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PREFACE
Life-saving drugs have been in demand from the very beginning of civilization. Even in the Stone Age, wounds were treated by using mud or
certain barks of the trees. With the development of the society there were
advances in Ayurveda, the natural therapy. In addition to Ayurveda, several
other techniques were also used for the treatment of diseases. In ancient
times, people relied upon plants as a source of medicines. This was actually
the period of emergence of modern Medicinal Chemistry. Knowledge of
Chemistry and related Biology lead to isolation of the specific compound
from the plant extracts for pharmacological purposes. With the continuously increasing global population, plants were not sufficient to fulfill the
demands of the pharmaceutical industries. More and more exploitation of
the medicinal plants pose a serious threat to plant biodiversity. Synthetic
Organic Chemistry acts as a blessing in disguise as far as the conservation of
medicinal plants is concerned. With advances in the modern synthesis technologies, a majority of drugs can now be synthesized in laboratory conditions.This book is an effort to throw light on the importance of biologically
active molecules which are isolated from different plants, their biological
activity, extraction from natural sources and their in vivo production to
preserve the biodiversity of medicinal plants.
Chapter 1 is an introduction to history of emergence, and usage of medicinal plants with civilization. This chapter deals with the growing knowledge
about the biological activities of plants and also the biological activities of
its different parts. Discovery of target molecules of medicinal importance in
the plants opened the way for researchers to synthesize the molecule along
with the derivatives to improve the biological activity with reduced toxic
effects. Of course it was a step towards the conservation of global floral
biodiversity. Chapter 2 includes the journey of understanding of rationale
from the medicinal plant. Chapter 3 discusses the chemical nature and the
naturally occurring synthesis pathway of the pharmacologically active component of medicinal plants. These biologically active components generally
belong to the category of terpenoids, polyphenols, glycosides, and alkaloids.
Neem (Azadirachta indica) also named as Margosa or Indian Lilac is a biologically important tree as a number of drugs have been isolated from it. Previously, leaves of the tree were added in the bathing water for healthy skin,
free from any type of fungal infections. Anti fungal drugs along with other
xxiii
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important drugs isolated from neem are discussed in Chapter 4. Curcuma
longa L. (turmeric) an important spice of Indian kitchen is full of medicinal
properties. It acts as a source of various essential oils used in perfumery
industries. Curcumin, demethoxycurcumin and bisdemethoxycurcumine
are important curcuminoids present in turmeric showing anti-inflammatory, anti-viral, anti-cancer and other medicinally important activities, are
discussed in Chapter 5.
Chapter 6 is based on isolation and synthesis of biologically important
molecules and the pharmacological activities of Aegle marmelos, wood apple.
All parts of tree are enriched with medicinal values.Tulsi is considered a holy
plant in India and is planted in each house. Its leaves are used commonly for
the treatment of cough and cold.The plant is enriched with numerous pharmacological properties. Important constituents of this plant are discussed in
Chapter 7. Chapter 8 focuses on Aloe Vera and its importance in medicinal
chemistry. Important constituents of this plant are discussed herein. Cinchona alkaloids are known for their antipyretic and anti malarial properties.
Quinine, synthesized by different research groups is included in Chapter 9.
Chapter 10 discusses the bioactive molecules and the pharmacological properties of selected exotic medicinal plants.
Chapter 11 talks about selected bio-active compounds that have been
isolated from marine plants and discusses the synthesis of their medicinally
important components in laboratory. Chapter 12 consists of description
on ayurvedic methodologies for curing of diseases. Since ayurveda completely relies upon the plants extracts for its medicinal preparation, synthetic
chemistry can open new avenues in the preparation of ayurvedic medicines.
Chapter 13 deals with drug abuse wherein the ill effects of certain medicines taken for a long time are discussed. Chapter 14 gives insight to the
medicines isolated from plants found in China.
Ashish Kumar Tewari
Associate Professor, Department of Chemistry, Institute of Science,
Banaras Hindu University,Varanasi, India
Supriya Tiwari
Assistant Professor, Department of Botany, Institute of Science,
Banaras Hindu University,Varanasi, India

CHAPTER 1

Significance of medicinal plants
in human life
Akhileshwar Kumar Srivastava
CBGM laboratory, Augusta University, Augusta, GA, USA

1.1 HISTORICAL IMPORTANCE OF MEDICINAL PLANTS
IN HUMAN SOCIETY
Adam and Eve lived in heaven and they were familiar neither about the
disease nor suffering; once they were expelled then they discovered misery
and disease.
Ever since the ancient times, in search for rescue of their disease, people
looked for drugs in nature. The beginning of the medicinal plant's use was
instinctive, as is the case similar to animals (Stojanoski, 1999). In fact, in
those times there were no sufficient information either concerning the reasons for the illnesses or concerning which plant and how it could be utilized as a preventive remedy—everything was based on experience. In time,
the usage of specific medicinal plants for treatment of specific diseases was
discovered; thus, the medicinal plants’ usage gradually increased the empirical framework and became explicatory facts.The plants had been the source
of treatment and prophylaxis until the advent of iatrochemistry in the 16th
century (Kelly, 2009).
Necessity is the mother of invention, therefore, since ancient times
man has searched for remedies to combat against several diseases. Historically, man has explored the nature for two major needs: food for survival
and herbs for relieving of pain and diseases. The ancient civilizations used
herbs or mixtures of them named as corpus therapeuticum as a comprehensive treatment of diseases. One of these components was Ebers papyrus.
The medicinal herbs that were used in Egyptian culture were explained in
the E. papyrus in about 1550 bc. German Egyptologist Dr. George Ebers
purchased the papyrus in Thebes in 1872 and explored its components
and described it as an extraordinary value. Indian Ayurveda (“science and
knowledge of life”) was discovered and has been implicated in India since
thousands of years back, 900 bc (Ebbell, 1937).
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Nowadays, in India, medicinal plants have been used under a medical system Ayurveda since 5000 years. This system includes diet and herbal
remedies specifically to the body, mind, and spirit for disease prevention and
treatment (Morgan, 2002).
Worldwide, consumers have a positive intention toward the herbal products and believe them to be of “natural” rather than “synthetic” origin,
and also assume that such products are more likely to be safe than synthetic
drugs. They consider being a part of healthy life style and started avoiding
contact with the conventional “western” medicine. It has been reported
that herbal drugs and their constituents have advantageous effects on longterm fitness and can be used efficiently to treat human diseases or disorders
(Luqman et al., 2014).
Mankind have explored herbal medicines for relieving pain and to cure
various diseases since time immemorial. Besides the above, use of medicinal
plants has been prevailing since 60,000 years ago, Sumerian clay slab (a type
of equipment) was discovered for verification of medicinal plants to synthesis
of drugs (Sumner, 2000). Nowadays, more than 50% natural drugs are being
used for medication, finding their origin in some way from plants (Fabricant
and Farnsworth, 2001;Yarnell and Abascal, 2002).
Presently, herbal medicines are often used for healthcare in both developed and developing countries. Herbal medicines are known as mixtures
of chemical products synthesized in plants, and have limited effectiveness
due to poor absorption by oral administration (Gautam et al., 2003; Sagar
et al., 2005). According to the survey of the World Health Organization
(WHO), about 80% of the world population are using herbs and other traditional medicines for their primary healthcare and have established three
kinds of herbal medicines: raw plant material, processed plant material, and
herbal products (www.who.int/research/en).
It is a fact that herbal medicines are natural products and proved to be
safe both due to their less side-effects while being used to treat diseases and
also acting at the same time as dietary supplements preventing the human
body from such diseases. Looking at the demand, nowadays herbal products
are sold as tablets, capsules, powder, tea extracts, and fresh or dried plants.
Herbals are traditionally known to be harmless, hence people do not hesitate to consume without any prescription. Although, some may cause health
problems and some are noneffective and interactive with other drugs. In the
present scenario, assessment of drugs quality and standardization of herbal
products seem to be necessary to assess the concentration of their active
ingredients (Yadav and Dixit, 2008).
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The oldest evidence of medicinal plants’ usage for the preparation of
drugs has been found on a Sumerian clay slab from Nagpur, about 5000 years
old. It comprises 12 recipes for drug synthesis referring to over 250 various
plants, some of them being alkaloids such as poppy, henbane, and mandrake
(Kelly, 2009).
The Chinese book on roots and grasses “Pen T'Sao,” written by Emperor
Shen Nung circa 2500 bc, prepared 365 drugs from dried parts of medicinal
plants, which are mostly used even now, for example, Rhei rhisoma, camphor,Theae folium, Podophyllum, the great yellow gentian, ginseng, jimson
weed, cinnamon bark, and ephedra (Bottcher, 1965; Wiart, 2006).
The Indian holy book,Vedas, mentions treatment with plants, which are
abundant in country. Many spice plants, such as nutmeg, pepper, clove, etc.,
that have been used even today originated from India (Tucakov, 1971).
The E. papyrus, written circa 1550 bc, represents a collection of 800
prescriptions referring to 700 plant species and drugs such as pomegranate, castor oil plant, aloe, senna, garlic, onion, fig, willow, coriander, juniper,
common centaury, etc. (Glesinger, 1954; Tucakov, 1964) used for therapy.
The evidence from the Bible and the holy Jewish book the Talmud
explained that during various rituals accompanying a treatment, aromatic
plants were utilized such as myrtle and incense (Dimitrova, 1999).
Theophrastus (371–287 bc) founded botanical science with his books
“De Causis Plantarium”-Plant Etiology and “De Historia Plantarium”Plant History. In the books, he developed a classification of more than 500
medicinal plants (Katic, 1958; Pelagic, 1970). Among others, he referred
to cinnamon, iris rhizome, false hellebore, mint, pomegranate, cardamom,
fragrant hellebore, monkshood, etc. On the basis of toxic action of plants,
Theophrastus explored the important feature for humans to become accustomed to herbs by a gradual increase of the doses. Owing to his consideration, he gained the epithet of “the father of botany,” and has great merits
for the classification and description of medicinal plants (Bazala, 1943;
Nikolovski, 1995).
In ancient history, the most eminent writer on plant drugs was Dioscorides,
“the father of pharmacognosy,” who was a military physician and pharmacognosist of Nero's Army, studied medicinal plants wherever he travelled with
the Roman Army. Circa 77 ad he wrote the work “De Materia Medica.” Of
the total of 944 drugs described, 657 are of plant origin, with descriptions
of the outward appearance, locality, mode of collection, preparation of the
medicinal herbs, and their therapeutic effects. Those plants that have moderate effect are dominant, although there are also references to those containing
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alkaloids or other matter (fragrant hellebore, false hellebore, poppy, buttercup,
jimson weed, henbane, deadly nightshade) to have strong effect (Katic, 1980).
The domestic plants that were explored by Dioscorides are as follows: willow, camomile, garlic, onion, marshmallow, ivy, nettle, sage, common centaury,
coriander, parsley, sea onion, and false hellebore. Camomile (Matricaria recucita L.), known under the name Chamaemelon, is used as an antiphlogistic
to cure wounds, stings, burns, and ulcers, and also for cleansing and rinsing
the eyes, ears, nose, and mouth. Dioscorides deemed its abortive action and
wrote, “The flower, root, and the entire plant accelerate menstruation, the
release of the embryo, and the discharge of urine and stone, provided that
they are used in the form of an infusion and baths.” This untrue belief was
later embraced by both the Romans and the Arabs; hence the Latin name
Matricaria, derived from two words: mater denoting “mother,” that is, matrix,
denoting “uterus”. Dioscorides differentiated between a number of species
from the genus Mentha, which were grown and used to relieve headache
and stomach ache.The bulbs of sea onion and parsley were utilized as diuretics, oak bark was used for gynecological purposes, while white willow was
used as an antipyretic. As maintained by Dioscorides, Scillae bulbus was also
applied as an expectorant, cardiac stimulant, and antihydrotic (Tucakov, 1990).
It is worth underscoring that Dioscorides pointed to the possibility of forgery of drugs, both the domestic ones such as opium forged by a yellow poppy
(Glaucium flavum) milk sap and poppy, and the more expensive oriental drugs,
transported by the Arab merchants from the Far East, such as iris, calamus,
caradmomum, incense, etc. (Dimitrova, 1999).
Pliny the Elder (23–79 ad), a contemporary of Dioscorides, who travelled throughout Germany and Spain, wrote about 1000 medicinal plants
in his book “Historia naturalis.” The most distinguished Roman physician,
Galen (131–200 ad), compiled the first list of drugs with identical action,
which are interchangeable-“De succedanus.” Galen also introduced many
new plant drugs in therapy that Dioscorides had not mentioned, for example, Uvae ursi folium, used as an uroantiseptic and a mild diuretic.
In the 7th century ad, the Slavic people used Rosmarinus officinalis, Ocimum
basilicum, Iris germanica, and Mentha viridis in cosmetics, Alium sativum as a remedy and Veratrum album, Cucumis sativus, Urtica dioica, Achilea millefolium, A
 rtemisia
maritime L., Lavandula officinalis, Sambuci flos against several insect injuries, that is,
louses, fleas, moths, mosquitoes, and spiders and Aconitum napellus as a poison in
hunting (Bojadzievski, 1992).
Arabs had introduced several new plants in pharmacotherapy, mostly
from India, a country they used to have trade relations with majority of the
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plants having real medicinal value, and they have been persisting in all pharmacopoeias in the world. The Arabs used Aloe, deadly nightshade, henbane,
coffee, ginger, strychnos, saffron, curcuma, pepper, cinnamon, rheum, senna,
etc. Certain drugs with strong action were replaced by drugs with mild
action, for example, Sennae folium was used as a mild laxative, compared to
the purgatives Heleborus odorus and Euphorbium.
Paracelsus (1493–1541) was one of the proponents of chemically prepared drugs from raw plants and mineral substances; nonetheless, he was a
keen believer in collection of those substances ought to be astrologically
determined. He continuously emphasized his belief in observation, and
simultaneously supported the “Signatura doctrinae”—the signature doctrine. According to this belief, God designated his own sign on the healing substances, which indicated their application for certain diseases. For
instance, the haselwort is reminiscent of the liver; thus, it must be beneficial
for liver diseases; St John's wort Hypericum perforatum L. would be beneficial
for treatment of wounds and stings given that the plant leaves appear as if
they had been stung.
Early 19th century was a turning point in the knowledge and use of
medicinal plants. The discovery, substantiation, and isolation of alkaloids
from poppy (1806), ipecacuanha (1817), strychnos (1817), quinine (1820),
pomegranate (1878), and other plants, then the isolation of glycosides
marked the beginning of scientific pharmacy. With the upgradation of the
chemical methods, other active substances from medicinal plants were also
discovered such as tannins, saponosides, etheric oils, vitamins, hormones, etc.
(Dervendzi, 1999).
In the late 19th and early 20th centuries, there was a great danger
of elimination of medicinal plants from therapy. Many authors explained
that drugs obtained from them had several limitations with the destructive
action of enzymes, which cause fundamental changes during the process
of medicinal plants drying, that is, medicinal plants’ healing action depends
on the mode of drying. In 19th century, therapeutics such as alkaloids, and
glycosides isolated in pure form were increasingly supplanting the drugs
from which they had been isolated. Nevertheless, it was soon ascertained
that although the action of pure alkaloids was faster, the action of alkaloid
drugs was full and long-lasting. In early 20th century, stabilization methods
for fresh medicinal plants were proposed, especially the ones with labile
medicinal components. Besides, much effort was invested in the study
of the conditions of manufacturing and cultivation of medicinal plants
(Kovacevic, 2000).
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In present days, almost all pharmacopoeias in the world-Ph Eur 6
(Council of Europe, 2008, Strasburg), USP XXXI (The United States
Pharmacopoeial Convention 2008), and BP (British Pharmacopoeia Commission, 2007) describe the plant drugs of real medicinal value. There are
some countries (the United Kingdom; British Pharmacopoeia Commission, 2007), Russia, Germany (Blumenthal, 1998) that have separate herbal
pharmacopoeias.Yet, in practice, a much higher number of unofficial drugs
are always used.Their application is grounded on the experiences of popular
medicine (traditional or popular medicine) or on the new scientific research
and experimental results (conventional medicine). Many medicinal plants
are applied through self-medication or at the recommendation of a physician or pharmacist. Plant drugs and phytopreparations, most commonly
with defined active components, verified action and sometimes therapeutic
efficiency are applied as therapeutic purposes. In European countries like
Germany, the rational phytotherapy is employed on the basis of herbal preparations that efficiency depend on the dose of identified active components.
The efficiency of active components of herbal preparation against different diseases has been corroborated by experimental and clinical test. Those
preparations have been manufactured from standardized plant drug extracts,
and they adhere to all requirements of pharmaceutical quality of drugs.
With the new Law on Drugs and Medical Devices dated September
2007 (Law of medicines and medical supplies, Official gazette of RM
no.106/07) and enacted in the Republic of Macedonia, dry or sometimes
fresh parts of medicinal plants (herbal substances) may be used for synthesizing herbal drugs, herbal processed products, and traditional herbal drugs.
Herbal substances may also be used for manufacturing homeopathic drugs,
which are stipulated in the current law, too. In the Republic of Macedonia,
herbal preparations are dispensed without a medical prescription, as “over
the counter” (OTC) preparations.

1.2 EXPLOITING MEDICINAL PLANTS: IMPORTANT
DRUGS OBTAINED
In India, the medicinal plants have a very important bioresource of
the richest plant based on ethno-medical traditions. The usage of medicinal
plants has been reported in Indian pharmaceutical keycodex, the British
and the American pharmacopoeias and in different traditional systems of
medicines like Ayurveda, Unani, and Siddha. Himachal Pradesh, a pioneer
Himalayan state, is a rich repository of medicinal flora. This Himalayan
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state has a great treasure of medicinal plants as well as traditional medicinal
knowledge. Existing population of medicinal plants are diminishing due to
the unsustainable harvesting from wild and destruction of its natural habitat
that led to a decline in plant populations even extinction of natural populations in some places (Sharma et al., 2012).
Despite several policy measures, extensive illegal collection of medicinal
plant continues to take place on a large scale for gaining more and more
financial profits. Such collection of species is considered as endangered that
is prohibited by law. A workshop on endangered medicinal plant species of
Himachal Pradesh was organized in which the technical sessions Picrorhiza
kurrooa and Aconitum heterophyllum were highly emphasized for their elite
population, availability of propagule and quality production, value addition,
and ensured markets. However, Swertia chirata, ranked among the top for
high altitudes, was excluded for immediate cultivation due to its long gestation period and delicate field handling (Badola and Pal, 2002). Red Data
Book has a long list of many endangered medicinal plants, although some
threatened medicinal plants are mentioned in Table 1.1. Furthermore, the
collection and marketing of these plants provide an important source of
income for communities living in the mountain areas. Adversely, the high
demand of these plants has also increased the threat of depletion, as many of
these plants are largely collected from the wild.

1.2.1 Factors for Species Rarity of Medicinal Plants
Prior to the commencement of conservation efforts, species rarity is
imparted to assess the extinction risk of medicinal plants by identifying those
species most at risk of extinction (Figueiredo and Grelle, 2009). Therefore,
it needs to address how rare each species is and in which ways rare species
differ from one another, whereas not all medicinal plants are affected in the
same way by harvesting pressures (Wagh and Jain, 2013). Overexploitation,
indiscriminate collection, uncontrolled deforestation, and habitat destruction all affect species rarity, but are insufficient to explain individual species
susceptibility or resilience to harvest pressure.
A large proportion of the rural population in these areas depends on
medicinal plants to meet their healthcare requirements at local level. The
demand for the medicinal plant species has increased worldwide with the
recurrence of interest in herbal medicine. The instant increasing demand
of plant-based drugs is unfortunately creating large pressure on some
selected high value medicinal plant populations in the wild due to overharvesting.
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Table 1.1 Some Threatened Medicinal Plants listed in Red Data Book (Sharma
et al., 2012)
Plant Parts
Name
Family
Used
Medicinal Properties/Uses

A. heterophyllum

Ranunculaceae

Roots, tubers,
seeds

A. sativum

Alliaceae/Araceae
Ranunculaceae

Root

Orchidaceae

Bulbous roots

Antiperiodic, anodyne, antidiabetic,
Antipyretic in very small doses,
narcotic, Powerful sedative
Hysteria, flatulence, sciatica, heart
disease, facial paralysis, hemiplegia
Narcotic sedative, fever, leprosy,
cholera, rheumatism
General tonic, aphrodisiac

Valerianaceae

Root, Rhizome
Root, Tuber

Tonic, stimulant, palpitation of
heart, Intestinal tonic
Astringent

Aconitum
ferox
Dactylorhiza
hatagirea
Nardostachys
jatamansi
Orchis
latifolia
Picrorhiza
kurrooa
Podophyllum
hexendrum
Rauwolfia
serpentina
Saussurea
costus
Swertia
chirata
Taxus wallichiana

Orchidaceae

Root

Scrophuluriaceae Root

Stomach pain, Fever, Dyspepsia

Podophyllaceae

Rhizome,
Root.

Cure for tumors, purative, skin
disease, Bitter tonic, emetic

Apocynaceae

Root, Leaves

Asteraceae

Root

Gentianaceae

whole plant

Pinaceae

Bark, leaves

Reduces blood pressure, remedy
in painful affection, uterine
contraction
Antispasmodic, aphrodisiac, antiseptic, tonic
Bitter tonic, hepatoprotective, antidiabetic, antileshmanial
Anticancer, antipyretic

1.3 AN OVERVIEW OF PLANT-DERIVED DRUG
RESEARCH
Ethno-botany is a branch of science that deals with the direct relation
between human life and plants.The US botanist John William Harsh Berger
in 1895 had coined the term ethno-botany to refer the study of plants used
by the aboriginals of Australia (Shyma and Devi, 2012). It has been refined
from time to time by many workers. In the view of Martin, the ethnobiology implies description on local people's perspective on cultural and
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scientific knowledge (Sreedevi et al., 2013). It encompasses everything from
interaction to interrelation of human communities with plants.

1.3.1 Aspects on Ethnomedicine, Traditional Medicine, and
Alternative Medicine
Traditional medicine is the garner of total knowledge, skills, practice based
on theories, beliefs and experiences indigenous to different cultures that
are used to manage health, as well as to prevent, diagnose, improve, or treat
physical and mental illness. Traditional medicine that has been followed
by other population (outside its indigenous culture) is often referred to as
alternative or complementary medicine.
According to WHO data, ethno-medicine is more famous in developing
countries, for example, in China traditional herbs are used to 30%–50% of
the total medicinal consumption. The herbal medicine is used in first line
treatment for nearly 60% children suffering from malaria in Ghana, Mali,
Nigeria, and Zambia; whereas in San Francisco, London, and South Africa
nearly 70% of people suffering from HIV/AIDS use traditional medicine
(Sharma, 2011).
Some remarkable medicinal drugs, which have been developed from the
ethno-medicinal plants, such as Vinblastin and Vincristine from Catharanthus
roseus L. G. Don, are used for treating acute lymphoma and acute leukemia,
Aspirin from Salix purpurea L. (to cure inflammation, pain, and thrombosis),
Quinine from Cinchona officinalis L. and Artether from Artemisia annua L.
(for treating malaria), whereas Taxol from Taxus baccata L. is used for treating
uterine carcinoma (Tiwari, 2013).

1.3.2 Plants as a Source of Food and Medicine with Emergence
of Homo sapiens
The association of human life with plants could probably be traced as far
back as the early middle period of the “Pleistocene Epoch” (2.3 million
years ago) when the emergence of human in the world took place in the
form of “Ape” man. During this period, climatic conditions needed a heavy
diet in animal protein therefore they were involved in hunting, however a
recent discovery indicates that they also cooked and ate plant materials. Also
vegetation in this period was slightly confined in many areas. There were
some scattered conifers like pines, cypress, and yews along with some broadleaf trees. On the ground, it was found the prairie grasses as well as members
of the lily, orchid, and rose family (Arya et al., 2016). Although history of
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human–plant relationship of that period could never be recorded in “India”,
it may be possibly garnered from the Rigveda period. In Manu-Smriti, it
has been explicated that the plants have consciousness, are sensitive to pain
and touch. Manu-Smriti exhibits awareness about the importance of plants
and forest in maintaining the appropriate environmental conditions for the
balanced growth and development of the living world, it declares that the
plants are sacred in origin, and named the many plants as the “Abodes of
God”.

1.3.3 WHO's Strategy
Traditional medicine is practiced virtually all over the countries of SouthEast Asia region, even in smaller countries (e.g. Bhutan and Maldives). The
science and the art of traditional medicine have been practiced parallel
through ages. Traditional medicine practitioners in the region have provided the valuable healthcare evolving with time. Currently the published
WHO traditional medicine strategy has sorted out these issues and provides
a comprehensive framework for countries to develop their traditional medicine sector. The strategy advocates the formulation of a policy by the state
as the first component of developing such a policy and it is a logical and
welcome outcome of the centuries of traditional medicine in the country
(Arya et al., 2016).
According to a WHO survey, application of medicinal plant remedies is
increasing even in developed countries, especially among the young generation. Modern researches are proceeding to screen out the efficacy of many
crude plant drugs used by the aborigines. The history of discovery during
the past fifty years in succession of plant derived “wonder drugs” with rich
ethno-pharmaceutical attributes known from the tribal aboriginal societies
substantiates this observation.
WHO has expected that about 80% people in the world believe on
traditional medicine including ethno-medicine concerning the primary
healthcare need. In the last decade WHO's health assembly passed resolutions in response to such resurgence of interest in the study and use of
traditional medicine in health care, particularly in the primary healthcare
needs of third-world countries. China is one of the countries in the world
who has demonstrated the best use of traditional medicine providing the
best healthcare to its people with 882 herbal drugs in use. Natural yield happens to gradually more important for pharmacy therapeutics, either directly,
for example, in the application of herbal drugs for the treatment of chronic
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diseases, or as raw material from which more or less complex chemical structures with particular biological activity are isolated. Arya et al. (2016) have
been reported that the more than 60% of new standard drugs are derived
from natural sources.

1.3.4 Medicinal Plants in Different Systems
The total number of drugs delineated in the ancient Indian medical history
is highly controversial due to different authors introducing different numbers. Acharya Priya Vrata Sharma provided the number of drugs delineated
in Rigveda, Yajurveda, and Atharvaveda are about 67, 81, and 289, respectively. Such an increase in the number of medicinal plants indicates the
development in the utility of herbs during the Vedic period.
The Amarakosha, an excellent vocabulary of Sanskrit language, has in
one chapter the names of about 300 medicinal vegetables. The Medini
Kosha may have many more and The Dravyabhidhana or Dictionary of
natural productions includes, a far greater number, properties of which are
distinctly related in medical tracts of approved authority. The total number
of Sanskrit names (Basonyms) excluding their derivatives are about 1900
out of which, about 670 are common to all three text and about 240, 370,
and 240 have been exclusively mentioned in Charaka Treatise, Sushruta
Treatise, Astang Hridaya, respectively. Therefore, the total number of Sanskrit names (Basonyms) are approximately 1270, 1100, and 1150 in Charaka
Treatise, Sushruta Treatise, and Astang Hridaya, respectively. Their numerical dominant in Shusruta Treatise indicates that a large number of plants
were known and used by Acharya Shusruta. Whereas in Astang Hridaya
and Charaka Treatise it may be explicated by the fact that Acharya Vagbhata
borrowed freely from both to make his treatise more comprehensive and
practical, although with the same object in view he dropped most of the
divine drug plants and the vegetable poisons from his purview.
From the published literature, the FRLHT (Foundation for Revitalization of Local Health Tradition) database provides a lower estimate of
7195 species of medicinal plants. The family and genera analysis of 7195
medicinal plants exhibits that 387 families and 2220 genera have ethnomedicinal properties. Some of the important families are Asteraceae (424
species), Euphorbiaceae (219 species), Lamiaceae (218 species), Fabaceae (217
species), Rubiaceae (210 species), Poaceae (169 species), Papilionoceae (167 species), Acanthaceae (143 species), Rosaceae (130 species), Apiaceae (118 species)
(Arya et al., 2016), etc.
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1.3.5 Future Aspect of Ethnomedicinal Plants
The allopathic system in Indian has extended rapidly since the last century. It has elevated the commercial demand for pharmacopeia drugs and
their products in India. Efforts have been made for farmers to become
aware about plant drugs. Many research institutes have considered studies
on the cultivation practices of medicinal plants, which were found suitable
and remunerative for commercial cultivation. The agronomic practices for
growing Poppy, Isabgol, Senna, Cinchona, Ipecac, Belladonna, Ergot, and
few others have been developed and there is now localized cultivation of
these plants commercially.
Medicinal plants also have curative properties with various complex
chemical substances of different composition as secondary plant metabolites. These plant metabolites on the basis of their composition comprise
alkaloids, glycosides, steroids, essential oils, etc.The alkaloids are the largest
group that include Morphine and Codeine (Poppy), Strychnine and Brucine (Nux vomica), Quinine (Cinchona), Ergotamine (Ergot), Hypoxamine
(Belladonna), Scopolamine (Dhatura), Emetine (Ipecac), Cocaine (Coco),
Ephedrine (Ephedra), Reserpine (Rauwolfia), Caffeine (Tea dust), Aconitine (Aconite),Vasicine (Vasaca), Santonin (Artemisia), Lobelin (Lobelia) and
a large number of others. Glycosides form another group represented
by Digoxin (Fox glove), Stropanthin (Stropanthus), Glycyrrhizin (Liquorice),
Barbolin (Aloe), Sannocides (Senna), etc. Steroids have come recently and
Diosgenin (Dioscorea), Solasodin (Solanum sp.), etc. now command a large
demand worldwide. Some essential oils such as Valerian root oil and Peppermint also exhibit medicating properties and are used in the pharmaceutical industry.
In the past few decades, pharmaceutical industries have invested extensively on pharmacological, clinical, and chemical researches all over the
world. In fact, a few new drug plants have successfully been passed the test
of commercial screening. The benefits of such efforts would reach the massive outcomes in future, if farmers are initiated to cultivate medicinal plants
for commercial purposes. In fact, agricultural studies on medicinal plants, by
its nature, demand an equally large investment and higher priority. In India,
there is a large scope for the development of pharmaceutical industries
(Arya et al., 2016).
Realizing the importance of plant-based chemicals, it has been a wide
range of open research, especially to the western scientists. Many plants have
been screened for their active components against certain diseases claimed
in the traditional system. Using the traditional knowledge increased the
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potentiality of screening plants for medicinal properties. However, the aim
of such researches is not to validate traditional system of medicine although
to hit the jackpot by converting the results for commercial benefits. As a
result, traditional knowledge of many indigenous plant species of India has
been pirated through the patent issued under western patent regime.
Unfortunately, the increasing acceptance to herbal drugs has rendered a
hike in price of useful medicines and the plant material is depleting vigorously due to their over exploitation. The rural people in India who have
long been dependent on these remedies find them unaffordable in comparison to synthetic medicines. Furthermore, in the wake of modernization
and acculturation the communities had lost their familiarity with natural
medicinal plants used by their ancestors as remedies for various ailments.
Instead of this, dependency on market is increasing day by day, weather it
is an allopathic drug or herbal one. The traditional physicians in villages are
now visited, if all other avenues of treatment fail. Although new Ayurvedic
physicians know much about plants name and their therapeutic uses, though
they can hardly recognize the plant material, they prefer to prescribe expensive branded medicines, which are often not up to the mark in their efficacy,
because of poor substitutes are used in drug formation.

1.4 PROMOTING WORLD WIDE USE OF MEDICINAL
PLANTS
Medicinal and aromatic plants (MAPs) are achieving popularity in the
world as a source of raw material for pharmaceuticals and traditional medicines (Kandari et al., 2012). More than 85% of herbal medicines are being
used in traditional healthcare systems (Phondani et al., 2014) and assure the
livelihoods of millions of people, mainly in the Indian Himalayan region
(Phondani et al., 2011).
WHO has exposed the important contribution of traditional medicine
for essential care (World Health Organization, http://www.who.int/topics/traditional_medicine/en/). In 1989, the U.S. Congress established the
Office of Alternative Medicine under the National Institutes of Health to
promote the scientific research in the area of traditional medicine (http://
nccam.nih.gov, last accessed: November 5, 2010), and the European Scientific Cooperative on Phytotherapy (ESCOP) was accomplished in 1989
with the aim of advancing the scientific status and harmonization of phytomedicines at the European level (escop, 2010; www.escop.com, last accessed:
November 5, 2010). This led to an increase in investment for the evaluation
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of components of medicinal plants. In the United States, the National Center for Complementary and Alternative Medicine at the National Institutes
of Health invested about US$33 million on herbal medicines in the fiscal year 2005, in 2004 the National Canadian Institute committed nearly
US$89 million for studying a range of traditional therapies. While this scale
of investment is lower than the total research and development expenses of
the pharmaceutical industry, it nevertheless reflects genuine public, industry,
and governmental interest in this area (Li and Vederas, 2009).
With very high expansion in the interest and use of traditional medicines worldwide, two main areas of concern arise that exhibit two major
challenges. These are international diversity and national policies regarding
the regulation of the production and use of herbs (and other complementary medicines) and their quality, safety, and scientific evidence in relation
to health claims (Sahoo et al., 2009; WHO, 2005).

1.5 CONSERVATION OF MEDICINAL PLANTS
Medicinal plants are worldwide valuable sources for the development
of new drugs (Chacko et al., 2010; Chen et al., 2010). Of 1300 medicinal
plants being used in Europe, about 90% are harvested from wild resources
whereas in the United States, about 118 of the top 150 prescription drugs
are based on natural sources (Balunas and Kinghorn, 2005). For primary
healthcare, 80% of people in developing countries are dependent on herbal
drugs and about 25% of prescribed medicines in developed countries are
obtained from wild plant species (Hamilton, 2004). The use of medicinal
plants is increasing rapidly across the world with the increasing demand for
herbal drugs, natural health products, and secondary metabolites of medicinal plants (Cole et al., 2007). A highly conservative estimate explains that
the present loss of plant species is between 100 and 1000 times greater than
the expected natural extinction rate, and this way Earth is losing at least one
potential major drug every 2 years (Pimm et al., 1995). The International
Union for Conservation of Nature and the World Wildlife Fund documented that between 50,000 and 80,000 flowering plant species are used
for therapeutic purposes worldwide. Among these, approximately 15,000
species are threatened due to extinction from overharvesting and habitat
destruction (Bentley, 2010), whereas 20% of their wild resources have already
been exhausted with the increasing human population and plant consumption (Ross, 2005). The accelerated loss of plant species and habitat destruction worldwide has increased the risk of extinction of medicinal plants,
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especially in China (Heywood and Iriondo, 2003), India (Hamilton, 2008),
Kenya (Hamilton, 2008), Nepal (Hamilton, 2008), Tanzania (Zerabruk and
Yirga, 2012), and Uganda (Zerabruk and Yirga, 2012).
The conservation and sustainable use of medicinal plants have been
taken seriously for the extensive study (Uprety et al., 2012). Several sets of
recommendations have been compiled for their conservation, considering
the establishment of systems for species inventorying and status monitoring, and the need for coordinated conservation practices based on both in
situ and ex situ strategies (Hamilton, 2004). Owing to limited supplies of
medicinal plants, the sustainable use of wild resources could be an effective
conservation alternative. China and South Africa are facing critical conditions due to the high demands of large populations.

1.5.1 Conservation Strategies
Medicinal plants are being harvested with increasing volumes, highly
from wild populations. In fact, demand for wild resources has been rise
up by 8%–15% per year in Europe, North America, and Asia in recent
decades (Bentley, 2010; Ross, 2005). There is a threshold below which
species reproductive capacity is irreversibly reduced (Soule et al., 2005).
Mainly, natural reserves and wild nurseries retain the medicinal efficacy of
plants in their natural habitats, whereas botanical gardens and seed banks
are important paradigms for ex situ conservation and future replanting
(Coley et al., 2003) (Fig. 1.1).

Figure 1.1 Diagrammatic representation of methodological systems in the conservation of medicinal plants.
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The geographical distribution and biological characteristics of medicinal
plants must be recognized to guide conservation activities, that is, to assess
whether species conservation should take place in nature or in a nursery.
1.5.1.1 In Situ Conservation
In situ conservation of all communities allows us to protect indigenous
plants and maintain their natural communities with their intricate network
of relationships (Gepts, 2006). Additionally, in situ conservation increases
the diversity, which could be conserved (Forest et al., 2007), and strengthens the link between resource conservation and sustainable use (Long
et al., 2003). In situ conservation efforts worldwide have emphasized on
establishing the protected areas and taking an approach that is ecosystemoriented, rather than species-oriented (Ma et al., 2012). In situ conservation
depends on rules, regulations, and potential compliance of medicinal plants
within growth habitats (Soule et al., 2005).
1.5.1.2 Natural Reserves
The degradation and destruction of natural habitats is widely associated
with the loss of medicinal plants (Camm et al., 2002a, b). Natural reserves
are protected areas of important wild resources that are created to preserve and retain biodiversity (Chiarucci et al., 2001; Rodríguez et al., 2007).
More than 12,700 protected areas in worldwide have been established
and accounting for 13.2 million km2 or 8.81% of the Earth's land surface
(Huang, 2002). Conserving medicinal plants by protecting the natural habitats requires an assessment of the contributions and ecosystem functions of
individual habitats (Liu et al., 2001).
1.5.1.3 Wild Nurseries
A wild nursery is accomplished for species-oriented cultivating and domesticating of endangered medicinal plants in a protected area, natural habitat,
or a place that is only a short distance from where the plants naturally grow
(Hamilton, 2004; Strandby and Olsen, 2008). However, the populations of
several wild species are under heavy pressure due to overexploitation, habitat degradation, and invasive species. Hence, wild nurseries could provide
an effective approach for in situ conservation of medicinal plants that are
endemic, endangered, and in-demand (Li and Chen, 2007).
1.5.1.4 Ex situ Conservation
Ex situ conservation is not always completely separated from in situ conservation, though it is an effective complement to it, especially for those
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verexploited and endangered medicinal plants with slow growth, low
o
abundance, and high susceptibility to replanting diseases (Hamilton, 2004;
Yu et al., 2010). The aim of ex situ conservation is to cultivate and naturalize threatened species for ensuring its continued survival and sometimes to
produce large quantities of planting material used in the creation of drugs
(Swarts and Dixon, 2009). Several species of older wild medicinal plants
could not only retain high potency when grown in gardens far away from the
habitats where they naturally occur although, it could have its reproductive
materials and stored in seed banks for replanting in future (Hamilton, 2004).
1.5.1.5 Botanical Gardens
Botanical gardens play a vital role in ex situ conservation (Havens
et al., 2006) and they could manage the ecosystems to increase the survival
rate of rare and endangered plant species (Huang, 2002). Botanical gardens
have multiple unique features and involve a wide variety of plant species
grown together under common conditions, and often contain taxonomically and ecologically diverse flora (Primack and Miller-Rushing, 2009).
Botanical gardens could also play a major role in medicinal plant conservation through the development of propagation and cultivation protocols,
as well as undertaking programs of domestication and variety breeding
(Maunder et al., 2001).
1.5.1.6 Seed Banks
Seed banks offer an alternative option for storing the genetic diversity of
several medicinal plants ex situ than through botanical gardens and are
also recommended to preserve the biological and genetic diversity of wild
plant species (Li and Pritchard, 2009; Schoen and Brown, 2001). The most
noteworthy seed bank is the Millennium Seed Bank Project at the Royal
Botanical Gardens in Britain (Schoen and Brown, 2001). Seed banks access
rapidly to plant samples for the evaluation of its properties and providing knowledge for conserving the remaining natural populations (Li and
Pritchard, 2009; Schoen and Brown, 2001). The major challenging tasks of
seed banking are how to reintroduce the plant species back into the wild
and how to actively assist in the restoration of wild populations (Li and
Pritchard, 2009).
1.5.1.7 Cultivation Practice
Wild-harvested resources of medicinal plants are widely considered for
practice more efficacious than cultivated especially domestic cultivation
(Gepts, 2006; Joshi and Joshi, 2014). Cultivation opens up the opportunity
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of new techniques to solve problems created in the production of medicinal plants such as toxic components, pesticide contamination, low contents
of active ingredients, and the mis-identification of botanical origin (Raina
et al., 2011). Cultivation practices are so designed to provide optimal levels of water, nutrients, optional additives, and environmental factors such
as temperature, light, and humidity of target products (Wong et al., 2014).
Nonetheless, the increased cultivation attributes to decreases in the harvest
volume of medicinal plants resulting in the recovery of their wild resources,
and decreases their prices to a more reasonable range (Hamilton, 2004;
Larsen and Olsen, 2007).
1.5.1.8 Good Agricultural Practices
Good agricultural practices (GAPs) for medicinal plants have been implied
to regulate production, ensure quality, and facilitate the standardization of
herbal drugs (Chan et al., 2012). GAP approach ensures high quality, safe
and pollution-free herbal drugs (or crude drugs) by applying knowledge
to explore several problems (Muchugi et al., 2008). GAP includes comprehensive items, for example, the ecological environment of production
sites, germplasm, cultivation, collection, and quality of pesticide detection,
macroscopic or microscopic authentication, chemical screening of bioactive
compounds, and investigation of metal elements (Makunga et al., 2008).
Many countries are actively encouraging the implementation of GAP. Chinese authorities have promoted GAP for the growth of common herbal
drugs in traditionally cultivated region (Liu et al., 2011; Ma et al., 2012).
Organic farming has achieved increasing attention for its ability to create integrated, humane, and environmentally and economically sustainable
production systems for medicinal plants (Macilwain, 2004; Rigby and Cáceres, 2001).The main aim of organic farming of medicinal plants is to include
material of better quality with high productivity to ensure the conservation
and sustainable utilization of medicinal plants. The peculiar characteristic of
organic farming is the nonuse of synthetic fertilizers, pesticides, and herbicides that are not allowed according to several current organic certification
standards in Europe and North America (Rigby and Cáceres, 2001). The
use of organic fertilizers continuously supplies soil nutrients and improves
soil stability, significantly affecting the growth of medicinal plants and the
biosynthesis of essential substances. Previously, it has been reported that
when organic fertilizers were applied, the biomass yield of Chrysanthemum
balsamita was increased and also its essential oil content was high relative to
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those free from organic fertilizers (Suresh, 2010).Therefore, organic farming
of medicinal plants is more important in the long-term development and
sustainability of medicinal plants (Macilwain, 2004).

1.5.2 Sustainable Use
Medicinal plants with limited abundance and slow growth as well as
destructive harvesting generally result in resource exhaustion and species
extinction (Baker et al., 2007). Therefore, the sustainable use of medicinal
plants and good harvesting practices must be considered. Root and wholeplant harvesting is more destructive to medicinal plants (e.g. herbs, shrubs,
and trees) than the collection of its leaves and flowers or buds (Table 1.2).
For the synthesized herbal drugs of whole plants or roots, using their leaves
as a remedy could be a benign alternative. For example, Wang et al. (2009)
discovered the extracts from ginseng leaf-stems and roots have similar pharmacological activities, though ginseng leaf-stem has the advantage of being
a more sustainable resource.
1.5.2.1 Prospects
Several medicines are derived directly or indirectly from plants. While several classic plant drugs have lost much ground to synthetic competitors, others have gained a new investigational or therapeutical status in recent years.
Moreover, a number of novel plant-derived components have entered into
Western drug markets. Clinical plant-based research has accomplished in
the important fields of anticancer (e.g. taxoids and camptothecins) and antimalarial (e.g. artemisinin compounds) therapies. Natural product research
could often be guided by ethno-pharmacological knowledge and it could
make substantial contributions to drug innovation by identifying the novel
chemical structures or mechanisms of action. However, both plant-derived
drugs and crude herbal medicines have to take the same pharmacoeconomic
hurdle that has become important for new synthetic pharmaceuticals.
Table 1.2 Susceptibility of Species to Overharvesting Regarding Life Forms and Plant
Parts Used (Schippmann et al., 2002; Teklehaymanot and Giday, 2007)
Life form Percentage (%) Leaves

Herb
Shrub
Tree

52
16
22

Flower/
Bud

Fruit/
Seed

Medium Medium High
Low
Low
Low
Low
Low
Low

Bark

Root

Whole
Plant

None
High
High

High
High
High

High
High
High
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and future perspective
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2.1 INTRODUCTION
Since the beginning of the human civilization, natural products have
been used as potential candidates for the treatment of various health diseases.
According to World Health Organization approximately 3.5 billion people
in the developing countries primarily depend on natural products for the
primary healthcare. Aspirin (salicylic acid), the wonder drug obtained from
Salix and Populus is one of the finest examples of the plant-based drug.
Paclitaxol, vincristine, vinblastine, quinine, artemisin, aspirin, reserpine,
elliptinium, galantamine, dolastatin 10, salbutamol, salmeterol, tubocurarine,
huperzine, etc. are some of the potent bioactive compounds obtained from
natural products which are currently being used in the cure of diseases
(Fig. 2.1). Indeed, the basis of the concept of modern drug design remains
rooted in the traditional system of medicine (Strobel and Daisy, 2003). In
spite of long traditional uses, the interest of pharma industries toward the
natural products as a source of pharmaceutical agents declines in the past
few decades due to some technical difficulties. The correct identification,
nomenclature, availability of raw materials, poor yields of bioactive compounds, seasonal variation of chemical composition, ecological and legal
considerations are some of the major challenges related to the use of natural
products as a source of pharmaceutical agents (Amirkia and Heinrich, 2014;
David et al., 2015).
However, the recent report on side-effects, high cost, microbial resistance, and new emerging disease compelled Pharma-industries to develop
the rational drug. In this context, traditionally used natural products could
provide a clue for the synthesis of the novel life-saving drug. Further, being
the complex mixtures of bioactive compounds, which may act together at
various sites, there is a less/no chance for the resistance development against
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00002-7
Copyright © 2018 Elsevier Ltd. All rights reserved.
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Figure 2.1 Examples of bioactive compounds based on traditionally used natural
products with promising biomedical applications.

natural products. Therefore, in the last two decades, extensive researches have
been conducted to explore the utility of natural products as a source of novel
pharmaceutical agents. The recent advancement in science and technology, viz.
molecular biology, metabolomics, combinatorial chemistry, and nanotechnology may be able to overcome the existing limitations of natural product as
pharmaceutical agents. This renewed the interest of pharmaceutical industries
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toward the natural product for the search of rational drug molecules to design
novel drug against the infectious disease. For instance, AnalytiCon Discovery
and MerLion Pharmaceuticals are the two leading drug companies primarily
focused on the synthesis of drug compounds based on the natural product
(Patwardhan et al., 2005).
This chapter deals with potential drugs developed from traditionally
used natural products (microorganisms, plants, and animals) and overview
on prospects of the natural product in drug discovery. In addition, the role
of modern science and technological innovation to resolve the major lacuna
of natural products in drug discovery has also been discussed.

2.2 NATURAL PRODUCTS IN FOLKLORE AS A SOURCE
OF MEDICINE: A HISTORICAL PERSPECTIVE
The use of natural products derived from diverse biological sources
viz., plants, animals, or micro-organisms, as pharmaceutical agents is as
ancient as human civilization. Based on clinical trial and error methods,
every civilization had developed local, natural resource-based practices for
the treatment of the disease which is known as traditional medicine system.
The historical review suggested that nearly every human civilization have
its own traditional medicine system, viz.,Traditional Chinese Medicine,Traditional Indian Medicine, Egyptian and Roman Medicine System, etc., that
accumulated immense knowledge about the biological activities and medicinal potentials of their surrounding natural resource. For instance, during the
ancient Mesopotamia (2600 bc) period the use of approximately 1000 plants
and their various formulations have been well documented on clay tablets
in cuneiform script (Newman et al., 2000). Charaka, Sushruta, and Samhita
(600–900 bc) are the classical documentation records of approximately 400
plants and 57 animal-derived products in Indian Ayurveda (Dev, 2001). Wu
Shi Er Bing Fang (350 bc), is an ancient Chinese pharmaceutical record
having approximately 52 medicinal prescriptions based on the natural product for the treatment of diseases viz., warts, hemorrhoids, inguinal swellings, and snake bites, etc. (Wan and Zhong, 1990). Ebers Papyrus (1500 bce)
is one of the oldest and best-known documentations of ancient Egyptian
medicine which harbors over 700 drugs based on the natural product
(Borchardt, 2002). Dioscorides (Greek physician),Theophrastus (Greek philosopher and natural scientist), and Galen (Roman practitioner of pharmacy)
offered significant contribution in the discovery of natural product-based
drug in ancient western worlds. Approximately 80% of medicinal agents
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introduced in the world market were either derived or inspired from the
natural resource (Sneader, 1997). Exenatide, ziconotide, ixabepilone, retapamulin, and trabectedin are the first members of new classes of drugs
developed from the natural product (Butler, 2008). In fact, before the 20th
century, crude and semi-pure extracts of natural products were primarily
used for the primary health care in developing countries. This shows that
natural products have a tremendous potential to offer affordable, therapeutic
solutions to provide assistance in all aspects to mankind. Therefore, Government agencies, academic institutions, and pharma industries are currently
working together under Public Private Partnership (PPP model) especially
in traditionally rich countries to examine local resources and indigenous
knowledge to discover rational drug compounds.

2.2.1 Bioactive Natural Products from Plants
For millennia, medicinal plants have been used for the treatment of a range
of diseases. The plant kingdom harbors inherent bioactive compounds with
different chemical scaffolds viz., terpene, alkaloid, phenolic, flavonoids, etc.,
showing diverse biological properties. Nearly 25% of modern drugs contain one or more ingredients either natural or synthetically derived based
on plant products (Cameron et al., 2005). As per an estimate, the global
market of plant-derived products will reach US $ 5–7 trillion by 2050 with
an annual growth of 6.5% (Soldati, 1997). Keeping in view the importance
of traditional medicine and demand of novel rational drug, WHO suggests
basic procedures and guidelines for the validation of plant-based drugs, especially in developing countries. According to a WHO survey, approximately
80% of 122 plant-derived compounds isolated from 94 medicinal plants are
currently being used for the same or related treatment as has been mentioned in the traditional text (Farnsworth et al., 1985). For instance, the bark
of Cinchona officinalis had long been used as a folk medicine by the tribes of
Amazon region for the treatment of fevers. Quinine is a potent antimalarial
drug extracted from the bark of Cinchona officinalis by the French pharmacists Caventou and Pelletier (Buss et al., 1995). Galantamine is a cholinesterase inhibitor used for the treatment of Alzheimer's disease (old age
dementia) obtained from the plant Galanthus nivalis which has been used
in Turkey and Bulgaria for neurological conditions (Howes et al., 2003).
Huperzine A, a choline esterase inhibitor, was originally discovered from
Huperzia serrate (Desilets et al., 2009). In addition, most of the essential
oils of aromatic plant exhibited strong antioxidant and choline esterase
inhibition potential (Kiran et al., 2016; Murray et al., 2013). Reserpine, an
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antihypertensive agent, isolated from Rauwolfia serpentina has been used in
traditional Indian system of medicine for the treatment of snakebite and
other ailments (Kapoor, 2000). The antiasthma drug (salbutamol and salmeterol) and the muscle relaxant (tubocurarine) are synthesized based on the
indigenous knowledge of plant Ephedra sinica, Chondrodendron, and Curarea species, respectively, in traditional Chinese and Amazon literature (Buss
et al., 1995). Galegine, the principle active compound of Galega officinalis
has been used as the model for the synthesis of metformin, is one of the
most effective therapeutic drugs for the treatment of type 2 (Fabricant and
Farnsworth, 2001a,b) diabetes. Aspirin is the Golden drug obtained from
the glycoside salicin of Salix and Populus plant. Podophyllotoxin, the major
active principle of traditionally used Podophyllum species viz., P. peltatum and
P. emodii, was characterized in 1950. Etoposide (VP-16-213) and teniposide
(VM-26) are the semi-synthetic derivatives of podophyllotoxin used for
the cancer treatment (Strife et al., 1980). Camptothecin, an anticancer drug
was isolated from Camptotheca acuminate which has been used in traditional
medicine system of China. Camptothecin derivatives, Topotecan (Hycamtin) and Irinotecan (CPT-11; Camptosar) were developed by Glaxo SmithKline, and Yakult Honsha is now in clinical use (Cragg and Newman, 2005).
Paclitaxel isolated from the bark of Taxus brevifolia has been widely used for
the treatment of multiple sclerosis, psoriasis, rheumatoid arthritis, and cancer
treatments. Nitisinone, obtained from the Callistemon citrinus (bottlebrush
plant), was approved by the FDA in 2002 for the treatment of hereditary
tyrosinemia type 1 (Butler, 2004). In addition, several novel rational drug
compounds such as morphine (from opium), vincristine and vinblastin (from
Catharanthus roseus), artemisinin (from Artemisia annua), guggulsterone (from
the Commiphora mukul), bacosides from Bacopa monnierri, picrosides from Picrorhiza kurroa, curcumin from Curcuma longa, etc., have been explored based
on traditional medicine. Muscarine, physostigmine, cannabinoids, yohimbine, forskolin, colchicines, and phorbol esters are some of the plant-based
bioactive compounds which are currently being used in pharmacological,
physiological, and biochemical studies (Williamson et al., 1996). In spite of
long traditional uses, as per an estimate till date nearly 6% of plant products
were only investigated for their pharmacological potential out of 310,000
plant species described so far on the Earth (Atanasov et al., 2015). This
strengthens the hope of discovery of novel pharmaceutical compounds that
could be used for the treatment of newly emerge disease. Some of the
recently explored plant-based medicinal compounds and their activity have
been summarized in Table 2.1.

Compounds

Source

Reserpine, AjmaliRauwolfia serpentina
cine, Ajmaline, and
Rescinnamine
Khelline
Ammi visnaga
Galegine
Galega officinalis

Natural Product
Category
Medicinal Uses/Activity Reported

30

Table 2.1 Bioactive Compounds Derived from Natural Products with Promising Medicinal Activity
References

Plant

Effective against hypertension,
insomnia and circulatory disorders

Lobay (2015), Woodson
et al. (1957)

Plant
Plant

Effective against bronchial asthma
To reduce weight and blood
glucose level
As cardiotonic
As cardiotonic

Hashim et al. (2014)
Mooney et al. (2008)

Adonis vernalis
Digitalis lanata

Plant
Plant

Papaverine
Capsaicin

Papaver somniferum
Capsicum spp.

Plant
Plant

Cytisine
Maytansine
Solamargine
Camphor

Cytisus laburnum
Maytenus serrata
Solanum spp.
Cinnamoum camphora

Plant
Plant
Plant
Plant

Methyl salicyllate
Thymol

Wintergreen oil
Thymus vulgaris

Plant
Plant

Eugenol

Piper betel and Euge- Plant
nia caryophyllata

As a vasodilator and antispasmodic
Effective against osteoarthritis,
rheumatoid arthritis, postherpetic
neuralgia, psoriasis and diabetic
To treat tobacco dependence
Antitumor potential
As chemotherapeutic agent
Antimicrobial, antiviral and antitussive
effects
Antimicrobial agent
Antifungal, antibactierial and moderate
radical scavenging activity
Antifungal, antibactierial and antioxidant activity

Lateef et al. (2012)
van Wietmarschen et al.
(2016)
Pathak et al. (2013)
Toh et al. (1955)
Etter (2006)
Mans et al. (2000)
Liljegren (1971)
Frizzo et al. (2000), Chen
et al. (2013)
Vlachojannis et al. (2015)
Mishra et al. (2013)
Devi et al. (2010), Prakash
et al. (2010)
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Adonidine
Digoxin

Antifungal agent

Miller et al. (1998)

Antifungal agent

Harrison et al. (1991)

Anti-HIV and Antiviral activity

Ding et al. (2010), Meng
et al. (2015)
Castillo et al. (2003)

Antibiotic agent

Potent antioxidant and/or free radical- Liu et al. (2009)
scavenging agents
Antimicrobial agent
Horn et al. (1995)
Antifungal and cytotoxicity against
human cervical tumor cell line

Silva et al. (2005)

Antibacterial activity against Leishmania sp.
A novel anticancer and antiinflammatory agent
Effective against human cancer cell
lines
Anticancer activity

Marinho et al. (2005)

Brady et al. (2000)

Antibiotic agent

Brady et al. (2000)

Deshmukh et al. (2009)
Wagenaar et al. (2000)
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Pseudomonas viridiEndophytic
flava
bacteria
Pseudomycins
Pseudomonas syringae Endophytic
bacteria
Xiamycins and Xia- Streptomyces sp.
Endophytic
mycin A
bacteria
Kakadumycins
Streptomyces
Endophytic
(NRRL30566)
bacterium
Exopolysaccharides
Paenibacillus polymyxa Endophytic
(EPS)
Bacteria
Phomopsichalasin
Phomopsis sp
Endophytic
fungi
Ethyl 2,4-dihyPhomopsis cassiae
Endophytic
droxy-5,6-dimethfungi
ylbenzoate and
Phomopsilactone
Citrinin
Penicillium
Endophytic
janthinellum
fungi
Ergoflavin
Fungus
Endophytic
fungi
Cytochalasins
Rhinocladiella sp.
Endophytic
fungi
Cytoskyrins
Cytospora sp.
Endophytic
fungi
Cytosporones
Cytospora sp.
Endophytic
fungi
Ecomycins

Natural Product
Category
Medicinal Uses/Activity Reported

Compounds

Source

Phomoxanthones A
and B
Photinides A-F

Phomopsis sp. BCC Endophytic
1323.
fungi
Pestalotiopsis photiniae Endophytic
fungi
Aspergillus niger
Endophytic
fungi

Pestalotheol C
Subglutinol A and B
Aplidine

Endophytic
fungi
Endophytic
fungi
Endophytic
fungi
Endophytic
fungi
Pestalotiopsis theae
Endophytic
fungi
Fusarium subglutinans Endophytic
fungi
Aplidium albicans
Marine source

References

Isaka et al. (2001)

Cytotoxic effects against the human
Ding et al. (2009)
tumor cell line MDA-MB-231.
Cytotoxic to the colon cancer cell
Song et al. (2004)
line, and as a strong co-inhibitor on
xanthine oxidase and antimicrobial
activity
Antifungal agent
Li et al. (2001)
Against human cancer cell lines

Klemke et al. (2004)

Anticancerous agent

Lee et al. (1996)

Potent antioxidant and/or free radical- Song et al. (2005)
scavenging agents
Anti-HIV activity
Li et al. (2008)
Immunosuppressive agent

Lee et al. (1995)

Anticancer activity

Erba et al. (2003), Taraboletti et al. (2004)
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Rubrofusarin B,
Fonsecinone A,
Asperpyrone B, and
Aurasperone A
Ambuic acid
Pestalotiopsis microspora
Myrocin A and
Apiospora montagnei
Epiepoxydon
Torreyanic acid
Pestalotiopsis microspora
Graphislactone A
Cephalosporium sp.
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Table 2.1 Bioactive Compounds Derived from Natural Products with Promising Medicinal Activity (Cont.)

Hemiasterella minor

Marine source

Cryptophycins

Nostoc spp.

Marine source

Dolastatin 10
Trabectedin

Dolabella auricularia Marine source
Ecteinascidia turbinata Marine source

Cytotoxic effect against the P388
leukemia cell line
Against carcinoma and adenocarcinoma cells
As an antimitotic agent
Anticancer agent

Halichondrin B and
Homohalichondrin B
Palmerolide A
Didemnin B

Halichondria okadai

Cytotoxic compounds

Spongistatin 1

Hyrtios erecta

Marine source

Apratoxin A

Lyngbya majuscule

Marine source

Saliniketals A and B
Salinosporamide A

Salinispora arenicola
Salinospora

Marine source
Marine source

Marine source

Synoicum adareanum Marine source
Trididemnum solidum Marine source

Anticancerous agent
Antitumor, antiviral and potent immunosuppressive agent
Antifungal and antimitotic activity
Cytotoxic against human tumor cell
lines
Chemopreventive agents
A potent proteasome inhibitor

Talpir et al. (1994)
Trimurtulu et al. (1994)
Pettit et al. (1987)
Cassier et al. (2008), Monk
et al. (2012)
Bai et al. (1991)
Diyabalanage et al. (2006)
Chun et al. (1986), McConnell et al. (1994)
Bai et al. (1995), Ovechkina
et al. (1999)
Luesch et al. (2001a, b)
Williams et al. (2007)
Feling et al. (2003)
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2.2.2 Bioactive Natural Products from Endophytic Microbes
Although plant products have been used since long in the traditional practices; global scarcity of land, water resources, threat to biodiversity loss and
environment degradation are some of the major issues regarding their continuous exploitation. In this context, the endophytic microbes viz., fungi,
bacteria, and actinomycetes which spend their whole or part of lifecycle
inside the host tissues without causing any immediate negative sign to their
host, have recently gained attention as an alternative source of medicinal
compounds. The literature study revealed that most of the endophytic
microbes have potential to synthesize the active principles of their host
plants. Hence, endophytes could play an important role as an alternative
source of plant secondary metabolites that could be used in pharma industries as a novel source of pharmaceutical compounds after proper characterization. In the past two decades, a huge number of bioactive compounds
exhibiting strong antimicrobial, cytotoxic, and anticancer activities have
been discovered from the endophytic microbes. Taxomyces andreanae, an
endophytic microbe, associated with Taxus brevifolia harbors the considerable amount of anticancer drug Paclitaxel (Taxol) (Stierle et al., 1993).
Vincristine and Vinblastine, the anticancerous compounds were successfully
extracted from fungal endophytes viz., Alternaria sp. and Fusarium oxysporum
associated with the Catharanthus roseus (Zhang et al., 1999). “Javanicin” an
antibacterial compound has been extracted from the Chloridium sp. associated with Azadirachta indica (Kharwar et al., 2009). Endophytic species viz.,
Alternaria sp. Monilia sp. Penicillium sp., Trametes hirsute, Phialocephala fortinii
associated with Sinopodophyllum plants had the ability to produce podophyllotoxin (Eyberger et al., 2006; Puri et al., 2006; Yang et al., 2002). Cytonic
acids A and B, the human cytomegalovirus protease inhibitors were isolated from the endophytic fungus Cytonaema sp. (Guo et al., 2000). Pestacin
and isopestacin are the potent antimicrobial and antioxidant compounds
extracted from culture fluids of P. microspora, an endophyte isolated from
Terminalia morobensis (Harper et al., 2003; Strobel et al., 2002).The immunosuppressive agent (Subglutinol A and B) has been extracted from endophytic
fungus Fusarium subglutinans associated with Tripterigeum wilfordii. Graphislactone A, botralin, and ulocladol are the potent Acetylcholinesterase (AchE)
inhibitors isolated from endophytic microbes Microsphaeropsis olivacea associated with Pilgerodendron uviferum (Li et al., 2007). Cryptocandin is a potent
antimycotic compound widely used against skin disease isolated from endophytic fungi Cryptosporiopsis quercina associated with Tripterigeum wilfordii
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(Strobel et al., 1999). Antifungal compounds viz. ambuic acid, pestaloside,
pestalopyrone, and hydroxypestalopyrone were isolated from Pestalotiopsis
microspora (Lee et al., 1995; Li et al., 2001). Phomoenamide, Bisdethiobis,
Calpinactam, Cordycommunin, Nocardithiocin Sansanmycin A, Sansanmycin F, Sansanmycin G, Trichoderin A, Trichoderin A1, Trichoderin B, Astraodoric acid A, Astraodoric acid B, etc., are some of the novel compounds
isolated from microbial sources that exhibited antituberculosis properties
(Alvin et al., 2014). Currently, a huge number of bioactive compounds have
been extracted from the endophytic microbes that could be used in the
near future as an alternative of the commercially available drug. Some of the
recently explored medicinally active compounds extracted from the endophytic microbes and their activity are summarized in Table 2.1.

2.2.3 Bioactive Natural Products from Marine Source
The marine environment is one of the richest sources of novel bioactive compounds exhibiting unique chemical features. Since it comprises
approximately half of the total biodiversity inhabiting in extreme environment; it offers a vast resource for the discovery of a novel pharmaceutical
agent. Therefore, in the past few decades, marine organisms have been paid
more attention by the chemists, pharmacologists, and molecular biologists
to search for new bioactive products. Literature study revealed that marine
resources viz., sponge, algae, coral, pearls, etc., have been used in ancient
practices in India, Chinese, Japan, and Unan as pharmaceutical agents. The
drug discovery from marine sources has enjoyed a renaissance in the past
decades due to the advent of modern technologies, analytical chemistry,
combinatorial chemistry, spectroscopy, and high-throughput screening.
Discovery of novel drug compounds from marine organism was initiated
in late 1950, with the discovery of arabinose and ribo-pentosyl nucleosides
obtained from marine sponges. Approximately, 7000 marine compounds
have been isolated from different marine organisms viz. sponges (33%),
algae (25%), coelenterates (18%), and other invertebrate phyla (24%) (Kijjoa
and Sawangwong, 2004). Ara-A ( vidarabine) and Ara-C (cytarabine) are the
chemical derivatives of arabino and ribo-pentosyl nucleosides commercially
used as antiviral and anticancer agents (Bergmann and Burke, 1956; Bergmann and Feeney, 1951; Bergmann and Stempien, 1957). Ziconotide (a
peptide), the first marine-derived compound isolated from snails, has been
approved in the United States 2004 for the treatment of spinal cord injury.
Discodermolide, an immunosuppressive and cytotoxic agent, was isolated
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from deep-sea sponge Discodermia sp. (Gunasekera et al., 1990). Trabectedin,
the first marine anticancer drug has been approved by the European Union in
October 2007 for the treatment of soft-tissue sarcoma (Molinski et al., 2009).
Cryptophycin A, tubulin-binding compounds isolated from the cyanobacteria genus Nostoc spp. Strain ATCC 53789 exhibited potent anticancerous
activity (Molinski et al., 2009). Diterpenes, 4-acetoxydictylolactone, dictyolides A, B, and nordictyolide isolated from brown alga exhibited antitumor activities (Faulkner, 1988; Ishitsuka et al., 1988). Dolastatin 10 is a
metabolite product isolated from Symploca sp. Exhibited potent antiproliferative activity (Leusch et al., 2001). Digenea simplex (Red algae) has been
used for the treatment of parasitic worm in Japanese traditional medicine.
Later on, its active principle was identified as kainic acid which has been
widely used as an ingredient of the anthelmintic drug. Pseudopterosins,
the potent antiinflammatory and analgesic agents were isolated from the
Caribbean Sea whip Pseudopterogorgia elisabethae (Potts et al., 1992). Ecteinascidin-743 obtained from Caribbean tunicate Ecteinascidia turbinata is the
first marine-derived anticancer drug available in the market. In addition,
antiinflammatory agents viz., pseudopterosins A and E, topsentin, manoalide, debromohymenialdisine, and scytonemin have been extracted from
the marine source which are currently under active investigation. Manoalide isolated in 1980 from a marine sponge has become a standard drug in
inflammation research (Faulkner, 2001). Recently, seafood by-products viz.,
collagen, gelatin, protein, peptides, oil, chitin, vitamins, minerals, enzymes,
pigments, etc., have been explored for their bioactivity and potential for
the development of novel function food ingredients (Pal and Suresh, 2016).
Some of the recently explored medicinally active compounds extracted
from the marine resources and their activity are summarized in Table 2.1.

2.3 ROLE OF MODERN SCIENCE AND TECHNOLOGICAL
INNOVATIONS IN THE DEVELOPMENT OF NOVEL DRUG
COMPOUNDS
Although natural products have been used for millennia, their high
cost compared to available drug and threat to biodiversity losses needs the
diversified use of available sources. Therefore, an effective trans-disciplinary approaches using multi-level collaboration between research institution, industries, and government authorities at local, national, and global
levels are required for the development of novel drug compounds. The
recent advancement in modern science viz., combinatorial chemistry,
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metabolomics, and nanotechnology could expand the application domain
of natural products in pharma industries.

2.3.1 Combinational Chemistry Approaches in Drug Discovery
In the past two decades, combinatorial chemistry approach has become a
major focus of research activity of pharmaceutical industries to accelerate
the synthesis of novel bioactive chemicals. This approach has tremendous
potential to develop the library of newly synthesized molecules having
desirable properties which can reduce the time and cost associated with
the synthesis of new pharmaceutical drugs. In addition, the major lacuna
of natural product as drug molecules viz., water solubility, bioavailability at
the target site, decomposition of active principle before reaching the target
site, etc., could be addressed by the manipulation of the functional group
using combinatorial chemistry. For instance, Oxazolidinones, a new class of
antimicrobial effective against multidrug-resistant pathogens was developed
based on combinatorial approaches (Gordeev, 2001). Linezolid, the first oxazolidinone synthesized using combinatorial chemistry are currently available in the market and approved by US FDA (Newman, 2008). Sorafenib
(Nexavar), the antitumor compound successfully synthesized from Bayer,
approved by the FDA in 2005 for the treatment of renal cell carcinoma
and hepatocellular carcinoma (Newman and Cragg, 2012). Currently, huge
numbers of compounds have been synthesized by combinatorial chemistry approaches, which are under clinical trial. The combinatorial chemistry approach could be successfully used as the parallel synthetic approach
to synthesize large numbers of active analogs of natural products for the
human welfare in near future.

2.3.2 Metabolomic Approaches in Drug Discovery
Metabolomics is an emerging branch of biological science that deals with
the metabolites and metabolism in biological systems. This approach is very
useful for disease diagnosis and understanding of its mechanism and to
monitor the posttreatment response related to toxicity of newly synthesized drug molecules. Due to the advent of advanced analytical technologies
viz., mass spectrometric (MS), nuclear magnetic resonance (NMR), and
Direct Infusion FT-ICR Mass Spectrometry (DIMS), etc., metabolomic
approaches have been successfully employed to explore inherent metabolite
composition in organism system. In plant sciences, metabolomics study
helps in the comprehensive analysis of the plant secondary metabolites and

38

Bhanu Prakash, Anupam Kujur and Amrita Yadav

elucidation of its pathway that could play a significant role in the generation of in vitro novel compounds. For instance, metabolomics study
revealed benzaldehyde as an important precursor of Ephedrine (a phenylpropylamino alkaloids) which is widely used as bronchodilators produced
by Ephedra spp. (Krizevski et al., 2012). In addition, it provides a holistic
view of plant metabolites profile in the crude extract which is necessary to
ensure the pharmacological efficiency of medicinal compounds to reduce
the toxicity caused by unknown ingredients. Metabolite imaging is one
of the recent advancement in metabolomics science which has significant
potential to improve the currently available treatments, especially for cancer.
The knowledge of pharmacometabolomics (studying the outcome of a different treatment) could help in reducing the expected side-effects associated
with a newly discovered drug.

2.3.3 Nanotechnology as a Carrier Agent of Natural Products
The use of nanotechnology in the pharmaceutical industries is one of the
fastest growing fields specifically as a drug delivery agent. Nanotechnology
has pronounced efficacy to transform the scientific research output to the
organism system. Nanomaterials (size < 100 nm) can be used as a carrier
of bioactive molecules for their delivery at the right place with enhanced
bioefficacy, bioavailability, stability, and functionality. Nanomaterials provide
a relatively large surface with an ability to bind, adsorb, and carry pharmaceutically active compounds. Phospholipids, lipids, lactic acid, dextran, chitosan, polymers, carbon, silica, etc., are currently being used as a carrier for
drug molecules. Nanoencapsulated Paclitaxel exhibited enhanced in vitro
cytotoxicity with improved therapeutic efficacy (Win and Feng, 2006).
Doxil (pegylated liposomal doxorubicin), Abraxane (nano-albumin bound
paclitaxel) and Daunoxome (liposome-encapsulated daunorubicin) are
some commercially available nano-medicine for the treatment of cancer. Honokiol (3′,5-di(2-propenyl)-1,1′-biphenyl-2,4′-diol), the active
principle of Chinese medicinal plant Magnolia officinalis, exhibits strong
antiinflammatory, antithrombotic, antirheumatic, antioxidant, and antitumor activity. However, being a hydrophobic compound, its application is
restricted for vascular administration. Zheng et al. (2010) demonstrated that
nanoencapsulated Honokiol exhibits enhanced efficacy with improved vascular administration. Curcumin, the major bioactive principle of traditionally used turmeric (Curcuma longa) plant in Indian system of medicine. It is
widely used as a colorant in various food and also exhibits a wide range of
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pharmacological activities viz., antioxidant, antifungal, antidiabetic, antiviral,
antiinflammatory, and anticarcinogenic (Souguir et al., 2013). However, the
poor absorption and rapid elimination from the body is the major limitation of this golden molecule for its application as medicine. Jayaprakasha
et al. (2016) reported that nanaoencapsulated curcumin retains its medicinal properties with improved bioavailability. Smith & Nephew, NanoMed
Pharmaceutical, Inc, Eiffel Technologies, NanoPharm AG, NanoCarrier
Co., Ltd, etc. are some of the leading Pharma company extensively that use
nanomaterials for bio-medical applications. Although the use of nanotechnology in medicine gains significant interest by the researchers and industries, the understanding of the basics of the interaction of nanoparticles
with living cells, organs, and organisms are quite lacking. Therefore, there
is a strict need to explore the understanding of biological responses to the
nanomaterials to develop an effective and safe carrier for drug delivery in
the near future.

2.4 CONCLUSION
Natural products have historically been used as a source of medicine, and still are represented as a reservoir of novel unexplored bioactive
compounds. In view of newly emerging disease and resistant development;
there is strict need to explore the novel bioactive compounds to synthesize
the rational drugs with newer action. In this context, natural products especially from marine and microbes could play a remarkable role in search of
bioactive compounds with medicinal properties. Further, the methods of
extraction, in vitro testing, and the mode of action of newly discovered bioactive compounds must be explored and standardized. The use of modern
science and technological innovation such as biotechnology, metabolomics,
combinatorial chemistry, and nanotechnology could successfully design and
develop the semi-synthetic rational drug molecules based on natural product with enhanced bioavailability and efficacy at low cost. We hope that
the diversified use of novel pharmaceutical compounds isolated from the
natural products may play an important role in the near future for fighting
against the microbial resistance and newly emerging disease.
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CHAPTER 3

Substituting medicinal plants
through drug synthesis
Gereraj Sengupta, Archana Gaurav, Supriya Tiwari
Institute of Science, Banaras Hindu University,Varanasi, Uttar Pradesh, India

3.1 INTRODUCTION
Plants play an important role in our daily lives since the beginning of
human civilization.The domestication of plants and subsequent agricultural
practices led to the establishment of ancient civilizations of Mesopotamia
and India. Plants therefore, have been a source of food, fibers, and other
necessary requirements of humans since ancient times. In addition to these,
certain plants, commonly called as medicinal plants have been utilized by
the mankind in the treatment of different ailments and in alleviating pain.
Medicinal plants are a category of the plants that includes specific chemical
compounds in their body and are useful for multifold directions. These are
also variable in their habits like herbs, shrubs, trees, climbers, creepers, etc.
(Patel, 2014). Since the prehistoric times, plants have been used to protect
human beings from serious diseases including cancer, neurodegenerative
as well as microbial infections, because they possess various bioactive molecules which give multiple responses in various diseases (Ghali et al., 2014;
Jan et al., 2015; Napar et al., 2012). They have been not only used as medicines but also provide the basic necessities of life such as shelter, clothing,
and food. Ancient Unani manuscripts, Egyptian papyrus, and Chinese writings described the use of herbs for their medicinal properties. Evidence exist
that Unani Hakims, Indian Vaids, and European and Mediterranean cultures
were using herbs for over 4000 years as medicine. Indigenous cultures such
as in Rome, Egypt, Iran, Africa, and America used herbs in their healing
rituals, while other developed traditional medical systems such as Unani,
Ayurveda, and Chinese Medicine in which herbal therapies were used systematically. The traditional system of medicines has been greatly improved
by modern system of medicinal plants for the production of useful drugs.
In 1978, the World Health Organization (WHO) responded to increased
interest in medicinal plants by pooling together a vast range of information
regarding the use of medicinal plants and focused on their importance in
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00003-9
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primary health care and global healthcare reform. A newly emerging branch
of science, ethnobotany, study paved ways for the exploration of new classes
of compounds and drugs for human welfare (Gurib-Fakim, 2006). A drug
is defined as a chemically identified substance, either derived from plants or
animals, or produced by artificial synthesis (Couzinier and Mamatas, 1986).
Plants have been selected and used empirically as drugs for centuries, initially as traditional preparations then as pure active principles (Kamil, 1993),
with this knowledge and accumulated practice passing from generation to
generation (Couzinier et al.,1986; Lewis, 1992). The investigation of original traditional medicines and phytotherapy is once again receiving scientific
attention, the aim being to develop effective new drugs that are nontoxic
and inexpensive, with the latter being most important to developing countries (Couzinier and Mamatas, 1986). Medicinal plant drugs can be placed
under two broad categories:
Firstly, they are included in complex mixtures containing a wide variety
of compounds (e.g. infusions, essential oils, tinctures, or extracts), and
Secondly, they are used as pure, chemically defined active principles
(Hinman, 1973). Pure compounds are used when the activity is strong and
specific, and/or has a small therapeutic index (requiring accurate and reproducible dosage). Where plants show weaker and less specific pharmacological activity, or if the activity has not been fully categorized, the use of
general plant extracts is appropriate (Hinman, 1973).

3.2 IMPORTANT CONSTITUENTS
OF MEDICINAL PLANTS
Plants constitutively produce primary metabolites for their metabolism and thereby survival in favorable conditions. But during stress, plants
produce secondary metabolites such as terpenes, phenolic compounds, glycosides, and alcoholic compounds which have emerged as greatest source
of drugs for human welfare. In plants, these secondary metabolites are produced as various intermediate products of the metabolic pathways. Important secondary metabolites with medicinal properties are:

3.2.1 Terpenoids
With more than 23,000 known compounds terpenoids, also referred to as
terpenes, they are the largest group of natural compounds. All terpenoids
are aromatic compounds synthesized from two, five carbon building blocks
and based on the number of carbon building blocks, on the basis of which
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terpenoids are commonly classified as monoterpenes (C10), sesquiterpenes
(C15), diterpenes (C20), and sesterterpenes (C25). Terpenes are also known
as isoprenes, as their structure is based on repeating isoprene (C5H8) units.
Terpenes are important constituents of essential oils present in plants, many
of which show medicinal properties. These terpenes display a wide range
of biological activities against cancer, malaria, inflammation, and a variety
of infectious diseases (viral and bacterial). The anticancer drug Taxol and
antimalarial drug Artimesinin are two of the most renowned terpene-based
drugs. The effect of some terpenes on microorganisms has been seriously
studied since at least the 1980s (Andrews et al., 1980). Plant oils, which contain terpenes, have shown increasing promise in vivo, inhibiting multiple
species of bacteria. For example, cinnamon oil has shown broad-spectrum
activity against Pseudomonas aeruginosa (Prabuseenivasan et al., 2006). The
various compositions of terpenes can be markedly different from one species to another. John et al. (2007) found plant oils from Neolitsea foliosa,
which also showed some antibacterial properties, included sesquiterpenes
such as caryophyllene but lacked monoterpenes.
3.2.1.1 Allocation of Terpenes
The distribution of terpenes in nature has been studied extensively. Indeed, the distribution of terpenes within species has received attention. To
better understand terpene and other volatile organic compound emissions,
from loblolly pine (Pinus taeda), Thompson et al. (2006) analyzed tree core
samples. They found the highest concentrations of terpenes in heartwood,
lowest in outer sapwood, and moderate levels in the inner sapwood. In a less
invasive study by Martin et al. (2003) methyl jasmonate was applied onto
foliage of Norway spruce (Picea abies) trees which led to a twofold increase
of terpenes within the needles. In another study, the amounts of different terpenes in Scots pine (Pinus sylvestris) needles varied across Finnish
and Turkish regions, showing the diversity of terpene distribution can vary
within a species (Semiz et al., 2007). Although more commonly associated
with coniferous species, terpenes have been detected in other plant phyla,
including angiosperms. Aside from terpenes manufactured by plants in response to herbivory or stress factors, it has also been shown that flowers can
emit terpenoids to attract pollinating insects (Maimone and Baran, 2007).
Interestingly, terpenoids have also been shown to attract beneficial mites,
which feed on the herbivorous insects (Kappers et al., 2005). Terpene emissions and subsequent attracting mechanisms have been shown to play an indirect role in plant defense mechanisms in other studies as well. Kessler and
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Baldwin (2001) have shown that herbivorous insects can induce terpene
release from a plant and also cause the plant to release signals which attract
predatory species. These experiments provide not only powerful evidence
for the role of terpenes for plant defense, but also give an exemplary model
for co-evolution between plants, mites, and insects. Chen et al. (2003) have
shown that many different volatiles, including terpenes, may be emitted
from flowers of Arabidopsis. They proposed that the role as insect attractants
of at least some emitted terpenes seems inconclusive, but still strongly suggest they might play a role in reproduction.
3.2.1.2 Terpene Biosynthesis
Terpenes are mainly synthesized from two different pathways, namely mevalonic acid pathway and methyl erythritol phosphate pathway (MEP pathway) (Fig. 3.1).
3.2.1.3 Pharmacological Aspects of Terpenoids
• Phytoalexins—synthesized plants at areas of pathogen infection.Antioxidative effects, antimicrobial, antitumor, and neurotrophic effects (Sun, 2010).
• Brassinosteroids—Lychnis viscaria, Brassica napus—involved in plant protection (Iwu, 2014).
• Sterols—natural in plants, animals, and fungi—nutritional supplements
and medicinal (Iwu, 2014).
• Carotenoids—carrots, chloroplasts, and chromoplasts of plants. They are
antioxidants, provide protection from sunlight, and immune function
(Iwu, 2014).
• Isovaleric acid—essential oils, anticonvulsant agent in valeria, used largely in perfumery, limonene essential oils fragrant, botanical insecticide,
anticarcinogenic, antibacterial (Ara et al., 2006).

3.2.2 Polyphenols
There are several thousand plant-derived compounds of biological interest that have more than one phenolic hydroxyl group attached to one or
more benzene rings, thus qualifying as polyphenols.They can be considered
as the most abundant plant secondary metabolites with highly diversified
structures, ranging from simple molecules such as phenolic acids to highly polymerized substances such as tannins. The common feature of plant
phenolic compounds is the presence of a hydroxy-substituted benzene
ring within their structure. They have a lot of importance because of their
potential use as prophylactic and therapeutic agents in many diseases.
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Figure 3.1 Biosynthesis of various categories of terpenes from activated 5-C unit, IPP,
and DPP.

Traditionally, herbal medicines with antioxidant properties have been used
for various purposes. Plant polyphenols have been studied with intention to
find compounds protecting against a number of diseases related to oxidative stress and free radical-induced damage, such as cardiovascular and neurodegenerative diseases, cancer, diabetes, autoimmune disorders, and some
inflammatory diseases.
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3.2.2.1 Classification of Polyphenols
They may be classified into different groups as a function of the number of
phenol rings contained and the structural elements that bind these rings to
one another. Distinctions are thus made between the flavonoids, phenolic
acids, stilbenes and lignans. These compounds occur primarily in conjugated form, with one or more sugar residues linked to hydroxyl groups,
although direct linkages of the sugar unit to an aromatic carbon atom also
exist. Associations with other compounds, such as organic acids, amines and
lipids, and linkages with other phenols are also common (Boudet, 2007;
Dewick, 2001; Martens and Mithöfer, 2005).
Flavonoids comprise the most abundant class of plant polyphenols with
more than 6000 structures which have been identified. They share a carbon
skeleton of diphenyl propanes, two benzene rings (A and B) joined by a linear three carbon chain (C6C3C6). This central chain usually forms a closed
pyran ring (C) with one of the benzene rings. Based on the variation in the
type of heterocycle involved, flavonoids may be divided into six subclasses:
flavones, flavonols, flavanones, flavanols, anthocyanidins, and isoflavonoids
(Fig. 3.2). Flavones are characterized by the presence of a double bond
between C2 and C3 in the heterocycle of the flavan skeleton. This exactly
represents the difference to the flavonols where a hydroxyl group can be
found at that C3 position while flavanones have a saturated three-carbon
chain. Flavanols contain a saturated three-carbon chain with a hydroxyl
group in the C3.

Figure 3.2 Biosynthesis of a flavonoid molecule.
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3.2.2.2 Allocation of Polyphenols
Phenolic compounds are ubiquitous in the plant species but their distribution at the plant tissue, cellular and subcellular levels is not uniform. Insoluble phenolics are found in cell walls, while the soluble phenolics are
present within the vacuoles. They are essential to the plant's physiology
being involved in diverse functions such as structure, pigmentation, pollination, pathogen, and herbivore resistance, as well as growth and development. Insoluble phenolics, linked to various cell components, contribute to
the mechanical strength of cell walls and play a regulatory role in the plant
growth and morphogenesis.
3.2.2.3 Biosynthesis of Polyphenols
The most plant phenolics are derived from trans-cinnamic acid, which is
formed from l-phenylalanine by the action of l-phenylalanine ammonialyase (PAL), the branch point enzyme between primary (shikimate pathway) and secondary (phenyl propanoid pathway) metabolism (Fig. 3.3).The
shikimate pathway provides an alternative route to the formation of aromatic compounds particularly the aromatic amino acids. l-Phenylalanine, is
a C6C3 building block, is a precursor for a wide range of natural products.
In plants, frequently the first step is the elimination of ammonia from the
side chain to generate cinnamic acid which is later modified to hydroxylcinnamic acid (p-coumaric acid). Other related derivatives are obtained by
further hydroxylation and methylation reactions sequentially building up
substitution patterns typical of shikimate pathway metabolites. Loss of two
carbons from the side chain of hydroxyl-cinnamic derivatives leads to formation of hydroxyl-benzoic acids.
Flavonoids are biosynthesized via a combination of the shikimic acid
and acylpolymalonate pathways. The crucial biosynthetic reaction is the
condensation of one molecule p-coumaroyl-CoA with three molecules
malonyl-CoA to chalcone intermediate that consists of two phenolic
groups which are connected by an open three carbon bridge.
3.2.2.4 Pharmacological Aspects of Polyphenols
• Calotropis gigantea is a perennial herb with wide pharmacological significance in traditional and Unani systems of medicine. The flowers
and bark with milky latex are reportedly known for various biological
activities including analgesic, antimicrobial, antioxidant, antipyretic, insecticidal, cytotoxic, and hepatoprotective activity (Sarkar and Chakravarty, 2014).
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The leaves are useful in the treatment of paralysis, arthralegia, swelling,
and intermittent fevers. Methanolic and aqueous extracts of leaves of
Calotropis procera have been reported to have the potential of antioxidant
and antibacterial activity (Patel et al., 2012).

3.2.3 Glycosides
Glycosides may be phenol, alcohol, or sulfur compounds. They are characterized by a sugar portion or moiety attached by a special bond to one or
more nonsugar portions. The sugar most commonly found in glycosides is
glucose. The classification of glycosides is based on the presence/absence of
sugar moieties or on the type of glycosidic bond. Glycosides can be linked
by an O- (an O-glycoside), N- (a glycosylamine), S- (a thioglycoside), or C(a C-glycoside) glycosidic bond. The noncarbohydrate part of a glycoside
is also called aglycone. Many plants store chemicals in the form of inactive
glycosides, which can be activated by enzyme hydrolysis.
3.2.3.1 Allocation of Glycosides
They are allocated mostly to all parts of the plants but in varying amounts.
They are mostly concentrated in leaves and other parts of the shoot.
3.2.3.2 Classification of Glycosides
The classification of glycosides is based on the nature of aglycone, which
can be any of a wide range of molecular types including phenols, quinines,
terpenes, and steroids. They are heterogenous in structure and therefore
they are not easy to learn as a specific group but glycosidic bonds are of
great significance, since they link monosaccharides together to form oligosaccharides and polysaccharides.
3.2.3.3 Biosynthesis of Glycosides
They are mainly derived from the products of glycolysis, that is, pyruvate
and from the products of Pentose Phosphate Pathway (Fig. 3.4).
3.2.3.4 Pharmacological Aspects of Glycosides
• Exocarpium Citri grandis (C. grandis, Huajuhong in Chinese), the epicarp
of C. grandis “Tomentosa”, is used as an antitussive, expectorant, and antiinflammatory drug for hundreds of years in China (Jiang et al., 2013).
• The class of steroid-like compounds designated cardiac glycosides
includes well-known drugs such as digoxin, digitoxin, and Quabain.
Their continued efficacy in treatment of congestive heart failure and as
antiarrhythmic agents is well appreciated (Newman et al., 2008).
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Figure 3.4 Biosynthesis of glycoside.

•

They have been described to possess numerous biological activities such
as antioxidant, antiinflammatory, estrogenic, cytotoxic antitumoral, antiviral, and others (Fernandez et al., 2006).

3.2.4 Alkaloids
Alkaloids, the nitrogen-containing compounds, are substances that are
very well known for their biological activity at the beginning of world
civilization. They were used in shamanism, in traditional herbal medicine
for the cure of diseases and in weapons as toxins during tribal wars, and
during hunting. They also had, and still have, socio-cultural and personal

Substituting Medicinal Plants Through Drug Synthesis

57

significance in ethnobotany. Moreover, they have been and continue to
be the object of human interest concerning new possibilities for their
safe utilization and ensuing health benefits. Alkaloids are most abundant
in higher plants. At least 25% of higher plants contain these molecules.
In effect this means that on an average, at least one in four plants contain
some alkaloids.
The alkaloids represent the group of secondary metabolites that contain
basic nitrogen atoms. Some related compounds with neutral and weakly
acid properties are also included in the alkaloids. In addition to carbon,
hydrogen, and nitrogen, this group may also contain oxygen, sulfur, and
rarely other elements such as chlorine, bromine, and phosphorus (Nicolaou
et al., 2011). Alkaloids are produced by a large variety of organisms, such as
bacteria, fungi, animals, but mostly by plants as secondary metabolites. Most
of them are toxic to other organisms.
Some plant families are especially rich in alkaloids. The Dogbane botanical family (Apocynaceae Lindl., Juss.) is a good example. This family is
distributed worldwide, especially in tropical and sub-tropical areas. The
Dogbane family is large botanical taxa containing at least 150 genera and
1700 species.
3.2.4.1 Allocation of Alkaloids
Within individual plants, alkaloids are generally concentrated in those parts
upon which herbivore attack would have the greatest effect on the plant's
fitness. The relative defense requirements of different parts, based on their
contribution to fitness and their vulnerability to herbivores, shift during the
plant's life.These shifts are mirrored by corresponding shifts in alkaloid concentration. Ovules, seeds, and immature fruits are often the sites of highest
alkaloid concentration. Allocation of defensive chemicals between mature
and immature foliage should follow different patterns in trees and in herbs.
In trees, the “phenological protection” given to synchronously produced
flushes of new leaves and the need for protection of mature leaves until a
new flush of young leaves can be produced have selected for greater toxin
accumulation in mature leaves. In herbs, young leaves lack both mechanical
and phenological defense, so there is strong selection for providing them
with chemical defenses.
3.2.4.2 Biosynthesis of Alkaloids
These nitrogen-containing compounds are mainly synthesized from the
intermediate products of glycolysis via Shikimic acid pathway (Fig. 3.5).
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Figure 3.5 Biosynthesis of alkaloid.

3.2.4.3 Pharmacological Aspects of Alkaloids
• Atropine—Atropa belladonna, Darura stramonium, Mandragora officinarumCompetitive antagonist of muscarinic acetylcholinereceptors, anticholinergic, antimyopia effects (McBrien et al., 2013).
• Berberine—Berberis species, Hydrastis, Canadensis, Xanthorhiza simplicissima, Phellodendron amurense, Coptis chinensis, Tinospora cordifolia, Argemone
mexicana and Eschscholzia californica—antiinflammatory, antibacterial/viral, recently experiments showed antidiabetic and beneficial effects on
cardiovascular system and anticancer and others disorders such as intestinal (Kim et al., 2010).
• Codeine—Papaver somniferum—analgesic, antitussive, antidiarrheal, antidepressant, sedative and hypnotic properties (Mody et al., 1976; Simera
et al., 2010; Smith et al., 2006;Vree et al., 2000).
• Cytisine—(baptitoxine, sophorine) Labum and cytisus of Fabaceae family,
mostly extracted from seeds of Cytisus laborinum acetylcholine agonist,
smoking cessation drug (Porreca et al., 1983; West et al., 2011).
• Quinine—Cinchona succirubra, C. calisya, C. ledgeriana, plants of Rubiaceae family. Antimalarial, antipyretic, analgesic, antiinflammatory, antiarrhythmic, bacteriostatic (Adnyana, 2013).

3.3 LOSS OF BIODIVERSITY
Over three-quarters of the world population relies mainly on plants
and plant extracts for their healthcare needs. More than 30% of the entire
plant species, at one time or the other was used for medicinal purposes. It
has been estimated, that in developed countries such as United States, plant
drugs constitute as much as 25% of the total drugs, while in fast developing
countries such as India and China, the contribution is as much as 80%. Medicinal plants are globally valuable sources of new drugs (Chen et al., 2010;
Chacko et al., 2010; Hamilton et al., 2010; Nalawade et al., 2003). There
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are over 1300 medicinal plants used in Europe, of which 90% are harvested
from wild resources; in the United States, about 118 of the top 150 prescribed drugs are based on natural sources (Balunas and Kinghorn, 2005).
Furthermore, up to 80% of people in developing countries are totally dependent on herbal drugs for their primary healthcare, and over 25% of
prescribed medicines in developed countries are derived from wild plant
species (Hamilton et al., 2010). Thus, the economic importance of medicinal plants is much more to countries such as India than to rest of the world.
These countries provide two-thirds of the plants used in modern system of
medicine and the healthcare system of rural population depend on indigenous systems of medicine. With the increasing demand for herbal drugs,
natural health products, and secondary metabolites of medicinal plants, the
use of medicinal plants is growing rapidly throughout the world (Cole
et al., 2007; Nalawade et al., 2003).
A highly conservative estimate states that “the current loss of plant species” is between 100 and 1000 times higher than the expected natural extinction rate and that the Earth is losing at least one potential major drug
every 2 years (Pimm et al., 1995). According to the International Union
for Conservation of Nature and the World Wildlife Fund, there are between 50,000 and 80,000 flowering plant species used for medicinal purposes worldwide, for example, China has 26,092 flowering plant species and
among them 4941 species are used for medicinal purposes, that is, 18.9%.
One of the world's greatest users of plant species used as medicinal plants
is India. India uses 20% of its total plant species for medicinal purpose. In
the series, Srilanka and Thailand also have 16.6% and 15.5% of diversity of
medicinal plants, respectively, while among Western countries USA uses
11.8% of total plant species as medicinal purpose (Duke and Ayensu, 1985;
Govaerts, 2001; Groombridge and Jenkins, 1994, 2002; Jain and DeFillipps, 1991; Moerman, 1996; Padua et al., 1999). Among these, about 15,000
species are threatened with extinction from overharvesting and habitat destruction (Bentley, 2010) and 20% of their wild resources have already been
nearly exhausted with the increasing human population and plant consumption (Ross, 2005).To satisfy the regional and international markets, the
plant sources for expanding local, regional, and international markets are
harvested in increasing volumes and largely from wild populations (Kuipers, 1997; Lange, 1998). Supplies of wild plants in general are increasingly
limited by deforestation from logging and conversion to plantations, pasture, and agriculture (Ahmad, 1998; Cunningham, 1993). In many cases,
the impact through direct off-take goes hand-in-hand with decline owing
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to changes in land use. Species favored by extensive agricultural management like Arnica montanain central Europe go into decline with changes
in farming practices towards higher nutrient input on the meadows. This
requires habitat management as the key factor in managing species populations (Ellenberger, 1999). Although this threat has been known for decades, the accelerated loss of species and habitat destruction worldwide has
increased the risk of extinction of medicinal plants, especially in China
(Heywood and Iriondo, 2003; Nalawade et al., 2003), India (Heywood and
Iriondo, 2003), Kenya (Hamilton, 2008), Nepal (Hamilton, 2008), Tanzania
(Zerabruk and Yirga, 2012) and Uganda (Zerabruk and Yirga, 2012).
The conservation and sustainable use of medicinal plants have been
studied extensively (Larsen and Olsen, 2007; Uprety et al., 2012). Various
sets of recommendations have been studied regarding their conservation,
including the establishment of systems for species inventorying and status
monitoring, and the need for coordinated conservation practices based on
both in situ and ex situ strategies (Hamilton, 2004). For medicinal plants
with increasingly limited supplies, sustainable use of wild resources can be
an effective conservation alternative. In China and South Africa, the situation is particularly critical because of the high demands of large populations.

3.4 VALUING THE BIODIVERSITY OF MEDICINAL
PLANTS
India has been known to be a rich storehouse of medicinal plants.
The forest in India is the principal repository of large number of medicinal and aromatic plants, which are largely collected as raw materials for
manufacture of drugs and perfumery products. About 8000 herbal remedies
have been codified in AYUSH systems in India. Ayurveda, Unani, Siddha,
and Folk (tribal) medicines are the major systems of indigenous medicines.
Among these systems, Ayurveda and Unani Medicine are most developed
and widely practised in India. India is well-known for its cultural and plant
biodiversity where large numbers of people are still living as tribes. These
tribal people have a pool of unrevealed, ethnomedicinal, and ethnopharmacological information regarding the flora of their surroundings, which may
prove to be very helpful in rural community with its advantage. Natural
wealth as well as the unidentified ethnopharmacological information and
the tribal cultures have been decreased remarkably at a disturbing rate due
to change in life style, unintentional developmental programs. Negligence
by the youth towards the traditional knowledge also influences the loss of
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ethnopharmacology (Pandey and Shukla, 2003; Semwal, 2005). Therefore,
it is essential to learn and document this exceptional, original, and conventional information from the ethnic population, before it disappears with the
knowledgeable persons. It is also for the establishment of these conventional
principles at the national and international level realizing the recent global
trends (Kala et al., 2006).
Their value is as a methodology of medicinal agents, which, according to the World Health Organization (WHO), almost 65% of the world's
population has incorporated into their primary modality of health care (2).
The goals of using plants as sources of therapeutic agents are:
a. To isolate bioactive compounds for direct use as drugs, that is, digoxin,
digitoxin, morphine, reserpine, taxol, vinblastine, vincristine.
b. To produce bioactive compounds of novel or known structures as lead
compounds for semisynthesis to produce patentable entities of higher
activity and/or lower toxicity, for example, metformin, nabilone, oxycodon (and other narcotic analgesics), taxotere, teniposide, verapamil,
and amiodarone, which are based, respectively, on galegine, ∆9-tetrahydrocannabinol, morphine, taxol, podophyllotoxin, khellin, and khellin.
c. To use agents as pharmacological tools, for example, lysergic acid diethylamide, mescaline, yohimbine.
d. To use the whole plant or part of it as a herbal remedy, for example,
cranberry, garlic, Ginkgo biloba, etc.
Table 3.1 shows the different plant components with medicinal properties, their medicinal use and the source from which they are obtained.

3.5 CONCLUSION
It is believed that herbs are an important source to cure a number of
health-related problems and diseases. Most of the drugs, thus formulated,
are free of side-effects or reactions. This is the reason why herbal treatment
is growing in popularity across the globe. Several plants are known since
ancient times whose different components can be used for the treatment
of different ailments. The science of medicinal chemistry traces its roots to
vedic period in India when Indian vaids used plants’ components for the
treatment of different diseases. These herbs that have medicinal quality provide rational means for the treatment of many internal diseases, which are
otherwise considered difficult to cure. However, extensive use of medicinal
plants has led to its overexploitation which results in loss of diversity of
medicinal plants. In the last few decades, medicinal chemistry has achieved
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Table 3.1 Plant Components with Medicinal Properties, Their Medicinal Use, and the
Source from which They are Obtained
Drug
Action/Clinical Use
Source

Adoniside

Cardiotonic

Digitalis lanata
Ehrh.

Cardiotonic

Adonis vernalis L.

Antiinflammatory

Aesculus
hippocastanum L.

Antidysentery

Fraxinusrhynchophylla
Hance

Anthelmintic

Agrimonia
eupatoria L.

Circulatory disorders

Rauvolfia serpentina
(L.) Benth ex.
Kurz

Rubefacient

Brassica nigra (L.)
Koch
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Drug

Action/Clinical Use

Source

Bacillary dysentery

Andrographis
paniculata Nees

Anticholinergic

Anisodus tanguticus
(Maxim.)
Pascher

Anticholinergic

Anisodus tanguticus
(Maxim.)
Pascher

Anthelmintic

Areca catechu L.

Vulnerary

Centella asiatica (L.)
Urban

Anticholinergic

Atropa belladonna L.
(continued)
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Table 3.1 Plant Components with Medicinal Properties, Their Medicinal Use, and the
Source from which They are Obtained (cont.)
Drug
Action/Clinical Use
Source

Chymopapain

Bacillary dysentery

Berberis vulgaris L.

Antitussive

Ardisia japonica Bl.

Antiinflammatory

Ananas comosus (L.)
Merrill

CNS stimulant

Camellia sinensis
(L.) Kuntze

Haemostatic

Potentilla
fragaroides L.

Proteolytic;
mucolytic

Carica papaya L.

Local anaesthetic

Erythroxylum coca
Lamk.
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Drug

Action/Clinical Use

Source

Analgesic; antitussive Papaver somniferum L.

Antitumor agent;
antigout

Colchicum
autumnale L.

Cardiotonic

Digitalis purpurea L.

Cardiotonic

Digitalis purpurea L.

Cardiotonic Digitalis lanata Ehrh.

Amoebicide; emetic

Cephaelis ipecacuanha (Brotero) A.
Richard
(Continued)
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Table 3.1 Plant Components with Medicinal Properties, Their Medicinal Use, and the
Source from which They are Obtained (cont.)
Drug
Action/Clinical Use
Source

Sympathomimetic

Ephedra sinica Stapf.

Sweetener

Glycyrrhiza glabra L.

Male contraceptive

Gossypium spp.

Bacillary dysentery

Helmsleya amabilis
Diels

Tranquilizer

Piper methysicum
Forst. f.

Bronchodilator

Ammi visnaga (L.)
Lamk
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Drug

Action/Clinical Use

Source

Cardiotonic

Digitalis lanata Ehrh

Cardiotonic

Digitalis lanata Ehrh

Respiratory stimulant

Lobelia inflata L.

Antitumor agent

Crotolaria sessiliflora
L.

Analgesic

Papaver somniferum L.

(Continued)
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Table 3.1 Plant Components with Medicinal Properties, Their Medicinal Use, and the
Source from which They are Obtained (cont.)
Drug
Action/Clinical Use
Source

Bacillary dysentery

Andrographis
paniculata Nees

Cardiotonic

Strophanthus gratus
Baill.

Proteolytic; mucolytic

Carica papaya L.

Sweetener

Hydrangea
macrophylla
(Thunb.) DC

Cholinesterase inhibitor

Physostigma
venenosum Balf.

Analeptic

Anamirta cocculus
(L.) W.&A.
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Drug

Rorifone

Action/Clinical Use

Source

Condylomata
acuminata

Podophyllum
peltatum L.

Anthelmintic

Quisqualis indica L.

Antihypertensive

Rauvolfia serpentina
(L.) Benth ex.
Kurz

Tranqulizer

Rauvolfia serpentina
(L.) Benth ex

Antitussive

Rauvolfia serpentina
(L.) Kurz

Analgesic

Rorippa indica (L.)
Hochr.

Ascaricide

Salix alba L.

(Continued)
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Table 3.1 Plant Components with Medicinal Properties, Their Medicinal Use, and the
Source from which They are Obtained (cont.)
Drug
Action/Clinical Use
Source

Trichosanthin

Diuretic; bronchodilator

Artemisia maritima
L.

Diuretic;
bronchodilator

Theobroma cacao L.

Abortifacient

Camellia sinensis
(L.) Kuntze

Skeletal muscle
relaxant

Thymus vulgaris L.

Sedative

Chondodendron
tomentosum
R. & P.

Cerebral stimulant

Valeriana officinalis L.

Leukoderma; vitiligo Vinca minor L.
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Drug

Action/Clinical Use

Source

Aphrodisiac

Ammi majus L.

Abortifacient

Pausinystalia yohimbe
(K.Schum.)

Abortifacient

Pierre Daphne
genkwa Seib. &
Zucc.
Daphne genkwa
Seib. & Zucc.

Data taken from Farnsworth et al. (1985).

several landmarks as far as the artificial drug synthesis is concerned. In vitro
drug synthesis is an alternative which can be useful step in promoting conservation of medicinal plants.
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4.1 NEEM CHEMISTRY
Neem fruits, seeds, oil, leaves, roots, and bark have long been used in
the traditional medicine. Thus, over thousands of years, millions of Asians
have used neem medicinally. In addition, in places where the tree has been
introduced in recent times, such as tropical America and Africa, it has also
established a reputation as a useful cure for various ailments.Today, the bestestablished and most widely recognized uses are based on its merits as a general antiseptic. Neem has proved effective against certain fungi that infect
the human body such as Aspergillus flavus which causes increasing problems
that difficult to be controlled by synthetic fungicides (Locke, 1990).
Many preparations of neem extracts are reportedly efficacious against a
variety of skin diseases, septic sores, and infected burns.The leaves applied in
the form of poultices or decoctions are also recommended for boils, ulcers,
and eczema.The oil is used for skin diseases such as scrofula, indolent ulcers,
and ringworm. Cures for many more ailments have been claimed but have
not been independently confirmed by trials under controlled conditions.
Nonetheless, there are intriguing indications that neem might, in future, be
used much more widely. These promising applications include antimicrobial, antiinflammatory, hypertensive, and antiulcer treatments (Verkerk and
Wright, 1993). Vector and disease control is another potential important
use of neem. Neem insecticides are potent insect growth regulators against
mosquito larvae: neem oil and other derivatives can be effective personal
repellents against biting adult mosquitoes, and certain neem fractions have
antimalarial action.

4.2 PREPARATION OF NEEM EXTRACT FROM LEAVES
Many biologically active compounds can be extracted from neem,
including triterpenoids, phenolic compounds, carotenoids, steroids, and
ketones. The tetranortriterpenoid azadirachtin has received the most attention as a pesticide because it is relatively abundant in neem kernels and has
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00004-0
Copyright © 2018 Elsevier Ltd. All rights reserved.
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shown biological activity on a wide range of insects. Azadirachtin is actually a mixture of seven isomeric compounds labeled as azadirachtin-A to
azadirachtin-G, with azadirachtin-A being present in the highest quantity
and azadirachtin-E regarded as the most effective insect growth regulator
(Lee et al., 1988). Many ways for neem leaf extractions have been reported:
the secondary metabolites can be extracted through various methods and
leaching with water is the oldest method. More than one nonpolar solvent
is used to obtain more varied mixture of chemicals. Nonpolar/polar solvents viz. hexane, pentane, ethanol, methanol, esters, and dichloromethane
are used in extractions as well as mixtures of these solvents with water. Once
metabolites extracted, several separation techniques are used for analysis and
identification of the isolated compounds such as high-performance liquid
chromatography (HPLC) fractionation, infrared spectrum analysis, and 13C
NMR and 1H NMK spectra (Bhatnagar et al., 1990).
The leaf extraction techniques were reported as follows: 400 g of mature
green leaves were homogenized in a prechilled pestle and mortar using
chilled, sterilized, distilled water.The extract was filtered through four layers
of moistened muslin cloth. The final volume was adjusted to 1000 mL with
distilled water. The filtrate was centrifuged at 2000g, 4 °C for 15 min. The
supernatant was taken as a concentrated leaf extract. Dilution of 1:2 was
made from this concentrated extract reported by Paul and Sharma (2002).
Although, another simpler technique has also been reported, the green
leaves were washed to remove dirt and impurities. The leaves were dried
for 2 weeks under low sunlight. The powder was prepared with the help
of electric mixer grinder, and the aqueous extract from the powder was
obtained following the method of Prasad et al. (2005).
For the preparation of aqueous extract, the powdered neem sample was
mixed with sterilized Chu-10 aqueous medium in a ratio of 1:20 (w/v).
Thereafter, the suspension was stirred for 9–10 h and then left for the next
48 h at RT. At the end, the extract was filtered twice with eightfold muslin
cloth and the filtrate was kept at low temperature. The crude neem extract
was diluted serially to obtain the desired concentrations of accordingly (v/v)
by mixing the stock extract in culture medium (Prasad et al., 2002). More
recently, two methods of extraction were adopted as follows: (i) Soxhlet
extraction method using chloroform as the solvent and (ii) aqueous extraction method using water as the solvent (Ojo et al., 2005).
About 2 g each of the leaf, stem, and root of the grounded A. indica plant
material were placed in a timble and later placed in a Soxhlet extractor with
30 mL of hexane and heated using heating mantle at 100 °C for 3 h. The
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extracts were poured into separate beakers and concentrated with ultrasonic
bath at 60 °C for 1 h. The remaining extract was treated with anhydrous
sodium sulfate to absorb the water in the samples and later treated with
silica gel, which helps to remove impurities in the samples. The extract was
later used for gas chromatography–mass spectrometry (GC–MS) analysis.

4.3 EXTRACTION OF THE SECONDARY METABOLITES
FROM FLOWERS
Two hundred grams of collected flowers were separated from foreign
matters and cleaned from twigs, spread in trays, and allowed to dry at RT
for 2 or 3 days.The dried flowers are crushed into powder form using automatic mixer or grinder. Afterwards, 40 g neem flower powder was treated in
a Soxhlet apparatus and 2.8 g of aqueous extraction extracted using 150 mL
of 90% ethanol at room temperature (about 25–28 °C). The extract was filtered (Whatman filter paper No. 1) and concentrated at 40 °C in vacuo and
finally kept in freezer. Then the extract was freeze-dried to get the crude
extract. GC–MS analysis was performed for different components present
in the extract, under the following detection of components. Analysis of
GC–MS was conducted by the database of National Institute Standard and
Technique (NIST) having more than 62,000 patterns. The spectrum of the
unidentified component was compared with the spectrum of the identified
components stored in the NIST library. The name, molecular weight, and
the structure of the components in the test material were ascertained.
Chromatogram obtained from the GC–MS with the extract of A. indica
M (Chenganmal and Yamalai, 2015).
Although bioactive compounds are found throughout the tree, those in
the seed kernels are the most concentrated and accessible.They are obtained
by making various extracts of the kernels and, to a lesser extent, of the press
cake. Although the active ingredients are only slightly soluble in water, they
are freely soluble in organic solvents such as hydrocarbons, alcohols, ketones,
or ethers.

4.4 CHEMICAL CONSTITUENTS OF NEEM
Major chemical constituents of neem are terpenes and limonoids.
The major active components in the limonoids are azadirachtin, 3-deacetyl-3-cinnamoylazadirachtin, 1-tygloyl-3-acetyl-2-methoxyazadirachtin,
22,23-dihydro-23β-methoxyazadirachtin, nimbanal, 3-tigloylazadirachtol,
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3-acetyl-salannoV nimbidioV margocin, margocinin, margocilin, and others (Ogbuewu, 2008). Terpenoids are isoazadirolide, 6 nimbocinolide, nimbonone, nibonolone, methylgrevillate, and margosinone. Neem increases
the production of glutathione-S-transferase, thus improving the ability of
the liver to detoxify itself of chemical contamination.
Although a large number of compounds have been isolated from various parts of neem, a few of them have been studied for biological activity
as shown in Table 4.1. The structure of some of these bioactive compounds
has been presented in Fig. 4.1. Nimbidin, a major crude bitter principle
extracted from the oil of seed kernels of A. indica, demonstrated several biological activities. From this crude principle, some tetranortriterpenes including nimbin, nimbinin, nimbidinin, nimbolide, and nimbidic acid have been
Table 4.1 Constituents elements of neem extracted from parts of neem tree
S. no. Bioactive compounds
Source
Biological activity

1.
2.

Nimbin (1)
Nimbidin (2)

Seed oil
Seed oil

3.
4.
5.
6.
7.
8.

Azadirachtin (3)
Sodium nimbidate (4)
Nimbolide (5)
Gedunin (6)
Mahmoodin (7)
Gallic acid (8), (−)
epicatech (9), and
catechin (10)
Margoloine (11),
margolonone (12), and
isomargolonone (13)
Polysaccharides GIA
(14), GIB (15)
Polysaccharides GIIA
(16), GIIIA (17)
NB-II peptidoglucan
(18)
Cyclic trisulfide (19) and
cyclic tetrasulfide (20)
Polysaccharides (21)

Seed oil
Seed oil
Seed oil
Seed oil
Seed oil
Bark

9.
10.
11.
12.
13.
14.

Spermicidal
Antiinflammatory, antiarthritic,
antipyretic, hypoglycaemic,
antigastric ulcer, spermicidal,
antifungal, antibacterial,
diurectic
Antimalerial
Antiinflammatory
Antibacterial, antimalarial
Antifungal, antimalarial
Antibacterial
Antiinflammatory,
immunomodulatory

Bark

Antibacterial

Bark

Antiinflammatory

Bark

Antiinflammatory

Bark

Immunomodulatory

Leaf

Antifungal

Leaf

Antiinflammatory
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Figure 4.1 Structures of the main active compounds.
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reported (Kudoma et al., 2011; Ojha, 2016). Nimbidin and sodium nimbidate possess significant dose-dependent antiinflammatory activity against
carrageenan induced acute paw edema in rats and formalin-induced arthritis
(Ghosh et al., 2009; El-Hawary et al., 2013). Antipyretic activity has also
been reported and confirmed in nimbidin (Mohammad et al., 2013). Oral
administration of nimbidin demonstrated significant hypoglycemic effect
in fasting rabbits (Biswas et al., 2002). A significant antiulcer effect was
observed with nimbidin in preventing acetylsalicylic acid, indomethacin,
stress, or serotonin-induced gastric lesions as well as histamine- or cysteamine-induced duodenal ulcers (Biswas et al., 2002; Nicoletti et al., 2012).
Nimbidin can also suppress basal as well as histamine- and carbachol-stimulated gastric acid output and may act as an antihistamine by blocking H2
receptors, thereby helping as an antiulcer agent (Alzohairy, 2016). The spermicidal activity of nimbidin and nimbin (1) was reported in rats and human
as early as 1959 (Chopra et al., 1956; Kirtikar and Basu, 1975). Nimbidin
(2) also demonstrated antifungal activity by inhibiting the growth of Tinea
rubrum (Thakur et al., 1981). In vitro, it can completely inhibit the growth
of Mycobacterium tuberculosis and was also found to be bactericidal (Koul
et al., 1990). Azadirachtin (3), highly oxygenated C-secomeliacin isolated
from neem seed and having strong antifeedant activity (Chopra et al., 1956;
Chatterjee and Pakrashi, 1994; Nicoletti et al., 2012), has been demonstrated
to have antimalarial property as well. Diuretic activity was also reported
for sodium nimbidinate (4) in dogs (Chopra et al., 1958). Nimbolide (5)
has been shown to exert antimalarial activity by inhibiting the growth of
Plasmodium falciparum (Schmutterer, 1995; Singh et al., 1996). Nimbolide
also shows antibacterial activity against Staphylococcus aureus and S. coagulase
(Schmutterer, 1995). Gedunin (6), isolated from neem seed oil, has been
reported to possess both antifungal (Chopra et al., 1958) and antimalarial
(Koul et al., 1990) activities. It is inhibitory to the development of malarial
parasites (Singh et al., 1996). Mahmoodin (7), a deoxygedunin isolated from
the seed oil, has been shown to possess moderate antibacterial action against
some strains of human pathogenic bacteria (Alzohairy, 2016). Condensed
tannins from the bark contain gallic acid, (+) gallocatechin, (–) epicatechin,
(+) catechin, and epigallocatechin, of which gallic acid (8), (–) epicatechin
(9), and catechin (10) are primarily responsible for inhibiting the generation
of chemiluminescence by activated human polymorphonuclear neutrophil
(PMN) (De Jussieu, 1830), indicating that these compounds inhibit oxidative burst of PMN during inflammation. Three tricyclic A. indica is one of
the most important Indian plants being studied for medicinal activities since
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long back. The father of Ayurveda Charak explained in “Charak-Sanhita”
and Sushrut explained in “Sushrut-Sanhita” this plant as sarvarogharini and
Arista, that is, a plant which is perfect, complete, and imperishable reliever
of sickness. Each part of the neem has medicinal property, hence it is commercially exploitable. This plant has over 140 biologically active compounds
acting against almost all major health problems such as antiinflammatory,
antiulcer, antipyretic, antiarthritic, antifungal, antimalarial, antibacterial, antitumor, immunomodulatory, spermicidal, diuretic, etc. But this plant also
shows toxic effects in many cases and it shows acute toxicity in some cases;
moreover, it also caused chromosomal aberrations in the Allium cepa. The
toxicity of the compounds of neem can be controlled by induction of suitable drug-activating groups, changing the stereochemistry and suitable drug
designing. This review paper is an attempt to have an evaluative peep into
the pharmacological activities of some of the compounds and extracts of A.
indica.
Induced resistance is an important component of disease-resistance
response of plants and is accompanied by increased capability for activating
defense responses upon pathogen ingress or elicitor treatment. Aqueous leaf
extract of neem (A. indica Juss.) provided the control of Alternaria leaf spot
pathogen (Alternaria sesami) of sesame (Sesamum indicum L: Syn. S. orientale
L.). Treatment with this extract led to the changes in plant metabolism as
leaves of the treated plants exhibited significantly high level of enzymes
phenylalanine ammonialyase, peroxidase, and content of phenolic compounds. Furthermore, germination of A. sesami spores was not significantly
inhibited by neem extract. It is, therefore, suggested that protection of
sesame plants against A. sesami by neem extract might be due to stimulation
of plants’ natural defense response.
To clean wounds, soothe swellings, and erase skin problems, boiled
neem leaf extract is used. Neem leaves have been demonstrated to have vast
properties like immunoregulatory, antiinflammatory, antihyperglycemic,
antiulcer, antimalarial, antifungal, antiviral, antioxidant, antimutagenic, and
anticarcinogenic. Some of the compound extracts and mixtures of compounds present in the neem tree and their medicinal actions are given in
Table 4.1.
Botanical insecticides are relatively safe and degradable and are readily
available sources of biopesticides. The most prominent phytochemical pesticides in recent years are those derived from neem trees, which have been
studied extensively in the fields of entomology and phytochemistry and
have uses for medicinal and cosmetic purposes. The neem products have
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been obtained from several species of neem trees in the family Meliaceae. So
species in this family have been the subject of botanical pesticide research.
They are A. indica A. Jrtss, A. excelsa Jack, A. siamens Valeton, Melia azedarach
L., M. toosendan Sieb. and Z1cc., and M. volkensii Giirke. The Meliaceae,
especially A. indica (Indian neem tree), contains at least 35 biologically
active principles. Azadirachtin is the predominant insecticidal active ingredient in the seed, leaves, and other parts of the neem tree. Azadirachtin
and other compounds in neem products exhibit various modes of action
against insects such as antifeedancy, growth regulation, fecundity suppression and sterilization, oviposition repellency or attractancy, changes in biological fitness, and blocking development of vector-borne pathogens. Some
of these bioactivity parameters of neem products have been investigated at
least in some species of insects of medical and veterinary importance, such
as mosquitoes, flies, triatomines, cockroaches, fleas, lice, and others. Here, we
review, synthesize, and analyze published information on the activity, modes
of action, and other biological effects of neem products against arthropods
of medical and veterinary importance. The amount of information on the
activity, use, and application of neem products for the control of disease vectors and human and animal pests is limited.

4.5 SYNTHESIS OF AZADIRACHTIN A
The total synthesis of azadirachtin A (1) (Fig. 4.2 Scheme 1), the story
has attracted worldwide coverage (Sanderson, 2007), took 22 years of painstaking work under the intellectual leadership of Ley, first at the Imperial
College, London, and then at the Department of Chemistry, University of
Cambridge, UK (Jauch, 2008), involving about 40 PhD scholars.
The art of total synthesis of natural organic molecules continues to
attract and fascinate synthetic organic chemists, providing ample space for

Figure 4.2 Retrosynthesis of Azadirachtin A.
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intellectual challenges and opportunities to invent new reactions and strategies, to probe biological questions, and to make contributions to human
welfare. The development of organic synthesis over a period of 100 years
has contributed to efficient industrial methods for the manufacture of
industrial methods for the manufacture of industrial chemicals, pharmaceuticals, agrochemicals, textiles, etc. Contributions to organic synthesis have
also often been amply rewarded with Nobel Prizes in Chemistry. With a
constant flow of novel natural products that have intricate structures and
interesting biological activities, every decade seems to have generated its
own target molecules as challenges to the synthetic chemist. Armed with
an impressive armamentarium of modern synthetic methods and aided by
state-of-the-art instrumental techniques, these challenges have been met
head-on with gratifying results. Complex frameworks of natural products
with an abundance of stereogenic centers and seemingly untouchable concatenations of functionality have succumbed to the ingenuity and creativity
of the synthetic organic chemist (Pennington and Styles, 1975).
Azadirachtin A (1) is a tetranortriterpenoid limonoid with unprecedented insect antifeedant and growth-disrupting properties. It was isolated
from the seeds of neem (A. indica) by Butterworth and Morgan (Jauch, 2008),
who reported complete inhibition of feeding of the desert locust, Schistocerca
gregaria at concentrations of 1 ng cm−2. It was named azadirachtin by them
and subsequently, Rembold (Paul and Sharma, 2002) renamed it as azadirachtin A (Aza A) following the discovery of its several naturally occurring analogs. The elucidation of its complete stereochemical structure took
17 long years (Prasad et al., 2005). Govindachari and coworkers (Prasad
et al., 2002) at SPIC Science Foundation, Chennai, were the first group to
isolate perfectly crystalline Aza A from neem-seed kernels. Their method of
isolation from a small sample lot of 15 g seeds is perhaps the most elegant
method known so far.Till date, about 25 natural analogs of Aza A are known
to occur in neem, paving the way for classification for this group of compounds as azadiractoids or azadiractinoids. Aza A is the major component
of this class constituting about 80%. 3-Tigloylazadirachtol (azadirachtin B)
is present at concentrations up to 15% of the total azadirachtoids, whereas
other azadirachtins occur at much lower concentrations. Azadirachtins find
application in pest management in cotton, corn, potato, chrysanthemum,
and ornamental crops. Many countries, including India, have registered the
use of Aza A as the natural pesticide.
Azadirachtin possesses 16 contiguous stereocenters, seven quaternary,
and nine secondary, as well as four different ester groups, two hydroxyl
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groups (one belonging to an extremely acid-sensitive hydroxyldihydrofuran ring system), an acid- and base-sensitive hemiacetal, and a strained and
sterically difficult to access epoxide. This structural complexity and sensitivity of the target molecule makes the total synthesis of azadirachtin a
challenge. A few other groups (Halford, 2007) are also engaged in the total
synthesis of Aza A, but till date, Ley and his group alone have succeeded
(Sanderson, 2007).
The gambit of Ley and his team has always been to derive the Aza A
architecture by creation of the C8–C14 bond from a suitable decalin fragment 3 (left-half) and a suitably functionalized tricyclic hydroxytetrahydrofuran fragment 4 (right-half) as shown by the retrosynthetic Scheme 1.
This approach necessitates the coupling of two quaternary carbon centers
to construct the extremely hindered bond between C8 and C14. In 1994,
Ley wrote: “We recognize this coupling involves the formation of a difficult
bond, but therein lies the challenge.”

4.5.1 The Opening Steps
The synthesis of the complex decalin fragment is certainly a challenge
by itself, containing 10 contiguous stereocenters and complex oxygenation, and has been completed in 31 steps (Figs. 4.3–4.6 Schemes 2–5)
(Sanderson, 2007). Its synthesis is well planned, starting with the generation
of four stereocenters from the synthon 2 by an intramolecular Diels–Alder
reaction. Importantly, the endo/exo control at the silane comes from the
endo product 3 in a 5:2 ratio. The phenyldimethylsilyl group that finds its
way to a C-3 axial position also controls C-1 carbonyl reduction stereochemistry at a later point. Also noteworthy was the chain reduction of an
aldehyde by the formation of the corresponding silyl enol-ether 4 by ozonolysis. The en passant was the design of functionalized ring of the decalin
scaffold using cyanoester-mediated six-ring conjugated addition followed
by ring contraction to furnish 5, which was transformed through a series
of steps through 6 to a methylated protected ketone unit 7 suitable for
coupling.

4.5.2 The Middle Steps
The synthesis of MOM-benzyl protected bicyclic propargylic mesylate 9
starting from a cheap and readily available carbohydrate 8 has been documented earlier (Chenganmal and Yamalai, 2015). The dibromo olefin 9
was cleaved and replaced with a PMB ether, and a reduction/acetalization
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Figure 4.3 Preparation of left-hand fragment of Azadirachtin A.

sequence was then performed to yield a 1:1 mixture of the two diastereomers 11, which was separated by column chromatography. The two
epimers of 10 were then independently subjected to Corey–Fuchs alkynylation conditions and further homologated with para-formaldehyde, and the
resulting propargylic alcohols were treated with methanesulfonic anhydride
to furnish the desired propargylic mesylates 11 ready for coupling with
decalin fragment 7.
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Figure 4.4 Methylation at the C-8 position and preparation of right-hand fragment.

4.5.3 The End Steps
With both the couples (7 and 11) at hand, Ley et al. (Pennington and
Styles, 1975) ventured into the endgame of their synthesis. Tenfold excess
of 7 was required to yield the propargyl ether 12 after desilylation. After
sufficient frustrating failures, the Claisen rearrangement was successfully
carried out in yields of 80%–88% under pulsed microwave irradiation
(15 °C for 1 min) to furnish the allene 13. The same rearrangement could
be catalyzed by the Toste's gold(I) complex [(Ph3PAu)3O]BF4. The construction of the bicyclic scaffold containing endo methyl group 15 via 14
involved some creative genius. Epoxidation of 15 with magnesium monoperoxyphthalate (MMPP) finally resulted in 16, which was also readily
available through relay synthesis from 1. The enormous crowding around
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Figure 4.5 Fragment coupling.

the C8–C14 bond can be estimated from the rigorous reaction conditions necessary for the epoxidation of the double bond in 15: magnesium
monoperoxyphthalate, 7 days reaction time at 105 °C with conversions of
only 20%–30%. Interestingly, epoxidation of both C-23 epimers yielded
exclusively the β-diastereomer, implying an epimerization of alkene prior
to epoxidation. The relay synthesis consists of some interesting sequence
steps.Tiglolylation of the sterically hindered C1–OH group in 16 could be
effected with the use of a mixed anhydride of tiglinic acid and 2,4,6-trichlorobenzoic acid (Yamaguchi reagent) to give 17. Reduction of the
C7 carbonyl group in 17 was done employing Luche reagent to yield
18, which could be then converted into Aza A by the generation of 22∆
double bond of the dihydrofuran ring system through sulfoxide pyrolysis
in boiling toluene.

88

Rakesh Kumar, Simpi Mehta and Seema R. Pathak

Figure 4.6 End game of Azadirachtin A synthesis.

4.5.4 Overall Reaction
The total synthesis involved 71 steps (longest linear sequence of 48 steps for
decalin fragment) with an overall yield of 0.00015%.There are many groups
now active and such efforts would improve the efficiency of the synthesis
both in terms of number of steps and yield. The chemistry reported for the
synthesis of azadirachtin demonstrates not only its challenge to synthetic
chemists, but also the utility of its exquisite architecture as a platform to
develop new chemical processes and methods for natural product synthesis. Through this total synthesis, many new reactions, reagents, and analogs,
both simple and intact, have been discovered.

4.6 MEDICINAL USE OF VARIOUS PARTS OF NEEM
Various parts of the neem tree have been used as traditional ayurvedic
medicine in India from time immemorial (Pennington, 1981). The
medicinal utilities have been described, especially for leaf, fruit, and bark
(Bhatnagar et al., 1990). Neem oil and the bark and leaf extracts have been
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therapeutically used as folk medicine to control leprosy, intestinal helminthiasis, respiratory disorders, constipation and also as a general health promoter (Butterworth and Morgan, 1968a, b). Its use for the treatment of
rheumatism, chronic syphilitic sores, and indolent ulcer has also been evident (Lee et al., 1988). Neem oil finds use to control various skin infections
(Veitch et al., 2007). Bark, leaf, root, flower, and fruit together cure blood
morbidity, biliary afflictions, itching, skin ulcers, burning sensations, and
pthysis (Rembold, 1989). Some of the medicinal attributes of various parts
of neem (Mitra et al., 1971) as mentioned in ayurveda (Hanessian, 1993;
Kraus et al., 1985) have been summarized in Table 4.1. However, apart from
these uses, there are several reports on the biological activities and pharmacological actions of neem based on modern scientific investigations.

4.6.1 Antiinflammatory, Antipyretic, and Analgesic Activities
It is efficacious in boosting the immune system of animals. It controls the
activities of free radicals. It has been found to be effective in the a variety
of human cancer cells that include the colon, stomach, lung, liver, skin, oral,
prostrate, and breast.
The chloroform extract of the stem bark is effective against carrageenan-induced paw edema in rat and mouse ear inflammation (Broughton
et al., 1986). Inflammatory stomatitis in children is cured by the bark extract
(Bhargava et al., 1970). Antipyretic activity has been reported in neem oil
(Jauch, 2008; Kabaleeswaran et al., 1994). A methanol extract of the leaves
exerts antipyretic effect in male rabbits (Haag et al., 1998). The plant also
possesses analgesic activity mediated through opioid receptors in laboratory
animals (Ley, 2005). Antiinflammatory and antipyretic activities in various
extracts have been reviewed (Nishikimi et al., 1989). Nimbidin, a component of neem, has been found to possesses antiinflammatory and antiarthritis
activity. Nimbidin suppresses the function of macrophages and neutrophiles
involved in inflammations.

4.6.2 Antioxidant Properties
Neem has the capacity to control the hyperactivity and free radical activities of the chemicals normally created within the body. In fact, free radicals
are created within the body in a routine way. These cause ageing and may
also cause cancer under hyperactive condition. A series of disorders including cardiovascular disease, eye health, cataract and macular degenerations,
age-related neurondegeneration, etc. are caused due to the hyperactivity of
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these free radicals. Neem products protect against the chemically induced
carcinogens and liver damage by boosting antioxidant levels.

4.6.3 Antiviral Effect of Neem
The antiviral and virucidal effect of methanolic extract fraction of neem
(NCL-11) leaves was observed regarding its activity and possible mechanism of action against Coxsackie B group of viruses. NCL-11 inhibited
plaque formation in six antigenic type of Coxasackie virus B at a concentration of 1000 µg/mL at 96 h in vitro. Additionally, virus inactivation, yield
reduction, and effect of time of addition assay suggested that NCL-11 was
most active against Coxasackie Virus B as virucidal agent besides interfering at an early event of its replicate cycle. The evidence suggested that the
presence of a number of compound besides flavonoids, triterpenoids, and
their glycosides in NCL-11 have antiviral action for Coxasakei B group of
virus in vitro. The study of inhibitory potential of water-extract of neem
leaves and purified Azidirachtin (constituent compound of neem leaves)
against Dengue virus type-2 have been reported. In vitro antiviral activity
of aqueous neem leaves extract assessed in C (6/36) (cloned cell of larvae
of Aedes albopictus) cells employing virus inhibition assay showed inhibition
in a dose-dependent manner. The aqueous extract of neem leaves at its
maximum nontoxic concentration of 1897 mg/mL completely inhibited
100–10,000 TCID (50) of virus as indicated by the absence of cytopathic
effect. The in vivo protection studies with neem leaves extract at its maximum nontoxic concentrations 1.897 mg/mL resulted in inhibition of virus
replication as confirmed by the absence of Dengue-related clinical symptoms in suckling mice and the absence of virus-specific 511 bp amplicon in
RT-PCR.The pure neem, that is, Azadirachtin did not reveal any inhibition
on Dengue virus type-2 replication in both in vivo and in vitro systems
(Parida et al., 2002).

4.6.4 Immunostimulant Activity
The aqueous extract of neem bark possesses anticomplement activity, acting both on the alternative as well as the classical pathway of complement
activation in human serum (Mitra et al., 1963). Recently, an aqueous extract
of stem bark has been shown to enhance the immune response of Balb-c
mice to sheep red blood cells in vivo (Taylor, 1984). The aqueous extract
of leaf also possesses potent immunostimulant activity as evidenced by
both humoral and cell-mediated responses (Warthen, 1979; Champagne
et al., 1992). Leaf extract at 100 mg/kg after 3 weeks of oral administration
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causes higher IgM and IgG levels along with increased titer of antiovalbumin antibody (Kraus, 1995). Neem oil has been shown to possess immunostimulant activity by selectively activating the cell-mediated immune
mechanisms to elicit an enhanced response to subsequent mitogenic or
antigenic challenge (Govindachari, 1992).

4.6.5 Hypoglycemic Activity
Aqueous extract of neem leaves significantly decreases blood sugar level
and prevents adrenaline as well as glucose-induced hyperglycemia (Mitra
et al., 1971). The aqueous leaf extract, when orally fed, also produces hypoglycemia in normal rats and decreased blood glucose levels in experimentally induced diabetes in rats (Devakumar and SukhDev, 1996). Aqueous
leaf extract also reduces hyperglycemia in streptozotocin diabetes and the
effect is possibly due to the presence of a flavonoid, quercetin (Bhargava
et al., 1970). A significant hypoglycemic effect was also observed by feeding
neem oil to fasting rabbits (David, 1969). Recently, hypoglycemic effect
was observed with leaf extract and seed oil, in normal as well as alloxaninduced diabetic rabbits (Pillai and Santhakumari, 1981a, b). The possible mechanisms underlying the hypoglycemic activity of the aqueous leaf
extract have also been discussed (Pillai and Santhakumari, 1981a, b, 1984).

4.6.6 Antiulcer Effect
Neem leaf aqueous extract produces antiulcer effect in rats exposed to
restraint—cold stress or ethanol orally by preventing mucus depletion and
mast cell degranulation (Pillai et al., 1978). An aqueous extract of neem bark
has been shown from our laboratory to possess highly potent antiacid secretory and antiulcer activity and the bioactive compound has been attributed
to a glycoside (Sharma and Saksena, 1959a, b).

4.6.7 Antifertility Effect
Neem oil proved spermicidal against rhesus monkey and human spermatozoa in vitro (Van der Nat et al., 1991). In vivo studies showed that intravaginal application of neem oil prior to coitus can prevent pregnancy (Sharma
and Saksena, 1959a, b). Antifertility effect of neem oil has also been studied
and suggested to be a novel method of contraception (Bhide et al., 1958;
Murthy and Sirsi, 1958a, b; Pillai and Santhakumari, 1985). Oral administration of aqueous extract of neem leaves also shows antifertility effect in
mice (Rochanakij et al., 1985). Purified neem seed extract (Praneem) has
also been demonstrated to abrogate pregnancy in both baboons and bonnet
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monkeys, when administered orally (Khalid et al., 1989). From the hexane
extract of neem seed, an active fraction containing six components has been
found to completely abrogate pregnancy in rodents when given orally up
to a concentration of 10%, with no apparent side effect (Rao et al., 1977).
The effect is possibly due to activation of cell-mediated immune reaction.
The mechanism of action of neem oil appears to be nonhormonal, probably
mediated through its spermicidal effect and may have less side effects than
steroidal contraceptives.

4.6.8 Antimalarial Activity
Neem seed and leaf extracts are effective against malarial parasites
(Butterworth and Morgan, 1968a, b). Components of the alcoholic
extracts of leaves and seeds are effective against both chloroquin-resistant
and -sensitive strains of malarial parasite (Jones et al., 1994). Recently,
neem seed extract and its purified fractions have been shown to inhibit
growth and development of asexual and sexual stages of drug-sensitive
and -resistant strains of the human malarial parasite P. falciparum (Rojanapo
et al., 1985). Antifungal activity: Extracts of neem leaf, neem oil, and seed
kernels are effective against certain human fungi, including Trichophyton,
Epidermophyton, Microsporum, Trichosporon, Geotricum, and Candida
(Van der Nat et al., 1991). High antimycotic activity with extracts of different parts of neem has already been reported (Champagne et al., 1992).

4.6.9 Antibacterial/Antifungal Activity
The various skin and nail infections are controlled and cured by the neem
leaf and bark extract. It has been found to control the fungi causing athelete's foot, ringworm, and candida, the organism that causes yeast infections
and thrush.
Oil from the leaves, seeds, and bark possesses a wide spectrum of antibacterial action against Gram-negative and -positive microorganisms, including
M. tuberculosis and streptomycin-resistant strains (Pant et al., 1986). In vitro,
it inhibits Vibrio cholerae, Klebsiella pneumoniae, M. tuberculosis, and M. pyogenes (Kakai, 1984). Antimicrobial effects of neem extract have been demonstrated against Streptococcus mutans and S. faecalis (Fujiwara et al., 1982).
NIM-76, a new vaginal contraceptive from neem oil, showed inhibitory
effect on the growth of various pathogens, including bacteria, fungi, and
virus (Ara et al., 1989). Recently, the antibacterial activity of neem seed
oil was assessed in vitro against 14 strains of pathogenic bacteria (Fujiwara
et al., 1984). Antiviral activity: Aqueous leaf extract offers antiviral activity
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against Vaccinia virus (Van der Nat et al., 1989), Chikungunya, and measles
virus in vitro (Moursi and Al-Khatib, 1984). The antiviral and virucidal
effects of the methanolic extract of neem leaves (NCL-11) have recently
been demonstrated against group-B Coxsackie viruses (Dymock, 1972).
NCL-11 inhibits plaque formation in different antigenic types of Coxsackie
virus B at a concentration of 1 mg/mL at 96 h in vitro. Further studies indicated that NCL-11 is the most effective in Coxsackie virus B-4 as a virusidal agent, in addition to its interference at the early events of its replication.
Anticarcinogenic activity: Neem leaf aqueous extract effectively suppresses
oral squamous cell carcinoma induced by 7,12-dimethylbenz[a]anthracene
(DMBA), as revealed by reduced incidence of neoplasm (Varma, 1976).
Neem may exert its chemopreventive effect in the oral mucosa by modulation of glutathione and its metabolizing enzymes. That neem leaf extract
exerts its protective effect in N-methyl-N¢-nitro-N-nitrosoguanidine
(MNNG) (a carcinogenic material)-induced oxidative stress has also been
demonstrated by the reduced formation of lipid peroxides and enhanced
level of antioxidants and detoxifying enzymes in the stomach, a primary
target organ for MNNG as well as in the liver and in circulation (Van der
Nat et al., 1987;Varma, 1976).

4.6.10 Hepatoprotective Activity
The aqueous extract of neem leaf was found to offer protection against
paracetamol-induced liver necrosis in rats (Ketkar and Ketkar, 1995). The
elevated levels of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma glutamyl transpeptidase (GGT) indicative of
liver damage were found to be significantly reduced on administration of
the neem leaf aqueous extract. Antioxidant activity: The antioxidant activity of neem seed extract has been demonstrated in vivo during horse-grain
germination, which is associated with low levels of lipooxygenase activity
and lipid peroxides (Murthy and Sirsi, 1958a, b). An antioxidant principle
has also been isolated, which is a potent inhibitor of plant lipooxygenases. Effect on the central nervous system: Varying degrees of central nervous system (CNS) depressant activity in mice was observed with the leaf
extract (Okpanyi and Ezeukwv, 1981). Fractions of acetone extract of leaves
showed significant CNS depressant activity (Vohra and Dandiya, 1992). Leaf
extract up to a dose of 200 mg/kg body weight produces significant anxiolytic activity in rats (Lorenz, 1976). The crude ethanolic extract of stem
bark and root bark showed hypotensive, spasmolytic, and diuretic activities
(Tidjani and Dupont, 1989; Adegbite et al., 2009). Neem as one of the easily
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available medicinal plants whose leaves having liver-stimulating effect and it
has been found useful for humans. Researchers have endorsed the notion of
Ayurveda. In the case of livestocks also, the neem leaves has been found to
have antihepatotoxic effect (Njiro and Kafi-Tsekpo, 1999). In their investigation, they used carbon tetrachloride as hepatotoxic agent for the calves
which induced toxicity and the symptom of dullness, rise in pulse, fever,
and reluctance to move appeared. When these calves were administered dry
neem leaves powder at a rate of 20 g/day/calve, it bring about desired result
in 48 h and the symptoms were totally corrected in 2 weeks. It has been
found that neem leaves minimize chemically induced liver damage by stabilizing the levels of serum marker enzyme and boosting levels of antioxidants, like those found in vitamin C and E and in natural cartenoids, which
neutralize free radicals and prevents damage (Jacobson, 1986).
GC–MS analyses showed that majority of these identified compounds
in various crude extracts contain normal hydrocarbons, phenolic compounds, terpeniods, alkaloids, and glycosides. The high percentage of
compounds that were identified in the crude extracts are chemically and
biologically important. The evaluation of antioxidant capacity of different
crude extracts was in the order of chloroform > butanol > ethyl acetate
extract > hexane extract > methanol extract. The important chemical
constituents were present in the leaf crude extracts of neem that can be
endorsed to cultivation on a domestic plantation. The appropriate crude
extracts for selective bioactive organic compounds can be chosen on the
basis of GC–MS analysis. Therefore, the identified good number of chemical compounds from various extracts of neem might have some ecological
benefit for different ailments. Result from this study suggested that the
chloroform crude extracts of neem could be used as a natural antioxidant
(Murty et al., 1978; Chakraborty et al., 1989; Sen et al., 1992; Upadhyay
et al., 1992; Ray et al., 1996; Khosla et al., 2000).
Quality assurance of the herbal formulations is the key concern of the
current phytomedicinal research due to increased toxicity reports (Despande
et al., 1980; Sinha et al., 1984; El-Hawary and Kholief, 1990; Upadhyay
et al., 1990, 1994; Garg et al., 1993; Kaushic, 1995; Chattopadhyay, 1996;
Bandyopadhyay et al., 1998; Chattopadhyay, 1999). One of the major reasons of toxicity of herbal formulations being the contamination of heavy
metals in plant extracts. This guided FDA, USA, to implement stringent
evaluation rules for herbal formulations followed by regulations of the
Indian Government for pharmaceutical industries (Mukherjee et al., 1996).
TLC and UV spectrophotometric analysis detects the presence of cadmium
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and lead in excess to pH limits in the extract. Chelation with dithizone
at different pH was the bioremediation approach for the removal of the
contaminated heavy metals (Khalid et al., 1986). The extract was analyzed
in HPLC and TLC both before and after treatment with dithizone. The
peak area and Rf value of Nimbidin when compared was found to show no
significant deviations. This proves that dithizone has no interference with
Nimbidin though it confiscated the toxic impurities.This method for heavy
metal elimination is a potent industrial tool for quality assurance of herbal
formulations (Badani et al., 1987; Mukherjee et al., 1999).

4.7 TOXICITY OF COMPOUNDS OF NEEM AND ITS
EXTRACT
The regular use of neem extracts or compounds is not safe. It has
been reported to be toxic and sometimes lethal (Khan and Wassilew, 1987).
Nimbidin causes subacute toxicity in adult rats after daily administration
25, 50, or 100 mg/kg for 6 weeks, hypoglycemic effect was also observed
after feeding nimbidin to fasting rabbits, and spermicidal activity of nimbidin have also been reported (Chopra et al., 1952). Nimbolide and nimbic
acid have been found to be toxic to mice when given intravenously or
intraperitoneally, and these compounds are however less toxic to rat and
hamster. Nimbolide and nimbic acid at a higher dose cause death in most
of the animals due to dysfunction of the kidney, liver, and small intestine
and causing sudden lowering of arterial blood pressure (Dhar et al., 1998).
Nimbolide shows cytotoxic effect on NIE-115 neuroblastoma (mouse),
143B TK- osteosarcoma (human), and Sf9 (insects) cultured cells lined with
IC30 value of 27 and 112 micrometer, respectively (Chopra et al., 1952;
Satyavati et al., 1976; Dhar et al., 1998; SaiRam et al., 2000). Nimbidin
deacetylnimbin and azadirachtin are nontoxic. The studies on Margosan
O, a neem seed extract, do not show apparent toxicity in mammals but it
shows indications of toxicity in rats and mice (Gogati and Marathe, 1989;
Almas, 1999; Badam et al., 1999; Baswa et al., 2001). When it is administered at the rate of 2 mg/kg in albino rabbits, acute dermal toxicity is
reported; however, it shows minimum irritation in both eyes in these rabbits. NIM-76, a volatile fraction of neem oil, possesses antifertility activity when applied before coitus in rats, rabbits, and rhesus monkeys (Rao
et al., 1969; Singh et al., 1987; Rao et al., 1998; Balasenthil et al., 1999;
Arivazhagan et al., 2000a, b; Bhanwra et al., 2000). Allium test carried out
on different concentrations of raw neem leaf extract reveals induction of
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chromosomal aberrations in the genome of A. cepa (Bhakuni et al., 1971;
Abraham et al., 1986; Jaiswal et al., 1994; Arivazhagan et al., 2000a, b).These
are scattering of chromosomes at anaphase, anaphase-bridge, chromosomal
fragmentation, loggard, and endopolyploidization was observed in the roots
of A. cepa when treated with 0.1, 0.2, 0.4, and 0.5 kg/L concentration of
neem leaf extract. Highest aberration (39.41%) was observed with 0.5 kg/L
concentration of neem leaf extract and lowest aberration was observed with
concentration of 0.1 kg/L of concentration. This warns us about the possible genetic accidents.

4.8 CONCLUSION
The neem tree is emerging as new center of drug discovery and drug
designing in the recent years. It seems to be a virtual designer tree—tailormade for combating the serious problems confronting mankind today. The
information being generated on it in the modern format of science continues to confirm almost all the ancient claims. Its mammalian safety and
environmental friendliness reports are highly encouraging. Its bioactivity
spectrum against the harmful organisms is ever increasing. A key advantage
to using neem, as opposed to some medical treatments and other herbs, is its
compliance with the first tenet of the hippocratic oath taken by all physicians: “First, cause no harm.” Over thousands of years, neem has been used
by hundreds of millions of people and no hazards have been documented
for normal dosages, yet the toxic effects have been reported on long uses
and after intake of high dose. It also shows chromosomal aberrations in A.
cepa. These side effects and toxicity of the compounds of neem can, however, be controlled by modifying the structures of compounds, introducing
some pharmacophores and changing the stereochemistry of the bioactive
molecules isolated from neem. This field, however, needs greater attention
of the researchers for designing new drug molecules with higher efficacy
and least toxicity because the neem tree is one of the most potent herbal
trees with untapped natural potentials. The whole plant could be of use as
a good source of antioxidant. The Drug designing may be a perfect solution for which preparation of Drug profile, in-silico study of drug designing, probable effect of changes in the structure of molecules, induction of
pharmacophores, bioactivity test, and preparation of proper toxicological
profiles of these molecules are recommended. This may be followed with
the wet lab synthesis and further pharmacological test and studies to establish the effect of these synthesized molecules on human and animal health.
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As per the report, the crude aqueous extract from the neem bark, leaves,
or fruits have similar effects on the preadult stages of certain types of mosquito species. The crude extract slowly inhibited growth and development
of juveniles, whereas the crude powder acted more as a barrier, resulting in
mortality likely caused by suffocation. However, both types of preparation
(powder or leaf extract) can be made and used by local people to control
the breeding of mosquitoes in anthropogenic habitats, especially in urbanized areas (Singh et al., 1980).
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5.1 INTRODUCTION
Turmeric a “golden spice” (Siviero et al., 2015) is also known as the
“spice of life” (Jager, 1997). It is an erect perennial herb with thick and
fleshy rhizomes and leaves in sheaths, characteristic of the family Zingiberaceae. Turmeric is a cross-pollinated triploid species (2n = 3x = 63),
vegetatively propagated by its underground rhizomes restricted to clonal
selection, induced mutation, and subsequent selection in the crop improvement program (Nair et al., 2010). Rich morphological and genetic diversity
is observed among the cultivated types of turmeric (C. longa L.), probably
due to vegetative mutations accumulated over a period of time (Ghosh
et al., 2013). It has been used in India as a holy medicinal plant, and held
sacred from time immemorial. Turmeric has strong associations with the
socio-cultural life of the people of the Indian subcontinent. This earthy
orange-yellow rhizome was regarded as the “herb of the Sun” by the people of the Vedic period. Turmeric is probably a native of Southeast Asia.
The genus Curcuma was established by Linnaeus (1753). The generic epithet is derived from the Arabic word karkum, meaning yellow, referring
to the yellow color of the rhizome, and Curcuma is the latinized version
(Purseglove et al., 1981; Sirirugsa, 1999). The earliest description of turmeric is found in Rheede's Hortus Malabaricus, which described it under
the local name Manjella kua, which was later established (Burtt, 1977) as
the lectotype of Curcuma. He further reinstated the name of C. longa L. and
C. domestica Val. as its synonym. India has good diversity in turmeric cultivars. The genus Curcuma consists of about 117 species distributed chiefly
in South and Southeast Asia. There are 27 species in the Flora of British
India. Baker (1882) described 27 species in the Flora of British India. From
India about 40 species are reported and cultivated in around 150,000 ha
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00005-2
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(Velayudhan et al., 1999a, b; Sasikumar, 2005). He subdivided the genus into
three sections: exantha, mesantha, and hitcheniopsis. The section exantha
comprises 14 species, including turmeric and other economically important species such as C. anguistifolia Roxb. (Indian arrow root), C. aromatica
Salisb, and C. zedoaria Rose. In yet another study, the genus Curcuma is
subdivided into two subgenera: Eucurcuma and Paracurcuma. Eucurcuma
consists of three sections: (i) tuberosa (sessile root tuber present); (ii) nontuberosa (sessile root tuber absent); and (iii) stolonifera (stoloniferous tuber
present) (Velayudhan et al., 1999a, b). However, morphologically, it is not
correct to consider the underground branched rhizome as sessile tubers.
Turmeric is cultivated most extensively in India, followed by Bangladesh,
China,Thailand, Cambodia, Malaysia, Indonesia, and Philippines. On a small
scale, it is also grown in most tropical regions of Africa, America, and Pacific
Ocean Islands (Manglay et al., 1993). India is the largest producer, consumer,
and exporter of turmeric. It has been used as a medicine, condiment, ornamental materials and as a dye in India and in many East Asian countries
for centuries (Anandaraj and Sudharshan, 2011). It is estimated that Indian
population consume about 80–200 mg turmeric extract per day and as a
whole the total consumption is about 480,000 ton annually in India (Deb
et al., 2013).This plant has acquired great importance in the present-day world
with its antiinflammatory (Gupta et al., 2013), antioxidant (Nandakumar
et al., 2006; Panahi et al., 2015), anti-Alzheimer's (Hamaguchi et al., 2010;
Xiong et al., 2011), antirheumatic, antidiabetic (Ghosh et al., 2015) antiviral,
anticancerous (Gore, 2016;Teymouri et al., 2017) properties as well as insect
repellent activity (Chattopadhyay et al., 2004; Sasikumar, 2005; Ravindran
et al., 2007). Further, the antioxidant activity of curcumin (1) and C. longa
have their importance as a food additive to prevent the oxidation and resultant rancidity of oils and fats (Sharma, 1976; Khanna, 1999).

5.2 CULTIVATION OF TURMERIC
Evaluation of germplasm is of immense importance in genetic
improvement of crop. Genetic improvement and development of high
yielding varieties of Curcuma longa depends on the amount and nature of
genetic variability that are present in the genetic stocks (Mishra et al., 2015).
Genetic diversity analysis assists in interpreting the genetic background and
breeding value of the germplasm. Agro-morphological traits are the major
contributors to the genetic divergence (Gupta et al., 2015). The rhizome of
turmeric consists of two parts, the central, pear-shaped “mother rhizome”
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or bulb and its lateral, axillary branches known as the “fingers”. Usually
there is only one main axis. The planting unit (seed rhizome) consists of
either a bulb or a complete finger. The main axis develops into the aerial
leafy shoot, and the seed rhizome produces usually only one main axis.
The base of the main axis enlarges and becomes the first formed unit of
the rhizome, the mother rhizome or the bulb. The bulb soon undergoes
branching, due to the development of axillary buds from the lower nodes
of the main axis. These axillary buds on development give rise to the firstorder branches, often called the primary fingers, usually vary from 2 to 5.
The primary branches grow to some length and then either develop into
an aerial shoot or stop growing further. The primary fingers grow in different directions, and in certain cases they grow up to the ground level with
one or two or even without any foliage leaves, and the secondary branches
developing at higher nodes of the primary branches are diageotropic (Shah
and Raju, 1975). Certain primary branches after reaching the ground level
do not form any aerial shoot. Instead they show positive geotropic growth.
The primary fingers undergo further branching, producing secondary and
tertiary branches. The majority of them show positive geotropic growth or
obliquely downward growth. The longa types have more sideward growth
while the aromatic types have more downward growth. At maturity, the
mother rhizomes may have 7–12 nodes, and the internodal length varies
from 0.3 to 0.6 cm. The bulb has scale leaves only at the first two-to-four
nodes; the rest of them have sheath leaves and foliage leaves. The secondary and tertiary branches have only scale leaves. Flowering in turmeric is
reported to vary depending on the cultivars and climatic conditions. Flowers
are seen occasionally on cylindric spikes, bearing numerous greenish-white
bracts (Fig. 5.1). The upper bracts are white in color, while the lower bracts
are green (Pathak et al., 1960). The pollen grains of turmeric are ovoid to
spherical in shape, light yellow, and slightly sticky. Pollen grains show heterogeneity in size among cultivars. Pollen fertility as well as viability varies
with the position of flowers in the inflorescence. It is high in the flowers
in the lower portion and low at middle and upper portions (KAU, 2000).
Flowering takes place between 108 and 150 days after planting, depending upon the variety and the environment. Turmeric inflorescence takes
8–10 days for blossoming after the emergence of the inflorescence. The
nature of seed set and seed propagation, flowering behavior and germination in C. longa was first reported by Nambiar et al. (1982). They studied
the flowering behavior, fruit set, and germination in C. longa.The flowering
period was September to November in C. longa. The number of days taken
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for flowering in C. longa varied from 110 to 143 days. Seeds had a white
aril, smooth surface, and an apical micropylar ring with a wavy outline. The
percentage of germination varied from cultivar to cultivar and even plant to
plant, and 70%–90% was recorded in 8–20 days after sowing. No germination was observed after 20 days. The seedling progenies produced mainly
roots; root tubers and rhizomes which were very small during the first year.
Normal development occurred during the second year. The seed set is rare
and hence turmeric is propagated vegetatively through rhizome bits. Both
the mother and finger rhizomes are used for commercial cultivation. Finger rhizomes have been observed to remain better in storage, remain more
tolerant to wet soil conditions at planting, and involve a 33% lower seed
rate and lesser cost of seed material (Rao et al., 2006). Turmeric contains
curcuminoids, a yellow pigmented fraction of turmeric which is chemically

Figure 5.1 Different plant parts (rhizome, cross section of rhizome, leaves, and flower)
of turmeric.
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related to its principal ingredient, curcumin. The major curcuminoids present in turmeric are curcumin (curcumin I, 1), demethoxycurcumin (curcumin II, 2), bisdemethoxycurcumin (curcumin III, 3), and the recently
identified cyclocurcumin (Curcumin IV, 4) (Fig. 5.2; Kiuchi et al., 1993).

5.3 ISOLATION OF IMPORTANT BIOACTIVE AGENTS
The main plant part of Curcuma longa (turmeric) used for culinary
and other pharmacological purposes is its rhizomes (roots). However, use
of leaves and flowers of this plant are also getting importance day by day
for their usefulness in perfumery applications and also for medicinal explorations. As mentioned above, the leaves and flowers of this plant contains
mainly volatile components (essential oil), whereas oleoresin obtained from
rhizomes has both volatile (essential oil) and nonvolatile compounds mainly
curcuminoids (Nelson et al., 2017).
Historically, extraction of Curcuma longa rhizomes for isolation of curcumin (1) was reported way back in 1815 (Vogel and Pelletier, 1815). At
that time attention was paid to the isolation of curcuminoids especially on
curcumin (1) rather on the essential oil of turmeric plant. However, even
after two centuries, the improved and more advanced methodologies for

Figure 5.2 Structures of curcumin (1), demethoxycurcumin (2), bisdemethoxycurcumin, (3) and cyclocurcumin (4).
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the extraction of chemical constituents, mainly curcumin (1) from the plant
are being reported.
In addition to cold percolation technique, Soxhlet extraction, ultrasonic-mediated extraction, microwave-assisted extraction, zero refining
and dipping methods are also in use for extraction of curcuminoids from
Curcuma longa (Lee et al., 2012a, b; Paulucci et al., 2013; Li et al., 2014).
More recently use of pulse ultrasonic supercritical CO2-based extraction,
hydrotropy-based, high speed counter current chromatography, etc. have
been developed to extract and isolate curcumin (1) (Anderson et al., 2000;
Baumann et al., 2000; Dandekar and Gaikar, 2002, 2003; Kim et al., 2013;
Patel et al., 2000). In the literature, there are some reports on enzymeassisted extraction techniques for isolation of curcumin where pretreatment
of turmeric with enzymes like α-amylase and glucoamylase yielded curcumin (1) in good yield (Kurmudle et al., 2013).
The most common and frequently used technique for isolation of
chemical constituents from Curcuma is solvent extraction method followed
by column chromatography using nonpolar to polar solvents (Fig. 5.3).

Figure 5.3 A flowchart for extraction and isolation chemical constituents of turmeric
(curcuma).
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 onventionally used solvents for isolation of compounds include hexC
ane, ethyl acetate, acetone, methanol, chloroform, acetonitrile, ethanol, etc.
Despite high extraction efficiency of chlorinated solvents for curcuminoids
extraction, ethanol and isopropyl alcohol are preferred solvents for extraction
of curcumin due to fewer hazards. Besides conventional solvents, food grade
solvent such as triacylglycerol is also being used (Takenaka et al., 2013).
A general methodology for extraction of turmeric includes drying of
rhizome at room temperature (25–35 °C). Then dried rhizomes are
pulverized, and powdered. The powdered rhizomes are first defatted with
hexane preferably with hot hexane. Following this the defatted extract is
extracted with chloroform. The chloroform extract on concentration at low
temperature under reduced pressure yields extract enriched in curcuminoids.
This curcuminoid-enriched extract on column chromatography over silica
gel eluted successively with hexane: chloroform and acetone: chloroform,
yields curcumin I, II, and III (1, 2, and 3). Altogether, curcumin I (1) is the
major component (about 77% of the total curcuminoids) in this enriched
extract (Agrawal et al., 2008; Negi et al., 2008).
In another approach, dried rhizome powder is extracted with ethanol which on concentration gives oleoresin (ethanol extract). The general
percentage of oleoresin obtained from the rhizomes of Curcuma longa is
10%–16%. Subsequently, defatting of ethanol extract is done using hexane
and defatted extract is treated with ethanol or isopropyl alcohol in order
to precipitate curcumenoids which on column chromatography yields curcumin I, II, and III (1, 2, and 3) along with other components. The major
components of the oleoresin obtained from the extraction of Curcuma longa
are curcuminoids which includes curcumin I, II, III and cyclocurcumin
(1, 2, 3 and 4) (Fig. 5.2), etc. The most active constituent of Curcuma longa is
curcumin which makes up 2%–5% of the spice.
It is noteworthy that since turmeric has mainly conformationally flexible polyenes and many of which are volatile in nature, it is important to do
extraction of the plant at moderate temperature (temperature range should
be 50–80 °C) in order to get undenatured chemical constituents. Experimentally, it has been observed that the curcuminoids content is about half
from the rhizomes preextracted for essential oil or at a high temperature.
Conventionally, the essential oil of the leaves, flowers, and rhizomes of
the turmeric plant is extracted using hydro-distillation technique (Fig. 5.3).
The percentage composition of essential oil from leaves, flowers and rhizomes are 1%–2.8%, 0.8%–1.2%, 0.5%–0.8% per 100 g dry weight basis,
respectively.
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The essential oil of Curcuma longa (from leaves, flowers, and rhizomes) is
reported to have monoterpenoids, monoterpene hydrocarbons, oxygenated
monoterpenes, sesquiterpene hydrocarbons, and oxygenated sesquiterpenes.
There are reports on chemical analysis of essential oil from leaves and rhizomes of Curcuma longa. Raina et al. (2002) has reported about 84 chemical
constituents in essential oil of rhizomes of Curcuma longa and 83 chemical
constituents in essential oil of leaves.
It is also reported that the major constituents from the essential oil of
leaves are terpinolene (5), 1, 8-cineole (6), α-phellandrene (7) (Fig. 5.4).
The presence of sabinyl acetate (8), safrole (9), methyl eugenol (10), geraniol
(11), perillaketone (12) in cv. Roma distinguishes it from other varieties of
Curcuma and enhances the perfumery value of the leaf essential oil of cv.
Roma (Garg et al., 2002).

Figure 5.4 Some important chemical present in essential oil of leaves, flowers, and
rhizome of Curcuma longa.
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The essential oil of rhizome of Curcuma longa has 1,8-cineole (6),
α-phellandrene (7), α-turmerone (13), ar-turmerone (14), β-turmerone
(15), β-caryophyllene (16), β-sesquiphellandrene (17), ar-curcumene (18),
p-cymene (19), zingiberene (20), β-curcumene (21), caryophyllenme
oxide (22) as major constituents, whereas terpinolene (5), 1,8-cineole (6),
α-phellandrene (7), and terpinen-4-ol (23) constitute major part of essential
oil obtained from leaves.The essential oil from rhizome of Curcuma longa has
turmerone {ar (14), α-(13), and β (15)}, 1, 8-cineole (6), α-phellandrene
(7), β-caryophyllene (16), and β-sesquiphellandrene (17), which share a
major percentage of essential oil. Similarly, essential oil of flower is also rich
in terpinolene (5), 1, 8-cineole (6), α-phellandrene (7), p-cymene (19), and
β-ocimene (24) are major constituents (Raina et al., 2002).
The presence or absence of a chemical constituent or variation in the
percentage of chemical constituents specifies a particular variety. For example, the higher percentage of terpinolene (5) in leaf oil of cv. Roma distinguishes it from Butanese and Vietnamese Curcuma longa but compares
with Nigerian chemotype. Likewise, presence of β-caryophyllene (16) and
β-caryophyllene oxide (25) in cv. Roma distinguishes it from Butaneases
variety (Raina et al., 2002).

5.4 SYNTHESIS OF BIOACTIVE COMPOUNDS
ISOLATED FROM TURMERIC
As mentioned above the main focus of turmeric research has been on
isolation of curcuminoids especially curcumin (1), demethoxycurcumin (2),
and bisdemethoxycurcumin (3). Curcumin was first isolated in 1815 and
was obtained in crystalline form in 1870. In 1910, Milobedzka et al. (1910)
established the chemical structure of curcumin (1) as diarylheptanoid derivative. Structurally, curcumin has two diferulic acid groups connected with
each other through a methylene linkage. The core functional group of curcumin I, II, and III (1, 2, and 3) is a 1, 3-diketone group which is capable
of showing keto-enol tautomerism. In fact, curcumin (1) and its derivatives
exist in enol form predominantly. Despite having a similar core structure,
curcumin I, II, and III (1, 2, and 3) are differentiated by the presence of
number of methoxy and hydroxy groups.While curcumin has two methoxy
and two hydroxyl groups, demethoxycurcumin (2) has one methoxy group
and two hydroxy groups, whereas bisdemethoxycurcumin (3) has only two
hydroxy groups.
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Keeping the importance of curcumin (curcumin I, 1), demethoxycurcumin
(curcumin II, 2), bisdemethoxycurcumin (curcumin III, 3) for their multifarious
biological activities, in the next section we shall be discussing important synthetic methodologies for the synthesis of curcumin I, II, and III, etc. (Table 5.1).

5.5 SYNTHESIS OF CURCUMINOIDS
The first report for the synthesis of curcumin appeared in the year
1913 by Lampe and Milobedzka (1993) who synthesized curcumin from
cabomethoxyferuloyl chloride and ethylacetoacetate. Following these
researchers, Pavolini et al. (1950) and Pavolini (1937) reported synthesis
of curcumin from vanillin, acetylacetone, and boric anhydride in the 2:1:2
ratio by heating the content over a free flame for 30 min (Scheme 5.1).
This process yielded curcumin in 1.5% yield and therefore was not practically viable. Thus, new protocols were warranted for synthesis of curcumin.
In 1964, Pabon (1964) at Uniliver Research laboratory, The Netherlands,
during his efforts to synthesize curcumin, he first optimized the protocol
reported by Pavolini et al. (1950). In his experimentations, he found a slight
improvement in the product yield if vanillin and acetylacetone are heated at
Table 5.1 The Biological Activities of the Chemical Constituents of Turmeric
Chemical constituents

Biological activity

Curcumin

Anti-HIV, anticoagulant, antidiabetic, antibacterial, anticarcinogenic, antifungal, antiprotozoal, antiinflammatory, antihepatotoxic,
antioxidant, antiaflatoxin, antihyperalgesic,
antiatherosclerotic, anti-Alzheimer's, apoptotic, antimultiple chronic diseases, antileukemic, antileukotrene, antilymphomic,
antimelanomic, antimetastatic, antimutagenic, antitumor agent, antiperoxidant,
antiprostaglandin, antisarcomic, antithromboxane, fibrinolytic, hepatoprotective, immunostimulant, immunomodulatory
Antiangiogenic, antiiflammatory, cytotoxic,
anticancer
Antiangiogenic, antiinflammatory, anticancer
Antitumor, antiinflammatory
Antiinflammatory, antitumor, Cox-2 inhibitor,
choleretic, hepatotonic
Antirhinoviral, antiulcer, carminative

Bis-desmethoxy curcumin
Desmethoxy curcumin
Alpha curcumene
Ar-turmerone
Zingiberene
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150 °C. He further observed that addition of minor quantities of piperidine
and butanol in the reaction mixture yields curcumin in rather improved
yield (10% yield of curcumin) (Scheme 5.2). Through this observation
he perceived an idea about the use of boric esters with neutral bases like
piperidine, etc. He assumed that under these reaction conditions boric acid
might have been converted into butyl borate ester, which was the actual
catalytic species. He further assumed that possibly boron atom of boric
anhydride makes some complex with 1,3-diketone moiety of acetylacetone and retards the reactivity of active methylene group; rather it activates
methyl groups for Knoevenagel condensation with vanillin. To validate his
ideas, he performed synthesis of curcumin using vanillin and a preformed
product of acetylacetone and boric anhydride, in the presence of tributylborate and piperidine which gave curcumin in 25% yield, yet another
improvement (Scheme 5.3). Subsequently, in his attempts, he screened different trialkylborates with piperidine, butylamine, etc. Through his experiments, he concluded that the optimum reaction conditions for synthesis
of curcumin involves reaction of a solution of vanillin and tributylborate
in ethyl acetate, with a complex from acetylacetone with boric anhydride,

Scheme 5.1

Scheme 5.2
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Scheme 5.3

in the presence of tributylamine followed by acid treatment which yields
curcumin in about 73% (Scheme 5.4). Since then attempts have been made
to replace boric anhydride with other boron compounds such as boric acid,
borontrifluoride, etc. The attempts were made to modify Pabon's synthetic
methodology using boric acid in curcumin synthesis by E. Graf, Babu,
Rajsekharan, Rao, and Sudheer, which suffered from either low yield or
cumbersome isolation process (Babu and Rajasekharan, 1994; Graf, 1968;
Krackov and Bellis, 1997). Furthermore, Krackov and Bellis (1997) modified Pabon's methodology by using trimethylborate and replacing ethyl
acetate with a chemically inert, highly polar, aprotic solvent N,N-dimethylacetamide.The solvent was chosen with an aim to facilitate complex formation of acetylacetone with a boron compound. During their attempts for
borontrifluoride-etherate in CHCl3-mediated demethylation of curcumin
at 0–5 °C, Rao and Sudheer (2011) observed the formation of a boron
complex of curcumin (Scheme 5.5). Following their observation, they
modified Pabon's methodology for curcumin synthesis using borontrifluoride-etherate-mediated activation of acetylacetone (acetylacetonedifluoroboronite, AADFB) instead of boric anhydride. The total yield of curcumin
(1) obtained via their methodology was 75%. Similarly, the synthesis of
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Scheme 5.4

Scheme 5.5

other curcumenoids, viz. demethoxycurcumin (2), bisdemethoxycurcumin
(3) was done following the above described methods only by replacing
vanillin with p-hydroxybenzaldehyde for bisdemethoxycurcumin (3) or by
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the use of equimolar quantities of vanillin and p-hydroxybenzaldehyde for
demethoxycurcumin (2).
In general, from all the above methods for synthesis of curcuminoids, it
is evident that the prerequisite conditions for syntheses of curcumin (1) and
related derivatives involve preactivation of 2, 4-diketone through complexation with boron. Anhydrous reaction conditions and use of a polar aprotic
solvent which facilitates complex formation with easy isolation of the product are required. Additionally, use of primary or secondary amine is required
to abstract a proton from the alkyl group of 2, 4-diketone for condensation
with an aromatic aldehyde. All the reported methods for curcumin (1) and
related compounds involve condensation reaction with elimination of H2O
molecules. Therefore, in order to improve yield of the product, removal of
water molecules is essential either though water scavenger or a specialized
apparatus. In these methodologies alkyl borates are reported to be used for
this purpose.

5.6 BIOLOGICAL ACTIVITIES OF TURMERIC
The biological value of Curcuma longa commonly known as turmeric
has been recognized in different systems of traditional medicine for the
treatment of diseases and human ailments (Kunnumakkara et al., 2017).
It belongs to the zingiberaceae family and contains several phytochemical constituents. The curcumin (1) (1,7-bis(hydroxyl-3-methoxyphenyl)1,6-heptadiene-3,5-dione), and its derivatives which are known as
curcuminoids, are important polyphenolic bioactive ingredient extracted
from the rhizomes of Curcuma longa L. Curcuminoids have healing effect
for wounds in rats and rabbits (Gujral et al., 1953). They inhibited lipid
peroxidation in a variety of models such as rat brain homogenates, rat liver
microsomes, erythrocytes, liposomes, and macrophages, where peroxidation
is induced by the Fenton reagent, as well as metals, H2O2, and 2, 20-azo-bis(2-amidino-propane) hydrochloride (AAPH) (Ahsan et al., 1999; Somparn
et al., 2007). They also possess fibrinolytic property due to their ability to
inhibit lipid peroxidation and check cell proliferation, thereby reducing the
rate of collagen synthesis (Agarwal, 2014). Curcumin is known to suppress
the acute and chronic inflammation by lowering down the level of histamine which is possibly responsible to increase the production of natural
cortisone by adrenal glands (Baum and Ng, 2004). Curcuminoids exhibit
differential antioxidant activity in several in vitro and in vivo models. Furthermore, curcumin (1) has a strong capability for scavenging superoxide
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radicals, reactive oxygen species such as hydrogen peroxide and nitric oxide
produced by macrophages, reducing iron complex, and inhibiting lipid peroxidation both in vitro and in vivo (Joe et al., 2004). Curcumin (1) has
been found to be involved in anticancer activity via its effect on a variety
of biological pathways such as mutagenesis, oncogene expression, cell cycle
regulation, apoptosis, and metastasis (LoTempio et al., 2005). Curcumin
showed antitumor effect in human leukemia cells due to induction of cell
apoptosis (Kuo et al., 1996). Researchers have further shown specific inhibitory effect of cyclooxygenase-2 (cox-2) by dietary curcumin in human
colon cancer cells and human breast carcinoma cells (Goel et al., 2001;
Shao et al., 2002). Apart from its anticancerous activity (Agrawal and
Mishra, 2010), curcumin (1) also have antiprecancerous effects (Elumalai
et al., 2014; Mirzaei et al., 2016). A study was conducted to know the possible mechanism of action for curcumin in precancerous lesions and condition based on serum and salivary markers of oxidative stress. It was found
that curcumin (1) mediates its antiprecancer activities by increasing levels
of vitamins C and E and preventing lipid peroxidation and DNA damage.
This suggests that the antiprecancerous effects of curcumin (1) are mediated
through pro-oxidant and antioxidant pathways (Rai et al., 2010). Curcumin
(1) is known to possess antimicrobial activity. It inhibits the growth of various bacteria in vitro such as Streptococci, Staphylococci, Lactobacillus, etc.
including Helicobacter pylori strains (Moghadamtousi et al., 2014). It also
acts as an antifungal agents against Aspergillus flavus, A. parasiticus, Fusarium
moniliforme, Penicillium digitatum (Kim et al., 2003). The inhibitory effects of
curcumin on the cariogenic property of Streptococcus mutants is observed
at concentrations of 0.5–4 mg/mL. It is also effective against Enterococcus
faecalis, and useful in root canal treatment in endodontics (Neelakantan
et al., 2013). It has anthelmintic and antiprotozoan activity against E. histolytica, Leishmania donovani, Plasmodium falciparum (Araujo et al., 1998, 1999;
Nose et al., 1998; Koide et al., 2002). Curcumin (1) has diverse therapeutic
effects; one of them is antihyperalgesic effect. In a study, it was seen that
the 3-methoxy-4-hydroxyphenyl group (vanilloid moiety) of curcumin
(1) is important for activation of the transient receptor potential vanilloid
1 (TRPV1), which plays an important role in nociception. The vanilloid
moiety of curcumin (1) is considered important for activation of the transient receptor potential vanilloid 1 (TRPV1), which plays an important
role in nociception. Further, the results emphasize that curcumin blocks
TRPV1 activation by capsaicin in a competitive manner and thereby inhibits TRPV1-mediated pain hypersensitivity (Yeon et al., 2010). The essential
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oil of turmeric also possesses several pharmacological p roperties such as
antifungal, insect repellent, antibacterial, antiplatelet and antimutagenic
activities (Jayaprakasha et al., 2002; Negi et al., 1999; Prakash et al., 2011).
The essential oil of turmeric also possesses antiinflammatory, antioxidant,
and antiarthritic properties (Funk et al., 2010). Since essential oil of turmeric is highly lipophilic in nature its accessibility to the brain is facilitated
and has been found to be protective against stroke (Dohare et al., 2008).
Thus, further evaluations against various biological activities, fractionation,
and identification of the mechanism of action prior its therapeutic uses are
needed. Food and Drug Administration (FDA) approved turmeric oil as
food additive mentioned as a safe drug which is capable of improving the
bioavailability of curcumin after oral administration in humans (Antony
et al., 2008). Thus, the food industry is undertaking the rapid development
and use of natural antioxidants, especially those of plant origin such as turmeric, to replace synthetic food additives. Among various kinds of natural substances, essential oils from aromatic and medicinal plants are under
exploitation. Probably, turmeric receives particular attention as potential
natural agents for food preservation.

5.7 CONCLUSION
In summary, turmeric has great importance as a spice, flavoring agent,
food additive, colorant, and its use in most of the systems of medicine in
the treatment of various diseases. In India, approximately 90% of the world's
turmeric is produced, processed, consumed, and exported. It has great
advantage in terms of genetic variability, availability of germplasm, production, and processing technologies. A large number of studies identified the
numerous pharmaceutical actions of curcuminoids as a wonder complex of
compounds. Curcumin (1, diferuloylmethane), the main yellow bioactive
component of turmeric has a wide spectrum of biological actions which
include antiinflammatory, antioxidant, anticarcinogenic, antimutagenic, anticoagulant, antifertility, antidiabetic, antibacterial, antifungal, antiprotozoal,
antiviral, antifibrotic, antivenom, antiulcer, hypotensive, and hypocholesteremic activities. Its anticancer effect is mainly mediated through induction
of apoptosis. Its antiinflammatory, anticancer, and antioxidant roles may be
clinically exploited to control rheumatism, carcinogenesis, and oxidative
stress-related pathogenesis. Clinically, curcumin (1) has already been used to
reduce postoperative inflammation. In this way curcumin (1) has great consideration and importance as a cosmetic, pharmaceutical, and nutraceutical,
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agent. Safety evaluation studies indicate that both turmeric and curcumin
are well tolerated at a very high dose without any toxic effects. Thus, both
turmeric and curcumin have the potential for the development of modern
medicine for the treatment of various diseases. The interesting chemistry
of curcuminiods especially that of curcumin (1) offers great opportunity
for the development of new synthetic methodologies and novel candidate
drugs for different ailments.
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6.1 INTRODUCTION
Aegle marmelos is naturalized in Indian and various other parts of Southeastern Asia. It grows naturally in well-drained soil, even in the harsh and
dry climates (Dubey et al., 2000; Ghate, 1999; Kumar and Prabhakar, 1987).
Earliest record of wood apple in India is traced to Vedic times (Mukherjee
and Wahile, 2006), as per Charaka (1500 BC) no drug was better known
or appreciated by the inhabitants of India than the A. marmelos (Singanan
et al., 2007). From taxonomic point of view, the botanical name was ascribed
to the author Linnaeus in the Transactions of the Linnaean Society (London
5:223) in the year 1800, and verified in the name of the author Correa by
the Systematic Botany Laboratory in 1988, hence, referred as A. marmelos
Correa that belongs to a small genus Aegle of family Rutaceae comprising
only three species distributed in tropical Asia and Africa. Only one species,
that is, A. marmelos commonly known as “Bel or Bael (Hindi)” is cultivated
in India (Dash and Padhy, 2006). The common English names used to refer
A. mamelos are viz. wood apple, Bengal quince, golden apple, Indian quince,
holy fruit, and stone apple (Jauhari et al., 1969). Other vernacular names are
Maredu (Andra Pradesh), Bel (Bengal), Bil (Gujurat), K
 umbala (Karnatak),
Vilwam (Kerala), Bilwa (Sanskrit), Kuvalum (Tamil Nadu), etc. Based on the
fruit size and organoleptic characteristics, A. mamelos has been classified
into various varieties. The most important are the Mitzapuri, Rampuri, Basti
number-1, Azamati, Khamaria, Kaghzi gonda, gonda number-1, gonda number-2,
gonda number-3, Kaghzi Etawah, Sewan large, Deoria large, Chakaiaya, Baghael,
Lamba, Darogaji, and Ojha.

Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00006-4
Copyright © 2018 Elsevier Ltd. All rights reserved.

127

128

Surendra Jatav, Pratibha Dwivedi, Mangat Singh, Naina Sehra and Bhuwan B. Mishra

6.2 BOTANICAL DESCRIPTION AND IDENTIFICATION
Wood apple is a medium sized, armed, and deciduous tree with short,
sharp, spiny branches bearing leaves which are alternate, compound, with
one or two (rarely) pairs of shortly stalked opposite leaflets, and a larger
long-petioled terminal one, leaflets 1–2 inches long, ovate or oval–ovate,
abrupt, or tapered at the base, somewhat attenuated towards the blunt apex,
very shallowly serratocrenate, smooth, thin, midrib prominent beneath
(Tilak and Nene, 1978). Flowers are sweet-scented, stalked, solitary, or in
few-flowered, lax, erect, axillary or terminal cymes. Fruit usually globose,
pericarp, nearly smooth, greyish-yellow, about 1/8 inch thick, hard, filled
with softer tissue becoming very hard, and orange-red when dry, cells as
in ovary. Shell grey green until the fruit is fully ripe, it turns yellowish.
Rind is about 1/8 inch thick and adherent to a light red pulp, in which
there are 10–15 cells, each of which contains several woolly seeds. It has
a faint aromatic odor and mucilaginous taste (Parmar and Kaushal, 1982).
Seeds are very numerous, compressed and closely packed in the cells. These
cells are surrounded by a very tenacious, slimy transparent mucus which
becomes hard when dry, testa white, covered with woolly hairs immersed
in the mucus, embryo with large cotyledons, and a short superior radicle, no
endosperm (Kakiuchi et al., 1991).

6.3 DIETARY USES OF WOOD APPLE
The ripe fruits of wood apple are used as a dietary source in the
Indian subcontinent due to its characteristic floral aroma and sweet taste.
A popular drink called “Bael sherbet” prepared from the ripe fruits of wood
apple is widely used in summers for refreshment. The soft pulp is scooped,
deseeded, and blended with milk, sugar, and cardamom and is consumed as
a cool drink. Likewise, the semi ripe fruits are used in making jam by adding sugar, citric acid, and preservatives (Baliga et al., 2011). Other products
such as marmalade, murabba, jam, jelly, etc. prepared from the pulp of wood
apple are eaten with Indian bread. Sometimes, pulp is preserved in the form
of syrup for use as a dessert or as an ingredient for preparing cakes. Wood
apple pulp has also been investigated for production of jam formulation
with apple. The functional jams were prepared and compared as T0 (100%
apple pulp), T1 (75% apple: 25% bael), T2 (50% apple: 50% bael), T3 (25%
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apple: 75% bael), T4 (100% bael pulp), respectively. Although bael pulp is
rich in dietary fiber contents, apple pulp exhibits higher sugar and bioactive compounds before jam production. The jam processing significantly
decreased vitamin C and phenolic contents (P ≤ 0.05). Maximum decrease
of vitamin C (53%) and total phenolic content (75%) was found for T0. The
lowest concentration of bioactive compounds in treatments was noted after
60 days of storage (Asghar et al., 2016).

6.4 NUTRITIVE VALUE OF WOOD APPLE
In processing of ripe wood apple, ∼60% of whole fruit mass rich
in water, carbohydrates, minerals, vitamins, and fibers is processed, while
∼40% remains unutilized and generates waste (peal, pomace, fiber, and
seeds). Quantitative analysis pulp obtained from ripe wood apple is shown
in Table 6.1.

Table 6.1 Nutritional Value of the Fruit of Wood Apple (Baliga et al., 2011)
Component
Value*

Water (%)
Fiber, total dietary (%)
Protein (%)
Carbohydrate (%)
Fat (%)
Vitamins
Vit. A (mg/100 g)
Vit. B2 (mg/100 g)
Vit. C (mg/100 g)
Thiamin (mg/100 g)
Riboflavin (mg/100 g)
β-carotene (mg/100 g)
Minerals
Calcium (mg/100 g)
Phosphorus (mg/100 g)
Iron (mg/100 g)
Potassium (mg/100 g)
Copper (mg/100 g)
Energy (kcal/g)
* % per 100 g wet pulp without seeds.

64.2
31.8
1.8
31.8
0.3
0.055
1.2
8.00
0.13
0.03
55.00
85.0
31.8
0.6
600
0.21
137
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6.5 PHARMACOLOGICAL PROPERTIES OF WOOD
APPLE
Numerous studies conducted towards ethno-medicinal properties of
wood apple have established its potential for use as antimicrobial, antipyretic,
analgesic, antidiabetic, antilipidemic, cardioprotective, and chemoprotective
agent. The leaves of wood apple possess oviposition-deterrent, ovicidal, and
repellent activities against Anopheles subpictus Grassi, Culex tritaeniorhynchus
Giles, filarial vector C. tritaeniorhynchus Giles and Japanese encephalitis vector, C. tritaeniorhynchus. Leaves exhibit bio-adsorbent property for lead.They
can efficiently adsorb lead even in the presence of other metal ions. This
property is particularly useful in removal of lead from the effluents arising
from the lead industries, thus, prevent the environmental pollution causing
ill effects (Baliga et al., 2011).
Extract of Wood apple unripe fruit displays efficacy against inflammatory bowel disease (IBD) in Wistar albino rats (Behera et al., 2012). A dosedependent decrease in intestinal inflammation occurs following the treatment with unripe fruit extract. Likewise, significant protection in mast cell
degranulation is observed in acetic acid and indomethacin-induced IBD
models. Similarly, ethanolic extracts of A. marmelos ripe fruit demonstrate
diuretic effect in rats (Singh et al., 2013).
Methanolic extract of A. marmelos inhibits diethylnitrosamine (DEN)
initiated and 2-acetyl aminofluorene (2-AAF) promoted liver carcinogenesis in male Wistar rats. A. marmelos (25 and 50 mg/kg body weight) causes
reduction in incidence of liver tumors. Treatment of male Wistar rats for
five consecutive days with 2-AAF induced significant hepatic toxicity, oxidative stress, and hyper-proliferation. Pretreatment of A. marmelos extract
(25 and 50 mg/kg body weight) prevents oxidative stress and toxicity by
restoring the levels of antioxidant enzymes at both the doses. The promotion parameters (ODC activity and DNA synthesis) induced by 2-AAF
administration in diet with partial hepatectomy (PH) is also significantly
suppressed by A. marmelos (Khan and Sultana, 2011). Wood apple fruit and
its constituents (three furanocoumarins, namely marmelosin, marmesinin,
and 8-hydroxypsoralen, and 1 alkaloid, aegeline) display inhibitory effects
towards major Cytochrome P450 enzymes (CYP3A4, 2D6, 1A2, 2C9, and
2C19) using human liver microsomes and recombinant CYPs. The methanolic extract and marmelosin exhibit competitive and time-dependent
inhibition of CYP3A4. Reversible and noncompetitive inhibition is observed for CYP1A2. Marmesinin shows moderate inhibition of CYP3A4
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and 1A2, while aegeline is a very weak inhibitor of CYP3A4 and shows no
inhibition for CYP1A2 isoform. No significant inhibition of recombinant
CYP2D6, 2C9, and 2C19 occur with the extract or its constituents (Manda
et al., 2016). Similarly, A. marmelos fruit extract exhibit chemopreventive
potential against 7,12-dimethylbenz (a) anthracene-induced skin papillomagenesis in mice (Gupta et al., 2012).

6.6 MEDICINAL PROPERTIES OF WOOD APPLE
The whole plant as well as the separate plant parts, that is, roots, bark,
stem, leaves, and fruits are used in homeopathic (Pal, 1999) and ayurvedic
(Ghate, 1999; Nandkarni, 1976) system of medicines. In ayurveda, the plant
has been considered significant in clinical conditions like swollen joints,
healing of wound (Dhankhar et al., 2011; Jaswanth et al., 2001; Udupa
et al., 1994), high blood pressure, troubles during pregnancy, snake bites, eye
problems, fever, burn feeling on the skin, diarrhea (Shoba and Thomas, 2001),
urinary troubles, nocturnal seminal emission, colds and catarrh, illnesses
like consumption, jaundice, scurvy, and skin problems (Dymock-William
et al., 1890; Haravey, 1968; Kirtikar and Basu, 1935; Sofowora, 1982). In
addition, studies have also shown that Bael and some of the Bael phytochemicals possess antineoplastic, radioprotective, chemoprotective, and chemopreventive effects, properties efficacious in the treatment and prevention
of cancer (Agrawal et al., 2012; Baliga et al., 2012). A virucidal agent, marmelide, showing efficient activity against human coxsackieviruses B1–B6
has been isolated from A. marmelos (Badam et al., 2002).
The plant is also known as a herbal medicine for the treatment of diabetes mellitus (Alam et al., 1990; Mukherjee et al., 2006; Narendhirakannan
et al., 2006; Srivastava et al., 2007).The leaf extracts exhibit hypoglycemic and
antihyperglycemic effects on rabbits (Nammi et al., 2001; Rao et al., 1995).
The alkaloid extract prepared from leaves and the crude aqueous leaf extract
(1 g/kg for 30 days) display hypoglycemic activity in alloxanized diabetic
rats. The alkaloid, aegeline, isolated from the leaves of A. marmelos exhibits
antihyperglycemic as well as antidyslipidemic activities in the validated animal models of type 2 diabetes mellitus (Gautam et al., 2015). Pharmacological inhibition of Akt (also known as protein kinase B) and Ras-related C3
botulinum toxin substrate 1 (Rac1) suggest that both Akt and Rac1 operate
aegeline-stimulated glucose transport via distinct parallel pathways. Aegeline also activates p21 protein-activated kinase 1 (PAK1) and cofilin (an
actin polymerization regulator). Rac1 inhibitor (Rac1 inhib II) and PAK1
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inhibitor (IPA-3) completely blocked aegeline-induced phosphorylation of
cofilin and p21 protein-activated kinase 1 (PAK1).
Aqueous leaf extract reverses the increase in Km values of liver malate
dehydrogenase enzyme (Seema et al., 1996; Sharma et al., 1996) and improves histopathological alterations in the pancreatic and kidney tissues of
STZ induced diabetic rats (Das et al., 1996).The leaf extract has been found
to be effective in the regeneration of damaged pancreas (β-cells) in diabetic
rats (Rao et al., 1998). Fresh aqueous and alcoholic leaf extracts possess cardio tonic effects like digitalis and decrease the requirement of circulatory
stimulants and at 5.0 µg/mL concentration, protect HPBLs against radiation-induced DNA damage and genomic instability (Jagetia et al., 2003).
The methanol extract of leaves significantly reduces the writhing induced
by acetic acid. The leaves of the plant have shown promising antiinflammatory, antipyretic, and analgesic properties (Arul et al., 2005). The leaf extract
at dose levels of 200 and 300 mg/kg exhibits significant analgesic activity
in the tail flick test (Shankarananth et al., 2007). The leaves of A. marmelos
display a high margin of drug safety. The intraperitoneal administration of
leaf extracts (total alcoholic, total aqueous, whole aqueous, and methanol
extracts) at 50, 70, 90 and 100 mg/kg body weight for 14 consecutive days
to male and female Wistar rats produce no short-term toxicological effects.
Also, doses of up to 1000 mg/kg body weight do not produce mortality,
indicating that the leaf extract of A. marmelos is devoid of short-term harmful effects (Panda and Kar, 2006;Veerappan et al., 2007).
The methanol extract of root bark exhibits preventive effects on myocardial diseases (Kakiuchi et al., 1991). The root and bark of tree are used
in the treatment of fever by making a decoction good against malarial,
jaundice, and skin diseases such as ulcers, urticaria, and eczema (Arumugam
et al., 2008). Oral administration of aqueous decoction prepared from root
bark produces hypoglycemic (Karunanyake et al., 1984) and antidiarrheal
effects (Brijesh et al., 2009; Mazumder et al., 2006).
The ethanolic leaf extracts of A. marmelos (L) Corr. exhibit antibacterial
activity at a concentration of 300 µL and above. Among the strains tested,
Bacillus subtilis and Escherichia coli were more sensitive towards the treatment
when compared to Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae (Ramya et al., 2012; Subramanian et al., 2012).
Fruits (pulp and rind) are especially important in homeopathy and
ayurvedic system of medicines. Significant antihyperlipidemic effect of fruit
extracts has been observed in STZ-induced diabetes rats (Kamalakkannan
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and Prince, 2005a, b). The aqueous extracts of fruits exhibit hypoglycemic
activity (Kamalakkannan and Prince, 2003, 2004). The ripe fruit, tamarind,
and sugar in mixture are used as a laxative to overcome constipation and
body heat problems. Sweet drink prepared from the pulp is considered significant for patients who have just recovered from bacillary dysentery. The
ripe fruit is a good cure for dyspepsia (Kalaivani et al., 2009). The unripe
and half-ripe fruits improve appetite and digestion.
Based on the literature reports, the seeds of A. marmelos exhibit antimicrobial and antihelminthic properties (Singh et al., 1983). Seed oil
exhibits antibacterial activity (Banerji and Kumar, 1980) against different strains of Vibrios and inhibits the growth of Vibrio cholerae, S. aureus, and E. coli. The compound luvangetin isolated from the seeds of A.
marmelos have shown antiulcer activity (Rana et al., 1997). Bael fruit display its antioxidative role in aspirin-induced gastroduodenal ulceration
in albino rat (Das and Roy, 2012). The aqueous seed extract of plant
displays antidiabetic and hypolipidemic effects in diabetic rats (Kesari
et al., 2006). Essential oil exhibits antifungal activities against fungi Physalospora tucumanensis, Ceratocystis paradoxa, Cephalosporium sacchari (Goel
et al., 1997), and Sclerotium rolfsii (Prithiviraj et al., 1996). A. marmelos
leaf extracts exhibit in vitro antifungal activity against clinical isolates of
dermatophytic fungi such as Trichophyton mentagrophytes, Trichophyton rubrum, Microsporum canis, Microsporum gypseum and Epidermophyton floccosum
(Balakumar et al., 2011).

6.7 PHYTOCHEMICALS PRESENT IN A. MARMELOS
Studies have shown that the bael fruit pulp contains important bioactive compounds such as carotenoids, phenolics, alkaloids, pectins, tannins,
coumarins, flavonoids, and terpenoids. Earlier, several coumarins, anthraquinones, sterols, lignan-glucosides, triterpenoids, alkaloid-amides, and
carbohydrates have been isolated from root, stem, leaves, and fruits of A.
marmelos (Bansal and Bansal, 2011; Yadav et al., 2011). Diverse range of
alkaloids structured on furo-quinoline and quinolone skeleton (Fig. 6.1)
were isolated and characterized from different parts of the A. marmelos (Ali
and Pervez, 2004; Banerji et al., 1988; Chatterjee and Bose, 1952; Chatterjee and Chaudhury, 1960; Chrubasik et al., 2006; Kapoor, 1990; Karawya
et al., 1980; Manandhar et al., 1978; Sharma and Sharma, 1981; Sharma
et al., 1981;Yang et al., 1996a).
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Minor constituents are like ascorbic acid, sitosterol, crude fibers, tannins, α-amyrin, carotenoids, and crude proteins are also present. Apart
from these chemical constituents, more than 100 compounds have been
isolated such as skimminine, aegelin, lupeol, cineole, citral, citronellal, cuminaldehyde, eugenol, marmesinin, marmelosine, luvangetin, aurapten, psoralen, marmelide, fagarine, marmin, and tennins, which have
been proved to be biologically significant. Various phenolics in the fruit
as chlorogenic acid (136.8 µg/g), ellagic acid (248.5 µg/g), ferulic acid
(98.3 µg/g), gallic acid (873.6 µg/g), protocatechuic acid (47.9 µg/g),
and quercetin (56.9 µg/g) have been quantified through LC-MS and
LC-MS/MS scans and HPLC studies (Rahman and Parvin, 2014). Green
synthesis of zinc oxysulfide quantum dots in the range of a few nanometers using A. marmelos fruit extract through a facile precipitation route
is also reported (Kumar et al., 2015). Organic and inorganic chemical
constituents so far have been reported from A. marmelos are appended in
Tables 6.2 and 6.3, respectively.

Figure 6.1 Alkaloids isolated from wood apple.
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Table 6.2 Phytochemicals Isolated From Wood Apple
Phytochemicals
Plant part
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(Singh and Malik, 2000)

Fruit

(IHP, 2002)

Seed

(Singh and Malik, 2000)

Fruit

(IHP, 2002)

Leaf

(Ali and Pervez, 2004)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Bark

(Barthakur and
Arnold, 1989)

(ii) Amino acids

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)

Fruit

(Barthakur and
Arnold, 1989)
(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Fruit

(Barthakur and
Arnold, 1989)

Bark

(Ohashi and
Watanabe, 1994)

Bark

(Ohashi and
Watanabe, 1994)

Bark

(Ohashi and
Watanabe, 1994)

Bark

(Ohashi and
Watanabe, 1994)

Fruit

(Chrubasik et al., 2006)

(iii) Glycosides

(iv) Coumarins

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Root

(Chatterjee and
Chaudhury, 1960)

Root

(Karawya et al., 1980;
Yang et al., 1996a)

Wood

(Srivastava et al., 1996)

Fruit

(Sharma et al., 1980)

Fruit

(Sharma et al., 1980)

Leaf

(Panda and Kar, 2006)

Root

(Chatterjee and
Chaudhury, 1960)

Root

(Yang et al., 1996a)

Leaf

(Ali and Pervez, 2004)

Root

(Yang et al., 1996a)

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Fruit

(Sharma et al., 1981;
Karawya et al., 1980)

Fruit

(Saha and
Chatterjee, 1957)

Fruit

(Sharma et al., 1981)

Seed

(Mishra et al., 2010a,b)

Leaf

(Ali and Pervez, 2004)

Bark

(Chrubasik et al., 2006)

Root

(Chatterjee and
Chaudhury, 1960)

Root

(Yang et al., 1996a)

Fruit
Bark

(Sharma et al., 1981)
(Goswami et al., 2005)

Leaf

(Sharma et al., 1980)

Root

(Basu and Sen, 1974)
(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Fruit

(Sharma et al., 1980)

Wood

(Srivastava et al., 1996)

Wood

(Srivastava et al., 1996)

Seed

(Mishra et al., 2010a, b)

Seed

(Mishra et al., 2010a, b)

Leaf

(Chrubasik et al., 2006)

Fruit

(Mac and Pieris, 1981)

Leaf

(Chrubasik et al., 2006)

(v) Anthraquinones

(vi) Terpenoids

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Leaf

(Kapoor, 1990; Chrubasik
et al., 2006)

Fruit

(Kapoor, 1990)

Leaf

(Chrubasik et al., 2006)

Fruit

(IHP, 2002)

Leaf

(Arul et al., 1999)

Bark

(Samarasekera et al., 2004)

Bark

(Samarasekera et al., 2004)

Fruit

(Mac and Pieris, 1981)

(vii) Others

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Fruit

(Mac and Pieris, 1981)

Fruit

(Mishra et al., 2010a, b)

Fruit

(Singh and Malik, 2000;
Parmar and
Kaushal, 1982)

Fruit

(Singh and Malik, 2000)

Fruit

(Abeysekera et al., 1996)

Fruit

(Chrubasik et al., 2006)

Leaf

(Sharma et al., 1980)

(Continued)
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Table 6.2 Phytochemicals Isolated From Wood Apple (Cont.)
Phytochemicals
Plant part
References

Leaf

(Chakravarti and
Dasgupta, 1958)

Wood
Root
Fruit

(Srivastava et al., 1996)
(Yang et al., 1996b)
(Saha and
Chatterjee, 1957)

Leaf

(Sharma et al., 1980)

Fruit

(Sharma et al., 1980)

Table 6.3 Inorganic compounds Isolated From A. marmelos (Barthakur and
Arnold, 1989)
S. No.
Inorganic constituents
Plant part

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Boron compounds
Calcium compounds
Chlorine compounds
Copper compounds
Iron compounds
Magnesium compounds
Magnesium compounds
Phosphorus compounds
Potassium compounds
Sodium compounds

Fruit
Fruit
Fruit
Fruit
Fruit
Wood
Fruit
Fruit
Fruit
Fruit

6.8 SYNTHESIS OF PHYTOCHEMICALS OBTAINED
FROM A. MARMELOS
The metabolites, marmelosin, skimmianine, and umbelliferone are the
therapeutically active principals of wood apple. The compounds tembamide
and aegeline are the most important metabolites identified from A. marmelos due to interesting antidiabetic properties. Therefore, various other methods leading to the synthesis of optically active (R)-(−)-aegeline have been
reported. Kumar et al. (2005) reported a synthesis employing the Sharpless
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asymmetric dihydroxylation as the source of chirality. Lainé et al. (2004)
reported the synthesis of (R)-tembamide, and (R)-aegeline via the diastereoselective oxy-Michael addition of delta lactol anions to nitro-olefins as
the key step. Authors used para-anisaldehyde as a starting substrate which
was further condensed with nitromethane to afforded (E)-para-methoxy
β-nitrostyrene intermediate for use to generate an oxy-Michael addition
product 2 by reaction with 1. Simple acidic methanolysis using polymer supported sulfonic acid resin gave the Henry product 3 which was converted to
tembamide 4 and aegeline 5 in two consecutive steps as shown in Fig. 6.2.
Kamal et al. (2004) enantioselectively reduced and resolved the β-azido
alcohol from ketoazides using NaBH4/lipase enzymes, and subsequent reduction and coupling led to the desired chiral tembamide and aegeline.
Cortez et al. (2013) reported the synthesis of (R)-aegeline via asymmetric transfer hydrogenation involving enantio-enriched monosulfonamide–
RhCp* complex in aqueous sodium formate as a hydride donor (Fig. 6.3).

Figure 6.2 Synthesis of aegeline via asymmetric transfer hydrogenation.

Figure 6.3 Total synthesis of R-tembamide and R-aegeline.
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6.9 CONCLUSION
The diverse pharmacological properties of wood apple may be attributed to the presence of various phytochemicals such as alkaloids, flavonoids,
and volatile oils. However, future efforts should be more focused on understanding the mechanism/s of action at the molecular level on the validated
pharmacological activities. For the clinical applicability of wood apple to
humans, clinical studies with humans are required. In this regard, the nontoxic nature of wood apple gives immense advantage as it can be easily
recommended for human trials and at lesser costs.
The juice of wood apple is a delicacy and will have immense commercial benefit if marketed by emphasizing on the beneficial effects. Optimization of products from wood apple and their implementation on industrial
scale to cater both national and international consumers would be an urgent priority area of research.
Until now, ripe fruit pulp of wood apple has been studied almost exclusively to produce food products like jam, jelly, candy, squash, etc. A readyto-serve drink developed from Bael pulp (Patanjali Ayurved Ltd., Haridwar,
India) is being marketed as a component in mixed fruit juice by Tropicana
and other companies. However, there is a lack of information regarding the
gross area under cultivation, annual demand, and availability, and companies
behind wood apple fruit processing in India. Since, plantation of wood apple
does not need elaborate care and as these can grow in any harsh condition,
marginal farmers should be encouraged to take up large scale cultivation.

ACKNOWLEDGMENTS
Center of Innovative and Applied Bioprocessing (CIAB) is sincerely acknowledged for infrastructural and research facility.

REFERENCES
Abeysekera, A.M., De-Silva, K.T.D., Samarasinghe, S., Seneviratne, P.A.K., Van-Den-Berg,
A.J.J., Labadie, R.P., 1996. An immunomodulatory C-glucosylated propelargonidin
from the unripe fruit of Aegle marmelos. Fitoterapia 67, 367–370.
Agrawal, A., Jahan, S., Soyal, D., Goyal, E., Goyal, P.K., 2012. Amelioration of chemicalinduced skin carcinogenesis by Aegle marmelos, an Indian medicinal plant, fruit extract.
Integrative Cancer Therapies 11, 257–266.
Alam, M.M., Siddiqui, M.B., Husain, W., 1990. Treatment of diabetes through herbal drug in
rural India. Fitoterapia 61, 240–242.
Ali, S.M., Pervez, M.K., 2004. Marmenol: a 7-geranyloxycoumarin from the leaves of Aegle
marmelos Corr. Natural Product Research 18, 141–146.
Arul,V., Kumaraguru, S., Dhananjayan, R., 1999. Effects of aegeline and lupeol, the two cardioactive principles isolated from the leaves of Aegle marmelos Corr. Journal of Pharmacy
and Pharmacology 51, S252.

146

Surendra Jatav, Pratibha Dwivedi, Mangat Singh, Naina Sehra and Bhuwan B. Mishra

Arul, V., Miyazaki, S., Dhananjayan, R., 2005. Studies on the anti-inflammatory, antipyretic
and analgesic properties of the leaves of Aegle marmelos Corr. Journal of Ethnopharmacology 96, 159–163.
Asghar, N., Imran, M., Mushtaq, Z., Ahmad, R.S., Khan, M.K., Ahmad, N., Ahmad, U., 2016.
Characterization and functional product development from Bael (Aegle marmelos L, Correa) Fruit Pulp. Journal of Food Processing and Preservation 40, 770–779.
Badam, L., Bedekar, S.S., Sonawane, K.B., Joshi, S.P., 2002. In vitro antiviral activity of bael
(Aegle marmelos Corr.) upon human coxsackieviruses B1–B6. The Journal of Communicable Disease 34, 88–99.
Balakumar, S., Rajan, S., Thirunalasundari, T., Jeeva, S., 2011. Antifungal activity of Aegle
marmelos (L.) Correa (Rutaceae) leaf extract on dermatophytes. Asian Pacific Journal of
Tropical Biomedicine 1, 309–312.
Baliga, M.S., Bhat, H.P., Joseph, N., Fazal, F., 2011. Phytochemistry and medicinal uses of
Bael fruit (Aegle marmelos Correa): a concise review. International Journal of Food Research 44, 1768–1775.
Baliga, M.S., Thilakchand, K.R., Rai, M.P., Rao, S., Venkatesh, P., 2012. Aegle marmelos (L.)
Correa (Bael) and its phytochemicals in the treatment and prevention of cancer. Integrative Cancer Therapies 12, 187–196.
Banerji, N., Kumar, R., 1980. Studies on the seed oil of Aegle marmelos and its effects on
some bacterial species. Journal of the Taiwan Institute of Chemical Engineers 52, 59–60.
Banerji, J., Das, A.K., Ghoshal, N., Das, B., 1988. Studies on Rutaceae Part VIII, Chemical
Investigation on the constituents of Atalantia wightii Tanaka, Aegle marmelos Correa Ex
Koen, Ruta graveolens Linn. and Micromelum pubescens Blume. Indian Journal of Chemistry Section B 27, 594–596.
Bansal,Y., Bansal, G., 2011. Analytical methods for standardization of Aegle marmelos: a review.
Indian Journal of Pharmaceutical Education and Research 2, 37–44.
Barthakur, N.N., Arnold, N.P., 1989. Certain organic and inorganic constituents in Bael
(Aegle marmelos Correa) fruit. Tropical Agriculture (Trinidad) 66, 65–68.
Basu, D., Sen, R., 1974. Alkaloids and coumarins from root bark of Aegle marmelos. Phytochemistry 13, 2329–2330.
Behera, J.P., Mohanty, B., Ramani,Y.R., Rath, B., Pradhan, S., 2012. Effect of aqueous extract
of Aegle marmelos unripe fruit on inflammatory bowel disease. Indian Journal of Pharmacology 44, 614–618.
Brijesh, S., Daswani, P.,Tetali, P., Antia, N., Birdi,T., 2009. Studies on the antidiarrhoeal activity of Aegle marmelos unripe fruit: validating its traditional usage. BMC Complementary
and Alternative Medicine 9, 47.
Chakravarti, R.N., Dasgupta, B., 1958. Sitosterol from the leaves of Aegle marmelos Correa.
Journal of Indian Chemical Society 35, 194–196.
Chatterjee, A., Bose, S., 1952. Studies on the active principles isolated from the leaves of Aegle
marmelos Correa. Journal of Indian Chemical Society 29, 425–429.
Chatterjee, A., Chaudhury, B., 1960. Occurrence of auraptene, umbelliferone, marmin, lupeol and skimmianine in the root of Aegle marmelos Correa. Journal of Indian Chemical
Society 37, 334–336.
Chrubasik, C., Duke, R.K., Chrubasik, S., 2006.The evidence for clinical efficacy of rose hip
and seed: a systematic review. Phytotherapy Research 20, 1–3.
Cortez, N.A., Aguirre, G., Parra-Hake, M., Somanathan, R., 2013. Synthesis of (R)tembamide and (R)-aegeline via asymmetric transfer hydrogenation in water. Tetrahedron: Asymmetry 24, 1297–1302.
Das, S.K., Roy, C., 2012. The protective role of Aegle marmelos on aspirin-induced gastroduodenal ulceration in albino rat model: a possible involvement of antioxidants. Saudi
Journal of Gastroenterology 18, 188–194.

Properties and Important Molecules of Medicinal Interest in Wood Apple (Aegle Marmelos)

147

Das, A.V., Padayatti, P.S., Paulose, C.S., 1996. Effect of leaf extract of Aegle marmelose (L) Correa ex Roxb. On histological and ultra-structural changes in tissues of streptozotocin
induced diabetic rats. Indian Journal of Experimental Biology 34, 341–345.
Dash, S.K., Padhy, S., 2006. Review on ethnomedicines for diarrhoea diseases from Orissa:
Prevalence versus culture. Journal of Human Ecology 20, 59–64.
Dhankhar, S., Ruhil, S., Balhara, M., Dhankhar, S., Chhillar, A., 2011. Aegle marmelos (Linn.)
Correa: a potential source of phytomedicine. Journal of Medicinal Plants Research 5,
1497–1507.
Dubey, G., Shahu, P., Sahu, R., 2000. Role of plant in different religious ceremonies common to Bundelkhand region of Madhya Pradesh. Journal of Medicinal Aromatic Plants
Science 22-23, 542–545.
Dymock-William, C.J., Warden, H., David, H., 1890. Pharmacographia Indica, A history of
the principal drugs of vegetable origin met within British IndiaIKegan Paul, Trench
Trubner and Co. Ltd., London, pp. 277–281.
Gautam, S., Ishrat, N., Singh, R., Narender, T., Srivastava, A.K., 2015. Aegeline from Aegle
marmelos stimulates glucose transport via Akt and Rac1 signaling, and contributes to a
cytoskeletal rearrangement through PI3K/Rac1. European Journal of Pharmacology
762, 419–429.
Ghate,V.S., 1999. Bruhat-panchamula in ethno-medico-botany and Ayurved. Journal of Medicinal Aromatic Plants Science 21, 1099–1110.
Goel, R.K., Maiti, R.N., Manickam, M., Ray, A.B., 1997. Antiulcer activity of naturally
occurring pyrano-coumarin and isocoumarins and their effect on prostanoid synthesis
using human colonic mucosa. Indian Journal of Experimental Biology 35, 1080–1083.
Goswami, S., Gupta, V.K., Sharma, A.S., Gupta, B.D., 2005. Supramolecular structure of
S-(+)-marmesin - a linear dihydrofuranocoumarin. Bulletin of Materials Science 28,
725–729.
Gupta, N., Agrawal, R., Shrivastava,V., Roy, A., Prasad, P., 2012. Chemopreventive potential
of Aegle marmelos fruit extract against 7, 12-Dimethylbenz (a) anthracene-induced skin
papillomagenesis in mice. Research Journal of Pharmacology and Pharmacodynamics
4, 87–90.
Haravey, S.K., 1968. A preliminary communication of the action of Aegle marmelos (Bael) on
heart. Indian Journal of Medical Research 56, 327–331.
Human Metabolome Database, 2002. IHP, Indian Herbal Pharmacopoeia, Revised New
Edition. Aegle marmelos. Indian Drug Manufacturers Association, Mumbai, India,
(http://www.hmdb.ca/metabolites/HMDB03546); pp. 40–8.
Jagetia, G.C., Venkatesh, P., Baliga, M.S., 2003. Evaluation of the radioprotective effect of
Aegle marmelos (L.) Correa in cultured human peripheral blood lymphocytes exposed to
different doses of γ-radiation: a micronucleus study. Mutagenesis 18, 387–393.
Jaswanth, A., Akilandeswari, Loganathan,V., Manimaran, S., Ruckmani, 2001. Wound healing
activity of Aegle marmelos. Indian Journal of Pharmaceutical Science 63, 41–44.
Jauhari, O.S., Singh, R.D., Awasthi, R.K., 1969. Survey of some important varieties of Bael
(Aegle marmelos Correa). Punjab Horticultural Journal 9, 48–53.
Kakiuchi, N., Senaratne, L.R., Huang, S.L., Yang, X.W., Hattori, M., Pilapitiya, U., Namba,
T., 1991. Effect of constituents of Belli (Aegle marmelos L, Corr.) on spontaneous beating
and calcium-paradox of myocardial cells. Planta Medica 57, 43–46.
Kalaivani, T., Premkumar, N., Ramya, S., Siva, R.,Vijayakumar,V., Meignanam, E., Rajasekaran, C., Jayakumararaj, R., 2009. Investigations on hepatoprotective activity of leaf extracts of Aegle marmelos (L.) Corr. (Rutaceae). Ethnobotanical Leaflets 13, 47–50.
Kamal, A., Shaik, A.A., Sandbhor, M., Malik, M.S., 2004. Synthesis of enantiopure βazidoalcohols from their ketoazides by reduction with NaBH4 in the presence of alumina and in situ lipase resolution. Tetrahedron: Asymmetry 15, 935–939.

148

Surendra Jatav, Pratibha Dwivedi, Mangat Singh, Naina Sehra and Bhuwan B. Mishra

Kamalakkannan, N., Prince, P.S.M., 2003. Hypoglycemic effect of water extract of Aegle
marmelos fruits in streptozotocin diabetic rats. Journal of Ethnopharmacology 87, 207–
210.
Kamalakkannan, N., Prince, P.S.M., 2004. Antidiabetic and antioxidant activity of Aegle
marmelos extract in streptozotocin induced diabetic rats. Pharmaceutical Biology 42,
125–130.
Kamalakkannan, N., Prince, P.S.M., 2005a. Antihyperlipidaemic effect of Aegle marmelos fruit
extract in streptozotocin-induced diabetes in rats. Journal of Science and Food Agriculture 85, 569–573.
Kamalakkannan, N., Prince, P.S.M., 2005b.The effect of Aegle marmelos fruit extract in streptozotocin diabetes: a histopathological study. Journal of Herbal Pharmacotherapy 5,
87–96.
Kapoor, L.D., 1990. Handbook of Ayurvedic Medicinal Plants. CRC Press, Boca Raton, FL.
Karawya, M.S., Mirhom, Y.W., Shehata, I.A., 1980. Sterols, triterpenes, coumarins and alkaloids of Aegle marmelos Correa, cultivated in Egypt. Egyptian Journal of Pharmaceutical
Science 21, 239–248.
Katagi, K.S., Munnolli, R.S., Hosamani, K.M., 2011. Unique occurrence of unusual fatty
acid in the seed oil of Aegle marmelos Corre: screening the rich source of seed oil for
bio-energy production. Applied Energy 88, 1797–1802.
Kesari, A.N., Gupta, R.K., Singh, S.K., Diwakar, S., Watal, G., 2006. Hypoglycemic and antihyperglycemic activity of Aegle marmelos seed extract in normal and diabetic rats. Journal
of Ethnopharmacology 107, 374–379.
Khan, H.T., Sultana, S., 2011. Effect of Aegle marmelos on DEN initiated and 2-AAF promoted hepatocarcinogenesis: a chemopreventive study. Toxicology Mechanisms and
Methods 21, 453–462.
Kirtikar, K.R., Basu, B.D., 1935. Indian Medicinal Plants, Second Ed. International Book
Distributors, Dehradun, India, pp. 448–502.
Kumar, D.S., Prabhakar,Y.S., 1987. On the ethnomedical significance of the arjun tree, Terminalia arjuna (Roxb.) Wight & Arnot. Journal of Ethnopharmacology 20, 173–190.
Kumar, K.V.P., Ghosh, O.S.N., Balakrishnan, G., Thirugnanasambantham, P., Raghavan, S.K.,
Viswanath, A.K., 2015. Green synthesis of zinc oxysulfide quantum dots using Aegle
marmelos fruit extract and their cytotoxicity in HeLa cells. RSC Advances 5, 16815–
16820.
Mac, L.A.J., Pieris, N.M., 1981.Volatile flavor components of beli fruit (Aegle marmelos) and a
processed product. Journal of Agricultural and Food Chemistry 29, 1262–1264.
Manandhar, M.D., Shoeb, A., Kapil, R.S., Popli, S.P., 1978. New alkaloids from Aegle marmelos. Phytochemistry 17, 1814–1815.
Manda,V.K., Avula, B., Chittiboyina, A.G., Khan, I.A., Walker, L.A., Khan, S.I., 2016. Inhibition of CYP3A4 and CYP1A2 by Aegle marmelos and its constituents. Xenobiotica 46,
117–125.
Mazumder, R., Bhattacharya, S., Mazumder, A., Pattnaik, A.K., Tiwary, P.M., Chaudhary, S.,
2006. Antidiarrhoeal evaluation of Aegle marmelos (Correa) Linn. root extract. Phytotherapy Research 20, 82–84.
Mishra, B.B., Kishore, N., Tiwari, V.K., Singh, D.D., Tripathi, V., 2010a. A novel antifungal
anthraquinone from seeds of Aegle marmelos Correa (Family Rutaceae). Fitoterapia 81,
104–107.
Mishra, B.B., Singh, D.D., Kishore, N., Tiwari, V.K., Tripathi, V., 2010b. Antifungal constituents isolated from the seeds of Aegle marmelos. Phytochemistry 71, 230–234.
Mukherjee, P.K., Wahile, A., 2006. Integrated approaches towards drug development from
Ayurveda and other indian system of medicines. Journal of Ethnopharmacology 103,
25–35.

Properties and Important Molecules of Medicinal Interest in Wood Apple (Aegle Marmelos)

149

Mukherjee, P.K., Maiti, K., Mukherjee, K., Houghton, P.J., 2006. Leads from Indian medicinal plants with hypoglycemic potentials. Journal of Ethnopharmacology 106, 1–28.
Nammi, S., Ganti, S.S., Lodagala, D.S., 2001. Hypoglycemic effect of Aegle marmelos leaf
extract on normal and diabetic model rabbits. Asia Pacific Journal of Pharmacology 15,
9–11.
Nandkarni, A.K., 1976,Third Ed. Indian Materia MedicaIPopular Prakashan, Bombay, 45–49.
Narendhirakannan, R.T., Subramanian, S., Kandaswamy, M., 2006. Biochemical evaluation
of antidiabetogenic properties of some commonly used Indian plants on streptozotocininduced diabetes in experimental rats. Clinical and Experimental Pharmacology and
Physiology 33, 1150–1157.
Ohashi, K., Watanabe, H., 1994. Indonesian medicinal plants: XII, four isomeric lignanglucosides from the bark of Aegle marmelos (Rutaceae). Chemical and Pharmaceutical
Bulletin 42, 1924–1926.
Pal, D.C., 1999. Some plants in traditional and homoeopathic systems of medicine in India.
Journal of Economic and Taxonomic Botany 23, 79–83.
Panda, S., Kar, A., 2006. Evaluation of the antithyroid, antioxidative and antihyperglycemic
activity of scopoletin from Aegle marmelos leaves in hyperthyroid rats. Phytotherapy Research 20, 1103–1105.
Parmar, C., Kaushal, M.K., 1982. Aegle marmelos. Wild Fruits. Kalyani Publishers, New Delhi,
India, pp. 1–5. (http://newcrop.hort.purdue.edu/newcrop/parmar/01.html).
Prithiviraj, B., Khiste, S., Ram, D., Singh, U.P., 1996. Effect of methanol extract of Aegle
marmelos leaves on mycelial growth and sclerotium formation in Sclerotium rolfsii. International Journal of Pharmacognosy 34, 148–150.
Rahman, S., Parvin, R., 2014. Therapeutic potential of Aegle marmelos (L.)-An overview.
Asian Pacific Journal of Tropical Disease 4, 71–77.
Ramya, S., Jayakumararaj, R., Krishnasamy, G., Periathambi, N., Devaraj, A., 2012. Antibacterial activity of ethanolic leaf extracts of Aegle marmelos (L) Corr. International Research
Journal of Pharmaceutical and Applied Science 2, 74–79.
Rana, B.K., Sing, U.P., Taneja, V., 1997. Antifungal activity and kinetics of inhibition by essential oil isolated from leaves of Aegle marmelos (L.) Corr. Journal of Ethnopharmacology 57, 29–34.
Rao,V.V., Dwivedi, S.K., Swarup, D., Sharma, S.R., 1995. Hypoglycaemic and antihyperglycaemic effects of Aegle marmelos leaves in rabbits. Journal of Current Science (Bangalore)
69, 932–933.
Rao, R.M., Salem, F.A., Gleason-Jordan, I., 1998. Antidiabetic effects of a dietary supplement
pancreas tonic. Journal of National Medical Association 10, 614–618.
Saha, K.S., Chatterjee, A., 1957. Isolation of allo-imperatorin and (beta-sitosterol from the
fruits of Aegle marmelos correa. Journal of Indian Chemical Society 34, 228–230.
Samarasekera, J.K.R.R., Khambay, B.P.S., Hemalal, K.P., 2004. A new isecticidal protolimonoid from Aegle marmelos. Natural Product Research 18, 117–122.
Seema, P.V., Sudha, B., Padayatti, P.S., Abraham, A., Raghu, K.G., Paulose, C.S., 1996. Kinetic
studies of purified malate dehydrogenase in liver of streptozotocin-diabetic rats and the
effect of leaf extract of Aegle marmelose (L) Correa ex Roxb. Indian Journal of Experimental Biology 34, 600–602.
Shankarananth, V., Balakrishnan, N., Suresh, D., Sureshpandian, G., Edwin, E., Sheeja, E.,
2007. Analgesic activity of methanol extract of Aegle marmelos leaves. Fitoterapia 78,
258–259.
Sharma, B.R., Sharma, P., 1981. Constituents of Aegle marmelos II. Alkaloids and coumarin
from fruits. Planta Medica—Journals 43, 102–103.
Sharma, B.R., Rattan, R.K., Sharma, P., 1980. Constituents of leaves and fruits of Aegle
marmelos. Indian Journal of Chemistry Section B 19B, 162.

150

Surendra Jatav, Pratibha Dwivedi, Mangat Singh, Naina Sehra and Bhuwan B. Mishra

Sharma, B.R., Rattan, R.K., Sharma, P., 1981. Marmeline, an alkaloid and other components
of unripe fruits of Aegle marmelos. Phytochemistry 20, 2606–3260.
Sharma, S.R., Dwivedi, S.K.,Varshney,V.P., Swarup, D., 1996. Antihyperglycemic and insulin
release effects of Aegle marmelosleaves in streptozotocin-diabetic rats. Phytotherapy Research 10, 426–428.
Shoba, F.G., Thomas, M., 2001. Study of antidiarrhoeal activity of four medicinal plants in
castor-oil induced diarrhea. Journal of Ethnopharmacology 76, 73–76.
Singanan,V., Singanan, M., Begum, H., 2007.The hepatoprotective effect of bael leaves (Aegle
marmelos) in alcohol induced liver injury in albino rats. International Journal of Science
& Technology 2, 83–92.
Singh, Z., Malik, A.U., 2000. The bael. WANATCA Yearbook 24, 12–17.
Singh, K.V., Bhatt, S.K., Sthapak, J.K., 1983. Anti-microbial and anti-helminthic properties of
the seeds of Aegle marmelos. Fitoterapia 54, 261–264.
Singh, S., Singh, S.K., Srivastava, S., Singh, P.,Trivedi, M., Shanker, P., Dixit, R.K., Rana, R.S.,
2013. Experimental evaluation of diuretic activity of Aegle marmelos in rats. International
Journal of Pharma and Bio Sciences 3, 98–102.
Sofowora, A., 1982. Medicinal Plant and Traditional Medicine in Africa, second Ed Wiley,
Ibadan, pp. 8–14.
Srivastava, S.D., Srivastava, S., Srivastava, S.K., 1996. New anthraquinones from the heartwood of Aegle marmelos. Fitoterapia 66, 83–84.
Srivastava, A.K., Chander, R., Agarwal, S.C., Raj, K., 2007. Antihyperglycemic and antidyslipidemic agent from Aegle marmelos. Bioorganic and Medicinal Chemistry Letters
17, 1808–1811.
Tilak, V.D., Nene, P.M., 1978. Floral Anatomy of the Rutaceae. Indian Journal of Botany 1,
83–90.
Udupa, S.L., Udupa, A.L., Kulkarni, D.R., 1994. Studies on the anti-inflammatory and
wound healing properties of Moringaoleifera and Aegle marmelos. Fitoterapia 65, 119–123.
Veerappan, A., Miyazaki, S., Kadarkaraisamy, M., Ranganathan, D., 2007. Acute and subacute
toxicity studies of Aegle marmelos Corr., an Indian medicinal plant. Phytomedicine 14,
209–215.
Yadav, N., Tyagi, G., Jangir, D.K., Mehrotra, R., 2011. Rapid determination of polyphenol,
vitamins, organic acids and sugars in Aegle marmelos using reverse phase-high performance liquid chromatography. Journal of Pharmacology Research 4, 717–719.
Yang, X.W., Hattori, M., Namba, T., 1996a. Two new coumarins from the roots of Aegle
marmelos. Journal of Chinese Pharmaceutical Science 5, 68–73.
Yang, X., Masao, H., Tsuneo, N., 1996b. Studies on the anti-lipid peroxidation actions of the
methanol extract of the root of Aegle marmelos and its constituents in vivo and in vitro.
Journal of Chinese Pharmaceutical Science 5, 132–140.

FURTHER READINGS
Buchanan, D.J., Dixon, D.J., Scotta, M.S., Laine, D.I., 2004. Short asymmetric syntheses of
bioactive β-aryl ethanolamine derivatives via the highly diastereoselective delta lactol
oxy-Michael addition. Tetrahedron: Asymmetry 15, 195–197.
Sadyandy, R., Fernandes, R.A., Kumar, P., 2005. An asymmetric dihydroxylation route to
(R)-(-)-octopamine, (R)-(-)-tembamide and (R)-(-)-aegeline. ARKIVOC, 36–43.

CHAPTER 7

Medicinally important
constituents of tulsi
(Ocimum spp.)
Rashmi Dubey*,** and Sudhir Kumar Pandey***

*S.L.T. Institute of Pharmaceutical Sciences, Guru Ghasidas Central University, Bilaspur, India
**Centre of Advanced Study in Chemistry, Institute of Science, Banaras Hindu University,Varanasi, India
***Guru Ghasidas Central University, Bilaspur, India

7.1 INTRODUCTION
Plants are the primary sources of medicine. From ancient times,
plants are used as a source of medicinal value. Rigveda, which was written
around 3500–1600 bc in India, also describe the use of plants as a medicine (Sirkar, 1989). However, in Ayurveda, detailed study about properties
of plants as a source of medicine were revealed. This is supposed to be the
basis of medical sciences. Ayurveda takes a holistic approach to health and
disease. It increases the resistance against diseases by healthy lifestyle practices, instead of curing it (Vishwabhan et al., 2011). Ayurveda designs were
based on consumption of fresh, minimally processed foods. Nowadays, plant
research influences the world, and various evidences have been collected
to show the potential of medicinal plants used in traditional systems. The
most advantages of medicinal plants in various treatments are their safety
in addition to low cost and easy availability around the world (Heinrich
et al., 2009).Among all medicinal plants, the plants of genus Ocimum belonging to family Lamiaceae are very important for their therapeutic prospects.
Ocimum sanctum (Holy basil) or Tulsi is one of the aromatic plants from this
family (Lawrence, 1978, 1980, 1986, 1988).
Among all the species, Ocimum basilicum (sweet basil or basil) has the
most commercial importance all over the world. It is usually known as
“Vishnu Priya” in Sanskrit, “Kala-Tulsi” in Hindi and Basil in English
(Mohan et al., 2011).Tulsi is an erect annual herb with sweet fragrance.The
plant height is approximately 30–100 cm, growing in abundance near cultivated field gardens and wastelands. Its leaves, branches, seeds, and whole
plant are useful. Tulsi plant or Indian Basil is an important symbol in the
Hindu religious traditions (Tandon et al., 2004). Three main species of
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00007-6
Copyright © 2018 Elsevier Ltd. All rights reserved.
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Tulsi are Dark or Shyama Tulsi (O. sanctum), light or Rama Tulsi (O. canum),
and Vana Tulsi (O. gratissimum). Tulsi plant had been used by all the cultures
since long. India is the oldest, richest, and maximum diverse cultural traditions related with the use of Tulsi plant (Darrah, 1980). Variations in environment may also equate to a difference in the size and form of the plants
as well as their medicinal strength and efficacy. Holy Basil is also known
as “The incomparable one”, “The Mother of Medicines of Nature”, and
“Queen of Herbs” (Mondal et al., 2009). In the middle of the 20th century,
Tulsi started receiving scientific consideration from traditional medicinal
claims. Most of the scientific evidences of therapeutic properties of Tulsi
were observed in experimental animal studies with few human studies
(Ehrlich, 2009; Subramanian et al., 2014).

7.2 ISOLATION OF IMPORTANT BIOACTIVE AGENTS
Natural products from Tulsi offer limitless prospects for the development of new drugs. To this end, several valuable biological activities (i.e.
anticancer, antimicrobial, antioxidant, antidiarrheal, analgesic, and wound
healing) were testified. Clinical trials are required to prove the effectiveness of a bioactive compound to authenticate traditional claim about natural or herbal products. However, these trials need a careful assessment to
understand the pharmacokinetics, bioavailability, efficacy, safety, and drug
interactions of newly developed bioactive compounds. For the analysis of
medicinal plants, extraction of bioactive compounds is the first vital step.
Consequently, the desired chemical components from the plant materials
are used for further separation and characterization. Different processes of
isolation were performed with many varieties of Tulsi plant, out of which
some process of isolation is summarized here.

7.2.1 Isolation of Essential Oil of O. tenuiflorum L. (syn. O.
sanctum L.) (Krishna Tulsi)
The plant was collected from northwest Karnataka, India. The flowering aerial parts (100 g) were chopped into small pieces and subjected to
hydrodistillation using a Clevenger-type apparatus for 3 h. The yield of the
trapped oil dried over anhydrous Na2SO4 was 0.2% (w/w). The hydrodistilled essential oil was analyzed by gas chromatography equipped with flame
ionization detector (GC-FID) and gas chromatography coupled with mass
spectrometry (GC–MS). Results demonstrated that the oil was found to be
rich in phenyl derivative compounds (83.8%). Compounds were identified
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according to their mass spectra and their relative retention indices determined on a nonpolar stationary-phase capillary column, comprising 98.9%
of the total oil constituents. The major compound was identified as methyl
eugenol (82.9%) among 26 compounds, comprising 98.9% of the total oil
(Table 7.1) (Joshi and Hoti, 2014).

Table 7.1 Chemical composition of the essential oil of O. tenuiflorum
Compounds
RI
%
Identification

α-Pinene
Camphene
Sabinene
β-Pinene
p-Cymene
Limonene
Linalool
Camphor
Borneol
Terpin-4-ol
α-Terpineol
Methyl chavicol
α-Cubebene
Eugenol
α-Copaene
β-Bourbonene
β-Cubebene
α-Elemene
Methyl eugenol
β-Caryophyllene
β-Gurjunene
α-Humulene
Germacrene D
Germacrene A
Cubebol
δ-Cadinene
Monoterpene hydrocarbons
Oxygenated monoterpenes
Sesquiterpene hydrocarbons
Oxygenated sesquiterpene
Phenyl derivatives
Total identified

918
929
947
951
992
996
1069
1123
1147
1160
1177
1185
1368
1379
1399
1410
1417
1419
1442
1453
1464
1493
1525
1553
1564
1574
0.6
3.1
11.1
0.3
83.8
98.9

0.2
0.1
t
0.1
t
0.2
0.5
0.1
2.4
0.1
t
t
t
0.9
1399
0.2
0.1
0.5
82.9
4.1
t
0.2
2.3
0.7
0.3
1.1

RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS, CI
RI, MS, CI
RI, MS
RI, MS
RI, MS, CI
RI, MS
RI, MS, CI
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS, CI
RI, MS, CI
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS

Abbreviations: RI, retention index relative to C8–C25 n-alkanes on TG-5 column; MS, NIST and Wiley
library and the literature; t, trace (<0.1%); CI, co-injection of authentic samples. Adapted from Joshi
and Hoti, (2014).
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Figure 7.1 Batch extraction setup (Garkal et.al. 2012).

7.2.2 Extract of Eugenol by Batch Extraction From O. Sanctum
Linn (Tulsi) Leaves
Fresh leaves of O. sanctum (Tulsi) were collected from the nearby area of
Alandi, Pune, Maharashtra, and methanol (AR grade) was used as solvent.
Eugenol is an important ingredient found in Tulsi. The extraction of eugenol was carried out using batch extraction setup (Fig. 7.1). Leaves were
washed, dried, cut into small pieces, and fed into the stirred type batch
reactor with methanol. The speed of agitation was kept at 500, 700, and
1000 rpm.The extracted samples at known interval of time was analyzed by
GC for eugenol content. Table 7.2 shows the percent extraction of eugenol from Tulsi leaves at different agitation speeds and room temperature. As
shown in Fig. 7.1 and Table 7.2, as agitation speed increases, the extraction
of eugenol also increases (Garkal et.al. 2012).

Table 7.2 Extraction of eugenol at 500 rpm (Garkal et.al. 2012)
Time (min.)
Agitation speed (rpm)
Percent extraction (%)

30
60
90
30
60
90
30
60
90

500
500
500
700
700
700
1000
1000
1000

74.48
75.74
76.56
73.77
76.67
77.94
75.77
78.49
80.94

Medicinally Important Constituents of Tulsi (Ocimum spp.)

155

7.2.3 Extraction of Ursolic Acid From O. sanctum
The plant powder was loaded in a Soxhlet apparatus and constant heat was
provided for recycling of the solvent (Joshi et al., 2011a, b). The methanol
crude extract of O. sanctum was suspended in CHCl3:MeOH (9:1) and subjected to gradient column chromatography by hexane, ethyl acetate, and
methanol in increasing polarity. The fractions were monitored on thin layer
chromatography (TLC) and tested for the presence of ursolic acid.The fractions which consisted of ursolic acid were combined and the solvent was
removed under vacuum. Evaporation of the combined fractions containing
ursolic acid led to a white solid. Results showed that protective effects of O.
sanctum are determined by strong antioxidant properties of its constituent
ursolic acid (Batra and Sastry, 2015).

7.2.4 Dried Leaf Extraction of Tulsi (O. basilicum)
The plant leaves were collected from Dhaka university area. About 250 g of
the air-dried clean leaves of O. basilicum were subjected to hydrodistillation
for 3 h using a Clevenger-type apparatus. The obtained distillate was separated in a separatory funnel by adding NaCl and diethyl ether. The organic
layer was collected and concentrated to 5 mL under reduced pressure. The
oils were dried over anhydrous sodium sulfate. The major chemical compounds that were found in essential oil are eugenol, isopropyl palpitate,
α-cubene, 2,3-dihydroxy propyl elaidate, 1-methyl-3-(1-methyl) benzene,
2-methoxy-4-(1-propyl) phenol, vanillin, 1,4-diethyl benzene, hexa-decanoic acid methyl ester, and (2-methyl-4-(1-propyl) phenoxy) silane (Dev
et al., 2011).

7.2.5 Isolation of Endophytic Fungi From O. sanctum
Fresh leaves and branches of O. sanctum were collected from the field of
Devanahalli, Bangalore, India. Small pieces of plant material were sterilized
with ethanol and sodium hypochlorite (NaOCl), respectively, and washed
with sterile distilled water as well. After that, the samples were placed on
potato dextrose agar containing plate to suppress the bacterial contamination.
Many endophytic fungi were isolated which can produce a good number of
antimicrobial compounds as tested in preliminary test (Pavithra et.al., 2012).

7.2.6 Isolation of Essential Oils of Omani basil (O. basilicum Linn.)
The fresh plant materials were collected in the month of September
from Oman. Essential oil from fresh aerial parts were isolated by

156

Rashmi Dubey and Sudhir Kumar Pandey

hydrodistillation method using a Clevenger apparatus. A greenish yellow
oil was obtained and analyzed by GC. The antibacterial activity of the
oil was estimated by agar diffusion method. Linalool (69.87%) was found
to be the major chemical constituent. High content of linalool makes
Omani basil useful in pharmaceutical, food, and perfumery industries
(Abbasy et al., 2015).

7.2.7 Extraction of Ocimum kilimandscharicum
The mature aerial part of O. kilimandscharicum was collected from the Defense
Institute of Bio-Energy Research (DIBER) field station Pithoragarh district
of Uttarakhand India. Five grams of the sample was dissolved in 50% (v/v)
hot methanol. Whole content was transferred into R.B. flask containing
75 mL of water and 10 g of H2SO4 and reflux for 6–8 h. Extraction was
done into separating funnel by adding 25 mL of chloroform in this content.
Chloroform layer was collected, dried over anhydrous sodium sulfate, and
evaporated to dryness in a preweighed beaker. The residue in the beaker is
finally dried under vacuum to constant weight. This gives the quantity of
total triterpenic acids (major one is ursolic acid) for calculating the percent
of ursolic acid. It was concluded from the study that the aerial parts of O.
basilicum from western Himalaya is a very good source of minerals and
other phytochemicals, which are biologically active substances responsible
for various therapeutic potential (Sunita Bansod and Mahendra Rai, 2008;
Saha et al., 2010).

7.2.8 Leaf Extraction of O. tenuiflorum
Ten grams of air-dried leaf powder of plant were dissolved in 100 mL of
solvents (water, chloroform, ethanol, and methanol) in a conical flask and
then kept in a rotary shaker at 200–220 rpm for 24 h. Then, it was filtered
with the help of muslin cloth and centrifuged at 10,000 rpm for 5 min.The
supernatant was collected and the solvent was then removed under reduced
pressure in a rotary evaporator. The dried crude extracts were dissolved in
dimethyl sulfoxide and were stored at 4 °C until required for testing.The in
vitro antimicrobial activity of leaves of O. tenuiflorum was investigated against
water isolates of Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi, and
Shigella dysenteriae using disc diffusion method. The aqueous extracts did
not show significant activity, but the organic extracts had significant activity
with the ethanol extracts, demonstrating the highest activity against all the
test bacteria (Sharma et al., 2009).
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7.2.9 Separation of Antimicrobial Compounds From
O. sanctum (Tulsi) Extracts by Preparative TLC
Extraction of plant material was done using the Soxhlet apparatus (Joshi
et al., 2009; Joshi et al., 2011a, b). From TLC plates, developed spots were
scratched and collected in a beaker containing 70% ethanol. The collected
filtrate having eugenol, ursolic acid, polyphenols, anthocyanins and luteolin,
thymol, or sesquiterpene alcohols. These compounds possess antiinflammatory, antiarthritic, antistress, and antipyretic activity (Kelm et al., 2000).

7.2.10 Determination of Eugenol Concentrations in Alcoholic
Extracts of Different Species of Ocimum's using an Analytical
Method
Leaves from three varieties of Tulsi were collected from the local area of
Bhopal, Madhya Pradesh, India. The collected, cleaned leaves of Ocimum
were used for the extraction process. Two hundreds of powder of leaves
were macerated with methanol, shaking frequently during first 6 h and
allowing stand for 18 h. The extracts were filtered through Whatman filter
paper to remove any impurities if present (Sheen et al., 1991).
The extracts were concentrated by vacuum distillation to reduce the
volume 1/10.The concentrated extracts were transferred to beaker and solvent were evaporated on the water bath. A methanol extract of the powder
of dried leaves of Ocimum was spotted on the TLC with 0.2 mm thickness. MeOH:chloroform (95:5) and MeOH:H2O:ACN (50:25:75) used as
mobile phase to isolate the eugenol. The UV and HPLC method proposed
for the quantitative monitoring of eugenol in Ocimum leaf powder is rapid,
simple, and precise (Kadian and Parle, 2012; Agarwal et al., 2013).

7.2.11 Isolation of Active Constituents From Dried Leaves of
Tulsi (O. sanctum L.)
The crude drug, Tulsi, was purchased at a market in Kathmandu, Nepal.
Crude was extracted with methanol (MeOH) under reflux to give MeOH
extract. Extraction of MeOH extract was followed by extraction with ethyl
acetate (AcOEt) and n-butanol (n-BuOH), respectively. All fractions were
purified by successive column chromatography and HPLC using an ODS
column to give various compounds (Fig. 7.2). The structures of the known
compounds were determined by data from MS and NMR spectra as follows: eugenol (8), citrusin C (9), ferulaldehyde (10), bieugenol (11), dehydrodieugenol B (12), oleanolic acid (13), ulsoric acid (14), stigmasterol (15),
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Figure 7.2 Structures of constituents isolated from O. sanctum (Kuroyanagi et al., 2009).

b-sitosterol-3-O-b-d-glucopyranoside (16), caryophyllene oxide (17), apigenin (18), luteolin (19), crysoeriol (20), 4′,5-dihydroxy-7,8-dimethoxyflavone (21), 4′,5-dihydroxy-3′,7,8-trimethoxyflavone (22), and vanillin (23)
(Suzuki et al., 2009).

7.2.12 Extraction of Sweet Basil (O. basilicum L.)
O. basilicum (sweet basil) grown in an intermediate dry zone in Sri Lanka.
Leaves were collected between the top and 50 cm down and dried in an
air-draft oven at less than 35 °C for 24–36 h. Dried O. basilicum leaves
were ground in an electric coffee grinder (Café Moulin, Philips Japan Ltd.,
Tokyo, Japan) for 3 min. Finely ground leaf powder was homogenized with
a Nissei AM, Ace homogenizer (Nihonseik Kaisha Ltd, Tokyo, Japan) at
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1500 rpm for 5 min with hexane, methanol, acetone, ethyl acetate, ethanol, or water separately at room temperature. The ratio of leaf powder and
solvent was 1:5 (w/v). The resulting slurries were filtered under suction
through Whatman No. 4 filter paper. This procedure was repeated twice
for the residue, and the filtrates were combined. The remaining very fine
particles in the filtrate were separated by centrifugation at 7000 rpm for
20 min. The supernatants were collected and concentrated under vacuum
at 35 °C. Total extractable components in each extract were measured. The
crude extract was purified using column chromatography and six fractions
were identified. Methanolic extract of O. basilicum shows antioxidant activity using in vitro systems (Jayasinghe et al., 2003).

7.3 SYNTHESIS OF IMPORTANT DERIVATIVES OF
ISOLATED BIOACTIVE COMPOUNDS
7.3.1 Synthesis of Novel Ursolic Acid Derivatives
Ursolic acid (1, UA) is a pentacyclic triterpene compound isolated from
Tulsi. Ursolic acid was used as the lead compound and the structure modification was done at the positions C-3, C-11, and C-28.The synthetic pathways are shown in Scheme 7.1 (Meng et al., 2010).
Compound 2 was prepared by the reaction of UA with acetic anhydride
in THF in the presence of DMAP, then reacted with chromium trioxide
in acetic acid solution containing 5% acetic anhydride to obtain compound 3, which was treated with oxalyl chloride to yield compound 4. The
crude intermediate 4 was condensed with appropriate amino compounds
in the presence of triethylamine to give compounds 5 and 6. The oxidation of the hydroxyl group of UA afforded the target product 2 in 91%
yield. The 3-oxo-ursolic acid 7 was treated with oxalyl chloride to give
the 3-oxoursolyl chloride 8. This intermediate was then condensed with
the appropriate amino compound in the presence of triethylamine to give
compounds 9 and 10. Compound 2 was treated with oxalyl chloride to give
the 3-O-acetylursolyl chloride 11. This intermediate was then condensed
with the appropriate amino compound in the presence of triethylamine to
give the compounds 12 and 13. Compound 14 was prepared by UA reacted
with butyric anhydride in the presence of DMAP in THF. Compounds
16 and 17 were obtained from 14 according to the same method used for
synthesizing compound 12.The target compounds were purified on a silica
gel column with petroleum ether/ethyl acetate (or acetone) as eluents and
their structures confirmed by mp, IR, MS, 1H NMR, and elemental analysis.
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Scheme 7.1 Reagents and conditions (Meng et al., 2010): (a) Ac2O, DMAP, THF, rt; (b)
CrO3, Ac2O, AcOH, rt; (c) CH2Cl2, (COCl)2, rt; (d) Et3N, NH2R1, rt; (e) Jones’ reagent, acetone, 0 °C; (f ) (COCl)2, CH2Cl2, rt; (g) NH2R2,Et3N, rt; (h) CH2Cl2, (COCl)2, rt; (i) NH2R3, rt; (j)
(CH3CH2CH2)2O, DMAP, THF, rt; (k) CH2Cl2, (COCl)2, rt; (l) Et3N, NH2R4, rt.

Antitumor activities of compounds 5, 6, 9, 10, 12, 13, 16, and 17 were
evaluated in vitro using the MTT method against HeLa, BGC-823, and
SKOV3 cell lines with UA as the positive control. Results suggested that:
(1) most UA conjugates with an amino acid methyl ester, amino alcohol,
amino alcohols acetate, or benzylamine at C-28 and with an acetoxy group
at C-3 have greater antiproliferative ability on HeLa cells; (2) compound 13
showed significant antitumor activity against HeLa, BGC-823, and SKOV3
cells.

7.3.2 Structural Modifications
Structural modifications were performed on the C-3 and C-28 positions
of ursolic acid and the NO production inhibitory activities of the resulting derivatives were evaluated. The ursolic acid derivatives 18a–18h were
synthesized by alkylation or acylation of hydroxyl group of C-3 position or
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Scheme 7.2 (Kwon et al., 2009).

carboxylic acid at C-28 position as shown in Scheme 7.2 (Table 7.3). 18a
which possesses methoxy group at C-3 position exhibits improved NO
production inhibitory activity on LPS-induced RAW247 cells while showing less cytotoxicity than the parent compounds (Kwon et al., 2009).

7.3.3 Synthesis of Novel Ursolic Acid Heterocyclic Derivatives
A series of new heterocyclic derivatives of ursolic acid 1 were synthesized
and evaluated for their antiproliferative activity against AsPC-1 pancreatic
cancer cells. Compounds 41–49, with and α,β-unsaturated ketone in conjugation with an heterocyclic ring in ring A have improved antiproliferative
activities. Compound 49 is the most active compound with an IC50 of
Table 7.3 (Kwon et al., 2009)
Compounds R1, R2

18a
18b
18ca
18d
18e
18f
18g

18h

a
b

R1 = CH3, R2 = H
R1 = H, R2 = CH3
R1 = R2 = CH3
R1 = Ac, R2 = H
R1 = CH3OCH2CO,
R2 = H
R1 = (CH3)2NCO,
R2 = H
R1 = H, R2 = 2(pyrrolidin-1-yl) ethyl
R1 = 2-(pyrrolidin-1-yl)
acetatyl R2 = H

Prepared from 2b.
Overall yield to obtain as a HCl salt.

Conditions

Yields (%)

CH3I, NaH, THF
TMSCHN2, THF/MeOH
CH3I, NaH, THF
AcCl, pyridine, THF
CH3OCH2COCl, pyridine

59
77
68
78
64

(CH3)2NCOCl, pyridine

92

i) 1-(2-Chloroethyl)
15b
pyrrolidine, NaCl,
K2CO3, DMF,
ii) 3 N HCl, MeOH/CH2Cl2
i) ClCH2COCl, pyridine,
30b
CH2Cl2,
ii) Pyrrolidine, NEt3, CH2Cl2,
iii) AcCl, EtOH/THE
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1.9 lM which is sevenfold more active than ursolic acid 1. Compound 32
arrests cell cycle in G1 phase and induces apoptosis in AsPC-1 cells with
upregulation of p53, p21waf1, and NOXA protein levels (Leal et al., 2012)
(Schemes 7.3–7.5).

Scheme 7.3 Reagents (Leal et al., 2012): (a) Acetic anhydride, DMAP, THF, rt; (b) KMnO4,
Fe2(SO4)3·nH2O, t-BuOH, H2O, CH2Cl2; (c) CDI, CBMI, or CDT, THF, 700 °C, N2.
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Scheme 7.4 Reagents (Leal et al., 2012): (a) Jones reagent, acetone, ice; (b) CDI, CBMI,
or CDT, THF, 70 °C, N2; (c) KMnO4, Fe2(SO4)3·nH2O, t-BuOH, H2O, CH2Cl2; (d) Ethyl formate,
benzene, NaOMe, rt.
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Scheme 7.5 Reagents (Leal et al., 2012): (a) CH3I, K2CO3, DMF, rt, N2; (b) Jones reagent,
acetone, ice; (c) ethyl formate, benzene, NaOMe, rt; (d) KMnO4, Fe2(SO4)3·nH2O, t-BuOH,
H2O, CH2Cl2; (e) CDI, CBMI, or CDT, THF, 70 °C, N2.
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7.3.4 Extracellular Biosynthesis of Gold and Silver
Nanoparticles of Krishna Tulsi (O. sanctum) Leaf
Fresh O. sanctum leaf was washed several times with deionized water. Ten
grams of the leaf were finely cut and stirred with 200 mL deionized water
at 300 K for 1 min and filtered to get the extract. The filtrate was used as
a reducing agent and stabilizer. HAuCl4·3H2O, AgNO3, and NaOH were
procured from Sigma-Aldrich (Philip and Unni, 2011).

7.3.5 Synthesis of Gold Nanoparticles
Five milliliters of the extract was added to a vigorously stirred 30 mL aqueous solution of HAuCl4·3H2O (10−3 M) and stirring continued for 1 min.
Formation of gold nanoparticles takes place within 15 min as shown by
stable light violet color of the solution, which gives different colloids.
Synthesis of silver nanoparticles: 5 mL extract was added to a vigorously
stirred 25 mL aqueous solution of AgNO3 (10−3 M) and stirring continued
for 5 min. Reduction takes place slowly at 300 K and is complete in 30 min
as shown by stable light brown color of the solution, which gives different silver colloids. All the colloids were found to be stable for more than 2
months, showing no precipitation or color change.

7.3.6 Synthesis of Eugenol Derivatives
Several 4-allyl-2-methoxyphenol (eugenol) esters were designed and synthesized.These esters were tested as potent inhibitors of soybean 15-lipoxygenase (SLO). Compounds 53c, 53d, 53f, 53p, and 53q showed the best
IC50 in SLO inhibition (IC50 = 1.7, 2.3, 2.1, 2.2, and 0.017 lM, respectively) (Table 7.4).
7.3.6.1 General Procedure for Preparation of 4-Allyl-2-Methoxyphenyl
Carboxylate 53b–53d
Thionyl chloride was added to pyridine carboxylic acids 50b–50d with
stirring. The mixture was refluxed for 1 h. After evaporation of solvent, a
pure white crystalline residue of hydrochloride of 52b–52d was obtained.
In solution of 52b–52d in dry pyridine, eugenol was added drop by drop
at room temperature. The mixture was refluxed with stirring in oil bath for
4 h. Pyridine was evaporated and residue was extracted with dichloromethane. The obtained organic extract was crystallized in ethanol to yield pure
compounds 53b–53d (Scheme 7.6).
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Table 7.4 For 53a, 53p, and 53q, the IC50 values were calculated from dose–response
curves and values are given as means ± SEM of three individual samples (H. Sadeghian
et al., 2008)

Compound

Structure

IC50 (lM)

Eugenol

34.6 ± 1.1

53a

4.4 ± 0.3

53b

33.3 ± 1.5

53c

1.7 ± 0.05

53d

2.3 ± 0.2

53e

6.7 ± 0.8

53f

2.1 ± 0.4

53g

7.2 ± 0.5

53h

168.0 ± 13.5

53i

5.2 ± 0.2

53j

134.3 ± 7.5

53k

77.2 ± 5.1
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Table 7.4 For 53a, 53p, and 53q, the IC50 values were calculated from dose–response
curves and values are given as means ± SEM of three individual samples (H. Sadeghian
et al., 2008) (Cont.)
Compound
Structure
IC50 (lM)

53l

11.4 ± 1.1

53m

14.6 ± 1.0

53n

23.0 ± 1.3

53o

19.0 ± 1.3

53p

2.2 ± 0.3

53q

0.017 ± 0.001

7.3.6.2 General Procedure for Preparation of 4-Allyl-2-Methoxyphenyl
Carboxylate 53a and 53e–53q
To a solution of sodium hydroxide and eugenol in water, acid chlorides
52a and 52e–52q were added dropwise with stirring at room temperature. After 30 min stirring at rt, the mixture was extracted with dichloromethane, dried, and concentrated to provide the desired compounds. All

Scheme 7.6 (Sadeghian et al., 2008).
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Scheme 7.7 (Sadeghian et al., 2008).

products were crystallized from ethanol except 53h and 53k (Scheme 7.7)
which were purified by column chromatography (silica gel 60; 230–400,
eluent:chloroform).

7.3.7 Synthesis of Isomers of Eugenol
With correlation between structure and reactivity of eugenol isomers,
o-eugenol and 3-allyl-2-methoxyphenol (54) were synthesized. A five-step
synthesis was found to be most suitable for the preparation of 3-allyl-2-mcthoxyphenol (Scheme 7.8) (Brauer et al., 1963).

7.4 BIOLOGICAL ASSAY
The chemical composition of Tulsi is highly complex and contains
many nutrients and biologically active compounds, which are responsible
for their pharmacodynamic property.Tulsi is highly effective in a wide spectrum of diseases. This plant has inherent botanical and biochemical complexity. A number of scientific investigations have shown that O. sanctum
has antifungal, antistress, antidiuretic, antioxidant, hepatoprotective, immunomodulating, antiinflammatory, antibacterial, antiviral, antipyretic, antidiabetic, antimalarial, and hypolipidemic properties (Bhargava and Singh, 1981;
Godhwani et al., 1987; Singh and Majumdar 1999). Here we describe
important biological activities of this plant.

7.4.1 Immunomodulatory Effects of Tulsi (O. sanctum Linn.)
Leaf Extract
Traditionally, it is believed that regular intake of Tulsi leaves on empty
stomach keeps the person healthy and provides longevity (Godhwani
et al., 1988). Methanol and aqueous extracts of O. sanctum leaves, O. sanctum
seed oil, have immunomodulatory properties (Mediratta et al., 2002; Singh
et al., 2007). The phytoconstituents present in the extract can also protect
lens of the eye. It possesses antitumor activities as well as radioprotective
activity (Dashputre and Naikwade, 2010;Vaghasiya et al., 2010).
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Scheme 7.8 (Brauer et al., 1963).

7.4.2 Dried Leaf Extract of Tulsi (O. sanctum Linn.) Reduces
Cardiovascular Disease Risk Factors
Daily intake of few grams of Tulsi correct abnormal lipid profiles. From
research, it has been concluded that 300 mg of Tulsi extract within 4 weeks
reduces higher cholesterol level as well as triglyceride level significantly.
Tulsi leaves are also act as tonic for heart. Fresh leaf juice enhances the flow
of blood circulation (Mondal et al., 2012).
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7.4.3 Antidiabetic Property of Tulsi Leaves
Extract of O. sanctum in ethanol reduces blood glucose level in normal,
glucose-fed hyperglycemic and streptozotocin-induced diabetic rats
(Gurib-Fakim, 2006).

7.4.4 Stress Resilience, Headache Treatment, and
Psychological Disorders
Tulsi intake can increase the capacity to survive and adapt to changing and
challenging environment and reduces the negative physical and psychological effects of stress. Inhalation of powder of dried leaves of basil ceases from
migraine and head ache. Intake of 12 leaves of Tulsi twice a day prevents
stress. It even purifies the blood and helps prevent several common psychological disorders (Dadkar et al., 1988, Sen et al., 1992, Tabassum et al., 2010).

7.4.5 Remove Kidney Stones
Tulsi acts as detoxifier, which reduces the level of uric acid in the body.Tulsi
juice drinking along with honey for a period of 6 months help to eject the
kidney stone (calcium oxalate) via urinary tract (Sarkar et al., 1990).

7.4.6 Antimicrobial Activity
O. sanctum L. essential oil Linoleic acid shows good antibacterial activity
against Staphylococcus aureus, Bacillus pumius, and P. aeruginosa studied. Agar
diffusion method studies showed that the aqueous extract of O. Sanctum L.
(60 mg/kg) have wide zones of inhibition compared to alcoholic extract
against Klebsiella, E. coli, Proteus, S. aureus, and Candida albicans (Kaya
et al., 2008).

7.4.7 Antiinflammatory Disorders
Basil essential oils and their principal constituents like linoleic acid inhibit
inflammation causing enzymes in our body. It lowers the cortisol level in
body and increases adrenal function, which reduces the negative effect of
stress. It boosts blood circulation and suppress any kind of edema or swelling
in body (Singh, 1998; Gupta et al., 2002).

7.4.8 Antifertility Effect
The leaves of Tulsi are said to have abortifacient effect in women. Major
constituent of O. sanctum L. is ursolic acid, which possess antifertility effect
in rats of both sexes and in male mice. Due to antiestrogenic effect of ursolic
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acid, it reduces spermatogenesis and causes a decrease in sperm counts (Batta
and Santhakumari, 1971; Nagarjun et al., 1989).

7.4.9 Antioxidant Activity
O. basilicum (Basil) is a rich source of polyphenolics. Its extract has significant ability to scavenge highly reactive free radicals. Major component
of volatile oil of Tulsi fresh leaves contain eugenol, which possessed good
antioxidant activity. Research revealed that O. basilicum showed antioxidant
potential when tested by online acidic potassium permanganate chemiluminescence (Gupta et al., 2006).

7.4.10 Anticoagulant Activity
Like aspirin (100 mg/kg), the fixed oil of O. sanctum (3 mL/kg, ip) prolonged blood clotting time.The effect appears to be due to the antiaggregatory action of oil on platelets (Sai Krishna et al., 2014).

7.4.11 Thyroid Activity
The effect of leaf extract of O. sanctum was studied on changes in the
concentration of serum T3 and T4 in the male mouse. Intake of extract
of O. sanctum for 15 days decreased serum T4 concentration (Panda and
Kar, 1998).

7.4.12 Cure Respiratory Disorders
Tulsi is very effective in treating the common cold. Juice of its leaves with
honey and ginger is an effective remedy for bronchial asthma, bronchitis,
influenza, cough, and cold. In cases of influenza, decoction of the leaves,
cloves, and common salt provides immediate relief. It helps to mobilize
mucus in bronchitis and asthma, and therefore is very advantageous for
maintenance of a healthy respiratory passage. Chewing Tulsi leaves relieves
cold and flu. Boiled Tulsi water helps to reduce sore throat. This water can
also be used for gargles (Bhateja and Arora, 2012).

7.4.13 Toothache
Tulsi leaves contain 0.7% volatile oil. In these oils, about 71% eugenol and
20% methyl eugenol are present. This eugenol helps Tulsi in acting as a
COX-2 inhibitor and thus helps in relieving toothache. Sesquiterpene
β-caryophyllene (an FDA approved food additive) naturally present in Tulsi,
which also serves the same purpose (Singh et al., 1996).
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7.4.14 Nutrients
Tulsi contains Vitamins A and C, calcium, zinc, and iron. It also has small
amount of chlorophyll and many other phytonutrients. Thus, it can be of
benefit the treatment of oral manifestations of nutritional deficiencies.

7.4.15 Apthous Ulcerations
Tulsi possesses antiulcerogenic as well as ulcer healing properties due to
its ability to reduce acid secretion and increase mucous secretion. It shows
antiulcer agent at a dose of 100 mg/kg. The antiulcer effect of Tulsi is said
to be due to its cytoprotective effect rather than its antisecretory property
(Singh and Majumdar, 1999).

7.5 CONCLUSIONS
In the developing countries, increased cost of medication and their
side effects are of great concern to the doctors and public. The queen of
herb Tulsi have many therapeutic properties grown in houses.Tulsi is revered
within India as being without equal for its medicinal and spiritual properties. The Tulsi plant is regarded as the holiest of all plants by Hindus and
within Ayurveda, Tulsi is known as “the incomparable one”, and considered
an “elixir of life” and a potent adaptogen that promotes longevity. If properly exposed, Tulsi provides an example of olden knowledge offering solutions to modern problems. Even more clinical trials need to be conducted
to support its medicinal therapeutic uses. Sustainable and ecological farming provides a source of revenue for farmers. Cultivation of Tulsi benefits for
individuals and households and beings to address wider social, economic.
and environmental issues.
There is a substantial evidence that Tulsi reduces stress, enhances stamina and endurance, increases the body's efficient use of oxygen, boosts the
immune system, reduces inflammation, protects against radiation damage,
lessens aging factors, and supports the heart, lungs, and liver. The bioactive
compounds present in Tulsi has antibiotic, antiviral, and antifungal properties. They also enhance the efficacy of many other therapeutic treatments.
Overall, Tulsi helps the body and mind to adapt and cope with a wide
range of physical, emotional, chemical, and infectious stresses. Moreover,
it also restores disturbed physiological and psychological functions to a
normal healthy state. The extract of Tulsi leaves have great potential as
antimicrobial agent.
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As a plant, Tulsi has become a part of Indian ritual in each house since
the time immemorable. The various extracts of the plants isolated from the
process mentioned earlier possess proven beneficial to health due to comparatively less toxicity.
Although there are sufficient records to prove the excellent property of
Tulsi, its extracts and their derivatives forward toward several health problems, to make us fit, there is a pressing need to characterize and standardize
the processes and products obtained from Tulsi in a more robust manner.
One need to establish it before scientific community/society and make it
more common and acceptable especially in other parts of the world.
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CHAPTER 8

Biological importance of Aloe vera
and Its active constituents
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Amity School of Applied Sciences, Amity University, Lucknow, India

8.1 INTRODUCTION
Protection against pollution has emerged as going green concept and use
of herbal/natural products today. A rapid growth in the area of herbal products can be seen in the general population. All over the globe, an increase in
prime focus on plant research is seen and a large body of evidence has been
collected to show the immense potential of medicinal plants used in various
traditional systems (Dahanukar et al., 2000). Recently, because of skyrocketing price and known side-effects of allopathic medicines, medicinal plants
and ayurvedic medicines are becoming popular.
Aloe vera finds its top popularity among the medicinal plants. It has been
known and used for centuries for its health, beauty, medicinal, and skin care
properties. The word Aloe has its roots in the Arabic word “alloeh” which
means radiance/shining bitter substance, while “Vera” in Latin means “true.”
Aloe has been enjoying a long history of providing innumerable health
benefits and is one of the most frequently used herbal remedies employed
throughout the world. The medicinal use of Aloe was already mentioned
more than 4000 years ago in a collection of Sumerian clay tablets dated
2100 BC (Kramer, 1954). Aloe was also mentioned as a laxative in the Egyptian
Papyrus Ebers from 1552 BC (Taylor, 1965). Historical evidences reveal the
use of A. vera as a strong laxative treatment for chronic constipation, and it is
still listed as a laxative in the various pharmacopoeias. However, it has now
been largely superseded by less toxic laxatives (Reynolds and Dweck, 1999).
There are about 400 species of Aloe. Carl Linnaeus was the first to describe
the species of Aloe as Aloe perfoliata var. vera, in 1753 (Linnaeus, 1753). Further in 1768, Nicolaas Laurens Burman discovered another species as A. vera
in Flora Indica and by Philip Miller as Aloe barbadensis some 10 days after
Burman in the Gardener's Dictionary (Newton, 1979). The most popular,
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commercially grown and widely used species are Aloe barbadensis Miller
(also called A. vera Linne, commonly referred to A. vera) and Aloe arborescens.
Aloe grows mainly in the dry regions of various parts of the world viz.
Africa, Asia, Europe, and America, and also it is found as the wild herb along
the coast of south India. It is under cultivation in fairly large areas in many
parts of India viz; Tamil Nadu, Gujarat, Maharashtra, etc (Das and Chattopadhay, 2004). Aloes grow in a variety of climates including desert, grassland,
and coastal or even alpine locations (Reynolds and Dweck, 1999).
Its vast traditional role in various fields of medicine such as ayurveda,
unani, siddha, and homoeopathy (Baby and Justin, 2010) is well known.
Uses of A. vera exhibit a wide range of applications from food preservatives,
medicine, to commercial, where Aloe can be found in pills, sprays, ointments,
lotions, liquids, drinks, jellies, and creams (Hosseini and Fakhraee, in press).
Owing to its pharmacological activities Aloe finds its place in the broad list
of the therapeutic claims of its different parts, which are employed in traditional management of diverse veterinary and human diseases (Blumenthal
et al., 1998). The herb is used internally to resist most digestive problems,
including constipation, poor appetite, colitis, irritable bowel syndrome as
well as asthma, diabetes, immune system enhancement, and peptic ulcers
(Brusick and Mengs, 1997; Ezuruike and Prieto, 2014; Kavyashree and
George, 2015; Pandey and Singh, 2016).
Applications of numerous Aloe species in the field of various chronicle
diseases around the world are known for conditions ranging from dermatitis
to cancer (Kathi and Victoria, 1999). Various studies envisage that A. vera
leaf possesses many pharmaceutical activities, viz. antimicrobial, anticancer, antioxidant, antidiabetic, antiulcer, hepatoprotective, immunomodulatory (Kathi and Victoria, 1999; Chandan et al., 2007; Jones, 2007; Miladi
and Damak, 2008; Atul et al., 2011; Bashir et al., 2011; Borra et al., 2011;
Naveena et al., 2011) and many more activities. Many of the health benefits
associated with A. vera have been attributed to the polysaccharides contained in the gel of the leaves (Josias, 2008).
Today there are hundreds of different medicinal, cosmetic, and food products on the market that contain various amounts of non-laxative Aloe juice/
gel. The Aloe content has become an important marketing factor which
capitalizes on the legendary fame of this medicinal plant. Due to many Aloe
products having a questionable quality on the market, International Aloe
Science Council has led to product quality certification program.
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8.2 ISOLATION OF IMPORTANT BIOACTIVE AGENTS
8.2.1 Structural Description
Aloe belongs to Asphodelaceae (Liliaceae) family, and is a semitropical,
shrubby, or arborescent, perennial, xerophytic, succulent, pea-green color
plant. It is closely related to other members of the Lily family such as
onions, leeks, garlic, tulips, turnips, and asparagus. It is a stemless or very
short-stemmed succulent plant which grows up to 60–100 cm (24–39 inch)
tall. White flecks on the upper and lower stem surfaces can be seen in some
of its varieties. It has green-to-gray green thick and fleshy leaves which are
lance-shaped, sharp pointed, jagged, and edged (BAVP, 2009) (Fig. 8.1).
The leaf has two external membranes which are green and leathery.
Inside this tough resistant covering is the gel, which presents itself as a compact, gelatinous mass with a translucent pearly characteristic (Vogler and
Ernst, 1999; Ramachandran et al., 2012). The leaf pulp having unpleasant
sensations contains various active compounds. The nutritional components
of Aloe are equally distributed between the pulp and the cortex of the leaf
(Hatano, 2005).The perimetric bundle sheath cells give rise to bitter, yellow
exudates. During summer season flowers blossom on a spike up to 90 cm
(35 inch) in height and each flower is pendulous with a yellow tubular
corolla 2–3 cm (0.8–1.2 inch) long. On the outward region of the rosette
most mature leaves are present (Sampathkumar et al., 2010).

Figure 8.1 Aloe vera plant (Bhuvana et al., 2014).
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8.2.2 Biochemical Description
Reports (Josias, 2008) reveal that there are three structural components of
the A. vera pulp: (1) cell walls, (2) degenerated organelles, and (3) viscous
liquid contained within the cells. These three components of the inner leaf
pulp have been shown to be distinctive from each other both in terms of
morphology and sugar composition as shown in Fig. 8.2 (Ni et al., 2004).
The raw pulp of A. vera contains approximately 98.5% water, while the
mucilage or gel consists of about 99.5% water (Eshun and He, 2004). Its
pH is 4.5.
The remaining 0.5%–1% solid material consists of a range of compounds.These include lignins, saponins, anthraquinones (aloin, isobarbaloin,
anthracene, emodin, ester of cinnamoic acid, chrysophanic acid, barbaloin,
anthranol, aloectic acid, Aloe emodin, and ethereal oil), minerals (calcium,
manganese, sodium, copper, magnesium, potassium, zinc, chromium, and
iron), vitamins (vitamins A, C, E, B12, and choline), amino acids (20 of 22
required amino acids and seven of eight essential ones), enzymes (peroxidase, aliiase, catalase, lipase, cellulase, carboxypeptidase, amylase, and alkaline
phosphatase) and sugars (monosaccharides and polysaccharides) as reported
by Boudreau and Beland (2006a).

8.2.3 Chemical Composition
Chemical composition of A. vera leaf pulp and exudates was reported
(Femenia et al., 1999) and is summarized in Table 8.1. Isolation of many
compounds with diverse structures has been done, from both, the exudate

Figure 8.2 Schematic representation of A. vera leaf pulp structure and its components (Ni et al., 2004).
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arising from the cells adjacent to the vascular bundles and the central parenchyma tissue of A. vera leaves.
According to the literature, a large swing in carbohydrate composition of A. vera fillet has been explained by the fact that the mannosyl residues are contained in a reserve polysaccharide with a significant
seasonal influence, as well as large variations between tracheophytes in
terms of the quantities of mannose-containing polysaccharides within the
parenchyma cells. Now, the processing of A. vera gel, derived from
the leaf pulp of the plant, has become a big industry worldwide due to the
application in the pharmaceutical and cosmetic industries. However,
the waste-less Aloe skin is known to have bioactive substances and for the
potential use in industry as well. A. vera skin is rich in anthraquinones
and the content of aloin in leaf epidermis is significantly higher than that
in the gel (Ju et al., 2003).
These substances regulate intrinsic intestinal motility. This strong
purging action is closely related to the chemical structure of the molecule. In fact, the anthraquinones present in Aloe are many and the effects
differ slightly between them. Anthraquinones in fresh plants are present
in reduced form called anthranols. When these anthranols go through the
drying process, the drug quickly converts and is reduced to an oxidized
state. The anthraquinones (part of the aromatic polynuclear hydrocarbons) originate from two main substances: anthracene and phenanthrene.
In their structures, which comprise three joined benzene rings, eventual
substitutions preferentially occupy positions 9 and 10, which are the most
chemically active. In addition, A. vera skin is also rich in polysaccharides. The polysaccharide is stored in the palisade tissue of the epidermal keratinocytes (Luo et al., 2004; Z
 hiliang, 2008). A review article (Liu
et al., 2013) envisages a report that chlorophyll in the A. vera skin has a
good tolerance for thermo-stability. The stability of the chlorophyll could
be influenced by lightening. Chlorophyll was relatively stable under alkalescent circumstances. Therefore, A. vera skin as a raw material of chlorophyll, turning waste into treasure, not only improves the economic value
of A. vera, but also provides a new way for the development and utilization of the A. vera skin. Besides, A. vera skin also includes a variety of
mineral elements, such as calcium, iron, zinc, manganese whose content is
higher than that of the gel (Zhen et al., 2011). Aloe skin is regarded as the
main byproduct of processing, with a lot of quantity and high value for
nutrition and health. Some chemical characteristics of the select compounds are given in Table 8.2.
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Table 8.1 Chemical composition of Aloe vera leaf pulp, exudates, and activity (Josias, 2008; Gajendra and Sharique, 2016)
S.No. Compound

Types

Type of activity

1.

Anthraquinone Aloe-emodin, aloectic acid, anthranol,
aloin A(barbaloin), aloin B
(isobarrbaloin) ester of cinnamonic
acid, chrysophanic acid, resistannol
anthracene and ethereal oil

2.

Carbohydrates Pure mannan, acetylated mannan,
They aid in proper digestion, maintain cholesterol levels, improve
acetylated glucomannan, galactomannan, liver functions, and promote the strengthening of bones
galactan, galactogalacturan, arabinogalactan, galactoglucoarabinomannan, pectic
substance, xylan, cellulose, chromones,
isoaloeresin-D, isoarabaichromone and
neoaloesin A. Saccharides: Mannose,
Glucose, l-rhamnose and aldopentose
Enzymes
Phosphatase, amylase, carboxypeptidase, Enzymes are natural protein molecules with highly specialized
catalase, cyclooxidase, cyclooxigenase,
catalytic functions in biochemical reactions produced by all
lipase, oxidase, phosphoenolpyruvate
living organisms (microorganisms, plants, animals, and human
carboxylase, superoxide dismutase, and
beings). Although like all other proteins, enzymes are
peroxidase
composed of amino acids, they differ in function in that they
have the unique ability to facilitate biochemical reactions
without undergoing change themselves

3.

They act as natural laxatives, painkillers, and analgesics, and
they contain powerful antibacterial, antifungal, and virucidal
properties
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Types

4.

Miscellaneous Calcium, chlorine, chromium, copper,
comiron, magnesium, manganese,
pounds—
potassium, phosphorous, sodium
minerals,
and zinc
organic
Arachidonic acid, linolenic acid,
compounds,
triglycerides, triterpenoid, gibberellins,
lipids
lignin, potassium sorbate, salicylic acid,
and uric acid

5.

Proteins &
Lectins and lectin-like substance,
Amino acids
hydroxyproline, isoleucine, leucine,
lysine, methionine, phenylalanine,
praline, threonine, tyrosine and valine

Type of activity

Calcium: (Essential for proper bone and teeth density).
Manganese: (a component of enzymes necessary for the
activation of other enzymes).
Sodium: (ensures that the body fl uids do not become too acidic
or too alkaline)
Copper: enables iron to work as oxygen carriers in the red blood
cells
Magnesium: used by nerves and muscle membranes to help
conduct electrical impulses.
Potassium: regulates the acidic or alkaline levels of body fluid
Zinc: contributes to the metabolism of proteins, carbohydrates,
and fats,
Chromium: necessary for the proper function of insulin, which in
turn controls the sugar levels in the blood
Iron: controls the transportation of oxygen around the body via
the red blood cells
Amino Acids are the building blocks of protein, which manufacture and repair muscle tissue
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S.No. Compound

Types

6.

Vitamins

B1, B2, B6,C, β-carotene, choline, folic
acid, s-carotene, choline, folic acid,
α-tocopherol

7.

Sterols

8.

Chromones

Type of activity
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Table 8.1 Chemical composition of Aloe vera leaf pulp, exudates, and activity (Josias, 2008; Gajendra and Sharique, 2016) (Cont.)

Vitamins A, C, and E (crucial antioxidants that combat dangerous
free radicals in the body).Vitamin B and choline (concerned
with the production of energy, amino acid metabolism and
developing muscle mass).Vitamin B12 (responsible for the
production of red blood cells) and folic acid (helps develop
new blood cells)
Campesterol, cholesterol and β-sitosterol Sterols are important anti-inflammatory agents. The ones found
in Aloe Vera are: Cholesterol, Sitosterol, Campesterol, and Lupeol. These sterols contain antiseptic and analgesic properties.
They also possess pain killing properties similar to aspirin
8-C-glucosyl-(2’-O-cinnamoyl)They improve proper digestion, maintain cholesterol levels, and
7-O-methylaloediol A, 8-Cimprove liver functions
glucosyl-(S)- aloesol, 8-C-glucosyl-7-O-methyl-(S)-aloesol,
8-C-glucosyl-7-O-methylaloediol,
8-C-glucosyl-noreugenin, isoaloeresin
D, isorabaichromone, neoaloesin A
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Table 8.2 Chemical characteristics of some select compounds
Class of
Molecular
S.No. compounds
Examples
formula
IUPAC name

1.

Anthraquinones Aloe-emodin

C15H10O5

1,8-dihydroxy-3-(hydroxymethyl)
anthracene-9,10-dione)

Aloin A, ((Barb- C21H22O9
aloin)

(10S)-1,8-dihydroxy-3(hydroxymethyl)-10[(2S,3R,4R,5S,6R)-3,4,5trihydroxy-6-(hydroxymethyl)
oxan-2-yl]-10H-anthracen9-one

Aloin B (isobarbaloin)

10R)-1,8-dihydroxy-3(hydroxymethyl)-10[(2S,3R,4R,5S,6R)-3,4,5trihydroxy-6-(hydroxymethyl)
oxan-2-yl]-10H-anthracen9-one

C21H22O9

Structure

Properties

Aloe-emodin is an Anthraquinone present in Aloe
latex, an exudate from the
Aloe plant. It has a strong
stimulant-laxative action
Aloin is a constituent of
various Aloe species Aloin
extracted from natural
sources is a mixture of
two diastereomers, termed
aloin A (also called barbaloin) and aloin B (or
isobarbaloin), which have
similar chemical properties.
Aloin is an anthraquinone
glycoside, meaning that its
anthraquinone skeleton has
been modified by the addition of a sugar molecule
Same as that of Aloin A

(Continued)

Table 8.2 Chemical characteristics of some select compounds (Cont.)
Class of
Molecular
S.No. compounds
Examples
formula
IUPAC name

ChrysoC15H10O4
phanic acid
(chrysopanal)

1,8-Dihydroxy-3-methyl-9,10anthrachinon

Aloesin
(Aloeresin)

7-hydroxy-5-methyl2-(2-oxopropyl)-8[(2S,3R,4R,5S,6R)-3,4,5trihydroxy-6-(hydroxymethyl)
oxan-2-yl]chromen-4-one

C19H22O9

Structure

Properties

Chrysophanol is an organic
acid which, like cinnamic
acid has anthraqunoic
radical found in dock. It is
a fungal isolate and natural.
It has been shown to
exhibit anti-inflammatory
function These are organic
compounds containing
anthracene-9, 10-quinone,
an anthracene derivative
with two ketone groups
attached to the central
benzene ring

Class of
S.No. compounds

2.

Carbohydrates

Examples

Molecular
formula

Aloenin

C19H22O10

Mannans

C24H42O21

IUPAC name

6-[4-hydroxy-2-methyl6-[(2S,3R,4S,5S,6R)-3,4,5trihydroxy-6-(hydroxymethyl)
oxan-2-yl]oxyphenyl]-4-methoxypyran-2-one
2-[6-[4,5-dihydroxy2-(hydroxymethyl)-6-[4,5,6trihydroxy-2-(hydroxymethyl)
oxan-3-yl]oxyoxan-3-yl]
oxy-4,5-dihydroxy2-(hydroxymethyl)oxan-3-yl]
oxy-6-(hydroxymethyl)oxane3,4,5-triol

Structure

Properties

It is a polysaccharide consisting of mannose units.
Plant mannans have β(1-4)
linkages

(Continued)

Table 8.2 Chemical characteristics of some select compounds (Cont.)
Class of
Molecular
S.No. compounds
Examples
formula
IUPAC name

Acemannan

C66H100
NO49

(2S,3S,4R,5S,6S)-6[(2R,3R,4R,5S,6R)6-[(2R,3S,4R,5S,6R)5-acetamido-6[(2R,3R,4R,5S,6R)-4-acetyloxy-6-[(2R,3R,4R,5S,6R)-4acetyloxy-6-[(2R,3R,4R,5S,6S)-4-acetyloxy-5-hydroxy-2-(hydroxymethyl)6-methoxyoxan-3-yl]
oxy-5-hydroxy-2(hydroxymethyl)oxan-3-yl]oxy5-hydroxy-2-(hydroxymethyl)
oxan-3-yl]oxy-4-hydroxy2-(hydroxymethyl)oxan3-yl]oxy-4-acetyloxy-5hydroxy-2-(hydroxymethyl)
oxan-3-yl]oxy-4-acetyloxy-3[(2R,3S,4R,5R,6R)-4-acetyloxy-5-[(2R,3S,4R,5R,6R)4-acetyloxy-3-hydroxy6-(hydroxymethyl)5-methoxyoxan-2-yl]
oxy-3-hydroxy-6(hydroxymethyl)oxan-2-yl]
oxy-5-hydroxyoxane-2-carboxylate

Structure

Properties

Acemannan is a constituent
of leaf juice of Aloe. It is a
mucopolysaccharide with
mannoacetate as the monomer linked by -1, 4- glycosidic linkages (3, 6)

Class of
S.No. compounds

Examples

Molecular
formula

Glucomannan

C24H42O21

Galactomannan C18H31O16

3.

Enzymes

Chromones

C9H6O2

Phosphatase:
C6H18N
(4-NitropheNa2O12P
nyl phosphate
disodium salt
hexahydrate,

IUPAC name

Structure

Properties

2S,3S,4S,5S,6R)-2[(2R,3S,4R,5R,6S)-6[(2R,3S,4R,5S,6S)-4,5dihydroxy-2-(hydroxymethyl)6-[(2R,4R,5S,6R)-4,5,6trihydroxy-2-(hydroxymethyl)oxan-3-yl]
oxyoxan-3-yl]oxy-4,5-dihydroxy-2-(hydroxymethyl)oxan3-yl]oxy-6-(hydroxymethyl)
oxane-3,4,5-triol
(2R,3R,4S,5R,6S)-2(hydroxymethyl)-6[[(2R,3S,4R,5S,6R)4,5,6-trihydroxy-3[(2S,3S,4S,5S,6R)-3,4,5trihydroxy-6-(hydroxymethyl)
oxan-2-yl]oxyoxan-2-yl]
methoxy]oxane-3,4,5-triol
chromen-4-one
(4-nitrophenyl) dihydrogen phosphate; sodium; hexahydrate

(Continued)

Table 8.2 Chemical characteristics of some select compounds (Cont.)
Class of
S.No. compounds

Examples

Carboxypeptidase

4.

Organic
Arachidonic
Compounds
acid

Molecular
formula

IUPAC name

C18H21NO

4-tert-butyl-N-methyl-Nphenylbenzamide

C20H32O2

(5Z,8Z,11Z,14Z)-icosa5,8,11,14-tetraenoic acid

Structure

Properties

4-tert-butyl-N-methyl-Nphenylbenzamide preferentially catalyzes cleavage
at the amino group of
hydrophobic residues of
the B-chain of insulin as
well as opioid peptides and
other biologically active
peptides. The enzyme is
inhibited primarily by
EDTA, phosphoramidon,
and thiorphan and is
reactivated by zinc
Arachidonic acid is a
polyunsaturated, essential
fatty acid. It mediates
inflammation and the
functioning of several
organs and systems
either directly or upon
its conversion into
eicosanoids

Class of
S.No. compounds

5.

Proteins and
amino acids

Examples

Molecular
formula

Linolenic acid,

C18H30O2

Hydroxyproline C5H9NO3

IUPAC name

(9Z,12Z,15Z)-octadeca9,12,15-trienoic acid

(4R)-4-hydroxy-l-proline

Structure

Properties

Alpha-linolenic acid (ALA) is
a polyunsaturated fatty acid
(PUFA). It is a member of
the group of essential fatty
acids called omega-3 fatty
acids. Omega-3 fatty acids
like a-linolenic acid are
important structural components of cell membranes.
When incorporated into
phospholipids, they affect
cell membrane properties
such as fluidity, flexibility,
permeability and the activity of membrane bound
enzymes
It is a major component of
the protein collagen. Hydroxyproline is produced
by hydroxylation of the
amino acid proline and is,
therefore, a post-translationally modified amino
acid. Hydroxyproline and
proline play key roles for
collagen stability
(Continued)

Table 8.2 Chemical characteristics of some select compounds (Cont.)
Class of
Molecular
S.No. compounds
Examples
formula
IUPAC name

6.

7.

Vitamins

Sterols

Vitamin B1
(Thiamine)

C12H17N4OS+

2-[3-[(4-amino-2-methylpyrimidin-5-yl)methyl]-4-methyl1,3-thiazol-3-ium-5-yl]ethanol

Choline:

C5H14NO+

2-hydroxyethyl(trimethyl) azanium

Campesterol

C28H48O

(3S,8S,9S,10R,13R,14S,17R)17-[(2R,5R)-5,6-dimethylheptan-2-yl]-10,13-dimethyl2,3,4,7,8,9,11,12,14,15,16,17dodecahydro-1H-cyclopenta[a]
phenanthren-3-ol

Structure

Properties

Thiamine plays a key role in
intracellular glucose metabolism and it is thought
that thiamine inhibits the
effect of glucose and insulin
on arterial smooth muscle
cell proliferation
Choline is a basic constituent
of lecithin. It is important
as a precursor of acetylcholine, as a methyl donor in
various metabolic processes,
and in lipid metabolism
Campesterol is a phytosterol,
meaning it is a steroid derived from plants. As a food
additive, phytosterols have
cholesterol-lowering properties (reducing cholesterol
absorption in intestines),
and may act in cancer
prevention

1.

Manganese

2.

Copper

3.

Vitamin B12

4.

Vitamin B6

5.

Vitamin C

6.

Vitamin E

7.

Cysteine
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It is a powerful antioxidant as it slows down the aging process and makes cells stronger to
fight against negative effects of oxygen and broad spectrum radiation, to which we are
exposed daily. It constitutes a part of enzyme superoxide dismutase, (an allied-free radical) of the pancreas, liver, and kidneys
It is an oligoelement essential for health. Mainly through the protein ceruloplasmin, it
limits the damaging effects of free radical, which oxidizes the reduced form of iron (responsible for the formation of free radicals). Through the enzyme superoxide dismutase,
the copper element, which is one of its constituents, prevents rancidity of polyunsaturated fatty acids and keeps the cellular membranes strong. It also possess anticancer
property
It actively takes part in complex cellular metabolic processes. As an indispensable regulator
together with the enzyme glutathione reductase maintains stable levels of glutathione (a
highly active anti-free radical). Riboflavin limits and inhibits partly the toxic byproducts
of cellular respiration
It actively participates in the metabolism of tryptophan (the important essential amino
acid) which is involved in protein synthesis and is a strong antioxidant
Limits the damage caused by the oxidation of free radicals to white blood cells. WBCs are
known for our immune defense through which sickness or disease is overcome more
easily
It interacts in cellular energy production processes and is truly important to our health,
especially during nervous system and immune system illness
This non-essential amino acid is considered a boon to our health and longevity. Its sulfurous functional group (1) deactivates free radicals, a good antioxidant, and (2) protects
and strengthens cellular membranes from external attacks. Recent reports reveals that
cysteine, together with the B group of Vitamins, can bind toxic molecules formed
through diseases and create inoffensive and harmless compounds
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Table 8.3 Antioxidant components in Aloe Vera (Malik and Zarnigar, 2013)
S.No.
Components
Property and mechanism
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8.3 BIOLOGICAL ACTIVITY
8.3.1 Antioxidant Effects
Antioxidants are chemicals (naturally occurring and man-made) which prevent oxidation of other molecules, stabilization of free radicals, and slows
down cell damage. Oxygen plays a dual role like that of a double-edged
sword which symbolizes life and death. Oxygen is a highly reactive component which becomes a part of potentially damaging molecule called free
radicals. Free radicals are unstable due to the presence of an unpaired electron and they reach out to capture electrons from other substances in order
to neutralize them. The acting substances are the minerals, manganese, and
copper,Vitamins B2, B6, C and E, and cysteine (amino acid). Isorabaichromone, a derivative of aloesin (c-glycosylated 5-methyl chromone), a potent
antioxidant of A. vera scavenges the superoxide anions (free radicals), thereby
exhibiting anti-oxidant property (Hu et al., 2003). The mode of action of
these substances is summarized in Table 8.3

8.3.2 Anti-Inflammatory Effects
Inflammation is a reaction by the body to an injury and is characterized by
the five cardinal signs such as swelling, pain, redness, heat, and loss of function. The appearance of these signs is due to production of prostaglandins.
This natural phenomenon may delay the healing process which renders the
need for anti-inflammatory agents. Fatty acids, cholesterol, maloyl glucans,
campesterol, lupeol, and beta sitosterol are some of the main components
of A. vera that help in anti-inflammatory activity. These components act
through activation of Brady kinase, inhibition of prostaglandin F1 and E2
synthesis from arachidonic acid, thromboxane A2 inhibition, and inhibition
of IL-10 synthesis (Guven et al., 2016). C-glucosyl chromone was isolated
as a novel inflammatory compound from gel extracts (Hutter et al., 1996).

8.3.3 Anti-Diabetic or Hypoglycemic Effects
Diabetes Mellitus (DM), commonly known as diabetes, is a metabolic
disease which increases blood glucose levels either due to deficiency or
impairment in the effectiveness of endogenous insulin. It is characterized
by hyperglycemia, deranged metabolism, and squeal predominantly affecting vasculature. Diabetes can be of two types—type 1 DM and type 2
DM. Some selective medicinal plant species viz. Allium cepa, Allium sativum,
A. vera, Azadirachta indica, Gymnema sylvestre, Syzygium cumini, and Pterocarpus
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marsupium, possess some anti-diabetic active bio-molecules. The five phytosterols of A. vera, lophenol, 24-methyllophenol, 24-ethyl-lophenol, cycloartanol, and 24-methylenecycloartanol showed anti-diabetic effects in
type-2 diabetic mice (Tanaka, 2006; Noor et al., 2008). These components
promote hypoglycemic effect by normalizing membrane-bound enzyme
activities of phosphatise and hydrase which increase glucose metabolism.
Aloeemodin- 8-O-glycoside isolated from A. vera gel enhances glucose
transport by modulating the proximal and distal markers involved in glucose
uptake and its transformation into glycogen, thereby reducing glucose levels
(Yongchaiyudha et al., 1996).

8.3.4 Antitumor Effects
Glycoproteins (lectins), anthraquinones, and polysaccharides, specifically
Acemannan, present in A. vera gel have been reported to have antitumor
and antiulcer effects and to increase proliferation of normal human dermal
cells (Yagi et al., 1997; Choi et al., 2001; Yagi et al., 2003). Tumor burden,
tumor shrinkage, tumor necrosis, and prolonged survival rates have been
investigated in many in vitro models as well as in different animal species. In
recent studies, a polysaccharide fraction has shown to inhibit the binding of
benzopyrene to primary rat hepatocytes, thereby preventing the formation
of potentially cancer-initiating benzopyrene DNA adducts. An induction of
glutathione S-transferase and an inhibition of the tumor-promoting effects
of phorbol myristic acetate has also been reported which suggest a possible
benefit of using Aloe gel in cancer chemoprevention (Kim and Lee, 1997;
Kim et al., 1999;Yonehara et al., 2015).
Aloin, an anthraquinone, inhibits the secretion of VEGF in cancer cells.
VEGF is a pro-angiogenic cytokine and induces tumor neovascularization
(Pecere et al., 2000). Aloeemodoin (1,8-dihydroxy-3-hydroxymethyl-9,
10- anthracenedione) is a herbal derivative of anthracenedione derivative of A. vera leaf which possesses inhibitory effect on gene expression of
N-acetyl transferase which plays an initial role in the metabolism of aryl
amine carcinogens in human malignant melanoma cells. Aloin possesses
anticancer activities as it inhibits tumor angiogenesis and growth via blocking signal transducer and activator of transcription 3 activation (Kim and
Lee, 1997).

8.3.5 Anti-Aging Effects
Aging is a well-known physiological process that occurs in every living
being's life. Appearance of wrinkles and overhangs in place of firm and
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stiff skin is attributed to the loss of elasticity of skin. The mechanics behind
anti-aging effect is that Aloe stimulates fibroblast which produces the collagen and elastin fibers, making the skin more elastic and less wrinkled
(Fowler et al., 2010). They produce cohesive effect on the superficial flaking epidermal cells, by sticking them together, which soften the skin. The
amino acid succour in softening of the hardened skin cells and zinc acts as
an astringent to tighten the pores (Reynolds and Dweck, 1999). Also the
trace elements manganese and selenium, present in Aloe juice, constitute
the enzymes superoxide dismutase and glutathione peroxidase recognized
as cellular anti-aging agents. Their high antioxidant properties slow down
the aging process. Proline (a non-essential amino acid) ensures the perfect
holding capacity and elasticity of epithelial tissues. It follows the intake of
vitamins and minerals present in Aloe naturally and stimulate proper blood
saturation thereby resulting in smoother, hydrated, and more elastic skin
through better oxygenation and faster expulsion of toxins. The skin is protected from free radicals and their degenerative activity, resulting in impressive/substantial anti-aging effects (West and Zhu, 2003).

8.3.6 Anti-Hyperlipidemia Effects
It is a condition characterized by an abnormal increase in the high levels of
lipids (fats) in the blood. Although fat plays a vital role in body's metabolic
processes, high levels of fat increase the risk of coronary heart disease.There
are two types of lipid abnormalities namely—hypercholesterolemia and
hypertriglyceridemia. Aloe possess Phytosterols, such as lophenol, 24-methyllophenol, 24-ethyl1-lophenol, cycloartanol, and 24-methylene cycloartanol
which bind to the cholesterol and prevent it from binding thereby decreasing the plasma cholesterol levels (Moghadasian and Frohlich, 1999).

8.3.7 Immunomodulatory Effects
It is an immunological change where alteration or regulation of one or
more immune system occurs. It can either be immunosuppressive or immunostimulatory. A number of studies indicated immunomodulation activities
of the polysaccharides in A. vera gel, and suggested that these effects occur
through activation of macrophage cells to generate nitric oxide, secrete
cytokines (e.g. tumor necrosis factor-alpha or TNF-α, interleukin-1 or IL-1,
interleukin-6 or IL-6 and interferon-γ or INF-γ) and present cell surface
markers (Zhang and Tizard, 1996; Chow et al., 2005; Im et al., 2005). Studies
on the immunomodulatory properties of A. vera reveal that relatively high
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concentrations of Acemannan are required to achieve modest activation
of macrophages compared to crude A. vera juice. This suggested that there
is another component in the juice responsible for the macrophage activation. Further investigation revealed that although it is present only in small
amounts, its potency in terms of macrophage stimulation accounted fully
for the activity obtained for the crude A. vera juice (Pugh et al., 2001). The
action of immune protection, therefore occurs at a step downstream from
DNA damage and repair, possibly by modulating DNA-damage-activated
signal transduction pathways. The mechanism of action of the polysaccharides was therefore explained by their effects on antigen presenting cells and
the cytokine cascade (Strickland, 2001).

8.3.8 Laxative Effects
Laxatives include chemicals that help in relieving temporary constipation. These chemicals can be naturally occurring or man-made (Surjushe
et al., 2008). Anthraquinones present in latex are a potent laxative. Aloe effects
are primarily due to 1, 8-dihydroxyanthracene glycosides (commonly
known as barbaloin and isobarbaloin) which undergo decomposition in the
large intestine to form active metabolites aloe-emodin-9anthrone and Aloe
emodin (Ishii et al., 1994). Aloe-emodin-9anthrone inhibits sodium potassium adenosine triphosphatase (ATPase) activity and increases the paracellular permeability across colonic mucosa which decreases water absorption
from intestinal lumen and stimulates water secretion resulting in softer stool
formation (Boudreau and Beland, 2006b). Aloe latex is known for its laxative properties (Reynolds and Dweck, 1999; Haque et al., 2015).

8.3.9 Wound Healing Effects
It is a dynamic process and one of the well-known properties. The three
phases in the process of wound healing are (i) inflammation, hyperemia, and
leukocyte infiltration, (ii) removal of dead tissues, and (iii) epithelial regeneration and formation of fibrous tissue (Reddy et al., 2011). Interaction of
Glucomannan (a mannose-rich polysaccharide) and a plant growth hormone gibberellin, with growth factor receptors of fibroblast, stimulates its
activity and proliferation for increased collagen synthesis in topical and oral
administration of Aloe (Hayes, 1999). Studies reveal about the use of Aloe gel
for the treatment of radiation burns and radiation ulcers (Syed et al., 1997),
and complete healing in two radiation burn patients (Yeh et al., 2003).
The Aloe administration influence collagen composition (more type III)
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and increased collagen cross linking for wound contraction and improving
breaking strength (Reynolds and Dweck, 1999). It also increases synthesis of
hyaluronic acid and dermatan sulfate in the granulation tissue of a healing
wound (Chithra et al., 1998).

8.3.10 Adverse Effects
Prolonged excessive use of any substance results in its adverse effects/sideeffects. Aloe is not an exemption. Scientific studies suggest that A. vera gel
is safe for external use, but it may also cause redness, burning, stinging sensation, and rarely generalized dermatitis in sensitive individuals (Surjushe
et al., 2008; BAVP, 2009). Some allergic reactions are also reported which
are mostly due to anthraquinones, such as aloin and barbaloin. However,
no subchronic toxicity or genotoxic activity using aloesin in vitro and in
vivo was reported (Lynch et al., 2011a, b). The results support potential use
of aloesin which is contradictory to the presumed toxicity profile of Aloe
anthraquinones, as a functional food ingredient. Excessive oral intake causes
abdominal cramps, diarrhea, red urine, hepatitis, dependency, or worsening of constipation (Surjushe et al., 2008; Rodriguez et al., 2010; Yang
et al., 2010). Laxative effect may cause electrolyte imbalances (low potassium levels). Weakness and orthostatic hypotension may be exaggerated in
elderly patients when stimulant laxatives are repeatedly used (Rockville, 1992).
Aggravated use of Aloe causes aldosteronism (a condition in which there
is excessive secretion of aldosterone) owing to renal tubular damage. This
disturbs the balance of sodium, potassium, and water in the blood and so
leads to high blood pressure. Although all adverse effects were reversible and
A. vera was generally very well tolerated, it is recommended that Aloe products should not be used internally during pregnancy or lactation period
by women and by persons suffering from abdominal pain, appendicitis, or
intestinal obstruction.

8.3.11 Conclusions and Future Prospects
Renewed interest in the development of herbal drugs has underlined
understanding the mechanism of action rather than blind faith in people
and stories, as in the past.Various phytochemicals have been discovered via
several approaches in exploiting the herbal wealth of the world in phytomedicine. Many Indian herbs are being used in traditional practices to cure
various human maladies. From the decades, Aloe has proved to be a sturdy
candidate for exploitation as a potential pharmaceutical agent. A. vera with
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its immense potential to treat several illnesses can be utilized for medical
treatment and care. A run through from cosmetics to cancer has made Aloe
plant a magical one, almost a panacea, capable of remedying many of mankind's ailments. In traditional medicine use of plants shows the presence of
their therapeutic compounds. In such a perspective, testing the biological
activity of A. vera and related plants demands a special approach. To find
suitable drug candidates from A. vera, a plethora of experimental procedures
are available. A screening tool box containing screening plant extracts active
ingredients and pure compounds, drug properties, pharmacological, and
pharmacokinetic properties are developed. This would speed up as well as
help us to choose appropriate screening models. Further research approach
towards bioactivity of the compounds as well as isolating their purified
forms is an immediate requirement today. A. vera is a medicinal plant and
due to its extensive medicinal, nutraceutical, and other uses, it enjoys a great
demand in the market across the globe. Australia, US, and the entire Europe
are the major markets for A. vera and its extracts. Given the exponentially
growing demand for it in the international market, A.vera presents the finest commercial opportunity among the various medicinal plants. India
is among the few countries gifted with the unique geographical features
which are essential for cultivation of A. vera and other highly potential
medicinal plants. On the economic front, there is a great opportunity for
the cultivation of A. vera but requires concise information about its cultivation and management. There are only very few reports including the recent
water use efficiency study and biomass production in this plant. In addition,
the bioactivities already proved in animal studies should be implemented in
clinical trials of human beings.
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9.1 INTRODUCTION
Cinchona alkaloids (Garfield, 2000; Kacprzak, 2013; Porter, 1998;
Toovey, 2004) are one of the most popular natural products isolated so far.
For centuries, they have been used as a major therapy for the treatment of
malaria. Even before the isolation of active component, the bark has been
used for the treatment of malaria. Gradually quinine was identified as the
active compound for its antimalarial properties. Subsequently, several natural products have been isolated and characterized. Stereoselective synthesis
has led to the further confirmation of structure along with the development
of new routes for various analogs. Their complete spectrum of biological
properties has been evaluated, which along with antimalarial property also
includes other applications such as muscle relaxant and cardiac depressant.
Apart from their biological activities they have also been used extensively in modern organic synthesis. With a surge in organocatalysis, they
have been the main frame for various asymmetric transformations. They
have been used as chiral separating agents, phase transfer catalysts, resolving
agents, and others. Owing to their bitter taste, they have also found great
applications in food, beverages, and other industries.

9.2 ISOLATION AND STRUCTURE
Cinchona alkaloids have been isolated from natural resources over
centuries and have been used in medicinal treatment. Initially crude bark
extract was being used for medicinal use. However, with the advancement
of science and technology, proper isolation, identification, and characterization have been possible. The complete spectrum of biological activities
of these alkaloids has been defined. Although asymmetric and catalytic
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00009-X
Copyright © 2018 Elsevier Ltd. All rights reserved.
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syntheses have been developed and the structures have been confirmed by
chemical synthesis, their annular production relies largely on their natural
abundance.The main source of their supply remains to be the natural source
from where they are extracted and purified. In fact, around 700 metric tons
of these alkaloids are now extracted annually from the bark of trees, with
the cost being very economical. The very high natural abundance along
with their medicinal properties has been the main cause of their profound
popularity in human civilization.
Cinchona alkaloids as the name say are isolated from the several species
of cinchona trees including Cinchona succirubra, Cinchona ledgeriana, Cinchona
calisaya which belong to family Rubiaceae. These are evergreen trees which
grow up to 15–30 m in height. These trees are cultivated above 1400 m in
equatorial climatic zones. Indonesia, India, and some African countries such
as Tanzania, Kenya are the main cultivators of these trees. The barks of these
trees (mainly composed of stem and roots) are rich resources of cinchona
alkaloids, although tree leaves have also been used for extraction.
Several methods for isolation and characterization of cinchona alkaloids
have been developed. Initially the bark is crushed, dried, and powdered so as
to enable dry mass which could be used for the extraction of alkaloids. The
dry mass is then subjected to a suitable solvent to extract the soluble portion
from the bark.The process may take longer time depending upon the solubility of alkaloids and solvent used. With the alkaloids getting dissolved into the
solvent and thus passing into solution phase, the mixture is then filtered. The
filtrate thus obtained can then be further treated to various means of purification to separate, purify, and identify various individual alkaloids. The filtrate
can be acidified to make the corresponding salts of alkaloids which can then
be extracted in aqueous phase and crystallized. The salts can alternatively be
converted back to neutral alkaloid by using a suitable base or they can be absorbed by suitable ion exchange. In case the natural occurrence is in the form
of salt then they can be directly isolated in aqueous phase (Gatti et al., 2004).
Another common method for extraction is the Soxhlet method of extraction which involves solid–liquid extraction. The technique is generally
used for the extraction of alkaloids which have partial/low solubility in an
organic solvent. The bark is grinded and dried in an oven. The residue is
then treated with alkaline solution so as to basify, in case the alkaloids are in
their salt form. Quite a number of times the alkaloids get protonated during metabolic pathways and are found in their salt form, in natural abundance.Thus, to make them free and soluble in suitable organic solvent, prior
neutralization is necessary. The mass is transferred to the Soxhlet apparatus
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where the extraction can be done using a suitable solvent. The use of this
solid–liquid extraction allows partially soluble alkaloid to be transferred to
solution phase from the solid phase of the bark (McCalley, 1990).This helps
the compound to cross filter barrier in solution phase, thus leaving behind
the insoluble part. The solution is transferred to a heating chamber which
allows recirculation of solvent to the solid mass. Thus, gradually with the
heated solvent all the partially soluble part from the bark gets extracted.
After the extraction has been done for few hours the extracts can be dried/
concentrated and subjected to chromatography.
Other methods of extraction involve use of chiral amino acid, camphor
sulfonic acid for ion pair formation. Extractions were carried out in chloroform in the pH range 4–7. Liquid–liquid extraction using metal complexes of chiral reagents have also been used (Tsurubou, 1988; Tsurubou
and Tadao, 1991).
Thus, from the bark of cinchona trees several alkaloids have been isolated over the years with their structures being confirmed. Of the various
natural products isolated so far under the category of cinchona alkaloid,
four of them constitute the main bulk of isolated products and constitute
roughly up to 50% of the total isolation. Quinine, quinidine, cinchonine,
and cinchonidine are the four major alkaloids, while quinine being the
most important of them. Quinine has been given special attention as it has
been the sole medicine for malaria for a very long period of time. This also
accounted for the several synthetic approaches being developed for its synthetic accomplishment.
Structurally these four alkaloids have several features common amongst
them and other members of alkaloids (Fig. 9.1) (Hoffmann and Frackenpohl, 2004). Key structural features of these alkaloids include a substituted
quinoline moiety and a substituted quinuclidine ring system which are held
together by a carbon center as a linker. The skeleton is studded with several
stereo centers on its aliphatic part which imparts structural complexity to
them and is pivotal in defining various biological and catalytic properties of
these alkaloids. Quinuclidine ring has four stereo centers including a bridge
head nitrogen. The other centers of chirality include an attachment of a
vinyl group (C-3), a hydroxy methyl substitution (C-8), and a bridge head
carbon (C-4). The fifth and last stereo centers bear a secondary hydroxy
group (C-9) and link the quinoline moiety to a quinuclidine ring system.
The four alkaloids basically differ in the stereochemistry at C-8 and C-9
carbon besides slight variation on the quinoline ring in the form of a methoxy group or a hydrogen atom.
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Figure 9.1 Structural features and variations of quinine, cinchonidine, quinidine and
cinchonine.

Apart from them, several other alkaloids which are closely structurally related have also been isolated (Fig. 9.2). Besides differing in stereochemistry at C-8 and C-9 carbon they also have difference at C-3 carbon.
Other substitutions may include ethyl (dihydroquinine) rather vinyl or a
hydroxy group (cuperine) in place of a methoxy group on the quinoline
ring. Selected examples are illustrated in Fig. 9.2. Some alkaloids which are
also produced from cinchona trees include indole (cinchonamine) as an
aromatic partner rather quinoline. Alkaloids having piperidine unit rather
quinuclidine ring have also been isolated (quinicine). Some other alkaloids
with complex structure have also been found. Although Cinchona being the
main source of isolation, some alkaloids have also been isolated from other
sources.

9.3 SYNTHESIS
With a high profile medicinal and catalytic application, the cinchona
alkaloids have attracted attention of synthetic organic chemist. Several approaches including chiral auxiliary, chiral pool, and catalytic methods have
been adopted. Asymmetric approaches for the synthesis of different derivatives have also been achieved.
With the synthetic efforts starting long back, the first stereoselective synthesis of quinine was realized very late (2001) by Gilbert Stork (Scheme 9.1
and 9.2). Starting from (S)-4-vinyl butyrolactone 9.1, ring opening was
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Figure 9.2 Structural diversity of cinchona alkaloids.

Scheme 9.1 Synthesis of azido aldehyde by Gilbert Stork.
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Scheme 9.2 First total synthesis of quinine.

carried out via amidation and the resulting alcohol was protected as its TBS
silyl ether. Subsequent alkylation with the corresponding iodide (having a
protected alcohol) and ring closure led to trans-substituted lactone 9.4 with
de > 20:1. Direct alkylation without the ring opening of vinyl butyrolactone led to inferior results (Stork et al., 2001).
The trans-lactone was then again ring opened. DIBAL reduction of lactone to lactol, followed by Wittig olefination led to the ring opening and
generation of free alcohol 9.5. Subsequently, free alcohol was converted
to azide, and enol ether was hydrolyzed to generate azido aldehyde 9.6, as
an advanced precursor which was to be used for synthesis of quinuclidine
ring system in later part of synthesis. The advanced intermediate was then
coupled with quinoline precursor 9.7 via LDA-mediated anion generation at benzylic position and subsequent quenching with aldehyde 9.6.The
next stage was completion of synthesis. Toward this end piperidine ring
construction was carried out. Oxidation of a secondary alcohol to a ketone
followed by azide reduction gave amine which in situ led to the formation
of cyclic imine 9.9. NaBH4 reduction of imine led to the stereoselective
hydride transfer leading to the formation of piperidine ring 9.10 along
with the establishment of a third stereo center. The product was isolated
as a single isomer. The next annulation for the bridge head precursor was
achieved by deprotection of TBDPS group, and mesylation of the resulting
alcohol, which upon refluxing underwent alkylation with ring nitrogen to
give second annulation product 9.11. Interestingly, protection of piperidine nitrogen was not required during mesylation. The final step involving
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stereoselective introduction of alcohol was carried out by anion generation
at benzylic position and quenching with molecular oxygen. This led to first
stereoselective synthesis of quinine.
Jacobsen and coworkers (Raheem et al., 2004) carried out first catalytic
asymmetric synthesis of quinine and quinidine (Scheme 9.3 and 9.4). Starting with aldehyde 9.13 having a protected alcohol, trans-Wittig olefination
was carried out using phosphonate imide 9.12, leading to the Michael acceptor precursor 9.14. Asymmetric Michael addition with methyl cyanoacetate was carried out in 92% ee, using (salen) aluminum complex 9.15
to give 9.16. Subsequently, Raney Ni-mediated hydrogenation afforded
lactum 9.17 in a 1.7:1 trans–cis mixture of diastereomers.The ratio could be
improved to 3:1 in favor of cis–trans via LDA-mediated deprotonation and
protonation sequence. LAH reduction of amide and ester gave piperidine
ring whose NH protection gave readily separable trans–cis mixture of 9.18.
Subsequently, oxidation of alcohol and one carbon Wittig olefination of the
resulting aldehyde gave the installation of olefin moiety. The next aim was
manipulation of the protected silyl hydroxy group for the establishment
of boronic ester which was to be used for cross-coupling reaction. This

Scheme 9.3 Jacobsen approach.
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Scheme 9.4 Completion of synthesis of quinine and quinidine by Jacobsen.

was achieved after some synthetic transformations. Deprotection of the silyl
group gave the free alcohol, which upon oxidation of alcohol resulted in
aldehyde 9.20. Takai olefination of aldehyde gave boronic ester 9.21 in a
ratio >20:1 (E/Z).
The other fragment required for Suzuki coupling was prepared from
p-anisidine. Palladium acetate mediated coupling of bromo quinoline derivative 9.23 and boronate precursor 9.21 led to synthesis of advanced intermediate 9.24. Asymmetric and chemoselective dihydroxylation by Admix-β
gave the corresponding diol which was converted to epoxide 9.25. N-CBz
deprotection followed by annulation with free amine and epoxide gave quinine. Use of Admix-α on 9.24 and epoxidation gave the inverted stereochemistry of epoxide which was similarly converted to quinidine.
Aggarwal (Arshad et al., 2010; Illa et al., 2010) utilized chiral sulfonium
salt strategy for synthesis of quinine and quinidine from a common precursor (Scheme 9.5). The strategy utilized generation of chiral sulfur ylide
which upon treatment with an aldehyde gave the chiral epoxide.The sulfide
9.26 required for epoxidation was prepared in high enantiomeric excess by
subjecting limonene with elemental sulfur in the presence of γ-terpinene.
Starting from quinoline carboxylic acid 9.27, borane reduction gave the
free alcohol 9.28. Subsequently, N-protection followed by dearomatization
gave the precursor 9.29 which was used as a common template for the
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Scheme 9.5 Chiral sulfur ylide approach for asymmetric synthesis of quinine and
quinidine.

synthesis of quinine and quinidine. The alcohol was converted to a better
leaving group in the form of a triflate. The triflate was then subjected to
alkylation with enantiopure sulfide, leading to the generation of chiral sulfonium salt 9.30. Treatment of the sulfonium salt with a strong base led to
the formation of ylide. In situ generation of ylide followed by trapping with
aldehyde 9.31 led to the formation of chiral epoxide 9.32 in the ratio of
89:11 trans–cis. CsF-mediated deprotection and subsequent annulation via
the epoxide ring opening gave quinine. Use of other enantiomeric sulfide
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for generating the sulfonium salt, followed by the same set of sequence gave
the target quinidine.
Hatkeyama (Sarkar et al., 2011) reported organocatalytic synthesis of
quinine and quinidine (Scheme 9.6 and 9.7). The synthesis started from
dialkylation of benzylamine. Debenzylation and N-protection gave the protected dialkylated precursor. Two carbon degradation was carried out by
dihydroxylation and periodate cleavage sequence leading to symmetrical

Scheme 9.6 Organocatalytic development of chiral piperidine.

Scheme 9.7 Completion of synthesis by Hatkeyama.
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dialdehyde. Thereafter, proline-mediated enamine catalysis for cycloaldolization followed by NaBH4 reduction led to the construction of dihydroxysubstituted piperidine ring 9.33. Stereochemistry of a secondary alcohol
was inconsequential, as it was later oxidized. With the cyclized precursor in
hand the synthesis was further advanced. TBS protection of primary alcohol, followed by the oxidation of secondary alcohol gave ketone 9.34. Peterson olefination with TMSCH2CO2Et gave double bond. Hydrogenation
of double bond led to the installation of another stereocenter along with
Cbz deprotection. Subsequently N-benzoylation gave the product 9.36 in
94% ee and in 95% yield. Treatment of an ester with lithiated quinoline
derivative 9.7 gave the coupled product 9.37.
The resulting ketone was then reduced to alcohol which was mesylated.
Base-mediated elimination gave E configured olefin 9.38. This advanced
precursor was then used for synthesis of both quinine and quinidine. Asymmetric dihydroxylation gave the diol 9.39 which was converted to epoxide
9.40. Subsequently, DIBAL-H-mediated N-deprotection and refluxing in
DMF gave the bridgehead molecule 9.41. A late stage installation of a vinyl group was then carried out. TBS deprotection, oxidation of the resulting alcohol followed by one carbon Wittig led to the installation of vinyl
group.This also led to completion of quinine synthesis. Similarly using ADmix-α, dihydroxylation of olefin and the same sequence of reactions, gave
quinidine.
Kobayashi (Igarashi and Kobayashi, 2005; Igarashi et al., 2004) carried
out their synthesis starting from cyclic monoacetate 9.42 (Scheme 9.8
and 9.9). Pd-mediated allylic substitution followed by decarboxylation gave

Scheme 9.8 Kobayashi approach.
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Scheme 9.9 Completion of synthesis by Kobayashi.

ester 9.43 which was reduced and protected as TBDPS silyl ether. Claisen
rearrangement followed by the reduction to alcohol and pivolate protection gave cis-disubstituted cyclopentene 9.45. With proper stereochemistry
of required functional groups in hand, the next aim was the construction
of substituted piperidine ring. Towards this end ring cleavage by ozonolyis,
reduction of dialdehyde to alcohol and subsequently iodination of hydroxyl
group under Mitsunobu conditions gave diido intermediate 9.46. Dialkylation with benzyl amine and change of the protecting group gave the sixmembered ring 9.47 in hand. Pivolate manipulation gave required olefin.
Subsequently, change of N-protecting group, followed by silyl deprotection
and oxidation gave aldehyde 9.49 as the key precursor.
Advanced quinoline-derived precursor was prepared from hydroxy
methyl-substituted quinoline derivative 9.28. Chlorination of alcohol
group followed by its displacement by a lithiated phosphonate gave required
precursor 9.50.The two fragments 9.50 and 9.49 were then coupled under
Wittig–Horner reaction to give olefin 9.51. Thereafter, epoxide installation
on the double bond, N-deprotection and alkylation gave quinidine. Quinine was also achieved from common intermediate 9.51.
Webber and Krische (2008) developed intramolecular Rauhut Currier (Bharadwaj, 2015) type reaction which was applied for the synthesis of racemic 7-hydroxy quinine and formal synthesis of racemic quinine
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Scheme 9.10 Allylic substitution and formal synthesis of quinine.

(Scheme 9.10). The key step involved the generation of annulated precursor 9.55 via allylic substitution. Allylic carbonate 9.54 under Pd π allyl
activation underwent substitution by a tethered enolate. The enolate was
generated by the addition of phosphine on enone. This was thus synergistic catalysis, comprising organocatalyzed generation of enolate followed by
their use in metal catalyzed allylic substitution. Enone reduction gave the
reduced ring precursor 9.56 which was used as a common template for dual
synthesis. Change of protecting group gave Boc-protected piperidine derivative 9.57. Aldol reaction of acyl group with a suitable quinoline derivative
9.58, followed by eliminative acetylation gave the enone coupled precursor
9.59. Chemoselective reduction of carbonyl was achieved by L-selectride
delivering the alcohol in dr > 20:1. Subsequently, epoxidation of double
bond, Boc deprotection followed by intramolecular alkylative epoxide ring
opening led to the formation of (±)7-hydroxy quinine.
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Similarly starting from enone reduced product 9.56, change of protecting group from Trs to Cbz, followed by aldol and dehydration gave the
advanced precursor for quinine synthesis. Deoxygenation of ketone 9.61
was achieved by a three-step sequence. Reduction to alcohol followed by
acetylation gave the required acetate. The acetate upon formate reduction
in the presence of a palladium complex gave the deoxygenated product
(±)9.24. The precursor then served as a template for the formal synthesis
of quinine.
Friestad et al. (2011, 2012) utilized radical approach for the synthesis of
quincorine and thus formal synthesis of quinine (Scheme 9.11). Radical
generation from advanced chiral intermediate 9.62 and its addition across
imine 9.63 (with a chiral auxiliary) gave the product 9.64 in 93% yield.
Subsequently, auxiliary was cleaved with the help of n-BuLi and SmI2. The
free hydroxy group under Mitsunobu conditions was alkylated by the tethered amide precursor to give annulated precursor 9.65. With the construction of piperidine ring, the next aim was the synthesis of quinuclidine ring
system. Towards this end debenzylation was carried out to liberate a vicinal
diol. The periodate cleavage of diol led to ring opening. The dialdehyde
was treated with NaBH4 which gave diol 9.66. At this stage, enzymatic

Scheme 9.11 Radical approach by Friestad.
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regioselective monoacetylation of diol was attempted. However, poor selectivity was observed during the course of reaction.
To address the issue, consequently regioconvergent approach was utilized for the generation of a quinuclidine framework. A sequence of iodination of free hydroxy group followed by methanolic ammonia cyclization gave quinuclidine ring formation. Subsequently, acetate hydrolysis and
selenoxide elimination for vinyl formation was achieved. The same tactics
for other isomer of acetate, that is, 9.68, but in a different sequence was
adopted. The vinyl formation was achieved first and then quinuclidine ring
formation was acquired. Finally, TBS deprotection gave quincorine which
served as a precursor for formal synthesis of quinine.
Hoffmann et al. (1996) carried out one-step synthesis of quincorine
and quincoridine starting from quinine and quinidine, respectively
(Scheme 9.12). LAH reduction led to the expulsion of quinoline moiety.
The reaction involved a complex sequence of pathways which were also
explored using deuterated LAH.
Pasteur (1853) in as early as 1853 reported acid catalyzed degradation of
quinine/quinidine to quinicine (quinotoxine) and cinchonine/cinchonidine to cinchonicine (Scheme 9.13).The secondary alcohol gets oxidized to
ketone along with ring cleavage of quinuclidine to piperidine framework.
Thus, there is a loss of two stereocenters. The products obtained were used
for resolution of racemic tartaric acid which later on became reference chiral surrogates for resolution.

Scheme 9.12 One-step LAH reduction for quincorine and quincoridine.
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Woodward et al. (1945) developed a facile oxidative method for quininone synthesis and its subsequent application for the synthesis of other
derivatives. The oxidation was achieved using KOt-Bu and Benzophenone. The protocol was successfully employed on other alkaloids too
(Scheme 9.14).
Quinine and quinidine have also been converted to cupreine and cupreidine, respectively, by demethylation of quinoline methoxy substituent.
Treatment of alkaloid with NaSEt in DMF at 110oC led to smooth conversion (Li et al., 2004). The reaction was chemoselective in the presence of
other ether moiety too (Scheme 9.15).

Scheme 9.13 Acid-mediated ring cleavage and oxidation.

Scheme 9.14 Woodward oxidation for quininone.
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Scheme 9.15 Synthesis of cuperine and cuperidine.

9.4 MEDICINAL APPLICATIONS
Cinchona alkaloids have been used since very long time by humans
for treatment of various disorders, primary amongst them being the antimalarial properties of alkaloid with quinine being the benchmark medicine.
Apart from malaria they have also been used as herbal medicine for different
cases such as anemia, indigestion, fatigues, fever, and other clinical disorders.
Along with medicinal applications the alkaloids have bitter taste also. The
bitter taste of quinine and quinidine makes them a good candidate for beverages and confectionary industries (Dewick, 1997; McHale, 1986). Thus,
they have been in use of mankind in as many ways as possible with their
antimalarial action being the most significant use till date. Many modes
of mechanism have been proposed along with different activities. The key
findings have been summarized here.
Malaria is caused by a pathogen belonging to plasmodium after the bite
of infectious anopheles mosquitoes. Pathogen has a dual life cycle; one belonging to mosquito and the other one to humans. Malaria causes severe
damage to red blood cells (RBC). Eventually, the erythrocyte gets ruptured
leading to release of toxins which cause periodic fever. For the treatment of
malaria cinchona alkaloids have been administrated orally. The alkaloid gets
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accumulated in the pathogen-infected erythrocytes and causes significant
damage to the parasites.

9.4.1 Structure–Activity Relationship
•

•

•

The configuration at C-8 (quinuclidine attachment) and C-9 position
(bearing hydroxy group) are important as they help in the orientation
of hydroxy group and nitrogen atom of quinuclidine. The distance between the oxygen atom and nitrogen atom have been proposed to be
preferably 3 Å so as to enable proper hydrogen bonding with the substrate. The erythro configuration has been shown to provide the required activity, while 9-epi orientation leads to the reduction of activity
(Karle et al., 1992; Warhurst et al., 2003; Wesche and Black, 1990).
Importantly modification of an alcohol group either by oxidation to ketone or by esterification led to the reduction of activity.This again highlights the importance of hydroxy group and its orientation. However, in
some of the studies alkylation of quinuclidine nitrogen and oxygen, that
is, quaternization and etherification have also shown comparable results
(Fig. 9.3). For example, 9.70 formed after dibenzylation of cinchonidine
at quinuclidine ring and hydroxy showed comparable reactivity in in
vitro test (160 nm). Similarly, a derivative from quinidine framework
with fluorine substituent 9.71 in place of hydroxy group also showed a
nanomolar range activity of 267 nm against NF54 strains of plasmodium
falciparum which has been the most deadly strain of malaria causing
protozoa (Bucher et al., 2009; Park et al., 2002). An antirelationship between the F atom and protonated tertiary amine was observed.
Replacement of methoxy with chlorine or fluorine increases the activity. Further substitution at C-2 position of quinoline with the phenyl
group was also helpful as it prevented the oxidation at that position. For
example, 2-hydroxyquinine which happens to be metabolite of quinine
was found to be less active than quinine itself. However, substitution at

Figure 9.3 Quaternary and fluoro derivatives.
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C-2 position along with higher activity also leads to higher phototoxicity. Eventually with different trials, trifluoro methyl (CF3) substitution
was found to be an ideal one, which maintained higher activity without
any phototoxicity. This led to the development of mefloquine (vide infra) (Pandeya, 2003).
• Introduction of a halogen at the eighth position usually leads to an increment in activity.
The quinoline ring system is also believed to intercalate between base
pairs in helical DNA. The positively charged tertiary amino group in the
chain tends to bind with the negatively charged phosphate group of the
deoxyribose. Further, the hydroxy group tends to bind with DNA bases.
The C-7 chloro atom in chloroquine also tends to bind electrostatically
with guanine 2 amino group. These different bindings disturb the required
separation of the two strands of double helical DNA thus affecting its activity (Pandeya, 2003). They are also believed to block the polymerization of
toxic hematin (Dorn et al., 1995; Sullivan et al., 1998). Chloroquine and
quinidine in the presence of free heme get associated with the heme polymer and prevent its growth. This ultimately leads to the accumulation of
heme which is responsible for the killing of the parasite.
Quinine has been the drug for humankind against malaria for more than
400 years, which suggests the effectiveness of this drug against the parasite
and the disease caused by it. Even with the advancement of drug discovery
and availability of other drugs quinine continues to be an effective candidate for treating drug-resistant malaria. It is considered to be a safer drug.
Importantly in the first trimester of pregnancy, quinine has found recommendations from the physicians. Other important antimalarial compounds
such as chloroquine, mefloquine, primaquine, artemisin, artesunate, artemisinin–quinine conjugate, and others have also been introduced (Fig. 9.4)
(Vale et al., 2009).
Besides malarial treatment, cinchona alkaloids have also been used in
treatment of other disorders involving cardiac, muscular, cancer, and others.
Cinchona alkaloids have also been used in cardio therapy such as antiarrhythmic activity. Quinidine inhibits fibrillation (a condition in which heart
muscle fiber contraction takes place uncoordinatedly). It blocks hKv1.5
channel (potassium ion channel). The EC50 was found to be 6.2 µM/L. It
acts as a cationic open channel blocker and hydrophobic interactions stabilize the binding (Wang et al., 2003;Yeola et al., 1996).
Another important application of cinchona alkaloid has been in the
treatment of muscle cramps. Muscle cramps lead to sudden pain in the
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Figure 9.4 Other antimalarial compounds.

affected area of body particularly the leg muscles.The pattern is more common at nighttime. For a long period of time, quinine sulfate has been used
as a medication for treatment of cramps (El-Tawil, 2011; Man-Son-Hing
et al., 1998).
Quinine, cinchonine, and others have also been shown to help in reversing the multidrug resistance (MDR) in a variety of cancer.They can be used
with a variety of cancer drugs for treatment of leukemia, malignant lymphoid, and others (Miller et al., 1998; Solary et al., 1992;Taylor et al., 1997).
Quinidine has also been effective in treatment of conditions such as atrial fibrillation, Brugada, and short QT syndromes (Grace and Camm, 1998;
Yang et al., 2009).
Besides medicinal application, cinchona alkaloids have also found applications in beverages and food industry. Their bitter taste makes them a
suitable candidate for the above.

9.5 CONCLUSIONS
Cinchona alkaloids have so far been one of the most extracted, explored, utilized, and researched class of natural products with quinine being
the flagship molecule of the class. Their numerous applications in various
fields such as medicinal, synthetic, catalysis, and beverages are a testimony
to their potential. They have been of utmost importance to the mankind
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since their discovery. With their emergence as supreme catalysts in the area
of asymmetric transformations in the last decade along with continued interest of biologists in their medicinal properties, cinchona alkaloids hold a
glorious future in the days to follow.
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10.1 INTRODUCTION
Plants can be supposed as formidable chemists as they are constantly
producing chemical compounds showing various challenges and threats.
Chemical compounds isolated from plants make them unable to be affected
from climatic conditions, certain microorganisms, bacteria, viruses, insects,
and numerous animals.Thus, plants produce diversity of medicinally important constituents; higher plants have been used as a source of drugs by mankind for several thousand years. In fact, in ancient time, man was totally
dependent on green plants for his day-to-day needs of medicaments. With
the development of modern medicine, synthetic drugs, and antibiotics,
the importance of plants as raw material for drugs decreased considerably.
However, plants were used as a basis of some of the most important drugs,
even in the modern system of medicine. Over three-quarters of the world
population relies mainly on plants and plant extracts for health care. More
than 30% of the entire plant species, at one time or other, was used for
medicinal purposes. It has been estimated that in developed countries such
as United States, plant drugs constitute as much as 25% of the total drugs,
whereas in fast developing countries such as China and India, the contribution is as much as 80%. Thus, the economic importance of medicinal
plants is much more to countries such as India than to rest of the world.
These countries provide two-thirds of the plants used in modern system of
medicine, and the health-care system of rural population depends on indigenous systems of medicine. Of the 2,50,000 higher plant species on Earth,
about 80,000 plants are found to exhibit medicinal applications.The uses of
medicinal plant sources have been motivated toward human communities
throughout the world (Bhasin, 2007). The demands for medicinal plants are
rapidly increasing not only in developing countries like Nigeria, Ghana,
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00010-6
Copyright © 2018 Elsevier Ltd. All rights reserved.
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and India, but also in the developed ones. These plants are generally easier
to import as food and medicine when compared to herbal medicine, hence
people often shift to using such species that serve both as food and medicine.
The composition of a medicinal plant collection is influenced by cultural
and environmental factors.The medicinal plants are sources of drugs and are
used in herbal medicine to treat cancer, measles, malaria, asthma, eczema,
cough, hepatitis, ringworm, ulcer, and scabies as well as their effects on analgesic, antipyretics, cardioprotective, antiinflammatory, antioxidants, antispasmodics, and immunomodulatory functions. The bioactive compounds such
as flavanoids, alkaloids, steroids, terpenoids, and saponins have been isolated
and characterized from these plants and are responsible for their biological
activity. Indeed, it is estimated that about 40% of all medicines are obtained
from either medicinal plant products or its semisynthetic derivatives. Some
of the useful plant drugs include vinblastine, vincristine, taxol, podophyllotoxin, camptothecin, digitoxigenin, gitoxigenin, digoxigenin, tubocurarine,
morphine, codeine, aspirin, atropine, pilocarpine, capscicine, allicin, curcumin, artemisinin, and ephedrine, among others. In some cases, the crude
extract of medicinal plants may be used as medicaments. On the other hand,
the isolation and identification of the active principles and elucidation of
the mechanism of action of a drug is of paramount importance.

10.2 ADONIS VERNALIS
The ephemeroid A. vernalis is a pontic element distributed in ranges
from the eastern part of the middle Europe through east and southeast
Europe, Western Siberia to Eastern Siberia reaching the Jenissei region
(Akeroyd, 1993). A. vernalis is a rare and protected plant (mentioned in
the Convention on International Trade Endangered Species of Wild
Flora and Fauna—CITES) which occurs in the xerothermic grasslands.
The presence of A. vernalis is normally on sunny places as well as welldrained but sufficiently moisturized soils, calcareous chernozems (black
earth) (Melnik, 2004), or loess soil (Forycka et al., 2004). The common
name of A. vernalis is pheasant’s eye, spring pheasant’s eye, yellow pheasant’s eye, sweet vernal, and false hellebore. It is a highly valuable medicinal plant with a cardiotropic effect (Poluyanova and Lyubarskii, 2008). The
parts of the plant are widely used for medicinal purposes. The medicinal
parts of it are stems, leaves, flowers, and fruits. Mostly the extract from
the flowers is used for medicinal purposes including diseases of the heart.
The plant contains chemical constituents like glycosides such as adoniside,
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adonivernosid, cymarin, adonitoxin, adonin, choline, picradonidin, and resin
(Chevallier, 1996). Among all glycoside contains, adoniside is known to
increase the efficiency of the heart.

10.3 AESCULUS HIPPOCASTANUM
A. hippocastanum originates from the small area in the mountains of
the Balkans in southeast Europe, in small areas in northern Greece, Albania,
the Republic of Macedonia, Serbia, and Bulgaria and the Balkans, and has
been introduced, in the last c. 400 years, throughout Europe (Howard, 1945).
It is a large deciduous tree and known as Horse-chestnut. It is widely cultivated throughout the temperate world.A. hippocastanum, a popular homeopathic remedy, is normally used for treating arthritis, rheumatism, neuralgia,
vascular problems, sports injuries varicose veins, cellulite, phlebitis, diarrhea,
backache, etc. Further, the seed of A. hippocastanum is contained to around
20% aescin (escin) and plastoquinon-8 found in its leaves.

10.3.1 Escin (aescin)
Aescin (Fig. 10.1) is the main active compound in horse chestnut and is
responsible for most of its medicinal properties such as venotonic effect,
treatment of cellulitism, vascular disorder, cosmetics for prevention, antiinflammatory, and free radical scavenging properties (Howard, 1945). Primary
indication is chronic venous insufficiency. A recent Cochrane Review
found that horse chestnut seed extract is an efficacious and safe short-term
treatment for chronic venous insufficiency, but definitive randomized controlled trials are required to confirm the efficacy (Sirtori, 2001; Persson and
Persson, 2010; Zhang et al., 2010; Pittler and Ernst, 2012). Further, escin
(aescin) is a saponin complex and its main effect is antiinflammatory.

Figure 10.1 Chemical structure of aescin.
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Figure 10.2 Chemical structure of plastoquinon-8.

10.3.2 Plastoquinon-8
This compound belongs to the class of organic compounds known as polyprenylbenzoquinones. These are compounds containing a polyisoprene
chain attached to a quinone at the second ring position. Plastoquinon-8
(Fig. 10.2) commonly used in cell signaling, fuel and energy storage, fuel or
energy source, and membrane integrity/stability.
10.3.2.1 Isolation of Plastoqublolle-8
Lipid (6 g, extracted by our routine procedure) from leaves of A. hippocastanum (equivalent to 53 g dry wt.; collected locally in July 1969) was
chromatographed on a column of Brockmann grade III acid-washed alumina (100 g) developed with 15% diethyl ether in light petroleum (b.p.
50–60 °C). The lipid (1.2 g) in the 15% diethyl ether light petroleum fraction was then chromatographed on a second column of Brockmann grade
III acid-washed alumina (100 g) developed by stepwise elution with 025%
and 1% diethyl ether in light petroleum (b.p. 40–60 °C).
The 1% diethyl ether-light petroleum fraction was chromatographed
on thin layers of Rk sel gel G (impregnated with Rhodamine 6G) using
light petroleum (b.p. 40–40 °C) (2:3, v/v) as developing solvent. The plastoquinone complex, visible under UV light as a purple band (Rf, 0.3), was
removed and then chromatographed on thin layers of Rieselgel G impregnated with paraffin using aq. 95% (v/v) acetone as developing solvent. This
procedure gave 53 mg of plaatoquinone-9 (I, where n = 9) (Rf, 0.3), the
major plastoquinone found in plant tissues and 052 mg of plastoquinone-8
(Rf, 0.38). Finally, to remove paraffin, the plastoquinone-8 was chromatographed on a thin layer of Kieselgel G using benzene-light petroleum (b.p.
49–60 °C) as developing solvent (Whistance and Threlfall, 1970).

10.4 FRAXINUS RHYNCHOPHYLLA
F. rhynchophylla is a traditional medicinal plant widely used in
Asia, Europe, and North America and these trees often planted in urbane
area. The stem barks of F. rhynchophylla have been used as antdiarrhea,
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antibacterial, analgesic, and antiinflammatory agents. In addition, diuretic,
anticoagulant, and antiallergic effects have been reported by pharmacological studies (Bae, 1999a, b; Kim et al., 1999). F. rhynchophylla was also
used for eye disease, eclampsia, dysentery, asthma, bronchitis, and leucorrhea. Kim et al. (1999) found that F. rhynchophylla could furnish two
inducible nitric oxide synthase (iNOS) inhibitory compounds preventing nitric oxide (NO) synthesis. Moreover, oleuropein and its metabolites
(chemical compounds found in F. rhynchophylla) have shown powerful
antioxidant activities, antiischemic, and hypolipidemic effects both in vivo
and in vitro (Andreadou et al., 2006). Related to its chemical constituents, coumarins are the characteristic constituents of Fraxinus species and
responsible for the diverse activity such as antivirus and antiinflammatory
activity (Wright et al., 2007a, b; Thuong et al., 2009). Besides coumarins, other constituents such as lignans, secoiridoid glycosides, and other
phenolic compounds were also reported (Kim et al., 1999; Kostova and
Lossifova, 2007; Lin et al., 2007; Jiang et al., 2008a, b). Diverse compounds
have been isolated from the plant. Among them, ferulaldehyde and scopoletin have inhibitory activity against induction of inducible nitric oxide
synthase and antitoxoplasmosis effect of oleuropein was reported. During
the course of characterizing biologically active compounds from natural
products, we isolated two major coumarins: esculetin and fraxetin. Among
all chemical constituents, esculetin is the most important and effective for
pharmacological effects.

10.4.1 Esculetin
10.4.1.1 Synthesis of Esculetin
Cao et al. (2013) studied the synthesis of esculetin by using p-benzoquinone, acetic anhydride, and sulfuric acid to produce a 1,2,4-phloroglucinol
triacetate as an intermediate and then combined with concentrated sulfuric
acid and malic acid to synthesize aesculetin (Scheme 10.1).
Cyclization of 1,2,4-benzenetriol and ethyl propionate was carried out
to synthesize esculetin under microwave irradiation using ZnCl2 as a catalyst (Yang and Gao, 2011). n(1,2,4-Benzenetriol) and n(ethyl propionate)
was taken in a 1:1 ratio with 3.5 g of ZnCl2 for 10 min at 105 °C under
microwave at 400 W to yield 87% esculetin (Scheme 10.2).

Scheme 10.1 Synthesis of esculetin (route 1).
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Scheme 10.2 Synthesis of esculetin (route 2).

Scheme 10.3 Synthesis of esculetin (route 3).

In another method, Zhang (2007) designed the synthetic route and
optimized the reaction conditions by single- and multifactor orthogonal
experiments. Under this condition, p-benzoquinone, acetoacetate, and concentrated sulfuric acid were taken in a 1:3:0.15 ratio at 45 °C and stirred
for 3 h; then the intermediate peracetylated 1,2,4-benzenetriol is fused with
equivalent amount of l,2,4-benzenetriol catalyzed by concentrated sulfuric
acid and malic acid, and the yield of esculetin can reach approximately 80%
(Scheme 10.3).
10.4.1.2 Pharmacological Effects of Esculetin
It was revealed by several reports of molecular mechanisms that esculetin
shows activity as an antiinflammatory agent. On the one hand, esculetin
reduces the secretion of NO to regulate blood vessels and eases the organ
tissue damage from inflammation; on the other hand, esculetin inhibits
the secretion of soluble intercellular adhesion molecule (sICAM-1), which
can reduce the adhesion reaction of leukocytes as well as endothelial
cells in order to reduce inflammation (Duan et al., 2007). Additionally,
esculetin can significantly reduce the expression of matrix metalloproteinase-1 (MMP-1) in cartilage, lower NO and prostaglandin E2 (PGE2)
levels in synovial fluid, and postpone the occurrence of osteo-arthritis (Liu
et al., 2004). In another experiment, esculetin was found to protect myocardial from ischemia reperfusion injury by reducing systemic inflammatory
responses (Wang and Xia, 2011). Esculetin also exhibits antiinflammatory
properties by inhibiting the production of proinflammatory cytokines
during the interaction between adipocytes and macrophages, which can
be recorded by heme oxygenase-1 (HO-1) expression. As is well known,
obesity is closely related to chronic low-grade inflammation of adipose
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tissue. Esculetin may have the potential to slow down chronic inflammation in obesity (Kim et al., 1999). Further, Esculetin have also potentials for
anticoagulant, antioxidant, liver-protective effects, and antidiabetic effects
(Chengyuan et al., 2017).
10.4.1.3 Extraction and Isolation
The stem barks of F. rhynchophylla (6.0 kg) were extracted three times with
80% MeOH, which yielded the methanolic extract (595 g). The methanolic extract was then suspended in H2O and partitioned successively with
n-hexane, CHCl3, EtOAc, and n-BuOH. The EtOAc fraction (50 g), which
showed most potent activity, was subjected to further chromatographic separation. Esculetin (3200 mg) was obtained from EtOAc fraction by recrystallization using MeOH (Eunjin et al., 2010).

10.5 ATROPA BELLADONNA
A. belladonna is commonly distributed in Europe, North Africa, and
Western Asia as well as it is also introduced in some parts of Canada and
the United States. A. belladonna is a branching herbaceous perennial, often
growing as a subshrub, from a fleshy rootstock. The height of the plant is
about 2 m (6.6 ft) tall with ovate leaves 18 cm (7.1 in) long. The berries are
sweet and are consumed by animals that disperse the seeds in their droppings,
even though the seeds contain toxic alkaloids (Kay, 2008). There is a paleyellow flowering form called A. belladonna var. lutea with pale-yellow fruit.
The parasympatholytic tropane alkaloids, hyoscyamine, and scopolamine,
accumulated in A. belladonna, are of great interest for the pharmaceutical industry. These toxins include atropine, scopolamine, and hyoscyamine,
which cause a bizarre delirium and hallucinations (Kuhn et al., 2008), and
are also used as pharmaceutical anticholinergics.

10.5.1 Tropane
Tropane is a bicyclic amine that has a pyrrolidine and a piperidine ring
sharing a common nitrogen atom and two carbon atoms. It is the common structural element of all tropane alkaloids. All parts of the plant contain tropane alkaloids (“Committee for Veterinary Medicinal Products, A.
belladonna, Summary Report”. The European Agency for the Evaluation
of Medicinal Products. 1998. Archived from the original on 2006-07-18.
Retrieved 2008-07-08.) Roots have up to 1.3%, leaves 1.2%, stalks 0.65%,
flowers 0.6%, ripe berries 0.7%, and seeds 0.4% tropane alkaloids; leaves
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reach maximal alkaloid content when the plant is budding and flowering,
and roots are most poisonous in the end of the plant’s vegetation period
(Raetsch, 2005). Belladonna nectar is transformed by bees into honey that
also contains tropane alkaloids (Hazlinsky, 1956). They are traditionally
obtained by extraction from the leaves of cultured plants. An alternative
to extraction from plant tissue could be the use of cell suspension cultures (Fuyita and Tabata, 1987). However, it has been shown that tropane
alkaloid biosynthesis was correlated with root differentiation (Endo and
Yamada, 1985). For this reason, hairy root formation offers an interesting approach to produce these secondary metabolites (Hamill et al., 1987;
Verpoorte et al., 1999). Hairy root cultures have demonstrated their ability
to rapidly produce biomass as well as high contents of tropane alkaloids
(Jouhikainen et al., 1999).
10.5.1.1 Synthesis of Tropane
Tropane was synthesized from reduction of tropinone by using ptO2in the
presence of 2 N HCl(Scheme 10.4). The synthesis of tropinone done by
Robinson was considered a classic in total synthesis (Birch, 1993) due to
its simplicity and biomimetic approach. Tropinone is a bicyclic molecule,
but the reactants used in its preparation are fairly simple: succinaldehyde,
methylamine, and acetonedicarboxylic acid (or even acetone).The synthesis
is a good example of a biomimetic reaction or biogenetic-type synthesis
because biosynthesis makes use of the same building blocks. It also demonstrates a tandem reaction in a one-pot synthesis.

Scheme 10.4 Synthesis of tropane.
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10.5.2 Hyoscyamine and Scopolamine
Scopolamine and its biochemical precursor hyoscyamine are deadly nightshade alkaloids that found from roots of the A. belladonna. Hyoscyamine is
the enantiomer of the well-known nightshade alkaloid atropine. Both alkaloids are extremely poisonous and have hallucinogenic effects. (Mandrake is
sometimes called “insane root”.) They are anticholinergics, and, when used
in small doses, they have medical uses such as treating gastrointestinal disorders. Plant extracts containing them have been used medicinally and ritually
since biblical times or earlier. Scopolamine is used criminally to poison people, not only to murder them, but also to make them vulnerable to robbery
or rape. Despite its adverse effects, it has also been tried as a “truth drug”.
10.5.2.1 Synthesis of Hyoscyamine and Scopolamine
The biosynthesis of scopolamine begins with the decarboxylation of
l-ornithine to putrescine by ornithine decarboxylase. Putrescine is methylated to N-methylputrescine by putrescine N-methyltransferase (Ziegler
and Facchini, 2008). Putrescine oxidase that specifically recognizes methylated putrescine catalyzes the deamination of this compound to 4-methylaminobutanal which then undergoes a spontaneous ring formation to
N-methylpyrrolium cation. In the next step, the pyrrolium cation condenses with acetoacetic acid yielding hygrine. No enzymatic activity could
be demonstrated that catalyzes this reaction. Hygrine further rearranges to
tropinone. Subsequently, tropinone reductase I converts tropinone into tropine which condenses with phenylalanine-derived phenylactate to littorine.
A cytochrome P450 classified as Cyp80F1 (Li et al., 2006) oxidizes and
rearranges littorine to hyoscyamine aldehyde (Scheme 10.5)

Scheme 10.5 Biosynthesis of hyoscyamine and scopolamine.
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10.5.3 Pharmacology of Tropane Hyoscyamine and Scopolamine
Tropane derivatives are among the economically most important pharmaceuticals.Various pharmaceutical industries are manufacturing over 20 active
pharmaceutical ingredients (APIs) containing the tropane moiety in their
structures; they are applied as mydriatics, antiemetics, antispasmodics, anesthetics, and bronchodilators. Hyoscyamine is an antagonist of muscarinic
acetylcholine receptors (antimuscarinic). It blocks the action of acetylcholine at parasympathetic sites in sweat glands, salivary glands, stomach secretions, heart muscle, sinoatrial node, smooth muscle in the gastrointestinal
tract, and the central nervous system. It increases cardiac output and heart
rate, lowers blood pressure, and dries secretions (Edwards Pharmaceuticals,
Inc.; Belcher Pharmaceuticals, Inc. (May 2010), DailyMed, U.S. National
Library of Medicine, retrieved January 13, 2013). It may antagonize serotonin (Kapoor and Raju, 2013). At comparable doses, hyoscyamine has
98% of the anticholinergic power of atropine. The other major belladonnaderived drug scopolamine has 92% of the antimuscarinic potency of
atropine. Hyoscyamine is used to provide symptomatic relief to various gastrointestinal disorders including spasms, peptic ulcers, irritable bowel syndrome, diverticulitis, pancreatitis, colic, and cystitis. It has also been used to
relieve some heart problems, control some of the symptoms of Parkinson’s
disease, as well as for control of respiratory symptoms (mucus secretions in
patients with lung disease) “hypermucus secretions” and has also been used
in palliative care for this purpose.

10.5.4 Extraction
The powdered materials (0.5 g) obtained from Atropa species was extracted
three times for 30 min in 15 mL of chloroform, methanol, and 25% ammonia 15:15:1 (v/v/v) using an ultrasound device. Then kept at room temperature for 1 h and filtered through paper filter and washed twice with
1 mL of CHCl3, the solvent evaporated to dryness. The residue was dissolved in 5 mL of CHCl3 and 2 mL of 1 N sulfuric acid and mixed thoroughly. CHCl3 fraction removed and the aqueous solution basified (pH 10)
with 25% ammonium hydroxide on ice. Alkaloids were extracted once with
2 mL of CHCl3 and twice with 1 mL of chloroform. After the addition of
anhydrous Na2SO4, it is filtered and residue washed with 1–2 mL of CHCl3.
The solvent was evaporated to dryness under vacuum at 40 °C and residue
(total extract) was dissolved inappropriate volume (1–2 mL) of methanol
(Kamada et al., 1986).
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10.6 BERBERIS VULGARIS
Barberry (B. vulgaris L., Var. asperma Don., family Berberidaceae)
grows in Asia and Europe; the plant is well known in Iran and has been used
extensively as a medicinal plant in traditional medicine. The fruits of the
plant have been used as food.The plant is a shrub, 1–3 m tall, spiny, with yellow wood and obovate leaves, bearing pendulous yellow flowers succeeded
by oblong red berries (Zargari, 1983; Amin, 1991). B. vulgaris L. fruits are
used for ailments and discomforts of kidneys, urinary and gastrointestinal
tract, for liver diseases, bronchial discomforts, and as a stimulant for the
circulatory system. The root and stem of these species are used for ailments
and complaints of gastrointestinal tract, liver, gallbladder, kidney and urinary tract, respiratory tract, heart and circulatory system, as well as febrifuge
(Blumenthal et al., 1998). Furthermore, medicinal properties for all parts
of the plant have been reported, including tonic, antimicrobial, antiemetic,
antipyretic, antipruritic, and cholagogue actions, and it has been used in
some cases like cholecystitis, cholelithiasis, jaundice, dysentery, leishmaniasis,
malaria, and gall stones (Zargari, 1983, Aynehchi, 1986; Nafissi, 1990). Bark
of the root and stem of B. vulgaris have both medicinal and toxic properties
due to berberine, an isoquinoline alkaloid, mostly present in these organs
(Brunetton, 1999). On the other hand, leaves, fruit pulp, or flowers can contain only traces of that alkaloid (Frohne and Pfänder, 1987). Berberine is the
most important chemical that use in bacillary dysentery.

10.6.1 Isolation of Berberine
Fresh root of B. vulgaris L. were collected. Roots cleaned with running tap
water were chopped into pieces. They were dried under shade at ambient temperature for 5 days and the air-dried roots were then ground to
powder for extraction. The aqueous extract was dissolved in 1% HCl. The
solution was filtered, alkalinized with a concentrated NH4OH to pH 8,
and extracted with chloroform from which tertiary alkaloids were obtained
after evaporation of the solvent (21.22 g). The pure phytoconstituents from
the chloroform fraction isolated by column chromatography on silica gel
100–200 mesh and eluted with chloroform and gradient with methanol
(CHCl3:MeOH, 9:1; 8:2) to isolated a yellow needle-shape crystal compound (1.021 g) which was identified by TLC, 1H NMR, 13C NMR,
and compared with the spectral data from literature values (Jewers and
Manchanda, 1972).
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10.6.2 Synthesis of Berberine
The reaction of dopamine 10.1 and 4-hydroxy-phenylacetaldehyde have
been carried out to form (S)-norcolaurine 10.2, similar to the Mannich
reaction. After oxidation and methylation by SAM, (S)-reticuline 10.3 is
formed. (S)-Reticuline serves as a pivotal intermediate to other alkaloids.
Oxidation of the tertiary amine then occurs and an iminium ion is formed
10.4. In a Mannich-like reaction, the ortho position to the phenol is nucleophilic, and electrons are pushed to form 10.5. Product 10.5 then undergoes
keto-enol tautomerism to form (S)-scoulerine, which is then methylated
by SAM to form (S)-tetrahydrocolumbamine 10.6. Product 10.6 is then
oxidized to form the methylenedioxy ring from the ortho-methoxyphenol,
via an O2-, NADPH-, and cytochrome P-450-dependent enzyme, giving
(S)-canadine 10.7. (S)-Canadine is then oxidized to give the quaternary
isoquinolinium system of berberine (Scheme 10.6). This happens in two
separate oxidation steps, both requiring molecular oxygen, with H2O2 and
H2O produced in the successive processes (Dewick, 2009).

Scheme 10.6 Synthesis of barberine.
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10.7 MUCUNA PRURIENS
The genus Mucuna is comprised of about 100 species of annual and
perennial legumes, including the annual velvetbean (Buckles, 1995). Within
the genus, there are found numerous hybrids (Piper and Tracy, 1910a,b;
Bailey, 1947; Burkill, 1966). The most commonly cited species include
Mucuna deeringiana Merrill, Mucuna utilis Wallich (Bengal velvetbean),
Mucuna pruriens (L.) DC, Mucuna nivea, Mucuna hassjoo (Yokohama
velvetbean), Mucuna aterrima Holland (Mauritius and Bourbon velvetbean), Mucuna capitata, and Mucuna diabolica (Burkill, 1966; Duke, 1981).
Sastrapradja et al. (1974) showed the occurrence of n = 11 in M. pruriens
and n = 14 in Mucuna benettii and Mucuna gigantea. It is indigenous
to tropical regions, especially Africa and the West Indies. In the southern
United States, the long frost-free season required to produce velvetbean
seed initially limited its area of adaptation to Florida and the lower half of
the Gulf States (Duggar, 1899; Piper and Tracy, 1910a,b; McClelland, 1919).
Mucuna is a leguminous climbing plant with long, slender branches and
lanceolate leaves on hairy petioles with large white flowers. Its flowers are
white to dark purple and hang in long clusters. The plant also produces
clusters of pods which contain seeds known as mucuna beans. Velvet bean
has demonstrated little toxicity; however, it has been documented in animal studies to cause birth defects and should not be used during pregnancy. Mucunas as a whole are an important source of the toxic compound
3,4-dihydroxy-l-phenylalanine (l-DOPA), hallucinogenic tryptamines,
and antinutritional factors such as phenols and tannins (Ravindran and
Ravindran, 1998; Siddhuraju et al., 1996). Distribution of l-DOPA in the
species shows wide variation in different parts of the plant. It is reported
to be 0.15% in dried leaves and pods, 0.49% in stem, and highest concentration is seen in raw seed where it ranges from 4.47% to 5.39% (Bell and
Janzen, 1971; Duke, 1981; Thurston, 1997) (Scheme 10.7).

10.7.1 Extraction and Isolation of Compounds
The dried, milled seeds (500 g) were defatted with acetone (1.25 l) by shaking for 48 h at RT. The defatted material was extracted with n-propanol
(3× 1.25 L) by shaking overnight. Filtrate was pooled together and concentrated. One-third of the above extract after MPLC on silica gel 0.015–
0.040 mm with butanol–propanol–water, 6:6:1, gave seven main fractions.
Fr. 1 gave a mixture of fatty acids, fr. 2 gave a complex mixture which after
TLC (butanol–propanol–water–acetic acid, 3:3:1:1) gave 1 (8 mg, Rf 0.80),
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Scheme 10.7 Synthesis of 3,4-dihydroxy-l-phenylalanine (l-DOPA) (Knowles and William, 1983).

3 (20 mg, Rf 0.75), 4 (12 mg, Rf 0.60, fr. 3 after TLC (butanol–propanol–
water–acetic acid, 3:3:1:1) afforded 3 (25 mg, Rf 0.75), 4 (12 mg, Rf 0.60), 2
(7 mg, Rf 0.50), fr. 4 gave a complex mixture of above-mentioned alkaloids,
fr. 5 after MPLC (system as described above) and TLC (butanol–propanol–
water–acetic acid, 3:3:1:1) gave 2 (10 mg), fr. 6 after crystallization afforded
l-DOPA (30 mg) and fr. 7 gave a mixture of amino acids (Laxminarain and
Hildebert, 2004) (Fig. 10.3).

10.7.2 Pharmacological Activity of l-DOPA
l-DOPA has been studied for possible use in Parkinson’s disease. Parkinson’s
disease is a common age-related neurodegenerative disorder affecting more
than four million people worldwide (Jay et al., 2013).

10.8 HYDRASTIS CANADENSIS (GOLDENSEAL)
Goldenseal is an herb in the buttercup family Ranunculaceae, native
to southeastern Canada and the eastern United States. It may be distinguished by its thick, yellow knotted rootstock.The stem is purplish and hairy

Figure 10.3 Different types of fatty acid derivatives: (A) R = R′ = H; (B) R = H, R′ = Me; (C)
R = R′ = Me; (D) R = R′ = Me.
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above ground and yellow below ground.The plant bears two palmate, hairy
leaves with 5–7 double-toothed lobes and single, small, inconspicuous flowers with greenish white stamens in the late spring. It bears a single berry like
a large raspberry with 10–30 seeds in the summer (Foster and Duke, 2000).
The root was used extensively by native Americans as a clothing dye and in
the treatment of a variety of conditions, including inflammation and infection of the eyes and skin, as well as in the treatment of infected mucous
membranes throughout the body. It has also been used as a tonic to increase
appetite and stimulate digestion (Grieve, 1931; Britton and Kircher, 1998).
Extracts of H. canadensis have been reported to inhibit cytochrome P450
3A4-mediated metabolism of some substrates (Budzinski et al., 2000) and
to possess antibacterial (Knight, 1999; Scazzoccio et al., 2001), antitubercular (Gentry et al., 1998a, b), and immunostimulant (Rehman et al., 1999)
activities. Goldenseal has been associated with potential adverse reactions,
including digestive disorders, mucous membrane irritation, excitatory states,
and hallucinations (Fleming, 2000). It is believed that the bioactivity of
goldenseal is due to the presence of the major isoquinoline alkaloids berberine, hydrastine, and canadine as well as other minor alkaloid components (Leone et al., 1996; Galeffi et al., 1997; Sturm and Stuppner, 1998).
Goldenseal contains the isoquinoline alkaloids: hydrastine, berberine, berberastine, hydrastinine, tetrahydroberberastine, canadine, and canalidine. A
related compound, 8-oxotetrahydrothalifendine, was identified in one study
(Gentry et al., 1998a, b). One study analyzed the hydrastine and berberine
contents of 20 commercial goldenseal and goldenseal-containing products
and found they contained variously 0%–2.93% hydrastine and 0.82%–5.86%
berberine (Edwards and Draper, 2003). Berberine and hydrastine act as quaternary bases and are poorly soluble in water but freely soluble in alcohol.
The herb seems to have synergistic antibacterial activity over berberine in
vitro, possibly due to efflux pump inhibitory activity (Ettefagh et al., 2010).

10.8.1 Isolation of Alkaloids from H. canadensis L
Plant material [H. canadensis L. (Ranunculaceae), finely powdered rhizomes,
5 kg] was provided by Nature’s Sunshine Products, Spanish Fork, UT, USA.
A portion of the plant material (4.7 kg) was macerated with MeOH (15 L,
100%) for 24 h, followed by maceration with 95% MeOH (aqueous, 15 L,
24 h × 2). The methanolic extracts were combined, filtered, and evaporated under reduced pressure at 38 °C to a thick, black syrup. The syrup
was diluted with MeOH to 800 mL and gravity-filtered into a separatory
funnel containing 900 mL of H2O and 1.5 L of petroleum ether. Crude
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β-hydrastine (4, 22 g, 0.5%, w/w) precipitated from the mother liquor. The
filtrate was extracted three times with petroleum ether (D01, 32.4 g), then
three times with CHCl3 (D02, 74.92 g). A portion of the remaining aqueous phase (5 mL) was acidified to pH 2 with 2 N HCl and crude berberine
chloride (1, 35 mg, ∼0.2%, w/w) precipitated upon cooling to 4 °C and
standing overnight (18). A portion of this crude berberine was purified by
elution through a Sephadex column with 100% MeOH as the eluting solvent. Fraction D02 was evaporated to dryness, powdered, and dissolved in
H2O-saturated ethyl acetate (EtOAc), and extracted with tartaric acid (2%
aqueous w/v, pH ∼3).The tartaric acid solution was subsequently extracted
with CHCl3 (D02-1, 43.35 g).The remaining aqueous solution was basified
to pH 8 with NaHCO3 and extracted again with CHCl3 (D02-2, 5.98 g)
(Lucas et al., 2001).

10.8.2 Hydrastine
Hydrastine is an alkaloid which was discovered in 1851 by Alfred P. Durand.
Hydrolysis of hydrastine yields hydrastinine, which was patented by Bayer
as a hemostatic drug during the 1910s.
10.8.2.1 Synthesis of Hydrastine
The first attempt for the total synthesis of hydrastine was reported by Sir
Robert Robinson and coworkers (Hope et al., 1931) in 1931. This was
synthesized from the reaction of starting from a simple phenylbromide variant 10.9, alkylation reaction with lithium methylisocyanide gives the isocyanide intermediate 10.10. Reacting isocyanide intermediate 10.10 with
opianic acid 10.11 initiated the intramolecular Passerini reaction to give
the key lactonic amide intermediate 10.12.The tetrahydro-isoquinolin ring
was formed by first a ring-closure reaction under dehydration conditions
using POCl3 and then a catalyzed hydrogenation using PtO2 as the catalyst.
Finally, hydrastine was synthesized by installing the N-methyl group via
reductive amination reaction with formaldehyde (Scheme 10.8).
10.8.2.2 Pharmacological Activity of Hydrastine
Hydrastine has been shown to have several specific biologic activities, including inhibition of tyrosine hydroxylase in PC-12 cells (Yin et al., 2004), a
relaxant effect on the guinea pig isolated trachea (Abdel-Haq et al., 2000)
and inhibition of several cytochrome P450 enzymes (Chatterjee and
Franklin, 2003).
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Scheme 10.8 Synthesis of hydrastine.

10.8.3 Berberastine
Berberastine was recently isolated in minute quantity from extracts of H.
canadensis L. Berberastine differs from that of berberine, the major alkaloid
of H. canadensis, by an additional hydroxyl group located at a site.
10.8.3.1 Synthesis of Berberastine
a-Aminoitrile 10.14 was alkylated with 3-benzyloxy-4- methoxybenzyl
chloride in the presence of NaH/DMF and deoxybenzoin 10.15 was isolated after acid work-up.
Condensation of 10.15 with aminoacetal, followed by reduction (NaBr)
gave the aminoacetal derivative 10.16. Unchanged deoxybenzoin was recycled. Phenol 10.17 was treated with 37% aqueous formaldehyde in methanol
and give 10.18 (C=CH2CH(OMe)2; 27%). Compounds were o-methylated
with CH2N2 to give 10.18 and when the latter was treated with 6N HCl,
the 5-hydroxyberbine was obtained.The 10.18 was cyclized with 6 N HCI/
EtOH to give tetrahydroberberastine 10.19. Tetrahydroberberastine 10.19
was dehydrogenated with iodine to yield berberastine iodide 10.20 (Dyke
and Tiley, 1975) (Scheme 10.9).
10.8.3.2 Pharmacological Activity of Berberastine
Berberastine has been shown to have several specific biologic activities, including anticatarrhal, antiinflammatory, antimicrobial, laxative,
emmenaqoque, and oxytocic herbal properties.
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Scheme 10.9 Synthesis of berberastine.

10.8.4 Hydrastinine
Hydrastinine is a semisynthetic alkaloid from the hydrolysis of the alkaloid
hydrastine, which was found naturally in small quantities in H. canadensis L. (Ranunculaceae). Hydrastinine was produced by oxidative splitting
of hydrastine hydrochloride with nitric acid in good yield. The drug was
patented by Bayer as a hemostatic drug during the 1910s. The first known
synthesis of methylenedioxymethamphetamine (MDMA) was actually an
intermediary in the synthesis of hydrastinine (Fig. 10.4).
10.8.4.1 Pharmacological Activity of Hydrastinine
Hydrastinine used as a combination of many drugs for various diseases.
Further, it also used as drugs for metabolism and excretion.

Figure 10.4 Structure of hydrastinine.
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10.9 TAXUS BREVIFOLIA
T. brevifolia is a dioecious shrub and small tree which are about (15–
25) m tall and (50–140) cm width. Bark is scaly and outer scales purplish
to purplish brown in color, inner ones reddish to reddish purple color, and
scales varying widely in size (2–50 mm wide). Foliage buds inconspicuous, arising terminally or at the adaxial base of a leaf. Leaves green, linear,
acute, mucronate, 8–35 mm long, 1–3 mm wide, pliable, often falcate, with
a narrow median ridge on the upper surface and stomata in two yellowgreen (not glaucous) bands of 5–8 lines on the lower surface, whorled but
appearing 2-ranked, with a short (c. 1 mm) petiole and a 5–8 mm long
decurrent leaf base; cuticular papillae are present along stomatal bands and
epidermal cells as viewed in cross-section of leaf are mostly taller than wide.
Pollen cones solitary or clustered, adaxial on year-old shoots, buds globose,
green, c. 1.5 mm diameter. Seed ovoid, 2–4-angled, 5–6.5 mm, maturing
late summer-fall, enclosed in a red aril c. 10 mm diameter. Wood hard and
heavy, about 640 kg/m3 (Peattie, 1950; Hils, 1993).
USA: SE Alaska, Montana, Idaho, Oregon, Washington, and California
N of Sonora Pass; Canada: British Columbia, Alberta (in the Rockies, only
below about 52° latitude). Found at 0–2200 m elevation in open to dense
forests, along streams, moist flats, slopes, deep ravines, and coves (Hils, 1993).
See also Thompson et al. (1999). Hardy to Zone 6 (cold hardiness limit
between −23.2 °C and −17.8 °C) (Bannister and Neuner, 2001). In most
of its range, it grows as a tree beneath a closed forest canopy in late-successional forests dominated by large conifers such as Pseudotsuga menziesii and
Tsuga heterophylla, but in drier open forests of the eastern Cascade Range
in Washington (and perhaps elsewhere) it adopts a shrub habit similar to
Juniperus communis, forming broad mats that may be several times wider
than tall (pers. obs. 1986–2012).
T. brevifolia generally used by native Americans to impart strength,
induce perspiration, and treat internal injuries and lung diseases (Earle, 2008).
The Japanese used this plant parts to induce abortion and treat diabetes
(Anonymous, 2009). Today, Pacific yew used its extracts such as paclitaxel derived from its bark are used to treat various cancers (Earle, 2008;
Anonymous, 2009).

10.9.1 Paclitaxel (Taxol)
Taxol was originally isolated from the bark of Pacific yew, T. brevifolia
(Wani et al., 1971).
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Figure 10.5 Structure of taxol.

10.9.1.1 Isolation of Taxol
The alcohol extract of the stem bark was concentrated and partitioned
between water and chloroform. Guided by assay in 9KB and various leukemia systems, three successive chromatographies of the residue from the
chloroform extract on Florid, Sephadex LH-20, and silica gel followed by
crystallization from aqueous methanol gave taxol.
10.9.1.2 Synthesis of Taxol (Nicolaou et al., 1994)
For taxol (Fig. 10.5) synthesis, previously reported intermediate 10.21 and
10.27 have taken as a starting material (Schemes 10.10–10.13).
Lactone diol, after selective protection, was reduced with lithium
aluminum hydride to give triol 10.24. This triol, after protection as the
5-membered ring acetonide, was selectively oxidized to the aldehyde using
TPS and N-methylmorpholine N-oxide (Scheme 10.11). Aldehyde 10.26
served as a starting point for the construction of ring B.
The coupling of intermediate 10.27 and ring C created the 8-membered
B ring. One connection was made via a nucleophilic addition of a vinyllithium compound to an aldehyde and the other connection through a
pinacol coupling reaction of two aldehydes (Scheme 10.11).
A Shapiro reaction of the vinyllithium compound derived from hydrazone 10.27 with aldehyde 10.26 makes the first connection that will
become the B ring. Epoxidation using t-C4H9COOH in the presence of

Scheme 10.10 C ring synthesis of taxol.
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Scheme 10.12 D ring synthesis.
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Scheme 10.13 Tail addition.

vanadyl(acetylacetate) converted alkene into epoxide 10.29, which, upon
reduction with lithium aluminum hydride, gave diol 10.30. This diol 10.30
was converted into its cyclic carbonate by exposure in the presence of KH
and furnished dialdehyde 10.31 by using a = C4H9Li, b = C4H9COOH,
and VO(acac)2, c = LiAlH4, d = KH, (C4H9)4NF, f = (TPAP--NMO
N-methylmorpholine N-oxide in the presence of a catalytic amount of
tetrapropylammonium perruthenate. In the final step of the formation
of ring B, a pinacol coupling using conditions developed by McMurry
(titanium(III) chloride and a zinc/copper alloy) gave diol 10.32.
Allylic alcohol 10.32 (Scheme 10.12) was acetylated with acetic
anhydride and 4-(dimethylamino)pyridine in methylene chloride and
further it was oxidized with tetrapropylammonium perruthenate and
N-methylmorpholine N-oxide to give ketone 10.33. Alkene 10.33 underwent hydroboration in tetrahydrofuran. Oxidation with basic hydrogen
peroxide and sodium bicarbonate gave alcohol then acetonide was removed,
giving triol 10.34. This alcohol was monoacetylated, to give acetate 10.35.
The benzyl group was removed and replaced with a triethylsilyl group. Diol
was selectively activated using methanesulfonyl chloride and 4-(dimethylamino)pyridine to give mesylate. Then acetyl group was removed to give
primary alcohol 10.36. The Taxol ring (D) was added by an intramolecular
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nucleophilic substitution involving this hydroxyl group to give oxetane
10.37. After acetylation 10.38, phenyllithium was used to open the carbonate ester ring to give alcohol 10.39. Allylic oxidation with pyridinium
chlorochromate, sodium acetate, and celite gave ketone 10.40, which was
subsequently reduced using sodium borohydride to give secondary alcohol
10.41. This was the last compound before the addition of the amide tail.
As shown in Scheme 10.13, Ojima lactam reacted with alcohol 10.41 with
sodium bis(trimethylsilyl)amide as a base. This alcohol is the triethylsilyl
ether of the naturally occurring compound baccatin III. The related compound, 10-deacetylbaccatin III, is found in Taxus baccata, also known as the
European Yew, in concentrations of 1 g/kg leaves. Removal of the triethylsilyl protecting group gave Taxol.
10.9.1.3 Pharmaceutical Applications
Paclitaxel is a kind of anticancer drug with special pharmacological mechanism. It has been used for effective treatment of a variety of cancers including refractory ovarian cancer, breast cancer, non-small cell lung cancer,
AIDS-related Kaposi’s sarcoma, head and neck carcinoma, and other cancer types (Guenard et al., 1993; Baloglu and Kingston, 1999; Mekhail and
Markman, 2002). Taxol inhibits cell proliferation by promoting the stabilization of microtubules at the G2-M phase of the cell cycle, by which depolymerization of microtubules to soluble tubulin is blocked (Nicolaou et al.,
1994; Jennewein and Croteau, 2001) and it is the first compound possessing
the taxane6 ring which has been demonstrated to have such activity.
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11.1 INTRODUCTION
Many organisms, including plants, microbes, and invertebrates produce compounds called as natural products. The production of natural
products often confers some advantages such as chemical defense from
predators in producing organisms. Marine natural products have currently
been recognized as the most promising source of bioactive substances for
drug discovery research and may be source for new drug candidates. Marine
natural products have been found to be an important source of drugs and
drug leads. Bioactive marine natural products can be defined as biologically active products, secondary metabolites as well as enzymes, lipids, and
heteropolysaccharides derived from marine sources. These natural products
are secondary metabolites and enhance survival fitness and may serve as
chemical weapons used against bacteria, fungi, viruses, and small or large
animals. Most of the natural products of interest to the pharmaceutical industry are secondary metabolites and several such compounds, derived from
marine invertebrates, have been in clinical trials as experimental anticancer
drugs. Most of these molecules derived from marine natural products are
still in preclinical or early clinical development but some are already on the
market, such as cytarabine, or are predicted to be approved soon, such as
ET743 (YondelisTM). The role of marine natural products in drug discovery began in the 1950s with the isolation of the nucleosides spongouridine
and spongothymidine from the sponge Tectitethya crypta Laubenfels. These
compounds inspired the synthesis of Cytarabine and Vidarabine, anticancer,
and antiviral drugs now used for the treatment of acute myeloid leukemia and herpes virus infection, respectively (McClintock and Baker, 2001).
Currently, a promising list of marine-derived compounds is in clinical trials,
besides two drugs approved by the U.S. Ziconotide (Prialt), a peptide originally isolated from the venom of Conus magus Linnaeus and an analog of the
N-type calcium channel blocker w-conotoxin MVIIA is used clinically for
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00011-8
Copyright © 2018 Elsevier Ltd. All rights reserved.
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the treatment of patients suffering from chronic pain.Trabectedin (Yondelis),
a tetrahydroisoquinoline alkaloid isolated from the ascidia Ecteinascidia turbinata Herdman, was approved by the UE for the treatment of advanced soft
tissue sarcoma (Butler, 2008; Costa-Lotufo et al., 2009; Hill, 2011). Recently,
cytotoxic natural products have been extracted from marine invertebrates
in the cold waters around Iceland. Extracts from the starfish Ctenodiscus crispatus and from the sponge Isodyctia showed considerable cytotoxic activity.
Extensive studies have been carried out on proteolytic digestive enzymes
isolated from Atlantic cod. These proteinases have higher catalytic activity,
even at very low temperatures, than mammalian enzymes. These marine
enzymes are also more temperature- and acid-sensitive than enzymes from
conventional sources. The cold-active proteinases have many potential uses
in industry, medicine, and research. A large collection of psychrophilic and
psychrotolerant bacterial strains have been studied. Many of these bacteria
produce exoenzymes such as proteinases, lipases, amylases, and other enzymes. Understanding the properties of such extracellular bacterial enzymes
is important with regard to fish and fish products, since these enzymes are
involved in fish spoilage.

11.2 DYSIDEA ETHERIA DE LAUBENFELS
D. etheria is an amorphous, massive encrusting and partly erected
sponges, up to 8 × 5 × 2 cm, conulose. Conules is 1 mm high, 2–3 mm
apart (D. etheria-close up). Oscules flush with the surface, few in number,
consistency weak, easily torn, its color is brilliant to grayish blue. It is found
in bays and lagoons in grass beds and on reefs in areas with a high sediment load. The distribution of D. etheria is mainly Florida to Curacao (Van
Soest, 2009). D. etheria contain dysidiolide chemical products.

11.2.1 Dysidiolide
Dysidiolide is a sesterterpene ç-hydroxybutenolide isolated from the marine sponge D. etheria de Laubenfels, which is a structurally unique compound with distinct biological properties (Gunaskera et al., 1996).

11.2.2 Synthesis of Dysidiolide
The synthesis of 11.1 (Corey and Bryan, 1997) started from pure bicyclic
ketal enone 11.2. Reduction of 11.2 with 4 equiv of lithium and 1 equiv of
H2O in liquid ammonia-tetrahydrofuran (THF) at −40 °C for 10 min, followed by reaction of the excess lithium with 4 equiv of isoprene (−78 °C,
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15 min) and enolate alkylation with excess allyl bromide (gradual warming and −35 °C for 30 min), provided allyl ketone 11.3 (82% yield) as a
single diastereomer (Scheme 11.1). Conversion of 11.3 to the corresponding R, enone (69% yield and 21% recovered 3) was accomplished by a
three-step sequence: (1) deprotonation of 11.3 with 2 equiv of lithium
diisopropylamide in hexamethylphosphoramide (HMPA)-THF (23 °C,
20 min), followed by phenylsulfenation with 3 equiv of diphenyl disulfide
(23 °C, 20 min); (11.2) oxidation of the resulting R-phenylthio ketone
with excess m-chloroperbenzoic acid in dichloromethane (−78 °C, 2 h);
and (11.3) elimination of the resulting R-phenylsulfinyl ketone by heating
at reflux in benzene (13 h) in the presence of excess trimethyl phosphite
to form the R, unsaturated analog of 11.3. Slow addition of this R,âenone to excess trimethylsilyl (TMS) lithium6 in HMPA-diethyl ether at
−78 °C effected conjugate addition to form exclusively the axial â-TMS
ketone 11.4 (64% yield). Wittig methylenation of ketone 11.4 with excess methylenetriphenylphosphorane in dimethyl sulfoxides (Ph3PCH3Br,
KCH2SOCH3, 23 °C, 2 h, 97% yield) was followed by conversion of the
allyl appendage to a 2-hydroxyethyl group to produce 11.5 by the following three-step sequence: (1) position-selective dihydroxylation of the
vinyl group by the Sharpless reagent system (0.05 equiv of DHQD2PYDZ, 0.01 equiv of K2OsO4.2H2O, 3.5 equiv of K2CO3, 3.5 equiv of
K3Fe(CN)6, 1 equiv of MeSO2NH2, 1:1 t-butanol-H2O, 0 °C, 4 h) to form
the corresponding 1,2-diol; (2) glycol cleavage with 5 equiv of NaIO4 in
4:1 THF-H2O (23 °C, 30 min); and (3) reduction of the aldehyde with
3 equiv of NaBH4 in 6:1 THF-EtOH (0 °C, 20 min) to provide alcohol
11.5 in 91% overall yield. Deketalization of 11.5 using 1 equiv of pyridinium p-toluenesulfonate (PPTS) in 4:1 acetone-H2O (65 °C, 2 h, 100%
yield), protection of the hydroxyl functionality as the t-butyldiphenylsilyl (TBDPS) ether [3 equiv of TBDPSCl, 1 equiv of 4-(dimethylamino)
pyridine (DMAP), CH2Cl2, 23 °C, 1.5 h, 96% yield], and hydrogenation using Wilkinson’s catalyst [0.15 equiv of (Ph3P)3RhCl, 1000 psi H2, benzene,
65 °C, 23 h, 76% yield], followed by silica gel radial chromatography gave
diastereomerically pure 11.6. Although attempted nucleophilic addition of
the 4-methyl-4-pentenyl lithium, magnesium, and cerium reagents to the
carbonyl group of 6 simply returned starting material, addition of allylmagnesium bromide in Et2O (4 equiv, −78 to 23 °C, 10 min) to this substrate
occurred smoothly and stereospecifically to afford the axial tertiary alcohol
in 99% yield. Hydroboration of the vinyl group with excess BH3.DMS in
Et2O (23 °C, 2.5 h) and subsequent treatment with excess EtOH, NaOH,
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Scheme 11.1 Synthesis of dysidiolide. Reagents: (A) Li-NH3, THF, −40 °C, 10 min, then
isoprene, −78 °C, 15 min; allyl bromide, −78 to −35 °C, then −35 °C for 30 min (82%
yield). (B) LDA, PhSSPh, HMPA-THF, 23 °C, 20 min; m-CPBA, CH2Cl2, −78 °C, 2 h; (MeO)3P,
C6H6, 80 °C, 13 h (69% yield and 21% recovered 3). (C) TMSLi, HMPA-Et2O, −78 °C, 3 h (64%
yield). (D) KH, DMSO, Ph3PCH3Br, 23 °C, 2 h (97% yield). (E) (DHQD)2PYDZ,K2OsO4.2H2O,
K2CO3, K3Fe(CN)6, MeSO2NH2, 1:1 t-BuOH-H2O, 0 °C, 4 h (97% yield). (F) NaIO4, 4:1 THFH2O, 23 °C, 30 min. (G) NaBH4,6:1 THF-EtOH, 0 °C, 20 min (94% yield for two steps). (H)
PPTS, 4:1 acetone-H2O, 65 °C; 2 h (100% yield). (I) TBDPSCl, DMAP, 2,6-lutidine, CH2Cl2,
23 °C, 1.5 h (96% yield). (J) (Ph3P)3RhCl, H2 (1000 psi), C6H6, 65 °C, 23 h (76% yield). (K)
allylMgBr, Et2O, −78 to 23 °C, 10 min (99% yield). (L) BH3-DMS, Et2O, 23 °C, 2.5 h; EtOH,
NaOH, H2O2, 23 °C, 3.5 h (95% yield). (M) TBSCl, DMAP, 2,6-lutidine, CH2Cl2, 23 °C, 12 h
(97% yield). (N) BF3 (g), CH2Cl2, −78 °C, 3 h. (O) PPTS, EtOH, 55 °C, 2.5 h (70% yield for
two steps). (P) I2, Ph3P, imidazole, CH2Cl2, 23 °C, 10 min (97% yield). (Q) 2-bromopropene,
t-BuLi, CuI, Et2O, −30 to 0 °C, 30 min (97% yield). (R) TBAF, THF, 23 °C, 8.5 h (96% yield).
(S) Dess-Martin periodinane, pyridine, CH2Cl2, 23 °C, 1 h (94% yield). (T) 3-bromofuran,
n-BuLi, THF, −78 °C, 30 min (98% yield, 1:1 11-epi-11). (U) O2, hî, Rose Bengal, i-Pr2EtN,
CH2Cl2, −78 °C, 2 h (98% yield). (V) CBS catalyst 13, BH3-DMS, toluene, −30 °C, 15 h
(91% yield).
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and H2O2 (23 °C, 3.5 h) gave a primary–tertiary diol (95% yield) which
was then selectively protected at the primary hydroxyl by reaction with
3 equiv of t-butyldimethylsilyl (TBS) chloride (1 equiv of DMAP, CH2Cl2,
23 °C, 12 h) to provide 11.7 in 97% yield. Treatment of 11.7 with 6 equiv
of BF3(g) (CH2Cl2, −78 °C, 3 h) and subsequent selective cleavage of the
TBS ether (1 equiv of PPTS, EtOH, 55 °C, 2.5 h) furnished alcohol 11.8
(70% yield over two steps), which contains the fully substituted bicyclic
core of dysidiolide. The relative stereochemistry of 11.8 was confirmed
by single-crystal X-ray diffraction analysis of its bis(3,5-dinitrobenzoate)
derivative. In the rearrangement of 11.7 to form 11.8, the trimethylsilyl
(TMS) group facilitates the migration of methyl to the cationic carbon
generated by C–O heterolysis of 11.7 (by â-hyperconjugation of TMS in
TMSC-C+).
In addition, the very facile elimination of that TMS group guarantees
the location of the double bond. The next stage of the synthesis involved
the elaboration of the two ring appendages of 8 to generate the complete
dysidiolide structure 11.1. The C-1 side chain was emplaced via a two-step
sequence: (1) iodination of alcohol 11.8 (I2, Ph3P, imidazole, CH2Cl2, 23 °C,
10 min) and (2) iodide displacement with the vinyl cuprate derived from
2-lithiopropene (10 equiv of 2-bromopropene, 21 equiv of t-BuLi, 5 equiv
of CuI, Et2O, −30 to 0 °C, then 0 °C for 30 min) to afford 11.9 in 94%
overall yield. Cleavage of the TBDPS ether in 11.9 with excess tetrabutylammonium fluoride (THF, 23 °C, 8.5 h, 96% yield) and subsequent oxidation (Dess Martin periodinane, pyridine, CH2Cl2, 23 °C, 1 h, 94% yield)
provided aldehyde 11.10. Treatment of 11.10 with excess 3-lithiofuran
(3-bromofuran, n-BuLi,THF, −78 °C, 30 min) afforded a 1:1 mixture (98%
yield) of the diastereomeric carbinols 11.11 and epi-11, which were readily separated by silica gel chromatography. Undesired epi-11 was efficiently
converted to 11.11 by a two-step sequence.

11.2.3 Pharmacological Activity of Dysidiolide
Dysidiolide is the first naturally derived inhibitor of the cdc25A protein
phosphatase, one of the three homologs (cdc25A, -B, -C) of a signaling
enzyme shown to activate the G2/M transition of the cell cycle (Millar
and Russell, 1992). Dysidiolide exhibits micromolar activity against A-549
human lung carcinoma and P388 murine leukemia cancer cell lines. This
in vitro antitumor activity, which is probably due to inhibition of cdc25A
by dysidiolide, may be a good lead in the search for improved agents in the
treatment of cancer and other proliferative disorders.
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11.2.4 Isolation of Dysidiolide
First, the sponge specimen (HBOI No. 26-V-93-4-003) was collected by
scuba diving at a depth of 60 ft off Long Island, Bahamas, and was stored at
−20 °C until extraction. The specimen was soaked in EtOH and the concentrated EtOH extract partitioned between BuOH and H2O. The BuOH
soluble fraction was chromatographed over silica gel with CH2Cl2/MeOH,
and fractions were monitored for inhibition of the cdc25A protein phosphatase.The fraction that showed the greatest inhibition of cdc25A was further purified by reversed phase HPLC with aqueous MeOH (22.5% H2O)
to give pure dysidiolide (Gunaskera et al., 1996).

11.3 LAURENCIA OBTUSA
Marine algae from the genus Laurencia are widely distributed in the
Canary Islands.The Laurencia obtuse is 1.5–2.5 diameter tall, bushy, with green
or yellow axes and rose branchlets, main stems long, which are sparingly alternately branched, 0.75–1.50 diameter, but above are increasingly closely paniculately branched and spreading, the smallest branches and the short, truncate,
ultinate branchlets opposite or subverticillate, 0.5–0.75 mm diameter; tetrasporangia in a band below the apex of the hardly modified branchlets. These
algae are a rich source of polyhalogenated sesquiterpenes with different types
of skeleton. It has been repeatedly postulated that this structural variety owes
its origin to particular rearrangements of common bisabolane or chamigrane
precursors. However, the number of metabolites with a chamigrene skeleton
isolated from Laurencia is smaller than that with a rearranged chamigrene skeleton (Erickson, 1983; Faulkner, 1984; Martin and Darias, 1978).

11.3.1 Obtusallene
Subsequently, different types of obtusallene such as 10-bromoobtusallene
(1a), 2 obtusallenes II (2) and III (3), obtusallene IV (4), and obtusallenes
V-IX (5–9) have been reported. The obtusallenes belong to a wider family
of halogenated C15-acetogenins isolated from red algae and seaweeds of the
species Laurencia (Fig. 11.1). Murai has shown that selected compounds can
be derived from the straight-chain C15-fatty acid derived laurediol (11.20)
via electrophilic bromoetherification.

11.3.2 Synthesis of Obtusallene
Obtusallene 11.15 and 11.17 synthesized from nucleophilic ringopening of the epoxide 11.24 with the chloride anion instead to provide
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Figure 11.1 Obtusallene family.

threo-hydroxychloride 11.25 (Scheme 11.2). Subsequent bromonium ion
formation at the C9–C10 olefin followed by a 5-exo cyclization creates
the tetrahydrofuran ring of 11.26. A second bromonium ion formation at
C12–C13 with an intramolecular attack of the nucleophilic oxygen of the
tetrahydrofuran ring gives an intermediate oxonium ion 11.27, which can
fragment to give the allylic bromide 11.28. SN2¢ displacement with water
gives the C14-alcohol 11.29. A subsequent delivery of a third electrophilic
bromine to the enyne at C1 allows for a macrobromoetherification with
the newly created hydroxy group at C14 acting as the nucleophile attacking C4. This step is particularly attractive since it simultaneously creates
both the macrocycle and the bromoallene motif. It has been proposed that
this macrocyclization is controlled by a gauche conformation of the bromo
ether motif at C9–C10 to preorganize the allylic alcohol side-chain for
nucleophilic attack at C4. Moreover, attack on one face of the enyne would
lead to obtusallene 11.17, attack on the other would give obtusallene 11.15.
Further bromonium ion formation could occur on the exo face of
C12–C13 trans olefin of obtusallene 11.15 followed by transannular attack
of the THF ether oxygen (Scheme 11.3). Exploring this postulate and allowing the THF oxygen to attack at either end of the C12–C13 bromonium ion 11.30 via a 6-endo (C13) or 5-exo (C12) process gives rise to two
different tricyclic oxonium ions (Scheme 11.2). For the 6-endo process,
stereospecific bromonium ion ring opening generates oxonium ion 11.29
with three contiguous chiral centers at C12–C14 with the same relative
and absolute configurations reported (and confirmed by X-ray crystallography) for the C12–C14 fragment of obtusallene 11.13. Fragmentation
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Scheme 11.2 Synthesis of obtusallene II and IV.

(blue pathway) can occur by antiperiplanar elimination of the pseudoequatorial proton at C5 to give pyran 11.32 with a new E-double bond
at C5–C6. Subsequent facile antiperiplanar elimination of HBr across
C9–C10 gives rise to obtusallene 11.13 where all the stereochemistry is
correctly set; antiperiplanar elimination of equatorial bromide from C12
cannot occur. 10-Bromoobtusallene 11.14 can be generated by further
bromination of the reactive newly formed C9–C10 enol ether of 11.13
at C10 followed by loss of a proton and regeneration of the (bromo)enol.
Alternatively, from 11.31 (red pathway) fragmentations can occur by the
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Scheme 11.3 Proposed biosynthetic conversion of obtusallene 11.15 into the other obtusallenes.

participation of the antiperiplanar bromide at C10, to form a new bromonium ion 11.33.
The newly formed ether oxygen can reattack at C9 (to regenerate 11.31)
or attack at C10 to invert the stereochemistry at this position and stereospecifically relocate the bromine at C9 giving 11.34. Antiperiplanar fragmentation reveals new trans olefin 11.35 and a new tetrahydrofuran spanning
C10–C13. Transannular attack of the new tetrahydrofuran oxygen on the
allylic chloride generates new tricyclic oxonium ion 11.36: attack by water,
and invoking the principle of microscopic reversibility, generates the Ralcohol at C7 and a trans olefin at C5–C6. Double SN2 displacement of the
two bromides at C9 and C12 of with water with inversion of configuration
gives obtusallene 11.16. For the 5-exo process, attack of the THF ether oxygen at C12 in 11.30 gives rise to tricyclic intermediate 11.37. In this case,
molecular modeling reveals that there are no antiperiplanar groups available
to initiate a fragmentation. Instead, SN2 attack by water with inversion of
configuration at C6 (an S configuration at C6 for obtusallenes is a signature
for this) leads directly to bicyclo[8.2.1]tridecane 11.38. This has the same
carbon framework and identical absolute and relative stereochemistries for
all eight stereocenters as reported for obtusallene 11.20 (structure deduced
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by 1H NMR). However, the relative position of the chlorine and bromine
atoms at C7 and C13, respectively, are interchanged. Antiperiplanar elimination of HBr from 11.38 across C9–C10 (antiperiplanar elimination of
bromide from C13 cannot occur), followed by electrophilic bromination or
protonation ((E) H, Br) of the resulting enol ether gives rise to intermediate
11.39.This is subject to intramolecular attack by the new hydroxyl group at
C6 generating spiroketal 11.40. The two possible products ((E) H, Br) correspond to the correct carbon framework and identical absolute and relative
configuration for all eight stereocenters reported for obtusallene 11.18 (E)
Br and 11.19. However, once again, the C7 and C13 chlorine and bromine
are seen to be interchanged. Finally, collapse of the spiroketal in the opposite
sense with liberation of the alcohol at C12 generates intermediate 11.41.
Capture by water and elimination of HCl gives 11.42 with the carbon
framework as reported for obtusallene 11.21. In this case, the predicted constitution is correct but the stereochemistry at C13 is inverted. Acetylation of
the free secondary alcohol gives obtusallene 11.22 (Braddock, 2006).

11.3.3 Pharmacological Activity of Obtusallene Family
Some obtusallene family molecules have shown apoptosis-inducing activities against the human hepatocellular carcinoma cell line HepG2 (HB8065) (Adrián et al., 2016).

11.3.4 Isolation of Obtusallene Family
Firstly, L. obtusa, collected from North eastern part of Aegean Sea (BademliAyvalık) in Turkey. Approximately, 14 g of L. obtusa were extracted by exhausting in chloroform–methanol (1:1) solvent mixture. Fractionation of
the extract on a Si-gel column carried out by the elution starting with petroleum ether, and gradients used first dichloromethane, and then acetone,
finally methanol with increasing amounts and get chemical of obtusallene
family (Oztunc et al., 1991).

11.4 APLIDIOPSIS CONFLUATA
A. confluata found from the temperate Australian ascidian (A. confluata
Kott, 1992). It contains an alkaloid aplidiopsamine A.

11.4.1 Aplidiopsamine A
The alkaloid Aplidiopsamine A obtained from A. confluata. It is the first
alkaloid to possess the tricyclic aromatic substructure 3H-pyrrolo[2,3-c]
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quinoline conjugated to an adenine and exhibit significant inhibition of
growth of chloroquine-resistant and sensitive strains of the malaria parasite
(Carroll et al., 2010).

11.4.2 Synthesis of Aplidiopsamine A
The synthesis of Aplidiopsamine A (Scheme 11.4) began with pyrrole,
which was converted to ketone 11.43 in two steps with good yields. Then,
imine 11.44 formation occurred between 2-iodoaniline and ketone 11.43
by refluxing in p-toluene sulfonic acid, and freshly activated 4 Å molecular
sieves in dry toluene with the aid of a Dean Stark apparatus. Then by using
10 mol % of Pd(OAc)2 we get product 11.45.The compounds 11.45 have
been converted to compound 11.46 by BPO-catalyzed NBS bromination.
The reaction of bromide 11.46 with adenine in DMF/K2CO3 at 50 °C provided a complex reaction mixture; however, treatment with 6-chloropurine
under the same conditions provided 11.47. Treatment of pyrroloquinoline
11.47 in a saturated methanolic solution of ammonia in a sealed tube at
150 °C provided aplidiopsamine A 11.48 (Mahajan et al., 2012).

11.4.3 Pharmacological Activity of Aplidiopsamine A
Aplidiopsamine A 11.48 was tested for its ability to inhibit the growth of
chloroquine sensitive (3D7) and resistant (Dd2) strains of the malarial parasite, Plasmodium falciparum. Human cell toxicity was assessed using the normal
cell line HEK-293. Aplidiopsamine A was equally active against the two
malarial parasite strains (IC50 = 1.47 (3D7) and 1.65 µM (Dd2)), and only
showed growth inhibition against HEK-293 cells at higher doses, only reaching ∼100% inhibition at the highest dose tested (120 µM). Aplidiopsamine
A, therefore, represents a novel lead structure that could be further developed
into a drug to treat drug-resistant malarial infections (Carroll et al., 2010).

Scheme 11.4 Synthesis of aplidiopsamine A.
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11.4.4 Isolation of Aplidiopsamine A
The freeze-dried and ground ascidian (6.5 g) was extracted exhaustively
with MeOH (4 × 400 mL) yielding a yellow gum (0.945 g). This extract
was separated on Sephadex LH20 eluting with MeOH. A total of 120 fractions were collected (10 mL each) and aliquots were analyzed by (+) ESIMS.
Fractions containing an ion at m/z 316 Dawere combined (15.8 mg) and
separated further by HPLC on C18 silica gel, eluted with a gradient from
1% TFA/99% H2O to 99% MeOH/1% TFA over 60 min, and 1 min fractions were collected. Aplidiopsamine 11.48 (5.5 mg) eluted in fractions
34–36 (Carroll et al., 2010).

11.5 TUNICATE DIDEMNUM SP.
Didemnum is a genus of tunicates in the family Didemnidae. Some
Didemnum species, including Didemnum vexillum and Didemnum perlucidem
can be characterized as invasive species (Marine Nuisance Species “Woods
Hole Coastal and Marine Center 2/2016”). Didemnum sp. is believed to be
native to Japan and has been found in Canada, France, New Zealand, The
Netherlands, and the United States. Didemnum sp. has the potential to negatively impact water quality, macrophytes, invertebrates, fishes, and aquaculture facilities (Daniel and Therriault, 2007). Didemnum sp. shares many characteristics common among colonial tunicate species. Characteristics such
as colony shape and color, where the colony grows, zooid structure, and
spicule shape have been used previously to separate and identify different
Didemnum species with varying levels of success. Marine tunicates belonging
to the genus Didemnum have proven to be a particularly rich source of structurally diverse and biologically potent marine metabolites (Faulkner, 1998).
Didemnum sp. contained natural product such as (+)-didemniserinolipid B.

11.5.1 (+)-Didemniserinolipid B
The (+)-didemniserinolipid B, isolated from the T. didemnum sp., has an
intriguing spiroether core.

11.5.2 Synthesis of (+)-Didemniserinolipid B
The synthesis of (+)-didemniserinolipid B (Scheme 11.5) began with
preparation of aldehyde 11.56 from commercial furan 11.55 with 90%
yield through Vilsmeier–Haack formylation. The olefination of aldehyde
11.56 with sulfone 11.57 using KHMDS as the base at −78 °C provided
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Scheme 11.5 Synthesis of (+)-didemniserinolipid B.

an E/Z mixture of alkene 11.58 in 90% yield with good E/Z selectivity
(E/Z = 9/1), which could not be separated by flash column chromatography on silica gel and was directly used for Sharpless asymmetric dihydroxylation with AD mix-β to enantioselectively install the vicinal diol of
furan (−)-11.54 (97% ee by HPLC) in 84% yield. It was noted that the
desired, enantiomerically pure 11.54 was easily separated from the undesired, minor diastereomer derived from the Z-isomer of 11.58 through
flash column chromatography on silica column. The AR/BCK sequence
of furan (−)-11.54 was effectively promoted by m-CPBA and then CSA
to provide the desired bicyclic acetal (−)-11.53 as a single diastereomer in
72% yield on a multigram scale (>6.4 g obtained). Pd-catalyzed chemoselective hydrogenation of enone 11.53 using EtOAc as the optimal solvent
for 2 h gave the ketone 11.59 in excellent yield (87% yield). Chemoand diastereoselective reduction of ketone 11.59 to alcohol 11.60a was
found to be very challenging because delivery of hydride from the less
hindered convex gave the pseudo-equatorial alcohol 11.60b as the major
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undesired product, except in case of K-selectride where it produced a 1:1
mixture of diastereomers in excellent yield. After two cycles of recovery
of the undesired 11.60b via Dess − Martin periodinane (DMP) oxidation 11.63 and K-selectride reduction, 11.60a could be obtained in 54%
overall yield from ketone 11.59. It should be noted that Mitsunobu inversion 11.64 of the secondary alcohol of 11.60b under various conditions
resulted in a complex mixture. Alternatively, reduction of enone (−)-11.53
with various reducing agents followed by palladium-catalyzed saturation of
the double bond did not provide better diastereoselectivity or yields of 12a
(see Supporting Information). Compound 11.60a was then converted to
aldehyde 11.50 in two steps via TBS silylation and DIBAL-H reduction.
Julia–Kocienski olefination of aldehyde 11.50 with the 12-carbon sulfone
11.51 was promoted by LiHMDS in THF at −78 °C to provide the alkene
11.63 as inconsequent 2:1 E/Z isomers. Removal of the PMB protecting
group with DDQ in a pH 7.0 buffered solution gave the alcohol 11.64,
which was subjected to mesylation followed by Williamson etherification
with serinol derivative 11.52. Under the condition developed previously
for Williamson etherification of similar substrates, the union of the functionalized 6,8-DOBCO (11.64) and serinol derivative 11.52 proceeded
efficiently to provide compound 11.65 with the full-carbon side chain
of DslB. Pd-catalyzed hydrogenation of 11.65 in methanol at room temperature saturated the double bond on the side chain and simultaneously
removed the protecting benzyl group.
The resulting primary alcohol was oxidized with Dess–Martin periodinane (DMP) to yield the aldehyde 11.66, which upon treatment of the in situ
generated stabilized phosphonate anion underwent Horner–Wadsworth–
Emmons olefination 11.65 to provide the conjugate ester 18 as a single
trans-isomer. Global deprotection of 11.67 with 1.0 N HCl in ethanol and
protection of the resulting amino group with FmocCl provided the known
DslB precursor 11.68 (>200 mg synthesized with 2.31% yield in 17 steps)
(Jingyun and Rongbiao, 2014).

11.5.3 Pharmaceuticals Activity and Isolation
of Didemniserinolipid B
Didemniserinolipids were isolated in 1999 by Jiménez and co-workers from
the methanol extracts of marine T. didemnum sp. (González et al., 1999).These
structurally interesting molecules possess a central 6,8-dioxabicyclo[3.2.1]
octane core with two appended alkyl chains, one of which terminates in a
2-aminopropane 1,3-diol ether, and the other in an α,β-unsaturated acid
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(or ester). Whereas the initial extract containing these molecules was found
to be potently cytotoxic (IC50 = 0.25 µg/ml against P388, A549, and HT29
tumor cell lines), after further purification and isolation none of the individual didemniserinolipids were found to be cytotoxic in the same assays
(Marvin et al., 2008).

11.6 NOSTOC LINCKIA
N. linckia is a diverse genus of cyanobacteria and or fresh water
nitrogen-fixing blue-green algae. They are found in gelatinous colonies,
composed of filaments, and found in marine. N. linckia is mainly used in
biotechnology and has enhanced biosorption and reducing capacity of various chemical elements (El-Enany and Issa, 2000). N. linckia contained a
Cryptophycin 1 chemical product.

11.6.1 Cryptophycin 1
Cryptophycin 1 is a natural product that was initially isolated from bluegreen algae N. linckia which has shown potent broad spectrum antitumor
activity in preclinical in vitro and in vivo models. As it was highly toxic, it
was disregarded as a natural product lead.

11.6.2 Synthesis of Cryptophycin 1
The synthesis of cryptophycin 11.69 is distributed in three schemes (LianHai and Marcus, 2002). The first scheme (Scheme 11.6) summarizes the
synthesis of diene 11.73. Friedel–Crafts reaction of propionyl chloride with
dry acetylene leads to 1-chloro-1-penten-3-one 2 in 81% yield. Addition
of methanol to vinylogous acid chloride 11.70 gave 1,1-dimethoxy3-pentanone 11.71 (89% yield). Elimination of methanol from 11.71 took
place in excellent yield upon heating in toluene with catalytic sodium

Scheme 11.6 Synthesis of diene 11.73. Reaction conditions: (A) acetylene, CCl4, AlCl3, rt,
81%; (B) K2CO3, anhyd MeOH, rt, 89%; (C) PhMe, NaOMe, bath temperature 160 °C, distillation of MeOH, 85%; (D) Et3N, TBSOTf, from −78 to 0 °C.
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methoxide. After methanol was distilled off, the desired product was isolated
by vacuum distillation of the residue (85% yield). Conversion of 11.72 to
silyl enol ether 11.73 was accomplished by treatment with TBS triflate and
triethylamine at −78 °C, followed by slow warming to 0 °C.
Scheme 11.7 shows the stereospecific synthesis of unit A. (R)-Methyl
mandelate was first protected as the ethoxyethyl ether 11.75 and then reduced with DIBAL. Mandelate ester 11.75 was formed as a ca. 1/1 mixture
of acetal isomers, as judged by the 1H NMR spectrum at 300 MHz. The
protected mandelaldehyde was dissolved in THF and treated sequentially
with MgBr2 and diene 11.73. The mixture was heated to 42 °C for 4.5 h
and then kept at 36 °C for another 12 h. Exposure to aqueous TFA, followed by workup gave a 10/1 mixture of 11.76 and 11.77. Epimerization
took place by stirring with KF/alumina in acetonitrile for 48 h, leading
to a 1/4 mixture of axial and equatorial isomers 11.76 and 11.77 in 48%
overall yield for the five steps from 6. Treatment of the epimeric mixture
of 11.76 and 11.77 with 1 equiv of l-Selectride per equiv of 9 at −78 °C
gave alcohol 11.78.
Scheme 11.8 summarizes the conversion of 11.78 to cryptophycin
11.A. Careful exposure of 11.78 to 1,3-propanedithiol in the presence
of BF3/Et2O at 0 °C led to the anticipated ring opened dithioketal (85%
yield). If this reaction was carried out at higher temperature, or if it was not

Scheme 11.7 Synthesis of unit A. Reaction conditions: (A) ethyl vinyl ether, PPTS; (B)
DIBAL, ether, −78 °C; (C) MgBr2, THF, 11.73, 36–42 °C; (D) TFA, THF, 8/9) 10/1; (E) KF, alumina, MeCN, 8/9) 1/4, 48% overall from 11.74; (F) L-Selectride, THF, −78 °C, 93%.
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quenched promptly upon consumption of the starting material, tetrahydrofuran 11.82 was formed in up to 30% yield. Diol to acetonide conversion
furnished 11.80 (93% yield). Dithioketal hydrolysis, followed by Horner–
Emmons reaction led to allyl ester 11.81 in 68% yield for the two steps.
The overall yield of 11.82 from (R)-methyl mandelate was 24%. Palladiumcatalyzed cleavage of the allyl group in 11.82 (100% yield) was followed by
coupling with O-methyl-D′chlorotyrosine derivative 11.83 in the presence
of 1-(3 dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI)
and triethylamine to give 11.85 in 81% yield.
The free C5 hydroxyl group in 11.85 was esterified with the carboxylic
acid of C-D unit 11.84 to produce protected seco derivative 11.86 (81%
yield). Exposure of this material to TFA in dichloromethane cleaved both
Boc and acetonide protecting groups. Macrocyclization took place very

Scheme 11.8 Synthesis of cryptophycin 1. Reaction conditions: (A) BF3.Et2O, CH2Cl2,
HS(CH2)3SH, 0 °C, 85%; (B) Me2C(OMe)2, TsOH, acetone, 93%; (C) MeI, CaCO3, MeCN, H2O,
70 °C; (D) LiClO4, Hünig’s base, MeCN, (EtO)2POCH2CO2CH2CH = CH2, 68% from 11.80; (E)
Pd(PPh3)4, morpholine, 100%; (F) 11.83, Et3N, EDCI, CH2Cl2, from 0 °C to room temperature, 81%; (G) 11.84, DCC, DMAP, CH2Cl2, 81%; (H) TFA, CH2Cl2, 0 °C; (I) 2-hydroxypyridine,
PhMe, rt, 62% from 11.86; (J) (MeO)3CH, PPTS, CH2Cl2, rt; (K) AcBr, CH2Cl2, rt; (L) KHCO3,
6/4/1 DME/EtOH/MeOH, 40 °C, 70% from 11.89.
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easily according to the conditions developed by the Lilly group. Treatment
with 2-hydroxypyridine in toluene at room-temperature overnight led to
11.87 in 62% yield for the two steps. The trichloroethyl ester group in
unit B thus serves two complementary roles in the synthesis. It protects the
carboxylate during the coupling with 11.84, and then it activates the same
carboxylate during the ring-closure step. The last task, conversion of diol
to epoxide, was accomplished in three steps in 70% overall yield.Treatment
of 11.87 with trimethyl orthoformate and PPTS, followed by acetyl bromide, led to the anticipated bromohydrin formate, which was taken on
to the last step without purification. Exposure to powdered KHCO in a
6/4/1 mixture of DME/ ethanol/methanol at 40 °C for 24 h led to cryptophycin 11.A.

11.6.3 Pharmaceutical Application of Cryptophycin 11.A
Cryptophycin 11.A was first described as a strong antifungal agent (Schwartz
et al., 1990). Cryptophycin-1 has potent cytotoxic activity against human
tumor cells, especially solid tumors (Shin and Teicher, 2001). It showed
in vitro cytotoxicity effect on tumors of non-human (L1210 and P388
leukemias, colon adenocarcinoma 38, pancreatic ductal adenocarcinoma
03, mammary adenocarcinoma 16/C), and human (colon adenocarcinomas: LoVo, CX-1, HCT-8 and H-116; mammary adenocarcinomas: MX-1
and MCF-7; lung adenosquamous carcinoma: H-125; ovarian adenocarcinoma: SKOV-3; and nasopharyngeal carcinoma: KB) origin (Golakoti
et al., 1994; Smith et al., 1994; Moore et al., 1996). In addition, potent
in vitro cytotoxicity was demonstrated against cells that were known to
have multiple drug resistance (mammary 17/C/ADR, MCF-7/ADR,
SKVLB1) (Golakoti et al., 1994; Smith et al., 1994). In vivo testing of
cryptophycin 1 administered i.v. against tumors transplanted subcutaneously in mice showed significant antitumor effects in a similar variety
of tumors from various origins (non-human: colon adenocarcinomas 38
and 52, mammary 16 and 17/C, pancreas adenocarcinoma 02 and 03;
human: small-cell lung carcinoma DMA 273, lung adenosquamous carcinoma H-125, mammary adenocarcinoma MX-1, prostate adenocarcinoma LNCaP), including a tumor which exhibited multiple drug resistance (mammary 16/C/taxol) (Golakoti et al., 1994; Moore et al., 1996;
Corbett et al., 1997). Thus, cryptophycin 1 is from a class of compounds
with a broad spectrum of in vitro antitumor activity which is clearly
maintained when administered in vivo by a route different from the tumor inoculation.
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11.6.4 Isolation of Cryptophycin 11.A
Cryptophycin was extracted from the algal cells. Acetonitrile and methylene chloride in the ratio of 4:1 were added to the dried algal cells (50 mL
of organic solution per gram of biomass) and stirred for 48 h. The solution
was then filtered through adjacent layers of miracloth and Whatman paper, and the organic solvent evaporated under the reduced pressure created
by a water aspirator. Then a normal phase chromatography column was
filled with an amount of silica gel that was approximately 15 times greater
than the mass of the extracted sample obtained from extraction. A known
amount of methylene chloride was then circulated through the column to
remove air bubbles while ensuring that the organic liquid level did not fall
below the stationary phase. The organic liquid level was lowered to the top
of the stationary phase, and the eluted methylene chloride was subtracted
from the originally known amount of methylene chloride to determine the
column volume. The extraction sample was dissolved in methylene chloride and pipetted to the top of the column. After loading the column, the
sample was separated into three fractions by washing the column with three
different organic solvents and collecting the eluted solvent in a different
preweighed vial: three column volumes of methylene chloride, 1.5 column
volumes of 4:1 ethyl acetate:isopropanol, and 0.5 column volume of 4:1
ethyl acetate:isopropanol. Each column volume was left in a hood to dry
(Steven, 2015).

11.7 LYNGBYA MAJUSCULE
Lyngbya spp. is one of the most efficient groups of secondary metabolite producers and is very important from pharmaceutical point of view.
Among its various species, majuscula is the major producers of commercially important biomolecules. Several species have been isolated and screened
from the marine in the past decades. Although, the chance of isolating a
novel Lyngbya strain from a marine habitat, which would produce new biologically active metabolites, has increased, but rediscovery has also important
aspect. L. majuscule has apratoxin A as the main constituent responsible for
biological activities.

11.7.1 Apratoxin A 11.88
Apratoxin A, a potent cytotoxin with a novel skeleton, has been isolated
from the marine cyanobacterium Lyngbya majuscula Harvey ex Gomont.
Apratoxin A is a 25-membered cyclic depsipeptide consisting of a proline,
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three methylated amino acids (N-methylisoleucine, N-methylalanine,
O-methyltyrosine), an R, â-unsaturated modified cysteine residue (moCys), and a dihydroxylated fatty acid moiety, 3,7-dihydroxy-2,5,8,8tetramethylnonanoic acid (Dtena).

11.7.2 Synthesis of Apratoxin A
The synthesis of Apratoxin A (Takayuki et al., 2006) has been synthesized
starting from compounds 11.95 (Scheme 11.9). The (S)-5,5-dimethyl-4hydroxy-2- hexanone (11.95), prepared by a proline-catalyzed aldol reaction of acetone with pivaldehyde, 11.98 was followed by allylation and
acetylation to afford 11.95 (Scheme 11.10). Palladium (II)-catalyzed isomerization of allylic acetate (E/Z) 9:1, followed by removal of the acetyl
group, provided primary allylic alcohol 11.96 in 78% yield after separation by silica gel column chromatography. Ru(OAc) [(S)-binap]-catalyzed
asymmetric hydrogenation of 11.96 under 100 atm of hydrogen afforded 11.97 in quantitative yield (>95% ds). Swern oxidation of 11.97, followed by a Paterson antialdol reaction with 11.98, and protection of the
resultant adduct with TBS provided 11.99 in 67% overall yield. Removal
of the MPM group from 11.99 was next accomplished with DDQ, and a
subsequent coupling with N-Boc-Pro-OH by the Yamaguchi method afforded 11.100, which was in good accordance with Forsyth’s intermediate.
Removal of the benzoate from 11.100 and oxidative cleavage of the resultant R-hydroxyketone provided acid 11.93.
The key intermediate 11.91 was prepared from N-Boc-D-Cys- (S-Trt)OH (11.101) as follows (Scheme 11.11): DIBAL reduction of its Weinreb
amide, followed by Wittig olefination, afforded (E)-11.102 selectively.
Hydrolysis of the ethyl ester, allyl ester formation, and selective deprotection of the N-Boc group in the presence of S-Trt (TMSOTf/2,6-lutidine;
MeOH) provided 11.92. Condensation of 11.92 and 11.93 (HATU/
DIEA/CH2Cl2) gave 16 in 85% yield. Following multistep conversion of
TBS ether 11.103 into the 2,2,2-trichloroethoxycarbonyl (Troc) ester
11.91, the latter was treated with PPh3(O)/Tf2O in CH2Cl2 at 0 °C to
induce thiazoline formation.The reaction proceeded cleanly to give the desired thiazoline 11.104. Compound 11.104 was then immediately treated
with Zn-NH4-OAc to remove its Troc group; this did not adversely affect
the thiazoline ring or the adjacent stereogenic center and gave 11.105 in
90% yield. Treatment of 11.105 with Pd(PPh3)4/N-methylaniline provided 11.89 in 95% yield. Tripeptide 11.90 was prepared by sequential coupling of N-methylisoleucine allyl ester with N-Boc-N-methylalanine and
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Scheme 11.10 Synthesis of compound 11.93, that is, starting precursor for apratoxin A.

N-Fmoc-O-methyltyrosine by repeated treatment with HATU-DIEA and
then finally Et2NH in CH3CN. Coupling of 11.89 and 11.90 (HATU/
DIEA/CH2Cl2) provided 11.106 in 71% yield (Scheme 11.11).
Cleavage of the O-allyl ester from 11.106 with Pd-(PPh3)4/Nmethylaniline followed by removal of the Fmoc group with Et2NH/CH3CN
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Scheme 11.11 Synthesis of compound 11.89, that is, starting precursor for apratoxin A.

afforded the cyclization precursor 11.107. Finally, the macrolactamization of
11.107 was performed with HATU/DIEA. After purification by silica gel
chromatography, apratoxin A 11.88 was isolated in 53% yield (Scheme 11.12).

11.7.3 Pharmaceuticals Application of Apratoxin A
Apratoxin A exhibits potent cytotoxicity in vitro with IC50 values of 0.52 nM
against KB and 0.36 nM against LoVo cancer cells. In vivo Apratoxin A
proved to be toxic to mice and was poorly tolerated at best. A single i.v. injection of 3.0 mg/kg on day 3 into mice that bore a subcutaneous implanted

Scheme 11.12 Synthesis of apratoxin A.
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early stage colon adenocarcinoma gave a T/C of 31%, however, accompanied by drug deaths (LD25) and intolerable weight loss (32% on day 24)
of the surviving animals. Sublethal doses, for example, 1.5 mg/kg/inj on
days 3 and 4, produced modest tumor inhibition with a T/C of 51% (inactive by NCI standards) and 21% body weight loss on day 9. Full recovery
occurred on day 23, indicating a long (14-day) host recovery time. Against
early stage mammary Adenocarcinoma 16/C no activity was observed. The
mode of action of Apratoxin A is unknown at this time. Apratoxin A had no
effect on the microfilament network, did not inhibit microtubule polymerization/depolymerization, and did not inhibit topoisomerase I (Hendrik
et al., 2001).

11.7.4 Isolation of Apratoxin A
Cyanobacterial L. majuscule collections from Finger’s Reef, Apra Harbor,
Guam, were freeze-dried and extracted with various organic solvents.
Cytotoxicity-guided solvent partition followed by normal-phase chromatography and reversed-phase HPLC afforded apratoxin A 11.88 as a colorless, amorphous solid (Hendrik et al., 2001).
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Ayurveda: A new dimension
in the era of modern medicine
Manisha Mann and Seema R. Pathak
Amity School of Applied Science, Amity University, Haryana, India

12.1 INTRODUCTION AND HISTORY OF AYURVEDIC
MEDICINE
Ayurveda is a Sanskrit word, which is made up of two words “Ayus”—
life and “veda”—knowledge. Hence, Ayurveda is known as “knowledge of
life”. According to Charak, an ayurvedic scholar, the term “ayu” comprises
soul, body, mind, and senses. The motive of ayurveda is to prevent any type
of illness, to heal the sick, and to preserve life. In other words,
i. Swasthyas swasthya rakshanam—to extend life and to protect health.
ii. Aturasya vicar prashamanamcha—to eradicate dysfunction and disorders of
the body (Das, in press).
Ayurveda is defined as the diagnostic system covering all the physiological organs and functions and also particular treatments and techniques for
managing each disease. Ayurvedic medicines provide economical healthcare
therapies.These healthcare therapies are not microbial resistant and does not
have any adverse effects unlike modern drug therapy. (Mishra et al., 2001).
There are four vedas—rigveda, yajurveda, samaveda, and atharvaveda. Veda
conveys “the philosophy of life”. Ayurveda is based on atharvaveda, which
contains principle of healing. Ayurveda enhances longevity. It contains traditional techniques of healing which are also influenced by Chinese, Greek,
and Tibetan medicine. Therefore, ayurveda is considered “mother of healing”. Ayurveda is divided into eight branches—internal medicine, surgery,
organic medicines, pediatrics, toxicology, rejuvenating remedy, aphrodisiac
remedies, and spiritual healing. These eight branches are known as astanga
ayurveda (History of Medicine, in press).
The main concept on which ayurvedic medicine believes in universal
interconnectedness (between people and their health and universe), constitution of body—prakirti and life forces—dosha. With the help of these
concepts, any ayurvedic physician can give specific treatments, including
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substance of herbs, exercise, diet, and lifestyle recommendation. Most of
the people use ayurvedic medicines alone or in combination with conventional allopathic medicines. In southeast Asia, ayurveda is practiced in various forms. Ayurvedic products are manufactured either by herbs alone or in
different combination of herbs, minerals, metals, etc. If an ayurvedic product
is taken in excess quantity than the prescribed dose, it can be toxic and
harmful (Ayurvedic Medicine, 2016). Ayurveda and its herbal therapy flourishes equally with allopathic, unani, and homeopathic medicines (Ayurveda,
in press).
Ayurvedic herbs are said to be a source of revitalizing energy for both
the soul and the mind. Ayurvedic herbs also act as appetizers. Ayurvedic
medicines claim that they aid in treating various metabolic and chronic
disorders (Effects of Ayurvedic, in press).

12.2 PRINCIPLE OF AYURVEDA
12.2.1 Dosha Theory
Ayurveda depends on the fact that “the universe is made up of five elements—air, fire, water, earth and ether”. These five elements are signified
in human body by three energies or also known as “dosha”—vata, pitta,
and kapha.
• Vata—it is related to ether and air. Vata regulates circulation, nerve impulse, elimination, and respiration in human body.
• Kapha—it is related to water and earth elements. Kapha is accountable
for protection and growth of human body. For instance, mucosal lining
within the stomach and cerebro-spinal in brain and spinal column.
• Pitta—it is related to water and fire element. Pitta is responsible for metabolism in the tissue and organs.
The desirable limit of these three dosha maintains the balance inside the
body. Once any dosha accumulates beyond the desirable level, it results in an
imbalance in the body. Every individual is different and has a different balance of dosha. In Ayurveda, lifestyle and nutritional changes are suggested
to decrease the excess level of dosha in an individual.
According to Ayurveda, “sushrut samhita” is the term used to define a
healthy person. It means an individual whose tridoshas are in balance, all
body organs and tissues are functioning normally and whose body, spirit,
and mind are cheerful (Das, in press). In Ayurveda, there are seven body
types—monotypes (vata, pitta, or kapha, one of them is predominant), dual
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type (vata–pitta, pitta–kapha, and kapha–vata) and equal typed (vata, pitta,
and kapha in equal parts) (Effects of Ayurvedic, in press).

12.2.2 Dhatu—Basic Structure of a Human Body
Dhatu represents the structure of the body. Dhatus are the body tissues
that are accountable for the working of organs, system, and structure of the
body. The nourishment of each dhatu comes from the digestive system of
the body. Each dhatu is made out from the previous one. Dhatus are the
outcome of the action of the catalyst in the body, which converts one tissue
into another.
The only purpose of metabolism is to gather dhatus together in synchronization so that they can perform their roles in the body. Dhatus are of
seven types and they work in coordination with each other. All seven dhatus
are responsible for immune system. In ayurveda, the treatment for disorder
is given according to dhatu.The survival and the growth of the body rely on
these dhatus. Disorders or diseases are caused by any disturbance or imbalance in the equilibrium of the dhatus.
Following are the seven dhatus:
i. Rasa (plasma)
Rasa is the very first dhatu and it is the primary part of the human
body. Rasa is also known as juice or sap. It symbolizes the fluid of intracellular and extracellular parts of the body. The function of rasa is to
provide nourishment and strength to blood. After the digestion of food,
it gets converted into a liquid (rasa) which is later converted into blood.
ii. Rakta (blood)
Rakta is the refined form of rasa dhatu. The function of rakta is to
provide nourishment to the body by circulating rakta to the cells and
tissues of the body. Rakta also helps in exchange of gases. Rakta dhatu
is also called as the preserver of the life.
iii. Mamsa (muscles)
Mamsa dhatu constitutes the internal organs of the body. It is derived
from rakta and rasa dhatus. Mamsa covers the bones and structure of
the body. It is of various types such as cardiac muscle (hridya kandara),
smooth muscles (vartul kandara), and skeletal muscle (asti kandara).
iv. Meda (fat)
Meda dhatu is also called as fatty tissue. Meda is the refined portion of
mamsa dhatu. The function of meda is to provide lubrication to the
body organs.
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v. Asthi (bone)
It is responsible for the primary structure of the body. All the bones are
made up of osseous tissues. These tissues are called asthi dhatu. Asthi
dhatu also comprises all cartilaginous structure present in the body. It
is the most solid form of dhatu.
vi. Majja (bone marrow)
Bone marrow is also called as myeloid tissue. Myeloid tissue is yellow
or red in color and semi-solid in nature. Majja tissues are found in
bone cavity and also in spinal cord and brain. Majja is finer essence
of asthi dhatu.
vii. Shukra (reproductive fluid or semen)
Shukra dhatu comprises the reproductive components of the body.
Shukra dhatu is the most refined product out of all seven dhatus. According
to the gender, shukra dhatu has two different names. In males, it is called
shukra, which includes sperm. In females, it is called sronita, which includes
ovum (Seven Dhatus, in press).

12.2.3 Tripod of Ayurveda
According to ayurveda, for maintaining a healthy life a person needs food,
sleep, and controlled sex. These three are considered as the three pillars of
ayurveda. All these pillars are thoroughly discussed below.
i. Diet/food/ahar
Around 5000 years ago, the ayurvedic diet was invented in India.
Ayurvedic diet is a part of complete health plan. The health plan also
includes various types of herbs, yoga, massage, and meditation. By doing sheer changes in the dietary pattern one can easily cure his disorder.
A balanced diet is said to be the key point in ayurveda. The food is the
foundation of energy for the soul and the body instead of standby of
vitamins, mineral, and proteins. As we all know that the body type of
each individual is different, hence the ayurvedic diet also varies from individual to individual.The selection of an ayurvedic diet is also based on
factors like gender, doshas, age, body strength, and level of toxins in the
body.Therefore, the methodology of ayurvedic diet is said to be holistic.
ii. Sleep
Sleep is considered the best possible way for enlightening the growth
of one's self. Sleep is said to be “the physical tendency of a body at rest
mostly in a straight motion”. Sleep is a very good way to get better
from any kind of strain and stress. Psychological and physical factors are
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reliant on one's sleep. According to the requirement of a human body,
one should sleep for at least 6–8 h daily. The best time to sleep is during night. Small naps of 10–15 min can also be taken in the afternoons.
Doing excess of anything is bad, similarly oversleeping is not good.
Oversleeping leads to negative factors. Apart from timely sleep, sleeping posture is also important. For instance, sleeping on the right side
relaxes your body and is good for yoga. On the other side, sleeping on
the left side improves digestion and the interest in sleep, food, and sex.
While sleeping on the back and on the stomach boosts diseases. Sleeping with the head towards east and feet towards west stimulates best
meditative sleep. Bathing before going to bed is considered good. For a
good sleep, an individual should eat his/her dinner light and early. For
people who have difficulty while sleeping, ayurveda endorses massages
with aromatic oils. Pleasant music also helps one to sleep peacefully.
iii. Celibacy
Celibacy is highlighted in ayurveda and is considered good for health.
Celibacy also increases intellect, will power, and memory. Celibacy generally
means sexual abstinence. According to ayurveda, inadequate use of sexual
energy wastes away prana and therefore life. Over-indulgence or inadequate
use of sexual energy according to the time of season and day wastes prana.
Abundant amount of information is present in ayurveda in order to maintain vitality by rejuvenating the reproductive organs. Suppression of our life
energy harms the link to live and enjoy life. Misuse of life energy also affects
one's ability to bond with pure consciousness. Planning sexual relation with
different people leads to many diseases. In ayurveda and veda, sex is considered a divine process which is accountable for the existence of humans on
earth (Tripods of Ayurveda, in press).

12.2.4 Eight Ways of Diagnosis
In ayurveda, diagnosis of a disease or a disorder is generally done by three
preliminary steps. These steps are observation (darshana), touch (sparshana),
and questioning (prashna). And the clinical examination is done on the basis
of eight points (Astha sthana pariksha). Following are the eight points of
diagnosis:
i. Pulse examination (nadi pariksha)
ii. Urine examination (mutra pariksha)
iii. Stool examination (mala pariksha)
iv. Tongue examination (jihna pariksha)
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v. Bodily sound examination (sabda pariksha)
vi. Eye examination (netra pariksha)
vii. Skin examination (twacha pariksha)
viii. Full body appearance (akriti pariksha) (Mishra et al., 2001)

12.3 CLASSIFICATION OF AYURVEDIC MEDICINE
There are various classifications of ayurvedic herbs. Some of them are
mentioned below:
• Classification of ayurvedic herbs according to family, morphology,
and habitat
i. Sthalaj—herbs that grow on land. For example, amalki, haritaki, etc.
ii. Vruksharuha—herbs that grow on other plants or trees but does not
rely on them for food. For example, Rasana.
iii. Jalaj—herbs that grow in water. For example, Lotus.
iv. Vrukshadan—herbs that live on the other part and nourish on their
nutrition.
• Classification of ayurvedic medicines according to doshas:
i. Shaman—matter which equals the impaired doshas without purifying
them.
ii. Kopan—matter that impairs the dosha in equilibrium.
iii. Swasthahita—matter which has the tendency to enhance or reduce
vatadi dosha but do not produce destruction of these doshas in a healthy
individual.
• Classification of ayurvedic medicine according to the use of herbs:
i. Aushadh
ii. Aahr (Types of ayurvedic, in press)

12.4 PREPARATION OF AYURVEDIC MEDICINE
All the techniques are aimed at retaining the therapeutic effect or
potencies of the herb. There are five techniques for extracting the herb,
which are as follows:
i. Svarasa (fresh juice)
ii. Kvatha (decoction)
iii. Kalka (crushed pulp or paste)
iv. Hima (cold infusion)
v. Yhant (hot infusion)
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Svarasa (fresh juice)
Fresh juice is said to be the strongest form of the herb. It is obtained by
pounding or crushing the plant and then straining the extract through
a muslin cloth. Juicer can also be used to ease the strenuous work. Juice
can only be made from fresh herbs, like, parsley, aloevera, garlic, lemon,
etc.
Kvatha (decoction)
Decoction is a technique of extracting the herb by boiling it in order
to dissolve the chemicals present in the herb. The procedure of the decoction is that mixture of herb and water is taken in the ratio of 1:16,
respectively. This mixture is then boiled on a low flame until the mixture is reduced to one-fourth of the original amount. Then the liquid is
strained and used. Decoction is generally done for bark, stem, and roots.
Decoction is a time-taking process.
Kalka (crushed pulp or paste)
Making paste from the herb is quite a strenuous task. Paste is made by
crushing fresh herb to the point till it becomes a soft mass. Paste can also
be made from dry herbs after adding little amount of water to it. Paste
can also be made using oil, ghee, or honey.
Hima (cold infusion)
Infusion is a technique in which the herb is stranded in a solvent like
water, ghee, or oil over a period of time. In cold infusion, the herbs are
stranded in cold water. It is a time-taking process and takes more time
than hot infusion. The best way is to strand the herbs overnight in the
solvent. This technique is used for delicate and aromatic herbs, such as
jasmine, sandalwood, hibiscus, etc.
Yhant (hot infusion)
In hot infusion, the herb along with water is cooked below the boiling
point, bringing the mixture to boil and then removing from the heat.
The ratio in which herb and water is taken is 1:8, respectively.The herbs
are boiled with water and set for a time period up to 12 h. Minimum
30 min of soaking is essential. Hot infusion is done for leaves and flowers.
Mentioned below are some of the additional techniques that are used to
prepare ayurvedic medicines:
Siddha taila (medicated oil)
Medicated oils are prepared by infusing the herbs in different types of
oils. Oils like coconut oil, sunflower oil, sesame oil, and castor oil are

290

Manisha Mann and Seema R. Pathak

used. Generally medicated oils are used for body massages. The procedure for preparing the medicated oil is that mixture of herbs, oil, and
water is taken in the ratio of 1:4:16, respectively. This mixture is then
heated on a low flame for 4–8 h till the water is evaporated. Then the
extract is allowed to cool and can be used for therapy.
• Ghrita (medicated ghee)
The preparation of medicated ghee is quite similar to the medicated oil.
The only difference is that instead of oil, ghee or unsalted butter is used.
Herb and ghee or butter is heated for 15 min. The mixture is strained
and allowed to cool down.
• Churtta (powder)
Powder is the most common form in which herb is taken. Traditionally
prepared in a mortar and pestle, but nowadays in order to save time grinders
are used. Powders are generally taken with a medium, like water or milk
in the ratio of 1:4 (one part herb and 4 parts water or milk; Frawley and
Lad, 2001a).

12.5 COMMONLY FOUND HOUSEHOLD AYURVEDIC
MEDICINES
The herbs mentioned in this topic are commonly found household
herbs which are highly useful in treating many diseases.These herbs include
Indian as well as Western herbs. In this section herbs are explained in terms
of its ayurvedic name, taste, effect (heating or cooling), target tissue and system, action in the body, disease for which the herb is used, and the method
of preparation.

12.5.1 Black Pepper
Black pepper is one of the common and potent digestive stimulant. Marich is one of the name assigned for sun. It comprises a large quantity of
solar energy. It burns the indigestive food particles (ama) and cleanses alimentary canal. Black pepper is used to treat urticarial by healing inflamed
skin surface.
• Ayurvedic name—Marich
• Part of the plant used—fruit
• Taste—pungent
• Effect—heating
• Target tissue and system—bone marrow, blood, plasma, fat, digestive system, circulatory system, and nervous system.
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Action in the body
i. Expectorant—a substance which promotes production of sputum in
air passage.
ii. Carminative—it prevents gas or acidity in alimentary canal.
iii. Febrifuge—it is a drug used to reduce fever.
iv. Antihelminthic—a substance which is used to eliminate parasitic
worms from the body.
v. Stimulant—it promotes a sense of energy and alertness in the body.
• Disease for which the herb is used—obesity, indigestion, fever, cold, toxins in colon, sinus infection, and degenerative metabolism.
• Method used for preparation—medicated ghee and milk decoction.

12.5.2 Camphor
Camphor increases breathing (prana) and brings clarity to the mind and
the soul. In Western countries, camphor is used as a herbal oil and used
externally. In ayurveda, camphor is also taken internally in the form of
camphor crystals or powder. It brings cooling effect to eyes, though initially it burns the eyes then the cooling effect occurs. Camphor is also used
to purify air.
• Ayurvedic name—karyura
• Part of the plant used—crystalized distilled oil
• Taste—bitter
• Effect—cooling
• Target tissue and system—bone marrow, blood, plasma, respiratory, and
nervous system.
• Action in the body:
i. Expectorant—a substance which promotes production of sputum in
air passage.
ii. Decongestant—it is used to reduce nasal congestion.
iii. Stimulant—it promotes a sense of energy and alertness in the body.
iv. Nervine—it is used to soothe the nerves
v. Antiseptic—it has antimicrobial properties and reduces the chances of
infection from any kind of bacteria.
vi. Bronchodilator—it is used to dilate bronchioles and bronchi and promotes airflow to the lungs.
• Disease for which the herb is used—bronchitis, lung congestion, insomnia, eye disorders, asthma, sinus, and nasal congestion.
• Method used for preparation—infusion (14 g camphor in 3.7 L water),
medicated oil and powder (100–250 mg)
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12.5.3 Cardamom
Cardamom is considered as one of the best digestive stimulant. It activates
heart and mind. Cardamom gives joy and clarity to the mind and the soul.
It removes kapha from the lungs and stomach. It regulates samana vayu.
• Ayurvedic name—ela
• Part of the plant used—seeds
• Taste—sweet
• Effect—heating
• Target tissue and system—blood, plasma, nerve, bone marrow, respiratory, digestive, and circulatory system.
• Action in the body:
i. Stimulant—it promotes a sense of energy and alertness in the body.
ii. Expectorant—a substance which promotes production of sputum in
air passage.
iii. Carminative—it prevents gas or acidity in alimentary canal.
iv. Diaphoretic—it increases sweating in the body.
• Disease for which the herb is used—loss of taste, bronchitis, digestive
disorder, cold, and cough.
• Method used for preparation—100–500 mg of powder, cold infusion,
and milk decoction.

12.5.4 Cayenne Pepper
Cayenne pepper is a strong digestive and circulatory stimulant. It is one of
the best medicines for external and internal cold. Cayenne pepper has a
strong hemostatical action and can also be used to stop bleeding. It burns
out the toxins present in the colon. If taken in excess amount it can cause
gastrointestinal tract problems, ulcers, and inflammation in mucosal membrane.
• Ayurvedic name—marichi phalanx
• Part of the plant used—fruits
• Taste—pungent
• Effect—heating
• Target tissue and system—blood, plasma, marrow, nerve, respiratory, digestive, and reproductive system.
• Action in the body:
i. Expectorant—a substance which promotes production of sputum in
air passage.
ii. Carminative—it prevents gas or acidity in alimentary canal.
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Stimulant—it promotes a sense of energy and alertness in the body.
Diaphoretic—it increases sweating in the body.
Hemostatic—it reduces or stops the bleed by promoting coagulation.
Antihelminthic—a substance which is used to eliminate parasitic
worms from the body.
Disease for which the herb is used—sinus congestion, abdominal disorder, indigestion disorder, worms, and poor blood circulation.
Method used for preparation—100–500 mg of powder and infusion.

iii.
iv.
v.
vi.
•
•

12.5.5 Chamomile
Chamomile tea is one of the popular tea beverages with many therapeutic
properties. Chamomile is a sattvic herb which balances the emotions in the
body. It strengthens the eye and promotes menstruation.
• Ayurvedic name—there are two species of chamomile that are used—
German chamomile—Matricaria chamomilla and Roman chamomile—
Chamaemelum nobile.
• Part of the plant used—flowers
• Taste—bitter
• Effect—cooling
• Target tissue and system—blood, plasma, nerve, marrow, muscle, digestive, and respiratory system.
• Action in the body:
i. Diaphoretic—it increases sweating in the body.
ii. Carminative—it prevents gas or acidity in alimentary canal.
iii. Nervine—it is used to soothe the nerves
iv. Analgesic—it is given to reduce the pain.
v. Antispasmodic—it is given to reduce spasm of involuntary muscle.
vi. Emetic—it induces vomiting.
• Disease for which the herb is used—eye inflammation, amenorrhea,
jaundice, digestive disorder, nerve disorder, and indigestion.
• Method used for preparation—hot or cold infusion, 250 mg−1 g of powder and paste.

12.5.6 Cinnamon
Cinnamon is a powerful medicine for harmonizing and strengthening the
blood circulation. It is one of the best remedies for cold and flu. It maintains
the blood sugar and also aids in weight loss. Cinnamon acts as a pain reliever for
muscle tension and tooth ache. It warms the kidney and strengthens the heart.
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Ayurvedic name—twak
Part of the plant used—bark
Taste—sweet
Effect—heating
Target tissue and system—blood, plasma, muscles, marrow, nerve, digestive system, circulatory system, urinary system, and nervous system.
• Action in the body:
i. Stimulant—it promotes a sense of energy and alertness in the body.
ii. Diaphoretic—it increases sweating in the body.
iii. Expectorant—a substance which promotes production of sputum in
air passage.
iv. Carminative—it prevents gas or acidity in alimentary canal.
v. Analgesic—it is given to reduce the pain.
vi. Diuretic—it is also called as water pills. They are given to increase the
quantity of water and salt expelled from the body as urine.
• Disease for which the herb is used—cold, sinus congestion, bronchitis,
and dyspepsia.
• Method used for preparation—500 mg−1 g of powder, infusion, and
decoction.

12.5.7 Cloves
Cloves are powerful stimulants.They are great for lungs and stomach. Cloves
are used for treating chill and disinfecting lymphatics.
• Ayurvedic name—lavanga
• Part of the plant used—dried flower buds
• Taste—bitter
• Effect—heating
• Target tissue and system—plasma, marrow, muscles, reproductive, and
nervous system.
• Action in the body:
i. Analgesic—it is given to reduce the pain.
ii. Aphrodisiac—any substance which stimulates sexual desire.
iii. Expectorant—a substance which promotes production of sputum in
air passage.
iv. Carminative—it prevents gas or acidity in alimentary canal.
v. Stimulant—it promotes a sense of energy and alertness in the body.
• Disease for which the herb is used—toothache, low blood pressure, cold
and cough, pharyngitis, laryngitis, and vomiting.
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Method used for preparation—cold infusion, milk decoction, 250–
500 mg of powder.

12.5.8 Coriander
Apart from its culinary uses, coriander seeds are also used to treat pitta disorders. Fresh juice can be used to treat any type of skin rashes, inflammation,
itching, and allergies. Coriander promotes better absorption and digestion
of food.
• Ayurvedic name—dhanyaka
• Part of the plant used—fruit (seeds) and leaves
• Taste—bitter
• Effect—cooling
• Target tissue and system—blood, plasma, muscles, digestive, urinary, and
respiratory systems
• Action in the body:
i. Diuretic—it is also called as water pills. They are given to increase the
quantity of water and salt expelled from the body as urine.
ii. Diaphoretic—it increases sweating in the body.
iii. Stimulant—it promotes a sense of energy and alertness in the body.
iv. Carminative—it prevents gas or acidity in alimentary canal.
• Disease for which the herb is used—urinary tract infection (UTI), rashes, sore throat, urticarial, indigestion, allergies, and vomiting.
• Method used for preparation—cold and hot infusion, fresh juice, and
250–500 mg of powder.

12.5.9 Fennel Seeds
Fennel seeds are best ayurvedic medicine for treating digestive disorder and
strengthen agni. Fennel seeds are also used to treat cramping of muscles.
Fennel seeds calm the nerves and their aroma acts on mind and stimulate
mental alertness.
• Ayurvedic name—shatapushpa
• Part of the plant used—fruits (seeds)
• Taste—sweet
• Effect—cooling
• Target tissue and system—blood, plasma, muscles, marrow, nervous system, digestive system, and urinary system.
• Action in the body:
i. Stimulant—it promotes a sense of energy and alertness in the body.
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ii. Carminative—it prevents gas or acidity in alimentary canal
iii. Diuretic—it is also called as water pills. They are given to increase the
quantity of water and salt expelled from the body as urine.
iv. Antispasmodic—it is given to reduce spasm of involuntary muscle.
• Disease for which the herb is used—gas or acidity, indigestion, abdominal cramps, or pain and urinary tract infection (UTI)
• Method used for preparation—250–500 mg of powder and infusion.

12.5.10 Fenugreek
Fenugreek is a good herbal remedy for speedy recovery from any illness
or injury related to respiratory, reproductive, and nervous systems. In new
mothers, fenugreek is given to increase the flow of breast milk and to promote hair growth. Fenugreek paste is used to treat boils and ulcers. Fenugreek is added to food to promote digestion.
• Ayurvedic name—methi
• Part of the plant to be used—seeds
• Taste—bitter
• Effect—heating
• Target tissue and system—plasma, marrow, blood, nerve, reproductive
system, urinary system, respiratory system, and digestion system.
• Action in the body:
i. Expectorant—a substance which promotes production of sputum in
air passage.
ii. Tonic—a medicinal form taken to get a feeling of well-being.
iii. Aphrodisiac—any substance which stimulates sexual desire.
iv. Rejuvenative—substance which restores youthfulness.
v. Diuretic—it is also called as water pills. They are given to increase the
quantity of water and salt expelled from the body as urine.
• Disease for which the herb is used—arthritis, cough, bronchitis, toothache, dysentery, and allergies.
• Method used for preparation—decoction, 250 mg−1 g of powder and
paste.

12.5.11 Flaxseed
Flaxseed is a good herb for vata, lungs, and colon. It helps in strengthening
the tissue of lungs and promotes healing of the lung membranes. Flaxseed
contains natural protein and calcium. It aids in weight loss.
• Ayurvedic name—uma
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Part of the plant used—seed
Taste—sweet
Effect—heating
Target tissue and system—plasma, bones, muscles, blood, respiratory system, and excretory system.
• Action in the body:
i. Laxative—a substance which is given to relieve constipation.
ii. Emollient—a substance which is used to soften and relax irritated skin.
iii. Demulcent—it reduces irritation and inflammation.
iv. Expectorant—a substance which promotes production of sputum in
air passage.
• Disease for which the herb is used—diarrhea, constipation, asthma,
bronchitis, and pneumonia.
• Method used for preparation—infusion, decoction, paste, milk decoction, and 250 mg−1 g powder.

12.5.12 Garlic
Garlic is known to be a rejuvenative herb. Garlic removes the indigestive
food (ama). It is given to treat periodic or chronic fever. Garlic is the essence
of vata. Garlic increases quality of semen in males.
• Ayurvedic name—rashona
• Part of the plant used—rhizome
• Taste—garlic is a herb which has six different tastes according to the part
of plant except sour taste. Root has a pungent taste, leaf has a bitter taste,
stem has an astringent taste, seeds have a sweet taste, and top of the stem
has a saline taste.
• Effect—heating
• Target tissue and system—all the tissue and system of the body.
• Action in the body:
i. Stimulant—it promotes a sense of energy and alertness in the body.
ii. Disinfectant—a substance which is used to terminate harmful microorganisms.
iii. Aphrodisiac—any substance which stimulates sexual desire.
iv. Rejuvenative—substance which restores youthfulness.
v. Expectorant—a substance which promotes production of sputum in
air passage.
• Disease for which the herb is used—skin disorder, cholesterol, heart disorder, cold and cough, impotence, edema, parasitic infection, and asthma.
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Method used for preparation—infusion, medicated oil, juice, and 100–
500 mg powder.

12.5.13 Gentian
Gentian is one of the best anti-pitta herb. Gentian is worldwide used as a
bitter tonic. It helps in curing inflammation and fever. Gentian is also used
for treating stomach ulcers, genital sores, and infection.
• Ayurvedic name—kirata
• Part of the plant used—root
• Taste—bitter
• Effect—cooling
• Target tissue and system—muscles, blood, plasma, fat, digestive system,
and circulatory system.
• Action in the body:
i. Laxative—a substance which is given to relieve constipation.
ii. Antipyretic—it is used to reduce fever.
iii. Antibacterial—an antimicrobial medicine which is given to treat bacterial infections.
iv. Antihelminthic—a substance which is used to eliminate parasitic
worms from the body.
• Disease for which the herb is used—diabetes, hepatitis, liver disorder,
genital herpes, ulcers, fever, and skin disorder.
• Method used for preparation—250–500 mg powder and decoction.

12.5.14 Ginger
Ginger is treated as the “universal medicine”. It is mostly used with
honey to treat cold and cough. It also relieves cramps and gas in the
abdomen. Ginger can also be given to treat menstrual cramps. It is good
for treating arthritis and heart disorder. Dry powder is much hotter than
fresh ginger.
• Ayurvedic name—fresh ginger—ardraka and dry ginger—nagara
• Part of the plant used—rhizome
• Taste—sweet
• Effect—heating
• Target tissue and system—it works on all the tissue, respiratory system,
and digestive system.
• Action in the body:
i. Analgesic—it is given to reduce the pain.
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ii. Expectorant—a substance which promotes production of sputum in
air passage.
iii. Diaphoretic—it increases sweating in the body.
iv. Antiemetic—it relieves from nausea and vomiting.
v. Stimulant—it promotes a sense of energy and alertness in the body.
• Disease for which the herb is used—headache, heart disorder, cold and
cough, abdominal pain, laryngitis, vomiting, and arthritis.
• Method used for preparation—infusion, 250–500 mg powder, decoction, and fresh juice.

12.5.15 Hibiscus Flower
Flowers of hibiscus are sacred to lord “Ganesh”, also known as “the god
for everyman” or “god of wisdom”. The flowers are used for purification
of blood and heart spiritually and physically. Hibiscus enhances complexion of skin and promotes hair growth. It is especially used for menstrual
disorder.
• Ayurvedic name—japa
• Part of the plant used—flower
• Taste—sweet
• Effect—cooling
• Target tissue and system—plasma, muscle, marrow, blood, female reproductive system, circulatory system, and nervous system.
• Action in the body:
i. Hemostatic—it reduces or stops the bleed by promoting coagulation.
ii. Emmenagogue—it promotes menstrual blood flow.
iii. Demulcent—it reduces irritation and inflammation.
iv. Antispasmodic—it is given to reduce spasm of involuntary muscle.
• Disease for which the herb is used—cough, menorrhagia, dysmenorrhea, cystitis, fever, and toxins in blood.
• Method used for preparation—powder, decoction, and paste.

12.5.16 Licorice
Licorice is also called as honey stick. Licorice is a good cleanser for stomach and lungs. It tones the mucosal membrane, reduces inflammation, and
relieves muscle spasm. Licorice reduces toxicity in the body. It reduces dryness. Licorice helps in liquefying the mucus and facilitates its expulsion
from the body. It is good for skin complexion, eyes, and hair.
• Ayurvedic name—ydshti madhu
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Part of the plant used—root
Taste—sweet
Effect—cooling
Target tissue and system—all tissue and system.
Action in the body:
i. Demulcent—it reduces irritation and inflammation.
ii. Tonic—a medicinal form taken to get a feeling of well-being.
iii. Laxative—a substance which is given to relieve constipation.
iv. Expectorant—a substance which promotes production of sputum in
air passage.
v. Sedative—it induces calmness and sleep.
• Disease for which the herb is used—abdominal pain, sore throat, bronchitis, laryngitis, cold, and cough, acidity, and painful urination.
• Method used for preparation—250–500 mg powder, decoction, medicated ghee, and milk decoction.

12.5.17 Mint
Mint is widely used for calming the nerves, relaxing mind, and bringing
clarity to mind and senses. Mint has soothing action on the nervous system. Due to its diaphoretic properties, mint is used to treat flu and cold. It
promotes digestion. Mint comprises a large quantity of ether element. Mint
helps in relieving emotional and mental tension.
• Ayurvedic name—pudina
• Part of the plant used—leaves
• Taste—pungent
• Effect—cooling
• Target tissue and system—nerve, blood, plasma, marrow, circulatory system, respiratory system, nervous system, and digestive system.
• Action in the body:
i. Analgesic—it is given to reduce the pain.
ii. Diaphoretic—it increases sweating in the body.
iii. Nervine—it is used to soothe the nerves.
iv. Carminative—it prevents gas or acidity in alimentary canal.
• Disease for which the herb is used—headache, digestion disorder, sore
throat, cough, laryngitis, fever, and dysmenorrhea.
• Method used for preparation—250–500 mg powder and infusion.
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12.5.18 Nutmeg
Nutmeg is used for promoting absorption of food in small intestine. Nutmeg helps in decreasing high vata in nervous system and colon. It calms
the mind and promotes good sleep. It is also used for treating premature
ejaculation in men.
• Ayurvedic name—jatifhala
• Part of the plant used—seed
• Taste—pungent
• Effect—heating
• Target tissue and system—nerve, plasma, marrow, muscles, reproductive
system, nervous system, and digestive system.
• Action in the body:
i. Aphrodisiac—any substance which stimulates sexual desire.
ii. Carminative—it prevents gas or acidity in alimentary canal.
iii. Sedative—it induces calmness and sleep.
iv. Astringent—it reduces minor abrasion on skin.
• Disease for which the herb is used—gas, diarrhea, digestion disorder,
nervous disorder, abdominal pain, and dysentery.
• Method used for preparation—250–500 mg powder, milk decoction,
and infusion.

12.5.19 Saffron
Saffron is known to be a luxury spice. It is added to food in order to increase
the richness. Saffron rejuvenates the blood and female reproductive system.
Saffron is a spleen regulator and anti-pitta herb. It is said to be an aphrodisiac
for women. It promotes growth of tissues of reproductive organs.
• Ayurvedic name—nagakeshara
• Part of the plant used—stigma of flowers
• Taste—sweet
• Effect—cooling
• Target tissue and system—all tissues, female reproductive system, digestive system, circulatory system, and nervous system.
• Action in the body:
i. Aphrodisiac—any substance which stimulates sexual desire.
ii. Carminative—it prevents gas or acidity in alimentary canal.
iii. Antispasmodic—it is given to reduce spasm of involuntary muscle.
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iv. Emmenagogue—it promotes menstrual blood flow.
v. Rejuvenative—substance which restores youthfulness.
• Disease for which the herb is used—infertility, liver disorder, anemia,
menstrual disorder, depression, asthma, diarrhea, and cough.
• Method used for preparation—100–250 mg powder, medicated ghee or
oil, and infusion.

12.5.20 Sandalwood
Sandalwood is widely used for its cooling and calming properties. Sandalwood helps to reduce fever, sweating, and burning sensation. It is used to
treat inflammation and cleanses the blood. Sandalwood also enhances sexual
energy. It awakens intelligence and increases meditation.
• Ayurvedic name—chandana
• Part of the plant used—oil and wood
• Taste—bitter
• Effect—cooling
• Target tissue and system—plasma, marrow, muscle, nerve, reproductive
system, circulatory system, and digestive system.
• Action in the body:
i. Sedative—it induces calmness and sleep.
ii. Antiseptic—it has antimicrobial properties and reduces the chances of
infection from any kind of bacteria.
iii. Carminative—it prevents gas or acidity in alimentary canal.
iv. Hemostatic—it reduces or stops the bleed by promoting coagulation.
v. Antibacterial—an antimicrobial medicine which is given to treat bacterial infections.
• Disease for which the herb is used—skin disorder, bronchitis, eye disorder, urethritis, herpes, sunstroke, and vaginitis.
• Method used for preparation—medicated oil, infusion, 250 mg−1 g
powder (Frawley and Lad, 2001b).

12.6 SUMMARY
Ayurvedic medicines are versatile in nature. One medicine can be
used to cure multiple diseases. The best part of use of ayurvedic medicine is
that it does not have any side effects unlike allopathic medicines. The mantra of ayurvedic medicine is to treat the disease from the root instead of just
suppressing the disease. Every household has its unique way of treating any
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disease using commonly found ayurvedic herbs. It is essential to maintain
three doshas inside the body. Any type of imbalance in doshas results in disease. An ayurvedic medicine is tested on the basis of energetics, which is the
taste, smell, effect, and action inside the body.The eight ways of diagnosis in
ayurveda are highly helpful.
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CHAPTER 13

Dual role of drugs: beneficial
and harmful aspects
Sunil Kumar Rai and Ashish Kumar Tewari

Institute of Science, Banaras Hindu University,Varanasi, Uttar Pradesh, India

13.1 INTRODUCTION
The words drug and medicine are often confused whether both are
the same, or there is any difference between them. Since books are assumed
as the layman's guide, this has been clarified here. A drug is a substance that
is often considered narcotic, hallucinogen, or a stimulant, in other words, a
drug is stimulating in nature and causes addiction. However, a medicine is a
preparation used for the treatment or prevention of disease, in other words
“medicine” refers to the science or practice of the diagnosis, treatment,
and prevention of disease. Some medicines are also drugs that are considered “controlled substances” (i.e. there are laws governing their use, and use
against those laws would be under criminal activities). Since this chapter is
limited to the beneficial and harmful aspects of drugs, particularly which are
having the dual role (i.e. their use may cause addiction, yet, their controlled
dose is useful in medication), therefore, we describe about some naturally
obtained drugs that are used in medication, despite causing the compulsive
drug seeking.

13.2 WHY DRUG ABUSE?
Intermittent use of a drug to maintain one's quality of life may cause
dependence/addiction. Here drug dependence and drug addiction are interchangeable, because many addicts depend on drugs to function; however, it is possible to dependent on drugs without being addicted. Drug
dependence/addiction, often occurs if you rely on medications to control
a chronic medical condition. Consequently, physical or psychological drug
dependence usually develops a tolerance to the drug and requires increasing dose with time to have the normal function. The routine use of illicit
drug for the normal function of the addicted person may affect his health,
work, personal life, and also may affect his family and society. The enduring
Synthesis of Medicinal Agents from Plants. http://dx.doi.org/10.1016/B978-0-08-102071-5.00013-1
Copyright © 2018 Elsevier Ltd. All rights reserved.
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Fig. 13.1 Brain circuits that are affected by drug abuse and addiction. Abbreviations:
PFC, prefrontal cortex; ACG, anterior cingulate gyrus; OFC, orbitofrontal cortex; SCC,
subcallosal cortex; NAc, nucleus accumbens; VP, ventral pallidum; Hipp, hippocampus;
Amyg, amygdale.

nature of addiction has been hypothesized to arise from perturbations in
intracellular signaling, gene expression, and brain circuitry induced by substance abuse. Further, all drugs of abuse affect the brain signaling system by
influencing neurotransmitter substances (particularly, dopamine, Fig. 13.1)
(Everitt and Robbins, 2005). Although each drug has a different mechanism
of action, each drug increases the activity of the reward pathway by increasing dopamine transmission. Because of the way our brains are designed, and
because these drugs activate this particular brain pathway for reward, they
have the ability to be abused. Thus, addiction is truly a disease of the brain.

13.3 NATURAL SOURCES OF DRUG ABUSE
Some of the natural products which are used for medications are addictive by nature. Owing to their addictive nature these drugs cause many
personal and social problems. To overcome these problems and to enforce
their controlled use, government of India passed the Narcotic Drugs and
Psychotropic Substances Act (NDPS Act) in 1985. Therefore, we shall describe about the naturally occurring drugs which are having the addictive
consequences after their use. These drugs are amphetamine, buprenorphine,
charas, cocaine, codeine, diazepam, ganja, heroin, MDMA (ecstasy), methamphetamine, methaqualone (mandrax), morphine and popy straw.
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Fig. 13.2 Chemical structures of amphetamine and related compounds.

13.4 AMPHETAMINES
Amphetamine (AMPH) (1) was discovered in 1887 by a Romanian
chemist Lazăr Edeleanu. He synthesized this compound during his doctoral dissertation under the guidance of A.W. Hofmann at the University of
Berlin and named it phenylisopropylamine. The stimulant effect of AMPH
was unknown until 1927 and its pharmacological use was not discovered
until 1934. However, AMPH was first marketed in the 1930s as Benzedrine
in an over-the-counter inhaler to treat nasal congestion (Sulzer et al., 2005).

13.4.1 Natural Sources
The principal natural resource of AMPH analogs belongs to the genus Ephedra
and the tree Catha edulis (Fig. 13.2). The major component of Ephedra is
ephedrine (Scheme 13.2), which was first synthesized by a Japanese organic
chemist Nagajoshi Nagai in 1885. However, Catha edulis contain the amphetamines cathinone (Scheme 13.3) and norpseudoephedrine (cathine) (Scheme
13.4). Moreover, some shrubs, for example, Senegalia berlandieri contains trace
amounts of amphetamines that are amphetamine (Scheme 13.1), methamphetamine (Scheme 13.5), para-hydroxyamphetamine (Scheme 13.6), and
para-methoxyamphetamine (Scheme 13.7) (Sulzer et al., 2005).

13.4.2 Medical Application and Abuse
After the discovery of amphetamine's CNS stimulant properties, it was
used as a respiratory stimulant in form of an inhaler to treat nasal congestion. Benzedrine was the first pharmaceutical amphetamine which was
used to enlarge nasal and bronchial passages. At that time, amphetamine
was prescribed by medical professionals to cure the range of ailments like
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narcolepsy, weight reduction, depression, alcohol hangover, hyperactivity in
children, and vomiting during pregnancy. During World War II, amphetamines were used extensively by the military personnel of the United States,
Great Britain, Germany, and Japan to induce alertness and endurance as well
as to improve mood. Currently, pharmaceutical amphetamine is prescribed
as racemic amphetamine, Adderall, dextroamphetamine, or the inactive prodrug lisdexamfetamine, and prescribed to use through oral and intravenous
means. In practice, amphetamine has more limited medical uses due to its
side effects and addictive nature.3
Use of amphetamines increases the concentration of neurotransmitters
such as dopamine and norepinephrine in a dose-dependent manner but
their reuptake is inhibited. Therefore, due to altered use of monoamines in
the brain, amphetamine exerts the behavioral effects. By doing so, amphetamine activates the nerve cells in the brain and spinal cord which cause
improved mental concentration and ability to stay awake.
Abuse of amphetamines started during the 1960s with the discovery
of their intravenous injection (particularly methamphetamine due to more
pronounced effects on the CNS than the amphetamine), which produced
rapid euphoric effects than oral administration. If anyone who depends on
amphetamine to maintain their lifestyle and spends most of the time alone,
they should be aware of the risks involved because methamphetamine becomes the driving force in their life rather than to maintain the relationships with family and friends.

13.4.3 Synthesis
13.4.3.1 Chemical Synthesis
After the first synthesis of AMPH in 1887 by Lazăr Edeleanu, numerous
synthetic routes have been developed so far. Early synthetic transformation from 1900 to 1985 includes some famous name reactions such as aldol
condensation, the Hofmann rearrangement, the Curtius rearrangement, the
Schmidt rearrangement, the Lossen rearrangement, the Backmann rearrangement, the Wolff rearrangement, and the Friedel–Craft alkylation reaction along with some catalytic reduction.4 These reactions produce racemic
mixture of two enantiomers (i.e. R and S enantiomers), therefore stereoselective synthesis was developed with time, although, a number of chiral
resolutions are available in the literature. A cheap synthesis by Knoevenagel condensation and a stereoselective synthesis of amphetamine have been
shown in Scheme 13.1A and B, respectively. For more reactions, see the
review by Allen and Ely (2011).
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Scheme 13.1 (A) Synthesis of AMPH by Knoevenagel condensation followed by reduction. (B) Stereoselective synthesis of dextro AMPH.

13.4.3.2 Biosynthesis
The molecular biochemical basis of substituted amphetamine biosynthesis in khat and Ephedra species is largely unknown. Only the initial step
[the deamination of Phe by phenylalanine ammonia lyase (PAL)] has been
characterized at the molecular level in E. sinica. Scheme 13.2 illustrates the
proposed biosynthesis of ephedrine alkaloids based on molecular evidence
gathered from other plant species and biochemical studies of khat or E. sinica (Hagel et al., 2012). Several enzymes involved in benzoic acid biosynthesis, including 4-coumaroyl-CoA ligase (4CL), benzoyl-CoA ligase (BZO1),
a 3-ketoacyl-CoA thiolase (KAT1), and two distinct dehydrogenases from
snapdragon (Antirrhinum majus) (BALDH) and Arabidopsis (Arabidopsis thaliana) (AAO4), have been cloned and characterized from plants that produce
floral volatiles or glucosinolates. Study of benzoic acid biosynthesis in these
plants has revealed at least two possible courses of Phe side-chain shortening: the β-oxidative and non-β-oxidative routes (Scheme 13.2) (Boatright
et al., 2004). Alternatively, benzaldehyde might be formed via phenylpyruvate, which is a transamination product of Phe. This route occurs in lactic
acid bacteria, but has not been confirmed in plants. Nonetheless, the transamination of Phe to phenylpyruvate has recently been demonstrated, which
might lead to the formation of benzaldehyde in melon fruit. An enzyme
catalyzing the condensation of benzoic acid, benzoyl-CoA or benzaldehyde
with pyruvate has not yet been isolated from substituted amphetamine-producing plants, although a ThDP-dependent pyruvate decarboxylase (PDC;
EC 4.1.1.1) or an acetohydroxy acid synthase (AHAS; EC 2.2.1.6) has been
suggested. These two distantly related enzymes share the common step of
pyruvate decarboxylation. However, whereas PDCs generally decompose
pyruvate to acetaldehyde and CO2, AHASs catalyze carboligation reactions,
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Scheme 13.2 Proposed biosynthetic routes leading from l-phenylalanine to substituted amphetamines in khat and Ephedra species.

forming either acetolactate or acetohydroxybutyrate products as part of
branched-chain amino acid biosynthesis. Members of both enzyme classes
have shown carboligase activity toward benzaldehyde, yielding (R)-phenylacetylcarbinol (R-PAC) and a variety of other products. It is currently
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postulated that 1-phenylpropane-1,2-dione is a direct precursor to amphetamine analogs in plants (Hagel et al., 2011). This diketone has been isolated
from khat leaves and young E. sinica stems. 1-Phenylpropane-1,2-dione subsequently undergoes transamination to yield (S)-cathinone, which is converted to (1S,2S)-cathine or (1R,2S)-norephedrine by NADH-dependent
reduction. Although the transamination step has not been characterized,
(S)-cathinone reductase activity was reported recently in E. sinica stems
and khat leaves. S-Adenosylmethionine (SAM)-dependent N-methylation
completes the pathway in Ephedra species, yielding (1R,2S)-ephedrine
and its diastereomer. N-Methylation activity has been detected in cellfree extracts of E. sinicastems. By contrast, the end products cathine and
(1R,2S)-norephedrine do not undergo N-methylation in khat.

13.5 CHARAS (HASHISH)
Production of hashish is a long social tradition in Northern India,
which is locally known as charas. Charas is obtained from the resin of the
cannabis plant (Cannabis sativa or Cannabis indica, Fig. 13.3A). Rolled hashish in pure form cannot be burnt (Fig. 13.3B); therefore, it is normally
mixed with cannabis or tobacco and sold in form of Charas. It is handmade in India, Pakistan, and Nepal; typically in a pipe, vaporizer or joints,
to facilitate the oral ingestion by smoking. The plant of Cannabis indica is
wild and grows almost everywhere on the Indian sub-continent. Classical
cannabinoids are a group of approximately 70 terpenophenolic secondary metabolites produced by Indian hemp (C. sativa var. indica) (Gaoni and
Mechoulam, 1964a, b).

13.5.1 Natural Sources
Hashish is obtained as glandular hairs (i.e. trichomes) from the mature female plants as well as varying amounts of cannabis flower and leaf fragments.
The flowers of a mature female plant contain the most trichomes, though
trichomes are also found on other parts of the plant. Certain strains of

Fig. 13.3 (A) Cannabis plant and (B) a dried bud for drug use and cannabis concentrate.
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Fig. 13.4 Chemical structures of isolated active constituents from C. sativa.

cannabis are cultivated specifically for their ability to produce large amounts
of trichomes. The resin reservoirs of the trichomes, sometimes erroneously
called pollen (vendors often use the euphemism “pollen catchers” to describe screened kief-grinders in order to skirt paraphernalia-selling laws),
are separated from the plant through various methods. The components
available in the psychotomimetically active resin of the female flowering
tops is one of the most widely used illicit narcotic drugs. These drugs are
monoterpenoids coupled with olivetol (i.e. 5-n-pentylresorcinol). Fig. 13.4
shows chemical structures of isolated compounds (Brenneisen, 2007).

13.5.2 Medical Application and Abuse
Cannabinoids are group of about 70 terpenophenolic secondary metabolites. Among them Cannabinol (CBN), ∆9-Tetrahydrocannabinol (∆9-THC
also known as Dronabinol) and Cannabidiol (CBD) have been identified
as the major neutral constituents (Brenneisen, 2007). These cannabinoids
have been used as medicine since the 1980s to treat symptoms of cancer, pain relief, and spasticity in multiple sclerosis, or as appetite stimulants
for AIDS patients. Furthermore, they palliate nausea and vomiting during
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chemotherapy and are commercially available under the trademark names
of Sativex, Marinol, or Cesamet (Crippa et al., 2010).
Smoking of charas (hashish) provides rapid absorption of THC, which
circulates quickly to the brain. Compared to nicotine, cannabis has a lower
rate of dependence; however, everyday use of cannabis develops the psychological dependence. The cannabis dependent individuals are affected by the
pleasure centers in the brain. Addiction of cannabis makes it more difficult
for the person to remember events, learn new ideas or skills, and adapt to
changes appropriately.This impairment can lead to depression, and the cannabis addict may continue to use the drug as a way to deal with the feelings
of emptiness and hopelessness that accompany this disorder. Symptoms of
withdrawal from cannabis include low-grade anxiety, agitation, irritability;
nausea, insomnia, sweating, tremors, and weight loss. It is not the kind of
anxiety that can be avoided by thinking positively or staying busy.

13.5.3 Synthesis
13.5.3.1 Chemical Synthesis
The isolation of THC from C. sativa in 1964 by Gaoni and its use in chemotherapy have encouraged the syntheses and allied structure–activity investigations of cannabinoids. The first chemical synthesis of dl-THC was
attained by Gaoni in 1965 (Gaoni and Mechoulam, 1964a, b). Subsequently,
Evans et al. (1997) accomplished the asymmetric synthesis of (+)-∆9-THC
via an enantioselective Diels–Alder reaction using achiral starting materials which was catalyzed by copper(II) complexes of chiral bis(oxazoline)
ligands. Afterward, (–)-∆9-THC was synthesized by Trost and Dogra (2007)
by the application of molybdenum-catalyzed asymmetric allylic alkylation
reaction (Scheme 13.3).
13.5.3.2 Biosynthesis
In the 1970s, the biosynthesis of cannabinoids was analyzed via radiolabeling experiments, where 14C-labeled mevalonate and malonate were incorporated into tetrahydrocannabinolic acid (13.35) and cannabichromenic
acid (13.34), albeit at low rates (0.02%). More recently, it was shown that
geranyl diphosphate (13.30) and olivetolic acid (13.31) can be converted by cell extracts of C. sativa into cannabigerolic acid (13.32). Moreover,
enzymes catalyzing the formation of tetrahydrocannabinolic acid (13.34),
cannabichromenic acid (13.33), or cannabidiolic acid (13.35) from cannabigerolic acid (13.31) have been purified and characterized (Scheme 13.4)
(Fellermeier et al., 2001).
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Scheme 13.3 Asymmetric synthesis of (−)-∆9-THC. HWE represents Horner–Wadsworth–
Emmons reaction.

Scheme 13.4 Biosynthesis of cannabichromenic acid (13.33), tetrahydrocannabinolic
acid (13.34) and cannabidiolic acid (13.35).
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13.6 COCAINE
Thousand years before South American indigenous people used
to chew the leaves of Erythroxylon coca (a plant containing vital nutrients
and numerous alkaloids including cocaine). When the Spanish arrived in
South America, initially they ignored aboriginal claims that the leaf gave
them strength and energy, but after discovering that these claims were
true, they legalized and taxed the leaf, taking 10% off the value of each
crop. Nicolás Monardes (1569) described the indigenous peoples’ practice of chewing a mixture of tobacco and coca leaves to induce “great
contentment”. In 1609, Padre Blas Valera wrote: Coca protects the body
from many ailments, and our doctors use it in powdered form to reduce
the swelling of wounds, to strengthen broken bones, to expel cold from
the body or prevent it from entering, and to cure rotten wounds or sores
that are full of maggots. And if it does so much for outward ailments, will
not its singular virtue have even greater effect in the entrails of those
who eat it?
Although medication property of coca had been known for many
centuries, but the isolation of the cocaine alkaloid was not achieved until
1855. First of all, Friedrich Gaedcke (1855), the German chemist isolated
the cocaine alkaloid and named it “erythroxyline” (Gaedcke, 1855). The
first synthesis and elucidation of the structure of the cocaine molecule was
accomplished by Richard Willstätter in 1898. It was the first biomimetic
synthesis of an organic structure recorded in academic chemical literature
(Humphrey and O’Hagan, 2001).

13.6.1 Natural Sources
Cocaine (13.36) is classified as a psychomotor stimulant. It is found in E. coca,
which is a shrub native to South America, particularly Columbia, Peru, and
Bolivia (Fig. 13.5). The alkaloid content of coca leaves is relatively low, between 0.25% and 0.77%. The pharmacologically active ingredient of coca
is the cocaine alkaloid, which is found in the amount of about 0.3%–1.5%,
averaging 0.8%, in fresh leaves. Besides cocaine, the coca leaf contains a
number of other alkaloids (Fig. 13.6), including methylecgonine cinnamate
(13.37), truxilline (13.38), benzoylecgonine (13.39), tropacocaine (13.40),
hydroxytropacocaine (13.41), ecgonine (13.42), cuscohygrine (13.43), dihydrocuscohygrine (13.44), nicotine (13.45), and hygrine (13.46) (Jenkins
et al., 1996).
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Fig. 13.5 Leaves, fruits, and branches of coca plant (E. coca).

Fig. 13.6 Chemical structures of isolated constituents from the coca leaf.

13.6.2 Medical Application and Abuse
Cocaine (or coke) is a strong stimulant drug, which is generally snorted,
inhaled as smoke, or as a solution injected into a vein. Cocaine inhibits the
reuptake of serotonin, norepinephrine, and dopamine which increases the
concentrations of these neurotransmitters in the brain. It can easily cross the
blood–brain barrier and may lead to the breakdown of the barrier, therefore, acts as a local anesthetic by blocking conduction of nerve impulses.
The mental effects of cocaine may include loss of contact with reality, an
intense feeling of happiness, or agitation (Weil, 1981).
Cocaine was used as an anesthetic in eye and nasal surgery, now it is
predominantly used for nasal and lacrimal duct surgery. But the major disadvantages of this use are cocaine's intense vasoconstrictor activity and the
potential for cardiovascular toxicity. Cocaine has since been largely replaced
in Western medicine by synthetic local anesthetics such as benzocaine, proparacaine, lidocaine, and tetracaine though it remains available for use if
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specified. Some ENT specialists occasionally use cocaine within the practice; instead use Moffett's solution (i.e. mixture of adrenaline, sodium bicarbonate and cocaine) as an alternative method of administration (Benjamin
et al., 2004).
Since cocaine is an addictive drug due to its effect on the reward pathway in the brain, therefore, even a short period of use causes the high risk
of dependence. Its use also increases the risk of stroke, myocardial infarction,
lung problems in those who smoke it, blood infections, and sudden cardiac
death. Physical symptoms may include a fast heart rate, sweating, and large
pupils. Effects begin within seconds to minutes of use and lasts between 5
and 90 min. After cannabis, cocaine has been observed as the most frequently used illegal drug globally. Its use is highest in North America followed by
Europe and South America. In 2013 cocaine use directly resulted in 4300
deaths, up from 2400 in 1990 (Connors and Hoffman, 2013).

13.6.3 Synthesis
13.6.3.1 Chemical Synthesis
There are eight stereoisomers of cocaine, but only the R-isomer (-) is addictive (Singh, 2000). However, S-isomer (+) is 155 times less potent than
R (-) and is rapidly metabolized. The first synthesis of cocaine was reported
by Will-statter in 1923.There are few other reports on asymmetric syntheses
of cocaine but they do not rely on resolution to produce enantiomerically
pure materials. In Scheme 13.5, we have outlined the steps involved in asymmetric synthesis of cocaine, reported by Tufariello et al., (1978).Their stereospecific approach depends on the synthesis of nitrone ester 13.54 as the key
precursor of the natural product.To accomplish this, they converted mesylate
olefin 13.47 into the corresponding bromo ester 13.48 (80%) using lithium
bromide in ether.The nitro compound 13.49 was then prepared from 13.48

Scheme 13.5 Asymmetric synthesis of R/S cocaine by Tufariello et al. (1978).
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using silver nitrite in acetonitrile. Michael addition of nitro olefin 13.49
onto acrolein (13.50) using sodium methoxide in methanol, followed by in
situ protection of the aldehyde functionality, provided acetal (13.50) in 90%
overall yield.The conversion of 38 into the desired nitrone ester (13.53) was
accomplished by reduction of the nitro group with zinc and ammonium
chloride in dimethoxyethane–water solution. After acidification, the resulting oil was heated in toluene to afford ∼10% of a white solid, identified as
tricyclic ester 13.54. The probable sequence of reactions occurred through
intermediates 13.51, 13.52, and 13.53. The nitrone 13.53 was not characterized but, rather, directly cyclized to 13.54. Methylation of the cycloadduct
13.54 with excess methyl iodide in methylene chloride and ether at reflux
for 24 h provided the methiodide 13.55. Subsequently, the nitrogen oxygen
bond of methiodide adduct 13.55 was cleaved with zinc and acetic acid to
give a 47% yield of ecgonine methyl ester (13.56). Finally, benzoylation of
hydroxyester 13.56 using the method of de Jong provided (±)-cocaine.
13.6.3.2 Biosynthesis
The first synthesis and elucidation of the cocaine molecule was by Richard
Willstätter in 1898. In Willstätter's synthesis cocaine was derived from tropinone. Since then, Robert Robinson and Edward Leete have made significant contributions to the mechanism of the synthesis. The current hypothesis for the biosynthesis of cocaine by Leete et al. (1991) has been illustrated
in Scheme 13.6.This pathway is based entirely on feeding experiments with
putative labeled precursors, which were administered (by leaf painting) to

Scheme 13.6 Hypothetical biosynthesis of cocaine by Leete et al. (1991).
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intact plants of Erythroxylum coca. No work has been published on the enzymology of any of these hypothetical steps in the coca plant. In this scheme,
the compounds which have so far been established as precursors of cocaine
are 13.57, 13.62, and 13.70–13.76. DL-[5-14C]Ornithine (13.57) afforded
labeled cocaine (13.36) in which the I4C was equally distributed between
its C-1 and C-5 positions. This result led to propose the intermediacy of
putrescine (13.58), formed by the decarboxylation of ornithine. It is then
proposed that the putrescine is methylated to yield N-methylputrescine
(13.59), which is then oxidized to 4-(methy1amino)butanal (13.60). This
amino aldehyde cyclizes to yield 2-hydroxyl-l-methylpyrrolidine (13.61).
In acid media this carbinolamine exists as the iminium salt, 1-methyl-∆1pyrrolinium salt (13.62). This compound, labeled with 15N and at C-2 with
13
C and 14C, was shown to be a precursor of cocaine, which was labeled
with 15N and with 13C and 14C at its C-5 position. The additional carbon
atoms required for the synthesis of cocaine are derived from acetyl-CoA, by
addition of two acetyl-CoA units to the N-methyl-∆1-pyrrolinium cation
(13.62).The first addition is a Mannich-like reaction with the enolate anion
from acetyl-CoA acting as a nucleophile towards the pyrrolinium cation.
The second addition occurs through a Claisen condensation. This produces
a racemic mixture of the 2-substituted pyrrolidine (13.65), with the retention of the thioester from the Claisen condensation. In the biosynthesis of
cocaine, however, only the (S)-enantiomer can cyclize to form the tropane
ring system of cocaine. The stereoselectivity of this reaction was further
investigated through study of prochiral methylene hydrogen discrimination.
This is due to the extra chiral center at C-2.This process occurs through an
oxidation, which regenerates the pyrrolinium cation and formation of an
enolate anion, and an intramolecular Mannich reaction. The tropane ring
(13.70) system undergoes hydrolysis for the formation of methylecgonine
(13.56). The benzoyl moiety required for the formation of the cocaine diester is synthesized from phenylalanine (13.71) via cinnamic acid (13.72).
Benzoyl-CoA (13.74) then combines the two units to form cocaine.

13.7 HEROIN
Heroin, also known as diamorphine, is an opiate most commonly
used as a recreational drug for its euphoric effects. Medically it is occasionally used to relieve pain and in opioid replacement therapy. The opium
poppy was cultivated in lower Mesopotamia as long ago as 3400 BCE. The
chemical analysis of opium in the 19th century revealed that most of its
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activity could be ascribed to two alkaloids, codeine and morphine. Diamorphine was first synthesized in 1874 by C. R. Alder Wright, an English
chemist working at St. Mary's Hospital Medical School in London. He
had been experimenting with combining morphine with various acids. He
boiled anhydrous morphine alkaloid with acetic anhydride for several hours
and produced a more potent, acetylated form of morphine, now called diacetylmorphine or morphine diacetate. Diamorphine became popular only
after it was independently re-synthesized 23 years later by another chemist,
Felix Hoffmann. From 1898 through to 1910, diamorphine was marketed
under the trademark name Heroin as a nonaddictive morphine substitute
and cough suppressant. In the 11th edition of Encyclopædia Britannica
(1910), the article on morphine states: “In the cough of phthisis minute
doses [of morphine] are of service, but in this particular disease morphine
is frequently better replaced by codeine or by heroin, which checks irritable coughs without the narcotism following upon the administration of
morphine.”

13.7.1 Natural Sources
The precursor of heroin “Morphine” is the most abundant opiate found in
opium, the dried latex extracted by shallowly scoring the unripe seedpods
of the Papaver somniferum poppy (Fig. 13.7). Morphine is generally 8%–14%
of the dry weight of opium, although specially bred cultivars reach 26% or
produce little morphine at all (under 1%, perhaps down to 0.04%). The latter varieties, including the “Przemko” and “Norman” cultivars of the opium
poppy, are used to produce two other alkaloids, thebaine and oripavine,
which are used in the manufacture of semi-synthetic and synthetic opioids like oxycodone and etorphine and some other types of drugs. Occurrence of morphine in other Papaverales and Papaveraceae, as well as in some

Fig. 13.7 Cultivated P. somniferum plants showing the poppy seed pods.
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Fig. 13.8 Chemical structures of isolated constituents from the P. somniferum.

species of hops and mulberry trees has not been confirmed. Morphine is
produced most predominantly early in the life cycle of the plant. Past the
optimum point for extraction, various processes in the plant produce codeine, thebaine, and in some cases negligible amounts of hydromorphone,
dihydromorphine, dihydrocodeine, tetrahydro-thebaine, and hydrocodone
(Fig. 13.8) (Vincent et al., 1977).

13.7.2 Medical Application and Abuse
Heroin is the diacetyl derivative of morphine which has a similar effect on
the human body. Heroin or diacetylmorphine is a strong analgesic (commonly known as pain killer medicine, as it is used in treatment of pain). In
the United Kingdom and other countries (such as The Netherlands), where
heroin is available legally with proper prescription by appropriate physician,
the drug is administered by intramuscular, subcutaneous, intravenous, or intrathecal (directly into cerebrospinal fluid or CSF in the spinal cord) route.
The medical use of heroin is in acute pain conditions such as due to severe
physical trauma/injury, postsurgical pain, myocardial infarction (commonly known as heart attack), and chronic painful conditions such as cancer
pains of end-stage cancer (which are very severe and cannot be managed by
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conventional pain medications), pain of some terminal illnesses. Heroin is
used in severe painful conditions, which cannot be treated (pain reduction)
with conventional pain killers such as NSAIDs (nonsteroidal antiinflammatory drugs), or other pain medications. In countries where heroin is not
available legally, morphine is used in those conditions mentioned above
(Korcok, 1979).
Heroin addiction is characterized by compulsive drug seeking and use,
and by neurochemical and molecular changes in the brain. Understanding heroin's highly addictive properties is aided by awareness of the types
of heroin and methods of consumption. Abusers typically report feeling a
surge of pleasurable sensation, typically referred to as a rush. The intensity
of a rush depends on how much drug is taken and how quickly the drug
enters the brain. Heroin is particularly addictive because it enters the brain
so rapidly. Injection provides the fastest rush and greatest intensity of the
drug, usually within seconds. When heroin is snorted or smoked the effects are usually felt within 10–15 min. Soon after injection (or inhalation),
heroin crosses the blood–brain barrier. In the brain, heroin is converted to
morphine and binds rapidly to opioid receptors. Now the question is: why
heroin is used instead of morphine? The reason is: heroin is more lipid (fat)
soluble and for this reason can reach the target tissue more easily than morphine and it is more potent. Smaller dose of heroin can have equal effect of
larger dose of morphine. There are several other risks of Heroin use, even if
it is used to help someone to kick their addiction to another opiate. Unlike
other forms of addiction, Heroin withdrawals can be excruciatingly painful,
and lead to some severe health problems.

13.7.3 synthesis
13.7.3.1 Chemical Synthesis
The first morphine total synthesis, devised by Marshall D. Gates, Jr. in 1952
remains a widely used example of total synthesis (Gates and Tschudi, 1956).
This synthesis took a total of 31 steps and proceeded in 0.06% overall
yield. The dihydrocodeinone synthesis of Kenner C. Rice is one of the
most efficient and proceeds in 30% overall yield in 14 steps (Scheme 13.7)
(Rice, 1980). This straightforward total synthesis of (±)-hydrocodone
(13.81) in 29% overall yields, from readily available 3-methoxyphenethylamine and 2-(3-hydroxy-4-methoxyphenyl)acetic acid (13.84) requires
isolation of only six intermediates; these are directly obtained sufficiently
pure for further transformation.
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Scheme 13.7 Asymmetric synthesis of morphine (13.77) through rice process and its
conversion to heroin (13.91) by acetylation.

13.7.3.2 Biosynthesis of Morphine
Kirby (1967) illustrated the biosynthetic problems of morphine alkaloids.
In the tracer experiments, it was supported throughout by the analogous
chemical transformations, having firmly established the biosynthetic sequence tyrosine → norlaudanosoline → reticuline → salutaridine → salutaridinol-I → thebaine → codeine → morphine in P. somniferum. In general, the farther a precursor lies along this sequence, the more efficient its
conversion to morphine in the intact plant. Several intermediates remain to
be discovered, such as those lying between tyrosine (77) and S-norcoclaurine (80) and between thebaine (86) and codeinone (88). Kleinschmidt and
Mothes and Fairbairn and Wassel have shown that the latex isolated from
opium poppies is capable of transforming tyrosine into morphine. Perhaps
further work with opium latex will provide the key to the remaining problems of morphine biosynthesis (Scheme 13.8).

Scheme 13.8 Biosynthesis of morphine.
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13.8 LYSERGIC ACID DIETHYLAMIDE
LSD was first prepared by Albert Hofmann in Switzerland in 1938
from ergotamine, a chemical from the fungus ergot. The laboratory name
for the compound was the acronym for the German “Lyserg-säure-diäthylamid”, followed by a sequential number: LSD-25. Hofmann discovered its
psychedelic properties in 1943. He stated that the diethylamide of Iysergic
acid was synthesized with the intention of obtaining an analeptic, which
might have been expected to possess analeptic properties because of its
structural relationship with the well-known circulatory stimulant nikethamide. LSD was introduced as a commercial medication under the tradename Delysid for various psychiatric uses in 1947. In the 1950s, officials
at the U.S. Central Intelligence Agency (CIA) thought the drug might be
useful for mind control and chemical warfare and tested the drug on young
servicemen and students, and others without their knowledge. The subsequent recreational use by youth culture in the Western world as part of
1960s counterculture resulted in its prohibition (Stoll and Hofmann, 1965).

13.8.1 Natural Sources
LSD (91) is an ergoline (89) derivative (Fig. 13.9), which can be synthesized
by reacting diethylamine with an activated form of lysergic acid (90). Ergoline alkaloids were first isolated from ergot, a fungus that infects grain and
causes the disease ergotism. Now, they have been identified in two orders of
fungi and three families of higher plants. But the most important producers
are fungi of the genera Claviceps, Penicillium and Aspergillus. Chemically,
ergot alkaloids are characterized by the presence of a tetracyclic ergoline
ring, and can be divided into three classes according to their structural features, that is, amide- or peptide-like amide derivatives of d-lysergic acid and
the clavine alkaloids (Van Dongen and de Groot, 1995).

13.8.2 Medical Application and Abuse
Lysergic acid diethylamide was first synthesized in 1938 during screening of
compounds for oxytocic activity and was the 25th semisynthetic ergot that
Dr. Albert Hofmann of Sandoz AG in Basel, Switzerland, prepared by combining (l)-lysergic acid with different amines. Dr. Hofmann resynthesized
the compound in further investigating the analeptic activity of LSD-25
in comparison to nikethamide because of the partial structural similarities of both compounds. Unknown to him, Hofmann accidentally ingested some of the product during purification and crystallization of lysergic
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Fig. 13.9 Chemical structures of some ergot alkaloids and related important compounds.

acid diethylamide tartrate. He experienced a dazed and dream-like state, in
which he sensed a distortion of time and was flooded with vivid, highly
colored, kaleidoscopic images of extreme plasticity and unusual dimension.
Several hours later he returned to normalcy and inherently understanding
that these reactions had to be a result of something that he had come in contact with in the laboratory, and was prompted to undertake a series of selfexperiments ingesting the smallest quantity of an ergot alkaloid (0.25 mg)
that at the time might be expected to produce a biological effect. LSD and
related hallucinogens are known to interact with brain 5-HT receptors to
produce agonist or partial antagonist effects on serotonin activity. This includes both the presynaptic 5-HT1A and 5-HT1B receptors, as well as the
postsynaptic 5-HT2 receptors. Theoretically, LSD and other hallucinogens
promote glutamate release in thalamocortical terminals, thus producing dissociation between sensory relay centers and cortical output. It is not known
whether the agonist property of these hallucinogens at 5-HT2C receptors contributes to behavioral alterations. LSD has also been demonstrated
to interact with many other 5-HT receptors, including cloned receptors
whose functions have not yet been determined. In any event, the precise
mechanism by which hallucinogens exert their effects remains unsolved.
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The onset of action of LSD is within 30–60 min, with effects peaking over
1–6 h and dissipating in 8–12 h. Acute toxicity includes gastrointestinal
upset, chills, hyperglycemia, hypertension, mydriasis, tachycardia, and panic,
while chronic effects include flashbacks, and exacerbation of latent mental
disorders, particularly schizophrenia. Overdosage most commonly results in
“bad trips” that are characterized by intense anxiety, combativeness, confusion, and panic. Physical dependence and a withdrawal syndrome are absent
and psychological dependence is low. Individuals experiencing a “bad trip”
may usually be “talked down” or treated with benzodiazepine. Because of
its relatively high therapeutic index, no deaths have been directly attributed
to LSD use alone (Das et al., 2016).

13.8.3 Synthesis
13.8.3.1 Chemical Synthesis
Literature shows a number of reports on total syntheses of lysergic acid
(13.105). Here we have shown the recent methodology reported by Y. Jia
and co-workers in 2013 (Liu et al., 2013). They started the synthesis from
Wittig reaction of aldehyde 13.113, the terminal olefin 13.114 was obtained
in 92% yield (Scheme 13.9). Deprotection of the Boc group of 13.114 with
TMSOTf, followed by N-alkylation with methyl 2-(bromomethyl)acrylate,
afforded the diene 100 in 76% overall yield. The ring-closing metathes of
the diene 13.115 was achieved by using Grubbs II catalyst in the presence
of protic acid p-TsOH (1.1 equiv) in toluene at 50 °C. The desired product
13.116 was obtained in 88% yield. They were presumed that the presence

Scheme 13.9 Total synthesis of (+)-lysergic acid (13.105) and LSD (13.106).
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of protic acid inhibited the interactions of the lone pair of electrons on nitrogen with the metal center. With the crucial intermediate 13.116, the γarylation reaction of α,β-unsaturated ester 13.116 was examined first. The
α,β-unsaturated ester 13.116 was subjected to isomerization of the double
bond according to Fukuyama's procedure. An inseparable mixture of epimers
of 13.117 (trans/cis = 1:1) was afforded in 84% yield. For the intramolecular
Heck reaction of 13.117, they used Ag2CO3 as the base and halide scavenger
to suppress alkene isomerization in the reaction. When 102 was treated with
0.1 equiv of Pd(OAc)2, 0.3 equiv of Ph3P, and 2 equiv of Ag2CO3 in CH3CN
at refluxing for 2 h, the desired Heck product 13.118 was obtained in 84%
yield and 34% of the starting material 13.118 was recovered. Subsequently,
the deprotection of Boc and hydrolysis of methyl ester of 103 with KOH,
accompanied with the isomerization of the double bond, furnished d-(+)lysergic acid (13.105) in 52% yield. Synthesis of LSD from lysergic acid was
well known and commonly synthesized by reacting diethylamine in the presence of phosphoryl chloride by refluxing in CHCl3.
13.8.3.2 Biosynthesis of Ergot alkaloids
The biosynthetic pathway is shown in Scheme 13.10, which starts with the
C4-prenylation of l-tryptophan (13.113) with dimethylallyl diphosphate

Scheme 13.10 Common steps of ergot alkaloid biosynthesis in A. fumigatus and
C. purpurea.
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(DMAPP) as prenyl donor. This reaction is catalyzed by the prenyltransferase, that is, 4-dimethylallyltryptophan synthase (4-DMATS), encoded by
the gene dmaW. Biochemical and structural elucidations clearly show the
formation of 4-γ,γ-dimethylallyltryptophan (DMAT (105)) as the product.
Metzger et al. reported the X-ray structure of FgaPT2 in complex with ltryptophan, which led to a better understanding of the reaction mechanism.
They proposed a three-step mechanism: the formation of a dimethylallyl cation, a nucleophilic attack of the indole nucleus to that cation, and
a deprotonation step. Evolutionary investigations have indicated that the
gene fgaPT2 from Aspergillus fumigatus has the same origin as prenyltransferase genes from other Ascomycota, including the ergot-alkaloid-producing
Clavicipitaceae. The second pathway-specific enzyme that has been characterized biochemically is the 4-dimethylallyltryptophan N-methyltransferase
EasF (also named FgaMT in A. fumigatus). It catalyzes the N-methylation
of 13.121 in the presence of S-adenosylmethionine (SAM), resulting in the
formation of 4-dimethylallyl-l-abrine (4-DMA-l-abrine (13.121)). Rigbers and Li have demonstrated the formation of 13.122 with FgaMT from
A. fumigatus in vitro. Gröger and Floss suggested that the conversion from
13.122 to 13.123 requires at least one decarboxylation and two oxidation steps. The next intermediate in the pathway is chanoclavine-I aldehyde (108). Its formation is catalyzed by the short-chain dehydrogenase/
reductase (SDR) EasD (named FgaDH in A. fumigatus). Wallwey et al. have
shown the formation of 108 from 107 by purified FgaDH in the presence
of NAD + . FgaDH shows no significant sequence similarities to known
SDRs and therefore represents a new group of short-chain dehydrogenases.
After the aforementioned reaction, the pathway reaches a branch point. A
number of products arise from 13.123, depending on the fungus (Gerhards
et al., 2014).

13.9 SOME OTHER DRUGS
13.9.1 Barbiturates
Barbiturates are the drugs that are derived from barbituric acid (Wesson
and Smith, 1977). However, barbituric acid does not have any therapeutic activity, but, its derivatives enhance the action of GABA. Barbiturates
were first used in medicine in the early 1900s and became popular in the
1960s and 1970s in treatment for anxiety, insomnia, or seizure disorders.
They evolved into recreational drugs that some people used to reduce
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inhibitions, decrease anxiety, and to treat unwanted side-effects of illicit
drugs. This fact precludes barbiturates from being used in surgery or in
the presence of other analgesics. With regular use, tolerance to the effects
of barbiturates develops. There are several side-effects in older adults,
pregnant women, and babies. People over the age of sixty-five are at
higher risk of experiencing the harmful effects of barbiturates, including drug-dependence and accidental overdose. In pregnancy, the drug
passes to her fetus through the gastric juice and after the baby is born,
it may experience withdrawal symptoms and have trouble breathing. In
addition, nursing mothers who take barbiturates may transmit the drug
to their babies through breast milk. A rare adverse reaction to barbiturates is Stevens–Johnson syndrome, which primarily affects the mucous
membranes.

13.9.2 Methadone
Methadone (Mattick et al., 2009) was developed in 1937 by German scientists, who were looking for a synthetic opioid to solve Germany's opium
shortage problem. It was brought to market in 1943 and was widely used
by the German army during WWII. It was only in 1947 that the drug
was given the generic name “methadone” by the Council on Pharmacy
and Chemistry of the American Medical Association. To date, methadone
maintenance therapy has been the most systematically studied and most
successful, and most politically polarizing, of any pharmacotherapy for the
treatment of drug addiction patients.
Methadone is used for the maintenance treatment of opioid dependency.The duration of methadone maintenance ranges from a few months
to lifetime maintenance. Methadone reduction programs are suitable for
addicted persons who wish to stop using drugs altogether. The length
of the reduction program will depend on the starting dose and speed
of reduction; this varies from clinic to clinic and from person to person.
In addition, enrollment in methadone maintenance has the potential to
reduce the transmission of infectious diseases associated with opiate injection, such as hepatitis and HIV. The principal effects of methadone maintenance are to relieve narcotic craving, suppress the abstinence syndrome,
and block the euphoric effects associated with opiates, however methadone abuse can cause the very opposite of what its original intention
is. When used correctly, methadone maintenance has been found to be
medically safe and nonsedating, and provide a slow recovery from opiate
addiction.
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13.9.3 Nicotine
Nicotine is named after the tobacco plant Nicotiana tabacum. It was first
isolated from the tobacco plant in 1828 by physician Wilhelm Heinrich
Posselt and chemist Karl Ludwig Reimann of Germany. Nicotine is found
in the leaves of Nicotiana rustica in amounts of 2%–14% and approximately
0.6%–3.0% of the dry weight, the tobacco plant Nicotiana tabacum, Duboisia
hopwoodii, and Asclepias syriaca. Nicotine acts as an agonist at most nicotinic
acetylcholine receptors (nAChRs), except at two nicotinic receptor subunits (nAChRα9 and nAChRα10) where it acts as a receptor antagonist.
In lesser doses, nicotine acts as a stimulant in mammals, while high amounts
(50–100 mg) can be harmful. This stimulant effect is a contributing factor
to the addictive properties of tobacco smoking. Nicotine's addictive nature
includes psychoactive effects, drug-reinforced behavior, compulsive use, relapse after abstinence, physical dependence, and tolerance. At high-enough
doses, nicotine is associated with poisonings and is potentially lethal. During
pregnancy, there are risks to the child later in life for type 2 diabetes, obesity,
hypertension, neurobehavioral defects, respiratory dysfunction, and infertility (Heishma et al., 1994).

13.10 CONCLUSION
In the present chapter, we have discussed about historical background,
natural occurrence, medicinal use and abuse, chemical and biosyntheses of
those drugs that are having their medical application but their regular use
or overdose causes addiction/dependency. Due to their dual nature, every
country has their Drug Policy. From the studies, it has been observed that
there is not a single factor which can predict whether a person will become
addicted to drugs. However, a combination of genetic, environmental, and
developmental factors influences risk for addiction. The more risk factors a
person has, the greater the chance that taking drugs can lead to addiction.
However, no drug is instantly addictive, but overdose causes a tolerance to
the drug and requires increasing dose with the time to have the normal
function.
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14.1 INTRODUCTION
China was one of the first countries to have a medical culture. When
compared to Western method, Chinese medicine takes a far different
approach. The history of Chinese medicine begins about 2nd century bc
because there are no clear records of medical techniques that are older than
that. With a history of 5000 years, China has formed a deep and immense
knowledge of medical science, theory, diagnostic methods, prescriptions, and
cures. The physiology of Chinese medicine revolves around two concepts,
that is, Yin and Yang and Zang-fu. According to yin-yang theory, human's
body life is the result of the balance of yin and yang. Yin is the inner and
negative principles, and yang, outer and positive. The unharmony between
the two aspects is considered a key reason to sickness. Zang-fu theory presumes that all phenomena of the universe and nature can be broken down
into five elements, that is, wood, fire, earth, water, and metal and interaction
between them governs the wellness of the body. The Inner Canon of the
Yellow Emperor, an ancient treatise on health and disease, is said to have
been written by the famous Chinese emperor Huangdi around 2600bc.
It is treated as the fundamental doctrinal source for Chinese medicine for
more than two millennia. The work is composed of two books each of 81
chapters or treatises in a question-and-answer format between the mythical Yellow Emperor and six of his equally legendary ministers. The Treatise
on Cold Injuries and the BencaoGangmu are two other essential books
for traditional medicine practitioners. Both deal with drugs and herbs. The
Treatise on Cold Injuries is ascribed to Zhang Zhongjing. It was published
about the year 220 at the end of the Han Dynasty era (206 bc–220 ad). It is
the first known treatise on drug and herbal medicine. The BencaoGengmu
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is the most important traditional work on herbs and drugs. It was written in the middle of the Ming Dynasty era (1368–1644) by Li Shizhen
(1518–1593).
Throughout the world today, especially in the developing countries,
people recognize the value of medicinal plants in treating and preventing
common diseases. Chinese herbal medicine has a history dating back almost
5000 years and is the well-documented one of all traditional healthcare
systems. Today it is fully integrated into China's national healthcare system as a part of traditional Chinese medicine (TCM) and is practiced in
over 100 countries. TCM's rapidly growing global market in herbal materia
medica (dried medicinal herbs) is worth about 48 billion US dollars annually which reflects not only TCM's popularity but also the growing interest in these plants by the natural product, nutraceutical, and cosmeceutical
sectors. According to preliminary investigations, there are over 7000 species
of medicinal plants in China. The theories that govern the prescription of
medicinal plants are taken from traditional Chinese pharmacology which
itself is based on long centuries of clinical observation and practice. The
growing interest in TCM in the recent decade motivated us to compile the
literature on some top-listed Chinese herbs which are clinically approved
or at the verge of approval.

14.2 SOME CLINICALLY APPROVED BIOACTIVE
AGENTS FROM CHINESE MEDICINAL PLANTS
Natural products from medicinal plants, either as pure compounds
or as standardized extracts, provide unlimited opportunities for new drug
leads because of the unmatched availability of chemical diversity. According
to the World Health Organization (WHO), nearly 20,000 medicinal plants
exist in 91 countries including 12 mega biodiversity countries. Plants used
in TCM, which have been cultivated and expended for thousands of years,
provide a rich source for screening bioactive compounds with modern
assays. These plants have traditionally been proven to provide some activity
in the treatment of human disease and with modern isolation techniques
and manipulation of the plant metabolome, the bioactive compounds can
be isolated and provide new leads in drug discovery. In this article, we briefly
describe few Chinese medicinal herbs whose active constituent/s or extract
has been approved as a drug and some miscellaneous Chinese herbs whose
biological studies are in process.
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14.2.1 Artemisinin
Overview: The isolation and purification of the active components of Chinese plant artemisia led to the identification of the compound artemisinin
(called qinghaosu, QHS) in 1972. It is a colorless, crystalline substance with
a molecular weight of 282 Da, with a molecular formula of C15H22O5, and
with a melting point of 156–157 °C. The compound, which is a sesquiterpene lactone with a peroxide grouping but lacking the nitrogen-containing
ring system commonly found in other antimalarials, has been used to treat
thousands of cases of malaria, including those involving chloroquine-resistant strains of the malaria causing parasite, Plasmodium falciparum. The 2015
Nobel Prize for Medicine or Physiology was awarded to William C. Campbell and Satoshi mura for their discovery of avermectins, and to Tu You You
for her contribution to the discovery of artemisinin. Fig. 14.1 shows the
structure of artemisinin.
Isolation: Klayman et al. (1984) published the first reports on isolation of
artemesinin from the herb, Artemisia annua. It is mainly concentrated in the
aerial portions of the plant particularly in new growth.The isolation is done
from leaves and stem which were air-dried and extracted separately. Airdried leaves or stem are extracted from boiling petroleum ether for 48 h
and removal of solvent in in vacuuo gives a dark brown syrup which was
further dissolved in chloroform and to this solution, acetonitrile was added.
The insoluble material was removed and the filtrate was distilled out under
vacuum which yields the gummy residue. The gummy residue is purified
using column chromatography.The silica gel of 70–230 mesh size and 7.5%
EtOAc/CHCl3 as eluent is used for chromatography. The product is monitored through thin layer chromatography (7.5% EtOAc/CHCl3, detection
by Iodine, vapor; Rf = 0.66).

Figure 14.1 Structure of Artemisinin and its herb.
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Biological activities: Artemisinin is well documented for its potential
against P. falciparum malaria (White, 1997). In addition to this, it is also
known to inhibit other parasites such as Leishmania (Sen et al., 2007),
Schistosoma (Utzinger et al., 2000, 2007), Toxoplasma (Dunay et al., 2009;
Jones-Brando et al., 2006). Further activities of artemisinin include antiviral (Romero et al., 2006) and anticancer properties (Li et al., 2008;
Willoughby et al., 2009), implicating its possible application in virus and
cancer chemotherapy.
Synthesis: Artemisinin has been reported to be effective against a number of diseases especially it acts as a wonder drug against malaria, but unfortunately we do not meet the distribution needs of the world because it is
present in very low concentrations in the plants growing in tropic and subtropical areas and due to which it is very expensive. To combat these issues,
various strategies such as synthetic biology (Ro et al., 2006) and breeding
new varieties (Graham et al., 2010) have been adopted but these strategies
are yet to make a contribution to cover global market demand. Therefore,
chemical synthesis is the only method with which we can meet the growing demand of artemisinin. In this regard, numerous research groups have
made series of efforts focused in discovering synthetic routes of artemisinin
synthesis (Wang et al., 2014). Herein, we highlighted the synthetic route
developed by Zhu and Cook (2012). It is a cost-effective total synthesis
which started with inexpensive starting material cyclohexenone (1). The
overall yield of artemisinin (6) is about 29%–42% yield. The inexpensive chemicals and simple methodology in overall synthetic route could
reduce the cost of synthetic artemisinin and enable large-scale production
(Scheme 14.1).

Scheme 14.1 Total synthesis of artemisinin by Zhu and Cook (2012).
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14.2.2 Camptothecin
Overview: It is a naturally occurring alkaloid that was identified by Wall
and Waniin as an anticancer drug discovery screen in the 1960s. It is isolated from bark, stem, and fruits of the Chinese tree called Camptotheca
acuminate also known as Happy Tree which is used for cancer treatment in
TCM (Efferth et al., 2007). Although the original natural product showed
promising activity in animal models, the compound had solubility issues
and cytotoxicity problems. Due to these issues, much effort has been spent
to improve the pharmacological features of camptothecin and in this context, structural modification results in two analogs, that is, Topotecan and
Irinotecan (Fig. 14.2), which are FDA-approved drugs used in cancer chemotherapy. Camptothecin molecular target is human DNA topoisomerase
I which it inhibits by blocking the rejoining step of the cleavage/religation
reaction of topo-I, resulting in an accumulation of a covalent reaction intermediate, the cleavable complex (Kjeldsen et al., 1992).
Isolation: Camptothecin is found in leaves, bark, wood, roots, and fruits
of C. acuminate (Lopez-Meyer et al., 1994). Dried materials are loaded in
empty columns with 60% ethanol for leaves or 70% ethanol for fruits of
Cyanea acuminata, and 70% ethanol for Nothapodytes pittosporoides roots

Figure 14.2 Structure of camptothecin, its analogs, and Camptotheca acuminate.
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(Zeng et al., 2013). The column is eluted with the same solvent at room
temperature. Eluent is collected as extraction solution. Extraction solution
from leaves and fruits of C. acuminata was vacuum-evaporated to remove
ethanol, precipitated at pH 8.0 to remove alkaline insolubles and fractionated with chloroform at pH 3.0, which yields a crude product with 70%
purity. All crude products were purified by crystallization. All steps were
monitored by high-performance liquid chromatography (HPLC).
Biological activity: Anticancer properties of camptothecin are known
from long time as is mentioned in TCM. Biological studies found that it
is a potential cancer chemotherapeutic agent due to its impressive activity
against leukemia and various solid tumors in experimental systems (Liu
et al., 2015). Besides anticancer effects, camptothecin is also documented
for antiviral activity (Priel et al., 1990; 1993), pesticidal activity (DeMilo
and Borkovec, 1974; Liu et al., 2010), antiparasitic activity (Deterding
et al., 2005), antipsoriasis activity (Chiao and Li, 1975), antifungal/antimicrobial activity (Del Poeta et al., 1999), HIF-1 inhibitory activity (Rapisarda
et al., 2002), etc.
Synthesis: Camptothecin, due to its potent antitumor activity has attracted
considerable attention from the synthetic community over the past several
decades, resulting in numerous chemical syntheses of this natural product
(Chen and Chen, 2017). Li and his coworkers reported the flexible strategy
for the total synthesis of camptothecin (Li et al., 2016) (Scheme 14.2).
The cascade reactions involved in this route occurs under very mild
conditions without involving any transition metals and it provides good
regioselectivity. The precursors used in the reactions can be easily synthesized from simple and commercially available building blocks through a
convergent approach which enables the divergent synthesis of various substrates simply by changing the coupling fragments.

14.2.3 Ephedrine
Overview: It is a naturally occurring alkaloid obtained from Chinese herb
Ephedra also called Ma-huang. It is firstly isolated and characterized by
Nagai in 1885 but it was then forgotten until it was rediscovered by Chen
and Schmidt in the early 1920s (Lee, 2011). In China, it has been used to
treat asthma and hay fever for more than 5000 years. Ephedrine stimulates
the central nervous system, opens blood vessels, and excites the heart. It
once became the frontline bronchodilator effective by mouth in 1940s
and 1950s. It is a white crystalline powder bitter in taste. It shows optical
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Scheme 14.2 Total synthesis of camptothecin by Li et al.

isomerism and has two chiral centers which give four stereoisomers. By
convention, the pair of enantiomers with 1R,2S and 1S,2R stereochemistry is called ephedrine and the other pair (1R,2R and 1S,2S) is called
pseudoephedrine (Fig. 14.3). It is administered by mouth or by injection
into a muscle, vein, or just under the skin. Onset with intravenous use is
fast, while injection into a muscle can take 20 min, and by mouth can take
an hour for effect.
Addiction to the central nervous system effects of ephedrine forces the
individual to take large doses which often causes symptoms of anxiety, restlessness, and insomnia. It is also reported that intermittent bouts of paranoid psychosis may occur associated with suicidal (or homicidal) behavior
(Roxanas and Spalding, 1977; Van Mieghem et al., 1978). Apart from these
side effects, ephedrine also came into use for illicit manufacture of the powerful stimulant methamphetamine (crystal meth) (Rasmussen, 2008).Theses
drawbacks of ephedrine decline its use in bronchodilators and limit its use
in many countries.

340

Anuj Thakur and Seema R. Pathak

Figure 14.3 Ephedrine (pair of enantiomer) and Ephedra sinica herb.

Isolation: Ephedrine is obtained from the plant Ephedra sinica and other
members of the Ephedra genus.Various methods are reported for its extraction but here we are discussing the simplest method given by Chou (1926).
Powdered ephedra is extracted with cold benzene in the presence of diluted
sodium carbonate. Benzene extract is then shaken up with dilute hydrochloric acid to remove the basic substances. The acidic solution is made
basic by adding enough solid potassium carbonate and then the solution
is extracted with chloroform. Combined organic layers is concentrated,
dried over sodium sulfate, and evaporated to dryness to give a mixture of
alkaloids, that is, ephedrine and pseudo-ephedrine. Ephedrine is separated
from pseudo-ephedrine by using oxalic acid salts, the ephedrine salt being
much less soluble in cold water precipitates out leaving behind oxalic salt of
pseudo-ephedrine in cold water. Pure ephedrine is obtained by dissolving
its salt in water and neutralizing it with solid potassium carbonate and the
resultant solution was extracted with chloroform which on distillation gives
residue. On cooling, residue crystallizes out as rhombic crystals.
Biological activities: Ephedrine acts as a stimulant to central nervous system. It is used for a temporary relief of shortness of breath, chest tightness,
and wheezing due to bronchial asthma. It works as a bronchodilator by
reducing swelling and constricting blood vessels in the nasal passages and
widening the lung airways, allowing breathing more easily. It is also known
for inducing fat loss by increasing the amount of fat available for fuel as well
as by increasing heat expenditure and metabolic rate up to 5% in humans
(Daly et al., 1993; Greenway, 2008).
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14.2.4 Huperzine A
Overview: Huperzine A (Fig. 14.4) is a natural-occurring alkaloid isolated
from Chinese folk medicine Huperziaserrata (QianCeng Ta) having potential therapeutic use in dementia and Alheimer's disease (Ratia et al., 2013).
It inhibits an enzyme that degrades the learning neurotransmitter, acetylcholine; due to this, a relative increase occurs.
It is an approved drug in China for the treatment of Alzheimer's disease (AD) and in the United States, it is taken as a dietary supplement for
memory support but has not been approved by the FDA as a treatment for
AD or other cognition disorders. Initial pharmacological studies in vitro
and in vivo on Huperzine A by various scientists across the globe demonstrated that it significantly improves the cognitive function in patients
(Sun et al., 1999; Xu et al., 2012). Phase II clinical trial confirms that a
dose of 200 µg of Huperzine A is ineffective in the treatment of AD but
some other studies during Phase II suggest that a higher dose of 400 µg
may improve its effectiveness (Rafii et al., 2011). Therefore, research on
Huperzine A continues.
Isolation: Huperzine A is a lycopodium alkaloid which can be isolated
from whole plant of the Huperzia serrate (Liu et al., 1986). To start with,
the air-dried powdered plant material is initially extracted with 95% ethanol. The ethanol extract is distilled under vaccum and the residue is again
extracted with 5% HCl solution. The obtained acidic solution was filtered
and washed with diethyl ether to remove pigments. After washing, the acidic
layer is basified to pH >9 using NH4OH and extracted with chloroform to
yield crude alkaloids. The α-pyridone alkaloids are obtained by extraction
of the crude alkaloids with 1% NaOH which on purification through column chromatography over alkalized silica gel yielded crude product. Crystallization of crude product with acetone yielded pure Huperzine A (yield
0.009%–0.011%) (Yu et al., 2014).

Figure 14.4 Structure of Huperzine A and Huperziaserrata (QianCeng Ta).
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Biological activities: Huperzine A is mainly known to produce beneficial
effects against AD, memory and learning issues, and age-related memory
impairment (Xu et al., 1995). It is commonly taken as natural supplement
for its nootropic effects. Unlike other cholinesterase inhibitors used for AD
which affected acetylcholine of whole body, Huperzine A specifically targets brain cholinesterases only.

14.2.5 Kanglaite
Overview: Kanglaite is a novel dual-function broad-spectrum anticancer
agent derived from TCM herb called Coix lacryma-jobi (Lu et al., 2008)
(Fig. 14.5).
The plant C. lacryma-jobi is of grass family, seeds of which are also known
as Job's tears whose physical appearance and size is similar to barley and is
used as a source of food. The active pharmaceutical ingredient of kanglaite
is a partially purified extract from coix seeds. Kanglaite directly shows cytostatic and cytotoxic effects against various tumors, control lesions, and prevents metastasis. Simultaneously it also protects normal cells and improves
immune function.
Kanglaite is listed by Chinese government as “State Basic Drug” and has
topped the list of best-selling anticancer drugs in China in recent years due
to its proven efficacy. FDA approved clinical trials of Kanglaite in 2001 and
the promising results of phase 1 and phase 2 clinical trials laid the foundation for phase 3 clinical trial which is under progress, on success of which it
could be a third drug based on TCM which will hit the market.
Biological activities: Kanglaite shows its anticancer effects on various cancers such as lung cancer including non-small-cell lung cancer, primary
hepatic cancer, pancreatic cancer, and lymphoma. It has also displayed satisfactory therapeutic effect on various advanced tumors in palliative treatment
in addition to its unique effect on cachexia and cancerous pain. Kanglaite

Figure 14.5 Seeds of C. lacryma-jobi (Job's tears).

Introduction to Medicinally Important Constituent from Chinese Medicinal Plants

343

can be used as an individual drug or in combination with chemotherapy or
radiotherapy. It shows synergistic effect with both the therapies and prevents
and minimizes toxic side effect.
Isolation: Kanglaite was extracted from the seed of C. lacryma-jobi. There
are different methods employed for the extraction such as DNA extraction and ISSR-PCR amplification, ultrasonic extraction and HPLC-ELSD
system analysis, cell culture, MTT assay method, and chemical extraction
followed by GC–MS analysis. Here the latter method is discussed in detail.
To start with, seeds are powdered and suspended in acetone. The solution
is then refluxed and after which acetone is evaporated under vacuum at
60 ̊C.The residue is then added to a mixture of sulfuric acid and methanol
(1:9) which is then refluxed at 60 ̊C. After reflux, the solution is extracted
with ether and washed with distilled water to achieve a neutral pH. The
ether layer is dehydrated with sodium sulfate, evaporated to remove the
ether, and dissolved in minimum amount of n-hexane for GC-MS analysis
(Xi et al., 2016).

14.3 SOME CHINESE MEDICINAL HERBS IN EARLY
CLINICAL STUDIES
14.3.1 Xiaoke Pill
In recent decades, Xiaoke pill came out to be a most popular proprietary
Chinese medicine for treating mild, moderate, and stable diabetes mellitus.
It is a combination of allopathic medicine and seven herbs such as Radix
Puerariae, Radix Rehmanniae, Radix Astragali, Radix Trichosanthis, Stylus
Zeae Maydis, Fructus Schisandrae Sphenantherae, and Rhizoma Dioscoreae
(Yeh et al., 2003). Selection of herbs is based on the theory of TCM. The
pill is produced with advanced modern pharmaceutical technologies which
warrant the equal quantity of each herb component and glibenclamide
in each pill. Due to the combination of herbs and drug, there might be
chances of interaction between them which may increase or decrease the
pharmacological or toxicological effects of either component. Few studies
on Xiaoke pill confirms that it significantly reduces the risk of hypoglycemia and controls sugar level in blood as compared to monotherapy of antidiabetic drugs (Han et al., 2013; Ji et al., 2013). On the other side, adverse
effects particularly hypoglycemia is also reported in the literature (Huang
and Liu, 2006). Zhang and his coworkers evaluated serum protein responses
to treatment with Xiaoke Pill and Glibenclamide in type 2 diabetes patients
and observed that these two drugs perturbed the serum proteome abun-
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dance in the diabetic patients (Zhang et al., 2017). This study opens up a
new line of research to develop serum protein marker-based prediction
paradigm for the treatment of type 2 diabetes mellitus patients. To clearly
understand the effects of Xiaoke pill on diabetes mellitus, further clinical
studies are in progress.

14.3.2 Ginseng
Ginseng is a slow growing perennial plant which was discovered more than
5000 years ago in the mountains of Manchuria, China. There are varieties
of plants which have ginseng in their names but the original ginseng plants
belong only to the Panax genus. Mainly ginseng is of three types such as
Asian ginseng, American ginseng, and wild ginseng. The physical appearance of the root is said to resemble that of a human body and 5 fingered
leaves are supposed to be reminiscent of a human hand. Ginseng has been
originally used as a food source but soon it was admired for its stimulating
physical and mental activity. It has been used as a traditional medicine in
Asia and has demonstrated pharmacological effects in cancer, diabetes, cardiovascular diseases, viral infections, etc.The major bioactive components of
P. ginseng are the ginsenosides, a group of saponins with dammaranetriterpenoid structure (Huang, 1999) (Fig. 14.6).
Recent studies on ginseng have brought the attention on the potential
biological effects of the ginseng berry which is due to the presence of phytochemical in the fruit.The berries of ginseng are known to display a variety of
biological activities such as antioxidation, antidiabetic, antiinflammation, anticancer, antineurodegeneration, and enhancement of sexual function bioactivities. In addition to this, syringaresinol, the effective antiaging component
of the ginseng berry, has the ability to stimulate longevity via gene activation

Figure 14.6 Roots and berries of Ginseng.
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(Kim et al., 2016). Although, ginseng is known to have a broad scope of
pharmacological activities, evidence from high quality research is still limited.

14.3.3 Coptis
It is a low growing perennial medicinal herb from Berberidaceae family,
found in the regions of China and Eastern Himalayas. The botanical name
of this herb is Coptischinensis. The outer appearance of the rizhome is
brownish in color but from inside it is yellow or orange in color. In Chinese
traditional medicine, this herb occupies the leading position among the
most often used herbs. This herb is known to possess a number of therapeutic properties because of the active element present called berberine, an
isoquinolinealkaloid (Wang et al., 2015) (Fig. 14.7).
This bioactive constituent is known for lowering blood sugar levels, it
inhibits and kills various bacteria, fungus, and viruses, prevents the replication of cancerous cells, can cure various heart illness, etc. (Nechepurenko
et al., 2010). Other active components of this herb include ferulic acid
which works as an antioxidant and scavenge radical and tannins which have
wound healing properties and make the digestive system fit and fine. Apart
from its biological properties, this herb is also used for dying materials.
Because of the broader range of biological activities of coptis, clinical studies of coptis and its bioactive constituent are ongoing.
With the development of modern instruments and method of analysis, it
has now become possible to determine the pharmacology and mechanisms
of action of many natural products and because of that TCM has become
comprehensible in terms of modern medicine. Apart from the mentioned
Chinese plants in this chapter, there are a number of others also such as
Astragalus, Atractylodes, Bupleurum, Hoelen, etc. which are well known in
TCM because of their interesting therapeutic values. It is not possible to
compile all in this chapter therefore we have only mentioned those which
are clinically approved or in the clinical trials.

Figure 14.7 Flower and root of Coptischinensis.
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14.4 CONCLUSION
Due to the growing resistance against the known medications and
the evolution of microorganisms, the aura of presently used medicines has
started declining. The overgrowing use of natural products as traditional
medicines has provided some solution to these issues. China's medical literature is based on 5000 years of medical practice and experience. With the
advancement in modern technology, it has become possible to correlate the
pharmacology and mechanisms of action of many natural products. Because
of this, China has efficaciously publicized its own traditional medicine with
scientific evidences acceptable for the global community drugs.This chapter
provides insights for few natural products specifically from Chinese plants
which are clinically approved or under clinical trial.
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