bottomed flask of varying capacity from 1 L to 2 L which is
provided with a hanging type heating mantle and regulator. The mouth of the round bottomed flask
is connected with a specifically designed trap to collect the volatile oil which could be either heavier
than water or lighter than water as shown in Figure 5.3.

The various vital components of the apparatus for the quantitative estimation of volatile oils
are as follows:

A = RB-flask,
B = Heating Mantle (Hanging type),
C = Drug and water
D = Bend insulted with asbestos/ cotton pad
E = Water condenser
F = Inlet — for water
G = Outlet — for water
H = Volatile oil collected in a graduated stem
I = Excess water reintroduced in round bottomed flask

Methodology A known weight of the drug either as such powdered or cut into small pieces is
introduced into the round bottomed corning flask (1 L or 2 L capacity) along with a distillation
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Fig. 5.3 Apparatus for Quantitative Estimation of Volatile Oils

medium which often is fresh water or a mixture of water and glycerin. The quantity of this medium
is usually 3 to 6 times the weight of the drug substance. The distillation is done for about 5-6 hours.
The distillate is collected in a specially designed trap (or receiver). The stem of which is graduated
upto 5 ml with each ml mark is subdivided into 1/10 the ml. In case, the volatile oil is heavier than
water the trap on the left hand side of Fig. 5.3 is used; and when the volatile oil is lighter than water
the trap on the right hand side is employed.

5.2.6.3 Physical Characteristics of Voltaile Oils

It is a well known fact that the volatile oils usually differ from each other with regard to their
chemical constitutions. However, they invariably possess a number of physical characteristics as
stated below, namely:

(a) Odour: Most volatile oils do possess very pleasant and characteristic odour which vary
considerably from one specimen to another.

Detection When a drop of the volatile oil is soaked on a filter paper, an expert may judge its
quality and genuinity and may also differentiate between the authentic pure sample from the
adulterated one by their individual odours.

(b) Nature: In general, the volatile oils are mobile liquids at ordinary temperatures. However,
there are a few exceptions, for instance:
(i) Anise Oil: It solidifies at 15°C and melts at 17°C,
(i) Rose Oil: It solidifies at 17°C and melts at 19°C, and
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(©)

(@ii) Oil of Mentha and Oil of Thyme: They distinctly deposit a solid substance upon
chilling i.e., menthol and thymol respectively, and leaving behind a liquid portion as a
‘mother liquor’. The former is termed as “Stearoptene” and the latter is known as
“Oleoptene”.

Volatility: The essential oils are mostly volatile completely, with the exception of a few of

them e.g., “oil of lemon’, “oil of orange’, that contain also an additional non-volatile substance

of gummy nature. Both the volatile and their pure components do possess high vapour
pressures, and hence evaporate completely and rapidly when exposed to atmosphere.

Detection Volatile oils do not leave a stain when soaked on a piece of filter paper, whereas a fixed
oil does. Thus, it also checks its adulteration.

(d)

Colour: Invariably, the colour of freshly obtained volatile oils are more or less colourless,
but on prolonged storage they usually undergo both oxidation and resinification thereby
rendering it dark in colour. The darkened volatile oil can be redistilled to obtain once again
the colourless sample.

Prevention The volatile oils must be stored in a cool, dry place and preferably filled upto the brim
in amber glass bottle having an airlight stopper.

(e)

Refractive Index: The refractive index of volatile oils vary from 1.42 to 1.61. They are
mostly characterized by high refractive indices.

Detection The pure authentic volatile oils have definite refractive index as specified in official
compendia, whereas the adulterated oils will show different values.

(f) Optical Rotation: A large number of volatile oils exhibit optical activity by virtue of the

©

chemical constitution of the o0il(s) or its constitution. It gives some vital informations with
regard to the source and anthenticity of the oil sample, namely:
(i) Both optical rotation and specific rotation offer a fairly dependable and reliable clue
whether the volatile oil is either genuine or adulterated,
(if) Italso establishes the source and variety of the volatile oil, for instance: American oil
of Turpentine is dextro-, whereas the French oil of Turpentine is levo-, and
(iii) It ascertains whether the chemical constituent is either isolated from the volatile oil or
obtained synthetically, for example: Menthol isolated from pippermint oil is exclusively
levo-rotatory, whereas the synthetic menthol could be either racemic or levo. Likewise,
the natural camphor is dextro, whereas the synthetic one could be either racemic or
levo.
Specific Gravity: The specific gravity of volatile oils ranges between 0.8 to 1.17.
Interestingly, the volatile oil listed in various official compendia are lighter than water (i.e.,
specific gravity less than 1), such as: Oil of Anise d32 0.978-0.988; Oil of Balm d 3 0.89-
0.925; Oil of Basil d2) 0.905-0.930; Oil of Bergamot d% 0.875-0.880 etc. In contrast,
there are certain volatile oils whose specific gravity is more than 1 i.e., these are heavier
than water, for instance: Qil of Cherry Laurel d;’ 1.054-1.066; Oil of Cinnamon d}?
1.045-1.063; Oil of Clove d%' 1.038-1.060; Oil of Garlic d? 1.055-1.098; Oil of Parsley
d,? 1.040-1.100; Oil of Sasaafras d,2 1.065-1.077 etc.
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(k) Solubility: The majority of volatile oils are immiscible with water, but are soluble in absolute
alcohol and several other organic solvents e.g., ether, chloroform, carbon disulphide, acetone,
hexane, ethyl acetate etc.

Exceptions
(i) Oil of Rose gives a turbid solution due to the very presence of paraffin hydrocarbons that are
very sparingly soluble in alcohol, and
(if) Many a times certain volatile oils on being dissolved in organic solvents render them turbid
due to the presence of traces of moisture which may be eliminated by treating the volatile oil
with a small amount of powdered anhydrous sodium sulphate crystals.

In addition to the above stated physical parameters there are certain other equally valuable and
important characteristic data for the identification as well as detection of adulteration in a sample of

volatile oil, namely: boiling range, flash point, evaporation residue, molecular refraction and
the like.

5.2.6.4 Chemical Characteristics of Volatile Oils

It has been observed that plethora of volatile oils are found to be more or less ‘complex mixtures’
essentially comprising of different class of chemical constituents. Therefore, they are found to vary
widely in the chemical composition and vis-a-vis their therapeutic applications.

However, there are a few exceptions to the above observation wherein only one chemical entity
is solely present in the naturally occurring volatile oil namely:

(a) Oil of Bitter Almond—contains benzaldehyde exclusively, and
(b) Oil of Winter Green—contains methy! salicylate exclusively

In fact, there are more than 500 different chemical compounds that have been duly isolated,
purified and identified in volatile oils over the years with the advent of most sophisticated physico-
chemical methods of analysis, such as: UV-visible spectroscopy, IR-Spectroscopy, NMR —
spectrometry, GC — analysis, HPLC-analysis, Mass spectrometry, X-ray diffraction analysis,
optical rotary dispersion (ORD) analysis, HPTLC and the like.

The chemical constituents of volatile oils are recognized as ‘terpenes’ that may contain one or
several isoprene units as shown below:

CH, CH,
CH, %

H,C CH, H,C “CH, H,C  CH,
Myrcene Limonene oc-Pinene
Acyclic Monoterpene Monocyclic Terpene Bicyclic Monoterpene
(2-Isoprene Units) (2-Isoprene Units) (2-Isoprene Units)

A few examples of some terpene hydrocarbons are summarized below:
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Group Emperical Formula Isoprene Units Example
Hemiterpene CsHg 01 Isoprene
Monoterpene

Acyclic CioH1s 02 Myrcene

Monocyclic CioH1s 02 Limonene

Bicyclic CioH1s 02 o-Pinene
Sesquiterpene CisHus 03 Santalene
Diterpene CyoHao 04 Resin of Turpentine
Triterpene CgaoHas 06 Saponins
Polyterpene (CsHg),, OCiiteeeeenne Rubber

Phenylpropanoids There is another major class of volatile oil constituents that invariably contains
a C4 phenyl ring and an attached C;-propane side chain.

CH=CH— CH, CH== CH— CHO CH;— CH==CH,
H,CO
OCH, OH
Anethole Cinnamaldehyde Eugenol_
(Anise Oil) (Cinnamon Oil) (Clove Oil)

5.2.6.5 Classification of Volatile Oils

The most acceptable classification whereby volatile oils and volatile-oil containing drugs may be
grouped together are as follows, namely:

(i) Hydrocarbon volatile oils,
(if) Alcohol volatile oils,
(iii) Aldehyde volatile oils,
(iv) Ketone volatile oils,
(v) Phenol volatile oils,
(vi) Phenolic ether volatile oils,
(vii) Oxide volatile oils, and
(viii) Ester volatile oils.

These volatile oils shall be discussed in the sections that follows.

5.2.6.5.1 Hydrocarbon Volatile Oils It has been observed that terpene hydrocarbons usually
occur in most of the volatile oils obtained from natural sources. They may be further classified into
three categories, namely:

(a) Unsaturated acyclic hydrocarbons,
(b) Aromatic hydrocarbons, and
(¢) Alicyclic hydrocarbons.

5.2.6.5.14 Unsaturated Acyclic Hydrocarbons Two typical examples of chemical constituents
belonging to the category of unsaturated acyclic hydrocarbons are given below:
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(i) B-Myrcene

CH,

3
4 2

ICH,
6

7

H,C” " CH,

B-Myrcene

Chemical Structure It is 7-methyl-3-methylene-1, 6-octadiene.

Occurance It is found in several essential oils, such as: Qil of Bay (or Myrcia oil) — Myrcia acris
(Family : Myricaceae); Oil of Hops — Humulus lupulus Linn., (family: Moraceae); and Qil of
Turpentine — Pinus logifolia Roxb., (family: Pinaceae).

Isolation The oil of bay is treated with sodium hydroxide solution and the remaining undissolved
portion which mostly contains myrcene, is repeatedly subjected to fractional distillation under vacuo
(it is also obtained by pyrolysis of B-pinene).

Characteristic Features It has a pleasant odour. It is lighter than water d3° 0.794, n3’ 1.4709 and
UV . (ethanol): 226 nm (€16, 100). It is practically insoluble in water, but soluble in alcohol,
chloroform, ether and glacial acetic acid.

Identification
(a) B-Myrcene on reduction with sodium and alcohol (absolute) gives rise to dihydromyrcene
(C,oH,¢) which on subsequent bromination yields tetrabromodihydromyrcene (mp 88°C),
and
(b) Itreadily forms addition compounds with a-naphthoquinone (mp 80-81.5°C) and with maleic
anhydride (mp 34-35°C).

Use Itis used as an intermediate in the manufacture of perfumery chemicals.
(ii) Ocimene (or trans-B-Ocimene)

Chemical Structure It is 2,6 dimethyl 2,5,7 octatriene.

7 5 3, LCH,
8/ 6/ XX
H,C 4
2
CH, CH,

trans-B-Ocimene

Occurrence trans-f Ocimene is found in the volatile oil obtained from the leaves of Ocimum
basilium L., (Labiatae); Baronia dentigeroides Cheel (Rutaceae); Litsea zeylanica C & T Nees
(Lauraceae) and Homoranthus flavescens A. Cunn., (Myrtaceae).
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Isolation The volatile oil obtained from the fresh leaves of O. basilicum is treated first with NaOH
solution to get rid of the phenolic constituents i.e; eugenol present in the range of 30-40% of the oil.
The undissolved fraction of the oil is taken up in an appropriate solvent, solvent removed under
vacuum and the resulting volatile oil is subjected to fractionation under vacuum so as to obtain the
desired main constituent.

Characteristic Features
trans-B-Ocimene : d3° 0.799; n2’ 1.4893; UV, (ethanol)
232 nm (g 27, 600)
cis-B-Ocimene :d3°0.799; n2° 1.4877; UV, (ethanol)
237.5nm (g 21, 000)
The Ocimene (trans- or cis-) undergo oxidation most readily and with relatively shorter exposure
to air to form a yellow resin. However, in an atmosphere free from oxygen ocimene may be preserved
unaltered. Its bp ranges between 176-178°C (decomposes).

Identification

(a) Reduction with sodium and absolute alcohol yields dihydromyrcene which on bromination
yields tetrabromodihydromyrcene (mp 88°C),

(b) Ityields ocimenol — an alcohol on hydration with sulphuric acid (50%) in glacial acetic acid
solution,

(¢) Tts phenylurethane derivative has mp 72 °C, and

(d) Ocimene upon oxidation with KMnO, in alkaline solution affects complete degradation to
form acids, the lead salts of which has a rhombic crystalline form, whereas the corresponding
lead salts of myrcene treated in a similar fashion has a needle form thereby differentiating
between ocimene and myrcene distinctly.

Uses It is used in perfumery.

5.2.6.5.1B Aromatic Hydrocarbons A typical example of aromatic hydrocarbon is that of para-
cymene as detailed below:

(i) para-Cymene
Chemical Structure It is 1-methyl-4 (1-methyl ethyl) benzene (Syn: Dolcymene)
H,C CH,
CH,
para-Cymeme

Occurrence It occurs in a number of essential oils, such as: oils of lemon, nutmeg, corriander,
cinnamon, sage and thyme. p-Cymene has been reported in a number of volatile oils either due to
conversion from cyclic terpenes e.g., pinene or terpinene or from various terpene analogues e.g.,
citral, carvone, sabinol etc.

Isolation The p-cymene fraction obtained by the fractional distillation of volatile oils may be
freed from terpenes having identical boiling points by subjecting it to oxidation with cold KMnO,
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solution, whereby the former being resistant to the oxidising agent is recovered in its pure form.
However, pure p-cymene may be prepared from thymol.

Characteristic Features para-Cymene is a colourless liquid and is found to be inactive optically.
Its fragrance resembles to that of the aromatic hydrocarbons closely.

Identification
(a) Tts boiling point is 177.10°C.
(b) Tt melts at —67.94°C.
(c) Tts specific density d* 0.8573 and d% 0.8533.
(d) Tts specific rotation n*3 1.4909 and n?} 1.4885.
(e) p-Cymene on oxidation with hot concentrated potassium permanganate solution gives rise
to p-hydroxy- isopropylbenzoic acid having a melting point 155-156°C.

Uses
(i) Itis employed in the formulation of certain imitation (artificial) essential oils.
(i) It is used profusely for the preparation of scented soaps and toileteries.
(éii) It also finds its application in the masking of undesirable odours.

5.2.6.5.1 Alicyclic Hydrocarbon The alicyclic hydrocarbons are also termed as ‘monoterpenes’
or ‘true terpenes’ having the emperical formula C, H,,. Generally, they may be classified into two
categories, namely:

(/) Monocyclic Terpenes, and
(i) Bicyclic Monoterpenes

These two types of alicyclic hydrocarbons shall be discussed individually with some typical
examples as under:

A. Monocyclic Terpenes

Basically, the cyclic terpenes are the extended structural homologues of cyclohexane usually derived
by varying extent of dehydrogenation. The parent molecule is methyl-isopropyl cyclohexane (or
para-Menthane)

CH,

H,C CH,
para-Menthane

The structure of the monocyclic terpenes is expressed with reference to the saturated parent
substance ‘menthane’ i.e.; hexahydrocymene. Consequently, the three isomeric menthanes viz;
ortho-, meta- and para-, theoretically yield the monocyclic terpenes respectively.

A number of isomere that have been derived form various degree of dehydrogenation of
p-menthane resulting into the formation of a series of p-menthenes are given on page 255:
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! 1
6 2
5 3
§ |
9 Xl 10 AZ A3 A4,8 /AS,9 Al 7

para-Menthenes

Interestingly, all the six different species of menthenes have been systematically characterized
and identified. However, the most important and abundantly found in various essential oils is A’
menthene, which is observed as a natural constituent of thymol oil and is very closely related to
menthol, the main constituent of pippermint oil.

Furthermore, the subsequent dehydrogenation of para-menthane yields correspondingly the
dihydro-p-cymenes, also termed as para-menthadienes.

CH, CH, CH, CH,

HC  CH, HC  CH, H,C  CH, H,C  CH,
oc—TerI??nene [-Terpenene oc-Phellandrene [3-Phellandrene
(A7) (A" (A" N

[-Form d-Form [-Form sz orm
bp173.5-174.8°; bp173.-174°; bp,s 58-59° bp,, 66-68° ll>p1253° 1310)”57"
5
4’ 08375 ;' 0838 d0.8410 4> 0.8463 d. 0.8497 d, 8520
n, 14784 n, 14754 n2 14709 n” 14777 n, 1.4800n; 1.4788
CH,
H,C TCH,
Limonene
( A],x(()))
I-Form d-Form
bp,g 175.5-176.5° b, 175.5-176°
d:2"® 0.8407 d;' 0.8402
n, 1.4740 n; 0.14743

There are five important members belonging to this particualr group, namely: o-terpene, B-
terpene, ai-phellandrene, B-phellandrene and limonene that are very frequently found in a variety
of essential oils.



Dr.Murtadha Al-Shareifi e-Library

256 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

It is pertinent to mention here that the alicyclic (cyclic) hydrocarbons are invariably found to be
more stable than the corresponding acyclic hydrocarbons. Nevertheless, the monocylic terpenes
usually undergo isomerization, oxidation and polymerisation very rapidly especially when these are
subjected to distillation at atmospheric pressure.

Bearing in mind the diagnostic and therapeutic efficacies of the monocyclic terpernes one has
to consider the possibility that certain structural configurations like: geometrical isomerism,
stereoisomerism, boat and chair form of isomers do exist amongst them as depicted below:

CH, CH, CH, H CH,
H H H CH,
cis-Isomer trans-Isomer H,C CH,
[Geometrical isomers] para-Menthene(A')
—a mixture of d-, /-and dl-forms
[Steroisomers]
R \
R R
R
H
H H
H
‘Chair’-Form ‘Boat’-Form

A few typical examples of the ‘monocyclic terpenes’ are described here under:
(i) Limonene

Chemical Structure It is 1-methyl-4-(1-methyl ethynyl) cyclohexane (Synonym: Cinene,
Cajeputene, Kautschin)

H;

H,C CH,

Limonene

Occurrence It occurs in various ethereal oil, specially oils of lemon, orange, caraway, dill and
bergamot. It is also found in grapefruit, bitter orange, mandarin, fennel, neroli and celery.
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Isolation d-Limonene is isolated from the mandarin peel oil* (Citrus reticulata Blanco, Rutaceae).
It may also be isolated from the ethereal oils of lemon, orange, caraway and bergamot either by
careful fractional distillation under reduced pressure (vauum) or via the preparation of adducts,
such as: tetrabromides (mp 104-105°C) and the desired hydrocarbon may be regenerated with the
help of pure zinc powder and acetic acid.

Characteristic Features It is colourless liquid having a pleasant lemon-like odour. It is practically
insoluble in water but miscible with alcohol. Limonene when protected from light and air is reasonably
stable, otherwise it undergoes oxidation rapidly. When it is heated with mineral acids, the former
gets converted to terpentine and to some extent p-cymene. On the contrary , the action of mineral
acids on limonene in cold yields terpin hydrate and terpineol (alcohols) due to hydration. However,
limonene could be regenerated from these alcohols upon heating. The racemic mixture i.e. dl-
limonene is also termed as dipentene (inactive limonene), which on being treated with HCI in the
presence of moisture yields dipentene dihydrochloride (mp 50-51°C) from methanol.
Dehydrogenation of dipentene or limonene with sulphur rapidly yields p-cymene. Autoxidation of
limonene gives rise to carveol and carvone which may be observed in poorly stored orange oils by
a distinct and marked caraway like odour.

H, H,
H
H, H, H,C H,
Carveol Carvone

Identification
(a) Limonene on bromination yields tetrabromide derivative which is crystallized from ethyl
acetate (mp 104-105°C).
(b) It forms monohalides with dry HCI or HBr, and the corresponding dihalides with aqueous
HCI or HBr.
(c) Itsnitrosochloride derivative** serves as an useful means of identification having mp ranging
between 103-104°C.

Uses
(7)) Itisused in the manufacture of resins.
(i) Itis employed as a wetting and dispersing agent.
(@ii) Itis widely employed for scenting cosmetics, soaps as well as for flavouring pharmaceutical
preparations.

* Kugler Kovate, Helv Chim Acta, 46, 1480, 1963
** Prepared by the action of amyl nitrite and hydrochloric acid
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(ii) Sylvestrene
Chemical Structure

CH, CH,

(@) (b)
A"*” meta-Menthadiene A**® meta-Menthadiene
Sylvestrene is generally found to be a mixture of two hydrocarbons (a) and (b) as shown above,
wherein one of these forms predominates over the other. It is mostly available as its d-and /-isomers;
whereas the racemic mixture is known as carvestrene.

Occurrence It is observed that sylvestrene does not occur as a natural product, but it is obtained
from either of the two bicyclic monoterpene hydrocarbons, namely: 3-Carene and 4-Carene,
during the course of its isolation from the respective dihyrochloride.

CH, CH;
CH, H,C
H, CH,
4,7,7-Trimethyl-3-norcarene; 4,7,7-Trimethyl-4-norcarene;
AS—Carene; A4-Carene;
3-Carene 4-Carene

Isolation The turpentine obtained from Pinus sylveris L., may contain as much as 42% of
3-carene, whereas turpentine from Pinus longifolia Roxb. (Pinaceae) about 30% of 3-carene.
Sylvestrene is isolated in a relatively pure form by preparing the corresponding dihydrochloride.

Characteristic Features It is a colourless oil with an agreeable limolene — like odour. It is
considered to be one of the most stable terpenes. It is neither isomerized by heating nor by the
interaction of alcoholic sulphuric acid. On being heated to 250°C it undergoes polymerization.

Identification
(a) Sylvestrene yields the following ‘dihalides’ by interaction with solutions of glacial acetic
acid-hydrogen halides, for instance: dihydrochloride (mp 72°C); dihydrobromide (mp 72°C);
and dihydroiodide (mp 66-67°C).
(b) The nitrosochloride derivative prepared by the action of amyl nitrite and hydrochloric acid
has a mp 107°C.
(¢) Itis dextrorotatory.

Uses It does not find any substantial usage either in the perfume or flavour industries.
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B. Bicyclic Monoterpenes

The bicyclic monoterpenes, as the name suggests essentially possess two cyclic rings which are
condensd together. This class of compound is relatively more complex in nature in comparison to
the monocyclic species. The second ring system usually conatin 2, 3 or 4 C-atoms in common and
the rings may be having 3, 4, 5 or 6 membered rings.

The bicyclic monoterpenes may be regarded as chemical entities derived from:

(a) para-Menthane — by direct fusion of 2—C atoms and the formation of a simple bridge, and
(b) Methylated Cyclohexanes— by having a bridge with either -CH,— or C(CH;), — moieties.

In general, the ‘bicyclic monoterpenes’ are classified into five categories, namely:

(i) Thujane; (i) Pinane; (7ii) Carane
(iv) Camphane; and (v) Fenchane.

These five distinct categories shall be discussed briefly with typical examples as given below:

I. Thujane
CH, CH,
H,C CH, H,C CH,
Thujane para-Menthane

4-Methyl-1-(1-methyl ethyl) bicyclo[3.1.0] hexane.

Eventually, thujane is derived from p-menthane with direct union between C-2 and C-4. It
comprises of a 3-memberd and a 6-membered ring. The ‘bridge’ in this particular instance does not
have the isopropyl group in it.

Example: Sabinene
A Sabinene

Chemical Structure

H, CH,
H H
H,C CH, H,C CH,
Sabinene o-Thujane

4-Isopropyl-p-methylene bicyclo-2, 4-hexane.
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Occurrence It is the major constituent (=30%) in oil of savin obtained from young shoots of
Juniperus sabina L., Cupressaceae. 1t is also present in oils of cardamom and majoram.

Isolation It is obtained by the fractional distillation of oil of savin under reduced pressure.
Characteristic Features Itis aliquid, lighter than water. It is found to be isomeric with a-thujane.

Identification Sabinene cither on boiling with dilute sulphuric acid or on shakig with cold dilute
sulphuric acid yields:

(i) different forms of terpinene, and
(i) 1, 4-terpin.

CH, CH, CH, HO, CH,
H3C; ECH3 H3C; ECH3 H3C; ECH3 HC L pCH,

o-Terpinene [-Terpinene T-Terpinene 1,4-Terpin

II. Pinane It is formed from p-menthane by forming a bridge between C-3 and C-6 positions,
thereby resulting into the formation of a 4-membered ring system and a parent 6-membered ring
system.
CH,
H

H,C~ CH,

p-Menthane o-Pinene

Example o-Pinene.
Chemical Structure 2,6,6-Trimethyl bicyclo[3,1,1] hept-2-ene;

Occurrence It is obtained from oil of turpentine which contains 58-65% ol-pinene along with
30% B-pinene. It is also widely distributed in essential oils belonging to the family Coniferae. It has
been reported to be present in oils of American pippermint, corriander, cumin and lemon.

Isolation
(7)) Itisisolated from the essential oils stated above by the help of chromatographic techniques.
(if) Mostly isolated by the fractional distillation from essential oils, preferable under reduced
pressure followed by further purification. The fraction collected between 155-165°C is
converted to crystalline form of nitrosochloride (treated with amyl nitrite and hydrochloric
acid) from which the desired product is liberted by treatment with aniline.
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Characteristic Features It is a colourless oil which has a tendency to resinification on exposure
to air. The various physical parameters of its isomers are given below:

dl-form : bp,, 155-156°C; d2° 0.8592; n2® 1.4664
d-form : bp,, 155-156°C; d7° 0.8591; n3° 1.4661;
I-form : bp,g, 155-156°C; d2° 0.8590; n2° 1.4662.

The /-form is usually found in the French Turpentine Oil, whereas the d-form is found in the
American, German and Swedish Turpentines.

Identification It may be characteristized by—

(a) Preparation of its nitrosochloride derivative mp115°C, which is devoid of optical activity,

(b) Preparation of its hydrochloride derivative mp 132°C, and [o ]3° — 33.24 °C (in alcohol),
and

(¢) Preparation of its adduct with malic anhydride (crystalline ) mp 169°C.

Uses
1. Itis abundantly used as a starting material for the large-scale preparation of synthetic camphor
as given below:

CH,
Cl
oxPinene HCL __Isomerization
(-10°C)
Pinene Bornyl Cholride
Hydrochloride

KOH
@ Ox1dat10n) @
Camphor Bornyl alcohol

(Borneol)

2. Turpentine oil is cooled to —10°C first and then hydrogen chloride gas is passed through it to
obtain the pinene hydrochloride. The latter undergoes isomerization to yield bornyl chloride
which on treatment with alkali gives rise to borneol. This on oxidation with nitric acid yields
pure synthetic camphor.

3. It also finds its application in the production of insecticides, solvents, plasticizers, perfume
bases and synthetic pine oil.

III. Carane para-Menthane with a bridge between C-3 and C-8 results into the formation of
carane, which comprises of a 3-membered ring imbeded into the 6-membered parent ring as given
below:
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(7) CH,

Carane

Example
A 3-Carene

Chemical Structure 3,7,7 Trimethylbicyclo [4,1,0] hept-3-ene (a); 4,7,7-Trimethyl-3
norcarene (b).

H,C H,C
(@) (b)

Occurrence It is a constituent of turpentine. The turpentine obtained from Pinus sylvestris L.,
contains upto 42%; turpentine from Pinus longifolia Roxb; Pinaceae about 30%.

Isolation It is isolated from the turpentine oil by the usage of chromatographic techniques.

Characteristic Features It is a sweet and pungent odour essential oil having a more agreeable
odour than that of turpentine. It is practically insoluble in water but miscible with most fat solvents
and oils. The d-form possess physical characteristics, e.g.; d;3 0.8668; d;. 0.8586; bp,s 168-169°C;
[0]2° + 17.69; n3" 1.468.

Identification The d-form gives rise to the nitrosoate derivative (C,,H,4 N,O,), which may be
prepared by treating d-Carene with amy] nitrile, acetic acid and nitric acid. Its prism decomposes at
147.5°C.

Uses Itisused as an antiseptic, carminative, stimulant, stomachic and diuretic.

IV. Camphane It is formed with a direct bondage between C-1 and C-8 in the structure of
p-menthane. It essentially comprise of two five-membered rings besides a six-membered ring.
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7 CH,
1
6 2
I
5 3
4
Camphane
Example
A Camphene
Chemical Structure 2,2, Dimethyl-3-methylenebicyclo-[2,2,1] heptane;
CH,
7
2 CH,
6
1
3
4
5 CHz

Camphene
Occurrence It mostly occurs in a large variety of essential oils, for instance:

(f) Turpentine oil (levo and dextro forms),

(ii) Cypress oil (dextro form),
(iii) Camphor oil (dextro form in species of Lauraceae),
(iv) Bergamot oil, and

(v) Oils of Citronella, Neroli, Ginger, and Valerian).

Camphene occurs in a number of species, namely: Achillea, Milefolium, Acorus calamus,
Anethum graveolens, Artemisia, Cinnamonum, Foeniculum vulgare, Juniperus, Kaempferia galanga,
Myristica fragans, Peumus boldus, Pinus ellottii, Piper nigrum, Pistacia lentiscus, Rosamarins
officinalis, Satureja, Schinus molle, Thymus, a and Valeriana officinalis.

Isolation Camphene is isolated by the chromatographic techniques from rectified turpentine oil.

Characteristic Features Camphene obtained from alcohol found in cubic crystals (d/-form) having
an insipid odour.

di-form: mp 51 to 52°C; bp.4,- 158.5 to 159.5°C; d°4 0.8422; n>}, 1.45514.

Solubility Soluble in ether, dioxane, cyclohexane, cyclohexene and chloroform. Practically
insoluble in water and moderately soluble in alcohol.
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d-form : mp 52°C; [a]'], + 103.5%; (C=9.67 in ether); d° 0.8486; n°3 1.4605;
I-form : mp 52°C; [a]?},— 119.11°; (C=2.33 in benzene); d°4 0.8422; n*3 1.4620.

Identification It forms large dodecahedra on being subjected to slow sublimation

Uses
1. Asan important constituent of eucalyptus oil which is used as a counter-irritant, antiseptic and
expectorant.

V. Fenchane It is a trimethyl cyclohexane with a methylene (—CH,—) bridge. It consists of two
five-membered and a six-membered ring.

Example d-Fenchone

Chemical Structure

CH, O
6
f :4 [: CH,
3 CH,
Fenchane d-Fenchone

(1S) — 1,3,3,-Trimethylbicyclo [2,2,1]-heptan-2-one.
Occurrence It occurs in fennel oil and in the essential oil of Lavondula stochas L., Libitatae.

Isolation Itis isolated from the fennel oil by column chromatography which mostly contains this
ketone to the extent of 20%.

Characteristic Features Itis a colourless oily liquid having a camphor like odour. It attributes the
bitter taste to the drug. It is very soluble in absolute alcohol and ether; but practically insoluble in
water.

D'$0.948; mp 6.1°C; bp.4, 193.5°C; [a]*) + 66.9°; n'%) 1.4636.
Identification The pH of its saturated solution is 6.82.

Uses
1. It is employed extensively in foods and in perfumes.
2. It also finds its application as counterirritant.

5.2.6.5.1 Biosynthesis of Monoterpenoids The hypothetic mechanism for the biosynthetic
formation of monoterpenoids viz., myrcane, carane, thuzane, bornane, menthane, pinane and
fenchane as individual class has been shown in Fig. 5.4.

5.2.6.5.2 Alcohol Volatile Oils A good number of alcohols occur abundantly in a plethora of
volatile oils, which may be judiciously classified into the following heads, namely:

(a) Acyclic (aliphatic) alcohols,
(b) Monocyclic (aromatic) alcohols,
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Isopentenyl
pyrophosphate r ]
. @PP
= YH
p — OPP
H,C CH, H,C CH, - -

Dimethylallyl ~ Geranyl pyrophosphate Linalyl pyrophosphate
pyrophosphate Myrcane class

+
%Aenthane class

b

Bornane class Pinane class

=

4+

:

Carane class

@ 3T

O~

Thujane Class

A

Fenchane class

Fig. 5.4 Probable Mechanism for Biosynthesis of Various Monoterpenoids.

(Adapted from ‘Pharmacognosy and Pharmacobiotechnology’ by Robbers J.E. et al., 1996)
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(¢) Alicyclic (terpene and sesquiterpene) alcohols.

These three distinct categories of ‘alcohol volatile oils’ shall be discussed briefly along with
certain typical examples from the plant kingdom.

5.2.6.5.2.1 Acyclic (Aliphatic) Alcohols In general, a number of acyclic alcohols, such as: methyl,
ethyl, isobutyl, isoamyl, hexyl and other higher alcohols occur widely in volatile oils, but being
water soluble they are usually eliminated during steam distillation.

They may be further sub divided into two important categories, namely:

(a) Saturated aliphatic alcohols, and
(b) Unsaturated aliphatic alcohols.

which shall be discussed along with suitable examples.

5.2.6.5.2.14 Saturated Aliphatic Alcohols Volatile oils normally contain a few saturated
monohydroxy alcohols belonging to the paraffin series, most of which are found to be esterified
with fatty acids. In the course of steam distillation these esters undergo hydrolysis to yield the lower
members of saturated aliphatic alcohols together with the lower fatty acids rarely.

A variety of substances are duly formed on account of the degradation of complex plant
constituents e.g., methanol, ethanol (a by product of fermentation due to plant starches), furfural and
butanedione (diacetyl), which ultimately are located in the distillation waters of volatile oils.

1] 1
o C—H H,c—C—C—CH,
Furfural Butanedione (Diacetyl)

Isolation of aliphatic alcohols may be accomplished from the volatile oils by fractional distillation,
by forming their respective derivatives e.g., para-hydroxybenzoates, acid phthalates and calcium
chlorides.

The saturated aliphatic alcohols may be identified by the preparation of their respective cyrstalline
derivatives, such as: para-nitrobenzoates, 3,5 dinitrobenzoates, phenylurethanes, and
napthylurethanes.

The presence of ethanol as an ‘adultrant’ in volatile oil may be carried out by treating it with
iodine, potassium iodide, sodium hydroxide solution (0.5N) and heating the resulting mixture to
give rise to the yellow crystals of iodoform (mp 119°C).

5.2.6.5.2.1B Unsaturated Aliphatic Alcohols The unsaturated aliphatic alcohols frequently
occurring in volatile oils are nothing but terpene-derivatives wherein the six membered carbon
ring is found to be broken at one point only. A few important typical members of this category are as
follows:

Examples
1. Geraniol

Chemical Structure 3,7-Dimetyl-2,6-octadien-8-ol; Lemonol.
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CH, CH,

)W\/\

H,C OH

Geraniol

Occurrence It is an olefinic terpine alcohol which constitute the major part of oil of rose, oil of
palmarose (95%), oil of geranium (40-50%), oil of citonella (30-40%) and also in the essential oil
of lemon grass ctc.

Isolation

Method 1: Geraniol may be readily isolated in its pure form from volatile oil fractions by virtue of
the fact that it readily forms a distinct crystalline derivative with anhydrous calcium chloride
[2C,(H 30 CaCl,]. The resulting compound is practically insoluble in organic solvents, such as:
chloroform, ether, petroleum ether or benzene and hence can be readily decomposed with pure
distilled water into geraniol and calcium chloride. The separated oil thus obtained is rapidly washed
with luke-warm water and subjected to steam distillation finally.

Method 2: It may also be isolated and purified, of course, much less conveniently, by forming its
solid acid phthalate (mp 47°C) which yields a crystalline silver salt.

Characteristic Features It is an oily liquid having a marked and pronounced agreable rose-like
odour. However, the odour of its geometrical isomeride ‘Nerol’ is definitely found to be more
refreshing than that of geraniol.

Its physical characteristics are as under:

bp;s; 229-230°C; d%, 0.8894; n*Y) 1.4766; UV max: 190-195 nm (g 18000).

It is practically insoluble in water, but soluble in ether, ethanol. The characteristic features of its
corresponding acetate, butyrate and formate analogues are stated below:

Derivative Mol. Formula Odour bp (°C) d Solubility
Aceatate C1oHo005 Sweet, 242 ~D'%0.9174 Insoluble in water.
fragrant, (decomposes) Very soluble in
ethanol; miscible
with ether
Butyrate C14H240, Fragrant bp;g 152 D'?, 0.901 Insoluble in water;
odour soluble in ethanol
and ether
Formate C11H150, Odour of bps D% 0.927 Insoluble in ether
roses and 113-114° and ethanol
of green
rose leaves
Identification

1. Itis characterized conveniently by preparing its specific derivatives, for instance: 3-nitrophthalate
(mp 109°C) diphenyl urethane (mp 82.2°C), and o.-naphthylurehane (mp 47-48°C).

2. When treated with 5% sulphuric acid geraniol gives rise to mainly terpin hydrate as given
below:
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HO, CH
CH, CH, 3
H,SO
)\/\)\/\ #;
H,C OH (5%)
Geraniol

cis-Terpin hydrate

3. The interaction of geraniol with phosphoric acid and gaseous hydrogen chloride yields diterpene
together with other terpenes as depicted below:

H,
Geraniol LO“» + Other Terpenes
+HCl(gas)

Diterpene

4. In the presence of mineral acids geraniol undergoes cyclization to give rise to o-terpineol as
given under:

H,
H\
Geraniol ——
HC L5
o-Terpineol

Uses
1. It finds its wide application in a plethora of formulations used as rose scents.
2. Itis also employed as insect attractant.
3. Itis employed extensively in perfumery e.g.; butyrate for compounding artificial attar of rose;
formate as an important constituent of artificial neroli oil and of artificial orange blossom oil.
4. Tt is used in soap, cosmetic and flavour industries.

3. Nerol

Chemical Structure cis-2,6-Dimethyl-2,6-actadien-8-ol; It is the cis-isomer of geraniol

CH, H,

HEN X

H
Nerol

Occurrence Nerol is found in a number of essential oils, specifically oil of Neroli (usually obtained
from the fresh and tender flower of orange), oil petit grain (normally prepared from not fully matured
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fruits of bitter orange) and also in oil of bergamot (conventionally prepared from Citrus auranti
var. bergamia).

Isolation Nerol may be isolated from admixture with geraniol in volatile oils by treatment with
anhydrous calcium chloride, when the former that does not form any complex with CaCl, is separated
conveniently by either centrifugation or filtration techniques.

Characteristic Features It is an oily liquid having the odour of sweet rose. It is optically inactive.
It has the physical parameters as : bp,,5 224-225°C; d'> 0.8813; UV max: 189-194 nm (g 18000). It
is soluble in absolute alcohol.

Identification
1. Itis characterized by the preparation of its tetrabromide derivative C,,H,¢Br,O (mp 116-118°C).
2. It also gives rise to the diphenylurethane analogue (mp 52-53°C).
3. It forms needles of allophanate (C,,H,,N,05) (mp 84-86°C) from petroleum ether (40-60°C).

Uses It is used extensively as a base for the manufacture of perfumes.
2. Linalool

Chemical Structure 3,7-Dimethyl-1,6-octadien —3-ol;
(CH,;),C=CHCH,CH,C-(CH;)(OH)CH=CH, or

Linalool

Occurrence It is the major constituent of linaloe oil. It also occurs in a variety of essential oils,
namely: Ceylon Cinnamon (Cinnamonum verum), Artemisia balchanorum, Acorus calamus, Aloysia
triphylla, Artemisia dracunculus, Camellia sinensis, Cananga odorta, Glechoma hederaceae,
Humulus lupulus, Lantana camara, Laurus nobilis, Lavanchula angustifolia, Myrica, Myristica
fragrans, Narcissus tazetta, O. imum basilicum, Peunus boldus, Piper nigrum, Prunus armeniaca,
Robinia pseudoacacia, Rosmarinus officinalis, Salvia, Satureja, Syzygium aromaticum, Thymus and
Tilla europaea.

Isolation It is conveniently isolated from the saponified volatile oil by subjecting it to careful
fractional distillation.

Characteristic Features The various typical examples whereby linalool reacts with organic acids,
anhydrides and inorganic acids are given below:

(a) Organic Acids: It is very sensitive to organic acids and gets rapidly isomerized to geraniol.
Hence, its esters cannot be obtained in the purest form by ordinary methods.
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OH
H,OH
Organic N
acids
Linalool Geraniol

(b) Inorganic Acids
(/) With Chromic Acid: It undergloes oxidation to yield Citral.

OH

X
CHO

Chromic acid
0)
Linalool Citral

(if) With Formic Acid or Conc. Sulphuric Acid: It undergoes dehydration to yield
o-terpinene and dipentene.

OH

Formic Acid +
Cone.H,SO,

Linalool o-Terpinene Dipentene

(iii) With 5% (w/w) Sulphuric Acid Solution

OH HO_  CH,
H,SO, « H,O
(5%w/w)
H,C CH,
OH
Linalool Terpin Hydrate

(iv) With Glacial Acetic Acid and Acetic Anhydride: Linalool on being heated with glacial
acidic acid and acetic anhydride gives rise to a mixture of esters of geraniol, a-terpineol
and nerol as follows:
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OH CH,OH H
X X
| Glacial acetic acid H T + CH,0H
Acelic anhydride g
OH
Linalool Geraniol o-Terpineol Nerol

It has the following physical characteristic features, namely:

dl-form: bp-,, 194-197°C; d'° 0.865;
d-form: (Coriandrol): bp,g, 198-200°C; d%) 0.8733; n3 1.4673; [a]?3 + 19.3°;
I-form: (Licareol): colourless liquid; bp,s, 198°C; d*° 0.8622; n*3, 1.4604; [o]*%, -20.1°.

Identification
1. Phenylurethane derivative: mp 65-66°C
2. a-Naphthylurethane derivative: mp 53°C
3. On oxidation with chromic acid mixture it gives rise to citral that may be further ascertained by
forming its semicarbazone derivative mp 171°C.

Uses
1. Itisused extensively in perfumery instead of bergamot or French lavender oil because it has an
odour quite similar to these essential oils.
2. Its esters, specially the linalyl acetate finds its abundant usage in perfume, cosmetic, soap and
flavour industries.

5.2.6.5.3 Aldehyde Volatile Oils In general, the aldehydes occurring in a large number of volatile
oils are mostly either of aliphatic or aromatic nature.

The former type (aliphatic aldehyde), with the exception of citral and citronellal, obviously do
not exert any significant role in volatile oils. Interestingly, the lower members of this series, such as:
formaldehyde and acetaldehyde do occur most frequently in the ‘distillation water’ of volatile oils.
Probably the presence of these lower aliphatic aldehydes are attributed due to degradation and
decomposition of relatively more complex chemical constituents in plant products. Owing to their
solubility in water, these aldehydes invariably get dissolved in the ‘distillation water’ but may
generally occumulate in the ‘oil of cohobation’, in case the distillation waters are redistilled
(cohobated).

On the contrary, the latter type (aromatic aldehyde) plays a vital role in the essential oils, for
instance: volatile oil of bitter almond almost entirely comprise of benzaldehyde, whereas that of
cassia contains cinnamic aldehyde chiefly.

In a broader perspective the ‘terpene aldehyde’ may be classified into four major categories,
namely:

(a) Aliphatic terpene aldehydes,
(b) Cyclic terpene aldehydes,
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(¢) Aromatic terpene aldehydes, and
(d) Heterocyclic terpene aldehydes.

These four types of terpene aldehydes shall be discussed briefly with the help of some typical
examples in the sections that follows:

5.2.6.5.3.1 Aliphatic Terpene Aldehydes The two important members of this particular class are
namely, citral and citronellal.

A. Citral

Chemical Structure 3,7-Dimetyl-2,6-octadienal; (C, H,,0); Citral from natural sources is a
mixture of two geometric isomers Geranial and Neral.

H H
CH,
CH,
H,C CH,
H, CH,
Geranial (Citral-a) Neral (Citral-b)

Occurrence It occurs abundantly in the oil of lemon grass (75 to 85%) [Cymbopogan flexuosus
(Ness) stapf. And Cymbopogon citratus (DC) stapf. Family : Graminae]. It is also present to a
limited extent in oils of verbena, lemon, lime, orange and ginger root. It is reported to be present
in various other species, namely: Ocimum pilosum (35%), Liptospermum citratum, Eucalyptus
staigeriana and in the leaf oils of several Citrus species etc.

Isolation The rich citral containing volatile oils e.g., lemon grass oil is thoroughly shaken with
5%(w/v) sodium bisulphite solution for about 25-30 minutes. The resulting crystalline adduct is first
separated on a Biichner funnel, and subsequently washed with solvent ether or ethanol to remove the
impurities. The crude citral is usually regenerated by decomposing the sodium bisulphite adduct
with dilute sodium hydroxide solution carefully. Finally, the pure citral is obtained by distilling the
crude citral cautiously under reduced presure (bp,s 92-93°C).

Separation of Geranial (Citral-a) and Neral (Citral-b) Tiemann* observed that geranial may
be obtained free from neral during the process of regeneration from the bisulphate adduct, by taking
the strategic advantage of the fact that the crystalline sodium bisulphite adduct of geranial is sparingly
soluble, whereas the corresponding adduct of neral is readily soluble in water.

Tiemann** further observed that neral may be isolated from the regular citral (mixture) by
shaking it for a short time with alkaline cyanoacetic acid solution (NC.CH,.COOH), when geranial
reacts with this acid much faster than neral. Thus, we may have:

* Tiemann, Semuler, Ber. 26, 2708 (1893).
** Tiemann, Semular, Ber: 31, 3310, 3317 (1898).
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H CN H CN

| KOH
C9H15—ﬁ + ﬁ—COOH — C/H,,—C=C—COOH
O H,
Geraniol Cyanoacetic Geranial-Cyanoacetic
Acid Anhydride
Identification

1. By virtue of the presence of two ethylenic and one aldehydic linkage citral is very sensitive to
oxidizing agents (even exposure to air) to yield linalool having an intensified yellow colour.

2. Geranial on treatment with ammoniacal silver nitrate (Tollen’s Reagent) gives rise to geranic
acid (C,oH,;sCOOH).

3. Hydrogenation of geranial with sodium amalgum in faintly acidic solution yields citronellal
and citronellol.

4. Treatment with potassium bisulphate or diluted sulphuric acid geranial gets converted to para-
cymene with the loss of a molecule of water.

5. Citral when digested with acetic anhydride and sodium acetate gives rise to its enolic form as

given below:
B2 CH,
(CH,CO0),0 p
CH Acetic anhydride |
3 T > CH—O0—C—CH, OR

—NaOCOCH, CH—0O0—C—CH,
Sodium acetate

H,c” “CH, H,C CH,

Geranial (Citral-a) Citral-enol-acetate

6. Syntheses of Pseudo- and o and B-Ionones: Citral undergoes condensation with substances
containing a reactive methylene group as depicted below in sections (a) and (b) respectively:

(@)

CH,
O O
CHO +CH;—C—CH, T’ CH=CH.C—CH;,
2
Citral Acetone Pseudo-ionone
(y-lonone)

Interaction of acetone and citral gives rise to the formation of pseudo-ionone (or y-ionone)
with the loss of water molecule.
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(b)
S (|)| o N ﬁ—CH3
Cyclization ﬁ
CH=CH.C—CH, —/—/—>» +
Sod. acetate X C—CH,
or
CONC.H,SO,
or .
-lonone Formic Acid B-Ionone o-Ionone

In general, the aliphatic ketone pseudo ionone undergoes cyclization with the aid of a variety
of reagents, namely: sodium acetate, conc. sulphuric acid, formic acid, dilute mineral acids, sodium
bidulphate etc., as stated above.

7. Citral may also be identified by the preparation of derivatives such as:

(i) the 2,4-dinitrophenyl hydrazones: Citral-a mp 108-110°C; and Citral-b mp 96°C;
(if) the semicarbazones: Citral —a mp 164°C and Citral-b mp 171°C.

Uses
1. It is used extensively in the synthesis of vitamin A, ionone and methylionone.
2. Itis employed as a flavour for fortifying lemon oil.
3. It is used widely in perfumery for its distinct citrus effect in lemon and verbena scents , in
cologne odours and in perfumes for coloured toilet soaps.

B. Citronellal
Chemical Structure 3,7-Dimethyl-6-octenal; (C,,H,50);

CH,

Citronellal

Occurrence It is the chief constituent of citronella oil (Cymbopogon winterianus and Cymbopogon
nardus, family: Poaceae). 1t is also found in a variety of volatile oils, for instacne: lemon, lemon
grass, melissa* (Melissa officinalis, fam: Lapiatae) and rose. Due to the presence of one asymetric
C-atom in citronellal it can exist in racemic (d/-) form , d- and [-forms. However, the d-form occurs
as the chief constituent in the oil of citronella obtained from Eucalyptus citriodora and other species
of Eucalyptus (fam: Myrtaceae) whereas the I-form occurs exclusively in Java Lemon Oil.

* Spoon, Chem. Weekbl., 54,236 (1958).
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Isolation It may be conveniently isolated from essential oils by the formation of its crystalline
bisulphite adduct. Interestingly, citronellal esentially possesses an ethylenic and an aldehyde moiety
by virtue of which three different bisulphite adducts are possible theoretically as given below:

OH OH
/ /
CH CH, CH
NasOu O SO, N N
a 5U; SO, Na 3 Na SO, Na
Dihydrodisulphonic Hydrosulphonic Normal bisulphite
derivative derivative derivative

Note These three structural analogues have been prepared actually under various
experimental parameters. However, the complete decomposition and subsequent
regeneration of the desired aldehyde (i.e. Citronellal) may be accomplished easily by
treating the ‘normal bisulphite adduct’ either with dilute mineral acids or with alkali
carbonates. Strong alkalies eg., NaOH and KOH must be avoided so as to cause
resinification of the aldehyde.

Separation of Citronellal from Citral There are two separate procedures adopted for the separation
of citronellal from citral as discussed here under:

(a) Tiemann’s Method*: It is based on the fact that citronellal reacts exclusively with a
concentrated solution of sodium sulphite and sodium bicarbonate, whereas citral reacts even
with a dilute solution.

(b) Gildemeister Hoffmann’s Method**: It is solely guided by the fact that with rneutral sodium
sulphite, citronellal yields hydrosulphonic derivatives from which the latter cannot be
recovered. However, the reaction shall commence only if:

(7) right from the beginning a strong current of pure CO, is made to pass through the
reaction mixture, or
(i) another acid is added gradually to the reaction mixture in sufficient quantities.

The said reaction of citronellal with neutral sulphite may afford its separation from citral, which
also reacts rapidly with neutral sodium sulphite.

Characteristic Features It is a colourless liquid having a pleasant melissa like odour. It has the
following physical characteristic features. bp, 47°C; bp,¢, 203-204°C; n%%) 1.4460; [0]35+ 11.50°; d
=0.848-0.856; It is very slightly soluble in water but readily soluble in alcohols.

Under improper storage conditions it slowly undergoes decomposition, polymerization and
resinification.

Under direct sun-light it yields a complex mixture which consists of acetone, B-methyl adipic
acid, isopulegol and menthone.

* Tiemann, Ber, 32, 834 (1899).
** Gildemeister Hoffmann die Aetherischen Oele vol 1V, 307-356 (4th ed. 1956)
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COOH CH,
Citronellal Sunlight oy ¢y, + CH,— CH— CH,— CH,COOH
Acetone B-Methyl adipic acid
CH,
y OH 0]
;2 AN
H,C CH, H,C CH,
Isopulegol Menthone

Strong alkalies, such as: NaOH and KOH, usually resinifies citronellal. Therefore, it is always
preferred to make use of relatively weaker alkalies, for instance: Na,CO;, K,COj, for its regeneration
from its corresponding bisulphite adduct.

Reduction of citronellal with sodium amalgam yields citronellol i.e., a terpene alcohol, due to
catalytic hydrogenation as shown below:

CH,
Na-amalgam

HC\\O

H,C" “CH, H,C CH,
Citronellal R—(-)-B—Citronellol

Identification
1. Tts semicarbazone derivative has mp 91-92°C.
2. Its dinitrophenyl hydrazone derivative has mp 76.5°C.

Uses
1. For the manufacture of citronellal used in perfumery.
2. Itis used largely in soap perfumes and as insect repllant.
3. Itis employed as artificial citrus flavour.

5.2.6.5.3.2 Cyclic Terpene Aldehydes The cyclic terpene aldehyde are of two types viz.,
monocyclic and bicyclic. A few typical examples from each category shall be discussed in the
sections to follow:

A. Monocyclic Terpene Aldehydes

Examples: Perillaldehyde, Safranal and Phellandral

1. Perillaldehyde

Chemical Structure 4-(1-Methylethenyl)-1-cyclohexene-1- carboxaldehyde; (C,,H,,0).
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Osch

H,C CH,
Perillaldehyde

Occurrence It is found in essential oils of Perilla arguta Benth; Labiatae; Sium latifolium L.,
Umbelliferae; Mandarin peel oil Citrus reticulata Blanco; Rutaceae etc.

Isolation It may be isolated from the respective essential oil, first by forming its crystalline sodium
bisulphite adduct; and secondly, regenerating the desired product with alkali very carefully.

Characteristic Features The physical characteristic of the d- and /-isomers are as follows:

d-form : Liquid, bp,,5 273°C; bp,; 98-100°C; d%20.953; n?3 1.5058; [a]* + 127° (C=13.1 in
CCl4).
I-form : Liquid, bp,, 104-105°C; d7° 0.9645; n?% 1.5069; [a]*] — 146°.

Identification It forms oxime (C,)H,sNO) known as: 1-perillaldehyde-oi-syn-oxime; perillartine;
“perilla sugar”. Previously, it was commonly referred to as 1-perillaldehyde-o-anti-oxime. The
needles have mp 102°C, UV max (alcohol). 232 nm (¢ 21800). It is about 2000 times as sweet as
SuCrose.

Uses
1. The oxime is used as a sweetening agent in Japan.

2. Safranal

Chemical Structure 2,6,6-Trimethyl-1,3-cyclohexadiene-1-carboxaldehyde; (C,,H,,0).

Safrnal

Occurrence Itis the chemical constituent obtained from the dried stigmas and tops of the styles of
Crocus sativus (Fam; Iridaceae); The fresh drug comprises of protocrocin which upon drying
undergoes decomposition to yield one mole of crocin (a coloured glycoside) and two moles of
picrocrocin (a colourless bitter glycoside). It is the latter that on hydrolysis gives rise to safranal
which is solely responsible for attributing the characteristic odour of the drug (saffron). These
transformations are as given below:
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CH, CH, O—~Gentiobiose
. XYY XY \O
Protocrocin Drying O —Gentiooise CH, CH,

Crocin[1 Mole]

CH,OH H,C CH,
0 CHO
0

HO

HO
CH
OH H 3
Picrocrocin [2Moles]
l Hydrolysis

Safranal + Glucose

Isolation The stigmas and tops of the styles of C. sativus are first dried under shade and then
subjected to hydrolysis in controlled conditions to yield safranal. The resulting product is treated
with pure sodium bisulphite to obtain the safranal sodium bisulphite adduct from which the desired
product is regenerated by treatment with dilute alkaline solution.

Characteristic Features It is a liquid having a pleasant characteristic odour. It has the following
physical properties namely:

bp, o 70°C (bath temparature); d'%, 0.9734; n'%, 1.5281. It is freely soluble in organic solvents
like: methanol, ethanol, petroleum ether and glacial acetic acid.

Uses It is employed as a flavouring agent in confectionery products.
3. Phellandral
Chemical Structure 4-Isopropyl-1-cyclohexen aldehyde; (C,,H;50).

CHO

H,C CH,
Phellandral

Occurrence It was first and foremost found in the essential oil of Phellandrium aquaticum. It also
occurs in the essential oil obtained from the flowers of lavender (Santolina chamaecyparissus L.,
family: Asteraceae) and several Eucalyptus species.

Isolation Itisusually isolated through its sparingly soluble crystalline sodium bisulphite compound,
from which phellandral is generated by treatment with dilute alkaline solution carefully.
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Characteristic Features It is an oil having an odour very much reminiscent of cuminaldehyde. It
undergoes rapid oxidation either on exposure to air or with silver oxide to give rise to phellandric
acid (mp 144-145°C)

OH
—0
Phallandra]l —OXidation
H,C CH,
Phellandric Acid

Identification It may be identified by preparing its corresponding derivative, such as: oxime,
semicarbazone and phenyl hydrazine etc.

Uses Due to its resemblance of odour of cuminaldehyde it finds application in perfumery.
B. Bicyclic Terpene Aldehydes

Example: Myrtenal.

Chemical Structure

CHO

N

Myrtenal
It is a naturally occurring oxygenated pinane derivative.
Occurrence The leaves of boldo contains essential oil to the extent of 2%* (Peumus boldus Molina,
family: Monimiaceae).
Isolation The aldehyde is successfully isolated by preparing its sodium bisulphite adduct first and
then regenerating it by treatment with mild alkaline solution cautiously.

Uses
1. The aromatic leaves are frequently used as mild diuretic, especially in liver ailments like jaundice.
2. Itis also recommended for urogenital inflammations e.g.; gonorrhea in Latin America

* Bruns, K., and Kohler, M, Uber die Zusammensetzung des boldoblatterols, parf kosm, 55, 225, 1975
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5.2.6.5.3.3 Aromatic Terpene Aldehyde In comparison to aliphatic aldehydes, the aromatic
aldehydes invariably play a vital role in essential oils. It has been observed that a major portion of
certain volatile oils mainly comprise of aromatic terpene aldehydes, such as : bitter almond and
cassia. A variety of such aromatic aldehydes commonly found in essential oils are, namely:
anisaldehyde, benzaldehyde, cinnamaldehyde, cuminaldehyde and salicyldehyde.

0 0 0
HCF HCF CH=CH.CHO HC ﬁ HCF
CH OH
H,C
OCH, CH,
p-Anisal- Benzal- Cinnamal- Cuminaldehyde Salicylal-
dehyde dehyde dehyde dehyde

Examples: A few typical examples of aromatic terpene aldehyde are discussed below, for instance:
Cumminaldehyde, Vanillin etc.

A. Cuminaldehyde
Chemical Structure 4(1-Methylethyl) benzaldehyde.
@)
| —H
C,H
CH,
Cuminaldehyde

Occurrence It occurs as a constituent of essential oils present in eucalyptus, myrrh, cassia and
cumin. Cumin mainly comprises of the dried ripe fruits of Cuminum cyminum Linn., (family:
Umbelliferae).

Isolation The essential oil obtained from the dried ripe fruits of cumin ranges between 2-4%, the
major constituents of which cuminaldehyde (35-60%). The aldehyde may be separated by forming
its sodium bisulphite adduct and subsequently regenerating the desired product by treatment with
alkaline solution carefully.

Characteristic Features Itis a colourless to yellowish, oily liquid. It possesses a strong persistent
odour, acrid and burning taste.

The physical characteristic of cuminaldehyde are as follows: d*° 0.978; bpseo 235-236°C; n?}
1.5301. It is practically insoluble in water, but freely soluble in ether and ethanol.

Identification It is identified by forming its thiosemicarbazone derivative (C,,;H,5N;S).

Uses It is extensively employed as an adjunct in perfumery.
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B. Vanillin
Chemical Structure 4-Hydroxy-3-methoxybenzaldehyde (CgHgO5).

0]
\\CH

OCH,
OH

Vanillin

Occurrence It occurs naturally in vanilla (vanilla bean) especially found in cured, fully-grown
unripe fruit (pods) of Vanilla planifolia Andrews, known in commerce as Bourbon or Mexican
vanilla. It is also found in the vanilla pods of Vanilla tahitensis J.W. More, usually recognised in
commerce as Tahiti vanilla. Both these species belong to natural order Orchidaceae.

The term vanilla has been derived from the spanish word vania, meaning sheath like pod and
illa, meaning small; planifolia is derived from the Latin word planus, meaning flat, and follium,
meaning leaf; fahitensis refers to Tahiti its adopted home.

It also occurs in small quantities in a variety of essential oils e.g., clove oil; gums and oleoresins
e.g., benzoin, Peru balsam. Interestingly, plants do not contain vanillin as such, but they exist in the
form of glycosides, which upon hydrolysis in the presence of enzymes release vanillin.

Isolation It may be accomplished by any one of the following five methods, namely:

(a) From Vanilla Pods: Vanillin is obtained by the extraction of powdered vanilla pods with
ether, by at least three successive extractions, evaporating the combined ethereal fraction
(crude vanillin). It is further purified by crystallization of the crude product from ethanol.

(b) From Lignin Waste: More conveniently, vanillin is obtained from the lignin waste, a
byproduct in the manufacturer of paper pulp. Lignin is a complex polymeric natural material
of woody plants and essentially has the following fragment structural unit:

H,CO
.
HO _C=——C—C—————
. Y
R
L Yield Vanillin ]

Thus, lignin when subjected to oxidation yields vanillin in a large extent which ultimately
has rendered this process an economically feasible and viable one.
(c¢) From Eugenol: It may also be prepared from eugenol which is a major constituent of clove
oil as given below:
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O
0o— C CH,
_KOH J (CH3CO)ZO
Acetylation
CH,.CH=CH, CH=CH—CH, CH=—CH—CH,
Eugenol Isoeugenol Acetate Derivative
i Oxidation
O
o0— C CH,
@ —CH;, COCI @
Vanllhn 4—Acet1xy—3—methoxy
benzaldehyde

Eugenol on alkaline treatment undergoes intramolecular rearrangement to give rise to
isoeugenol which on acetylation with acetic anhydride yields the corresponding acetate
derivative. The resulting product on oxidation yields 4-acetoxy-3-methoxy benzaldehyde
which upon treatment with HC1 yields vanillin.

(d) From Guaiacol: It may be prepared on an industrial scale by the help of Reimer-Tiemann's
reaction, whereby o-vanillin is obtained from guaiacol i.e., catechol methyl ether as stated

below:
OCH,
OCH OCH OH
* CHC, ’
NaOH +
CHO
CHO
Guaiacol Vanillin O-Vanillin

Guaiacol on treatment with sodium hydroxide in the presence of chloroform yields vanillin
and o-vanillin.

(¢) From Bisulphite Adduct: Vanillin may also be isolated from its bisulphite adduct. The
ethereal solution containing vanillin is extracted completely with saturated aqueous sodium
bisulphite solution. Usually specialized techniques are adopted to ensure pure isolates from
its tautomers and closely related isomers.
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Characteristic Features It consists of fine, white to slightly yellow, needle-shaped crystals having
an odour and taste quite resembling to that of vanilla fruits. It is usually affected by light. On prolonged
heating at 105°C, it decomposes with the formation of non-volatile byproducts. It is soluble in hot
water (1 g dissolves in 16 ml of water at 80°C), and in glycerol (~ 20 ml of glycerol per 1g of
vanillin). It is freely soluble in ethanol, ether, chloroform, carbon disulphide, glacial acetic acid,
pyridine, oils and aqueous solutions of alkali hydroxides.

It has the following physical parameters: d 1.056; mp 80-81°C; bp 285°C.

Identification It may be identified by preparing a number of derivatives, such as: semicarbazone
(mp 230°C); dinitrohydrazone (mp 271°C); para-nitrophenylhydrazone (mp 227°C); benzoate (mp
75°C) and acetyl derivative (mp 77°C).

Uses
1. Itis employed as a pharmaceutical aid (flavour).
2. Itis extensively used as a flavouring agent in beverages, confectionery, foods and perfumery.
3. Itis used in the manufacture of liqueurs.
4. It has been established that 1 part of vanillin equals 400 parts vanilla pods; and 2.5-3 parts
equals 500 parts tincture vanilla.
5. It also finds its use as a reagent in analytical chemistry.

5.2.6.5.3.4 Heterocyclic Terpene Aldehyde Heterocyclic terpene aldehyde is relatively quite
rare as compared to other class of compounds discussed in this context. Example: Furfural.

A. Furfural
Chemical Structure 2-Furfuraldehyde (CsH,O,).

Furfural

Occurrence It occurs in the first fraction of a number of essential oils, belonging to the natural
order Pinaceae. It is also found in colophony (Pinus paulusteric); oil of orris rhizome (/ris florentina
Linn., Family: Iridaceae); oil of lavender (Lavandula officinalis; family: Labiatae); oil of cinnamon
(Cinnamonium cassia Blums; Family: Lauraceae); and clove oil (Eugenia Caryophylus; Family:
Mpyrtaceae).

Isolation It may be accomplished in fwo manners, namely:

(i) Extraction i.e., by washing the first fraction of the oil with water, extracting the aqueous layer
with ether, and finally evaporating the ether under reduced pressure.
(i) Addition Compoundi.e., furfural forms an addition compound on being treated with a saturated
aqueous solution of sodium bisulphite.
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Characteristic Features It is a colourless oily liquid having a peculiar odour, somewhat resembling
the odour of benzaldehyde. The physical characteristic features are: d% 1.1563; bp,4, 161.8°C; mp:
—36.5°C; volatile in steam; n28 1.5261. It is soluble in ethanol and ether; soluble in 11 parts of water.

Identification
1. It gives an intense red colour with aniline acetate.
2. Itis also identified by forming its corresponding oxime and phenyl hydrazone derivatives.
3. It reduces Fehling's solution to give red precipitate of cupric oxide.
4. It also reduces Tollen’s Reagent (i.e., ammoniacal silver nitrate solution) to give silver mirror.

Uses

It is used extensively in the manufacture of furfural-phenol plastics, for instance: Durite.
It is employed in solvent-refining of petroleum oils.

It makes its use as a solvent for nitrated cotton, gums and cellulose acetate.

It finds its application for accelerating vulcanization.

It is used as insecticide, germicide and fungicide.

It is employed in the manufacture of varnishes.

It is commonly used as a reagent in analytical chemistry.

AR Ao e

5.2.6.5.4 Ketone Volatile Oils The ketones that invariably occur in volatile oils may be classified
in the following two categories, namely:

(/) Aliphatic ketones, and
(if) Aromatic Ketones.

5.2.6.5.4.1 Aliphatic Ketones Aliphatic ketones do not occur abundantly in volatile oils. However,
the relatively lower members of this group originate most probably by virtue of the decomposition
of rather more complex compounds during the process of steam distillation. Two such species, for
instance acetone and diacetyl are commonly found in the ‘oils of cohobation’ (or the distillation
waters) accomplished by redistillation (cohobation) of the distillation waters.

| [l
CH,—C—CH, CH,—C—C—CH,
Acetone Diacetyl
(2, 3-Butanedione)

It has been observed that acetone and diacetyl are frequently accompanied by methanol and
furfural.

5.2.6.5.4.2 Aromatic Ketones There are also termed as ‘cyclic terpene ketones’. Generally, the
aromatic ketones are classified into two categories, namely:

(i) Monocyclic terpene ketones, and
(i) Bicyclic terpene ketones.

These two distinct categories shall be discussed separately in the sections that follows:

A. Monocyclic Terpene Ketones A few typical examples of this specific class of ketones are:
l-menthone; carvone.
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A.1 [-Menthone

Chemical Structure (2S-trans)-5-Methyl-2-(1-methylethyl) cyclohexanone. As it has two
asymmetric carbon atoms (i.e., chiral centres) it can exist in two pairs of enantiomorphs or four
optically active isomers (d-; [-; dl-menthone and isomenthone).

CH,

(0)

H,C  CH,

I-Menthone

Occurrence Itis found in a variety of volatile oils, such as: pennyroyal (Mentha pulegium, Family-
Lamiaceae);, peppermint (Mentha piperita Linn., Family: Labiateae); geranium (Geranium maculatum
L., Family: Geraniaceae); and buchu (Barsoma betulina (Berg.) Bartl. and Wendel, Family: Rutaceae).

Isolation /-Menthone usually occurs in association with isomenthone. The former gets solidified
at — 6°C whereas the latter at -35°C. In normal practice, the peppermint oil, which contains upto
30% of menthone, is subjected to its oxime or semicarbazone formation and subsequently the
I-menthone is regenerated by the aid of dilute sulphuric acid.

Characteristic Features It is a bitter liquid having peppermint-like odour. It is slightly soluble in
water, whereas freely soluble in organic solvents. It has the following physical characteristics: bp
207°C; mp —6°C; d2° 0.895; n%) 1.4505; [a]?) -24.8°.

Identification The isomeric forms of menthones may be characterized by the preparation of specific
derivatives, for instance: oximes, semicarbazones etc.

Uses
1. Itis used extensively in perfume and flavour compositions.
2. Itis also employed in the preparation of artificial essential oils.

A.2 Carvone
Chemical Structure 2-Methyl-5-(1-methylethenyl)-2-cyclohexene-1-one.
CH,

H,C CH,
Carvone

Occurrence It occurs in the mandarin peel oil (Citrus reticulata Blanco., Family: Rutaceae);
spearmint oil upto 70% (Mentha spicata or Mentha cardiaca, Family: Lamiaceae); gingergrass oil
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(Zingiber officinale Roscoe, Family: Zingiberaceae), oil of caraway upto 50-60% (Carum carvi
Linn, Family: Umbelliferae).

Isolation It may be isolated by the following rwo methods:

Method 1: Formation of Sodium Sulphite Adduct. Carvone may be conveniently isolated from
essential oils (e.g., spearmint oil, oil of caraway) by virtue of the fact that it (a lactone) readily forms
the water soluble salt of a hydrosulphonic acid (C,, H,; O, S, Na,) on treating with a neutral solution
of sodium sulphite, whereby the corresponding addition takes place at the both ethylenic linkages.
In order to achieve this, the fraction collected between the boiling range 220-235°C in the case of oil
of caraway, is shaken with the requisite quantity of a concentrated aqueous solution of sodium
sulphite and the sodium hydroxide thus liberated during the course of reaction is neutralized from
time to time with a dilute mineral acid (e.g., HCI) very carefully. As soon as the above process is
completed fully, the resulting fractions which have not involved in the above cited reaction may be
eliminated by extracting the solution with ether successively (at least three times). At the end, the
desired product carvone can be regenerated by the action of sodium hydroxide and finally distilled
off with steam.

Method 2: Formation of Hydrogen Sulphide Adduct. Alternatively, carvone may be separated
from the volatile oils by the formation of its hydrogen sulphide adduct [(C,, H,; O), . H,S]. It is
easily accomplished by the passage of a current of hydrogen sulphide (H,S) gas into an ammoniated
alcoholic solution of carvone. Ultimately, the pure ketone i.e., carvone may be regenerated from the
corresponding separated adduct by careful digestion with alkali.

Characteristic Feature It is a colourless liquid having a distinct odour typical of caraway seed.
The various physical parameters of d-, /- and d/-forms are given below:

Form bp(°C) d n2 [a]%)
d-Carvone 230 0.965 1.4989 +61.2°
(At 755 mm (d%)
atmospheric pressure)
I-Carvone 230-231 0.9652 1.4988 —62.46°
(At 763 mm (@
atmospheric pressure)
di-Carvone 230-231 0.9645 1.5003 -
(At 760 mm (@¥®
atmospheric pressure)

It is miscible with ethanol but practically insoluble in water. It congeals at very low temperature.

Identification The different tests for the identification of carvone are stated below, namely;
(a) Bromination of carvone gives rise to a mixture of crystalline derivatives* having distinct
melting points:
d- and /-form : mp 120 and 120-122°C
dl-form : mp 112-114°C

* These are probably the dibromo derivatives because the tetrabromoderivatives are liquids.
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(b) Mono-hydrochloride salt is formed when it is treated with HCI in acetic acid.

(c) Hydrobromide salt is obtained by treating d-corvone with HBr (mp 32°C).

(d) Isomerization of Carvone to Carvacrol. It undergoes isomerization to form carvacrol
with a number of dehydrating agents, such as: H,SO,; H; PO,; NaOH; ZnCl,.

CH, CH,
H,SO,;NaOH;
0 [ H3PO4;ZnC12i| OH
H,C  CH, H,C T CH,
Carvone Carvacrol

(e) It is also characterized by the preparation of several compounds, for instance: oxime,
semicarbazone, H,S-derivative, phenylhydrazone.

Uses

It is used as oil of caraway.

It is also used for flavouring liqueurs.

It is used extensively in perfumery and soaps.

It is employed for flavouring many types of food products and beverages.

It finds its enormous applications in oral hygiene preparations e.g., toothpastes, gargles, mouth-
washes.

6. It is also used in flavouring pharmaceuticals.

Nk WD =

B. Bicyclic Terpene Ketones These class of compounds essentially contain two cyclic ring
structures fused with each other along with a ketonic function. The two typical examples of pure
chemical entities that belong to this group are camphor and d-fenchone, which have been duly
dealt with earlier in this chapter under ‘monoterpenoids’ and ‘bicyclic monoterpenes’ respectively.

5.2.6.5.5 Phenol Volatile Oils The important drugs containing phenol volatile oils are, namely:
Clove oil, Myrcia oil (Bay oil), Organum oil, Pinetar, Thyme etc., In fact, they essentially owe
their value in the pharmaceutical domain almost exclusively by virtue of their antiseptic and germicidal
properties of their phenolic constituents. A good many of them are employed as popular flavouring
agents, for instance: oil of anise, clove and sassafras.

5.2.6.5.5.1 General Methods of Isolation Mostly phenols are weak acids. Hence, they react with
dilute alkali solutions (3-5% w/v) to result into the formation of corresponding water-soluble salts
known as ‘phenolates’. This specific characteristic property usually offers, a convenient method for
carrying out the separation of phenolic components from the non-phenolic ones. To affect the
separation, therefore, the volatile oils or fractions are subjected to treatment with dilute alkaline
solutions with vigorous shaking. Once the two layers get separated, the water-soluble salts are
decomposed by acidification carefully and the phenols thus generated (or liberated) are isolated
either by means of steam-distillation or by extraction with ether.
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Note
1. Thymol and carvacrol may be steam-distilled from alkaline solution without previous
acidification.

2. Several phenols may be isolated by chilling the oil as such or its fraction to a very low temperature
(=20 to —30°C) whereby these compounds normally separate in crystalline form.

5.2.6.5.5.2 General Properties of Terpene Phenols There are several characteristic features of
terpene phenols which not only help them in their separation but also aid in their identification as
stated below:

1. Bromine Reaction: Phenols react with bromine evolving the corresponding HBr. The resulting
bromides are usually crystalline in nature and sparingly water-soluble. Hence, they may be
separated easily and identified accordingly.

2. Reaction with Ferric Chloride: Phenols react with dilute aqueous solutions of ferric chloride
(FeCl;) (0.1-0.2% w/v) to give rise to intense coloured reactions, which attributes to the specific
colour-tests.

3. Formation of Phthaleins: Several phenols react with phthalic anhydride to form their
corresponding phthaleins.

4. Most phenols react with specific reagents, such as: acetic anhydride, benzoyl chloride, phenyl
isocyanate and p-nitrobenzoyl chloride to give characteristic reaction products that also help in
their identifications.

5.2.6.5.5.3 Classification The terpene phenols are classified into the following categories,
namely:

(/) Monohydric phenols and
(i) Dihydric phenols.

The above categories of phenols shall be discussed briefly as under:

5.2.6.5.5.3.1 Monohydric Phenols The typical examples of monohydric phenols are: carvacrol,
eugenol, thymol.

A. Carvacrol

Chemical Structure 2-Methyl-5-(1-methylethyl)-phenol.

CH,
OH

Carvacrol
Occurrence It occurs in the essential oil origanum (Origanum vulgare Linn., Family: Labiatae);

oil of thyme (Thymus serphyllum Linn., and T vulgaris Linn., Family: Labiatae); oil of marjoram
and oil of summer savory.
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Characteristic Features It is a liquid oil having strong thymol odour. Its physical properties are
as follows: d%00.976; bp., 237-238°C; mp ~ °C; n%5 1.52295.
It is practically insoluble in water and freely soluble in alcohol and ether.

Uses
1. It is mostly employed as a disinfectant.
2. Itis also used as an anthelmintic (Nematodes).

B. Eugenol Please see section 5.2.6.1.4.3 in this chapter.
C. Thymol Please see section 5.2.1.4 in this chapter.

5.2.6.5.5.3.2 Dihydric Phenols The various dihydric phenols found in natural products are namely:
Catechin (catechol). A few of these constituents shall be dealt with here under:

A. Catechin (Catechol)
Chemical Structure (2R-trans)-2-(3, 4-Dihydroxyphenyl)-3, 4-dihydro-4H-1-benzopyran-3, 5,
7-triol.

OH

Catechin

Occurrence It is a flavonoid found primarily in higher woody plants as (-)-catechin along with
(-)-epicatechin (cis-form). It is also found in catechu (gambir and acacia), mahogany wood etc.
Besides, it occurs in a variety of medicinal-plants, such as: Argimonia eupatoria L., (Rosaceae)-
agrimony; Areca catechu L., (Arecaceae)-areca-nut, betel-nut palm; Camellia sinensis (L.) Kuntze
(Theaceae)-tea; Catha edulis Vahl (Celastaceae)-khat; Cola acuminata (Beauv.) Schott & Endl.
(Sterculaceae)-kola nuts, cola, guru; Caratadegus oxyacantha L. (Rosaceae)-hawthorn; Ephedra
gerardiana Wall. ex Stapf (Ephedraceae)-Paskistani ephedra; Eucalyptus globulus Labill.
(Myrataceae)-eucalypt, tasmanium bluegum; Leonurus cardiaca L., (Lamiaceae)-motherwort; Malus
sylvestris Mill., (Rosaceae)-apple; Paullinia cupana Kunth. ex H.B.K. (Sapindaceae)-guarana, ubano,
Brazilian cocoa; Polygonum aviculare L., (Polygunaceae)-prostrate knotweed; Rheum officanale
Bail. (Polygonaceae)-Chinese rhubarb, Canton rhubarb, Shensi rhubarb; Santolina chamaecyparissus
L. (4steraceae)-Lavendar-cotton; Solidago virgaureae L. (Asteraceae)-European goldenrod,
woundwort; Uncaria gambir (Hunter) Roxo. (Rubiaceae)-gombir, pale catechu; Vanilla planifolia
Andr. (Orchidaceae)-vanilla.

Isolation The areca nut or kola nut is cut into small chips mechanically and filled into the extractors.
The steam is passed through the drug profusely to affect maximum extraction. The crude extract is
filtered and concentrated under vacuum. The concentrated extract is chilled in deep-freezer when
catechin separates as its hydrated product (mp: 93-96°C) and its anhydrous product (mp: 175-177°C).



Dr.Murtadha Al-Shareifi e-Library

290 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY |

Characteristic Features Its needles obtained from water and acetic acid give rise to its hydrate
form having m.p. 93-96°C, whereas its anhydrous form registers mp 175-177°C, and [ol]'S + 16° to
+ 18.4°.

The physical parameters of /-form and d/-form are stated below.

S. No. |I-Catechin di-Catechin

1. Needles from water and acetic acid mp 93-96°C Needles from water and acetic acid mp 212-216°C
(hydrated form); mp 175-177°C (anhydrous form)
2. [o]p - 16.8° -
3. Solubility in aqueous medium. Practically insoluble in benzene, chloroform, pet, ether;
soluble in hot water, alcohol, acetons, glacial acetic acid;
and slightly soluble in cold water and ether.

Note Catechin is called catechol (flaran) to distinguish it from catechol (pyrocatechol q.v).

Identification
1. Catechin on being treated with HCl yields phluroglucinol, that burns along with lignin to produce
purple or magnata colour. The tannin extract is taken on the tip of a match-stick, dipped in HCI
and burnt in the blue-flame of the Bunsen-burner.
2. It reacts with vanillin and HCI to produce a pink or red colour.

Uses
1. Itis used as an antidiarrheal agent.
2. Itis also employed for dycing and tanning.

B. Protocatechuic Acid
Chemical Structure 3,4-Dihydroxybenzoic acid.

COOH

OH
OH

Protocatechuic Acid

Occurrence It is found in the dried fruit of //licium verum Hook. f. (Magnoliaceae)-star anise,
Chinese anise; in the leaves and seeds of Perilla frutescens (L.) Britt. (Lamiaceae)-beef-steak
plant, perilla, wild coleus; and in the timbers of Tabebuia Spp. (Bignoniaceae)-Pao D’ Arco. However,
minute amounts are found in wheat grains and also in wheat seedlings.

Characteristic Features It is white to brownish crystalline powder. It undergoes discolouration
on exposure to air. Its mp ~ 200°C and d 1.54. It is soluble in 50 parts of water and freely soluble in
ether and alcohol.

5.2.6.5.6 Phenolic Ether Volatile Qils A good number of volatile oils essentially contain phenolic
ethers which attribute powerful aromatic odour and flavour. Because of their distinct characteristic
aroma they are used extensively as pharmaceutical aids, perfumery and confectionery. A few typical
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examples of phenolic ether volatile oils are, namely: Anethole; Safrole; Myristicin; Apiole; Cineole
and Ascaridole.

General Properties of Phenolic Ether Volatile Qils There are certain characteristic general
properties of phenolic ether volatile oils that help in their identifications:

1. They are very stable neutral compounds which are sparingly water-soluble. They do not react
with alkalies.

2. Phenolic ethers, in general, yield the corresponding phenols on treatment with HBr or HCI.

3. They form crystalline derivatives on account of various reactions, such as: bromination, nitration
and oxidation.

4. Phenolic ethers give rise to the formation of sulphonamides in a two-step reaction depicted
below:

Step 1: It react with chloro sulphonic acid to yield the corresponding sulphonyl chloride together
with a molecule each of hydrochloric acid and sulphuric acid.

RO@ +2CISO,H —» RO @— SO,CL+HCI+H,SO0,

A phenolic ether Chloro-sulphonic A Sulphonyl
acid Chloride

Step 2: The resulting sulphonyl chloride (Step 1) on reaction with ammonium carbonate gives rise
to the desired sulphonamide and a mole each of ammonium chloride, carbon dioxide and water.

RO @ SO,Cl + (NH,),CO,
Ro@— SO,NH, + NH, Cl + CO,+ H,0

These chemical constituents shall be discussed individually in the sections that follows:
A. Anethole (Synonym Anise camphor, Monasirup)
Chemical Structure 1-Methoxy-4-(1-propenyl) benzene.

CH,

~

CH,
Anethole

It has a monohydric phenolic ether function.
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Occurrence It is the chief constituent of anise (anise fruit, aniseed) i.e., the dried ripe fruits of
Pimpinella anisum Linn' (Family: Umbelliferae); star anise (star anise fruit, Chinese anise i.c.,
the dried ripe fruits of Illicium verum Hoop (Family: Magnoliaceae); and fennel (fennel fruits
finnocchio), i.e., the dried ripe fruits of Foeniculum vulgare Mill (Family: Apiaceae). It is also
found in Ocimum basilicum L. (Family: Lamiaceae)-Sweet Basil, Garden Basil; Pinus elliottii
Engelm. (Family: Abiataceae)-Slash Pine; Sassafras albidum (Nutt.) Nees (Family: Lauraceae)-
sassafras; and Syzygium aromaticum (L.) Merr & Perry (Family: Myrtaceae)-cloves, clavos.

Isolation It may be isolated from the volatile oils by first subjecting the oil to fractionation and
then cooling the corresponding fraction to a very low temperature and recrystallization. However, it
may also be obtained directly from the anethole-rich oils, such as: oil of anise, oil of fennel by
simply chilling it to — 30°C in a deep freezer.

Commercially, anethole may be synthesized in its purest form from anisole as shown below:

OCH, OCH, OCH,
+CH,CH,CHO ——< Pyridine
H,PO, -
H— C— CH,CH, S
CH
Cl 3
Anisole Propionaldehyde Anisole-p-(1-chloropropane) Anethole

Anisole on reacting with propionaldehyde in the presence of HCl and H;PO, yields an
intermediate anisole-p-(1-chloropropane) which finally with pyridine yields anethole.
Characteristic Features It exists in two isomeric forms namely: trans-and cis-isomer, having
physical parameters as stated below:

Forms Nature mp(°C) d% bp,; n? Amax (EtOH)
trans- Crystalline 21.4 0.9883 81-81.5° 1.56145 259 nm
Anethole mass at (Liquid (e 22300)
20-21°C above 23°)
cis- - - 0.9878 79-79.5 1.55455 253.5 nm
Anethole (e 18500)

It is a white crystalline substance with an intense sweet odour. It possesses a characteristic taste
similar to anise fruit. It is practically soluble in most organic solvents but insoluble in water.

Formation of ‘Photoanethole’ (or p, p’-dimethoxystilbene) Anethole on exposure to air (oxygen),
light or heat undergoes structural modifications to yield photoanethole which is a viscid yellow
coloured mass having a disagreeable taste and odour with a poor solubility in solvents. Perhaps the
conversion of anethole to photoanethole lakes place via the formation of anisaldehyde as given
below:
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OCH, OCH OCH, OCH,
~ CHO CH=—=CH
Anethole Anisaldehyde Photoanethole

(or p-Methoxy- (or p,p’-Dimethoxy-

benzaldehyde) stilbene)

Identification
1. Anethole undergoes oxidation with K,Cr,0O5 in two steps; first step-yields anisaldehyde (para-
methoxy benzaldehyde), and second step-gives rise to para-methoxy benzoic acid (mp 184°C)

as depicted below:
Step 1 Step 1T
(K Cr,0,) (K Cr,0,)
H—C=0

OCH,

CH=CH—CH, COOH
Anethole Anisaldehyde p-Methoxy benzoie
acid

2. It gets condensed with maleic anhydride to yield a condensation product having mp 310°C as
shown below:

OCH,
0_N__o
+ —— » Condensed
i Product
CH=CH—CH, (mp310°C)
Anethole Maleic
anhydride

3. It gives rise to the formation of nitroso derivative having mp 126°C.

Uses

It is used as a flavouring agent in perfumery particularly for soap and dentifrices.

It is also employed as a pharmaceutical and (flavour).

It finds its application as an imbedding material in microscopy.

It is employed as a flavouring agent in alcholic, non-aleoholic beverages and confectionaries.
It is used as a sensitizer in bleaching colours in colour photography.

MRS
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B. Safrole
Chemical Structure 5-(2-Propenyl)-1, 3-benzodioxole; 4-allyl-1, 2-methylenedioxybenzene.

o
O

Safrole

Occurrence It is the constituent of a number of volatile oils, notably of sassafras i.e., the dried
dark of the roots of Sassafras albidum Nees, belonging to the family Lauraceae, in which it is
present to the extent of 75%.

It is extensively found in a variety of other plant sources, namely: Acorus calamus L., Araceae
(sweet flag, flagroot, calamus); Angelica polymorpha Max., Apiaceae (dong quai); Cananga
odorata (Lam.) Hook. f. & Thoms., Annonaceae (cananga, ylang-ylang); Cinnamomum comphora
(L.) J.S. Presl., Lauraceae (camphor, hon-sho); //licum verum Hook. f. Magnoliaceae (Star-anise,
Chinese anise); Myristica fragrans Houtt. Myristicaceae (mace, nutmeg); Ocimum basilicum L.
Lamiaceae (sweet basil, garden basil); Piper nigrum L. Piperaceae (black pepper); Theobroma
cacao L. Sterculiaceae (chocolate, cocoa, cacao); Umbellularia california (Hook. and Arn.) Nutt.
(California bay, California sassafras, (California laurel).

Isolation Safrole may be isolated from the oil of sassafras, comphor oil and oil of star-anise and
also the safrole-rich fraction of the oil to about —10 to —15°C. It may also be isolated by subjecting
the above safrole containing oils to fractional distillation under reduced pressure, chilling the fraction
and finally crystallization.

Characteristic Features It is colourless or slightly yellow liquid having a specific sassafras odour.
Its physical properties are: d*° 1.096, mp ~ 11°C, bp 232-234°C and n?%) 1.5383. It is insoluble in
water, very soluble in alcohol and freely miscible with ether and chloroform.

It undergoes isomerization on being heated with alkalies to yield isosafrole as shown below:

O CH O
< @/\7 2 Alkali < j@/\/
—>
O A 0}

Safrole Isosafrole
Identification
1. Bromination: Safrole on bromination yields the corresponding pentabromosafrole (mp
169-170°C).

2. Oxidation: Safrole on oxidation with K,Cr, O, and dilute H,SO, (6 N) gives rise to the aldehyde
derivative piperonol as shown below:

H

0] CH 0 C
< I@/v/ ? K,Cr,0/H,S0, < I@/ X0
0 (Oxidation) ~ Qo

Safrole Piperonal
(Heliotropin)
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3. Colour test: Both safrole and isosafrole on treatment with concentrated sulphuric acid instantly
produces an intense red colouration.

Uses
1. It is widely used as a flavouring agent for a variety of products, such as: beverages,
pharmaceuticals chewing gums, toothpastes, in perfumery and scenting soaps.
2. Itis also used in denaturing fats in soap manufacturing process.
3. It is mostly employed for the conversion to isosafrole and the manufacture of heliotropin.

C. Myristicin
Chemical Structure 4-(Methoxy)-6-(2-propenyl)-1, 3-benzodioxole.

HZC\ O>
0]
OCH,

Myristicin

Occurrence The aromatic ether is extracted from nutmeg, mace, French parsley, carrots and dill
oils.

The botanical sources of myristicin are as follows: Anethum graveolens L. (Apiaciae) (Dil, Dill
Seed, Garden Dill); Daucus Carota subsp. Sativus (Hoffm.) Arcang [Apiaceae] (Cultivated carrot,
Queen Anne’s Lace (Wild)); Myristica fragrans Houtt. [Myristaceae] (Mace, Nutmeg); Petroselinum
crispum (Mill) Nym. [Apiaceae] (Parsley); Piper nigrum L. [ Piperaceae] (Black Pepper); Sassafras
albidum (Nutt.) Nees [Lauraceae] (Sassafras).

Isolation The rich source of volatile oil containing myristicin is subjected to fractional distillation
under reduced pressure when the latter is collected as a colourless oily liquid.

Characteristic Features It is an oily liquid having a characteristic aromatic odour. It does not
congeal at low-temperature.

Myristicin on being treated with either metallic sodium or boiled with alcoholic KOH undergoes
isomerism to yield isomyristicin as given below:

HZC\ (0] H3C = 0]
> Na or KOH(alc.) >
(0] > 0]
OCH, OCH,

Myristicin Isomyristicin

i.e., the allyl group in the former gets converted to the propenyl group in the latter.
It has the following physical parameters:
bpyy 173°C; n%) 1.54032; d39 1.1437.

Identification
1. On oxidation with KMnO, it gives rise to two products, namely:
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(a) Myristicin aldehyde (mp 130°C); and
(b) Myristinic acid (mp 208-210°C).
2. On interaction with bromine it yields the corresponding dibromoderivative having mp 130°C.

Uses Itis used as a flavouring agent in food products and confectioneries.
D. Apiole

Synonym Dill; Dill apiole; Parsley comphor.

Chemical Structure 4,5-Dimethoxy-6-(2-propenyl)-1, 3-benzodioxole.

OCH,
0>
0

Occurrence It occurs abundantly in dill oil Anethum graveolus L., belonging to the natural order
Umbelliferae. It is also found in the Parsley seed oil Petroselinum crispum (Mill.) Nym. (Family:
Apiaceae). The volatile oil of Sassafras albidum (Nutt.) Nees (Family: Lauraceae) contains apiole.

H,CO

H,CZ
Apiole

Isolation It is obtained by chilling the volatile oil to a very low temperature in a deep-freezer and
finally recrystallizing it either from ethanol or petroleum ether (mp 29.5°C).

Characteristic Features Apiole crystallises usually in the shape of long colourless needles with
a faint specific odour of Parsley. Its physical parameters are: mp 29.5°C, bp 285°C; n'] 1.5305; d'’s
1.1598. It is practically insoluble in water, but soluble in ethanol, ether and in fatty oils.

Apiole on boiling with alcoholic KOH undergoes isomerisation to yield isoapiole (mp 55-56°C)
whereby the allyl group in the former gets isomerized to the propenyl function in the latter as given
below:

OCH

3
H,CO
Alcoholic KOH Y ’ O>
) o X

Apiole

Isoapiole

Apiole on treatment with bromine yields a monobromide (mp 51°C), a dibromide (mp 75°C)
and also a tribromide (mp 120°C) as depicted below:

OCH,
H,CO o
! >
BrCH 3, 0
Br

Apiole Tribromide



Dr.Murtadha Al-Shareifi e-Library

TERPENOIDS 297

On oxidation with KMnO, both apiole and isoapiole yield the corresponding apioaldehyde
and apiolic acid.

Identification
1. It may be identified by forming its bromoderivatives as stated above having a specific melting
point.
2. It may also be identified by preparing its oxidative products with KMnO,, such as: opioaldeyde
(mp 102°C) and apiolic acid (mp 173°C).

Uses
1. It exerts a synergistic activity with insecticides.
2. Dill is frequently employed as an aromatic stimulant, carminative and flavouring agent.
3. Dill oil is an important ingredient of ‘Gripe Water’ which is given to infants to relieve them
from flatulence.

E. Cineole
Synonyms Eucalyptol; Cajeputol.

Chemical Structure 1, 8-Epoxy-p-menthane.

CH,

H,C CH,

Cineole

Occurrence It is the chief constituent of oil of eucalyptus obtained from the leaves of Eucalyptus
globulus Labill (Family: Myrtaceae) and other species of Eucalyptus. It also occurs largely in a
variety of plants, namely: Acorus calamus L., (Araceae); Aloysia triphylla Britton (Family:
Verbenaceae)-L.emon Verbena; Artemisia vulgaris L., (Family: Asteraceae)-Mugwort, Carline
Thistle; Chamaemelum nobile (L.) All (Family: Asteraceae)-Roman Camomile, English Camomile,
Camomile, Cinnamomum verum J.S. Presl (Family: Lauraceae)-Ceylon Cinnamon; Crocus sativus
L., (Family: Iridaceae)-Saffron, Saffron crocus; Croton eleutheria Sw. (Family: Euphorbiaceae-
Cascarilla; Illicium verum Hook. f. (Family: Magnoliaceae)-Star-Anise, Chinese Anise; Juniperus
communis L. (Family: Cupressaceae)-Common Juniper; Juniperus sabina L. (Family Cupressaceae)-
Sabine, Savin; Laurus nobilis L., (Family: Lauraceae)-Bay, Grecian Laurel, Green Bay; Melaleuca
leucadenron L. (Family: Myrtaceae)-Cajeput; Pimenta diocia (L.) Merr. (Family: Myrtaceae)-
Allspice, Jamaica Pepper, Clove Pepper; Rosmarinus officinalis L. (Family: Lamiaceae)-
Rosemary; Salvia sclarea L., Family: Lamiaceae)-Clary, Muscatel Sage; Tanecetum vulgare L.,
(Family: Asteraceae)-Tansy; Umbellularia californica (Hook and Arn.) Nutt.-California Bay,
California Laurel, California Sassafras.

Isolation Cineole may be isolated from Eucalyptus oil, which contains this ingredient to the
extent of 80% by any one of the following four methods, namely:
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Method I: Fractional Distillation. It may be obtained from fractional distillation under vacuo and
the colourless liquid is collected over powdered anhydrous sodium sulphate. The clear oily substance
is obtained finally in the pure crystalline form by chilling it (mp + 1.5°C).

Method II: Addition Products with Halogen Acids (HCIl, HBr). It forms addition compounds
with HCI and HBr as: C;,H,gO . HCI and C,jH 4O . HBr, from which the pure cincole may be
regenerated conveniently.

Method III: Addition Product with Resorcinol. It forms an addition compound with 50% (w/v)
solution of pure resorcinol as [(C,, H;5 O), . C4 Hg O,] having mp 80-85°C, from which cineole may
be regenerated easily.

Note This reaction may eater for the separation of cineole from essential oils having a high
cineole content (more than 50-60%), otherwise the volatile oil must first be fractionated.

Method IV: Addition Product with Phosphoric Acid. Cineole readily forms addition product
with phosphoric acid as: [C,,H,gO . H; PO,] having mp 84°C, that may be decomposed by hot
water.

Note This method is also utilized for the estimation of cineole in volatile oils in v/v percentage.

Characteristic Features It is a colourless liquid having a camphor-like odour. It possesses a
spicy and cooling taste. Its physical characteristics are: d33 0.921-0.923, bp 176-177°C, mp + 1.5°C,
n2’1.455-1.460, flash point (closed-up) 48°C. It is almost insoluble in water but miscible with alcohol,
chloroform, ether, glacial acetic acid and oils.

Cineole forms addition compounds with resorcinol and phosphoric acid, that are found to be
fairly stable, having mp 80-85°C and 80°C respectively.

It is not attacked by ordinary reducing agents, such as: glucose etc.

Identification

1. Cineole may be characterized by a host of derivatives/addition compounds obtained from
pure chemical substances, for instance: halogen acids, resorcinol, phosphoric acid, orthocresol
etc.

2. Microchemical Test of Cineole: A drop of pure cineole or a drop of Eucalyptus oil or a few
drops of an alcoholic extract of eucalyptus leaf, is made to react with a drop of 5% (w/v) solution
of hydroquinone on a microscopic slide and subsequently examined under a low-power
microscope one may observe either colourless prisms or rhomboid crystals.

However, an identical treatment with a 50% (w/v) solution of resorcinol gives rise to beautiful
leaf-like crystals.

Uses
1. Itis used quite extensively in pharmaceutical preparations both meant for internal and external
utilities, such as:
Internal usage—as a stimulating expectorant in cases of chromic bronchitis
External usage—as a mild antiseptic, anaesthetic in cases of inflammatory conditions.
2. Itis also employed in room-sprays, hand lotions and all types of cosmetic formulations.
3. Itis invariably used as a pharmaceutical aid i.e., flavouring agent.
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F. Ascaridole (Synonym Ascarisin)

Chemical Structure 1, 4-Peroxido-p-menthene-2. It is an organic peroxide which constitutes
60-80% of oil of chenopodium. It is the only naturally occurring terpenoid peroxide.

CH,

H,C CH,

Ascaridiole

Occurrence Ascaridiole is the major constituent (65-70%) in the chenopodium oil, i.e., a volatile
oil, obtained by the steam distillation from the fresh flowing and fruiting plants (except roots) of the
botanical species Chenopodium ambrosioides var anthelminticum Linn., belonging to the family
Chenopodiaceae.

Isolation It is isolated by the repeated fractional distillation of the volatile oil of chenopodium
(American wormseed oil) under vacuo and collecting the fraction boiling at 95-98°C.

Characteristic Features Ascaridiole is a viscid yellow oily liquid having a very peculiar and
most disagreable odour and flavour. It is highly unstable and is prone to explode when either subjected
to heat or when treated with organic acids, e.g., acetic acid; and with inorganic acids, e.g., sulphuric,
nitric; hydrochloric and phosphoric acids. It being a peroxide liberates I, from KI in acetic acid
solution.

It is soluble in hexane, pentane, ethanol, toluene, benzene and castor oil. Its physical characteristics
are: mp + 3.3°C; bp, , 39-40°C; []% 0.00; d* 1.0103;

Prepared Synthetically Ascaridiole may be synthesized from ec-terpinene by treatment with
oxygen, chlorophyll and light as given below:

CH, CH,

O,; Chlorophyll
Light

H.C CH, H.C CH,
oc-Terpinene Ascaridiole

Identification As ascaridiole does not produce any crystalline derivative, therefore, it is usually
characterized by the help of the following two specific reactions:
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1. Formation of cis-1:4-Terpin [C,, H,3 (OH),]: Ascaridiole on reduction with H, and Pd as a
catalyst gives rise to the formation of cis-1, 4-terpin as follows:
The resulting cis-1, 4-terpin is optically inactive and also it is not identical with 1, 8-terpin,
although the two compounds have similar melting points i.e., 116—-117°C.

CH,
OH
Ascaridiole — P4
OH
H,C CH

3
cis-1,4-Terpin

2. Formation of Ascaridole Glycol: Ascaridole upon oxidation with FeSO, yield chiefly a ‘glycol’
which is not steam-volatile viz., ascaridole glycol. Consequently, this glycol may be further
characterized by the formation of its monobenzoate (mp 136-137°C) and dibenzoate derivatives
(mp 116.5°C).

Uses
1. It has been used as an anthelmintic (Nematodes).
2. Itis also employed for eliminating hookworms and roundworms.
3. It is used most frequently in large number of medical and veterinary formulations.

Note Estimation of Ascaridole* Ascaridole may be determined quantitatively by the method
described in the Extra Pharmacopoea, which is developed by Cocking and Hymas and based
upon the oxidizing property of the ‘peroxide function’ exclusively present in it on the strongly
acidified solution of KI (with HCI and glacial acetic acid). Thus, the liberated I, is titrated with
sodium thiosulphate (Na,S,0;) using freshly prepared starch solution as an indicator (colour
change from blue to colourless) under the specified experimental parameters.

Precautions
1. Addition of oxygenated constituents must be avoided in the assay procedure that may give rise
to eroneous results.
2. As the liberated iodine is capable of being absorbed by unsaturated components present in the
volatile oil, it is absolutely necessary to carry out the assay at low temperature so as to maintain
such secondary reactions at the lowest level.

5.2.6.5.7 Oxide Volatile Qils The various chemical constituents containing oxide function present
in naturally occurring volatile oils are namely: Safrole, Myristicin, Apiole, Cineole and Ascaridole.
These compounds have already been discussed under section Phenolic Ether Volatile Oils (5.2.6.5.6)
in this chapter.

* Analyst, 55, 180, 1930.
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5.2.6.5.8 Ester Volatile Oils The ‘Ester Volatile Oils’ essentially attribute their flavouring
characteristics, odour, aroma and specific perfume by virtue of the presence of a good number of
naturally occurring esters, most common among which are the acetates of borneol, geraniol and
terpineol. However, it is an age-old practice to allow the maturation or ageing of such ester-containing
perfumes in order to enhance the process of esterification in situ thereby ultimately improving the
overall aroma and bouquet of the volatile oil. Incidentally, there are certain exceptions, such as: the
‘Oil of Wintergreen’ which contains upto 99% of methyl salicylate (an ester).

Classification The ester volatile oils may be classified conveniently into three categories as follows:

(i) Esters of Aliphatic Acids,
(i) Esters of Aromatic Acids, and
(7ii) Esters containing Nitrogen.

These different categories of ester volatile oils shall be discussed along with their typical examples
as under:

5.2.6.5.8.1 Esters of Aliphatic Acids The typical examples of esters of the aliphatic acids are,
namely: Geranyl acetate, Linalyl acetate.

A. Geranyl Acetate

Chemical Structure 3, 7-Dimethyl-2, 6-octadien-8-acetate; (C,, H,, O,). It is an olefenic terpene
acetate mostly found in a number of essential oils.

O
CH, CH, “
o
H,C X X 0
Geranyl Acetate

Occurrence The ester is very widely distributed in a variety of essential oils, such as: oil of
citronella, petit grain, lemon-grass, coriander, lavender etc. It is also found in Satureja montana
L. (Lamiaceae)-Winter Savory, White Thyme, Spanish Savory; and 7ilia europaea L. (Tiliaceae)-
Lime Tree (Europe), Linden Tree (America).

Isolation It may be obtained from the rich source of volatile oil containing greanyl acetate by
fractional distillation under vacuum.

Characteristic Features Itis a colourless liquid having a pleasant aromatic fragrance resembling
to that of rose. It boils at 242-245°C with decomposition at atmospheric pressure.

Identification The ester on saponification with alcoholic KOH yields geraniol and acetic acid as
the products of reaction. The former may be identified by examining its physical parameters, for
instance: bp,5, 229-230°C; bp,, 114-115°C; d%) 0.8894; n%3 1.4766; uv,,,, 190-195 nm (g 18000).

Uses
1. It is used abundantly in perfumery.
2. Itis also employed in making cosmetics and various types of toilet soaps.
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B. Linalyl Acetate
Synonym Bergamot.

Chemical Structure 3, 7-Dimethyl-1, 6-octadien-3-yl acetate; (C,, H,, O,). It is also an olefinic
terpene acetate and regarded as the most valuable constituent of bergamot and lavender oils.

O
CH, CH, I
M\ S
e S = O
Linalyl Acetate

Occurrence It is found in a number of volatile oils, namely: Lavandula angustifolia Mill.
(Lamiaceae)-Lavender, True or Common Lavender; Salvia selarea L. (Lamiaceae)-Clary,
Cleareye, Muscatel Sage; Satureja montana L. (Lamiaceae)-Winter Savory, White Thyme,
Spanish Savory; Thymus vulgaris L. (Lamiaceae)-Common Thyme; Tilia europaea L. (Tiliaceae)-
Linden Tree (America), Lime Tree (Europe).

Isolation It may be obtained from lavender oil or bergamot oil by subjecting it to distillation
under very high vacuum, because on distillation at atmospheric pressure or with steam distillation
linalyl acetate gets hydrolysed rapidly and decomposed eventually.

Characteristic Features It is a colourless oily liquid having a very pleasant fruity odour of
bergamot oil. Its physical properties are: d*} 0.885; bp 220°C; n%) 1.4460. It is almost insoluble in
water but miscible freely with ether and alcohol.

Identification Linalyl acetate upon saponification with alcoholic KOH yields linalool (linalol)
and acetic acid. The d/-form of linalool has a bp,,, 194-197°C.

Uses It is used extensively in perfumery.

5.2.6.5.8.2 Esters of Aromatic Acids The various esters that are associated with aromatic acids
and found in volatile oils are: Benzyl benzoate, Cinnamyl Cinnamate; Methyl Salicylate.

A. Benzyl Benzoate
Synonyms Ascabin; Venzonate; Ascabiol.

Chemical Structure Benzoic acid phenyl methyl ester; (C,,H;,0,).

Lo

Benzyl Benzoate

Occurrence Itis contained in Peru and Tolu balsams. It is also found in a variety of volatile oils,
such as: Cananga odorata (Lam.) Hook. f. & Thomas (Annonaceae)-Ylang-Ylang, Cananga;
Cinnamonum verum J S Presl (Lauraceae)-Ceylon Cinnamon; Myroxylon balsamum Var. Pereirae
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(Royle) Harms. (Fabaceae)-Balsam of Peru; Peumus boldus Molina (Monimiaceae)-Baldo; Vanilla
planifolia Andr. (Orchidaceae)-Vanilla.

Isolation Benzyl benzoate may be isolated by cooling the corresponding fraction to a very low
temperature when it gets separated as a solid (mp 21°C). It may also be further recrystallized from
chloroform or ether.

Characteristic Features It is an oily liquid or leaflets, having a faint, pleasant aromatic odour. It
possesses a sharp burning taste. Its physical characteristics are: mp 21°C; d’1.118; bp 323-324°C;
bp,s 189-191°C; bp, s 156°C, and n2 1.5681. It is sparingly volatile with steam. It is insoluble in
water or glycerol, but miscible with alcohol, chloroform, ether and oils.

Identification The benzyl benzoate on saponification yields the two products of reaction i.e.,
benzoic acid and benzyl alcohol that may be identified by carrying out specific tests for these
compounds.

Uses

It is used extensively as a diluent and solvent of solid aromatics e.g., artificial musk.

By virtue of'its low volatility benzyl benzoate is employed as a fixative in perfume composition.
It is used as a solvent for cellulose acetate and nitrocellulose.

It serves as a substitute for camphor in celluloid and plastic pyroxylin compounds.

It is also employed in confectionery and chewing gum flavours.

A

B. Cinnamyl Cinnamate
Synonyms Cinnyl cinnamate; Styracin.

Chemical Structure 3-Phenyl-2-propenoic acid 3-phenyl-2-propenyl ester.

1
@CH= CH— C— OCH,— CH— w@

Cinnamyl Cinnamate

Occurrence It occurs in the buds of Populus balsamifer L., (Family: Salicaceae)-Goris; Lavanga
scandens Buch-Ham., Lavangalata-Baslas; and Styrox Benzoin Dryander (Family: Styracaceae)-
Benzoin, Sumatra Benzoin, Styrax.

Isolation It may be obtained from the volatile oil fraction by chilling it to low temperature and
collecting the solids having mp 44°C.

Characteristic Features The characteristic features of the trans-trans-cinnamyl cinnamate are:
mp 44°C; uv,,,, (95% ethanol): 216, 223 nm (log € 3.45, 3.25). It is practically insoluble in water
but sparingly soluble in cold ethanol and soluble in ether (1 g in 3 ml).

Identification On saponification with alcoholic KOH this ester gives rise to cinnamic acid and
cinnamyl alcohol which may be further identified by performing their specific tests.
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Uses
1. Itis used in perfumery.
2. Itis also employed in making toilet soaps etc.

C. Methyl Salicylate
Synonyms Winter green oil; Betula oil; Sweet birch oil; Teabery oil.

Chemical Structure 2-Hydroxybenzoic acid methyl ester; (Cg Hg O5)
0]

COOH

OH
Methyl Salicylate

Occurrence It is largely found in a variety of medicinal plants, namely: Flowers of Acacia
farnesiana (L.) Willd. (Family: Fabaceae)-Cassie, Huisache; Cananga odorata (Lam.) Hook. f. &
Thoms (Family: Annonaceae)-Cananga, Ylang-Ylang; Leaves of Chenopodium ambrosioides L.
(Family: Chenopodiaceae)-Wormseed; Erythroxylum coca Lam. (Family: Erythroxylaceae)-Coca;
Flowerbuds of Filipendula ulmaria (L.) Maxim (Family: Rosaceae)-Meadowsweet, Queen of the
Meadow; Twigs of Gaultheria procumbens L. (Family: Ericaceae)-Wintergreen, Teaberry,
Boxberry; Bark of Betula lenta L. (Family: Betulaceae)-Sweet Birch. However, oil of wintergreen
contains upto 99% methyl salicylate.

It is pertinent to mention here that in several aromatic medicinal plants, for instance: Wintergreen,
the active chemical constituent i.e., methyl salicylate does not occur as such, but is present in the
form of a glucoside known as Gaultherin which upon enzymatic hydrolysis gives methyl salicylate
and primeverose (glucoxylose) as shown under:

0 0—CH,

E i 0

nzymalic

@oem _Hydrolysis @OCHg + OH OH
OH H OH

O-primeverose
H

H

Gaultherin Methyl Primeverose
Salicylate

H

Isolation Methyl salicylate may be obtained from gaultherin by enzymatic hydrolysis and then
subjecting the resulting products of reaction to very low temperature when the former gets solidified
at — 8.6°C and hence may be separated easily.

Characteristic Features It is a colourless, yellowish or reddish, oily liquid. Its odour and taste
resembles to that of gaultheria. Its physical parameters are: mp — 8.6°C; bp 220-224°C; d33 1.184; d
of the natural ester is ~ 1.180; and n23 1.535-1.538. It is very sparingly soluble in water (1 g in
1500 ml), but freely soluble in chloroform and ether. It is, however, miscible with alcohol and
glacial acetic acid.
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Identifications
1. It develops a red-violet colouration on being treated with cold saturated aqueous solution of
FeCls, that lasts for about 15 minutes.
2. Methyl salicylate readily forms a soluble ester-salt with a moderately concentrated aqueous
solution of KOH as potassium methyl salicylate.
3. Upon saponification the ester yields salicylic acid (mp 158°C) and methanol respectively.
4. Methyl salicylate may also be identified by the formation of several derivatives as stated below:
(i) Methylo-acetoxy benzoate (mp 52-52.5°C)—with Acetic Anhydride,
(if) Methyl-o-benzoxy benzoate (mp 92°C)—with Benzoyl Chloride,
(iii) o-Cabomethoxyphenyl-N-phenyl urethane—with Phenylisocyanate.

Uses

1. Methyl salicylate has local irritant, antirheumatic and antiseptic properties. It is an important
ingredient of Todex® ointment for relief of pain in several conditions like, pulled muscle,
muscular pain, pain in joints, etc.

2. It also finds its extensive usage in a variety of products, such as: flavouring of food products,
beverages, candies, confectionery, toothpastes, mouth washes, gargles, and pharmaceutical
preparations.

3. Itis also used in perfumery.

5.2.6.5.8.3 Esters Containing Nitrogen The specific example of an ester containing nitrogen is
Methyl Anthranilate which is present in several volatile oils. It is described below:

A. Methyl Anthranilate
Synonyms Neroli Oil (Artificial).
Chemical Structure 2-Aminobenzoic acid methyl ester, (Cg Hy NO,).

O OCH,
S
NH,
Methyl Anthranilate

Occurrence It occurs in a good number of medicinal herbs, for instance: Flowers of Robinia
pseudoacacia L. (Family: Fabaceae)-Black Locust, False Acacia; Citrus sinensis (Linn.) Osbeck.
(Family: Rutaceae)-Sweet Orange; Cananga odorata (Lam.) Hook. f. & Thoms. (Family:
Annonaceae)-Ylang-Ylang, Cananga; Jasminum officinale Linn. var grandiflorum Bailey., (Family:
Oleaceae)-Jasmine. It is also found in bergamot, other essential oils and in grape juice.

It is also obtained synthetically by carrying out the esterification of anthranilic acid with methanol
in the presence of HCI.

Isolation Methyl anthranilate may be isolated from the essential oils very conveniently by shaking
the volatile oil with cold dilute sulphuic acid (2 N) i.e., 1 ml of conc. H,SO, dissolved slowly in
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17 ml of distilled water. The resulting methyl anthranilate sulphate thus obtained gets crystallized in
the cold, which may be further purified by recrystallization from alcohol. Finally the pure desired
ester is regenerated by treatment with dilute NaOH solution (2 N) carefully.

Characteristic Features It is a crystalline mass having a powerful pleasant taste. It has a peculiar
odour that mostly resembles to orange blossoms and certain varieties of grape. It gives an inherent
blue-violet fluorescence which is distinctly visible in any volatile oil containing it. Methyl
anthranilate has the following physical parameters, namely:
d 1.168; mp 24-25°C; bp,5s 135.5°C.
It is slightly soluble in water, but freely soluble in ethanol and ether.

Identification It may be identified by preparing its derivatives, such as: Picrate (mp 104°C);
Benzoate (mp 100°C).

Uses
1. Itis used frequently as a perfume for ointments.
2. Itis also employed for the manufacture of synthetic perfumes.

Resins and Resin Combinations

Resins, in general, are amorphous solid or semisolid substances that are invariably water insoluble
but mostly soluble in alcohol or other organic solvents. However, physically they are found to be
hard, translucent or transparent and fusible i.e., upon heating they first get softened and ultimately
melt. But chemically, they are complex mixtures of allied substances, such as: resin acids, resin
alcohols (or resinols), resinotannols, resin esters, glucoresins and the like.

Another school of thought considers Resins as amorphous products having an inherent complex
chemical entity. These are normally produced either in schizogenous or in sehizolysigenous ducts or
in carities and are regarded as the end products of metabolism. The physical general characteristic
features of resins are namely: hard, transparent, or translucent and, when heated they yield usually
complex mixtures that comprise of resin acids, resin alcoholds, resinotannols, esters and resenes.
Some researchers do believe that the resins are nothing but the oxidation products of the terpenes.
They are found to be mostly insoluble in water, but soluble in ethanol and organic solvents. They are
electrically non-conductive and combustible in nature.

Resins shall now be discussed at length in their various aspects as enumerated here under:

(@) Distribution of Resins in Plants
(b) Occurrence in Plants

(¢) Physical Properties of Resins

(d) Chemical Properties of Resins
(e) Solubility

(f) Preparation of Resins

(g2) Chemical Composition of Resins
(h) Classification of Resins.

5.2.7.1 Distribution of Resins in Plants

Interestingly, the resins and resinous substances are more or less extensively distributed throughout
the entire plant kingdom, specifically the Spermatophyta i.e., the seed plants. Notably, their presence



Dr.Murtadha Al-Shareifi e-Library

TERPENOIDS 307

is almost rare and practically negligible in the Pteridophyta i.e., the ferns and their allies. However,
the resins have not been reported in the Thallophyta i.e., the sea-weeds, fungi etc.

Therefore, all these findings and observations lead one to the fact the resins are the overall and
net result of metabolism in the higher plants, since the majority of them belong to the phyllum
Angiosperum i.e., seed-enclosed flowering plants, and Gymnosperm i.e., naked-seed non-flowering
plants.

In general, the most important and extensively studied resin-containing families are, namely:
Pinaceae (Colophory or Rosin); Leguminosae (Tolu Balsam and Balsam of Peru); Dipterocarpaceae
(‘Garijan’—a Balsam substitute for copaiba); Burseraceae (Myrrh) and Umbelliferae (Asafoetida).

5.2.7.2 Occurrence in Plants

In the plants resins usually occur in different secretory zones or structures. A few typical examples
of such plant sources along with their specific secretary structures are given below:

() Resin Cells . Ginger—Zingiber officinale Roscoe (Family: Zingiberaceae);
(ii) Schizogenous Ducts  : Pine Wood—Pinus polustris Miller.
or Schizolysogenous (Family: Pinaceae).
Ducts
or Cavities
(iii) Glandular Hairs : Cannabis—Cannabis sativa Linne’.

(Family: Moraceae)

The formation of resins in the plant is by virtue of its normal physiological functions. However,
its yield may be enhanced in certain exceptional instances by inflicting injury to the living plant, for
instance: Pinus. Furthermore, many resisnous products are not formed by the plant itself unless and
until purposeful and methodical injuries in the shape of incisions are made on them and the secretions
or plant exudates are tapped carefully, such as: Balsam of Talu and Benzoin. In other words, these
resins are of pathological origin. One school of thought has categorically termed the secretion
exclusively obtained from the naturally occurring secretory structure as the Primary Flow, whereas
the one collected through man-made-incisions on the plant i.e., abnormally formed secretary structures,
as the Secondary Flow.

In normal practice, it has been observed evidently that resins are invariably produced in ducts as
well as cavities; sometimes they do not occur in the so called specialized-secretory structures, but
tend to get impregnated in all the elements of a tissue, for example: Guaiacum Resin—is obtained
from the heartwood of Guaiacum officinale Linn. and G. sanctum Linn., (Family: Zygophyllaceae)
i.e., it is found in the vessels, fibres, medullary ray cells and wood parenchyma. In this particular
instance, the resins occur as tyloses, achieved by chopping off the conduction in these areas so as to
enhance the effective usage of root pressure and the capillaries in forcing both the nutritive contents
and forcing water to reach the top end of these tall trees.

It is pertinent to mention here that in some exceptionally rare instances the resin occurs as a
result of sucking the juice of the plant by scale insects and converting the sucked-juice into a resinous
substance that ultimately covers the insect itself and twigs of the plant as well, for instance: Laccifer
lacca (Family: Coccidae)-Shellac.
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5.2.7.3 Physical Properties of Resins

The various physical properties of resins can be generalized as detailed below:

el S

Resins, as a class, are hard, transparent or translucent brittle materials.

They are invariably heavier than water having the specific gravity ranging from 0.9-1.25.
Resins are more or less amorphous materials but rarely crystallisable in nature.

On being heated at a relatively low temperature resins first get softened and ultimately melt
down thereby forming either an adhesive or a sticky massive fluid, without undergoing any sort
of decomposition or volatilization.

On being heated in the air i.e., in the presence of oxygen, resins usually burn readily with a
smoky flame by virtue of the presence of a large number of C-atoms in their structure.

On being heated in a closed container i.e., in the absence of oxygen, they undergo decomposition
and very often give rise to empyreumatic products i.e., products chiefly comprising of
hydrocarbons.

Resins are bad conductors of electricity, but when rubbed usually become negatively charged.
They are practically insoluble in water, but frequently soluble in ethanol, volatile oils, fixed oils,
chloral hydrate and non-polar organic solvents e.g., benzene, n-hexane and petroleum ether.

5.2.7.4 Chemical Properties of Pesins

The various chemical properties of resins may be summarized as stated below:

1.

2.

o

Resins, in general, are enriched with carbon, deprived of nitrogen and contain a few oxygen in
their respective molecules.

Majority of them undergo slow atmospheric oxidation whereby their colour get darkened with
impaired solubility.

. Resins are found to be a mixture of numerous compounds rather than a single pure chemical

entity.

. Their chemical properties are exclusively based upon the functional groups present in these

substances.

. Consequently, the resins are broadly divided into resin alcohols, resin acids, resin esters,

glycosidal resins and resenes (i.e., inert neutral compounds).

Resins are regarded as complex mixtures of a variety of substances, such as: resinotannols,
resin acids, resin esters, resin alcohols and resenes.

One school of thought believes that resins are nothing but oxidative products of terpenes.
They may also be regarded as the end-products of destructive metabolism.

The acidic resins when treated with alkaline solutions they yield soaps (or resin-soaps).

Note The solutions of resins in alkalies distinctly differ from ordinary soap solutions by virtue

of the fact that the former cannot be easily ‘salted-out’ by the addition of NaCl, unless
it is used in large excess quantity.

5.2.7.5 Solubility

The solubility of various types of resins are as follows:

1.

Majority of resins are water-insoluble and hence they have practically little taste.
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2. They are usually insoluble in petroleum ether (a non-polar solvent) but with a few exceptions,
such as: colophory (freshly powdered) and mastic.

3. Resins mostly got completely dissolved in a number of polar organic solvents, for instance:
ethanol, ether and chloroform, thereby forming their respective solutions which on evaporation,
leaves behind a thin-varnish-like film deposit.

4. They are also freely soluble in many other organic solvents, namely: acetone, carbon disulphide,
as well as in fixed oils and volatile oils.

5. Resins dissolve in chloral hydrate solution, normally employed for clarification of certain sections
of plant organs.

5.2.7.6 Preparation of Resins

So far, no general method has either been suggested or proposed for the preparation of resins. In
fact, there are two categories of resinous products, namely: («) Natural Resins; and (b) Prepared
Resins, have been duly accepted and recognized. Therefore, this classification forms the basis of the
methods employed in the preparation of the two aforesaid resins.

A. Natural Resins: These resins usually formed as the exudates from various plants obtained either
normally or as a result of pathogenic conditions (i.e., by causing artificial punctures), such as: mastic,
sandarac. These are also obtained by causing deep incisions or cuts in the trunk of the plant, for
instance: turpentine. They may also be procured by hammering and scorching, such as: balsam
of Peru.

B. Prepared Resins: The resins obtained here are by different methods as described below:

(i) The crude drug containing resins is powdered and extracted with ethanol several times till
complete exhaustion takes place. The combined alcoholic extract is either, evaporated on a
electric water-bath slowly in a fuming cup-board or poured slowly into cold distilled water.
The precipitated resin is collected, washed with cold water and dried carefully under shade or
in a vacuum desiccator,

Examples: Podophyllum; Scammony and Jalap.

(i) In the case of alco-resins, organic solvents with lower boiling points are normally employed
e.g., solvent ether (bp 37°C); acetone (bp 56.5°C), for their extraction. However, the volatile
oil fraction can be removed conveniently through distillation under vacuo.

(@ii) In the instance of gum-resins, the resin is aptly extracted with 95% (v/v) ethanol while
leaving the insoluble gum residue in the flask (or soxhlet thimble).

5.2.7.7 Chemical Composition of Resins

The copious volume of information with regard to the ‘chemistry of resins’ is mainly attributed by
the meaningful research carried out by Tschirch and Stock, who advocated that the proximate
constituents of resins may be classified under the following heads, namely:

(i) Resin Acids
(ii) Resin Esters and their Decomposition Products i.e., Resin Alcohols (Resinols) and Resin
Phenols (Resinotannols).

* Tschirch. A, and L. Stock: Die Harze, Borntraegr, Berlin, Vols. 1 & 2, 1933-36.
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(iii) Resenes i.e., the chemical inert compounds.

However, it has been observed that in majority of the known resins these three aforesaid categories
evidently predominates and thus the resulting product consequently falls into one of these groups. It
is worth mentioning here that representatives of all the three said groups are rarely present in the
same product.

Given below are some typical examples of resin substances that predominates the three classes
suggested by Tschirch and Stock, namely:

A. Resin-Esters . Examples: Ammoniacum; Asafoetida; Benzoin; Balsam of Peru and Tolu;
Galbanum; Storax;

B. Resin-Acids . Examples: Colophony; Copaiba; and

C. Resenes . Examples: Bdellium; Dammar; Mastic; Myrrh; Olibanum.

A few important and typical chemical constituents that have been duly isolated and characterized
from various naturally occurring resins are discussed below:

1. Resin Acids

Synonyms Resinolic Acid.

The resin acids essentially contain a large portion of carboxylic acids and phenols. However,
they occur both in the free state and as their respective esters. They are usually found to be soluble
in aqueous solutions of the alkalies, thereby forming either soap like solutions or colloidal suspensions.
Resinates, i.e., the metallic salts of these acids find their extensive usage in the manufacture of
inferior varities of soaps and varnishes.

A few typical examples of resin acids are enumerated below:

S. No. Name Chemical Structure Source(s)

1 Abietic Acid Colophony, Rosin
2 Copaivic Acid — Copaiba
and Oxycopaivic Acid
COOH
OCH,
3 Guaiaconic Acid Guaic

4 Pimaric Acid Burgandy Pitch,
Fankicense
5 Sandracolic Acid — Sandarac

6 Commiphoric Acid — Myrrh
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Out of all the six commonly found resin acids Abietic Acid shall be discussed here under:
Abietic Acid (Synonym Sylvic Acid)
Chemical Structure 13-Isopropylpodocarpa-7, 13-dien-15-oic acid; (C,, Hs, O,).

H,C COOH
Abietic Acid

It is a tricyclic diterpene embedded with four isoprene units. It is studded with four methyl
moieties and a carboxylic acid function. Besides, it also has two double bonds one each in ring-Band
ring-C of the phenanthrene nucleus.

Preparation Itis a widely available organic acid, prepared by the isomerization of rosin.* It may
also be synthesized from dehydroabietic acid.**

The commercial grade of abietic acid is normally obtained by heating either rosin alone or with
mineral acids. The product thus achieved may be glassy or partly crystalline in nature. It is usually
of yellow colour and has a mp 85°C i.e., much lower than the pure product (mp 172-175°C).

Characteristic Features It is obtained as monoclinic plates from alcohol and water. Its physical
parameters are: mp 172-175°C; [Oc]z[‘)t -106° (c =1 in absolute alcohol); uv,,, 235, 241.5,250 nm (¢
19500, 22000, 14300). It is practically insoluble in water, but freely soluble in ethanol, benzene,
chloroform, ether, acetone, carbon disulphide and also in dilute NaOH solution.

Identification It readily forms the corresponding methyl ester as methyl abietate (C,, Hs, O,),
which is colourless to yellow thick liquid bp 360-365°C, d39 1.040, and n3 1.530.

Uses
1. It is used for manufacture of esters (ester gums), such as: methyl, vinyl and glyceryl esters for
use in lacquers and varnishes.
2. Itis also employed extensively in the manufacture of ‘metal resinates’ e.g., soaps, plastics and
paper sizes.
3. It also assists in the growth of butyric and lactic acid bacteria.

2. Resin Alcohols In general, resin alcohols are complex alcohols having higher molecular weight.
These are of two types, namely:

* Harris, Sanderson, Org. Syn. Coll. Vol. IV, 1 (1963); and Fieser and Fieser, The chemistry of Natural Products Related
to Phenanthrene (New York, 3rd. edn., 1949).
** A.W. Burgastahler, and L.W. Worden., J. Am. Chem. Soc., 83, 2587, (1961) E. Wenkert et al., ibid, 86,2038, (1964).
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(a) Resinotannols: The resin alcohols which give a specific tannin reaction with iron salts are
termed as resinotannols.

A number of resinotannols have been isolated from the plant kingdom. It is an usual practice to
name them according to the resins in which they are found, such as:

Alocresinotannol — From Aloe species viz., Aloe barbedensis Miller, (Curacao Aloes); Aloe

perryi Baker, (Socotrine Aloes); Aloe ferrox Miller, Aloe africana Miller,

Aloe spicata Baper. All these belong to the natural order Liaceae.

From Ammoniacum i.e., the oleo-gum-resin from Dorema ammoniacum

D. Don. (Family: Umbelliferae).

Galbaresinotannol — From Galbanm i.e., the oleo-gum-resin from Ferula galbaniflua Boiss et
Bubse (Family: Unbelliferae).

Ammoresinotannol

Peruresinotannol — From Balsam of Peru i.e., the balsam obtained from
Myroxylon balsamum var Pereirae (Royle) Harms (Family: Fabaceae);
Siaresinotannol — From Sumatra Benzoin (Benzoin, Styrax) i.e., the gum exuded from Styrax

benzoin Dryander (Family: Styracaceae).
Toluresinotallol — From Balsam of Tolu i.e., the Balsam obtained from Myroxylon balsamum
(Linn.) Harms. (belonging to the family. Leguminosae).

(b) Resinols: The resin alcohols that fail to give a positive reaction with tannin and iron salts are
known as resinols. The following are some typical examples of resinols, for instance:

Benzoresinol — From Benzoin which is purely a pathological product obtained either from
Styrax benzoin Dryander and Styrax paralleloneurus Brans. (Sumatra
Benzoin) or from Styrax tonkinensis Craib. (Siam Benzoin) belonging to
family Styraceae.

Storesinol — From storax which is the balsamic resin usually obtained from the trunk of
Liquidamber orientalis Mill. family Hamamelidaceae.

Gurjuresinol — From Gurjun Balsam that is the aleo-resin obtained from Dipterocarpus
turbinatus Gaertn. F. belonging to family: Dipterocarpaceae.

Guaiaresinol — From Guaiacum Resin obtained from the heartwood of Guaiacum officinale

Linn. and Guaiacum sanctum Linn. belonging to family: Zygophyllaceae.

3. Resenes These are oxygenated compounds, but are not affected either by alkalies or acids. In
fact, they are more or less neutral substances being devoid of characteristic functional groups, and,
therefore, do not exhibit any characteristic chemical properties. Interestingly, they are immune to
oxidizing agents and variant climatic conditions, a fact which essentially attributes the resins
containing them one of their major plus points for the manufacture of varnishes. A few important
examples of resenes are as follows:

Dracoresene — Derived from the scales of the fruit of Dragon’s Blood i.e., Daemonorops
draco Bl. (and other species) belonging to the natural order (Arecaceae).

Masticoresene — Derived from Mastic-an oleo-resin obtained from Pistacia lentiscus Linn
belonging to family: Anacardiaceae.

Fluavil — Obtained from Gutta-percha and also from the bark of various trees. Gutta-

percha is hard and has a very low elasticity. X-ray diffraction studies have
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revealed that rubber is composed of long chains built up of isoprene units
arranged in the cis-form, whereas gutta-percha is the frans-form as shown

below:
AN N
——— CH, CH, ————— CH, CH,
/ N/
C
| 4.72 A(obs.) Il
/C N 5.04 A (theor.) /C N
H CH, CH, H
8.10 A (obs.). C/H CH L——» CH \CH
9.13 A (theor) NEVZ N2
C C
I i
/C N / ¢ N
CH, H CH, H
N AN
——» CH, CH, CH, CH,
N C / AN c Ve
Il i
/ C\ / C\
H CH, CH, H
o AN
Rubber Gutta-percha
cis-form trans-form

5.2.7.8 Classification of Resins

The resins are broadly classified under three major categories, namely:

A. Taxonomical Classification The resins are grouped together according to their botanical origin
exclusively, such as:

Coniferous Resins — e.g., Colophony; Sandarac;
Berberidaceae Resins — e.g., Podophyllum; and
Zygophyllaceae Resins — e.g., Guaiacum.

In this particular instance, it has been observed that the resins that usually occur in plants of the
same natural order (i.e., family), may exhibit more or less related characteristic features.

B. Chemical Classification The resins may also be classified as per the presence of the
predominating chemical constituents for instance:

Acid Resins — e.g., Colophony (Abietic acid); Sandarac (Sandracolic acid); Shellac (Alleuritic
acid); Myrrh (Commiphoric acid);
Ester Resins ~ e.g., Benzoin (Benzyl benzoate); Storax (Cinnamyl cinnamate);

Resin Alcohols

I

e.g., Balsam of Peru (Peruresinotannol) Guaiacum resin (Guaicresinol); Gurjun
balsam (Gurjuresinol);

Resene Resins e.g., Dragon's Blood (Dracoresene); Gutta-percha (Fluavil);

|
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Glycoresins — e.g., Jalap Resin from Jalap i.e., Ipomea purga Hayne; (Family:
Conrulvulaceae) Podophylloresin from the dried roots and rhizomes of
Podophyllum hexandrum (P. emodi) Royle. (Family Berberidae).

C. Constituents of Resin Invariably, to maintain the simplicity, resins may also be classified
according to the major constituents present either in the resin or resin combinations.
Examples: Resins; Oleo-resins; Oleo-gum resins; Balsams.

After having been exposed to the various aspects of resins with regard to their physical and
chemical, properties, occurrence and distribution, preparation, chemical composition and
classification, it would be worthwhile to gain some in-depth knowledge about certain typical examples
belonging to Resins; Oleo-resins; Oleo-gum-resins; Balsams; and Glycoresins.

5.2.7.8.A Resins
The various resins that will be discussed in the section that follows are, namely:
1. Colophony (Synonym Rosin)

Biological Source It is a yellow resin, and abietic anhydride. It is the residue left after distilling
off the volatile oil from the oleoresin obtained from Pinus palustris and other species of Pinus
belonging to family Pinaceae. Generally, it is offered as wood rosin obtained from southern pine
stumps, gum rosin collected as the exudate from incisions in the living tree viz., P. palustris and P
caribaea, and finally from tall oil rosin. It is chiefly produced in the USA.

Characteristic Features Colophony fuses gradually at 100°C and at a higher temperature it burns
with a smoky flame, while leaving not more than 0.1% of ash as a residue. The alcoholic solution of
colophony turns into milky-white on addition of water. When fragments of rosin are heated with
water, they first melt then flow together and ultimately forms a sticky-mass.

It is a pale yellow to amber, translucent fragments, brittle fracture at ordinary temperature. It has
a slight turpentine-like odour and taste.

Its acid number is not less than 150 and d 1.07-1.09. It is almost insoluble in water, but freely
soluble in ethanol, benzene, ether, glacial acetic acid, oils, carbon disulphide and also soluble in
dilute solutions of fixed alkali hydroxides.

Chemical Constituents
1. Colophony contains 90% resin acids known as abietic acid (see Section 5.2.7.7). The remaining
10% as resene-an inert substance and esters of fatty acids.
2. Italso contains a mixture of dihydroabietic acid (C,,H;,0,) and dehydroabietic acid (C,,H,3O,).
3. On being heated at 300°C, abietic acid undergoes further molecular rearrangement to produce
neo-abietic acid.

Chemical Tests
1. Dissolve 0.1 g of powdered colophony resin in 10 ml of acetic anhydride, add one drop of
sulphuric acid and shake well. The appearance of a purple colour which rapidly changes to
violet colour.
2. The alcoholic solution of colophony is acidic to litmus paper i.e., it turns blue litmus paper to
red.
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3. Dissolve 0.2 g of colophony with 5 ml of petroleum ether (60-80°C) and filter to discard the
undissolved resin, if any. Shake the resulting clear solution with twice its volume of 0.1% (w/v)
cupric acetate solution. The petroleum ether layer attains an emerald-green colouration due to
the formation of the copper salt of abietic acid.

Uses

1. Colophony is used in pharmacy for the preparation of zinc oxide plasters, ointments and other
adhesive plasters.

2. Itis widely used in the manufacture of printing inks, rubber, dark varnishes, sealing wax, linoleum
and thermoplastic floor tiles.

3. It also finds its application as varnish and paint dries, cements, soaps, wood polishes, paper,
plastics, fireworks, tree wax, sizes, rosin oil

4. Ttis used for waterproofing cardboard, walls etc.

2. Eriodictyon
Synonyms Yerba Santa; Consumptive's weed; Bear's weed; Mountain balm; Gum plant.

Biological Source It is obtained from the dried leaves of Eriodictyon californicum (H. & A.)
Greene belonging to family: Hydrophyllaceae.

The plant is an evergreen shrub indigenous to the mountains of California (USA) and northern
Mexico. The Indians of California have been using this as a drug since many years.

Chemical Constituents It contains a volatile oil, eviodictyol i.e., the aglycone of eriodictin,
homoeriodictyol, chrysoeriodictyol, xanthoeriodictyol, eriodonol, eriodictyonic acid, ericolin,
formic acid, butyric acid, tannin and a resin.

Uses
1. Itisused as a pharmaceutic flavouring aid to disguise the bitter taste of quinine formulations.
2. It has also been employed as a stimulating expectorant.

3. Guaiac
Synonyms Guaiacum resin; Gum guaiac; Resin guaiac.

Biological Source Guaiac is obtained from the heartwood of Guaiacum officinale L. or G. sanctum
L., belonging to family: Zygophyllaceae.

Preparation The resin is obtained by cutting the tree and the log is suspended horizontally. The
either ends of the log are set on fire and the resin which oozes out is collected carefully in earthen or
metallic cups and allowed to harden in shade.

Characteristic Features The guaiac resin is brown or greenish-brown irregular lumps. It has an
aromatic odour. The fracture is brittle and splintery and the exposed surface is usually glossy. It
melts at 85-90°C. It is insoluble in water, but freely soluble in ethanol, ether, chloroform, creosote,
solution of chloral hydrate and alkalies. It is, however, slightly soluble in carbon disulphide and
benzene.

It is found to be incompatible in liquid preparations containing acacia, mineral acids, ferric
chloride, gold chloride, water, spirit nitrous ether and permanganates.
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Chemical Constituents A few of the major resinous constituents belong to the group of ‘lignans’.
These are essentially phenolic compounds with a C structure and made up from two Cy-C; units.
About 10% of the guaiac is guaiaretic acid which is nothing but diaryl butane. It also contains both
a-and B-guaiaconic acids (70%) and guaiacie acid. Besides, it contains traces of vanillin, saponin
and volatile oil.

Chemical Tests When a small quantity of the resin is oxidised it gives rise to a distinct blue
colouration (guaiac blue) due to the oxidation of o-guaiacic acid.

Uses
1. It is mostly employed as a diaphoretic and an expectorant.
2. Itis used as a clinical reagent for the testing of blood and haemoglobin.
3. An ethanolic solution of guaiac is used for the detection of oxidase enzymes and cyanogenetic
glycosides.

4. Cannabis

Synonyms Indian Hemp; Indian cannabis; Marihuana; Marijuana; Pot; Grass; Weed; Bhang; Ganja;
Charas, Hashish.

Biological Source Cannabis consists of the dried flowering tops of pistillate plants of Cannabis
sativa L., (C. satira var. indica Auth.), belonging to family: Moraceae.

Preparation After years of intensive and extensive research carried out on the selective cultivation
of Cannabis, two of its genetic types have been evolved, namely: (i) Drug Type, and (i) Hemp Type.
These two distinctly separate genetic types of Cannabis shall be described briefly as stated below:

A. Drug type (Cannabis): It is, in fact, the rich (upto 15%) in the psychoactive constituent (—)-A’-
trans-tetra-hydrocannabinol (A9-THC) as shown below:

HO, CH,

H
HC CH,

(-)-A’-trans-Tetrahydrocannabinol (A°-THC)

The A°-THC is usually concentrated into a resin that is secreted right into the trichomes located
on the small leaves (bracts) and bracteoles (i.e., the leaf-like structure which encloses the ovary) of
the flowering tops of the female plant. Interestingly, for the specific drug usages either the resin
(hashish) is employed or the flowering tops of the female plant (marijiana). Nevertheless, the male
plant also generates an equivalent quantity of the active constituents; however, it is not concentrated
into a resin but found throughout the entire plant.

B. Hemp Type (Cannapis): It contains surprisingly very little active principal. Cannabidiol is the
predominant cannabinoid present in it as given below:
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CH,

Cannabidiol

The hemp-type cannabis also possesses the elongated bast* fibers which is very much desired
in the manufacture of ropes.

Chemical Constituents The chemical constituents A’ THC and cannabidiol present in the drug-
type and hemp-type cannabis have already been discussed above. Besides, the resin contains several
active constituents, such as: cannabinol, cannin, cannabol, tetrahydrocannabinol, cannabigerol,
cannabichromene and A%-tetrahydrocannabinol.

CH, CH,

@ OH OH
H,C @ H,C

m,c” 0 CH, m,c” 0 CH,

Cannabinol Tetrahydrocannabinol

It also contains choline, volatile oil and trigonelline. However, the Indian Hemp seeds contain
20% of fixed oil.

Chemical Tests

1. Shake 0.1g of resin with 5 ml petroleum ether (60-80°C) and filter. To 1 ml of the filtrate, add
2 ml of 15% solution of HCI gas in ethanol, when a red colouration appears at the junction of the
two layers. However, after shaking, the upper layer becomes colourless while the lower one
attains a distinct orange pink colour, which finally vanishes upon addition of water.

2. Extract 1g of resin with methanol, filter and evaporate to complete dryness. Again extract the
resulting residue with petroleum ether (60-80°C), filter directly into a separating funnel and
extract the ethereal layer successively with 5% (w/v) Na, CO5 and 5% (w/w) H, SO,. Wash the
ethereal layer with distilled water, decolourise with powdered activated carbon, if necessary,
and evaporate the filtrate. Add to the residue a few drops of N/10 alcoholic KOH solution, wen
a purple colouration is obtained.

Uses It has been used as a sedative in equine colic.

* Bast: Fibrous material obtained from the pholeum of jute, flax etc., used for making rope, matting etc.,
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5. Mastic
Synonyms Mastiche; Mastich; Balsam Tree; Pistachia Galls; Mastix; Lentisk; Mastisol;

Biological Source Mastic is the concrete resinous exudate obtained from Pistacia lentiscus Linne’
belonging to the natural order Anacardiaceae.

Preparation The resinous juice gets collected in cavities present in the inner bark. Fairly long
incisions are made in the trunk and also in the larger branches, through which the resin exudes. The
resin finally gets collected in the form of small tears on the outside. These are hand-picked and
stored in dry place.

Characteristic Features Itisapale yellow or greenish yellow, globular, elongated or pear-shaped
tears. It has a slightly balsamic odour and a terebene* taste. It is practically insoluble in water, but
completely soluble in ethanol, chloroform (1g/0.5 ml), ether (0.1g/0.5 ml), partially soluble in oil of
turpentine.

Chemical Composition Mastic contains 90% of a resin, comprising of mastichic acid (o.-resin),
which is soluble in ethanol and masticin (B-resin), which is insoluble in ethanol, and a volatile oil,
1 to 2.5%, that has the specific balsamic odour of the drug and largely contains (+)-pinene. A bitter
principle is also present.

Uses

It is employed as an ‘enteric coating’ material in the formulation of tablets.

It is also used as a microscopical mountant.

It is widely used in the manufacture of varnishes.

Mastic is used in the form of a ‘dental varnish’ in dentistry to seal off cavities.
It is also used in tooth cements, plasters, lacquers, chewing gums and incense.
It is employed for retouching negatives.

SNk L=

6. Podophyllum
Synonyms Podophyllum resin; May apple; Mandrakes Root; Indian apple; Vegetable calomel.

Biological Sources Podophyllum is the dried rhizomes and roots of Podophyllum peltatum L.,
family: Berberidaceae, known as American Podophyllum; and from Podophyllum hexandrum Royle
(Syn. P. emodi Wall. ex Hook. f. & Th.) usually called Indian Podophyllum.

Preparation Extract powdered podophyllum (1 killo) by means of slow percolation until it is
almost exhausted of its resin content, using ethanol as the menstruum. Carefully concentrate the
percolate by evaporation until the residue attains the consistency of a thin syrup. Pour the resulting
syrupy liquid with constant stirring into 1 L of distilled water containing 10 ml of concentrated HCI
and previously cooled to a temperature less than 10°C. Allow the precipitate to settle down completely,
decant the clean supernatant liquid and wash the precipitate with two 1000 ml portions of cold
distilled water slowly, dry the resin and powder it.

* Terebene: A mixture of hydrocarbons prepared from oil of turpentine and sulphuric acid, used to make paints and
varnishes and medicinally as an expectorant and antiseptic.
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Characteristic Features Itis alight brown to greenish-yellow powder, or small, yellowish, bulky,
fragile lumps usually becoming darker in shade on exposure to either heat (> 25°C) or light (uv-
rays). It has a characteristic faint odour and a bitter acrid taste. It is freely soluble in ethanol, usually
with a slight opalescence. It is also soluble in dilute alkaline solution. It is found to be not less than
65% soluble in chloroform and 75% soluble in ether.

Chemical Constituents Podophyllum contains 3.5 to 6% of a resin whose active principles are
lignans, which are essentially C,g-compounds related biosynthetically to the flavonoids, and are
derived by dimerisation of two Cy-C; units. The most important ones present in the podophyllum
resin, are podophyllotoxin (20% in American Podophyllum) and in much higher quantum almost
upto 40% in Indian Podophyllum. Besides, it also contains o-peltatin (10%) and B-peltatin (5%).
It is pertinent to mention here that a host of lignan glycosides are also present in the plant, but by
virtue of their water-soluble properties, they are almost eliminated during the normal preparation of
the resin.

; H,CO OCH H,CO OCH
H,CO OCH?CH3 3 OH 3 3 OCH, 3
Podophyllotoxin oc-Peltatin [-Peltatin

Interestingly, all the three above mentioned chemical constituents are present both in free state
and as their respective glycosides. The Indian Podophyllum is devoid of ai-and B-peltatins. The
resin also comprise of the closely related dimethylpodophyllotoxin and its glycoside; and
dehydropodophyllotoxin, as well as quercetin-a tetra-hydroxy flavonol.

Chemical Tests
1. Podophyllotoxin (active lactone) present in the resin when dissolved in alkali, cooled to 0°C
and subsequently treated with an acid it yields an unstable gelatinous podophyllic acid.
2. The resulting podophyllic acid when treated with dehydrating agents easily loses a molecule of
water and gives rise to picropodophyllin (inactive lactone), which being an isomer of
podophyllotoxin.

The resins obtained from the American and Indian podophyllum are not quite identical and
these two drugs of the trade may be distinguished chemically as given below:

(a) Prepare an alcoholic extract from each resin and filter. Add a few drops of strong solution of
cupric acetate 5% (w/v) to each of the above two filtrates. The American podophyllum
containing o-and B-peltatin produces an instant bright green colouration, while the Indian
podophyllum (devoid of peltatin) fails this test.

(b) An alcoholic solution of Indian podophyllum resin readily gelatinizes on being treated
with alkali hydroxide, while the American resin does not gelatinize. This is due to the fact
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that the former contains podophyllic acid and it gives the alkali salt of this acid which is
gelatinous in nature.

Uses

1. Itis used as a drastic but slow-acting purgative.

2. Podophyllotoxin possesses anti-tumour (antineoplastic) properties and may be used in the
treatment of cancer.

3. Itis invariably prescribed with other purgatives, henbane or belladonna to prevent gripping in
infants.

7. Shellac
Synonyms Lacca; Lac.

Biological Sources Shellac is the resinous excretion of the insect Laccifer (Tachardia) lacca Kerr,
order Homoptera belonging to family: Coccidae. The insects usually suck the juice of the tree and
exerete ‘stick-lac’ more or less continuously. The various host trees are, namely: Butea frondosa
Koen. ex. Roxb. (Family: Leguminosae) and Butea monosperma (Lam.) Kuntze; Aleurites
moluccanna (L.) Willd. (Family: Euphorbiaceae)-Varnish Tree; Ficus benjamina Linn., (Family:
Moraceae); Zizyphus jujuba (Lam.) (Family: Rhamnaceae). However, the whitest shellac is produced
while the Kusum tree is the host i.e., Schleichera trijuga (Willd.) (Family: Sapindaceae).

Preparation The resin which is stuck on the smaller twigs and branches is normally serapped by
means of knives. The resulting resin is subsequently powdered and extracted either with water or
with alkaline solution so as to remove the colouring matter. The residual product is dried, melted in
narrow bags suspended over a fire. The contents of the bags i.e., the molten shellac, are squeezed out
mechanically so as to force the liquid shallac through the cloth on to a previously cleaned surface of
tiles to obtain the product as flat cakes. The product may also be obtained as thin sheets by streching
the semi-cooled product on the tiles with the help of a scrapper (or spreader). The thin sheets thus
obtained get hardened after cooling and are subsequently broken up to obtain the flakes of shellac
for the commercial market.

Characteristic Features Shellac is a brittle, yellowish, transparent/translucent sheets or crushed
pieces or powder. It does not has any specific odour and taste. Its mp is 115-120°C and d 1.035-
1.140. Its solubility in alcohol is 85-95% (w/w) (very slowly soluble); in ether 13-15%; in benzene
10-20% and in petroleum ether 2-6%. It is sparingly soluble in oil of turpentine. It is practically
insoluble in water, but soluble in alkaline solutions, in aqueous solution of ethanolamines and in
borax solutions with slightly purple colouration.

Chemical Constituents The major component of shellac is a resin that on being subjected to mild
hydrolysis yields a complex mixture of aliphatic and alicyclic hydroxy acids and their polyesters
respectively. Interestingly, the composite of the resultant hydrolysate solely depends on the source
of shellac and the time of collection.

The major component of the aliphatic fraction is aleuritic acid, while the major component of
the alicyclic fraction is shellolic acid. *

* Notes Field Tetrahedron, 26, 3135 (1970)
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COOH
HO\/(CHz)ﬁﬁ)\ (CH2)7/ Aon
OH H CH,
Aleuritic Acid Shellolic Acid
(9, 10, 16-Trihydroxy palmitic Acid) (10B, 13-Dihydroxycedr-8-ene-

12, 15-dioic acid)

However, it also contains the isomers of shellolic acid along with small amounts of kerrolic
acid and butolic acid. The colouring matter is due to the presence of laccaic acid, which is water-
soluble, as given below:

OH O  CH,
0

Laccaic Acid -A: R— CH,CH,NHCOCH, Laccaic Acid-D
Laccaic Acid -A: R— CH,CH,OH
Laccaic Acid -A: R— CH,CH(NH,)COOH

COOH

OH

HO O

Note Laccaic acid-A is the major component while the rest are present in relatively smaller
quantities.

Uses
1. Itis used chiefly in laquers and varnishes.
2. Itis also employed in the manufacture of buttons, sealing wax, cements, inks, grinding wheels,
photograph records, paper.
It also finds its use in electrical machines and for stiffening hats.
It is also used for finishing leather.
It is extensively used for coating tablets and confections.
It has also been used for preparing sustained release medicament formulations.

8. Tar

SANNANE

Synonyms Chair Tar; Pine Tar; Stockholm Tar.

Biological Source Tar is a bituminous liquid obtained from the wood of various species of the
natural order Pinaceae, such as: Pinus longifolia Roxb. [ Pinus roxburghii Sargent. It is also present
in Pinus elliotth (Engelm.) belonging to family Abietaceae (Slash Pine).

Preparation It is usually obtained by the destructive distillation of the wood cuttings from the
various species of Pinus as stated above.
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Characteristic Features It is dark brown or sometimes black viscous liquid, but its very thin
layer on a clean glass plate is almost transparent. It possesses a very strong to moderate specific
naphthalene-like odour and has a bitter and pungent taste. It is practically insoluble in water, partially
soluble in ethanol, whereas completely soluble in ether, chloroform, volatile oils and fixed oils. It
has been observed that when tar is stored for a longer duration, it separates into a layer which is
granular in nature by virtue of the fact that minute and critical crystallization of resin acids and
catechol take place. Tar is found to be acidic in reaction.

Chemical Constituents Tar contains a good number of chemical constituents in various proportions
depending upon the particular species of Pinus and its geographic location, such as: hydrocarbons,
resin acid, resinous matter, and includes phenols, phenolic ethers, cresols, catechol, methyl cresols,
guaiacol, benzene, toluene, xylene and styrene.

Chemical Tests
1. Shake lg of drug in 20 ml of water and filter:

(a) To a portion of the filtrate dip a blue-litmus paper which turns red showing acidic reaction.
(b) To another portion of the filtrate add 2-3 drops ferric chloride solutions (0.1%) a red
colouration is obtained.

Uses
1. It serves as an expectorant when used in the form of a syrup.
2. Pine tar is frequently employed as antipruritic and antibacterial.
3. It is used largely in ointments externally for the treatment of chronic skin diseases and
eczema.

Note This ‘Pine Tar’ distinctly differs from the ‘Coal Tar’ in the following aspects, namely:

(a) Coal tar is obtained by the destructive distillation of bituminous coal at a temperature less than
1000°C.

(b) Coal tar mostly contains, benzone, naphthalene, phenols and pyridine.

(c) Itis alkaline to litmus paper.

(d) It has more disinfectant and irritating properties to pine tar.

(e) It becomes more viscous on exposure to air.

9. Kava
Synonyms Kava-Kava; Ava-ava; Kawa.

Biological Source It is the dried rhizome and roots of Piper methysticum Forst. belonging to the
natural order Piperaceae.

Chemical Constituents Besides, an appreciable quantity of starch present in it, the drug also
comprises of about 5 to 10% of a resin from which six different and closely related styrylpyrones
have been duly isolated and characterized, namely: Yangonin, Desmethoxy yangonin, Kawain,
Dihydrokawain, Methysticin and Dihydromethysticin.
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Kawain Yangonin Methysticin

mp 105-106°C 155-157°C 132-134°C

uv, .. In methanol In ethanol 360 nm In ethanol 226, 267, 306n
210, 245, 282 nm (log € 4.33) (log € 4.40,4.14, 3.93)
(log € 4.38,4.44,2.81) Ethanol (hot), acetone, Ethanol (hot), acetone,

Soluble  Acetone, ether, Ethyl acetate, glacial Ethanol, ether, acetone

in methanol acetic acid.

Uses

1. The drug (kava pyrones) acts as potent centrally acting skeletal muscle relaxants.

2. It also possesses antipyretic and local anaesthetic properties.

3. Its underground parts have been used extensively by the natives (Oceania Islands) in the
preparation of an intoxication drink prepared from the roots of this plant.

m Oleoresins

Oleoresins are homogenous mixtures of resins and volatile oils. These are, in fact, the vegetative
secretions obtained as natural products and composed of resin(s) dissolved in essential oils.

Nevertheless, based on the presence of the relative quantum of volatile oil in the naturally
occurring mixture, the oleoresins may be either liquid, or semisolid, or solid. In normal practice,
there exists a small amount of “natural” exudate from oleoresin containing trees attributed to insect
damage, traces of broken twigs, and other similar injuries, but the commercial supplies are invariably
accomplished by deliberate methodical and artificial incisions made on the bark and even into the
wood.

A few important oleoresins shall be discussed in the Sections that follow, namely: Capsaicin,
Capaiba, Male Fern, Ginger, Turpentine.

1. Capsaicin
Synonyms Axsain; Mioton; Zostrix.

Biological Sources It is the pungent principle present in fruit of various species of Capsicum,
namely: Capsicum annuum L. (Family: Solanaceae)-Paprika, Chili, Sweet Peppers; Capsicum
frutescens Linn., [Synonyms  C. minimum Roxb.]-Bridchilli.

Preparation Capsaicin, the oleoresin from capsicum is prepared by extracting the crushed fruit
with either hot acetone or hot ethanol by the method of percolation. The solvent i.e., hot ethanol or
acetone is evaporated on an electric-water bath in a fume-cupboard. The resulting residue is once
again subjected to successive extraction with cold acetone or ethanol until the residue is free from
the pungent odour. The solvent is removed and the capsaicin collected is not less than 8%.
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Characteristic Features It has a monoclinic and rectangular plates, or scales from petroleum
ether. Its mp is 65°C, bp,, ;; 210-220°C (air-bath temperature), uv,,,, 227, 281 nm (€ 7000, 2500). It
has a burning taste, one part in 100,000 can be detected easily by tasting. It is practically insoluble in
cold water. It is freely soluble ethanol, ether, benzene, chloroform and slightly soluble in CS,.

Chemical Constituents The capsicum contains 8-12% of an oleoresin capsaicin and a red colouring
principle known as capsanthin as given below:

0]
HO H CH,
Capsaicin

HOQ,

; S%(TH
H,C CH, CH, CH, H,C~ H33
NN N\ g\ g\ \O
CH, CH,

HO CH,
Capsanthin

However, the pungency of capsaicin is not affected by dilute alkali, but is destroyed almost
completely by subjecting it to oxidation with either KMnO, or K,Cr,0,.

Uses
1. Itis used as a tool in neurobiological research.
2. Pretreatment with capsaicin induces long-lasting desensitization of airway mucosa to various
mechanical and chemical irritants.

2. Copaiba
Synonyms Balsam copaiba; Balsam capivi; Jesuit’s Balgar.

Biological Source Copaiba is the oleoresin obtained from the South American species of Copaifera
(Copaiba) belonging to family: Leguminosae.

Preparation The oleoresin is collected by incisions made on the trunk of various species of
Copaifera Linn., (a method similar to colophony described under Section 5.2.7).

Characteristic Features It is a transparent, viscid to pale-yellow to brownish-yellow liquid. It
has a peculiar odour and bears a nauseating, bitter and acrid taste. Its acid number in 28-95 and d
0.930-0.995. It is practically insoluble in water, but soluble in benzene, chloroform, ether, oils, CS,,
absolute ethanol, petroleum ether and partly soluble in 95% ethanol. It is incompatible with mineral
acids, magnesia and water. Capaiba is found to contain a volatile oil, resin acids (e.g., capaivic
acid and illurinic acid), besides a small quantity of a bilter principle and a fluorescent substance.
The major constituents of the volatile oil are cryophyllene, isocaryophyllene and that of the resin
acid is B-metacapaivic acid as given below:
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H,C / H,C \
CH, CH,
Caryophyllene Isocaryophyllene

Uses
1. Itisused in varnishes.
2. Itis also employed for removing old oil varnish from oil paintings.
3. Itis used in the manufacture of photographic paper.

3. Male Fern
Synonyms Aspidium; Filix mas (B.P.); Male shield-fern; Male fern rhizome.

Biological Source Male fern comprises of thizomes and stipes of Dryopteris filix-mas (L.) Schott.;
D. marginata (Wall.) Christ; D. odontolma (Hochst.)C. Chr., and other species of Dryopteris belonging
to family: Polypodiaceae.

Preparation The male ferns are prepared by first collecting the rhizomes in the autumn, washed,
roots and the stipes except their bases are removed. Finally, the trimmed rhizomes are dried by applying
amoderate heat very carefully.

Characteristic Features The rhizomes are dark brown or reddish brown externally and surrounded
by stipes bases. The stipes bases are covered with membranous scales (ramenta). It has a slight and
characteristic odour. It gives initially a sweetish taste, followed by bitter, astringent and nauseous
taste. The rhizomes are cylindrical to conical in shape.

Chemical Constituents The main active constituents of male fern are derivatives of phloroglucinol
and butyric acid.

It has been observed that two or more molecules of simple monocyclic derivatives, such as:
aspidinol, filicinic acid and acylfilicinic acid may get condensed to give rise to bicyclic derivatives,
for instance; albaspidin, flavaspidic acid and filicic acid as given here under:

CH
’ H,C_ CH, H,C CH,
H,CO OH HO OH HO OH
ﬁ—CHZCHZCH3 H,CO
OH
S 0 0

Aspidinol Filicinic Acid Acylfilicinic Acid



Dr.Murtadha Al-Shareifi e-Library

326 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY |

HC CH, HC CH,

HO OH OH

(6] (0] (6]
Albaspidin

Filicic Acid

BBB: R, =R, =C; Hy; mp 172-174°C; Crystals from
PBB: R, =C, H; R, = C; H;; mp 184-186°C; ethylacetate
PBP : R, =R, = C, Hg; mp 192-194°C;

Note: Filicic acid is a mixture of six homologues, the three main components (i.e., BBB, PBB,
PBP) which are obtaine by recrystallization from ethyl acetate.

Filicin is the lactone of filicic acid, which occurs as granular sediment in all male fern extracts
and may be obtained by collecting it and subsequently washing with ether-ethanol mixture (1 : 1).
The insoluble portion is dissolved in ethyl acetate or methanol and allowed to crystallize slowly
when it yields yellow flakes.

Uses
1. Male fern oleoresin is an anthelmintic, specifically a taeniafuge.
2. It is also used as its extract for the expulsion of tapeworms.

4. Ginger

Synonyms Gingerin.

Biological Source It is the oleoresin obtained by the method of percolation of the powdered
rhizomes of Zingiber officinale Roscoe, belonging to the Family: Zingiberaceae.

Preparation The rhizomes are sliced, dried and powdered. The powdered ginger is extracted
either with acetone or ether or ethylene dichloride by the method of cold percolation repeatedly till
the gingerin is no longer present in the marc. The solvent is removed by distillation under reduced
pressure. Ethanol gives the max yield of the oleoresin. The average yield of the oleoresin is 6.5%
but it may range between 3.5 to 9.0% based solely upon the source of the plant product and to a great
extent on the technique adopted in the course of preparation.

Characteristic Features It is a dark brown, aromatic and pungent viscous liquid.
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Zingiberene (-)-Zingiberene

(@ (b)

Chemical Constituents Ginger contains volatile oil (1-3%), which comprises of zingiberene,
o-curcumene, B-sesquiphellandrene and B-bisabolene. Zingiberene (a) has two chiral centres.
The acyclc chiral centre has been stereochemically related to that in (+)-citronellal, and the cyclic
chiral centre to that in (—)-phellandrene. Hence, (-)-zingiberene has the absolute configuration
(). The oleooresin contains the pungent gingerols and shogaols.

0] OH
CH,
HO
OCH, Gingerol
QCH,
HO CH,CH,—C—CH=CH—(CH,),—CH,
Shogaol
Uses
1. It is used as a flavouring agent, carminative, aromatic and stimulant to gastrointestinal tract
(GIT).

2. Ginger finds its wide applications in soft drinks, beverages, ginger beer and wine.
3. Itis extensively used for culinary purposes in ginger-bread, biscuits, puddings, cakes, soups and
pickles.

5. Turpentine
Synonyms Gum turpentine; Gum thus.

Biological Source Turpentine is the oleoresin obtained from pinus palustris Miller and from
other species of Pinus, belonging to the natural order Pinaceae.

Preparation Turpentine is usually collected from the slash pine i.e., Pinus elliottii Engelmann
var. eliotti, and Pinus palustris Miller, which grow in abundance in the Northern Florida, Georgia,
and North and South Carolina. However, the yield of turpentine exclusively depends on the treatment
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and the size of the tree. If proper skill and expertise are practiced the pine trees may yield turpentine
for 15 to 20 years at a stretch.

The oleoresin is normally secreted in the ducts that are situated almost beneath the cambium in
the sapwood. In spring the bark is neatly cut from the tree with the help of a long-handled cutting
knife known as the “bark-hack”. After the removal of the chipped bark, the freshly exposed surface
is quickly sprayed with a solution of 50% (w/w) sulphuric acid.* The flowing oleoresin is guided by
galvanized metal gutters right into the various containers tied close to the tree-trunk. The thick-
liquid thus collected is removed as turpentine by pot-still distillation periodically.

Characteristic Features The gum turpentine is an yellowish, opaque, sticky mass having a
characteristic odour and taste. It is almost insoluble in water, but soluble in ether, ethanol, chloroform
and glacial acetic acid.

Chemical Constituents The gum-turpentine when subjected to steam-distillation yields 15 to
30% of a volatile oil known in the trade as “turpentine 0il”. It contains mainly the terpenes, such as:
dextro- and laevo-o.-pinene, B-pinene and camphene.

HC  CH, H,C  CH,

CH,
CH,

CH, CH, CH,

o<-Pinene [-Pinene Camphene

Uses

It is employed externally as a counterirritant.

It is also used as a rubefacient.

It is used as a constituent of stimulating ointments.

It is employed industrially as an insecticide.

It is used as a solvent for waxes.

It is utilized extensively in the production of synthetic comphor.

It is used in making various types of polishes, such as: shoe polish, furniture polish and stove
polish.

m Oleo-Gum-Resins

The oleo-gum-resins are the naturally occurring mixture of resin, gum, volatile oil, and mostly
small quantities of other substances.

NSk W =

* Acid treatment collapses the thin-walled parenchymal cells which line the resin ducts. Thus, the duct channels get
enlarged thereby allowing a faster uninterrupted flow of oleoresin and minimising the chances of hardened secretions
blocking the outlets.
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There are some potent oleo-gum-resins which exhibit remarkable medicinal values. A few such
drugs shall be discussed briefly here under: Asafoetida; Ammoniacum; Turmeric; Myrrh; Indian
Bdellium etc.

1. Asafoetida
Synonyms Asafetida; Asant; Devil's dung; Food of the Gods; Gum Asafoetida.

Biological Sources Asafoetida the oleo-gum-resin is obtained as an exudation of the decapitated
rhizome on roots of Ferula assafoetida L.; Ferula foetida Regel, and some other species of Ferula,
belonging to the nature order Umbelliferae.

Preparation Asafoetida is generally present as a milky liquid in the large schizogenous ducts and
lysigenous cavities. However, these ducts and cavities are located more intensively in the cortex
region of the stem and root. The drug is obtaining chiefly from the stem.

The fully grown plants are usually cut down to the crown region during the spring. The exposed
surface is protected by a dome-like covering made up of twigs and leaves. After about a month, the
hardened resinous substance is collected by scrapping. Likewise, the stems are also cut off and
thereby additional collections of asafoetida are made frequently at an interval of 10 days unless and
until the exudation ceases to ooze. Furthermore, it is also collected from the root by exposing its
crown and excising the stem. The oleo-gum-resin exudes from the cut surface of the root and the
former is collected soonafter it gets dried. Thus, the entire collection of asafoetida from the various
portions of the plant are mixed together and dried in the sun.

Characteristic Features The drug occurs normally as soft mass or irregular lumps or ‘tears’ or
agglomeration of tears. The tears are brittle and tough. Asafoetida has a strong, alliaceous, persistent
garlic-like odour and having a bitter acrid taste. This oleo-gum-resin when triturated with water it
gives a milky emulsion.

Chemical Constituents Asafoetida contains volatile oil (8-16°C) gum (25%) and resin (40-60%).
The volatile oil essentially consists of some organic sulphides solely responsible for attributing the
characteristic garlic-like odour. The resin cousists of notannol, asaresinotannol i.e., the resin
alcohols, which are present partially in the free state and partially in the combined form with ferulic
acid. It also contains umbellic acid and umbelliferone; the latter is found combined with ferulic
acid, but it gets generated on being treated with dilute HCL

COOH
N HO OH Ho@()/\/(O
HO : :CH= CH.COOH &
OCH,
trans-Ferulic Acid Umbellic Acid Umbelliferone

There are three sulphur-compounds that have been isolated from the asafoctida resin, namely:
(a) 1-Methylpropyl-1-propenyl disulphide,

(b) 1-(Methylthio) propyl-1-propenyl disulphide, and

(c¢) 1-Methylpropyl-3-(methylthio)-2- propenyl disulphide.
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Interestingly, the latter two (i.e., ‘b’ and ‘¢’) have pesticidal properties.

Chemical Tests

1. It forms an instant milky-white emulsion when triturated with water owing to the presence of
gum.

2. The freshly fractured surface when treated with a drop of sulphuric acid (conc.), it gives rise to
a reddish-brown colour which on being washed with water changes to violet colouration.

3. Likewise, when the freshly fractured surface is treated with nitric acid (50%), it produces a
green colour readily.

4. Boil 1 g asafoetida powder with HCI (50%), filter and make the filtrate strongly alkaline with
NH,OH (conc.), it gives a blue fluorescence. It is also known as the Umbelliferone Test.

Uses
1. It is abundantly used in India and Iran as a common condiment and flavouring agent in food
products.
It is also an important ingredient in Worcestershire Sauce.
It is used as a repellant [2% (w/v) suspension] against dogs, cats, deer, rabbits etc.
It is used seldomly as an antispasmodic, carminative, expedorant and laxative.
It is still employed in veterinary externally to prevent bandage chewing by dogs.
Itis also used as a powerful nerving stimulant especially in nervous disorders related to hysteria.

AN

2. Ammoniacum
Synonym Gum ammoniac.

Biological Source It is a oleo-gum-resin exuded from the flowering and fruiting stem of Dorema
ammoniacum, D. Don. and probably other species belonging to family: Umbelliferae.

Preparation The exudation of the milky-secretions obtained in the form droplets is usually caused
by the beetles that puncture the fruiting stem of D. ammoniacum. While quite a few of these milky-
droplets get hardened on the stem itself, and the rest falls on the ground. The solidified oleo-gum-
resins are scrapped from the stem with a plant-knife and also collected from the droppings on the
ground.

Characteristic Features The drug has an irregular, rounded tears, that are yellowish or browish
outside and whitish from within; these are generally brittle when cold, but get softened on warming.
It is also found, in the form of mass i.e., agglomeration of small droplets. The mass is found to be
darker in colour and less homogeneous.

It has a peculiar odour, slightly sweetish, bitter and somewhat acrid taste. The physical
characteristics are: mp 45-55°C and d 1.207. Its acid number varies between 60-80, whereas the
saponification number ranges between 97-114. It is partly soluble in water, ethanol, ether, vineger,
or alkaline solution. It readily forms an emulsion with water.

Chemical Composition Ammoniacum-the oleo-gum-resin consists of volatile oil (0.1-1.0%),
resin (65-70%), gum (20%), moisture (2-12%), insoluble residue (3.5%) and ash (1%). Ammoresinol,
a phenolic substance is the main constituent of the resin, which is a colourless crystal, mp 110°C. It
also contains traces of salicylic acid.
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Chemical Tests
1. Ammoniacum when triturated with water, it forms a white emulsion.
2. A portion of the above emulsion when treated with a solution of chlorinated soda gives a deep
orange-red colouration.
A portion of the emulsion on being treated with a potash solution yields a yellow colour.
4. A portion of the emulsion when treated with a 0.1% (w/v) solution of FeCl,, it gives an instant
violet colouration due to the presence of traces of salicylic acid.

W

Uses
1. Itis an important ingredient of porcelain cements.
2. Itisastimulant, and secreted by the bronchial mucous surface, thereby disinfecting the secretions.
3. Itis used in plaster-of-paris (POP) plasters as a stimulant to the skin.
4. Tt is also used as a disinfectant expectorant in chronic bronchitis amalgamated with excessive
discharge.

3. Turmeric
Synonyms Curcuma; Indian Saffron; Tumeric.

Biological Source Turmeric is obtained from the rhizome of Curcuma longa Linn. (Curcuma
domestica Valeton) belonging to the natural order Zingiberaceae.

Preparation The plant is normally harvested after 9-10 months when the lower leaves start
becoming yellow. The rhizome is carefully dug out from the soil with a blunt knife without damaging
it. The fibrous roots are discarded. The raw green turmeric is cured and processed by boiling the
rhizomes with water for a duration ranging between 12-14 hours. Subsequently, the cooked rhizomes
are dried in the sun for 5-7 days. Cooking process helps in achieving two objects, namely:

(a) Gelatinization of starch, and
(b) Yellow colouration, due to curcumin, spreads over the entire rhizome.

Characteristic Features Turmeric has an aromatic pepper-like but somewhat bitter taste. It gives
curry dishes their characteristic yellowish colouration.

Chemical Constituents It contains volatile oil (5-6%), resin and substantial quantity of
zingiberaceous starch grains. The marked and pronounced yellow colour in turmeric is due to the
presence of curcuminoids which essentially contains curcumin as given below:

Curcumin

(Orange-yellow crystalline powder, mp 183°C)

The curcuma oil* obtained from turmeric contains (+)-ar-turmerone as given below:

* H. Rupe et. al. Helv. Chim. Acta, 17,372 (1934).



Dr.Murtadha Al-Shareifi e-Library

332 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY
CH, O CH,
= H,
H,C (+)—ar-Turmerone

The volatile oil contains a host of chemical substances, such as: d-o-phellandene, d-sabinene,
cineol, borneol, zingiberene, and sesquiterpenes.

Turmeric also contains some other chemical constituents, namely: p,p-dihydroxy
dicinnamoylmethane; p-o.-dimethy benzyl alcohol; p-hydroxy-cinnamoylferuloylmethane; 1-
methyl-4-acetyl-1-cyclohexene; and caprylic acid.

Chemical Tests

1. Turmeric powder when triturated with alcohol it imparts a deep yellow colour to the resulting
solution.

2. The powdered drug when treated with sulphuric acid it imparts a crimson colour.

3. The aqueous solution of turmeric with boric acid gives rise to a reddish-brown colouration
which on subsequent addition of dilute alkali changes instantly to greenish-blue.

4. Turmeric powder when reacted with acetic anhydride and a few drops of concentrated sulphuric
acid (36 N), it readily gives a violet colouration. Interestingly, the resulting solution when observed
under the ultraviolet light (preferably in a uv-chamber), it exhibits an intense red fluorescence,
which is due to the presence of Curcumin.

Uses
1. Itis extensively used across the globe as a condiment as curry powder.
2. Itis employed as a colouring agent for ointments.
3. It is used medicinally as a tonic, as a blood purifier, as an anthelmintic and finally as an aid to
digestion.
4. Itisused extennally in the form of a facial cream to improve complexion and get rid of pimples.
5. A small quantity of turmeric when boiled with milk and sugar; it helps to cure common cold and
cough symptoms.

4. Myrrh
Synonyms Gum Myrrh, Myrrha.

Biological Source Myrrh is an oleo-gum-oresin obtained from the stem and branches of
Commiphora obyssinica (Berg) Engler or from other species of Commiphora belonging to family
Burseraceae.

Preparation The plants usually exude yellow coloured resin after proper incisions are made in the
bark of a tree. It gradually hardens and becomes dark or reddish-brown in appearance. The mass is
collected by the native tribals of Somalia for trading.

Characteristic Features Myrrh normally occurs either in the form of isolated irregular, rounded
tears of 2.5 cm in diameter or as masses duly formed by the agglomeration of these tears. The tears
are dull, rough and reddish-brown in appearance. It has a strong aromatic odour and possesses an
acrid, bitter taste.
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Chemical Constituents Myrrh contains volatile oil (7-17%), resin (20-25%), gum (57-61%),
and bitter principle (3 to 4%). The volatile oil consists of eugenol, m-cresol and cuminaldehyde.
The resin is found to consist of a mixture of -, -, and y-commiphoric acids (resin acids). Besides,
it also contains two phenolic resins o- and B-heerabomyrrholic acids which are ether insoluble.
The oleo-gum-resin yields alcohol-soluble extract not less than 30%. It also contains phenolic
compound such as: pyrocatechin and protocatechuic acid. The crude alcohol-insoluble fraction
i.e., ‘gum, comprises of protein (18%) and carbohydrate (64%) made up of arabinose, galactose
and glucuronic acid. However, the gum is found to be associated with an oxidase enzyme.

OH
HOOC OH

Protocatechuic Acid

Chemical Tests
1. Myrrh when triturated with water produces an yellow-emulsion.
2. When myrrh (0.1 g) is triturated with 0.5 g of pure washed sand (Si0O,) in the presence of ether,
filtered and evaporated on an electric water-bath, it forms a thin film of violet colour on being
exposed to bromine vapours in a closed dessicator.

Uses
1. Itisused chiefly in perfumes and incense.
2. Itis frequently employed as an antiseptic and stimulant.
3. Myrrh acts as an astringent to the mucous membrane and hence it find its application in oral
hygiene formulations, such as: gargles, mouth-washes.
4. Ttis also used as a carminative.

5. Indian Bdellium
Synonym Scented bdellium.

Biological Sources Indian bdellium is the oleo-gum-resin obtained from the bark of the naturally
occurring plant Commiphora mukul Engler., Balsamodendron mukul Hook. ex. Stocks., and
Commiphora weightii (Arn) Bhand, belonging to family: Burseraceae.

Preparation The oleo-gum-resin Indian bdellium is obtained by the incision made on the bark
and the exudates are collected. Each fully grown plant produces about 0.5 to 1 kg of the product
which is normally collected from January through March every year.

Characteristic Features The oleo-gum-resin from Indian bdellium has a brown to pale yellow
or sometimes dull green colour. It has an agreeable balsamic and aromatic odour with a typical bitter
taste. The drug is usually obtained as irregular mass, rounded or agglomerated cluster of tears. The
tears are found to be transparent, having a waxy surface and quite brittle in nature. It is sticky in
touch and has a fractured surface. It is partially alcohol soluble; but when triturated with water it
usually gives rise to a white emulsion.

Chemical Constituents This oleo-gum-resin mostly comprises of resin (60%), gum (30%), volatile
o0il (1-1.5%) moisture (5%) and foreign organic substances (3-4%). The volatile oil fraction contains
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various terpenes, such as: B-murcene, dimyrcene, polymyrcene, caryophyllene and
isocaryophyllene (Section 5.2.9.2).

CH,

CH,

H,C CH,
B-Myrcene

5.2.10 Balsams

Balsams are the resinous mixtures that essentially contain large quantum of benoic acid, cinnamic
acid or both, or esters of these organic aromatic acids.

A galaxy of typical examples of naturally occurring balsams will be discussed in the sections
that follow, namely: Storax; Peruvain Balsam; Tolu Balsam; and Benzoin.

1. Storax

Synonyms Styrax; Sweet oriental gum; Levant Storax; Purified or prepared Storax; American
Storax; Liquid Storax;

Biological Source Storax is the halsam obtained from the trunk of Liquidamber orientalis Mill.,
termed as Levant Storax, or of L. styraciflua L.,known as American Storax belonging to the
natural order Hamamelidaceae.

Preparation The natural balsam sforax is a pathological product formed as a result of injury
caused to the plant. It generally, exudes into the natural pockets between the bark and the wood and
may be located by exerscences on the outerside of the bark. These pockets, that may contain upto 4
kg of the balsam, are conveniently tapped with the help of strategically positioned gutters, and the
product is ultimately allowed to fill into containers. The crude storax, thus collected, is further
purified by dissolving in ethanol, filtration and subsequent evaporation of the solvent to obtain the
pure storax.

Characteristic Features The balsam storax is a semiliquid grayish, sticky, opaque mass (Levant
Storax), or a semisolid sometimes solid mass softened by gentle warming (4dmerican Storax). In
general, storax is transparent in thin layers, possesses a characteristic agreeable balsamic taste and
odour. It is, however, denser than water. It is almost insoluble in water, but completely soluble in 1
part of warm ethanol, ether, acetone and CS,.

Chemical Constituents Storax contains the following chemical compounds, namely: a-and B-
storesin and its cinnamic ester (30-50%), styracin (5-10%); phenylpropyl cinnamate (10%);
free-cinnamic acid (5-15%); levorotatory oil (0.4%); small amounts of ethyl cinnamate, benzyl
cinnamate, traces of vanillin and styrene (C;H;CH=CH,).
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Besides, Levant storax contains free storesinol, isocinnamic acid, ethylvanillin, styrogenin,
and styrocamphene.

In addition to these, American Storax contains styaresin (i.e., -cinnamic acid ester of the
alcohol styresinol, an isomer of storesinol) and styresinolic acid. It also yields upto 7% of a
dextrorotatony volatile oil, styrol and traces of vanillin.

Chemical Tests
1. Benzaldehyde Test—Treat 1 g of storax with 5 ml of K,Cr,0; solution (10% w/v) followed by
a few drops of concentrated sulphuric acid (36 N) it produces benzaldehyde, which may be
detected easily as the odour of bitter almonds.
2. Mix lg of storax with 3 g of pure sand (SiO,) and 5 ml of KMnO, solution (5% w/v) and heat
it gently. It gives a distinct odour of benzaldehyde.

Uses

It is used in fumigating pastilles and powders.

It finds its application in perfumery.

It is employed as an imbedding material in microscopy.

It is used as an expectorant, antiseptic and stimulant.

It is employed as a preservative for fatty substances e.g., lard and tallow.
It is also used as a flavouring agent for tobacco.

It is a vital ingredient of “Compound Benzoin Tincture”.

Nk v =

2. Peruvian Balsam

Synonyms Balsam Peru; Indian balsam; Black balsam; China oil; Honduras balsam; Surinam
balsam.

Biological Source Balsam Peru is obtained from Toluifer pereiare (Klotzsch) Baill. (Myroxylon
pereiare Klotzsch) belonging to family: Leguminosae.

Preparation Peruvian Balsam is a pathological product and is obtained usually by inflicting
injury to the trees. Most of the world's commercial supply comes from El Salvador, although some
is also produced in Honduras.

It is prepared by beating the stems of the trees with mallet. After a week the injured areas of the
stem are scorched so as to separate the bark from the stem and after a similar duration the bark is
peeled off completely. The desired balsam starts exuding freely from all the exposed surfaces, which
are then covered carefully with cloth or rags to absorb the exuding balsam. The cloth or rags that are
completely soaked with the balsam is then removed and boiled with water in a large vessel slowly.
Thus, the balsam gets separated and settles at the bottom of the vessel. The supernatant layer of
water is removed by decantation and the residual balsam is dried and packed in the containers.

Characteristic Features It is a dark brown, viscid liquid having a pleasant aromatic odour. It has
a peculiar warm bitter taste and persistent aftertaste which resembles like vanilla. The Balsam Peru
is transparent in thin films. It does not harden on being exposed to atmosphere. It is brittle when
cold. It is almost insoluble in water and petroleum ether but soluble in ethanol, chloroform and
glacial acetic acid.
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Chemical Constituents Peruvian balsam contains free benzoic and cinnamic acids (12-15%);
benzyl (40%); esters of these acids (5.2-13.4% cinnamein); and volatile oil (1.5-3%).

The fragrant volatile oil contains toluene, styrol, benzoic and cinnamic acids.

It also contains total balsamic acids, which is calculated on the basis of dry alcohol-soluble
matter ranging between (35-50%).

1
@CH= CH—C—O0 —CH2©

Cinnamein
(Benzyl Cinnamate)

The resins esters (30-38%) are chiefly composed of peruresinotannol cinnamate and benzoate,
vanillin, free cinnamic acid and peruviol (or nerolidol).

e = = X
CH,
HO CH;
CH, CH,
Peruviol (Nerolidol)

Uses
1. Peru balsam is a local protectant and rubefacient.
2. Italso serves as a parasiticide in certain skin disorder.
3. Itisused as an antiseptic and vulnerary* and is applied externally either as ointment or alone or
in alcoholic solution.
4. It acts as an astringent to treat hemorrhoids.

3. Tolu Balsam
Synonyms Thomas balsam; Opobalsam; Resin Tolu; Balsam of Tolu.

Biological Source Tolu Balsam is a balsam obtained from 7oluifera balsamum L., (Myroxylon
toluiferum H.B.K.), belonging to family: Leguminosae. It is also obtained from Myroxylon balsamum
(Linne') Harms. Family: Fabaceae.

Preparation Tolu Balsam is considered to be a pathological product produced in the new wood
formed as a result of inflicted injury. For its preparation, it is an usual practice to make ‘V’ shaped
incisions deep into the body of the main trunk. The exudate thus produced is collected either in cups
or gourds held strategically just at the base of each incisions. Balsam of Tolu is collected from these
cups, mixed and packed in air-tight sealed tins.

Characteristic Features Itis a yellowish-brown or brown semifluid or nearly solid resinous mass.
It has a characteristic aromatic vanilla-like odour and slightly pungent taste. It is usually brittle
when cold. It is found to be transparent in thin layers, and shows numerous crystals of cinnamic

* Vulnerary: A folk remedy or herb to promote wound healing.
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acid. It is almost insoluble in water and petroleum ether, but freely soluble in ethanol, benzene
chloroform, ether, glacial acetic acid and partially in CS, or NaOH solution.

Chemical Constituents The drug contains resin esters (75-80%) viz., toluresinotannol cinnamate
along with a small proportion of the benzoate; volatile oil (7-8%)-containing chiefly benzyl benzoate;
free cinnamic acid (12-15%); free benzoic acid (2-8%); vanillin and other constituents in small
quantities. It also contains cinnamein (5-13%).

Chemical Tests
1. An alcoholic solution of Tolu Balsam (0.2% w/v) where treated with a FeCl; solution (0.5%
w/v), the appearances of a green colour takes place.
2. Treatment of 1 g of the drug with 5 ml of 10% w/v KMnO, solution when subjected to gentle
heating yields benzaldehyde.

Uses
1. Itisused extensively in perfumery, confectionery and chewing gums.
2. Itis used widely as an expectorant in cough mixture.
3. It also finds its application as an antiseptic in the form of its tincture.

4. Benzoin
Synonyms Bitter-almond-oil camphor.

Biological Source Benzoin in the balsamic resin obtained from Styrax benzoin Dryander and
Styrax paralleloneurus Perkins, generally known in trade as Sumatra Benzoin; whereas, Styrax
tonkinensis (Pierre) Craib ex Hartwich, or other species of the section Anthostyrax of the genus
Styrax, known commonly in the trade as Siam Benzoin both belong to the family: Styraceae.

Preparation Benzoin is also a pathological product that is obtained by incising a deep-cut in the
bark. It has been observed that after a span of about eight weeks, the exudating balsamic resin tends
to become less sticky in nature and firm enough to collect. The entire exudate is usually collected in
two stages, namely:

Stage 1: First tapping-yields almond tears, and
Stage 2: Second tapping-yields a more fluid material.

Characteristic Features

Sumatra Benzoin: It is pertinent to mention here that in pharmacy, only the Sumatra Benzoin is
used. It occurs as blocks or irregular masses of tears having variable sizes usually imbedded either in
an opaque or translucent matrix. It is rather brittle, and from within the tears are milky white in
appearance. It generally becomes soft when warmed and gritty when chewed. The matrix is grayish
brown to reddish in colour. Its taste is quite agreeable, balsamic and resembles to that of storax. It has
aresinous and aromatic taste.

Siam Benzoin: The smaller tears of Siam Benzoin are darker in colour. It occurs largely in separate
concavo-convex tears which are yellowish brown to rusty brown externally, whereas milky white
internally. The tears are fairly brittle but normally become soft and plastic like on being chewed. It
has a vanilla-like fragrance.
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Chemical Constituents The chemical constituents of the two types of Benzoin are given below:

(a) Sumatra Benzoin: It contains free balsamic acids, largely cinnamic acid (10%), benzoic
acid (6%)-along with their corresponding ester derivatives. Besides, it also contains
teriterpene acids, namely: 19-hydroxyloleanolic and 6-hydroxyoleanolic acids, cinnamyl
cinnamate, phenyl propyl cinnamate, phenylethylene and lastly the traces of vanillin. It
yields not less than 75% of alccohol-soluble extractives.

(b) Siam Benzoin: It chiefly comprises of coniferyl benzoate (60-70%), benzoic acid (10%),
triterpene siaresinol (6%) and traces of vanillin. It yields not less than 90% of alcohol-

soluble extractives.
?@

CH=—CH—CH;—C=0

OCH,

Coniferyl Benzoate

Chemical Tests

1. When 0.5 g of Sumatra Benzoin powder is warmed with 10 ml of KMnO, solution (5% w/v) in
a test tube, a faint and distinct odour of benzaldehyde is developed. Siam Benzoin gives a
negative test.

2. When 0.2 g of Siam Benzoin powder is digested with 5 ml of ether for 5 minutes and filtered; 1
ml of the filtrate is poured into a clean china-dish containing 2-3 drops of concentrated H,SO,
and mixed carefully, a deep purplish red colouration is developed instantly. Sumatra Benzoin
gives a negative test.

Uses
1. Compound benzoin tincture is frequently employed as a topical protectant.
2. Itis valuable as an expectorant when vapourized.
3. It finds its usage as a cosmetic lotion usually prepared from a simple tincture.
4. Siam Benzoin has been proved to be a better preservative for lard than the Sumatra Benzoin.
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6.1 INTRODUCTION

Phenylpropanoids represent a large conglomerate of naturally occurring phenolic compounds
essentially derived from the aromatic amino acids phenylalanine and tyrosine or in certain specific
instances the intermediates obtained from Shikimic Acid Biosynthetic Pathway. In other words,
these compounds comprise of a phenylring to which is attached a 3C-side chain; and may also
contain one or more C,—C; residues.

Interestingly, the unique combination of the phenyl-propane side chain (i.e., 3C-atom) evidently
present in ‘phenylpropanoids’ are absolutely devoid of nitrogen atom, which is observed to be in
contradiction to such other vital class of natural products, namely: alkaloids, cyanogenic glycosides,
and glucosinolates. Obviously, the phenylpropanoids are distinctly phenolic in character by virtue
of the presence of one or several hydroxyl groups attached to the aromatic ring (C4 Hy), they are more
often known among the phytochemists as ‘plant phenolics’.

6.2 CLASSIFICATION

The phenylpropanoids may be classified on the basis of their basic chemical moieties as enumerated
below:

(/) Hydroxycinnamic Acids
(ii) Phenylpropenes
(iif) Coumarins
(iv) Abridged phenylpropanoids
(v) Biphenylpropenoid derivatives
(vi) High molecular weight phenylpropanoids
The above different categories of compounds belonging to the phenyl propanoids shall be

discussed separately with the help of certain important examples of natural products in a systematic
manner in the sections that follow:
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m Hydroxycinnamic Acids

The typical examples of hydroxycinnamic acids are, namely: p-coumaric acid, caffeic acid, ferulic
acid, and sinapic acid, which shall be enumerated in the sections that follow:

6.2.1.1 Para-Coumaric Acid

Synonym p-Hydroxycinnamic acid.

/©/VCOOH
HO

para-Coumaric Acid

Chemical Structure

Biological Sources It is present in a variety of medicinal plant, namely: Aloe barbadensis Mill.
(Liliaceae)-Barbados Aloe, Mediterranean Aloe, Curacao Aloe; Euphorbia lathyris L.
(Euphorbiaceae)-Mole plant, Petroleum plant Caper spurge; Hedra helix L. (Araliaceae)-1vy;
Hura crepitans L. (Euphorbiaceae)-Sandhox Tree; Malus sylvestris Mill. (Rosaceae)-Apple;
Melilotus officinalis Lam. (Fabaceae)-Yellow Sweetelover; Trifolium pratense L. (Fabaceae)-Red
Clover, Pavine Clover, Cowgrass.

Characteristic Features It occurs as needles having mp 210-213°C. It may be crystallized in its
anhydrous form from concentrated hot aqueous solution, but as the monohydrate from dilute aqueous
solution on gradual chilling. Its uv,,, (in 95% ethanol) are 223 and 286 nm (e 14,450, 19,000). It is
practically insoluble in ligroin and benzene, slightly soluble in cold water, and freely soluble in
ethanol, ether and hot water.

6.2.1.2 Caffeic Acid

Synonym 3, 4-Dihydroxycinnamic acid.

HO—/<: :>—_
~ CooH
0

H

Chemical Structure

Caffeic Acid

Biological Source It occurs widely in more than twenty different species of plants as detailed below:
Aconitum napellus L. (Ranunculacea)-Aconite, Monkshood, Blue Rocket; Arctium lappa L.
(Asteraceae)-Edible Burdock, Great Burdock, Lappa; Arnica montana L. (Asteraceae)-Mountain
Tobacco, Leopard’s-bane; Cinnamonum camphora (L.) 1.S. Presl. (Lauraceae)-Camphor, Hon-
Sho; Citrullus coloeynthis (L.) Sehrad. (Cucurbitaceae)-Colocynth, Bitter Apple, Wild Gourd
Clematis vitalba L. (Ranunculaceae)-Traveler's Joy; Coniun maculatum L. (Apiaceae)-Hemlock;
Convalaria majalis L. (Liliaceae)-Lily of the Valley; Crataegus oxycantha L. (Rosaceae)-Howthorn;
Digitalis purpurea L. (Serophulariaceae)-Common Foxglove, Digitalis; Equisetum hyemale L.
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(Equisetaceae)-Shavegrass, Great Scouring Rush; Fuphorbia pulcherrima Wild ex Klotsch
(Euphorbiaceae)-Poinsettia; Euphrasia officinalis L. (Scrophulariaceae)-Eyebright; Gaultheria
procumbens L. (Ericaceae)-Wintergreen, Teaberry, Boxberry; Leonurus cardiaca L. (Lamiaceae)-
Motherwort, Santolina charnaecyparissus L. (Asteraceae)-Lavender-Cotton, Seopolia carniolica
Jacq. (Solanaceae)-Seopolia; Solanum tuberosum L. (Solanaceae)-Potato; Solidago virgaurea L.
(Asteraceae)-European Goldenrod, Woundwort; Stachys officinalis (L.) Trevisan (Lamiaceae)-
Betony; Trifolium pratense L. (Fabaceae)-Red Clover, Pavine Clover, Cowgrass; Valeriana
officinalis L. (Valerianaceae)-Valerian; and Viscum album L. (Loranthaceae)-European Mistletoe.

Preparation It occurs in plants only in conjugated forms e.g., chlorogenic acid. It has also been
isolated from green coffee,* and from roasted coffee.**

It can also be prepared by the hydrolysis of chloregenic acid in an acidic medium as shown
below:***

(ﬁ OH Hydrolysis HO —
H' ; : : COOH
/\: OH
HO
Chlorogenic Acid Cafteic Acid

Characteristic Features Caffeic acid has yellow crystals obtained from concentrated aqueous
solutions and the corresponding monohydrate from dilute solutions. It gets softened at 194°C and
decomposes at 223-225°C. It is sparingly soluble in cold water, but freely soluble in cold ethanol
and hot water.

Chemical Tests
1. It changes colour from yellow to orange in an alkaline medium.
2. It readily forms the methyl ester (C,,H,,0,) which are obtained as colourless crystals from
water (mp 152-153°C).

6.2.1.3 Ferulic Acid
Synonyms Caffeic acid 3-methyl ether; 4-Hydroxy-3-methoxycinnamic acid.

Biological Sources Ferulic acid is widely distributed in small amounts in a variety of plants, namely:
seeds of Citrullus colocynthis (L.) Schrad. (Cucurbitaceae)-Colocynth, Bilter Apple, Wild Gourd;
flowers of Convallaria majalis L. (Liliaceae)-Lily-of-the-Valley; leaves of Digitalis purpurea L.
(Scrophulariaceae)-Common Foxglove, Digitalis; young shoots of Equisetum hyemale L.
(Equisetaceae)-Shavegrass, Great Scouring Rush; leaves of Euphorbia lathyris L. (Euphorbiaceae)-

* Wolfrom et al. J. Agr. Food Chem., 8, 58 (1960).
** Krasemann, Arch. Pharm, 293, 721 (1960).
**% Fiedler, Arzneimittel-Forseh, 4, 41 (1954); Whiting, Carr, Nature 180, 1479 (1957), Guren, Chemical Abstracts, 61,
9965h (1964).
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Mole Plant, Petroleum Plant, Caper Spurge; dried herb of Fuphrasia officinalis L.
(Scrophulariaceae)-Eyebright; gum-resin of Ferula assafoetida L. (Apiaceae)-Asafoetida; volatile
oil of Gaultheria procumbens L. (Ericaceaec)-Wintergreen, Teaberry, Boxberry; twigs of Hedera
helix L. (Araliaceae)-1vy; leaves of Hura crepitans L. (Euphorbiaceae)-Sandbox Tree; leaves of
Plantago major L. (Plantaginaceae)-Plantain; volatile oil of Rheum officinale Baill. (Polygonaceace)-
Chinese Rhubarb, Canton Rhubarb, Shensi Rhubarb; shrubs of Serenoa repens (Bartel.) Small
(Arecaceae)-Saw Palmetto.

Preparation It has been isolated from Ferula foetida Reg. (Umbelliferae)* and from Pirus laricio
Poir. (Abietineae)**.

It may also be prepared by the interaction of vanillin, malonic acid and piperidine in pyridine for
three weeks and then precipitating ferulic acid with dilute HCI.

Chemical Structure

COOH

HO
COOH

trans-Ferulic Acid

Characteristic Features
cis-form : Yellow oil; uv,,, (in ethanol): 316 nm.
trans-form : Orthorhombic needles obtained from water; mp 174°C uv,,, (in ethanol): 236,
322 nm. It is soluble in hot water, ethanol and ethyl acetate; moderately soluble in
ether; and sparingly soluble in benzene and petroleum ether.

Identification Test It forms the corresponding sodium salt by treatment with NaOH solution
whereby the solubility gets enhanced appreciably.

Uses It is used as a preservative of food products.

6.2.1.4 Sinapic Acid

Biological Source It is obtained from the leaves and twigs of Viscum album L. (Loranthaceae)-
European Mistletoe.

Preparation It may be prepared by the hydrolysis of sinapic acid choline ester obtained from the
black mustard seeds of Brassica nigra Koch (Cruciferae) either in acidic medium or by enzymatic
hydrolysis as given below:

* H. Hlasiwetz, L. Barth, 4nn., 138, 61 (1966)
** M. Bamberger, Monatsh., 12, 441 (1891).
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H,CO 0 . H,CO 0
HO MN(CH3)3 Hydrczlysis HO _jJ\OH
H,CO H,CO
Sinapine Sinapic Acid

(Sinapic Acid Choline Ester)

Uses
1. Itis used as an antiseptic, antispasmodic and emetic.
2. Itis also employed for arteriosclerosis, cardiac stimulant, cancer, hepatosis and hypertension.
3. It also finds its use in epilepsy, hysteria and nervous debility.

m Phenylpropenes

Phenylpropenes have gained their legitimate cognizance in phytochemistry by virtue of their vital
contributions to the volatile oil flavours and aroma of medicinal plants. In general, the phenylpropenes
are normally isolated in the volatile oil component of plant tissues, along with the volatile terpenes.
It is pertinent to note here that these are evidently lipid-soluble, a distinct deviation from a majority
of other phenolic compounds.

A few typical examples of important members of phenylpropenes are, namely:

(@) Eugenol : A major constituent of oil of cloves;
(Section 5.2.6.1.4.3 Chapter 5)

(b) Anethole: A principle of anise and fennel;
(Section 5.2.6.5.6A. Chapter 5)

(¢) Myristicin: A component of nutmeg;
(Section 5.2.6.5.6C. Chapter 5)

Synonyms Cinnamal; Phenylacrolein; Cinnamic aldehyde;

ﬁ

Cinnamaldehyde

Biological Sources It is obtained from ceylon cinnamon oil Cinnamomum verum J.S. Presler
(Lauraceae)-Ceylon Cinnamon; Myroxylon balsamum var. Pereirae (Royle) Harms. (Fabaceae)-
Balsam of Peru; and Syzygium oromaticum (L.) Merr. & Perry (Myrtaceae)-Clovers, Clavos.

Preparation Cassia oil (Cinnamomum cassia Blume., family: Lauraceae) contains volatile oil
(1-2%). This volatile oil contains cinnamaldehyde (80-85%) which is isolated by subjecting it to
fractional distillation under vacuo.
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Characteristic Features Cinnamaldehyde is a yellowish oily liquid having a strong odour of
cinnamon. Its physical parameters are: d%% 1.048-1.052; bp,oe 177.7°C, bpyge 199.3°C and bp.,
246°C, n%) 1.618-1.623. It dissolves in about 700 parts of water and in about 7 volumes of 60%
ethanol. It is, however, miscible with ethanol, ether, chloroform and oils.

Chemical Test On addition of a drop of FeCl, (1% w/v) solution to a few drops of cinnamaldehyde
a distinct brown colour is produced.

Uses
1. Itis used extensively in the perfume industry.
2. It is employed for flavouring foods and beverages.

Interestingly, it has been observed that the pairs of the allyl (CH,—CH—CH,—) and propenyl
(CH;CH=CH-) isomers, such as: eugenol and isoeugenol invariably occur together in the same me-
dicinal plant as stated below:

(i) Cananga odorata (Lam.) Hook. f. & Thoms. (4nnonaceae)-Cananaga, Ylang-Ylang; and
(ii) Mpyristica fragrans Houtt. (Myristicaceae)-Mael, Nutmeg

Note Isomerization of the allyl to the propenyl form may also be accomplished in the
laboratory, but only under very drastic and specific experimental parameters i.e., in the presence
of strong alkali. However, such isomerization rarely takes place under normal conditions of
isolation from natural products, such as: solvent extraction with ether etc.

m Coumarins

Coumarin and its derivatives, such as: hydroxy-coumarins and furanocoumarins are present in a
plethora of medicinal plants. However, the most common and the most widespread plant coumarin
is the parent compound i.e., coumarin itself, which is reported to occur in more than twenty-seven
plant families viz., Caprifoliaceae, Leguminosae, Oleaceae, Rubiaceae, Solanaceae, Umbelliferae-
to name a few such families.

In a broader sense, the coumarins may be classified into three major categories, namely:

(a) Coumarins,
(b) Hydroxycoumarins, and
(¢) Furanocoumarins.

All these three classes of drugs shall be described with the help of some important examples
from each class individually as below:

6.2.3.1 Coumarins

The chemistry of coumarin may be understood more vividly with the help of geometrical isomers
of o-hydroxycinnamic acids, one of which instantly yields the lactone coumarin (or benzopyran),
whereas the other fails to do so. Therefore, the former is the cis-isomer called coumarinic acid, and
the latter the frans-isomer known as the coumaric acid as given below:
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Ol L
H H
~ — _
C C -H,0 O
HO g HO g
TN O
H  coon HOOC H
Coumaric Acid Coumarinic Acid Coumarin
(trans-isomer) (cis-isomer)

Coumarin
Synonyms cis-o-Coumarinic acid lactone; Cumarin; Coumarinic anhydride; Tonka bean comphor.

Biological Sources Coumarin is present in a large number of medicinal herbs, such as:

Acacia farnesiana (L.) Willd (Fabaceae)-Cassie, Huisache; Apium graveolens L. (Apiceae)-
Celery; Artemisia dracunculus L. (Asteraceae)-Tarragon; Chamaemelum nobile (L.) All.
(Asteraceae)-Roman Camomile, English Camomile, Camomile; Cinnamomum verum J.S. Presler
(Lauraceae)-Ceylon Cinnamon; Dipteryx odorata (Aubl.) Willd (Fabaceae)-Tonka Bean, Tonga,
Cumaru; Hyoseyamus niger L. (Solanaceae)-Henbane, Henblain, Jusquaime; Myroxylon
balsamum var. Pereirae (Royle) Harms. (Fabaceae)-Balsam of Peru; Peumus boldus Molina
(Monimiaceae)-Boldo; Pimpinella anisum L. (Apiaceae)-Anise; and Trilisa odoratissima (J.F.
Gemel.) Cass (4steraceae)-Deertongue, Deer's Tongue.

Characteristic Features Coumarin crystals have an orthorhombic and rectangular plates. They
have a pleasant, fragrant odour resembling to that of the vanilla beans and a burning taste. The
physical characteristics are, namely: mp 68-70°C and bp 297-299°C. Its solubility in water is very
poor, viz., 1g dissolves in m 400 ml of cold and 50 ml of boiling water. However, it is freely soluble
in ethanol, chloroform, ether, oils and also in alkaline solutions of NaOH or KOH.

Uses Itisused extensively as a flavouring agent in pharmaceutical formulations.

6.2.3.2 Hydroxycoumarins

Hydroxycoumarins are invariably found in a large number of plant families. However, the relatively
more common ones are based upon the following substances, such as: umbelliferone (7-hydroxy
coumarin), aesculetin (6, 7-dihydroxy-coumarin) and scopoletin (6-methoxy-7-hydroxy
coumarin) as given below.

HO 0 Umbelliferone : R = H;
Aesculetin :R=0H;
R = Scopoletin : R=0CHj;;

Interestingly, some rarer hydroxycoumarins are, namely, dephentin (7, 8-dihydroxy coumarin)
and fraxetin (6-methoxy, 7-8-dihydroxy coumarin) are both obtained from plant sources.

A few typical examples of hydroxycoumarins shall be described in the sections that follow,
e.g., Umbelliferone, Esculetin, and Scopoletin.
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6.2.3.2.1 Umbelliferone
Synonyms Hydrangin; Skimmetin.

Biological Sources Umbelliferone is present in a variety of medicinal plants, for instance: Apium
graveolens L. (Apiaceae) Celery; Artemisia abrotanum L. (Asteraceae)-Southernwood, Old Man;
Daphne mezereum L. (Thymelaeaceae)-Mezereon; Dipteryx odorata (Aubl.) Willd. (Fabaceae)-
Tonka Bean, Tonga, Cumaru; Ferula sumbul Hook. (Apiaceae)-Sumbul, Mask Root; Hydrangea
paniculata Seib. (Saxifragaceae)-Peegee; Lavandule angustifolia Mill. (Lamiaceae)-Lavender;
Matricaria chamomilla L. (Asteraceae)-Hungarian Camomile, German Camomile, Manzanilla;
and Pimpinella anisum L. (Apiaceae)-Anise.

Preparation Asafoetida contains resin (40-65%) which consits of chiefly a resin-alcohol
asaresinotannol both in the free or combined form with ferulic acid, and of course, free umbelliferone
is totally absent in the drug. Thus, umbelliferone is prepared by treating ferulic acid with HCl
which gets converted to umbellic acid and the latter loses a molecule of water to give rise to
umbelliferone as given below:

N COOH

HO OH
ERace
HO CH=CH—COOH

OCH,
trans-Ferulic Acid Umbellic Acid

HO 0
“H,0
- =

Umbelliferone
Umbelliferone may also be obtained by distillation of resin from Umbelliferae.*

Characteristic Features It is obtained as needles from water. It develops the characteristic odour
of coumarin on heating. Its mp is 225-228°C. It usually sublimes. Its solubility in water is very poor
i.e., it dissolves 1 g in nearly 100 ml of boiling water. It is freely soluble in ethanol, chloroform,
acetic acid and dilute alkaline solution. It is sparingly soluble in ether and the solutions exhibit a
distinct blue fluorescence.

Identification Test When 0.5 g of umbelliferone is triturated with pure sand (SiO,) and 5 ml of
HCI, added 5 ml of water, filtered and to the filtrate added an equal volume of ammonia solution, it
gives a beautiful blue fluorescence.

Uses
1. Itis an important ingredient in most sunscreen lotions and creams.
2. Itis most importantly used as an intracellular and pH sensitive fluorescent indicator and blood-
brain-barrier (BBB) probe.

* Z wenger, Ann., 115, 1, 15 (1860).
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6.2.3.2.2 Esculetin
Synonyms Aesculetin; Chicorigenin; 6, 7-Dihydroxy-coumarin.

Biological Source It is the aglucon of esculin and cichorlin: Esculin is derived from two different
plant sources, namely: (@) the barks of Crataegus oxycantha L. (Rosaceae)-Hawthorn; and (b) the
flowers of Centarea cyanus Linn., (Compositae). It is a glucoside which upon hydrolysis gives the
aglucon esculetin.

Esculetin is also obtained from cichorlin, which is a glucoside and found to be isomeric with
esculin. Cichorlin is present in the flowers of the chicory plant (Chichorium intybus L., family:
Compositae).

Preparation It is obtained by the hydrolysis of the following two glucosides, namely:
(@) From Esculin:
HO I@EO;/I/O
HO
0 7 HO

O

O 0]
on Hydrolysis Hom + Glucose

HO
OH

Esculin Esculetin

() From Cichorlin:

-D-glucose-O 0) HO 0O __0O
Hydrolysis + Glucose
e, JOLT
HO HO

Cichorlin Esculetin

Characteristic Features It is obtained as prisms from glacial acetic acid and as leaflets by vacuum
sublimation. Its mp is 268-270°C. It is soluble in dilute alkalies (2M solution) with the emission of
blue fluorescence. It is almost insoluble in ether and in boiling water, but moderately soluble in hot
ethanol and in glacial acetic acid.

Uses It is mostly in filters for absorption of uv-light
6.2.3.2.3 Scopoletin

Synonyms Chrysatropic acid; Gelseminic acid; 6-Methoxyumbelliferone; B-Methylesculetin; 7-
Hydroxy 6-methoxycoumarin.

Biological Sources It is the aglucone of scopolin. Scopoletin occurs in the roots of Arnica montana
L. (Asteraceae)-Mountain Tobacco, Leopard’s-bane; leaves of Artemesia abrotanum L.
(Asteraceae)-Southernwood, Old Man; roots and leaves of Atropa belladona L. (Solanaceae)-
Belladonna, Deadly Nightshade; barks of Brunfelsia uniflorus (Phol.) D. Don. (Solanaceae)-
Manaca, Manacan; fruits of Capsicum annuum L. (Solanaceae)-Chili, Sweet Peppers, Paprika;
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oil of the plant Chamaemelum nobile (L.) All. (Asteraceae)-Roman Comomile; English Camomile,
Comomile; and roots of Withania somniferum (L.) Dunal (Solanaceae)-Ashwagandha.

Preparation It is obtained by the hydrolysis of the glucoside scopolin i.e., 7-(B-D
glucopyranosyloxy)-6-methoxy-2H-1-benzopyran-2-one as follows:

B-D-glucose-O
I@EO;/[/ Hydrolysis er Glucose
H,CO

Scopolin Scopoletin

Characteristic Features Scopoletin occurs as prisms or needles from either acetic acid or
chloroform. It melts at 204°C and has a uv,,,: 230, 254, 260, 298, 346 nm (log € 4.11, 3.68, 3.63,
3.68, 4.07). It is slightly soluble in water or cold ethanol and quite soluble in hot ethanol and hot
glacial acetic acid. It is moderately soluble in chloroform, but practically insoluble in the non-polar
solvent benzene.

Identification Tests
1. Dissolve 0.1 g in ethanol and warm it in an electric water-bath to affect dissolution. The resulting
solution gives a blue fluorescence.
2. A solution of 0.1 g in 3 ml of hot ethanol reduces the Fehling’s solution thereby leaving behind
a brick-red precipitate of cupric oxide (CuO).

It is pertinent to mention here that there exists some rarer species of hydroxycoumarins, such as:
daphentin and fraxetin, which shall now be discussed in the sections that follows:

6.2.3.2.4 Daphentin
Synonyms 7, 8-Dihydroxycoumarin;

Biological Sources Itis the aglucon of daphnin. It is obtained from the seeds and fruits of Daphne
mezereum L. (Thymelaeaceae)-Mezereon; and the seeds of Euphorbia lathyris L. (Euphorbiaceae)-
Mole Plant, Petroleum Plant, Caper Spurge.

Preparation Daphentin is prepared conveniently from its glucoside known as daphnin i.e., 7, 8-
dihydroxycoumarin 7-B-D-glucoside by treating the latter in three different ways, namely: (i) By
boiling with dilute mineral acids; (if) By enzymatic hydrolysis; and (iii) By sublimation as given
below:

OH

B-D-glucose-O O (/) Boiling with HO 0
dil. HCI
= (i7) Enzyme =

Hydrolysis
(iif) Sublimation

Daphnin Daphentin
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Characteristic Features The crystals obtained from dilute ethanol has a mp 256°C (decomposes).
It undergoes sublimation on heating. It is soluble in boiling water, hot dilute alcohol and hot glacial
acetic acid. It is found to be sparingly soluble in ether, CS,, chloroform, and benzene.

Identification Tests
1. An aqueous solution of daphentin gives a green colouration with FeCl; solution, which turns
red on the addition of sodium carbonate.
2. An alkaline solution of daphentin in alkali carbonate or alkali gives a yellow colour.

6.2.3.2.5 Fraxetin
Synonyms 7, 8-Dihydroxy-6-methoxycoumarin.

Biological Source It is the aglucon of fraxin. Fraxin is present in the seeds of Acsculus
hippocastanum L. (Hippocastanaceae)-Horse Chestnut.

Preparation Fraxetin is obtained by heating fraxin with dilute sulphuric acid to affect the hydrolysis
of glucoside and get the desired aglucon residue as shown here under:

O-glucose-D-[3 OH
HO o) Hydrolysis HO 0.__0
Dil. H,SO,
H,CO = H,CO =
Fraxin Fraxetin

Characteristic Features Fraxetin is obtained as plates from ethanol having mp 228°C. It has
been observed that it turns first yellow at 150°C and subsequently brown at mp. It is soluble in 10 L
of cold water, but in 300 ml of boiling water. It is somewhat more soluble in alcohol and practically
insoluble in ether.

Identification Tests It forms the corresponding dimethyl ether termed as 6,7,8-trimethoxycoumarin
(C,,H,,05) which has a mp 104°C and bp,, , 90-100°C.

6.2.3.3 Furanocoumarins

Furanocoumarins, represent a class of relatively more complex coumarins that occur in various
natural plant products. A few important members of this particular class are, namely: Psoralen;
Methoxsalen; Bergapten; and Imperatorin, which shall be discussed below in an elaborated manner.

6.2.3.3.1 Psoralen
Synonyms Ficusin; 6-Hydroxy-5-Benzofuranacrylic acid §-lactone; Furo (3, 2-8)-coumarin.

Biological Source Psoralen belongs to one of a group of furanocoumarins occurring naturally in
more than two dozen different plant sources, for instance: Rufaceae (e.g., Bergamot, Limes, Cloves);
Umbelliferae (Celery; Parsnips); Leguminosae (e.g., Psoralen coryfolia); and Moraceae (e.g.,
Figs). It is also found in the Rue Oil obtained from Ruta graveolens L. (Rutaceae)-known as Rue,
Garden Rue or German Rue. It is obtained from the leaves of Ficus carica Linn. (Moraceae)-
Figs, Anjir.
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Chemical Structure

NN
Psoralen

Characteristic Features Psoralen crystals from ether have two sets of melting points e.g., 163-
164°C and 169-179°C (Spath). It is very soluble in chloroform, less soluble in alcohol, sparingly
soluble in ether and practically insoluble in petroleum ether (60-80°C).

Identification Tests
1. Dissolve 1 mg of psoralen is 5 ml of ethanol and add to it 15 ml of a mixture made up of 3 parts
of propylene glycol, 5 parts of acetic acid and 43 parts of water. The resulting mixture on being
exposed to the uv-light in a uv-chamber, gives a distinct blue-fluorescence.
2. When 1 mg is dissolved in 2 ml ethanol, mixed with two drops of NaOH solution (0.1 M) and
the resulting solution is subjected to uv-light, it emits a yellow fluorescence.

Uses
1. Itis used in the treatment of leucoderma patches.
2. Psoralens have also exhibited photosensitizing and phototoxic effects in animals and human
beings and, hence have been employed extensively in photochemotherapy for the treatment and
management of vitiligo*, psoriasis** and mycosis fungoides.***

6.2.3.3.2 Methoxsalen

Synonyms Xanthotoxin; Meloxine; Ammoidin; Meladinine; 8-Methoxypsoralen; 8-MOP; 8-MP;
Oxsoralen.

Biological Source Methoxsalen is a naturally occurring analogue of psoralen, found in various
species of Rutaceae, Leguminosae, and Umbelliferae. 1t is obtained from the fruits of Fragara
xanthoxyloides and the fruits of Ammi majus belonging to the natural order Umbelliferae. 1t is also
found in the herb Ruta graveolens (Rutaceae).

Chemical Structure

OCH,
O: O O.
S =
Methoxsalen

9-Methoxy-7H-furol [3,2-g][1] benzopyran-7-one; (C,;, Hg O,).

* T.F. Anderson, J.J. Voorhees, Ann. Rev. Pharmacol. Toxicol., 20,235 (1980); Vitiligo: An acquired cutaneous disorder
characterised by white patches, surrounded by areas of normal pigmentation.
** A. Kornhauser et al., Science, 217, 733 (1982); Psoriasis: A common chronic disease of the skin consisting of
erythematous papules that coalesce to form plaques with distinct borders.
**% B.J. Parsons, Photochem. Photobiol., 32, 813-821 (1980); Mycosis Fungoides: A non-Hodgkin's form of cutaneous
T-cell lymphoma of unknown etiology caused by a fungus.
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Isolation The various steps involved are as under:

1. The A. majus fruits are dried, powdered, sieved and extracted with petroleum ether to complete
exhaustion.

2. The petroleum ether extract is filtered and concentrated to obtain a dark green semi-crystalline
solid mass (crude methoxalen) crystallizes out.

Note: The petroleum ether layer is carefully deeanted off while hot and reserved separately
for the isolation of imperatorin.

3. The residual dark-green solid mass is dissolved in minimum quantity of ethanol and boiled over
an electric water-bath for 45-60 minutes. The contents are filtered immediately and the filtrate is
concentrated under vacuo. It is cooled in a refrigerator overnight when pale-green crystals separate
out. The crystals of methoxsalen thus obtained are purified first by washing with boiling water
and finally recrystallizing from ethyl acetate.

Characteristic Features

1. Itis obtained in two forms: firs—as silky needles either from hot water or benzene + petroleum
ether; secondly—as long rhombic prisms from ethanol + ether, having mp 148°C.
It is odourless but has a distinct bitter taste followed by tingling sensation.
It has uv,,,: 219, 249, 300 nm (log € 4.32, 4.35, 4.06).
It has a pH 5.5.
Solubility Profile: 1t is practically insoluble in cold water; sparingly soluble in boiling water,
liquid petroleum, ether; soluble in boiling ethanol, acetone, acetic acid, vegetable fixed oils,
propylene glycol, benzene; freely soluble in chloroform; and soluble in aqueous alkalies with

ring cleavage, but is reconstituted upon neutralization.

WD

Identification Tests These are as follows:

1. A few crystals of methoxsalen on being triturated with little sulphuric acid in a porcelain dish
produces an orange-yellow colour that gets changed to light green finally.

2. Wagner’s Reagent Test: Xanthotoxin gives an instant precipitate with Wagner’s Reagent
(I, + KI).

3. HNO; Test: It gives a distinct yellow colouration with dilute HNO;, which on rendering to
alkaline with KOH or NaOH, changes to crimson colour.

Uses
1. Itis used extensively in the treatment of leukoderma.
2. Itis employed as a pigmentation agent.
3. Itis also used in the treatment of psoriasis and mycosis fungoides.

6.2.3.3.3 Bergapten (e)
Synonyms Bergapten; Heraclin; Majudin; Psoraderm; 5-Methoxypsoralen; 5-MOP.

Biological Source Bergapten is the naturally occurring analogue of psoralen and an isomer of
methoxsalen, mostly found in a wide variety of plants, such as: roots and fruits of Angelica
archangelica L. (Apiaceae)-Angelica, Garden Angelica, European Angelica; seeds of Apium
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graveolens L. (Apiaceae)-Celery; leaves, stems and fruits of Petroselinum crispum (Mill.) Nym.
(Apiaceae)-Parsley; Rue Oil of Ruta graveolens L. (Rutaceae)-Rue, Garden Rue, German Rue.

Preparation Bergapten was first isolated from the oil of bergamot from Citrus bergamia Risso.,
belonging to the natural order Aurantiodiae*. It was also isolated from Fagara xanthoxyloides Lam.,
belonging to family Rutaceae.**

Chemical Structure

OCH,
Bergapten

Characteristic Features The crystals obtained from ethanol are needle-shaped having mp 188°C.
It sublimes on heating. It is practically insoluble in boiling water, slightly soluble in glacial acetic
acid, chloroform, benzene, and warm phenol. It is soluble in absolute ethanol (1 part in 60).

Identification Test It gives a distinct yellow-gold colouration when its solution is treated with a
few drops of concentrate H,SO,.

Uses
1. Itis used in photochemotherapy of psoriasis.
2. It has been used to promote tanning in suntan preparations e.g., creams and lotions.

6.2.3.3.4 Imperatorin
Synonyms Ammidin; Pentosalen; Marmelosin;

Biological Sources It is obtained from the roots and fruits of Angelica archangelica L. (Apiaceae)
(Angelica, Garden Angelica, European Angelica); from the roots of Imperatoria osthruthium L.
(Umbelliferae); from fruit of Pastinaea sativa L. (Umbelliferae); and also in the fruits of Ammimajus
(Umbelliferae). However, the seed oil of 4. archangelica is said to contain upto 0.5% imperatorin.

Chemical Structure

CH,
O/\)\ CH,
O O O
NS =
Imperatorin

9-[(3-Methyl-2-butenyl)oxy]-7H-furo [3, 2-g] [1] benzopyran-7-one; (C,s H;4,0,).

* Pomeranz, Monatsh, 12, 379 (1891), 14, 28 (1893).
** H. Thoms., E. Baeteke, Ber., 44, 3326 (1911).
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Isolation The various steps involved are as follows:

1. The petroleum ether mother liquor left after the separation of methoxsalen (Xanthotoxin), is
concentrated under vacuo and allowed to cool in a refrigerator overnight when the crude
imperatorin separates out.

2. The crude product is collected, dissolved in ether, filtered and concentrated under reduced
pressure. It is kept in a refrigerator, and the crystals separating out are purified subsequently by
recrystallization from ethanol.

Characteristic Features These are as given below:

1. It is obtained in two forms: First—as prisms from ether, and secondly—as long fine needles
from hot water, having mp 102°C.

2. Ithasuv,,,: 302, 265,250 nm (log € 3.95, 4.00, 4.24).

3. Solubility Profile: 1t is practically insoluble in cold water; very sparingly soluble in boiling
water; freely soluble in chloroform; and soluble in benzene, ethanol, ether, petroleum, ether

alkali hydroxides.
Identification Tests These are as stated below:

1. Sulphuric Acid Test: Imperatorin gives an intense deep orange colouration with a few drops of
sulphuric acid which ultimately changes to brown colour.

2. Marqui’s Reagent: It gives an orange colouration with Marqui’s Reagent that rapidly changes
to brown.

3. Tollen’s Reagent (Ammoniacal AgNO;): It reduces Tollen’s Reagent to produce a silver mirror.

Fehlings Test: It reduces Fehling’s solution to give a brick-red precipitate of cupric oxide.

5. Nitric Acid Test: It gives a distinct yellow colour on boiling with dilute HNO;, and this colour
changes to purple on being treated with strong alkali e.g. NaOH or KOH.

m Abridged Phenylpropanoids

Abridged phenylpropanoids are invariably acids and phenols, and quite rarely alcohol and aldehydes,
which are attributed due to the B-oxidation of the Cs-side chain of: (a) para-Coumaroyl CoA, and
(b) para-Cinnamoyl CoA followed by oxidative decarboxylation.

The various abridged phenylpropanoids present in a large number of medicinal herbs are
usually classified into three major heads, namely:

(a) With no side-chain,
(b) With side-chain having one C-atom, and
(¢) With side-chain having two C-atoms.

b

All these three classes of compounds occurring in natural plants shall be discussed separately
with the help of certain appropriate examples as stated below:

6.2.4.1 With No side-Chain

The most glaring example of an abridged phenylpropenoid that has no side-chain is catechol
which shall be treated more explicitly as follows:
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Catechol
Synonyms Pyrocatechol; Pyrocatechin; 1, 2-Dihydroxybenzene; 1, 2-Benzenediol.

Biological Sources It occurs naturally in various plant species, such as: whole plant of
Anandenathera peregrina L. Speg. (Mimosaceae)-Niopo, Cohoba, Yope, Yupa; cortex of Melia
azedaraeh L. (Meliaceae)-Chinaberry; and plant of Rumex crispus L. (Polygonaceae)-Yellow Dock.

Chemical Structure
/OH

~SOH
Catechol

Preparation Being phenolic in character the aqueous extract may be treated with dilute alkalies
carefully, and the resulting sodium salts are neutralized to yield the desired catechol from the natural
plant sources.

It may also be obtained by several other methods as stated below:

(a) Decarboxylation of Protocatechuic Acid: Protocatechuic acid is found in minute quantities
in wheat grains, in wheat seedlings and in many other plants.

COOH
_~OH Decarboxylation _~OH
> + CO,
“SOH “SOH
Protocatechuic acid Catechol

(b) From Salicylaldehyde: Catechol is also obtained by the interaction of salicylaldehyde with
hydrogen peroxide as follows:

i
_(C—H H,0,; _~-OH
—
~SOH “SOH
Salicylaldehyde Catechol

(c¢) From Guaiacol: It may also be prepared by treating guaiacol with hydro bromic acid as
given below:

— OH HBr; — OH
— + CH,Br
“SOCH, “SOH
Guaiacol Catechol

Characteristic Features Catechol is obtained as the monoclinic tablets or prisms from toluene. It
usually undergoes discolouration on exposure to air or light. Its physical characteristics are: mp
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105°C, d 1.344, bp,4, 245.5°C, bp,g 176°C, bpy, 150.6°C. It is steam volatile and sublimes on
heating. Its dissociation constant K at 18° =3.3 x 107'°. It is soluble in 2.3 parts of water, ethanol,
benzene, chloroform and ether; and very soluble in aqueous alkali solutions and pyridine. It has
been observed that its aqueous solution soon turns brown.

Identification Test Dissolve 0.2 g of catechol in water and add to it a few drops of FeCl,
(0.1% w/v) aqueous solution. The appearance of a green colour confirms the presence of catechol.

Uses
1. Itis used as an antiseptic agent.
2. It finds its application in photography.
3. Itis also employed for dyeing fur.

6.2.4.2 With Side-Chain Having One Cabon Atom

The abridged phenylpropenoids having a side chain with one carbon atom represent an important
group of naturally occurring plant products, such as: Benzoic acid, Gallic acid, Methyl salicylate,
Salicin and Vanillin.

These compounds shall be discussed here under in a concise descriptive manner.

6.2.4.2.1 Benzoic Acid
Synonyms Dracyclic acid: Phenylformic acid, Benzene carboxylic acid.

Biological Source It mostly occurs in nature in free and combined forms. Gum benzoin may
contain as much as 20% of benzoic acid, whereas most berries contain appreciable amounts i.e.,
upto 0.05%.

Benzoic acid is found in a large number of medicinal herbs, namely: plant of Adeacia farnesiana
(L.) Willd. (Fabaceae)-Cassie, Huisache; oil of Cananga odorata (Lam.) Hook. f. & Thoms.
(Annonaceae)-Cananga, Ylang-Ylang; latex of Daemonorops draco bl. (Arecaceae)-Dragon‘s
Blood; tubers of Gloriosa superba L. (Liliaceae)-Glory Lilly; plant of lllicium verum Hook. f.
(Magnoliaceae)-Star-Anise, Chinese Anise; volatile of Narcissus tazetta L. (Amaryllidaceae)-
Daffodil, Chinese Sacred Lilly, Polyanttus Narcissus; roots of Paconia officinalis L.
(Ranunculaceae)-Peony; Plant of Piper methysticum Forst. (Piperaceae)-Kava-Kava; leaves of
Plantago major L. (Plantaginaceae)-Plantain; gum of Styrax benzoin Dryander (Styracaceae)-
Benzoin, Sumatra Benzoin, Styrax; and pods of Vanilla planifolia Andr. (Orchidaceae)-Vanilla.

Preparation The alcoholic extract of the plant is concentrated cooled and treated with dilute mineral
acid. The solid residue thus obtained is further recrystallized from hot alcohol.
It is also obtained synthetically in several ways as stated below:

(a) Oxidation of Toluene: Toluene when oxidized by air, it yields benzoic acid:
CH, COOH

Oxidation,
Air

Toluene Benzoic Acid
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(b) Decarboxylation of Phthalic Anhydride: The decarboxylation of phthalic anhydride gives
rise to benzoic acid:

0 COOH
I
C— Decarboxylation
Q> = Q) o
I
O
Pathalic Anhydride Benzoic Acid

Characteristic Features Benzoic acid has been obtained as monoclinic plates or tablets or leaflets.
Its density ranges between 1.266-1.321. It has mp 122.4°C; and it sublimes at nearly 100°C. Its
bp,go 249.2°C, bp, oo 186.2°C, bp,, 162.6°C. It is found to be steam-volatile. It has a flash point
ranging between 121-131°C and dissociation constant K at 25°C = 6.40 x 10°. The pH of its saturated
solution is 2.8. Its solubility in water at 25°C is 3.4 g/L and at 95°C is 68 g/L. Its solubility in other
organic solvents are: cold ethanol 1 g/2.3 ml; boiling ethanol 1 g/1.5 ml; chloroform 1 g/4.5 ml;
ether 1 g/3 ml; acetone 1 g/3 ml; carbon tetrachloride 1 g/30 ml; benzene 1 g/10 ml. carbon disulphide
1 g/30 ml. It is also soluble in fixed oils and volatile oils. It is slightly soluble in petroleum ether. The
solubility of benzoic acid is enhanced by the presence of alkaline substances e.g., trisodium phosphate
(Na;PO,) and borax.

Identification Test The corresponding calcium benzoate trihydrate salt gives an orthorhombic
crystal or powder having a density of 1.44. It is highly soluble in boiling water but sparingly soluble
in cold water i.e., 1 g/25 ml.

Uses
1. It has been used in conjunction with salicylic acid in creams and ointments as an effective
topical antifungal agent.
2. Itis used extensively for the preservation of foods, fats, fruit juices, alkaloidal solutions.
3. Itis employed as a mordant in calico printing.
4. Tt is also used for curing tobacco.

6.2.4.2.2 Gallic Acid
Synonym 3, 4, 5-Trihydroxybenzoic Acid.

Biological Sources Gallic acid is present in a very large cross-section of medicinal plants. A few
such species are as follows, namely: seeds of Abrus precatorius L. (Fabaceae)-Jequerity; berries of
Aretostaphylos uva-ursi (L.)-Spreng. (Ericaceae)-Bearberry; seeds of Cimicifiiga recemosa (L.) Nutt.
(Ranunculaceae)-Black Cohosh, Black Snakeroot; fruits of Coriaria thymifolia Humb. & Bonpl.
(Coriariaceae)-Shanshi; resinoid substance (cypripedin) obtained from the rhizome of Cypripedium
sp. (Orchidaceae) Yellow Lady-slipper; green branches of Ephedra geradiana Wall. ex Staph
(Ephadraceae)-Pakistani Ephedra; plant of Eupatorium pertolatum L. (Asteraceae)-Boneset, Ague
Weed; roots of Geranium maculatum L. (Geraniaceae)-Cranebill; plant of Juniperus sabina L.
(Cupressaceae)-Sabine, Savin; leaves of Lawsonia inermis L. (Lythraceae)-Henna, Egyptian Privet,
Mignonette; root bark of Quassia amara L. (Simaroubaceae)-Surinam Quassia, Bitterwood; leaves
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of Tanacetum vulgare L. (Asteraceae)-Tansy; and plant of Tussilago farfara L. (Asteraceae)-Coltsfoot,
Coughwort, Horse-Hoof.

Preparation The two important methods of preparation of gallic acid from natural sources are
given below:

(@) From Tannings of Nutgalls: It is obtained either by alkaline or acid hydrolysis of the
tannins from Nutgalls.

(b) From Spent Broths of Penicillium glaucum or Aspergillus niger: It may also be prepared
by carrying out the enzymatic hydrolysis from the spent broths of P. glaucum and A. niger
which contains the enzyme tannase.

Chemical Structure

COOH
HO OH
OH
Gallic Acid

Characteristic Features Gallic acid is obtained as needles either from methanol or chloroform.
It sublimes at 210°C that yields a fairly stable form which melts at 258-265°C (decomposed) and
also an unstable form having mp 225-230°C. Its solubility in water in 1 g/87 ml, boiling water 1 g/
3 ml, ethane 1 g/6 ml, ether 1 g/100 ml, glycerol 1 g/10 ml, and acetone 1 g/5 ml. It is found to be
practically insoluble in benzene, chloroform and petroleum ether.

Identification Tests
1. Gallic acid is first converted to pyrogallol by means of the decarboxylation of the latter, which
gives a distinct blue colour with FeCl; solution (0.1% w/v).

COOH
Decarboxylation FeCl, Soln. Blue colour
-0, g complex
HO OH HO OH
OH OH
Gallic Acid Pyrogallol

2. It forms its corresponding methyl ester with methanol which gives a sharp mp 202°C.
Uses It was used formerly as an astringent and styptic.

6.2.4.2.3 Methyl Salicylate It has been discussed in details under section 5.2.6.5.8.2 (c) in Chapter-
5 on ‘Terpenoids’.

6.2.4.2.4 Salicin

Synonyms Salicoside; Salicyl alcohol glucoside; Saligenin-f-D-glucopyranoside; 2-
(Hydroxymethyl) phenyl-B-D-glucopyranoside.
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Biological Sources It is obtained from the volatile oil of Filipendula ulmaria (L.) Maxim.
(Rosaceae)-Meadosweet, Queen-of-the Meadow. It is also found in leaves and female flowers of
the willow (Salix).

Preparation Salicin is prepared by several methods, such as:

(a) Bark of Poplar (Populus): It is usually prepared by making the hot water extracts obtained
either from the ground barks of poplar or willow.

() Root Bark of Viburnum prunifolium L. (Caprifoliaceae): It may also be isolated from the
root barks of V. prunifolium by means of the hot water extracts.*

Chemical Structure
OH

O-B-D-glucose

Salicin

Characteristic Features Salicin has orthorhombic crystals from water with mp 199-202°C. Its
physical parameters are: [OC]ZS —62°C to — 67°C (c = 3) and [0(]218 —45.6°C (c = 0.6 in absolute
ethanol). It is soluble in water at ambient temperature 1 g/23 ml, in boiling water 1 g/3 ml, in cold
alcohol 1 g/90 ml and in alcohol at 60°C (1 g/30 ml). It is freely soluble in alkaline solutions, pyridine,
and glacial acetic acid. It is found to be practically insoluble in chloroform and ether. The aqueous
solutions are neutral to litmus and possesses a distinct bitter taste.

Uses
1. Itis widely used as an analgesic
2. Ttis employed as a standard substrate in evaluating enzyme preparations containing -glucosidase.

6.2.4.2.5 Vanillin

Synonyms Vanillic aldehyde; 3-Methoxy-4-hydroxybenzaldehyde; 4-Hydroxy-3-methoxy
benzaldehyde.

Biological Sources Vanillin is found in a plethora of medicinal herbs, such as: fruits of Ananas
comosus (L.) Merr. (Bromeliaceae)-Pineapple; volatile oil of Croton eleutheria Sw. (Euphorbiaceae)-
Cascarilla; oleo-gum-resin of Ferula asafoetida L. (Apiaceae)-Asafbetida; flowerbuds of
Filipendula ulmaria (L.) Maxim. (Rosaceae)-Meadow-sweet, Queen of the Meadow; leaves of
llex paragua-riensis St. Hil. (Aquifoliaceae)-Yerba Mate, Paraguay tea, South American Holly;
seeds of Myroxylon balsamum var. Pereirae (Royle) Harms. (Fabiaceae)-Balsam of Peru; essential
oil of Serenoa repens (Bartel.) Small (4recaceae)-Saw Palmetto; leaves of Tilia europaea L.
(Tiliaceae)-Linden Tree (America), Lime Tree (Europe), and beans of Vanilla planifolia Andr.
(Orchidaceae)-Vanilla.

Preparation Vanillin is prepared by the hydrolysis of the aldehyde glycoside vanilloside obtained
from the unripe vanilla fruit to give rise to the desired aglycone residue (vanillin) as given below:

* Evans et al., J. Am. Pharm. Assoc., 34, 207 (1945).
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C—H C—H
Hydrolysis; + Glucose
OCH, OCH;
O—glucose OH
Vanilloside Vanillin

It may also be obtained synthetically from eugenol or guaiacol; and also from the waste (lignin)
of the wood-pulp industry.

Characteristic Features Vanillin has either a white or very slightly yellow needle-like appearance.
It possesses a pleasant aromatic vanila odour and taste. It undergoes gradual oxidation on exposure
to humid and moist air. It gets affected by uv-light. Its physical characteristics are: mp 80-81°C; d
1.056 and bp,4, 285°C. Its solubility in water at ambient temperature is very low (1 g/100 ml), in hot
water at 80°C (1 g/16 ml), in glycerol (1 g/20 ml); but freely soluble in ethanol, chloroform, ether,
carbon disulfide, glacial acetic acid, pyridine and also soluble in oils and aqueous solutions of alkali
hydroxides (NaOH, KOH). The aqueous solution of vanillin is acidic to litmus. It must be stored in
air-tight and light-resistant containers.

Chemical Test Vanillin reduces the Tollen’s Reagent (i.e., ammoniacal silver nitrate solution) to
give rise to the silver-mirror on warning in a water-bath thereby showing the presence of aldehyde
moiety present in it.

Uses

1. It is used extensively as a pharmaceutical aid for flavouring pharmaceutical formulations e.g.,
cough mixture, syrups and elixirs.

2. It is also used as a flavouring agent in beverages, malted-milk-foods, confectionery and in
perfumery.

3. Itis also employed in manufacture of ‘liqueurs’.

4. It has more or less replaced Vanilla pod and tincture vanilla by virtue of the fact that 1 part of
vanillin equals 400 parts of the former and 2.5-3 parts of vanillin equals 500 parts of the latter.

5. Itis also used as a reagent in Analytical Chemistry.

6.2.4.3 With Side-Chain Having Two Carbon Atoms

The most glaring example of an abridged-phenylpropanoid is that of phenyl ethanol which shall
be discussed here under:

6.2.4.3.1 Phenyl Ethanol

Synonyms 2-Phenylethanol; B-Phenylethyl alcohol; Benzyl carbinol; B-Hydroxyethylbenzenc;
Benzeneethanol.

Biological Sources Phenyl ethanol is present in variety of essential oils in medicinal plants, namely:
Tillia europaea L. (Tiliaceacy—Linden Tree (America), Lime Tree (Europe) and other volatile oils



Dr.Murtadha Al-Shareifi e-Library

PHENYLPROPANOIDS 361

of viz., rose, carnation, hyacinth, aleppo pine, orange blossom, geranium Bourbon, champaea and
neroli.

Preparation It is obtained by the fractional distillation of volatile oils stated above and collecting
the fractions at 219-221°C. It may also be prepared by the reduction of ethylphenyl acetate in
the presence pure sodium metal and absolute alcohol in a perfectly dry reaction flask as
shown below:

O
| OH
CH,—C—OC,H; _Na; Abs. EtOH; + C,H—OH
Reduction;
Ethylphenyl Acetate Phenyl Ethanol

Characteristic Features Phenyl alcohol is a colourless liquid having floral odour resembling to
that of rose. Its physical characteristics are, namely: mp —27°C; d2255 1.017-1.019; bp,, 104°C and
n2’ 1.530-1.533. Its solubility in water is very low i.e., 2 ml gets dissolved in 100 ml water after
thorough shaking; 1 ml is rapidly soluble in 1 ml of 50% ethanol; and completely miscible with
ether and ethanol.

Uses
1. Itis used in flavouring foods and beverages.
2. Itis extensively employed in perfumery especially for making rose perfumes.
3. Itis used as a pharmaceutical aid to combat microbial infections.

m Biphenylpropanoid Derivatives

In this particular class of compounds, the side chains from two phenylpropanoids interact with
each other to yield biphenylpropanoid derivatives that are commonly termed as Lignans or
Neolignans.

(i) Lignans: Lignans, the plant products with low molecular weight that are accomplished by the
oxidative coupling of para-hydroxyphenylpropene units wherein the two units may be linked by an
oxygen bridge. Furthermore, the monomeric precursor units are, namely: cinnamic acid, cinnamyl
alcohol, propenylbenzene and allylbenzene. However, the terminology Lignan or more precisely
Haworth Lignan is generally applied to such compounds that are derived by coupling acid and/or
alcohol exclusively; whereas, the compounds which are derived by coupling propenyl and/or allyl
derivatives are known as Neolignans.*

Biological Source Lignans occur widely and have been obtained from roots, heart wood, foliage,
fruit and resinous exudates of plants. They represent the dimer stage intermediate between the
monomeric propylphenol units and lignin. However, the naturally occurring trimers and tetramers
have not so far been reported. Nevertheless, the occurrence of lignans both in man and animal

* Gottlieb, O.R., Fortschr. Chem. Org. Naturst, 35, 1-72 (1978)
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species have been reported. * The a-lignan has been found in the roots and rhizomes of Podophyllum
hexandrum Royle. (Berberidaceae).

Preparation Generally, the lignans are formed by the reduction of ferulic acid to coniferyl alcohol
as its first and foremost step; and subsequently via the oxidative dimerization of the coniferyl alcohol
units and the establishment of linkage through the 3-carbon atom of the C; side-chain.

Characteristic Features Lignans are typically found as single enantiomeric forms i.e., either as
d-or [-isomers. However, these also occur as their racemic products i.e., dl-forms. It has been observed
that the lignans vary to a large extent with regard to their respective oxidation levels, degree of
substitution, and above all the structural complexicity.

Examples: Podophyllum and its chemical constituent podophyllotoxin. This has been discussed
at length under Section 5.2.7 related to ‘resin’ in Chapter 5 on ‘Terpenoids’. The two important
examples of lignan are that of etoposide and teriposide which shall be discussed in details below:

A. Etoposide

Synonyms Lastet, Vepesid, VP-16-213, NSC-141540, EPEG, 4’-Demethy-lepipodophyllotoxin
9-[4, 6-O-ethylidene-B-D-glucopyranoside.

H

3 _

H,C EMT
O

' o)

Chemical Structure

H;CO OCH,
OH
Etoposide

Characteristic Features Etoposide is a semisynthetic podophyllotoxin structural analogue used
as an ‘antineoplastic agent’. It essentially differs structurally from podophyllotoxin in the following
manners, namely:

(a) It has an ethylidene glucoside moiety attached at the C—1 position.
(b) It has a epimeric configuration at the C—4 position of ring C, and
(¢) It possesses a hydroxyl function at the C—4’ position rather than a methoxy moiety.

However, the hydroxyl (-OH) moiety at C-4” position exerts two important properties to Etoposide,
namely:

* Stitch S.R. et al., Nature, 287, 238 (1980); Setehel K.D.R, ibid., 740
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(i) Itis associated with etoposide’s ability to induce single-stranded DNA breaks, and

(if) The ethylidene glucoside function is associated with eutopsied's inability to inhibit
microtubule assembly, an important specific property that may decrease the inherent toxic
effects associated with podophyllotoxin.

Characterstic Features Etoposide is obtained as crystals from methanol having mp 236-251°C.
Its physical parameters are [ot]*3 — 110.5°C (c = 0.6 in chloroform), uv,,, (in absolute methanol) is
283 nm (€ 4245) and pKa 9.8.

Uses
1. It is employed in combination with other chemotherapeutic agents for refractory testicular
tumours.
2. Itis also used as a first line treatment in small cell lung cancer.
3. It has also been used extensively in the treatment of acute nonlymphocytic leukemias, non-
Hodgkin’s lymphomas, Hodgkin’s disease, Kaposi's sarcoma, and neuroblastoma.

B. Teniposide

Synonyms Vumon, ETP, VM-26, Vehem-Sandoz, NSC-122819, 4'-Demethy-lepipodophyllotoxin-
B-D-thenylidene glucoside.

Chemical Structure

H,CO OCH,
OH

Teniposide

Characterstic Features The characteristics features of the semi-synthetic derivative of
podophyllotoxin are as follows the crystals obtained from absolute ethanol has mp 242-246°C.
[OL]ZDO— 107° (in 9 : 1 chloroform/methanol), pKa 10.13 and uv,_ ., (in methanol): 283 nm (E'/*_64.1).

max lecm
It differs from etoposide in the following respects:

(?) It has an additional thenylidene ring on the glucopyranoside ring.
(i) Its pKa value is higher than that of etoposide.

Uses It is used as component of multiple-drug antineoplastic regimens for induction therapy in
childhood acute lymphoblastic leukemia that is refractory to induction with other therapy.

(#i) Flavonoids: Interestingly, the second important class of the biphenylpropanoid derivatives is
known as the Flavonoids. In general, flavonoids are amongst the most abundantly distributed natural
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product compounds from the medicinal herbs having an enormous range of more than 2000 different
compounds reported to be present either in the free state or as the glycosides. However, the ‘flavonoid
glycosides’ have been described explicitely under Section 4.2.4 of Chapter 4 on ‘Glycosides’.

Mixed Biogensis in Flavonoids Flavoneids, the aromatic compounds occurring in plants are
usually biosynthesized by three different routes namely: (a) acetate-malonate pathway; () acetate-
mevalonate pathway; and (c) shikimic acid pathway. Flavonoids have a mixed biogenesis, as
evidenced by the fact that they are obtained from products of two or more of the main pathway.

The flavonoid and isoflavoneid ring structures are of mixed biosynthetic origin as depicted
below in Fig. 6.1.

Cinnamic-acid
Derived
T Cinnamic-acid
Acetate Acetate Derived
Derived Derived

(a) Flavonoid Ring System (b) Isoflavonoid Ring System

| Fig. 6.1 Derivation of Flavonoid and Isoflavonoid Ring Systems. |

From Figure 6.1, it may be observed that the ring A has been derived from three acetate units
joined head-to-tail, whereas the ring B and the three carbon atoms of the pyran ring (i.e., the central
ring) are derived from cinnamic acid. It may, however, be observed that the acetate units are first and
foremost get converted to CoA, wherein both the acetate-malonate and the shikimic acid pathways
contribute to flavonoid biosynthesis exclusively.

Chalcones may be regarded as the precursors of all other classes of flavonoids. In fact, they
have been isolated from a large number of plants, particularly members of the Acanthaceae,
Compositae, Gesneriaceae, Liliaceae, Oxalidaceae, and Scrophulariaceae, wherein their presence
can be aparently observed by their bright-yellow colouration to flower pigmentation. Fig. 6.2
represents the biogenetic relationship of the flavonoids.

Dihydrochalcones Flavones ——» Flavones

\ / / Flavonoid
Aurones «—— Chalcones —» Dihydroflavonoids =~ —  Flavan-3, 4-Diols
Isoflavonoids Anthocyanins

| Fig. 6.2 Biogenetic Relationship of Flavonoids.

* Hansel et al. Deut Apotheken Ztog., 108, 198 (1968).
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Silybin is the active chemical constituent belonging to the flavonoids, which shall be discussed
in details here under:

Silybin
Synonyms Silymarin, Apihepar, Laragon, Pluropon, Silarine, Silepan, Silirex, Silliver, Silmar.

Biological Source Silybin is obtained from the seeds of milk thistle, Silybum marianum (L.)
Gaertn. (Carduus marianus L.) belonging to the natural order Asteraceae.

Chemical Constituents The seeds of milk thistle is chiefly comprised of three isomers, namely:
silidianin, silicristin and the major component silybin (formerly known as silymarin). It has been
recently characterized as a new class of substances termed as the flavonolignans. It has been more
or less established beyond any reasonable doubt that silybin is produced in the plant by means of a
radical coupling of a flavonoid and coniferyl alcohol.*

Chemical Structure

HO

Silybin

Isolation A crude mixture of antihepatotoxic principle was first isolated from the plant (milk
thistle) and designated as silybin.

Characteristic Features The anhydrous silybin has mp 158°C and it decomposes at 180°C. Its
physical characteristics are as follows: [a]3 + 11° (¢ = 0.25 in acetone + alcohol) . Its uv,,. (in
methanol): 288 nm (log € 4.33). It is soluble in acetone, ethyl acetate, methanol, ethanol and found
to be sparingly soluble in chloroform. It is practically insoluble in water. It also occurs as the
monohydrate crystals from a mixture of acetone and petroleum ether having mp 167°C (decomposes
at 180°C); and from a mixture of methanol and water having mp 180°C.

Uses

1. Silybin is most importantly and widely employed as a therapeutic agent for protecting liver
cells in situ or cell not yet irrerersibly damaged by acting directly on the cell membranes (i.e. the
targetted site) so as to prevent the entry of toxic substances.

2. It also augments and stimulates the ‘protein synthesis’ i.e., anabolism of protein, thereby
accelerating the process of regeneration and the production of hepatocytes.

3. It has also been experimentally proven that silybin binds specifically to a regulative subunit of
the DNA-dependent RNA polymerase I at a particular site ley mimicking a natural steroidal
effector and thereby causing an activation of this enzyme. Consequently, the synthetic rate of
ribosomal RNAs is increased considerably, thus leading to an enhanced formation of intact
ribosomes that ultimately gives rise to an increased protein synthesis.

* Wagner et al. Arzneimittel-Forsch 18, 688 (1968); and 24, 466 (1974).
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4. Silybin may also be employed as a supportive treatment for the management and cure of chronic
inflammatory liver conditions and cirrhosis.*

General Biosynthesis of Flavonoids

The general biosynthesis of flavonoids essentially comprises of the interaction amongst the central
intermediate para-coumaroyl CoA and three malonyl CoA units to elongate the side chain of the
initial and original phenylpropanoid unit. It has been observed that the closure of the ring A yields
the chalcone structure, while the follow up reaction ultimately closes the ring B as shown below in
Fig. 6.3.

OH OH

3 Malonyl CoA
CoAS y CoAS

p-Coumaroy| CoA

o

|

OH O OH O

Naringenin (chalcone) Naringenin (flavanone)

Fig. 6.3 General Flavonoid Biosynthetic Pathway

(Adapted from Robbers, J.E., et al. Pharmacognosy and Pharmacobiotechnology,
Williams and Wilkins, London, 1996.)

m High Molecular Weight Phenylpropanoids

Nevertheless, phenylpropanoids, play a vital role as building units in the formation of high-molecular
weight polymers in plants. In general, these polymers are broadly classified into two major heads,
namely:

(7) Lignins, and
(if) Tannins
These two different categories of a high-molecular weight phenylpropanoids shall be discussed
in details as under.

* It is marketed in the form of capsules which contains a concentrated extract equivalent to 140 mg of silybin.



Dr.Murtadha Al-Shareifi e-Library

PHENYLPROPANOIDS 367

6.2.6.1 Lignins

Lignins are the most abundant natural aromatic organic polymers found in virtually all vascular
plants. It has been observed that the lignins together with cellulose, ¢.v., and hemicellulose, g.v., are
the major cell wall components of the fibers of all wood and grass species in the plant kingdom. In
fact, the lignins are sequestered in the secondary layer of the cell wall in close association with the
cellulose matrix wherein the phenolic hydroxy moieties present in the lignins may be either hydrogen
bonded or covalently attached to hemicellulose. Lignin is considered to be a sole factor in the
contribution towards the strengthening of the cell-wall, and consequently for its synthesis. It is
further regarded as a decisive factor in the adaptation of plants to a terrestrial habit in the process of
evolution. It could only be possible by virtue of the fact that the lignified cell walls help to build the
rigid and strong stems of the woody plants and the tress in general.

Composition Lignin is usually composed of coniferyl, p-coumaryl and sinapyl alcohols in varying
proportion in a variety of plant species.

Uses

It is used as a source of vanillin, syringic aldehyde and dimethyl sulphoxide.
It is also employed as an extender for phenolic plastics.

It is used to strengthen rubber for shoe-soles.

It is used as an oil mud additive.

It also finds it application as a stablizer for asphalt emulsions.

It is employed to precipitate proteins.

Al

6.2.6.2 Tannins
Synonyms Tannic Acid; Gallotannin; Gallotannic acid; Acidum tannicum.

Biological Sources Tannic acid usually occurs in the bark and fruit of a large number of plants,
such as: roots of Cimicifuga racemosa (L.) Nutt. (Ranunculaceae)-Black Cohosch, Black Snakeroot;
dried beans of Coffea arabica L. (Rubiaceae)-Arabica Coffee, Arabian Coffee, Abyssinian Coffee;
barks of Carnus florida L. (Cornaceae)-Dogwood, American Boxwood; fresh forage (fodder) of
Equisetium arrense L. (Equisetaceae)-Field Horsetail; leaves of Eupatorium perfoliatum L.
(Asteraceae)-Boneset, Ague Wood; seeds of Frangula alnus Mill. (Rhamnaceae)-Buckthorn; roots
of Glycyrrhiza glabra L. (Fabaceae)-Common Licorice, Licorice Root, Spanish Licorice Root;
roots of Paceonia officinals L. (Ranunculaceae)-Peony; leaves of Pilacarpus spp. (Rutaceae)-
Jaborandi; weeds of Polygonum aviculare L. (Polygonaceae)-Prostrate Knotweed; juice of the
plant of Rhamnus purshianus DC. (Rhamnaceae)-Cascara Sagrada, Cascara buckthorn; flowers
of Tussilago farfara L. (Asteraceae) Coltsfoot, Coughwort, Horse-Hoof; and plants of Verbena
officinalis L. (Verbenaceae)-Vervain, Verbena.

Preparation Tannic acid is produced from Turkish or Chinese Nutgall usually formed by an
aphis, Schlechtendalia chinensis found on the trees of Rhus chinensis belonging to family
Anacardiaceae.

It may also be obtained by extraction from specially fermented oak galls* that are normally

* Galls: These are formed by virtue of the deposition of eggs by gall-wasp viz., Adleria gallaetinctorial.
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grown on the young and tender twigs of Quercus infectoria (Oak Tree), belonging to the natural
order Fagaceae.

Chemical Structure

OH

OH
OH

Corilagin
(A Tannic Acid)

Characteristics Features Tannic acid is a yellowish-white to light brown, amorphous bulky
powder or flakes, or spongy masses. It has a faint characteristic odour with a distinct astringent taste.
It has a tendency to darken gradually on being exposed to air and light. It decomposes at 210-215°C
mostly into pyrogallol and CO,. It is highly soluble in water (1 g in 0.35 ml of water), 1 gin 1 ml of
warm glycerol, and very soluble in acetone and ethanol. It is practically insoluble in chloroform,
benzene, ether, petroleum ether, carbon disulphide and carbon tetrachloride.

Identification Tests
1. Tannic acid, when heated to 210-215°C, gets decomposed to yield pyrogallol and CO,. The
evolution of CO, may be confirmed when it turns freshly prepared lime-water milky.

. . 210-215°C
Tannic Acid ——» +CO,

HO OH
OH
Pyrogallol

2. lItinstantly gives rise to insoluble precipitates with albumin, starch, gelatin and a host of alkaloidal
and metallic salts.
3. It readily forms a bluish-black colour or precipitate with ferric salts e.g., FeCls;.

Storage Tannic acid must be kept in well closed and protected from light containers.

Uses

Tannic acid with ferric salts are invariably used in the manufacture of inks.

It is used for tanning i.e., making leather from hides of cow, goat, sheep and buffalo skin.
It is employed as a pharmaceutical aid due to its astringent and antiseptic actions.

It is used as a mordant in dyeing.

It is employed for sizing paper and silk.

Nk =
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8.
9.
10.
11.
12.

It is also used for printing fabrics.

It finds its application to make imitation horn and tortoise shell when mixed with gelatin and
albumin.

It is invariably employed to clarify beer and wine.

It is also used in ‘photography’.

It is employed as a coagulant in the manufacture of rubber.

It is used in the large scale production of gallic acid and pyrogallol.

It is employed as a reagent in ‘analytical chemistry’.

6.3 BIOSYNTHESIS OF PHENYLPROPANOIDS

It has been observed that there are two major precursors for the biosynthesis of phenylpropanoids,
namely: (@) cinnamic acid, and (b) p-hydroxy-cinnamic acid (or p-coumaric acid). However, in
plants these two chemical compounds are exclusively produced from the two aromatic amino acids
phenylalanine and tyrosine, respectively, which are subsequently synthesised via the Shikimic Acid
Pathway as depicted in Fig. 6.4.

Salient Features The salient features of the biosynthesis of phenylpropanoids via the shikimic
acid pathway are enumerated below:

1.

The biosynthetic pathway has been described explicitly in microorganisms by employing
auxotropic mutants of Escherichia coli and Enterobacter aerogenes which essentially require
the aromatic amino acids for their normal growth.

Two glucose metabolites, namely: erythrose 4-phosphate and phosphoenolpyruvate, are found
to react to give rise to a phosphorylated 7-carbon keto sugar, called 3-deoxy D-arabinoheptulosonic
acid 7 phosphate (DAHP).

. DAHP gets cyclized to 3-dehydroquinic acid, which is subsequently converted to shikimic

acid.

The resulting shikimic acid, via a series of phosphorylated intermediates, gives rise to chorismic

acid, which represents a vital branch-point-intermediate.

One of the branches leads to the formation of anthranilic acid and finally to tryptophan (an

aromatic amino acid).

The second branch leads to the production of prephenic acid, which represents the last non-

aromatic compound in the sequence.

Periphenic acid may be aromatized in two different manners, namely:

(a) Firstproceeds by dehydration and simultaneous decarboxylation to produce phenylpyruvic
acid, which is the direct precursor of phenylalanine.

(b) Second takes place by dehydrogenation and decarboxylation to produce p-hydroxy-
phenylpyruvic acid, which is the precursor of tyrosine.

Cinnamic acid, the phenylpropanoid precursor, is produced by the direct enzymatic deamination

of phenylalanine.
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Fig. 6.4 Biosynthesis of Phenylpropanoids via the Shikimic Acid Pathway
(Adapted from Rebbers, J.E. et al. Pharmacognosy and Pharmacobiotechnology, Williams & Wilkins, London, 1996.)
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9. para-Coumaric acid may be obtained in two different ways, namely:

(a) By hydroxylation of cinnamic acid at the para-position, and
(b) By an analogous manner from tyrosine.
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7.1 INTRODUCTION

The term alkaloids (or alkali-like) was first and foremost proposed by the pharmacist, W. Meissner,
in 1819, for the basic nitrogen-containing compounds of plant origin.

Ladenburg defined alkaloids,—*‘as naturally occurring plant compounds having a basic
character and containing at least one nitrogen in a heterocyclic ring.’

With the advent of recent advanced knowledge in the chemistry of various alkaloids two more
inevitable characteristic features were logically and justifiably added to the definition of alkaloids,
namely:

(a) Complex molecular structure, and
(b) Significant pharmacological activity.

Furthermore, it was broadly observed that the basic properties of the alkaloids is solely by
virtue of the presence of N-atom embedded into the five-or six- membered ring.

Therefore, the alkaloids are now generally defined as,—‘physiologically active basic
compounds of plant origin, in which at least one nitrogen atom forms part of a cyclic system.’

Even this definition has a few anomalies as stated below, namely:

(/) Cholines and Betaines: These two substances have the N-atom in the side chain and not in
the aromatic ring as shown below:

HOCH,CH,N" (CHj), (CH;)3N'CH, - COO~
Choline Betaine
The cholines and betaines are regarded as simple alkylamines and not classified as
alkaloids. They are designated by some school of thoughts as ‘biological-amines’ or ‘proto-
alkaloids’.

(if) Ephedrine: It has the N-atom only in the side chain and not embedded in the aromatic ring as
given below:
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OH
H

B
CH,; CH,
Ephedrine

(iii) Piperidine: It is obtained Piper nigrum (Black Pepper) and does not possess any
pharmacological activity, but has a N-atom in a heterocyclic ring as given below:

(

Piperidine

(iv) Colchicine: It is found to be neither basic nor it contains the N-atom in a heterocyclic ring,
whereas it is considered as an alkaloid due to the fact it possesses distinct pharmacological
activity as shown below:

Colchicine

(v) Thiamine (Vitamin B,): It confines to the definition of alkaleids but is not regarded as an
‘alkaloid’ because of its almost universal distribution in living matter.

H.C H
3 \|(N\ N i—s )
N A +NW)\/\ cl
OH
CH,

Thiamine Monochloride

Interestingly, alkaloids represent one of the most important group of chemical constituents
occurring in the entire plant kingdom which exert extremely potent and vital physiological
and pharmacological activities in the human beings. Therefore, it will be worthwhile to study
the alkaloids with regard to the following aspects, namely:
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(/) Nomenclature
(i) Occurrence and distribution in different organs of the plant
(@ii) Site of formation of alkaloids in plants
(iv) Functions of alkaloids in plants
(v) Isomerism
(vi) General characteristic features of alkaloids:
(a) Physical characteristics
(b) Chemical characteristics
(vii) General methods of extraction and isolation of alkaloids.

These various aspects of alkaloids shall now be discussed adequately in a sequential manner so
as to have a better in-depth of knowledge.

IARNM Nomenclature

The major characteristic of the nomenclature of alkaloids is the lack of any agreed systematic
prevailing system. Therefore, by a general agreement, the chemical rules designate that the names of
all alkaloids must end with the suffix (—ine). The latin names end with (—ina). Thus, the names of the
alkaloids are usually obtained in a number of ways, namely:

(a) From the generic name of the plant producing them:
Examples: Atropine from Atropa belladona Linn., (Solanaceae); and Hydrastine from Hydrastis
canadenisis L. (Ranunculaceae).

(b) From the specific name of the plant yielding them:
Examples: Belladonine from Atropa belladona L. (Solanaceae); and Cocaine from Erythroxylum
coca Lam. (Erythroxylaceae).

(¢) From the common name of the drug producing them:
Example: Ergotamine from Claviceps purpurea (Er.) Tul. (Hypocreales) commonly known as
ergot.

(d) From their specific physiological activity:
Examples: Emetine from Hedera helix L. (Araliaceae) called Ivy; Narcotine from
Papaver somniferum L. (Papaveraceae) known as Opium Poppy; and Morphine from
P. somniferum L.

(e) From the name of the discoverer:
Example: Pelletierine from the barks of Puniea granatum Linn., (Punicaceae).

(f) From their physical property:
Example: Hygrine from the roots of Withania somniferum (L.) Dunal (Solanaceae) called
Ashwagandha (Hygro = moist).

Occurrence and Distribution in Different Organ’s of Plant

McKee* (1962) reported that about 1000 alkaleids, which are known, belong to almost 100 families,
500 genera and spread over 1200 species. However, it has been observed beyond reasonable doubt

* Mckee, H.S., Nitrogen Metabolism in Plants, (1962).
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that the alkaloids are not evenly distributed amongst the plant kingdom. They have been found to be
absent in A/gae and in the lower groups of plants with the exception of one or two families of the
fungi. The glaring examples of fungal alkaloids include those of ergot alkaloids.

The seeds of papaya, Carica papaya L. (Caricaceae), yield 660 to 760 mg BITC which is a
bactericidal aglycone of glucotropaeolin benzyl isothiocyanate.

However, in the plant kingdom, the alkaloids generally, seem to get confined to a certain families
and genera with regard to their distribution. For instance, amongst the angiosperms the families
which have been recognized as outstanding for alkaloidal-yielding plants are, namely: Apocynaceae,
Berberidaceae, Papaveraceae, Ranunculaceae, Rubiaceae and Solanaceae.

Monocotyledons, generally do not produce alkaloids, but investigation have revealed that two
of the most promising families viz., Amaryllidaceae and Liliaceae do contain alkaloid-containing
plants.

Dicotyledons, mostly contain the alkaloids. It has been observed that neither Labiatae nor
Rosaceae contain any alkaloid. Furthermore, almost 15% of all vascular plants contain alkaloids.

Alkaloids may occur in various parts of the plant. It may, however, be pointed out that in a
particular species, normally only one or two specific organs and not all organs, essentially afford the
function of alkaloidal formation. For instance, the alkaloids of the tobacco plant, Nicotiana tabacum
Linn., (Solanaceae), are produced in the root and are subsequently translocated to the leaves where
they usually accumulate, whereas the seeds are completely devoid of alkaloid. In another glaring
example the opium poppy, Papaver somniferum, the alkaloids solely occur in the fresh latex of the
fruit, while the seeds of poppy are virtually devoid of alkaloids. Likewise, the colchicum* corm.
Colchicum autumnale Linn. (Liliaceae), the alkaloids are found both in the seed and in the corm.
Interestingly, the bark of cinchona tree, Cinchona officinalis Linn., (Rubiaceae) contain the alkaloids
(viz., quinine) exclusively.

In some instances, there are noticeable fluctuations in the alkaloidal content in various organs of
the plant during the different stages of its growth, during different seasons, and lastly between day
and night. In certain perennials, the localization and accumulation of the alkaloids in one or two
particular organs, appears to be more marked and pronounced with the advancement in the age of
the plant.

In a broader sense, the particular alkaloids of complex structures are normally confined to
specific plant families, such as: hyoscyamine in Solanaceae; and colchicine in Liliaceae. More
importantly, a specific family may also contain several structurally non-related alkaloids i.e., the
basic-structure of alkaloids are altogether different, as examplified under.

Salts of Alkaloids It has been found that a plethora of alkaloids occurring in various plant species
are in the form of salts of organic acids, such as: acetic acid, malic acid, oxalic acid, succinic acid,
tartaric acid, tannic acid or some other specific plant acids. In certain instances, the alkaloids are
found to be in combination with special plant acids, for examples:

* Colchicum: It is derived from Colchiss, a port on the Black Sea where the plant was first found to be growing.
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Family Common Name Botanical Name Chemical
Structure
N CH,
Solanaceae  Nicotine Nicotiana O |
tabacum, or N
N.rustica
Hyoscyamine  Hyoscya _~CH,
mus N OH
nigerL.; /
Atropa i
belladona L.; () :
Datura
Stramonium L.,
CH,OH
CH,OH HO — Solani-
Solanine Solanum dine
tuberosum L., O
(potato); OH
S. nigrum L., HO
Lycopersicon HO O,
eseulentum Mill. (tomato) CH, (0}
OH OH
O
Capsaicin Capsicum
annum Linn, var H3CO = CH3
(Chillies) N
HO H CH,
H COOH
Aconitine associated with :[]i/
HOOC COOH
trans—Aconitic acid
HOOC O. COOH
Morphine associated with OH
0]
Meconic acid
HO._ _COOH
Quinine associated with HO OH

OH

Quinic acid
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HOOC O, COOH

Chelidonine associated with

0)
Chelidonic acid
Rarely, alkaloidal salts with inorganic acids may also be present in plant products, such as:
morphine sulphate in opium poppy.

Gluco-Alkaloids A few typical alkaloids are found in glycosidal combination with sugar moieties
there by yielding the gluco-alkaloids.

Example: Solanidine (aglycone) obtained from the hydrolysis of the toxic glycoside solanine
found in sprouts of potato tubers as given below:

CH,OH
CH.,OH HO 0O O— Solanidine
2

0] O
OH CH,
HO HO o Hydrolysis
CH, HO
OH OH
Solanine Solanidine
(Gluco-Alkaloid) (Alkaloid)

AR Site of Formation of Alkaloids in Plants

The naturally occurring alkaloids that are found to be present in particular organs or parts of a
specific plant, it does not logically suggest that they are either synthesized or formed in those particular
organs. It may be further expatiated by the typical example of the alkaloids found in several Datura
species and Nicotiana species, already discussed earlier, are invariably formed in the roots, but are
rapidly translocated to the leaves. This glaring fact has been legitimately and explicitely demonstrated
by the help of various experimental techniques innovated by researchers, namely: grafting techniques,
labelling with radio-isotopes. Consequently, the leaves of such medicinal herbs, where the alkaloids
usually get accumulated, is the ideal and vital part (organ) to be used for the subsequent extraction
and isolation of relatively appreciable quantities of the alkaloids.

YAR'E Function of Alkaloids in Plants

A good number of logical explanations, theories and principles have been put forward with regard to
the possible function of alkaloids in plants or the probable reasons why they are present in them. It
would be worthwhile to have a closer look and perhaps a better insight about certain possibilities
that have gained cognizance over the years are described below along with their functions, namely:
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(a) As strategically located poisonous agents in plants thereby protecting them either against
herbivorous animals or insects,

(b) As probable by-products of various detoxification reactions representing a metabolic locking-
up of compounds, otherwise harmful or detrimental to the plant,

(¢) As pronounced regulatory growth factors, and

(d) As reserve substances in plant capable of supplying nitrogen or other necessary elements to its
economy.

AR Isomerism

Generally, isomerization is the process of involving the change of one structure into another having
the same emperical formula but with different properties in one or more respects.

A plethora of alkaloids contain one or more asymmetric carbon atoms in the molecule, and
hence exhibit optical activity. It has been observed that in the majority of instances only the (-)-
isomer (i.e., the levorotatory component) has appreciable and distinct pharmacological activity than
the corresponding (+)-isomer (i.e., the dextrorotatory, component) of the same alkaloidal species.

At this juncture, one needs to understand clearly the traditional designations /- and d- for the
levo- and dextro- rotatory isomers respectively; and these are to distinguished from the designations
L- and D- which refer not to the optical activity, but to the steric configuration with regard to a
conventionally accepted reference compound.

In fact, the optical activity is invariably associated with the alkaloids and their respective salts.
However, the optical activity and the specific rotation usually varies with the solvent used, the
temperature, the wave length of light and other minor factors.

There are quite a few typical and glaring examples that may serve to illustrate the considerable
difference in the pharmacological activity observed amongst the different isomers of an alkaloid.

Examples
(a) Showing d- and /-isomers with distinct pharmacological activities, such as:
(i) Relative pressor activities* of D(-)-ephedrine and D(+) ephedrine: The relative
pressor activities of D(-)-ephedrine is found to be 36 with regard to its D(+)-ephedrine
isomer at 11 i.e., the former is almost 3% times more active than the latter as shown below:

CH, CH,
H ———— NHCH, H ——— NH-CH,
H— OH HO ———H
D (-)-Ephedrine D (+)-Ephedrine
(Relative pressure (Relative pressure
activity = 36) activity = 11)

* Increase of arterial blood-pressure.
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(if) Antimigraine activity of (—)-ergotamine and (+)-ergotamine: It has been observed that
the antimigraine activity of (—)-ergotamine possesses 3-4 times more activity than its
corresponding (+)-ergotamine isomer:

(-)-Ergotamine

(b) Showing both (—)-and (+)-forms active pharmacologically: In certain alkaloids, the (—) form
as well as the (+) form are medicinally useful. Examples: The (—-)-Quinine is primarily employed
as a potent antimalarial agent; whereas the (+)-Quinine, also known as quinidine, is solely used
in restoring cardiac arrythmia to normal rythm, as given below:

(-)-Quinine (=)—Quinine
(Quinidine)

(¢) Exception: The (+) (+)—d-tubocurarine of d-tubocurarine is the only isomer that exhibits muscle
relaxant properties, as shown below:

H

« 2C1

(+)—d-Tubocurarine Chloride



Dr.Murtadha Al-Shareifi e-Library

| 380 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

YAK General Characteristics of Alkaloids

The general characteristics of alkaloids may be grouped together in two categories, namely:

(a) Physical characteristics, and
(b) Chemical characteristics.

These two categories shall now be discussed individually in the sections that follows:

7.1.6.1 Physical Characteristics

First and foremost, let us consider the solubility of alkaloids both in water and organic solvents
along with some typical examples. In fact, a comprehensive knowledge of the solubility of complete
range of alkaloids and their corresponding salts is of utmost pharmaceutical importance because of
their extremely specific and potent pharmacological actions.

It is pertinent to mention here that in general the solubilities of different alkaloids and their
respective salts usually exhibit considerable variation, which may be attributed from their
extremely complex and varied chemical structures. However, it has been observed that the free
alkaloid bases as such are invariably found to be fairly soluble in organic solvents, such as: either,
chloroform, relatively non-polar solvents (hexane, benzene, petroleum ether), immiscible solvent,
lower alcohols (methanol, ethanol); but they are either practically insoluble or very sparingly soluble
in water.

Interestingly, the alkaloidal salts are almost freely soluble in water, relatively less soluble in
alcohol and mostly either insoluble or sparingly soluble in organic solvents:

Examples Atropine sulphate and morphine hydrochloride are much more soluble in water
than their corresponding bases i.e., atropine and morphine.
However, there are a few exceptions to the above stated generalizations, namely:

(i) Certain alkaloid bases are water soluble, but these may be solely regarded as exceptions
rather than any specific rule, such as: ephedrine, colchicine, pilocarpine; the quaternary
alkaloid-base like berberine and tubocurarine; caffeine-base readily extracted from tea
with water.

(ii) Narceine and pilocarpine are insoluble in organic solvents, whereas morphine is sparingly
soluble in organic solvents viz., solubility in either 1:5000.

(@ii) Certain alkaloidal salts, for instance: lobeline hydrochloride and apoatropine hydrochloride
are found to be soluble in organic solvent like chloroform.

(iv) Some alkaloidal salts are sparingly soluble in water whereas others are extremely water-
soluble, such as: Quinine sulphate-soluble in 1:1000 parts of water, Quinine hydrochloride-
soluble in 1:1 part of water.

The physical characteristics of some potent alkaloids, such as: mp, optical rotation and solubility
are enlisted below so as to have a glimps of the distinct variation in the observed parameters:
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S.No. Alkaloid mp (°C) Optical rotation Solubility
1.  Ajmaline 150-160 [oc]%O + 144° Chloroform, ether, ethanol, methanol
2. Atropine 144-116 - Benzene, chloroform, ether
3. Berberine 145 - Water
4. Colchicine 142-150 o]l - 429° Water, chloroform, ethanol
5. Ephedrine 79 - Water, ethanol, ether, chloroform, oils
6. Hyoscyamine 1085 [0]3° - 21.0° Ethanol, dilute acids
7. Morphine 197 [oc]%5 -132° Sparingly soluble in ethanol,
chloroform, amyl alcohol,
8. Physostigmine 105-106 [(x]%s —120° Benzene, chloroform, oils
9. Quinine 177 [0c]1D7 —-117° Chloroform, ether
10. Reserpine 264-265 [oc]%3 -118° Chloroform, ethyl acetate, benzene.
(dec.)
11.  Strychnine 275-285 [0c]1D8 —104.3° Chloroform, methanol, benzene
12.  Taxol 213-216 [a]30 - 49° Methanol
(dec.)
13.  Vinblastine 211-216 [o]30 + 42° Chloroform, ethanol
14. Yohimbine 234 [oc]%O +108° Chloroform, ethanol, benzene

7.1.6.2 Chemical Characteristics

The general chemical characteristics of the alkaloids are so broadly spread out, therefore, they shall
be treated individually under the following heads, namely.

[A] N-in the Molecule Besides, the other normal elements e.g., carbon, hydrogen, oxygen, the
alkaloids must essentially contain at least one N-atom. The number of N-atoms vary from the bear
minimum one in a molecule e.g., cocaine, to even five in a molecule e.g., ergotamine. It has been
observed that these N-atoms are normally present as a part of the heterocyclic ring in the alkaloid
molecule e.g., quinine, reserpine, strychnine, vinblastine and yohimbine; whereas there are certain
alkaloids that contain the N-atom in the aliphatic side chain e.g., ephedrine, mescaline.

Invariably, the alkaloids contain the N-atom in the tertiary-amine form (R;N) e.g., morphine,
reserpine; lesser in the secondary-amine form (R,NH) e.g., ephedrine; and very rarely in the
primary-amine form (RNH,) e.g., nor-pseudo-ephedrine. Furthermore, whenever N-atom occurs
either in the tertiary- or secondary-form, it essentially constitutes as an integral part of the ring-
system, precisely the heterocyclic ring system.

Noticeably, the tertiary N-atoms wherein only two of the bonds are involved in a ring, the
methyl moiety is usually found as the third component, for instance: N-methyl group in morphine,
cocaine, colchicine, dextro methorphan, codeine, physostigmine, vinblastine, vindesine etc.



Dr.Murtadha Al-Shareifi e-Library

382 PHARMACOGNOSY AND PHARMACOBIOTECHNOLOGY

Hence, methyl moiety seems to be the only alkyl group that has been found to be substituted on the
N-atom.

However, in some very specific cases, the N-atom occurs in the quaternary ammonium form
(RyN" - X") e.g., tubocurarine chloride [see section 7.1.5 (c)]. Nevertheless, the quaternary
ammonium compounds are logically and technically not regarded as alkaloids by virtue of the
following two particular reasons, namely:

(/) N-atom does not possess a H-atom, and
(if) Chemical properties are quite different.

As a matter of convenience, they are legitimately grouped along with the alkaloids.

[B] O-in the Molecule In addition to the common elements C, H and N, a variety of alkaloids
normally contains O-atom. Invariably, these specific alkaloids are found in the solid state, with a few
exceptions where the oxygenated alkaloids usually occur as non-volatile liquids, such as: pilocarpine.

[C] Basicity (Alkalinity) In general, the alkaloids are basic (alkaline) in reaction, by virtue of
the presence of N-atom present in the molecule. Hence, these are prone to the formation of their
respective salts with various acids.

e o~

CH,

Pilocarpine Morphine Strychnine
(Liquid, mp34°C) (Solid, mp197°C) (Solid, mp 268-270°)

Degree of Basicity: The degree of basicity of the alkaloids mostly depends upon the prevailing
influence caused due to the electrostatic status of the N-atom present in the alkaloid molecule, for
instance, the number of N-atom present in the alkaloid, whether the N-atom is located in the ring or
in the side-chain, the presence of alkyl group (e.g., methyl) to the N-atom etc.

Another vital factor, which establishes the degree of basicity of an alkaloid, is the presence of
pri-, sec-, tert-, or quaternary N-atom or atoms in it. In fact, such apparent differences in the degree
of basicity arising from the various structural features, are eventually reflected by the different
dissociation constant values (i.e., pKa values) with regard to various alkaloids as stated below:

S.No. Alkaloid pKa Values

1 Berberine 2.47 (K=38.35x 107%)
2 Colchicine 12.35 (at 20°C)
3 Emetine pK; =5.77; pK, = 6.64
4 Morphine 9.85
5 Papaverine 8.07 (at 25°C)
6 Physostigmine pKa; = 6.12; pKa, = 12.24;
7 Quinine pK; = 5.07 (at 18°C); pK, = 9.7;
8 Reserpine 6.6
9 Vinblastine sulphate pKa; =5.4; pKa, =7.4;

10 Vincristine 5.0 ; 7.4 (in 33% DMF)
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Salient Features

1. The weaker bases, i.e., alkaloids having low pKa values, shall require a more acidic medium to

form their respective salts with the corresponding acid.

2. The strongly basic alkaloeids i.e., those possessing high pKa values, shall require comparatively

low acidic medium to form their respective salts with the acid.

Note: In a medium at a weakly acidic pH certain strongly basic alkaloids would be easily
converted to their respective salt by interaction with the corresponding acid, whereas
the alkaloids which are relatively weaker bases having lower pKa values shall
still remain in their free-base form. Such a critical situation is skillfully exploited
for the separation of a specific alkaloid or a group of alkaloids having closely identical
pKa values, from other alkaloids that essentially possess either very low or very

high pKa values.

3. The alkaloids are usually neutrallized with acids to form salts that may be converted to the
corresponding free-base by the cautious addition of selective weak bases, such as, ammonia,
calcium hydroxide or sodium carbonate. The usage of either NaOH or KOH solutions must be

avoided so as to prevent the decomposition or destruction of highly sensitive alkaloids.

4. Amphoteric alkaloids: There are some alkaloids which are amphoteric in nature i.e., they are
neither acidic nor basic in character; this is due to the presence of phenolic (~-OH) moiety in

Morphine, or the presence of carboxylic (~COOH) function in Narceine, as shown below:

Narceine

5. Unstable alkaloidal salts: There exists some specific alkaloids that inherently possess weak-
basic properties and their salts are not so stable, for instance: piperine, papaverine, narceine,

narcotine, and caffeine.

OCH,

) OV ©
© i OCH,

@)

Piperine Papaverine

H,CO
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O 0
e CH,

<o N—CH, H3C\N N
)\ />

H,CO CH—O 0 N N

C=0 CH,
OCH,
Narcotine Caffeine

6. Neutral or slightly acidic alkaloids: There are a few typical naturally occurring alkaloids that
almost behave as either neutral or slightly acidic character, namely: ricinine and theophylline, as
depicted below:

CH
| HC
N O E\)HIN
| )
= N
[ICN o] I|\1
OCH, CH,
Ricinine Theopylline

[D] Precipitation by Specific Reagents A good number of alkaloids obtained from various plant
sources invariably give a distinct precipitate with certain specific reagents to an extent as small as
one microgram. Based on these observations, these alkaloid-precipitating reagents are sometimes
employed for either detecting the presence or absence of alkaloids in:

(a) Crude extracts or plant materials, and
(b) For ascertaining whether a specific extraction procedure has exhausted completely the alkaloidal
contents or not.

However, a negative test i.e., the absence of precipitation, may infer that the alkaloids are absent.
It is pertinent to mention here that a positive test may not always indicate the presence of alkaloids,
but may also be due to the presence of other plant constituents, such as: purines, proteins, betaines
and ammonium salts etc. Therefore, it is always desired to rule out the possibility of a false-test by
alkalifying the acidic solution with dilute ammonium hydroxide and subsequently extracting the
liberated alkaloid with chloroform. The residue thus obtained, after the removal of the solvent
(chloroform), is tested with the alkaloid-precipitating reagents. Now, if the test is positive, the
presence of an alkaloid is almost confirmed.

Microcrystalline precipitates of alkaloids: Alkaloids, alike other amines, usually form double-
salts with salts of heavy metals, such as, gold (Au), mercury (Hg) and platinum (Pt). The resulting
double salts are found to be possessing characteristic microcrystalline structures. It has been observed
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that under controlled and specific experimental parameters viz., profile of mixing and gradual
evaporation, a drop of an alkaloidal solution reacting with a drop of an appropriate alkaloidal-
precipitating reagent, such as: chloroplatinic acid (H,PtCly) or chlorauric acid (HAu. Cl,), on a
microscopic-glass slide, gives rise to microcrystalline products having specific and characteristic
shapes and structures solely based upon the manner of aggregation.* It may, however, be exploited
skillfully as a convenient means of rapid-microscopical identification of an alkaloid.

The various reagents that are invariably used either for the testing of alkaloids by precipitation
or by the formation of microcrystalline complexes (salts) are as stated below along with their individual
compositions, namely:

(i) Mayer’s Reagent (Potassium-Mercuric Iodide Test Solution):
Mercuric chloride = 136¢g
Potassium lodide = 3.00g
Distilled water to make 100.00 ml

(ii) Wagner’s Reagent (Potassium Triiodide):

lodine = 13¢g
Potassium = 20g
Distilled water to make = 100.00 ml
(7ii) Kraut’s Reagent (Modified Dragendorff’s Reagent or Potassium Bismuth Iodide):
Bismuth Nitrate = 80g
Nitric Acid = 20.0 ml
Potassium lodide = 272¢g
Distilled water to make = 100.00 ml

(iv) Marme’s Reagent (Potassium-Cadmium Iodide Reagent):
Cadmium lodide = 100¢g
Potassium lodide = 200¢g
Distilled water to make 100.00 ml

(v) Scheibler’s Reagent (Phosphotungstic Acid Reagent):
Sodium Tungstate = 200¢g
Disodium Phosphate = 700¢g
Distilled water to make 100.00 ml

Note: Acidify with nitric acid to litmus paper.
(vi) Hager’s Reagent:
A saturated solution of Picric Acid.
(vii) Sonnenschein’s Reagent (Phosphomolybdic Acid):
A 1% (w/v) solution of phosphomolybdic acid in ethanol.
(viii) Bertrand’s Reagent (Silicotungstic Acid):
A 1% (w/v) solution of silicotungstic acid in distilled water.
(ix) Reineckate salt solution:
Ammonium Reineckate = 1.0g
NH4 [Ci (NH;), (SCN),

* A whole combination of several components.
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Hydroxylamine HCI = 03g
Ethanol = 100.00 ml

Note: Filter and store in a refrigerator.

[E] Colour Reactions with Specific Reagents Broadly speaking the colour reactions of the
alkaloids are rather unspecific; however, they are certainly very sensitive so much so that even
alkaloids present in microgram quantities invariably afford immediate and instant response. The
ultimate development of a characteristic colour reaction is solely dependent upon either the
dehydration or the oxidation of the alkaloid. Generally, a large number of these reagents essentially
consist of concentrated sulphuric acid along with certain specific added compounds, such as,
sulphomolybdic acid, formaldehyde, sulphovanadic acid, potassium arsenate, hydrogen peroxide,
and selenious acid.
A number of such specific reagents shall be described in the section that follows:

(a) Froehd’s reagent: Dissolve 5 mg of molybdic acid or sodium molybdate in 5 ml of pure
concentrated H,SO,.

Note: The reagent should be freshly prepared before use.

(b) Erdmann’s reagent: A mixture of 10 drops of concentrates HNO;, and 100 ml of water are
added to 20 ml of pure concentrated H,SO,.

(c¢) Marqui’s reagent: A mixture of 2-3 drops of formaldehyde solution (40%) with 3 ml of
concentrated H,SO,.

(d) Mandalin’s reagent: Dissolve 1 g of finely powdered ammonium vanadate in 200 g of pure
conc. H,SO,.

(e) Mecke’s Reagent: Dissolve 1 g of selenious acid in 200 g of pure concentrated H,SO,.

(f) Modified Dragendroff’s reagent: Dissolve 1.6 g of bismuth subnitrate in 60 ml of 20% glacial
acetic acid, add to it 5 ml of 40% aqueous solution of KI, 5ml of glacial acetic acid and make up the
volume to 100 ml of water.

(2) Rosenthaler’s reagent: Dissolve 1 g of potassium arsenates in 100 g of pure concentrated
H,SO,.

(h) Schaer’s reagent: Mix carefully 1 volume of pure 30% H,0O, with 10 volumes of concentrated
H,SO,.

Note: The reagent is always prepared afresh, before use.

Interestingly, there are some instances where in the intensity of the colour so produced is in
linear proportion under standardized experimental parameters. Therefore, such specific colour
reactions may be used exclusively for the quantitative determination of certain groups of alkaloids,
such as:

(i) For Ergot Alkaloids: The blue colour produced by the ergot alkaloids with the Van Urk
Reagent (or Ehrlich Reagent) i.e., para-dimethylaminobenzaldehyde in 65% H,SO,, is
employed for the quantitative estimation of ergot alkaloids.

(if) For Belladona Alkaloids: The violet colour caused by the belladona alkaloids with fuming
HNO; and alcoholic KOH solution is employed for their assay.
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[F] Stability of Alkaloids Alkaloids, in general, are not very stable. They normally undergo
degradation or decomposition on being exposed to air, light, moisture and heat, besides chemical
reagents. A few typical examples of alkaloids vis-a-vis their stability are stated below, namely:

(i) Ergotamine gets destroyed by prolonged treatment with alkali, whereas strychnine can stand
such vigorous action.

(if) An aqueous solution of alkaloids undergo rapid decomposition or degradation as compared to
their solid forms.

(iii) Storage of alkaloids in pure form or their dry extracts is usually done in a vacuum desiccator
over a dehydrating agent e.g., phosphorous pentoxide (P,0Os) or calcium chloride (CaCl,)
anhydrous for their better stability.

(iv) During the course of extraction of alkaloids followed by isolation, the solvent is preferably
removed effectively by distillation under vacuum* (or reduced atmospheric pressure) or by
subjecting it to evaporation in a Rotary Thin-Film Evaporator under vacuum so that the desired
product is not exposed to excessive heat, thus avoiding decomposition.

(v) Alkaloids, are stored in amber-coloured glass bottles preferably in a vacuum desiccator.

[G] Acid salts of Alkaloids A plethora of alkaloids are strongly alkaline in nature and most of
them form well-defined salts. However, in certain instances the basicity of an alkaleid is quite weak
and feeble, and hence the formation of the corresponding salts with either acetic or other weak acids
is practically insignificant and rare. The salts formed with stronger acids e.g., HCI, H,SO, etc., get
decomposed in the presence of water to liberate the free base and the acid. It has been observed that
only a few of the alkaloids form carbonates, and consequently either the alkali carbonates or the
alkali hydrogen carbonates are invariably used to liberate them from the aqueous solutions of their
corresponding salts.

Alkaloids, in general, containing either one or more than one N-atom usually behave as
monoacidic bases; and, therefore, form only one series of salts with acids as designated by ‘BA’
(where: B = base; and A = acid). It is pertinent to mention here that quinine in particular and the
cinchona alkaloids in general are an exception to the earlier concept and found to behave as diacidic
bases. Besides, a number of alkaloids to behave as monoacidic bases, even though they contain two
N-atoms in their molecule. It is worthwhile to mention here that the basicities of the alkaloids is of
utmost importance with regard to their quantitative volumetric estimation.

In common practice the salts of alkaloids are prepared by using cold and dilute solutions of the
mineral acid specifically, e.g., morphine hydrochloride, atropine sulphate, quinine sulphate,
ephedrine hydrochloride etc. It may be pointed out that the use of concentrated mineral acids, or
heating an alkaloid even with a dilute acid under pressure may ultimately lead to profound changes
in them. Noticeably, the concentrated mineral acids invariably give rise to characteristic colour
changes, that are usually used as a means of identification and characterization of the alkaloids. In
addition to the complete decomposition of alkaleids by strong acids to result the various colour
changes, the chemical changes caused by the mineral acids on them may be categorized into three
different types, namely:

* Under vacuum (or reduced atmospheric pressure) the boiling point of solvent is lowered significantly e.g., alcohol pp
78.5°C boils in vacuum at 40°C.
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(a) Dehydration: Dehydration of alkaleids give rise to either anhydro- or apo- alkaloids, such as:
Apomorphine obtained from Morphine
Apoatropine obtained from Atropine

(b) Demethoxylation: The removal or elimination of the methoxyl groups from the alkaloids by
treatment with either concentrated HCI or HI to produce methyl chloride (CH;Cl) or methyl iodide
(CH,;I) while giving rise to the corresponding Aydroxy base. The methoxyl group (s) are present in a
variety of alkaloids, for instance: codeine, quinine, narcotine and papaverine.
Example:

NARCOTINE + 3HI—— NORNARCOTINE + 3CH;l

(¢) Hydrolysis: A good number of naturally occurring alkaloids are obtained as esters. They
easily undergo hydrolysis on being heated with either alkalies or mineral acids thereby resulting into
the formation of the corresponding acids along with respective alcohols or phenols of the alkaloids.
A few typical examples are as give below:
(i) ATROPINE + H,0 —— TROPINE + TROPIC ACID
(i) COCAINE + 2H,0 —— ECGONINE + BENZOIC ACID
+ METHANOL

[H] Action of Alkalies The action of alkalies e.g., NaOH and KOH on the alkaloids are found to
be varying in nature as enumerated below:

(a) Dilute alkaline solutions of KOH or NaOH normally decompose most alkaloidal salts and finally
liberate the free alkaloids.

(b) Certain alkaloids containing phenolic hydroxyl groups e.g., morphine, on being treated 