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PREFACE 

During the last few decades there has been an increasing interest in the study of 

medicinal plants and their traditional use in ~ifferent parts ofthe world. Documenting the 

indigenous knowledge through -ethnobotanical studies is i~portant for the conservation 

and utilization of biological resources. Today according to the World Health 

Organization (WHO), as many as 80% of the world's people de~nd on traditional 

medicine for their primary healthcare needs. 

Plants have been used in traditional medicine for several thousand years. The knowledge 

of medicinal plants bas been accumulated in the course of many centuries based on 

different medicinal systems such as Ayurveda, Unani and Siddha etc. Sikkitn ij:imt;tlayan 

region is characterized by a rich diversity of ethno medicinal plants as well as a rich 

heritage of traditional medicine practices. Earlier stud~s on traditional medicinal plants 

also revealed that the economically backward local and tribal people of Sikkim prefer 

folk medicine due to low cost and sometimes it is a part of their social life and culture. 

Now, the time has come to compile and document available. knowledge on our valuable 

plant resources and to prove their utility scientifi:cally through detailed phytochemical, 

biological t;tnd pharmacological investigations. 

The work embodied in this thesis is a humble and sincere effort to explore and screen two 
ethnomedicine Kaempferia rotunda Linn. and Eupatorium cannabinum Linn. used by 

traditional healer of Sikkim in their health care since time immemorial. In this research 

work the constituents of these plants were igplated, purified and analyzed the chemical 

structures of the pure compounds as well as their activities were evaluated. The thesis has 

been segregated into l 0 well-defined chapters and :finally a summary and the conclusion 

has been drawn along with the summary ofthe whole work. At the end of each cltapter 

the necessary refe~nces have listed which are superscripted in the ttext. Thus the 

investi~ated wor}(s deals with a scientific approach to explore the phannacologicl;\l 

activities of tlte efdraets and some activities from isolated compound from K. rotunda artd 

E. cannabinum two popular ethnomedicine from Himalayan Sikkitn region, for the 

benefit of the entire human beings. 
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CHAPTER-1 

INTRODUCTION 



Ctf!IPTE.RJ INTR0(2(LC7TON 

l.t. Herbal medi~ine: An introduction 

By definition, the wotd natural is· an adjective referring to something that is present in or 

produced by nature and not artificit;ll or man-made. The term natural products today is 

quite commonly understood to refer to herbs, herbal concoctions, dietary supplements, 

traditional Chinese medicine-, or altemative medicine 1• 

Medicinal herbs are moving from fringe to mainstream use with a greater number of 

people seeking remedies and health approaches free from side effects caused by synthetic 

chemicals. Recently, considerable attention bas been paid to utilize eco-friendly and 

biofriendly plant·based products for the prevention and cure of different human diseases. 

Considering the adverse eftects of synthetic drugs2
'
3 the western population is looking for 

natural remedies which are safe and effective. 

In9ia in a supreme position with respect to ri~hness of medicinal flora and is sitting on a 

gold mine of well-recorded and traditionally welli>racticed knowledge of herbal 

medicine. This country is perhaps the largest producer of medicinal herbs and is rightly 

called the botanical garden of the world. It is generally estimated that over 6000plants in 

India are in use in traditional, folk and herbal medicine, representing about 75% of the 

medicinal needs of the third world countries4
• Three ofth¢ ten most widely selling herbal 

medicines in the developed countries, namely preparations of Allium sativum, Aloe 

barbe!knsis and Panax spp. are available in India. Medicinal herbs have been in use in 

ene fonn or another, under indigenous sy~tems of medicine like Ayurveda, Sidha and 

Unani. India, with its traditional background, needs to increase its share in the world 

market. But unlike China, India has not been able to capitalize on this herbal wealth by 

promoting its use in the developed world, despite their renewed interest in herbal 

medicines. This can be achieved by judicious ·product identification ·based on ·diseases 

prevalent in the devel<>ped world for which no medicine or palliative therapy is available. 

India is one of the twelve ... mega ~iodiver8ity countries in the world. The total number of 

plant species of all groups recorded from India is 45;000·(the total number may·be even 

close to 60;000 as several parts of India are yet to be botanically explored). Of these, 

number of seed bearing plants account for nearly 15,000-1 S,OOO. India enjoys the benefits 

of varied climate, from alpine in the Himalaya to tropical wet in the south .and arid in 

1 



CHAPTfRJ 

Rajasthan. Such climatic conditions have given rise to rich and varied flora in the Indian 

subcontment. In order to promote Indian herbal drugs, there is an urgent need to evaluate 

·the therapeutic potentials ofthedrugs as perWHOguidelines5
• 

The World Health Organization (WHO) has recently defined traditional medicine 

{including herbal drugs) as comprising therapeutic practices that have been in existence, 

often for hundreds of years, before the development and spread of modem medicine and 

are still in use today. The traditional preparations .comprise medicinal plants, minerals, 

organic matter, etc. Herbal drugs constitute only those traditional medicines, wl}ich 

primarily use medicinal plant preparations for therapy. The classical Indian texts include 

Rigveda, Atherveda, Charak Samhita, and Sushruta Samhita. The herbal 

medicines/traditional medicaments have, tl1erefore, been derived from rich traditions of 

ancient civilizations and scientific heritage. 

WHO estimates that 4 billion people, 80 percent of the world population, presently use 

herbal medicine for some aspect of primary health care. Herbal medicine is a major 

component in all indigenous peoples· traditional medicine and a COil'lmOll element in 

Ayurvedic, ·homeopathic, naturopathic, traditional oriental ·and Native Anterican Indian 

medicine. WHO notes that of 119 plant..derived pharmaceutical me€1.icines, about 74 

percent are used in modem medicine in ways that correlated directly with their traditional 

uses as plant medicines by native cultures. Major pharmaceutical companies are currently 

conducting extensive research on plant materials gathered from the min forests and other 

places for their potential medicinal value6• 

-1.2. History of herbal medieine 7"
11 

Herbal med"icine is considered to be the most ancient form of healing. It is the oldest and 

purest form ofmedicine known to mankind. Herbs have been used in most traditional 

cultures·and·h.ave had an extraordinary intluence·on·many·sy~tems of medicine. The first 

generally acceJ)ted ·use of plants ·as healing ·agents was depicted in the cave paintings 

discovered in the Lascaux caves in France, which have been radiocarbon-dated 

between13,000-25;000 BC. 

No one knows, for sure, when humans began using herbs for medicinal purposes. The 

first Written recotd of herbal medicine use showed up in 2800 B.C. in China by the 

2 



CHAPTERJ IN.TRQDUCTI(JI:J 

Chinese emperor Shen Nong. He wrote an authoritative treatise on herbs that is still in 

use today. Shen Nong recommended the use of MaHuang (known as ephedra in the 

Western world) against respiratory distress. Since then the use of herbs has gained, and 

fallen out of, favor many times in the medical field. The timeline that follows shows 

some ofthekey dates and major points in the history ofherbal medicine. 

Preltistorie Era 

The oldest hem in history may be ginkgo biloba. Fossils from the Paleozoic era tel1 us 

that the ·ginkgo biloba tree has· been on· earth for millions of yef;li'S. Prehistoric tribes of 

hunter-gatherers would include in their diet any berries, leaves, roots, mushrooms, ~acti, 

seeds,· herbs or any parts of any plants that were found to be edible. Over many millennia, 

various herbs and plants were chewed, made into teas, pounded into pastes, made into 

oils, ·gargles and snuffs, and added· to various fuods and drinks. Over the eons of time, 

effects of herbs were learned by trial and error. Some plants, such as the hemlock tree, 

were found to be poison. Herbs such as valerian roots were found to m•e a person 

drowsy, while· other herbs such as tea, contained caffeine and would help· people to feel 

more awake. Somewhere along the way in history, white willow bark was boiled in water 

and made into a tea that somehow helped relieve aches and pains and lower fevers. In 

recent times it was diSCQvered that this tree bark contained salicin, which was later 

synthesized into acetylsalicylic acid, better known as aspirin. Today aspirin has become 

the number one·selling over the counter remedy around the world. 

An ancient Babylonian burial site 1hat was diSQOvered by archeologists contained various 

preserved medicinal herbs, including marshmallow root. These are thought to be some 

60,000 years old and are the oldest intact examples of herbal remedies. In ancient 

cultures, people were often buried with treasures and items that would help them in the 

afterlife. 

Egypt 

Some of the olde$t and most complete written records about the use of herbs as 

supplements were reconled thousands of years ago in Egyptian hieroglyphics. The most 

i:amous ofthese writings is known as the Papyrus ,Ebers, which note :the medicinal.uses of 

3 



CHAPTE/?1 IfVTRODUCTIQN 

over 700 herbs and plants. Many of the herbs recorded in this document back in 1500 BC 

are still in U$C today, aloe vera being one well-known example. 

Cllina 

Chinese medicine is famous for its extensive use of herbs and plants. For over five 

thousand years, Chinese herbalists have used ginkgo biloba tree leaves, ginseng roots, 

Cordyceps mushrooms, teas and many other herbs and health tonics to support good 

health. China has the longest history of continuous use and learning about medicinal 

herbs. The first recorded Chinese herbal study, called Ben Cao, is believed to have been 

written around 2000 RC. ·by Emperor Shen Nong. The Emperor studie~ and wrote about 

over 300 plants and herbal remedies. 

lndia 

In ·early times, herbs ·and spices were so valuable that their trade was one of the first 

forms of organized commerce. India playe<l an important part· in ·the· herb and spice trade. 

In India, the study ofmedicinal herbs has been ongoing since around 2000 RC. and is 

known as Ayurveda which means the "scie:ace of life". The herb Gotu kola has been used 

to ·help memory throughout the history ·of India. Gymnema sylvestre ·leaves have ·been 

used to help diabetics and dieters overcome sugar cravings. 

Bibli~l Times 

In the Bible we read about how Kings ttaveled :from afar to bring frankincense and myrrh 

as gifts for Jesus. ln Ezekiel, Jesus says ''the fruit ofthe tree is for man's meat, and the 

leaves for man's medicine." In the bookofGen~sis, God declares ''I have given you every 

herb bearing seed, which is upon the face of the earth,· and every tree, in which is the fruit 

of a tree yielding seed; to you it shall be for meat". 

Herbal medicine aad the history of herbs in Greece would not be complete without 

discussing Hippocrates (460 BC ~ 377 BC), a Greek physician. He made a system of 

much that was known in his era and extended that knowledge. Hippocrates used many 

herbs in his treatment of illness because he believed that disease had natural causes 

contrary to many contern_ooraries who held thiit it was intlicted by Uods. tn hts da1 

4 



CHAPT$1 INTROD.UCTIQN 

Parsl~y was used to treat rheumatilSm and relieve kidpey pain while Tarragon was used to 

treat toothaches. In the first century AD, the Greek physician Dioscorides made a 

thorough record·of the medicinal uses of over 500·herbs·and plants. This record, named 

De Materia Medica, informed· and influenced herbalists for centuries· afterward. 

Rome 

Herbal remedies were widely used in the Roman Empire, includmg crushed mint leaws, 

·basil, oregano and ·mandrake herb. Other early uses of plants in Rome were for the 

poisoning of political opponents, and for antidotes to poisons. The Roman emperor Nero 

created ~·kind of cure-all potion which remained in use for over 2000 years and may have 

been the first "patent medicine." Much ofthe Roman knowledge was lost when libraries 

and schools were destroyed by warfare. Many years later, Italy would be home to the first 

standardized dosage of ingredients. A pharmacopoeia called the Nuovo Receptario was 

publishe<l around 1500 RC and became a standard fur pharmacists of the time. 

The MWdle Ages 

After the faH of the Roman Empire, during the "dmk ·ages," much of the learning and 

cuitureofEuropean civilizations was·lost. While· barbarians ravaged the· continent, monks 

and scribes in unconquered Ireland band...c;opied booklS and written works. This history is 

told in the book titled "How The Irish· Saved Civilization.'' Most monasteries also had 

g~rdens where Monks grew medicinal· herbs. The ·liquor named Bened:it:tine contains 27 

herbs, plants & spices and was thought to be a health elixir. It is named after the religious 

Benedictine monks that invented it. 

The Americas 

In the mid l800?s, American Shakers grew and gathered over 200 ~inds of medicinal 

herbs with religious zeal. They pres~d the herl>s into bricks and sold them to doctors and 

pharrtlacists. People aU over the world trusted the Shaker label for honesty and quality. 

Native North Americans used black cohosh for women's symptoms of menstruation, and 

now modem scientists have found it to offer an estrogen .... like effect upon hormones. In 

Peru, the bark of the cinchona tree proved useful against malaria ·and later became the 

source of quinine sulfate~ 
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Important events in the history ofherbal·medieine 

2800 BC : The first written record of herbal medicine use showed up. (Titled: The Pen 

Ts'ao by Shen Nung). 

2600 BC Babylonians recorded the uses for honey, poppy juice, essential oil of 

cypress and cedar, myrrh, licorice and other remedies which today are used 

evecy day by people all around the world. 

1800BC 

400BC 

50 AD 

200AD 

The records of King Hammumbi of Babylon include instructions for using 

medicinal plants. Hammurabi prescribed the use of mint for digestive 

disorders. Modem research has confirmed that peppermint does indeed 

relieve nausea and vomiting by mildly anesthetizing the ·lining of the 

stomach 

The Greeks Joined the herbal medicine game. Hippocrates stressed the 

ideas that diet, exercise and overall happiness formed the foundation of 

wellness. 

The Roman Empire spread herbal medicine around the Empire, and with it 

the commerce of cultivating herbs. 

The first classification system that paired ·common illnesses with their 

herbal remedy appeared. This was prepared by the herbal practitioner 

Galen. 

800 AD Monks took over the herbal field with herbal gardens at ~ost monasteries 

and infirmaries for the sick and injured. 

1100 AD: the Arab world became a center of medicinal influence. Physician 

Avicenna wrote the Canon {)f Medicine, which gave mention to herbal 

medicines. 

1200 AD : Black Death spread across Europe and herbal medicin~s were used along 

side "mo4em" methods such as bleeding, purging, arsenic and mercury 

with equa4 or better, results 

1500 AD : Herbal medicine and herbalists were promoted and supPOrted by Henry VII 

and the Parliament, due to the large number of untrained apothecaries 

~iving substandard care. 
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1600 AD: Herbs were used in treating the poor, while extracts of plant, minerals. and 

animals (the ''drugs'), were used for the rich. The English Physician, an 

herbal explaining the practice of herbal medicine, was written during this 

time 

1700 AD : Herbal medicine ·got another high ·profile endorsement from Preacher 

Charles Wesley.·He advocated for sensible· eating, good hygiene and·herbal 

treatments for healthy living 

liOO AD : Phannaceuticals began to ·hit the scene ·and herbal treatments took a back 

seat. As side effects from the drugs ·began to be documented, herbal 

remedies· came into favol' again 

1900 AD: Lack of availability of drugs <luring World War I increased t~ use of 

herbal·medicines ·again. After·the war ph~eutical production increased 

and penicillin was discovered. 

2000 AD : EU legislation advocates all herbal medicines should be subject to 

compulsory clinical testing comparable to that undertaken for conventional 

drugs. Thus all herbal medicines would be licensed. 

Herbal medicines have been documente<l for almost 4000 years. These medicines have 

survived real world testing and thousands of years of human testing. Some medicines 

have been discontinued due to their toxicity, while others have been modified or 

combined with additional herbs to offset side · e~cts. Many herbs have undergone 

changes in their uses. Studies conducted on the herbs and their effects keep changing 

their potential uses. The healing power of plants has been acknowledged by many 

cultures for thousands ofyears, and aroma(herapy can be said to stem from the various 

systems of traditional medicine developed by ancient civilizations. Primitive peoples 

used plants in both their healing traditions as well as in their religious rituals. 

Indian medicine is traditionally plant based. The most ancient of Indian religious writings 

contain prescriptions and formulae, as well as invocations and prayers, which address the 

healing plants themselves. The medicinal plants of India became famous through()ut 

Asia, and many have now found their way into Western medical treatments and 

aromatherapy. India's age"'()ld Ayurvedic medical system is increasingly popular in the 

West as more people become disillusioned with chemicai preoarations and turn tM'te.a4 to 
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traditional and holistic forms of healing. Herbs and plants have been used for centuries to 

improve heal1h. -Plants that have demonstrated beneficial effects include herbs, roots, 

cacti, -mushrooms, trees, succulents, -seeds, flowers and mosses. Herb~ ingredients are 

used ·in -nutritional-supplements, -Chinese ·medicine, -.cosmetics, -perfumes,-herbal remedies 

and in many health :tbodsandbevetages. 

1.3. Types of herbal medieiaes fZ-M 

Herb'al Medicine can be broadly classified into various basic systems: 

• Traditional Chinese Herbal medicine, wbich is part ofTraditionalOriental 

Medicine. 

• Ayur-vedicHerbal medicine, which is derived :from Ayurveda, 

• Western Herbalmedicine, which originally came from Greece and Rome to 

Europe and then spread to North and South America. 

There are more sophisticated traditional herbal healing methods in Chinese medicine, 

Eclectic medicine, Cherokee Medicine, Unafti Medicine and Ayurveda. 

In Chinese medicine herbs (which may include animal and mineral parts) are divided into 

Superior (rood grade), Moderate (to be taken for disease for a short time) and Inferior 

(toxic, short term) grades. 

Cherokee medicine tends to divide herbs into foods, medicines and toxins and to use 

seven plants in the treatment of disease, which is defined with both spiritual and 

physiological aspects. Auyrvedic medicine has quite complex formulas with 30 or more 

ingredients, including a sizable number of ingredients that have undergone alchemical 

processing, chosen to ·balance V ata, Pitta or Kapha. 

Western Herbal system is today primarily a system of folk medicine. 

1.4. Use of herbal :medicines15 

Herbs releases volatile oils, antibiotics, aromatics, and other healing chemicals contained 

within them. Herbs can be prepared in a variety of forms depending on their purpose. 

Such techniques include: 
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• Juice squeezed from herbs. 

• Mashing herbs into a paste. 

• Decoctionorex.tractingthe active ingredients by boiUngdown the herb in water. 

• Hot ,infusion (like hot tea)- Herb is steeped in hot water. 

• Herbal wine made by adding the herb to water and sugar and letting it ferment. 

• Tincture, made by combining ground herbs with alcohol, glycerin or vinegar and 

used internally. 

• Liniment - Made like a tincture except it is used externally. 

• Syrups ... Made by adding herb to a medium such as honey. sugar or glycerin. 

• Poultice - Herb is applied directly to a wound or body part and heJd in place with 

a cloth. 

• Herbal Oil • Usually made with common base oil, such as olive, almond, grape 

seed, or sesame oils. 

1.5. Styles of herbal medieine iB practieed'6-
19 

1.5.1. Western herbal medidne 

Herbal Medicine is a general term for the use of plant material, minerals and possibly 

even animal substances administered individually or in combinations to improve ones 

health and heal disease. The practice of western herbal medicine is distinguished 

primarily by the use of herbs commonly found in the west. St. John's Wort, Black 

Cohosh, Chamomile and Feverfew are some examples of herbs commonly used in 

westen1 herbal medicine. fu general. western herl:>al practitioners treat your condition as it 

is defined ·by western ·medi<:ine, using St. John1s Wort to treat depression, for example. 

This is in <:ontrastto·many other systems ofhemal·medicine, whicb diagnose and treat a 

particular condition according to the theories unique to that medicine. The herl>s 

administered within Westem·herbal medicine may be raw and <:oo.ked into a tea. taken ·in 

pill form, extracted into a tincture. or applied externally. 
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1.5.2. Traditionstl Chinese·herbal m,edicine 

Herbal medicine has been used in China for centuries and is backed by a long and rich 

histocy of development, use and resear.ch. Chinese herbal medicine is tulique in that the 

diagnosis and treatments are based 011 the theories of traditional Chinese medicine. 

Besides discussing, the health issues with the patient, a practitioner of herbal medicine 

use other signs and symptoms such as those found in tongue and pulse to form a TCM 

(Traditional Chinese Medicil1e) diagnosis. The common cold, for example, may be 

diagnosed as "wind-cold invasion" and herbs, which dispel wind and warm cold, may be 

prescribed. Herbs administered within Chinese herbal medicille are usually raw <Uld 

cooked into a tea, in a powder form and taken with hot water or if) a pill form. 

l.S.3. Kampe herbalmedidne 

Kampo herbal medicine is a system of usillg herbs based 011 the theories behind 

Traditional Chinese Medicine as they have been developed in Japan. As with Japanese 

acupuncture, the Japanese system of herbal medicine is a refined version of Chinese 

Herbal Medicine ill that they have taken the time to look at .a variety of theories and 

applications of· Chinese medicine and determined what works best dinically. Kampo 

practitioners use well-defined formulas of herbs for conditions based on a person's 

Chillese · medicine .. based diagnosis. This· is in contrast to a practitioner of Chinese herbal 

medicine, which may choose from a much wider range of herbs when ~eveloping a 

prescription. Kampo herbs are generally adnlinistered ill a pill forru. 

1.5.4. Homeopathy 

Homeopathy is a unique form of western medicme that is in use around the world. The 

theories behind homeopathy are based on the "law of similar" and a homeopathic 

practitioner uses theory unique to homeopathy to form a diagnosis and decide a course of 

treatment. Homeopathy attempts to stimulate the body to heal itself by using small 

amoUllts of·· me(licines ·(from ·plants, ntinerals, animals or chetnicals), which in large 

amounts might cause the condition for which you are being treated. The idea is loosely 

related to that behind vaccines. Homeopathic remedies are generally administered in a 

tiny pill forn1, which come in a variety of strengths. 
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1.5.5. Ayurvedic medi~ine 

Ayurvedic ·medicine is a complete system of medicine from India. which has been used 

fm thousands ofyears. As with Traditional Chinese Medicine, an Ayurvedic practitioner 

uses their own unique theories of diagnosis and treatment to heal disease and promote 

health and wellbeing. Mruty ofthe herbs used within Ayurvedic medicine, such as Neem 

and Arjuna, are commonly found in India rutd ar-e relatively unique to this system. 

whereas more common herbs such as Ginger may be used which are also used in other 

herbal systems. The herbs may be incorporated into meals, prepared as teas or taken in a 

pill form. 

t.6. Biological background of herbal medicine~'2t 

All plants produce chemical compounds as part of their normal metabolic activiti~s. 

These can be split into primary metabolites, such as sugars and futs1 found in all plants, 

ami ~naa.ry metaootires foun(l in a smailer range of plants, some only in a particular 

genus or species. 

The autologous functions of secondary metabolites· are varied. For example: as toxins to 

deter predation, or to attract insects for pollination. It is these secondary metabolites 

which can have therapeutic acti()rts in humans and which can be refined ro produce drugs. 

The wof(l drug itself comes from the Swe<\.ish W9rd udrug", which means 'dried plant'. 

Some examples are inulin from the roots ofdahli11s, quinine from the cinchona, morphine 

and codeine from the poppy, and dig~xin from the foxglove. The active ingredient in 

Willow bark., once prescribed by Hippocrates-, is salacin, or salicylic acid alph~~ 

hydroxybenzoic acid, led to· the development of aspirin, acetyl-salicylic acid, originally a 

trade name, patented by Bayer. In 2004 the National Center for Complementary and 

Alternative Medicine began funding clinical trials into the effectiveness of herbal 

medieine. Surveys of a scientific approach to herbal medicine can be found in the books 

·Evidence-based herbal medicine and Herbal and·traditional medicine: molecl,llar aspects 

of health. 
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1. 7. R.ole-of herbal mediciM in humansociety.u 

-People on all continents have used hundreds to thousands of indigenous plants for 

treatment of ailments· since prehistoric times. There is· evidence from the Sh;midar Cave 

in Iraq that suggests Neanderthals living 60.,000 years ago used medicinal plants. A body 

that was unearthed there had been buried with eight species of plants, which are still 

widely used in ethnomedicine around the world. 

Anthropologists theorize that animals evolved a tendency to seek out bitter plant parts in 

response to ·illness. This behavior arose because· bitterness is an indicator of secondary 

metabolites. The risk benefit ratio favored animals and protohumans that were inclined to 

experiment·in times of sickness. Overtime, and with insight, instinct, and trial-and-error, 

a base of knowledge would have been acquired within eariy tribal communities. 

A survey released in May 2004 by the National Center for Complementary and 

Alternative Medicine focused on who used complementary and alternative medicines 

(CAM), what was used, and why it was used. The survey was limited to adults age 18 

years and over during 2002 ·living in 1he United States. Accotding to this·survey, herbal 

therapy, or use of natural products other than vitamins and minerals, was the most 

commonly used CAM therapy (l it90..4 ), when ·all use of prayer was excluded. Herbal 

remedies are most common 1n Europe. In Gennany, the term apothecary (Apotheke) is 

still used, and next to prescription drugs· one· Cat) order essential oils,· herb~:d extracts, or 

herbal teas. It is even seen as ·a prefetted treatment over the Ulll)ecessary overuse of 

industrialized production of ~b.emical medication. 

Herbs contain a VailSt sp"'ad of phar:macologically active ingredients and each herb has its 

own unique combination and properties. They are classified in modem herbal medicine 

according·to their spheres·of action. Many·herbs contain ingredients, which provide 1he 

whole plant with several such actions, combined in the one medicine. Recognized actions 

include. alterative~ anodyne, anthelmintic, anticatarthal, ·anti-emetic, anti·inflammatory, 

antilithic, antibacterial, antifungal~ antispasmodic, aperient/laxative, .aromatic, astringent, 

bitter, cardiac, canninative, cathartic/purgative, cholagpgue and anticholagogue, 

demulcent,·diaphoretic, diuretic, emetic, emollient, expectorant, febrifuge, galactagogue, 
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hepatic, hypnotic, rubefacient, sedative, sialogogue, soporific, stimulant, styptic, tonic, 

vesicant and vulnerary. 

1.8. -scientific evidence and herbal medicine20 

A substance that has a physiological effect on the body is by definition: a dmg. Therefore 

those herbal remedies that have an -effect. do so because of the drugs 1hat they· contain; 

and dmgs can be beneficial or harmful. Although some very useful drugs are obtained 

from plant sources, it should be noted that some of the most deadly poisons are also 

obtained from plants: the alkaloid poisons for example. There is some scientific evidence 

to support some herbal r~medies. The evidence is not strongly in favour of the remedies 

that do show·up ·positive results, although ·it does show up the .t.teed for mor-e quality 

research. 

1.9. Various bioactivecompounds &om-berbs:zw6 

The plant materials contain thousands of chemicals, which act against diseases, and 

infections of humans and animals when properly used. ·Plants contain different types of 

compounds such ·as ~sins, rubbers, gums, waxes, ·dyes, flavors, fiagrances, Proteins, 

Amino acids, bioactive peptides, phytohonnones, sugar, tlavonoids and bio pesticides. 

The beneficial medicinal effects ofplantmaterials typically result ftom the combinations 

of secondary products present in the plant. That the medicinal actions of plants are unique 

toparti~utar plant species or groups ·is·consistent with tbis·conceptas the·combinations of 

secondary products in a particular plant are (}ften taxonomically distbtct. This is in 

contrast to prim.ary products, such ·as carbohydrates, ·lipids, proteins, cbloropbyU, and 

nucleit·acids, which are common to all plants and are involved·in the primary metabolic 

processes of building and maintaining plant cells. India has an ancient heritage of 

traditional medicine. Materia medica of India provides ·lots of information on the folklore 

practices and ttaditional aspects of therapeutically important natural products. Indian 

traditional medicine is based on various systems including Ayurveda, Siddha and Unani. 

In recent years, there has been a tremendous growth of interest in plant-based drugs, 

pharmaceuticals, perfumery products. cosmetics and aroma compounds used in food 

flavors and ftagrances and natural· colors ·in the world. There ·is· a· definite trend to ·adopt 
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plant based products due to the cumulative derogatory efrects resulting from the use of 

·antibiotic and ·synthetics and except for a few· cultivated· crops, the ·availability of plant 

based material is mainly from the natural·sources like forests and wastelands. There is a 

need to introduce these crops into the cropping system of the county, whic~ besides 

meeting the demands of the industry, will also help to maintain the standards on quality, 

potency· and chemical composition. ·India is si~ on a ·gold mine ·of well-recorded ·and 

well .. practiced knowledge of traditional herbal medicine. But, unlike China, India bas not 

been able to capitalize on this herbal wealth by promoting its use in the developed world 

despite their renewed interest in herbal medicines. This can· be achieved ·by judicious 

product identification based on diseases fbund in the ·developed world for which no 

medicine or only palliative therapy is available; such herbal medicines will find speedy 

access into those countries. 

Indians have believed from time immemorial that nature provides cures for all illnesses 

and the curatives are derived ii'om plants. Over a million practitioners of the traditional 

system of medicines in India, use ar-ound 7500 species of plants in the preventive and 

curative applications, in the codified and oral streams. It is estimated that about 2 million 

people are engaged in· activities h"ke ·gathering ·medicinal plants (mostly ftom ·their natural 

habitats. processing them, manufacturing medicines outofthem and marketing the same; 

which includes about 0;6 million licensed, registered medica,lpractitioners ofthe codified 

systems of Indian medicine. A cumulative effect ofthese trends has been a quantum jump 

in volumes of plant materials extracted and traded within the country and exported 

outside. Conservative estimates place the economic value of medicinal plant related trade 

in India to be ofthe order ofRs.lOO billion a year. Apprehensions are being expressed 

that trends are pointing towards an inex1'>mble monedsation aJ}d commercialization of 

medicinal plants economy .The demand on medicinal plahts, on the one band, is 

increasing sharply and supplies on the other hand. are dwindling rapidly. two serious 

consequences ofthe widening gap between demand and supply are: 

(a) Suppliers taking advantage of gaps in understanding correct identity of plants and 

making available incorrect plants. 

(b) Suppliers resorting to adulteration of medicinal plant parts by similar looking plant 

parts which are not known to be of medicinal value. 
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It is therefore essential to provide scientific background to establish correct identity of 

plants·and·to·document diagnostic features to identizyand·sort out spurious plant parts. 

1.10. Risks, benefits and effectivepess of herbal medidne27
•
29 

A common·misconception aboutherbalism·and·the·use of"natural'~products in g¢neral, is 

that "natural" equals safu. However many plants have chemical defense mechanisms 

against predators that can· have adverse or lethal effects on humans. Examples are poison 

hemlock and nightshade, which can be deadly, although they are not sold as herbs. Herbs 

can also have undesirable ·side ·effects just as phannaceutical products can. These 

problems are exacerbated by lack of control over dosage an<l pUrity. Furthermore, if • 

given in conjunction with drugs, there is <langer of 'summation\ where the herb an4 the 

drug have similar .actions and add together to make an 'overdose'. In animals, there are 

other dangers. There rnay be tesidues in food from farm animals (e;g. eggs, mill4 and 

meat) or danger of 'doping' in competition animals. The latter may also apply to human 

athletes. 

There. is a danger that herbal remedies will be used in place ofo~er medical treatments, 

which· have been scientifically tested for: safety and· efficacy. resulting in the development 

or worsening of a medi<.;al condition, which could have bc:(en better, prevented or treated. 

There is also a danger that an herbal ~medy may itself cause harm~ which is 

unanticipated due to a ·lack· of a fuH understanding of its composition ·and· biochemical 

effects. 

Herbalists tend to use parts of plants, such as the roots or leave but not isolate particular 

phytochemicals. They argue that the synergy of the combined substances enhances the 

efficacy and dilutes toxicity. Western medicine on the other hand prefers single 

ingredients on the grounds that dosage can be mere easily qUMtified. Dosage is in 

general an outstanding issue fot: herbal treatments: while most conventional medicines 

are heavily tested to ·determine the most e:lrective and ·safest dosages (especially in 

relation to things like P<Jdy weight, drug interactions, etc.), there are few established 

dosage standards for various hemal treatments on the market. Furthermore, herbal 

medicines taken in whole form cannot generally guarantee a consistent dosage or drug 

q,c.Ullibj >:smce cenam samptes may cornam more or tess of a given active ingredient). 
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1.11. Standards, quality control and Jlledical interaetion of berbal 

medicines30 

The legal status of herbal ingredients varies by country. For example, Ayurvedic herbal 

products may contain levels of heavy metals that are considered unsafe in the U.S., but 

heavy· metals are considered therapeutic in Ayurvedic medicine. Heavy metals may be 

processed in such a way as to inactivate negative aspects, which· are not recognized in US 

or· European statutes. In the United States, most herbal·remedies are regulated as dietary 

supplements. Reports in the media have spread the idea that the·herbal medicine industry 

is not well regulated. In fact, the Food and Drug Administration (FDA) regulates it very 

closely. The FDA reviews an herbal product's labels, manufacturing stant;lards, and 

contents. It collects reports of adverse effects~ issqes warnings~ and pulls p,roducts off the 

shelves if problems are reported. In addition, the National Nutritional Foods Association 

(the industry's largest trade association), has developed a program to examine the herbal 

products and factory conditions of its member companies and give them the right to 

display GMP (Good Manufacturing Practi¢es) seals of approval on their products. This is 

a fairly comprehensive process, which resembles the certification process used to accredit 

hospitals. The program has been in wic;le operation since 2002. 

In consultation with a physician, usage of herbal remedies should be clarified, as some 

herbal rem~ies have the potential to Calise adverse c;Irog interactions when used in 

combination with various prescriptiQn ·and over-the-counter pharmaceutica,ls. 

Dangerously low blood pressure may result :from the combination of an h¢rbal remedy 

that lowers blood pressure rogethet with prescription medicine that has the same effect. In 

particular, many he.rbs should be avoided during pregnancy. 

1.12. lmportaDCe and scope ofherbs31 

Herbs are staging a comeback and herbal 'renaisStW~' is happening all over the globe. 

The herbal products today symbolize safety in .contrast to the synthetics that are regarded 

as unsafe to human and environment. Although herbs had been priced for their medicinal, 

flavoring and aromatic .qualities for centuries, the synthetic products of the modem age 

surpassed their importance, for a while. Over three·quarters of the world population relies 

mainly on plants and plant extracts for health care. More than 30% of the entire plant 
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species, at one time or other was used for medicinal purposes. It is estimated that world 

market for plant derived drugs may account for about -Rs.2,00,000 cores. Presently, 

Indian contribution is less 'than Rs.2000 cores. Indian export of raw drugs ·has steadily 

grown at 26% to Rs.l65 cores in 1994 .. 95 from Rs.l30 cores in 1991-92. The annual 

production of medicinal and aromatic plant's raw material is worth about Rs.200 cores. 

This is likely to touch US $1150 by the year 2000 and US $5 trillion by 2050. Thus, the 

economic importance of medicinal plants is much more to countries such as India than to 

r~st ofthe world. In India, drugs of herbal origin have been used in traditional systems of 

medicines such as Unani and Ayurveda since ancient times. The Ayurveda system of 

medicine uses about 700 species, Unani 100, Siddha 600, Amchi 600 and modem 

medicine around 30 species. The· drugs are derived either from the wlR,>le plant or from 

different organs, like leaves, stem, bark, root, flower, seed, etc. Some drugs are prepared 

from· excretory plant product such as gum, resins and latex. Even the Allopathic system 

of medicine has adopted a number of plant-derived drugs, which form an import:a:nt 

segment of the modem pharmacopoeia. Some important chemical intermediates needed 

for manufacturing the modem drugs are also obtained from p~ants (e;g. diosgenin, 

solasodine). Not only, that plant-derived drug offers a stable market world wide, but also 

plants continue to be an important souroe :fOr new drugs. 

Plants, especially used ·in Ayurveda can provide·bi9logically·active molecules·and ·lead 

structures for the development of modified derivatives with enhanced activity and /or 

reduced toxicity. Som~ of the useful plant drugs include vinblastine, vitWristine, taxol, 

podophyllotoxin, camptothecin, digitoxigenin, gitoxig~in, digoxigenin, tubocurarine, 

morphine, codeine, aspirin, atropine, pilocarpine, capsaicin, allicin, curcumin, 

artemesinin ·Q.nd ephedrine among others. In some ·cases, the crude extraCt of medicinal 

plants may ~ used as medicaments. On the other hand, the isolation and identification of 

tbe active principl~s and elucidation ofthe mechanism of action of a drug is ofpammount 

importance. Hence, works ~·both mixture of traditional medicine and single ·active 

compounds are very important. Where the active molecule cannot be synthesized 

economically, the product must be o}>tained from the cultivation of plant material. 
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1~13. Aetion «Jfherbs32
"
34 

A great deal ofphannaceutical·research has gone into analyzing the·active ingredients of 

herbs to find out how and why they work. This effect is referred to as the herb's action. 

Herbal actions describe the ways in which the remedy affects human physiology, In some 

cases the action is due to a specific chemical present in the herb (as in the antiasthmatic 

effects of ma-huang) or it may be due to a complex synergistic interaction between 

various ~onstituents of the plant (the sedative valerian is an example}. A much older and 

far more relevant approach is to categorize herbs by looking at what kinds ofproblem$ 

can be treated with their help. -Plants have a direct impact on physiological ru;:tivity and by 

knowing what body process one wants to ·help or ·heal, the ·appropriate action can be 

selected. The qualities of herbs which make·them beneficialin treating the huma_fl body 

include: 

• Adaptogenic: Herbs increase resistance and resilience to stress, enabling the body 

to adapt around the problem and avoid reaching collapse. 

• Alterative: Herbs that gradually restote proper functioning of the body i increasing 

health and vitality. 

• Anthelminftic: ·Herbs that destroy or expel intestinal worms. 

• Anti-inflammatory: Herbs that· soothe inflammations ·or reduce tbe infltnnmatory 

response of the tissue directly. 

• Antimicrobial: Antimicrobials help the body to destroy or resist pathogenic 

( disea~-causing) microorganisms. ·Herbs help the ·body strengthen its own 

resistance to infective organisms and throw off illness. While some contain 

chemicals that are antiseptic or poisonous to certain organisms, in generalthey aid 

the body's natumlitnmunity. 

• Antispasmodic: Antispasmodics ease cramps in smooth and skeletal muscles. 

They alleviate muscular tension and can ease psychological tension as well. 

• Astringent: Astringents have a binding action on mucous membranes, ·skin, and 

other tissue. They have the eftect of reducing irritation and inflammation, and 

creating a barrier against infection that is helpful to wounds and burns. 

• Bitter: Herbs with a bitter taste have a special role in preventative medicine. The 

taste triggers a sensory response in the central nervous system leadmg to a range 
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of·responses, ·including, stimulating appetite and the flow of digestive juices; 

aiding the liver's detoxification work; increasing bile flow, and motivating gut 

self-repair mechanisms. 

• Carminative: Plants that are rich in aromatic volatile oils stimulate the digestive 

system to work properly and with ease. They soothe the gut wall; reduce any 

inflammation that might ·be present; and ease griping pains and help with the 

removal of gas from the digestive tract. 

• Demulcent: Demulcent herbs are rich in mucilage and soothe and protect itritated 

or inflamed tissue. They reduce irritation down the whole length of the bowel, 

reduce sensitivity to potentially corrosive gastric acids, help prevent diarrhea, and 

reduce the muscle spasms that cause colic. 

• Diuretic: Diuretics increasethe·production·and·elimination ofurine. They help the 

body to eliminate waste and support the whole process of inner cleansing. 

• Emmenagogue: Enu::nenagogues stimulate menstrual flow and activity. With most 

herbs, however, the term is used in the wider sense for a remedy that affects the 

female reproductive system. 

• 13xpeetorants: Herbs that stimulate removal of mucous from the lungs 

Stimulating expectorants ''irritat~" the bronchioles (a subdivision ofthe bronchial 

wbes) causing expulsion of \llaterial. Relaxing expectorants soothe bronchial 

spasm and loosen mucous secretions; helping in dry, irritating coughs. 

• Hepatica: Hep;ttics airthe·liver. They toneand strengthen the·liverand in some 

cases increase the flow of bile~ In a broad holistic approach to health they are of 

great import,ance because of the fundamental role of the liver in maintaining 

health by not only facilitating digestion but by removing toxins from the body. 

• H)IP9tensive: Hypotensives are plant remedies that lower abnormally elevated 

blood pressure. 

• Laxative: These are plants that promote bowel movement. They are divided into 

those ·that work· by providing bu\14 those that· stimulate the production of bile in 

the ·liver and its release from the gallbladder, and ·those that directly trigger 

peristalsis (wavelike contractions ofthe smooth muscles of the digestive tract). 
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• Nervine: Nervines help the nervous system and can be subdivided into three 

groups. Nervine tonics · strength~n and restore the nervous system. Nervine 

relaxants ease anxiety and tension QY soothing both body and mind. Nervine 

stimnbmts directly stimulate nerve· activity. 

• Stimulating: Stimulants quicken and invigorate the physiological and metabcHic 

activity of the body. 

• Tonic: Tonics nurture and enliven. They are used frequently in Traditional 

Chinese Medicine and Ayurvedic medicine, often as a preventative measure. 

Tonic herbs like ginseng build vital energy. 

1.14. Herbal medicine Today35 

Herbal medicines are still in use today. In some respects they have gained a new 

momentum in the medical field. As many people seek alternative· treatments and begin to 

check out Traditional and Eastern Medicine, herbs are becoming more popular. As 

physicians seek new treatments f(}r many common illnesses they are beginning to revisit 

the traditional remedies, using herbal medicines. 

Pharmaceutical medications, with their potential for·barmful side effects and addiction, 

are becoming less popular. People are seeking alternatives to the modem medical 

interventions. Improving and maintaming health naturally is a very popular approach to 

overall wellness. 

The herbs used today are generally cultivated for thQse purposes. Very few herbs are 

harvested from the wild, with the· exception of a few still found in the rainforests and 

higber elevations. The cultivation of herbs for medicinal uses is .a large field and more 

people are beginning to plant their own herb gardens. Many monasteries continue to grow 

large herbal gardens within their walls. 

Modem herbal medicine takes a syncretic approach, trying to cross-.reference the benefits 

of various herbs and treatments from differenttraditions, and find the best combination of 

herbal remedies. It is estimated that upwards of three quarters of the pepple on the planet 

use herbal medicine as part of their primary health care regimen. 

Many traditional herbs are aromatics the compounds we use to treat illness· are an effect 

of plants cDnducting chemical. warfilre oQ eacbother and.tofend off herbivores. The same 
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compounds that make many herbs bitter or smell strongly are the ones used in herbal 

medicine and ~linical trials. While there are countless claims that herbal remedies have 

"no side effect", this is not the case; it'~ more than the side effects cannot be attributed to 

one· compound in the herbal reperto~. and ·sometimes this ·leads to dangers for example, 

cochineal was used to treat gout (rheumatoid arthritis, and a number of related 

symptoms), but also has severe side effec~ on the function ofthe kidneys and liver, as it 

has a slow, cumulative toxin. 

Hemal medicines are now lining in shelves in most health food stores. As the current 

health care system becomes overwhelmed to give everyone access to the medical care 

that they may need, more and more people are turning to the ancient practice of using 

herbal medici..t'tes to self-treat. Despite claims that herbal medicines are absolutely safe 

and effective, because they come from natural sources, it is impomnt to know that not all 

herbal medicines are safe and/or effective. 

Herbal medicine} or phytotherapy, indicates the use of herbs for remedies. It therefore 

covers everything from medicinal plants with powerful actions, such as Digitalis and 

Belladonna, to· those with very gentle· action,· such· as· chamomile, mint· and many· others. 

·It should be noted·th~t 'very gentle' action, when·referring to chamomiie·or mint, does 

not mean they are more or less ineffective, ·but rather that one would not expect these 

plants to produce instant and ·powerful effects like those seen, for ·instance, after ·an 

injection '()f digitalis or strophanthin. Gentle action also means that these simple 

medicinal plantsdo·not ~s·a rule have·anyappreciable toxic effects,·and may therefOre be 

safely taken over an extended period of time. 

1.15. Future view of herbal medicine35 

The nU,mber of patients seeking alternate and ·herbal therapy is growing.·expon.enti~lly. 

Herbal medicines are the. synthesis of therap~utic experiences of generations ofpracticing 

physicians · <,>f indigenous systems ·of medicine for over hundreds of years. Herbt~.l 

medicines are now in gre•t deman<i in the developing world for primary health care not 

because they are inexpensive but also for better~ultural acceptability, better compatibility 

with the human body ·and ·minimal side effects. Thousand years of traditional use can 

1"'~'"'~-~ae us w1m vamabie guidelines to the selection, preparation and application of herbal 
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formulation. To be accepted as viable alternative to modem medicine, the same vigorous 

method ·of scientific ·and ·clinical validation must be ·applied to prove the safety and 

effectiveness of a therapeutical product. 

1.16. Sc~aatio of herb-.1 medieme in SiJd4m Himalaya region36·~1 

The use of plants as a means to cure/abate certain ailments and disease is an age-old 

practiee throughout the world and the hills of Sikkim are not an exception. Sikkim is a 

small state of India that falls in the eastern Himalaya (27°3¢472 to 28°7¢34ZN lat and 

&8°3¢402 to 88°$7¢192E long). The total area of the state is 7096 km2
• which forms just 

0.02% of the total geographical area of the country. 

It is criss-crossed by green valleys, high peaks, rippling rivers and is home to exotic 

species of flora and fauna. Covering 7,096 square kilometers, the State is 113 kilometers 

long and some 64 kilometers wide. Hills ranging from 300metres above sea level to 

7 ,OOOmetres result in a climate that varies from sub-tropical to alpine. 

The ·unique geographical position and wide range of topogm.phy; high fertile soil, 

sufficient rainfall and presence of large number of perennial stream makes the state of 

Sikkim one of tbe treasure houses of bio-diversity in the country. Sikkim has vast reserve 

of medicinal plants and rich culture of folk medicine. The rich flora of Sllddm has a 

number ·of raw drugs described in Ayurvedic ·tex..ts. There are· about 420 plants used by 

the tribal people for various diseases in ~sikkim Himalayas region, out ofwhich few are in 

utilized oB commercial basis. . It is necessary fur the establishment of scientifically 

medical plant farm and bio-chemical laboratories for the identification of active 

ingredients I molecule from: the plant species. 

The Sikkim Himalayan people ·have a close relationship with nature. They use both 

psychosomatic treatments, which depends· on ·propjtiating the gods/spirits· and the herbal 

and mineral medicine. The Himalayan Medicine System (HMS) is not at all systematiZed 

and ·depends upon ·an ·oral tradition. The persons, prescribing these medicines, use the 

traditi~nal knowledge. Some of the Himalayan medicines were known widely and were 

even exported. For example, Kuth (Saussurea costus) was exported to east as is 

mentioned in Atharvaveda. It was also exported to China. Thus HMS is a vast treasure of 

ltetbal mecucine, which needs to be exhaustively studied and us~d for the economic 
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regeneration ofthe local people, as also for the medical benefit of the world at large. We 

feel that the Materia medica of Ayurveda and even the Chinese medicine system may 

have borrowed heavily from the Himalayan Medicine System. There are effective 

medicines in Himalayan Medicine System even for incurable diseases. 

Sikkim displays extraordinary biological diversity. There are more than 5,000 species of 

angiosperms, 4~000 species of flowering plants~ 450/SOO species of orchids and 300 

species offems and allies. 

1 .. 11. Liviag~tatus of loeal people and metlieinal plants -ia Silddan.JI 

Sikkim had traditionally been a major supplier of medicinal herbs to markets in Kolkata 

and New Delhi. Species like Chirayata (Swertia chirayata), Jatamansi (Nardostachys 

grandijlora), Pipla ·(Piper kmgmn), Kutki ·(Picrorhiza kun'.()()a) and Aconites (Aconitum 

spp.) have been the major produces. Local people have traditionally been collectitlg herbs 

from the wild for local as well as market consumption. Ifthe medicinal plants farming is 

implemented systematically and a scientific approach are adopted, this will pave way for 

development of the state in a big way in the neat future. Herbs are extracted by the local 

people for ethnic medi~inal use, for use in Ayurveda and Tibetan medi~ines and also for 

use in modem· bio•phanna~eutical~. The state can attain high value qrldition resulting· in 

higher employment generation and increased income to the people; if propagation of 

these high vah1e medicinal and aromatic plants is· adopted. The preservation, cultivation 

and adoption of scientific· appro~h in the field of medicinal plants of Sikkim are highly 

necessary. 

In the present·study two unexplored plants Kaempferia rotunda Linn. and Eupatorium 

caimabinum Linn. of .Sikkim Himalayan region have been investigated for their 

medicinal values~ since they are known by the indigenol,Js people of Sikkim for 

therapeutic properties and are not systematically researched and documented. The aitn of 

this study is to focus on the two species found predominantly, by means of isolation and 

identification of the plant constituents, be· able to relate the thempeutic activity on the 

basis ofliterature precedents, to the compounds extracted. 
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2.1. Kaempferia species 

Kaempferia rotunda belongs to the family Zingiberaceae. Members of the Zingiberaceae 

are famous for their use as spices or as medicinal herbs; weU .. known examples include 

the rhizomes of Zingiber officinale (ginger} or CJJrcuma Jonga (tunnerici.2. Rhizomes-of 

C. Jonga or of Kaempferia pandurata are irpportant in the folk medicine .of South East 

Asia as antiseptics for wounds or as expectorants3
"
7

• Rhizomes of several species from the 

Zingiberaee~, however, also contain insecticidal constituents. Dried and powdered 

rhizomes of C. long a, for example, have been reported to act against storage-pest insects, 

such as Tribolium castaneum8
• Recently, we could show that the sesquitetpene, 

xanthorrhizol, as well as other sesquiterpenes that are present in rhizomes of Curcuma 

xantherrhiza or C. zedoaria, which are insecticidal towards larvae of the vi~orous pest 

insect, Spodoptera littoralis, when applied topically via the larval integument. The SO 

species ofthe genus Kaempferia are nearly stemless herbs with thick, aromatic rhizomes. 

Most Kaempferia have silver to purple feather pattern in the middle of the upper side of 

the leaf radiating outwards with various green shades. Many, of the Kaempferia spp. 

produce small white, pink or orange flowers. Kaempferia rotunda has proven to be .one of 

the Kacmpforia for landscape planting10
• 

2.1.1. Kaempferill rotunda Linn. 

2.1.1.1. Synonyms ofthe plant 

Hindi ... Bhuichampa; Beng.- Bhuichampa; Mar- Bhuichampa; Oriya~Bhuinchampa; Tel.

Bhucharnpakamu; Nep.- Bhuichampa; Lepcha- Ribrip; Eng- Black horm; Guj

Bhuichampo. 

2.1.1.2. Distribution 

The plant is found to be distributed throughout India in the hilly regions, at elevation 
· II 12 ranging from 3000 to 5000 ft · . 

2.1.1.3. Description of different parts of plant 

Kaempferia rotunda Linn. belonging to the family Zingiberaceae is an aromatic herb with 

tuberous root-stalk and very short stem. Leaves are simple~ few, erect, oblong or ovate

lanceolate~ acuminate, 30cm long, lOcm wide, variegated green above and tinged with 
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Fig.l.l. Kaempferia rotunda Linn. 

Fig.1.2. Rhizomes with flower of K. rotunda Linn. 
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purple below. Flowers are fragrant, white, tip purple or lilac arranged in crowded spikes 

opening successively. The plant produces a subglobose tuberous rhizome from which 

many roots bearing small oblong or rounded tubers arise13
• The description of the plant is 

also undertaken by Gamble, Kirtikar and Basu14
'
15

• 

2.1.1.4. Pharmaeologieal and pbytoehemieal aspeets of K. rotunda and allied species 

The ethnophannacological studies showed that the rhizomes of K.rotunda are widely 

used as a local appUcation for tumours, swellings and wounds. The roots have a hot 

ginger-like taste. They are also given in gastric complaints16
• They help to remove blood 

clots and other purulent matter in the body. The juice of the rhizomes is given in 

dropsical affections of hands, feet, and of effusions in joints. In Ayurveda, the 

improvement fonnulations using the herb are Chyavanaprasam, Asokarishtam, 

Baladthatryaditailam, Kalyanakaghritham etc. It also improves complexion and cu~s 

burning sensation, mental disorders and insomnia17
• The rhizomes are useful in vitiated 

conditions of vata and kapha, gastropathy, dropsy, inflammations, wound, ulcers, blood 

clots, tumours and cancerous sweliing18
'
19

• The decoction is applied with much benefit to 

wounds with coagulated blood and with any purulent matter~ The rhizomes contain 

crotepoxide and ~ .. sitosterot2°_ Rastogi and Asolkar et. al.21
•22 also reported crotepoxide 

m rhizomes . .Rhizome contains essential oil, which gives a compound with melting point 

149°C, which yielded benzoic acid on hydrolysis. 

Chang et.al. reported that the extracts of Chinese medicinal herb belongstoZingeberaceae 

family having an effect of anti inflammatory and antioxidanr3
• 

Habsah et. al. screened dicblorotnethane and methanol extracts of 13 Zingiberaceae 

species from the Alpinia; Costus and Zingiber genera for antimicrobial and antioxidant 

activities. The antimicrobial activity of most of the e~tracts was antibacterial with only 

the methanol extract of Costus discolor showing very potent antifungal activity against 

only Aspergillus ochr4Ceous (MID, 15.6fJ,g/disc). All the ex:tmcts showed strong 

antioxidant activ•ty comparable with or higher that ofalpha~tocopherol24• 

Somchit et. a/. ev;iluated the anti;. pyretic activities (25, 50 and I OOmg/kg) by using 

Brewers yeast induced pyrexia in rats and analgesic activities (25, 50 and 1 OOmg/kg) by 

using acetic acid-induced writhing in mice of aqueous and ethanol extracts of Zingiber 

zerumbet rhizomes. Both the extracts showed significant anti-pyretic activities in Brewers 
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yeast Induced pyrexia in rats through out t)le observation period of 8h. The ethanol 

extracts of the rhizomes how ever significantly decreased the writhing movements in 

mice in acetic acid induced writhing test25
• 

Suvara et. al. showed the rhizomes of Kaempferia parvijlora (Zingiberaceae) have been 

used in Thai traditional medicine for heal1h promotion and fur the treatment of digestive 

disorders and gastric ulcer. The data demonstrated that KP has a great potential for a 

supplemental use in vascular endothelial health promotion26
• 

Mohsen et. a/. studied the effects of hydroalcoholic extract of ginger on an acute model 

of duodenal ulcer induced by cysteamine orally (350 & 700mg/kg) and intraperitoneally 

(350mglkg). It has. concluded that ginger hydroalcobolic extract was effective to protect 

against duodenal ulceration and for i.p. injection as well as chronic administration, the 

efficacy was comparable with ranjtidine27
• 

Mahmood et. al. studied the effects of methanolic extract of the rhizomes of Zingiber 

ojficinale in rats for their ability to inhibit g8$tric lesions induced by ethanol. Animals 

pre-treated with ginger root extract significantly inhibited gastric lesions compared to 

control rats .The root extract at a dose of lOOOmg/kg orally exert highly significant 

cytoprotection against ethanol~induced gastric lesions compared to 500mglk:g.This 

cytoprotection was accompanied with increase in mucus synthesis by gastric mucosa 

grossly when compared with control rats .These observation strongly StJ.ggested the 

cytoprotective ~ffect ofthe ginger extract against ethanol~induced gastric ulcer in rat~8 • 

Shanbhag et. al. studied the wound healing effect of alcoholic extract of Kaempforia 

galanga and its effect in dexatnethasone supPressed wound healing in Wistar ~ts. Th~e 

w()lltl.d models viz. incision~ excision and dead space wounds were used in this study. The 

parameters sb.ldied were breaking strength in ~ase of incision wounds~ epithelialization 

artd wound contra,ction in case of excision wound and granulation tissue dry w-eight, 

breaking strength and hydroxyproline conrent in case of dead space wound. The 

dexamethasone treated groap showed a significant (P<O.OOI) red\lCtion in the wound 

b~g strength when compared to control group in incision. type of wound model. 

Coadministration of K. ga/anga with dexamethasone had significantly (P<O.OOl) 

increased 1he breaking strength of dex.amethasone treated group.In excision wound 

model, the percentage of the wound contraction was significantly (P<O.OS) increased by 
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K. galanga only on 16th day and also it reversed the dexamethasone suppressed wound 

contraction on the 16 day. K. galanga significantly (P<O.OOl) reduced the time required 

for epithelialization and reversed the epithelialization delaying effect of dexamethasone 

significantly (P<O.OO l )29
• 

Jndrayan et. al. compared 'Kasthurr and 'Rajani' varieties of medicinal and ornamental 

plant Kaempferia galanga differ morphologically. The essential oils from their rhizomes 

have remarkably different specific gravities~ refractive indices, saponification and iodine 

values artd in their chemical compositions. A total no. of 58 and 56 compounds have been 

identified in 'Kasthuri' and 'Rajani', respectively. 13 compounds are identified in the 

rhizome oil of 'Kasthuri' that are not present in the rhizome oil of 'Rajani' and another 

ll compounds identified in 'Rajani' oil are not present in 'Kasthuri' oil. 45 compounds 

have been found common in both oils but 1heir percentages differ in the two varieties30
• 

Sirirugsa et. al. reported tuber and rhizome of Kaempferia galanga are used as a remedy 

for toothache or a wash for dandruff or scabson the head. lt is stimulant, stomachic, and 

carminative. The tbiz<>me is externally used to treat abdominal pain, swelling and 

muscular rheumatism. The tuber of Kaempforia rotunda is used to treat abdominal 

illness, gastric complaints. The rhizome is used to treat stomach~he and is also used for 

cQsmetics. The leaves are used as body lotion31
• 

Nicolo et. al. studied plants of 27 families including Zingiberaceae~ encompassing 75 

species, have be.en se~ted on the basis of medicinal folklore in a broad screening 

progmmme for their anti-inflammatory activity, using <;arrageen in foot oedema in rats. 

Only 4 species including Zingiberace were very active, inhibiting carrageen in foot 

oedema by 42 to 7 4%, but overall 72% exhibited some anti-inflammatory activit)?2
• 

Decoction of K. galanga used in the intlammed parts to reduce swelling. The leaves 

are used in sore eyes, sore throat, swellings, rheumatism and fevei3
• The essential oils of 

K. galanga root and mizome showed antibacterial activity against Escherichia coli and 

Staphylococcus aureus34
• 

2.2. Eupatorium speeies 

Eupatorium canJUJbinum belongs to the family Conipositae (Asteraceae) is one of the 

largest and most diverse mmilies of flowering plants, comprising one-tenth of all known 
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angiosperm spectes. It is characterized by the compound inflorescence that has the 

appearance of a single "composite" flower from which it derives its name. The 

Compositae is divided into two major subfamilies and one minor subfamily with 12 to 18 

tribes, 1 ,1 00 to 2,000 genera and 20,000 or more species35
-
38

• The family is a rich source 

of powerful insecticides and industrial chemicals, e.g., pyrethrum (Chrysanthemum) and 

rubber (guayule ). Several species are grown as medicinal and culinary herbs. Echinacea 

and others may be sources of biologicaJly active compounds with medical or nutritional 

benefits. The Compositae also includes several detrimental weeds (dandelion, ragweed, 

and thistle). Lettuce and sunflower are the best genetically characterized members ofthis 

family39
• 

The genus Eupatorium is made up of more than 500 species Worldwide. They are mostly 

herbaceous perennials, some shrubs and rarely annuals. Various species of Eupatorium 

are reputed to be of medicinal value in the United States and other parts of the World. 

Eupatorium purpureum used for its tonic, astrigents and diuretic properties. E. 

agerrratoides is also used as an antispasmodic, diurectic and diaphoretic. E. aromaticum 

and E. incarnatum which have gained much reputation in diseases connected with 

inflammation and irritability of 

the bladder. The leaves of 

Eupatorium glutinosum 

employed as styptics. E. 

cannabinum used as purgative 

and for other purposes. E. 

ayapana is used as an antidote to 

the bites of venomous reptiles. 

E. nervosum is very efficacious 

in cholera, typhoid fevers, small 

pox40,4I_ 

Fig.1.2. Eupatorium cannabinum Linn. 
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3.2~1. Eupatorium cannabinum Lian. 

1.2.1.1. Synonyms ofthe Plant 

REV:CEW OF IJ:TffPA TUR£ 

Nepali~ Banamata; Lepcha- Nam nong; English - Herpp agrimony. 

1.1.1.2. Distribution 

The plant is found to be distributed throughout Irtdia. It is abundant in temperate 

Himalayas at altitudes of3, 000 .. 11,000 ft.42
• 

2.2.1.3. Description of diieTent parts of plant 

The Hemp Agrimony, Eupatorium cannabinum, belongs to the great composite order of 

handsome, tail-growing perennial herb. The root-stock is woody and from it raises the 

erect round stems, growing from 2-5 feet high with short branches springing from the 

axils of the leaves, which are placed on it in pairs. The stems are reddish in cokmr, 

covered with downy hair and are woody below. They have a pleasant aromatic smell 

when cut. The root-leaves are on long stalks, but the stem-leaves have only very short 

root-stalks. They are divided to their base into tbree, more rarely five, lartce-shaped 

toothed lobes, the middle lobe much larger than the others, the general form of the leaf 

being similar to that of the Hemp (hence both the English name and the Latin speeific 

name, deriv~d from cannabis, hemp). In small plants the leaves are sometimes undivided. 

They have a bitter taste, and their pungent smell is reminiscent of an umbelliferous rather 

than of a composite plant. All the leaves bear distinct, short hairs, and are sparingly 

sprinkled with small inconspicuous, resinous dots. Recently the plant has been found of 

use as an immune system stimulant, helping to maintain resistance to acute viral and 

other infections 43
• 

2.2.1.4. Phannaeological and phytoehemical aspects of E. cannabinu.m and aDieu 

speeies 

Traditionally the tribals of Sikkim Himalayan used juice of Eupatorium cannabinum 

leaves lilS an antiseptic and curing of wounds. Eupatorium cannabinum traditionally 

reported that it will stop the bleeding both externally and internally making it e~cellent 

for use against ulcers44
•
45

• Leaves are kept with children suffering from smallpox 

probably to reduce virulence of infection. Chloroform extracts of leaves of plant 

exhibited in vitro antimicrobial activity against Bacillus subtilis, Escherichia coli, 
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Stt,;tphylococcus cmreus and Aspergi/Jius niger..v.;. The leaves contain a volatile oil (with a

terpinene, p-cymene~ thynu;:,l and anazulene ), which acts on the kidneys, and likewise 

some tannin and a bitter chemical principle which cut short the chill of intennittent fever. 

The Hemp agrimony contains flavonoids, pyrrolizidine alkaloids; polysachharides and p

cymene which is antiviral. It also contains eupatoriopicrin (se-squiterpene lactones) 

having anti cancer pro~rties & inhibits cellular growth. The polysachharides stimulate 

the immune system 47
• 

It is used as cathartic, diuretic and anti-scorbutic and blood purifier. A homooopathic 

tincture is ptept}ted, given in frequent small well-diluted doses with water, for influenza, 

or for a similar feverish chill, and a tea made with boiling water poured on the dry leaves 

give prompt reliefiftaken hot at the onset of a bilious catarrh or ofint1uenza48
• 

Hemp agrimony has been employed chiefly as a detoxifYing herb for fevers, colds, flu 

and othet viral conditions. It also stimulates the removal of waste products via the 

kidneys. Due to its content of alkaloids; the plant should only be used under professional 

supervision 49
• The roots are diaphoretic, laxative and tonic. A homeopathic remedy is 

made from the leave is used in the treatment of influenza and feverish chills and also for 

dis<m:lers of the liver~ sp~ and gall bladde~6• The leaves and ftow~g tops are. 

cholagogue, diuretic,. emetic1 expectorant, febrifuge, purgative and tonic~n-53• The plant 

has a long history of use as a gentle laxative that doos not provoke irritation though 

excessive doses cause purging and vomiting. Recent research has shown that the plant 

might have anti·tumour avtivicy54• 

Rao et. al. reported the ethanolic extracts of E. capillifolium showed activity against 

Bacillus subtilis grown in a chemicaUy defined medium but not in a complex natural 

medium 55
• 

Woerdenbag et.al. stwwed Eupatoriopicrin (EUP), a sesquitetpene lactone from 

Eupatorium cannabinum L. possesses cytostatic activity. This was demon$trated for FlO 

26 cells in vitro with the aid of a clonogenic assay an4 in vivo by tumour growth delay in 

FlO 26 and Lewis lung tumour-bearing mice. In vitro the ICSO for l h exposure to EUP 

was 1.5 microgmm/ml (4.1 nmollmti6• 

Phan et. al. reported E. odoratum showed significant inhibition of collagen gel 

contraction. Synergistic properties may contribute to wound~healing mechanisms~. 
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Habtemariam et.al isolated. 5-acetyl--6-hydroxy-2,3.-dihydro-cis·2-isopropenyl-3-

tiglinoyloxy benzofuran from E. purpureum, which dose dependently inhibited 

inflammation in rat paw by carrageenan and is a potent inhibitor of some beta 1 and beta 

2 integrin-mediated cell adhesioos58
• 

Urzua et. a/. showed the antimicrobial testing of resinous exudate of E. salvia against five 

gram-negative and five gram-positive bacteria and found that the acetate of 7-hyd.roxy-

8(11)-tabden-15-oic acid to be the major active cotnportent59
• 

Clavin et. Ql. reported that infusions of E. laevigatum produced a 46.6% reduction of 

stretches in acetic acid induced writhing test and showed no antinociceptive effects in hot 

plate test suggesting analgesic ~ctivity mechanism is unrelated to interaction with opioid 
60 systems . 

Miraldi et. al. investigated the traditional ethnobotany and ethnomedicine of West 

Azerbaijan (Iran) including compositae family. In this region medicinal plants are often 

the only easily accessible health care alternative for most of the population in rural areas 

and in fact folk herbal medicine is the most used remedy to cure common diseases. They 

presented the mt)st frequently used native species and the most conunon preparations 

made from them, in order to preserve the plant popular knowledge, which has 

traditionally been only an oral one61
• 

Gupta et. al. reported petroleum ether and methanolic extracts of loaves of Eupatorium 

ayapana were tested for their antimicrobial activity. The petroleum ether extract showed 

higher antibacterial and antifungal activity than the methanolic extract62
• 

Hesham et. al. isolated new diterpene glucoside 3,15--dihydroxy~nt-labd~7-en~17-oic 

acid 3-0·~-n-glucoside {1) and its aglycone (2) from Eupatorium glutinosum. The 

structures were detetmined by IR, one .. and two-dimensional NMR, high-resolution MS, 

chemical transformations, and comparison of spectrosCopic data with closely related 

diterpenes. Crude extracts showed antimicrobial and cytotoxic activities, but compounds 

I and 2 showed only antimicrobial activity. These tesults support the vernacular 

medicinal use of the plant as an antimicrobia163
• 

Rios et. al. isolated two new benzofurane compounds, in addition to espeletone 

encecalinol beta-sitosterol and sti~terol were isolated :from Eupatorium 
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asr;henbomian:um which showed antimicrobial activities against T. m~ntagrophytes and 

T. tubrum64
• 

Baceharis teindalensis (compositae) is a herbal plant which is widely used in folk 

medicine in Ecuador as an antiinflammatory~ anal~sic and antimicrobial remedy. 

Vidari et. al. evaluated the antidiarrhoeic and antiulcer activities of this exttact in 

different mouse models. The ethanol extract of B. teindalensis showed antidiarrhoeic 

activity against the castor oil induced diarrhoea, at all doses tested. Furthermo~, the 

ethanol extract induced a significant increase in myeloperoxidase activity as an index of 

the neutrophilic infiltration (p<0.05 vs control) and the higher dose of this extract (100 

mglkg) inhibited it in a remarkable way (p<O;OOl). These results confirm the 

g~intestinal protection afforded by B. teindalensis and suggest that the antiulcer effect 

could be partially due to its antiinflammatory ptoperties65
• 

Calendula officina/is L belongs to the Asteraceae farn.ily has long been used in topical 

applications~ to treat skin ulcers, infected wounds, diaper rash, eczema. varicose veins, 

hemorrhoids, periodontitis and cohj~tivitis. R:eepithelizing and wound healing 

activityis one of the most extensively used actions of calen<;lula. Creams containing 

calendula flora1 extract 5% in combination with alantoin, promoted remarkable 

epithelization in rat experimental models, with especial intensity on the metabolism of 

glycoprotein~ and collagen fibres during tissue regeneration. Alonso et. 4/. suggested that 

the water extracts of calendula flowe~ applied on skin wounds, play a role as 

niicrovascularization inducing agents, thus contributing to speed up )lealing66
• 

Albuquerque et. al. identified 12 compounds when the essential oils fn>1n leaves and 

roots of Eupatorium betonicaeforme were analyzed by GC~MS. The essential oil from 

roots and 2,2-dimethyl·6-vinylchroman-4-one (10.3-25.5%) can considered as natural 

larvicidal agents67
• 

Lactuca sativa is a member of Compositae family. In folk me<;licine of Iran, the seeds of 

this plant wete used for relieving of inflammation and osteodynia. Sayyah et. a/. 

evaluated the anti-nociceptive and anti-inflammatory activities of crude 

methanol/petroleum ether (70/30, v/v) extract of the seeds. The extract exhibited a time

and dose-dependent analgesic effect in formalin test and also a do.se-dependent anti

inflammatory activity in a carrageenan model of inflammation 68
• 
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Suksamram et. al. isolated & identified flavanones~ 2 chalcortes & 2 flavones from 

flowers of Eupatorium odoratum. Isosakuranetin exhibited antimicobacterial activity, 

acacetin showed mo9erate cytotoxicity against NCI-Hl87 ce-lls whereas luteolin 

exhibited moderate toxicity69
• 

Maher et. al. proved that the ethyl acetate extract of the whole aerial parts of Varthemia 

iphionoides (Compositae) have a pronounced antibacterial activity. The compound 

sesquiterpene, selina~4,11(13)-dien-3..on-12-oic acid isolated from ethyl acetate extract 

exhibited potent antimicrobial activity against six bacterial species (Staphylococcus 

aureus, Bacillus subtilis, Micrococcus luteus, Escherichia coli, Bacillus cereus and 

Salmonella enteritides). The minimum inhibitsry concentrations (MICs) of this 

compound which was determined by the agar dilution method ranged betw~en 250 and 

5"00 ~g1me0• 

Chomnawang e-t.al. studied l3 medicinal plants, amongst them Eupatorium odoratum, 

Garcinia mangostana, and Barleria hipulina had strong inhibitory effects against growth 

of Propionibacterium a pus-forming bacteria triggering an inflammation in acne71
• 

Dabaghi et. al. tested flavonoids of the leaves of Eupato11ium litoralle for oxidative 

metabolism of is()lated rat liver mitochondria. It revealed that hispi,dulin as an uncoupler 

of oxidative phosphorylation with distinct prooxidant and antioxidant properties when 

compared to eupafolin12
• 

Muschietti et. al. presented methanol extracts from 11 Argentine medicinal plants. When 

the extracts assayed in vitro for antifungal activity against yeasts, hialohyphomycetes & 

dermatophytes~ strongest effect was presented by Eupatorium buntifolium and Terminalia 

tri.flora 13
• 

Sasikuma.r et. al. studied antibacterial screening of petroleum ether, chlorofotm, ethyl 

acetate, methanol and aqueous extracts of Eupatorium glandulosum leaves which 

exhibited a broad spectrum of inhibitory activity against G~ (+) and Gram (-) 

pathogenic bacteria74
• 

Shen et. al. studied Eupaheliangolide A~ 3-epi-heliangin and heliangin of Eupatorium 

kiirunense exhibited cytotoxicity against human oral epidennoid (KB), cervical 

epitheloid (Hela) and liver (hepa59TNGH) carcinoma cells75
• 
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Dubey et. al. screened essential oils extracted from 17 higher plants belonging to 

different families against Botryodiplodia theobromae and Colletotrichum gloeosporioides 

causing stem end rot disease and anthracnose disease in mango respectively. The 

essential oil of Eupatorium cannabinum was fuund to be fungitoxic in nature against both 

the mango .. rotting fungi. Eupatorium oil was standardized through physi~o..chemical and 

fungitoxic properties. The oil showed a broad fungitoxic spectrum and was recorded to be 

more efficient than some synthetic fungicides. The oil also showed an inhibitory effect on 

pectinase and cellul~se enzymes. The LDso of Eupatorium oil was found to be 22.01 

mllkg body weight on mammalian mice 76
• 

Judzentiene A isolated Gennacrene D~ Neryl a~tate, neryl isobutyrate and (l.,.Bisabolene 

from the essential oils of Eupatorium cannabinum L.77
• 

Mullika et. al. investigated the activity of Thai medicinal plants on inflammation caused 

by Pr-Opionibacterium acnes in tem'ls of free radical scavenging and cytokine reducing 

properties. P. acnes have been recognize<;~ as pus .. fonning bacteria triggering an 

inflammation in acne. Antioxidant activity was determined by DPPH scavenging and 

NBT reduction assay. The result showed that Garcinia mangostana possessed the most 

significant antioxidant activity and reduced reactive O:ltygen species production. 

Eupatorium odoratum, and Senna alqta had a moderate antioxidant effece8
• 

Clavin et. al. isolated and identified three anti~intlanunatory compounds: nepetin, 

jaceosidin and hi~idulin from Eupatorium (.lmottianum Oriseb. dichloromethane extract. 

Nepetin reduced the TPA mouse ear edema by 46.9%; and jaceosidin by 23 2%. All these 

compounds are reported for the first time in this species. The finding of topical 

antiinflammatory activity exerted by Eupatorium amottianum extract and the 

identification of active principles could support the use of ~is plant for the treatment of 

inflammatory affections 79
• 

Several species of the genus Tanacetum are traditionally used in a variety of health 

conditions including pain, inflammation, respiratory and sastrointestinal disorders. In the 

cwrent investigation, lshfaq et. al. evaluated 1he plant extract ofT. artemisioides and 

some of its pure compounds (flavonoids) for analgesic, anti-inflammatory ~d calcium 

antagonist effects in various in-vivo and in vitro studies. Moreover the findings support 
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the traditional reputation of the genus Tanacetum fur its therapeutic benefits in pain and 

intl,ammatory conditions80
• 

Maria et. al. coll~cted the information to cover the most recent developments in the 

ethnophannacology, pharmacology and phytochemistry of this genus Baccharis genus 

(Compositae) which is an important source of natural medicinal products .. This review 

describes its traditional and folkloric uses. pbyto-constituents and phannacological of the 

prominent species of the genus Baccharis. Flavonoids and other phenolic compounds, 

diterpenoids and volatile constituents have been reported as the major phyto-eonstituents 

of the Baccharis species. Pharmacological studies are mainly based on the anti

inflammatory, antioxidant, antimicrobial~ the treatment of wounds and ulcers, fever, 

gastrointestinal illnesses, as spasmolytics, diuretics and analgesics, and in the treatment 

of diabetes and bacterial/fungal infections81
• 

2.3 Antio:ddants from herbal s~ttrees 

Reactive o~ygen species (ROS), which consist of free radicals such as superoxide anion 

(02) and hydroxyl (HO) radicals and non ... ~ radical species such as H202 and singled 

oxygen (1~), are 4lifferent forms of activated oxygen82
• ROS are produced by aU aerobic 

organisms and can easily react with most biological molecules including proteins, lipids, 

lipoproteins and DNA. In vivo, some of these ROS play positive roles in cell physiology; 

hOwever, they may also cause great damage .to cell membranes and DNA, inducing 

oxidation that causes membrane lipid peroxidation, decreased membrane fluidity, and 

DNA mutations leading to cancer, degenerative, and other diseases. Thus ample 

genel'J:l.tion of ROS proceed to a variety of athophysiological disorders such as arthritis, 

diabetes, inflammation, cancer and genotoxici~y83"87 • free radicals due to environmental 

pollutants, radiation, chemicals, toxins, deep fried and spicy foods as well as physical 

$tress, cause depletion of immune system antioxidtmts, change in gene expression and 

induce abno,nnal proteins. Oxidation process is one of the most important routes for 

producing free radicals in food, drugs and even living systems. Catalase and 

hydroperoxidase enzymes convert hydrogen peroxide and hydroperoxides to non radical 

forms and function as natural antioxidants in human body. Due to depletion of immune 

system natural antioxidants in different maladies, consuming antioxidants as free radical 
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s~avengers may be ne~essary811 • Therefore~ living organisms possess a number of 

protective mechanisms against the oxidative stress and toxic effects ofROS:. 

Antioxidants regulate various oxidative reactions naturally occurring ill tissues and are 

evaluated as potential anti-aging agents. Hence~ antioxidants can tenttillate or retard the 

oxidation process by scavenging free radicals, chelating free catalytic metals and also by 

acting as electron donors. Antioxidants have been widely used a$ fuod 1ldditives to 

provide protection from oxidative degradation of foods and oils. Hence, antioxidants are 

used to protect food quality mainly by the prevention of oxidative deterioration of 

constituents of lipids. The most extensively used synthetic antioxidants are propylgallate 

(PO), b:utylated hydroxyanisole (BHA}, butylated hydroxytoluefte (BHT) and tert

butylhydroquinone (TBHQ). However BHT and BHA have been suspected of being 

responsible for liver damage and careinogenesis89
'
90

• Natural antioxidants are able to 

protect from ROS as well as other free radicals and retard the progress of many chronic 

diseases and lipid oxidative rancidity in foods91
• PQlyphenols are widely distributed in 

plants and phenolic antioxidants have been found to act as free radical scavengers as well 

as metal chelators92
• It has also been reported tbat some types of polypbenols such as 

catechin, epicatechin, epigallocatechin, catechin gallate, epicatechin gallate and 

epigallocatechin gallate are present in the seaweeds like Halimeda algae93
• 

Naturally occurring antioxidants in leafY vegetables and seeds, such as ascorbic acid, 

vitamin E and phenolic compounds, possess the ability to reduce the oxidative damage 

associated with many di-seases, including cancer, cardiovascular disease, cataracts, 

atherosclerosis~ diabetes, arthritis, immune deficiency diseases and aging94
• Antioxidants 

are important in the prevention of human diseases. Antioxidant compo-..mds may function 

as free radical scavengers, comple~rs of pro-oxidant metals, reducing agents and 

quetl(Jhers of singlet oxygen fo:t~:nation95 • Antioxidants are often used in oils and fatty 

foods to retard their autoxidation96
• 

Antioxidants are also important to the food industry. Manufacturers have strived to 

produce high quality food with superior texture, color, tlavor and nutritional values in the 

shelf life period. However, many foods are subject to many factors that lead to the quality 

deterioration. 
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Among these undesirable factors, lipid autooxidation is one of the most concerned. The 

need of protecting food against oxidative degradation has prompted the wide usage of 

food additives. 

Many studies have been shown that 1he presence of natural antioxidants from various 

aromatic an4 medicinal plants is closely related to the reduction of chronic diSeases such 

as DNA qamage, m~tagenesis, and carcinogenesis97
· Therefore, there has been a growing 

interest in research concerning alternative antioxidant active compounds, including plant 

extracts and essential oils that are relatively less damaging to the mamtru;dian health and 

envi~ent. 

The antioxidative potential of methanol extract of Ecklonia cava was evaluated by using 

l,l-diphenyt-2-picrylhydrazyl (DPPH), superoxide anion, hydrogen peroxide, hydroxyl 

radical, nitric oxide, ferrous ion chelating, reducing power and lipid peroxidation 

inhibition assays. The methanol extract showed significant (p<0.05) activities in all 

antioxidant assays and contained a high level of total phenolic conten98
• 

Antioxidant activities of the extracts of Teucrium species were evaluated using three 

complementary in vitro assays: inhibition of DPPH radical, inhibition of hydroxyl 

radicals and pr<;>tection of carotene-linoleic acid model system. It has seen that Teucrium 

species possess free radical and hydroxyl radical scavenging activity as well as 

antioxidant activity in vitro99
• 

Potential antioxidative activities of enzymatic extracts from seven species o( brown 

seaweeds were evaluated using four diff~nt reactive oxygen spe<.<~S (ROS) scavenging 

assays containing Dl>PH flee radical, superoxide anion, hydroxyl radical and hydrogen 

peroxide scavengmg assay. The enzymatic extracts exhibited more prominent effects in 

hydrogen peroxide scavenging activity CQmpared to the other scavenging activities 100
• 

Total phenol contents and radical scavenging activity of the water extract of 

Acanthopanax senticosus extracts was determined for antioxidant activity. A. senticosus 

showed significant antioxidant activity and protective effect against oxidative DNA 

damagewt. 

By usmg DPPH radical scavenging assay the antioxidant activity of crude methanol 

extracts from the leaves, flowers and pods of Cassia alata L has been investigated and it 
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has been found that the leaf extract eXhibited a stronger antioxidant activity than the 

extracts from the flowers and pods102
• 

The antioxidant potency of cultivated fruit-bodies of Cordyceps militaris L. was 

investigated by employing DPPH free radical scavenging, hydroxyl radical eliminating, 

iron chelating, inhibition of linoleic ~cid, lipid peroxidation and reducing power. The 

aqueous extract of .C. mi/itaris fruit-bodies shows a significant scavenging effect on 

DPPH, eliminating the capability on hydroxyl radicals and the chelating effect on ferrous 

iron and also shows positive results of inhibiting linoleic acid lipid peroxidation and 

reducing power103
• 

The antioxidant effects, the levels of total phenol and contents of volatile oils and plant 

extracts Rosmarinus officina/is were determined in eight various Rosemary clones. 

Antioxidant acitvities and the total phenol contents were measured by spectophotometric 

method as well as the volatile oil content of the fresh plants with gas chromatograph it 

indicates that the antioxidant capacity of volatile oils and plant extracts closely related to 

the total phenol contents104
• 

The methanolic crude .extracts of 12 traditionally used Indian medicinal plants were 

screened for their antioxidant and free radical scavenging properties. The antioxidant 

activity of Lawsonia inermis was the strongest, followed in descending order by Ocimum 

sanctum, Cichorium intybus, Piper cubeba, Punica granatum, Allium sativum, Delonix 

regia, Terminalia chebula, .Terminalia eller1ca, Mangifora indica, Camellia sinensis, and 

Trigonella foenum-graecum 105
• 

The antioxidant properties of ethanol extract a Ptychopetalum o/acoides was evaluated by 

using various in vitro systems. Extract acted as a scavenger of nitrogen oxides as well as 

superoxide generated by the xanthine-xanthine oxidase system. The extract also showed a 

high antioxidant capacity using a luminol chemiluminescence derived from a 

thermolabile diazocompound 108
• 

2.4. Wound healing agents from herbal source 

Wounds occur as a result of physical injuries that break and expose the skin epidennal 

and dermal layers, causing damage to the blood vessels and leading eventually to 

bleeding. Wound healing is a CQmplex sequence of events intiated by the stimulus Qf 
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injury to tissues. These events involve four :qtain processes: coagulation, inflammation 

and debridement of wound, epithelia repairs and tissue remodeling and collagen 

depositkm 107
• It is known that any agent that accelerates one or two of the above events is 

a promoter of wound healing108
• Medicinal plant extracts, decoctions and concotions have 

been in use traditionally to treat various skin lesions (burns and wounds), and these plants 

have demonstrated wound healing properties in various animal models109~111 • 

Wound healing consists of an orderly progression of events that establish the integrity of 

the damaged tissue. The process of wound healing is essential to prevent the invasion of 

damaged tissue by pathogens and to partially or completely reform th-e damaged tissue. 

The healing involves different phases, including inflammation, granulation, fibrogenesis, 

neo-vascularaation, wound contraction and epithelializationm~ The process of wound 

healing is promoted by several natural and plant produets, which are composed of active 

principles like flavonoids, triterpenes, alkaloids~ tannins and other biomolecules. These 

agents usually influence one or more phases of the P,ealing process. The wound healing 

properties of Aloe vera113
, Centella asiatica114

, Tridax procumbens115 and curcuminll6 

,have been reported and experimentally studied on various animal models. 

Normal wound healing response hegins the moment the tissue is injured. Wound healing 

is the process of repair that follows injury w the skin and other soft tissues. Following 

injury, an inflammat-ory response oc<{urs and the cells below the dermis begin to increase 

collagen production. Later, the epithelial tissue is regenerated 111
• 

Ayurveda1 the Indian traditional system of medicine, is based on empirical knowledge of 

the observations and the experience over millennia118
• Healing of wounds is an impartant 

area of clinical medicine explained in most of the Ayurvedic texts since about 5000 BC 

under the heading '"Vranaropaka." The wound as a medical problem was first discussed 

by Maharshi Agnibesha in Agnibesha Samhita (lat¢r known as Charaka Samhita) as 

Vrana119 Maharshi Sushruta in Sushruta Samhita120 elaborated on the subject. 

Wound healing occupies an important field of research in modem biomedical sciences. 

The detailed pathophysiology of wounds is better understood following the establishment 

of the theory of a cell signal cascade system involved in the formation of new tissues 

repairing the wound. Modem biomedical scientists are now trying to develop suitahte 

wound healing drug, corroborating the activity with cell signal triggering properties. 
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According to the Ayurveda, Vrana (wounds or ulcers) is the discontinuation of lining 

membmne that after healing leaves a scar for lifem dosely resembling the modem 

definition. Similarly, inflammation is considered to be an early phase in the pathogenesis 

of wounds tenned Vranashotha. Different types of wounds as mentioned in Ayurveda 

may be endogenous in origin due to a defect in human functional units, such as Vata 

(nerve impulses), Pitta (enzymes and hormones), and Kt;Ipha (body fluids), or exogenous 

due to trauma, such as Chinna (cut wound), Bhinna (perforated wound), Viddha 

(punctured wound), Kshota (lacerated wound). Picchita (contusion), and Ghrista 

(abrasion wound122
• These steps have striking similarities with wounds described in 

modern medicine123
•
124

• In modem :meQicine, it is understood that there are certain 

essential polypeptides ofthe low concentration present in animal serum that control cell 

proliferation. These are called growth factors. Growth :titctors act by autocrine, pamcrine 

and endocrine .. signaling systems. There are several growth factors, which help in the 

healing of wounds in different ways. Platelet-derived growth factor is responsible for 

stimulation of connective tissue proliferation, epidermal growth factor mainly stimulates 

cutaneous tissue proliferation, and fibroblast growth factor stimulates many cell types 

with special references to fibroblast cells. Transforming growth factor~ on the other hand, 

inhibi~ excess growth of some cell types 125
• However, a recent study reveals that SQme of 

these growth factors may have serious untoward effects such as carcinogenesis126
• 

Classical management of wounds according to Sushruta Samhita follows 60 therapeutic 

steps, starting with an aseptic dressing of the affected part and ending with the 

rehabilitation of the normal structure and function 127
• These therapeutic measures were 

aimed not only to accelerate the healing process but also to maintain the quality and 

aesthetics of the healing. As described in different Ayurvedic classics like Charaka 

Samhita (ca. 5000 BC), Sushruta Samhita (ca. 1000 BC). Astamga Hridaya (ca. AI) 

600i28 Bhavapralcash Nighantu (ca. AD 1500)129
, Dhanwantari Nighantu (ca. AD 

1800)130 and Ayurveda Siksha (AD 20th century)131
• 
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Table 1: Ayurvedie Vranaropaka (wouad healiBg) drugs of plant ~rigin113-120• us.ut 

SLNo Botanical name Fa$ily Parts used for 
wo•nd heaUng 

01 Abies webbiana Linn. Pinaceae Leaves 

02 Acorus calamus. Linn. Araceae Rnttome 

03 Achyranthus aspt?ra Linn Amaranthaceae Whole plant 

04 Adiantum lunulatum nunn. Polypodiaceae Leaves 

OS Albiz~ia lebbeck Benth. Leguminosae Stem bark 

06 Alstonia scholaris Apocyanaceae Leaves 

07 Andropugon muricantus Retz. Graminae Root 

08 Anogeissus latifolia Wall. Combretaceae Stem bark 

09 Boerhaavia dijfusa Linn. Nyctaginaceae Whole plant 

10 Balanites roxburghii Planch. Simaronbaceae Stem bark 

ll Cedrus deodara Roxb. Loud. Anonaceae Leaves 

12 Coleus vettiveroides Benth. Labiatae Whole plant 

13 Crocus sativus Linn. Iridaeeae Flower 

14 Curcuma tonga Linn. Zingiberaceae Rhizome 

15 Curcuma zedoria Rose. Zingiberaceae Tuber 

Hi Cynodon dactylon Linn. Gramineae Whole plant 

17 Datura fastuosa Linn. Solanaceae Leaves 

18 Desmodium gangeticum D.C Leguminosae Whole plant 

19 Dolichos bijlorus Linn. Leguminosae Seed 

20 Eclipta alba Hassk.2 Keshuta Compo sitae R~t 

21 Emblica officina/is Linn. Euphorbiaceae Fruit, leaves 

22 Euphorbia thymifolia R.Br. Euphorbiaceae Whole plant 

23 Ficus racemosa Linn. Moraceae Leaves 
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24 Ficus bengalensis Linn. Moraceae Stem bark 

25 Gymnema sylvestre R.Br. Asclepiadaceae Leaves 

26 Heliotropium indicum Linn. Boraginaceae Leaves 

27 floFdeum vulgare Linn. (iramineae Grain 

28 Iris germaniqa Linn. Irldeae Stem 

29 Jasmimtm sambac Ait. Oleaceae Leaves 

30 Lens culinaris Linn. Leguminosae Leaves 

31 Mimosa pudica Linn. Mimosoidae Whole plant 

32 Mertynia diandra Glox. Mertyneaceae Fruit, flower 

33 Nerium indicum Mill. Apocyanaceae Root 

34 Oledelandia biflora Linn. Rt~biat::eae Whole plant 

35 Pisum sativum Linn. Verbenaceae Leaves 

36 Psora/ia corylifolia Linn. Leguminosae Seeds 

37 Rannunculus scleratus Linn. RannUJtculaceae Whole plant 

38 Saraca indica Linn. Leguminoae Stembatk 

39 
.'!i'Wertia chirata Buch.Ham3 

Gentianaceae Stems, leaves 
Chireta 

40 Terminalia chebula Retz. Combretaeeae Fruits 

41 Tinospora tomentosa Colebr. Menispermaceae Stem 

42 Tricosanthes dioica Roxb. Cucurbitaceae Leaves, stem bark 

43 Vitex negundo Linn. Verbertaceae Leaves 

44 Vateria indica Linn. Dipterocarpaceae Latex 

45 Wedelia calendulacea Less. Compositae Leaves 

46 Woodfordia frulicosa Kurz. Lytheraceae Flower 

47 ZU,giber offlcinale Rose. Zingiberaceae Rhizome 
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Folk medicine practitioners in Peru employ pl::w.t preparations as wound-healing agents. 

The :results of a: scientific evaluation of the wound-healing activity of nine plants, 

Peperomia galioides, Mentzelia cordifolia, Mutisia acuminata, Himatcmthus sucuuba, 

Spondias mombin. Eleutherine bulbosa, Muehlenbeckia tamnifolia, Anredera diffusa and 

Jatropha curcas were studied for wound healing activity on superficial and internal 

wounds (gastric ulcers). Significant wound-healing activity was detected in Peperomia 

galioides, Anredera diffusa and Jatropha curcas132
• 

Aloe vera improves wound healing and inhibits inflammation. Since mannose-6~ 

phosphate is the major sugar in the Aloe gel, Davis et. al. examined the possibility of its 

being an active growth substance and concluded that the mice receiving 300mglkg of 

mannose-6-phosphate had improved wound healing.and anti-inflammatory activity133
• 

Wound healing potential of different extracts of leav-es of Lawsonia alba Lam. was 

evaluated by Mandawgade et. al. on the rat excision and incision wound models. The oral 

administration of ethanol extract of Lawsonia albp Lam. leaves exhibited significant 

healing response in both the woundmodcls134
• 

Chandanadi yamak was tested in male Wistar rats by two wound models. Incision 

wounds for tensile strength and excision wounds for wound contraction Were employed 

along with histopatholc;>gical evaluation. The 3J1Plication of the test formulation alone 

promoted wound contraction and reduced the time for wound closure showing healing 

potential comparable to marketed &amycetin sulphate cream (1% W /W) 135 
· 

A methanol extract of L. lavandulaefolia was examined for its wound healing activity 

both in the form of an ointment as well as an injection in two types of wound model in 

rats: 

(i) the excision wound model 

(ii) the incision wound model. 

Both the injection and the ointment of the methanol extract ofthe plant material produced 

a significant response in both of the wound types tested. The r~sults were also 

comparable to those of a standard drug, nitrofurazone, in terms of wound contracting 

ability, wound closure time~ tensile strength and regeneration of tissues at the wound 

sitei36. 
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2.5. Anti uleer agents from herbal source 

Gastric ulceration occurs due to imbalances between offensive and defensive factors of 

the gastric mucosa. The antiulcerogenic activity of many plant products is reported to an 

increase in mucosal defensive factors rather than decrease in the offensive factors 137
• 

A number of antiulcer drugs like gastric antisecretocy drug H~2 receptor antagonists, 

antimuscarinic agents, proton pump inhibitors, mucosal protective agents~arbenoxolone 

sodium, sucralfate and prostaglandin analogues are available whiCh are shown to have 

side effects and limitations 138
• There are several herbal ayurv~ic preparations which 

have a protective effect against drug-induced gastric mucosal injury139
• Constituents of 

ambrex are Withania somnifera roots (6%), Orchis mascula root (10%), Cycas circinalis 

male cone (25%}, Shorea robusta resin (100/o) ar.d Amber fossil ~sin (15%). L'14ividual 

components have been suggested to exhibit several properties like antistress' 

antidepressant, antioxidant, immunomodtdatory140
, antitumor141 (Withania somnifera), 

antihyperdipsia 142 
( Cycas circinalis) antidiarrheal, antidysentery143 (Orchis mascula ), 

antibactetial144
, antiulcer145 (Shorea robusta), antiswtic and antispasmodic activities146

• 

Gastric ulceration is believed to J,e the result of constant confrontation in the stomach an<i 

upper small bowel between acid-pepsin aggression and mucosal defense. The regulation 

of mucosal microcirculation is intimately involved in ~e maintenance of gastric integrity 

and endogenous nitric oxide (NO) has been established to have a role in this 

regulation147
•
148

• Reduced glutathione is also important for mucosal integrity since 

depletion of GSH from the gastric mucosa by electrophilic compounds induces 

macroscopic mucosal ulceration149
•
150

• 

Peptic ulcer therapy has undergone many strides over the past few years and a number of 

drugs are now available fur treatment. These drugs ate broadly classUied into two, those 

that decrease or counter acid pepsin secretion and those that afford cjltoprotection by 

virtue of their effects on mucosal defensive factors. These drugs act by different 

mechanisms. Most of the commonly used drugs such as H2 blockers (mnitidine, 

famotidine etc), M-1 blockers (pirenzepine, telenzepine etc), proton pump inhibitors 

(omeprazole, lansaprazole etc), decrease secretion of acid while, drugs like sucralfa.te and 

carbenoxolone promote mucosal defenses. Of late the role of these drugs on the defensive 

factors is gaining importance. It is now assumed that these drugs uitimatety oatance tbt 
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aggressive factors (acid, pepsin, H. pylori, bile salts) and defensive factors (mucin 

secretion, cellular mucus, bicarbonate secretion, mucosal blood flow and cell 

tumoveri51
• Although these drugs have brought about remarkable changes in ulcer 

therapy, the efftcacy of these drugs is still debatable. Reports on clinical evaluation of 

these drugs .show that there are incidences of relapses and adverse effects and danger of 

drug interactions during ulcer therapy. Hence, the search for an ideal anti-ulcer drug 

continues and has also been extended to herbal drugs in searyh for new .and novel 

molecules; which afford better protection and decrease the incidence of relapse. 

Numerous plants and herbs are used to treat gastrointestinal disorders in traditional 

medicine. There has been renewed interest in identifYing new antiulcer drugs from 

natural sources 152
• Before introduction of potent antiulcerogenic agents, i.e. H2 receptor 

antagonists, proton pump inhibitors, etc. plant remedies were widely employed for the 

treatment of various symptoms of peptic ulcerlS3. 

In Ayurveda, peptic ulcer mostly refers to Amlapitta or Parinamasula. Amlapitta is a 

disease of the gastrointestinal tract, especially of the stomach. h has not been described as 

an independent disease in major Ayurvedic texts, but has been mentioned in short in 

Kashyapa samhita. Amlapitta literally means, pitta leading to sour taste. Apart from the 

stress laid on fuod habits and personal hygiene, some herbal drugs have also been 

mentioned. Modern medicine has not adequately evaluated the usefulness of these drugs 

in ulcer therapy, although studies have been r.eported. Some active constituents have also 

been isolated from these potential anti• phtntain banana (Musa sapientum var. 

panulisiaca)~ Tamrabhasma (an indigenous preparation of copper), ginger (Zingiber 

o.fficrnale) and satavari (Asparagus racemosus) and give an overview on other potential 

anti-ulcerogenic drugs 154
• 

Suba et.al. evaluated the gastric cytoprotective activity of the methanol extract ofaerial 

parts of the plant Barleria lupulina Linn. in albino rats using various models of ulcers 

such as drug induced ulcers, restraint ulcers, duodenal ulcers and pylorus ligated ulcers. 

The study sugg"sted that the methanol extract of aerial parts of Barleria lupulina Linn. 

showed protective effect against experimental gastric and duodenal ulcers 155
• 

Saba et. al. examined effects of the flavonoid rich fraction ofthe stem bark of Maniikma 

hexandfa by indomethacin+pylorus ligated gastric ulcers in experimental animals. Oral 
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administration of the ethyl acetate extract inhibited the formation of gastric lesions 

induced by ethanol in a dose dependent manner156
• 

Butanol fraction of G. pentaphyllum was evaluated for its anti-gastric ulcer activity using 

experimental models. Oral administration of the plant extract at 200 and 400 mg!kg body 

wt. significantly inhibited gastric ulcer :tbnn$1ion inquced by indomethacin. The findings 

indicate that the lrutanol fraction of G. pentaphyllum possesses gastroprotective }X'>tential 

related to the preservation of gastric mucus- synthesis and secretion 157
• 

Anti-ulcer effect of Salvia leriifolta leaf extracts was studiec:l in mice. Gastric mucosal 

lesions were induced by oral administration of HCVetbanol to mic-e. The oral 

adminis~ration of aqt,teous and ethanolic extract significantly inhibited the development of 

ulcer. At repetitive doses, the oral administration of aqueous and maceration extracts 

before the nercotizing agents significantly inhibited the lesion. The results sugge.st that S. 

leriifolia leaf extracts have effective anti-ulcer activity in mice158
• 

The antiulcer activity of a hydro-eth.anolic extract prepared from the stems of Kielmeyera 

coriacea Mart. (Guttiferae) was evaluated in rats employing the ethanol-acid, acute stress 

and Indomethacin models to induce experimental gastric ulcers. Treatment with ](. 

coriacea hydro...ethanolic extract provided significant antiulwr protection in the ethanol· 

acid and Indomethacin models~ but not in the acute stress model. These results suggested 

that the K. coriacea hydro·ethanolic extract increased resistance to necrotiZing agents, 

providing a direct, protective effect on the gastric mucosa159
• 

The aqueous and ethanolic extracts of Portulaca oleracea were studied in mice fur their 

ability to inhibit gastric lesions induced by HCl or absolute ethanol. In addition, their 

effects on gastric ~id secretion were measured. Both extracts showed a dose~dependent 

reduction in severity of ulcers. Tile highest dose of extracts exerted similar activity to 

sucraltate. The oral and intraperitoneal administration of extracts reduced the gastric 

acidity in pylorus-liga;ted mice. These results suggest that Port'~Jlaca oJeracea has 

gastroprotective action and validates its use in folk medicine for gastrointestinal 

diseases160
• 

The anti .. ulcerogenic potenti;ll of the methanol extract of Ocimum suave was investigated 

using four methods of gastric lesion induction in experimental Wistar rats; HCI!ethanol

induced gastric lesions, absolute ethanol-induced. gastric iesions, maomemaent-
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HCI/ethanol-induced gastric lesions and pylorus ligation-induced gastric lesions. 

Administration of the extract of Ocimum suave to the rats by oral route prevented the 

formation of acute gastric lesions induced using the four experimental techniques 161
• 

Evaluation of ethanolic extract of Kaempferia parviflora for its anti-gastric ulcer activity 

by experimental models has been observed. Oral administration of the extraCt at 30, 60 

and 120 mg/kg significantly inhibited gastric ulcer formation induced by indomethacin, 

HCI/EtOH and water immersion restraint-stress in rats. In pylorus-ligated rats, 

pretreatment with the extract had no effect on gastric volume, pH and acidity output. The 

f'mdings indicate that the ethanolic extract of Kaempferio parvijlora possesses 

gastroptotective potential which is related partly to preservation of gastric mucus 

secretion and unrelated to the inhibition of gasttic acid secretion 162
• 

The majority of Ethiopian population relies on traditional remedies and some of which 

may also have nutritional value. Trigonella foenum-gracum infusion and Linum 

usitatissimum water extract are used to manage peptic ulcer. Mequanente et. al. showed 

that both aqueous T. foenum-gracum and L. usitatissimum seed extracts reduced the ulcer 

index and ulcer number of ethanol iriduced lesions {P<O.OO 1 i 63
• 

A methanolic fraction from an extract of Bryophyllum pinnatum leaves was found to 

p6ssess significant anti .. ulcer activity in nine different experimental animal models. 

Premedication tests in rats revealed that the extract possessed significant protective action 

against the gastric lesions induced by 8$pirin, indotneth41Cin, serotonin, resetpine, stress 

and ethanol. Significant protection with extract treatment was observed to occur for 

aspirin~induced ulcer in pylorus-ligated rats and for histamine~induced duodenal lesions 

in guinea pigs. Signifwant enhancement of the healing process was also found to occur in 

acetic acid-induced chronic gastric lesions in mts164
• 

Ethanol extracts of Terminaliapallida brandis was evaluated for its anti-ulcer activity 

against drug--induced ulcers, histamine-induced ulcers in Swiss albino rats. The extracts 

at the doses of 250 and 500 mglkg per os (p.o.) exhibited significant protection against 

ulcers produced by indomethacin,. histamine and the effect was comparable to that of the 

reference drug famotidine orally165
• 
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2.6. Anti-inflammatory agents from herb~d source 

Inflammation is the defensive mechanism of tissue to any injury which may be caused by 

injection of cbemical/physical agents but may lead to development of inflammatory bowl 

disease 166
• It involves pain, heat, redness, swelling and lpss of function of effected parts. 

Vario~ therapeutic approaches are available for reducing long term inflammatory 

response. These anti .. jnflammatory agents exert various effucts that result in reduction. in 

the number and activity of immune system cells. Several natural products are being used 

as good anti-inflammatory agents without the risk of side effects from the time 

immemorial. 

Inflammation .is generally considered as an essentially protective response to tissue injury 

caused by noxious physical, chemical or microbiological st:i.T.ulus. It is a complex 

process involving various mediators, such as prostaglandins, leukotrienes and platelet 

activating factor167
• The major macrophage derived inflammatory mediators such as 

proinflammatory cytokines, tumour necrosis factor-a (TNF- a) and the reactive free 

radical nitric oxide (NO) synthesized by inducible NO synthase (iNOS)~ contribute to the 

development of inflammatory diseases163
, thus, inhibition of the excessive production of 

TNF-a and/or NO could be employed as criteria to eval\late potential anti·inflammatory 

compounds. The current management of inflammatory diseases is limited to the use of 

anti~inflammatory drugs whose chronic administration is associated with several adverse 

effects. Plant-derived produ9ts are slowly emerging as a viable alternative because they 

are cheap, abundantly available and relatively less toxic. 

Medicinal plants with anti-inflammatory activity are considerably employed jn the 

traditional treatment of several disorders of inflammation. The inflammatory response 

involves a complex anay of enzyme activation mediator release; fluid extravasations, cell 

migratioJI, tissue breakdown and repair169
, which are aimed at host defense and usually 

activated in most disease conditions. These different reactions in the inflammatory 

response cascade are therapeutic targets which anti-inflammatory agents including 

medicinal plants interfere with to suppress exacerbated inflammatory responses usually 

invoked in such disorders as rheumatoid arthritis, in infection or injury. lnhibitjon ofthe 

synthesis of pro-inflammatory prostaglandins is one of such therapeutic targets to which 

some -of the potent anti-inflammatory agents of clinical relevance (e.g. NSAIDs) owe 
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their activity. Several anti~intlammatory medicinal plants have also demonstrated the 

ability to inhibit the synthesis 170-m. 

Medicinal plants are believed to be an important source of new chemical substances with 

potential therapeutic effects173
'
174

• The research for plants with alleged folkloric used a5 

pain relievers, anti-inflammatory agents, should therefore be viewed as a frUitful and 

logic;al research strategy in the search for new analgesic and anti-inflammatory drugs175
• 

The rhizome extract of Zingiber officinale was investigated fur anti-inflammatory and 

analgesic properties in albino rats and Swiss mice respectively. The extract produced 

significantly (P<O.OS) inhibition of the can'ageenan induced rat paw edema and a 

reduction in the number of writhing induced by acetic acid in mice. It bas shown that 

rhizome extract ofZ. officinale possesses anti-inflammatory and analgesic agentsm>. 

Anti-inflatnmatory activity of the ethanolic extract of the leaves of Morus indica Linn. 

was studied in Wistar rats using the ~geenart induced left hind paw edem~ 

carrageenan induced pleurisy model. The ethartolic extract inhibited carrageenan induced 

rat paw edema. It bas indicated that the ethanolic extract produced significant (p<0.05) 

anti-inflammatory activity when compared with the standard and untreated control177
• 

The hydroalcoholie extract of Plumbago capensis showed a maximum inhibitory action 

on carrageenan induced paw edema and inhibited the leukocyte migration in a dose 

dependent m~er. The anti-inflammatory activity observed was compated to the 

standard non-steroidal anti-inflammatoty drug indomethpcin. Plumbago capensis has 

shown significant anti-inflammatory activity with potential constituent$ targeting 

different components of inflammatory process178
• 

Anti-inflammatory activity of the etbanolic extract of the prange tubular calyx of N. 

arbor-tristis and petroleum ether extract of root bark of 0. echioides was studied in 

albin~ rats of Wistar stl;"ain using the ~rrageenan induced paw edema model. The re~ults 

indicated that all the extract produced significant (p< 0.05) anti-inflammatory activity 

when compared with the standard drug (diclofenac sodium) and untreated control179
• 

The effect of alcoholic extracts of leaf from Araucaria bidwillii was evaluated in 

experimental models of pain and inflammation. The alcoholic extracts of A. bidwillii 

showed significant inhibition in carrageenan and serotonin induced hind paw oedema. It 
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has suggested that th~ anti-inflammatory and analgesic effect of the extracts as claimed in 

folklore medicine180
• 

The anti·inflammatory and antinociceptive properties of total methanolic extr;:tcts of the 

flowering aerial parts of two Stachys species in rat were investigated by carrageenan

induced paw edema and formalin test. Methanolic extracts of Stachys schtschegleevii and 

Stachys balansae have analgesic and anti-inflammatory effects in formalin test and 

carrageenan-induced paw edema 181
• 

The methanol extract of Alangium salvifolium plant roots has been studied for analgesic 

and anti ... inflammatory activities in animal models. The methanol extract produced 

significant dose-dependent inhibition of carrageenan induced rat paw edema and marked 

l . . . 182 ana gestc acttvtty . 

Teucrium stocksianum species was studied using carrageenan induced rat paw edema, 

cotton-pellet method, and by topical application of the extract on edema. T. stocksianum 

showed significant analgesic and anti-inflammatory activities in all the models studied. 

Topical application of the extract was also shown to be anti-inflammatory. Results 

support the traditional use of the plant in the treatment of painful, inflammatory 

conditions 183
• 

z. 7. Amilgesic and Anti pyretic agents frpm herbal source 

Pain is an unpleasant sensory experience which is ess.ential for survival considerably. I,t 

has two components i.e. sensory experience and emotional or psychological component, 

Pain sensitivity varies from person to person. Pain cart be classified as superficial 

(cutaneous) or deep (visceral). The superficial pain is usually sharp pricking and has 

quick response of sudden onset, while deep pain is dull and lasting. Since pain is both 

sensory and emotional, drugs may act as painkillers by altering either of thes¢ two 

aspects. The peripheral pain reception at the nerve endings can be interrupted by 

salicylates, the neuronal conduction is suspectible to local anasthetics and both opoid and 

non opoids can interfere with central integration of sensory and emotional componems t'IL 

pain. 

An analgesic may be defined as a drug bringing about insensibility to pain without loss of 

consciousness. They are broadly of two types: narcotics and non-narcotic. Non-narcotics, 

which has three important properties namely analgesic, antipyretic and anti-inflammtory. 

Among the non-narcotic analgesic salicylates and para-amino phenol derivatives are used 
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for analgesic and antipyretic purposes. Narcotics can modify pain perception at the 

CNSls4,tss. 

The management and treatment of pain is probably one of the most common and yet the 

most difficult aspects of medicinal practice. Analgesic therapy is currently dominatro by 

two major classes ofanalgesic drugs; namely opioids and non steroidal anti~inflammatory 

drugs (N'SAIDs). Both classes of analgesic drugs produce serious side effects, such as 

gastrointestinal disturbances, renal damages with NSAIDs, respiratory depression and 

possibly dependence with opioids 186
'187• It is obvious that the design of analgesic agents 

with fewer side effects is desirable. One of the ways to achive this aim is the use of 

medicinal plants which are a rich source of potentially effective novel compounds. 

Medicinal herbs have been used as a form of therapy for the relief of pain throughout 

history. The treatment of rheumatic -disorder is an area in which the ptactitioners of 

traditional medicine enjoy patronage !;lfld success. Natural products in general and 

medicinal plants in particular, are believed to be an important source of new chemical 

substances with potential therapeutic efficacy18s. Taking into account the most important 

analgesic prototypes (e.g. salicylic acid and morphine) were origmally derived from the 

plant sources, the study of plant species traditionally used ~ pain killers should still be 

seen as a fruitful research strategy in the search of new analgesic and anti;.inflammatory 

drugs. Herbal medicines derived fro,m plant extracts are being increasingly utilized to 

treat a wide variety of clinical diseases, though relatively little Jrnowledge about their 

mode of action is available. There is a growing interest in the pharmacological evaluation 

ofvario1,1s plants used in Indian traditional systems ofmedicine189
• 

Regulation of body temperature requires a delicate balance between the production and 

loss of .heat and the hypothalamus regulate the set point at which bQdy temperature is 

~ntained190• In pyrexia {fever) the hypothal~ic thermostat is disturbed and set fur a 

high temperature191
• Antipyretlcs ate remedial agents that lower the elevated temperature 

of the body.They exert their action on the heat regulating centre in the hypothalamus192
• 

Salicylates act ceJitrally and reset this mechanism at the normal level and there by bring 

down the temperature; they donot show any demonstrable antipyretic activity in a normal 

individual. 
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Salicylates, paracetamol and othet antipyretics act by inhibiting brain prostaglandin (PG) 

synthesis and release. They reduce heat production but increase dissipation of heat 

mainly by producing cutaneous vasodialation. Accompanying sweating assists the 

redu~tion of body temperature193
• The screenin~ of natural products has led to the 

discQvery of somany pot¢nt antipyretic drugs. 

Gupta et. al. investigated the methanol extract of Caesalpinia bonducella leaves for anti

inflammatory, analgesic and antipyretic activity by carrageenan induced edema, hot plate 

,acetic acid induced writhing methods and Yeast~induced hyperpyrexia respectively. This 

study eXhibited that the methanol extracts of leaves of C. bonducella possess anti

inflammatory, analgesic artd antipyretic activities194
• 

A_mabeoku et. al. investigated analgesic and antipyretic activities of water extracts of 

Dodonaea angustifolia L. and Salvia qfricana-lutea L. by using acetic acid and hot plate 

induced writhing tests, and lipopolysaccharide (LP) induced pyrexia test in mice and rats. 

D. angustifolia and S. africana-lutea significantly inhibited acetic acid-induced writhing 

and also significantly delayed the time of reaction of mice to thermal stimulation 

produced by the hot plate. D. angustifolia and S. africana-lutea significantly reduced 

fever induced by LP195
• 

Mutalik et. al. reported preliminary phytochemical screening of the dry residue of S. 

melongena which showed the presence of tlavonoids. alkaloids~ tannins and steroids 

produced significant analgesic and antipyretic etrect in a dose dependent manner196
• 

Oral administration of the aqueous extract of the stem of Urtica macrorrhiza reduced the 

number of writhings and stretchings induced by acetic acid and decreased lic}<ing activity 

of the late phase in formalin test and it suppressed Yeast-induce<! fever in rats at doses of 

200 and 400 mglkg197
• 

2.8. Antimicrobial agents from herbal source 

Antimicrobials are substances used in the treatment of infectious diseases that selectively 

suppress the infecting microorganism without significantly affecting the host. They affect 

microbial cells by interfering with one or more following process. Inhibition of cellwall 

synthesis leading to loss of viability and cell lysis, interfering with cell membrane 

function leading to leakage of intracellular compounds, inhibits protein synthesis, 

interfering with DNA-RNA synthesis, interfering with ignition complex and causing 

misleading ofm-RNA, inhibition ofviral DNA polymerase inhibiting the metabolism 1~. 

56 



C,HAeTER2 

Antimicrobial agent include antibiotics which is defined as a chemical compound 

derived ftom or produced by living organisms which is capable, in small concentrations 

of inhibiting the growth of micro-organisms 199
• This definition limited antibiotics to 

substatwes produced by microorganisms but the definition could now be extended to 

include similar substances present in hif#ler plants. Plants have marty ways of generating 

antibacterial compounds to protect them against pathogens200
• External plant surfaces are 

often protected by biopolymers e.g. waxes and fatty acid esters such as cutin and suberin. 

In addition, external tissues can be rich in phenolic compounds, alkaloids; diterpenoids, 

steroid glycoalkaloids and other compounds, which inhibit the development of fungi and 

bacteria2~1 • Cell walls of at least some monocotyledons also contain antimicrobial 

proteins, referred to as thionins202
• 

The use of medicinal plants and their extracts for the cure of localized and specific 

human infections is an age-old practice from time immemorial. As early as 1630, 

Europeans used natural quinine from the bark of cinchona tree to tr~at malaria; a dreaded 

disease caused by a protozoan parasite Plasodium species203
• Numerous studies have 

been performed throughout the glo~ in search of newer antimicrobial agents and most of 

those studies are directed towards th~ micl(>bes, A number of studks showed that the 

antimicrobial principles 'Could also available from marine algae and higher plantS; 

particularly among angiospenn;04
• The antimicrobial compounds isolated from higher 

pl4iUlts are di~nt in chemical structures. They may be flavonoids~ essential oils, 

alkaloids, anthraquinones, triterpenoids, etc. One approach that has been used for the 

discovery of antimicrobial agents from higher plants is based on the evaluation of the 

medicinal plant extracts205
'
206

• 

Herbal medicine is used to treat various infectious diseases, in most of the world's 

cultures~ offering enormous prospects fur discovering new drugs in popular medicine. 

Focusing attention on tbe plants medicinally used by indigenous people is the most 

efficient way to identity plants that may contain bioactive substance~207 • Considering the 

enormous variety of higher plant species, their potential as new drug sources has not been 

completely explored. Only 17% of this plant group has been systematically studied in the 

discovery ofbiologically active compounds20s. Plants have been traditionally used for the 

treatment of diseases of different etiology. Plant extracts are used, for instance, as a 

source of medicinal agents to cure urinary tract infections, cervicitis, vaginitis, 
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gastrointestinal disorders and skin infections, such as herpes simplex virus209
• Diseases 

c~sed by protozoa are responsible for considerable mortality in the tropical and 

subtropical countries. New drugs are now required for amoebiasis, leishmaniosis, malaria 

and trypanosomiasis treatment. The crisis of reemerging infectious diseases and the 

resistance of many pathogens for current dmgs have been widely recognized as serious 

and of immediate concern. In addition, the compounds used in parasitic illness treatment, 

such as bentnidazole, nifurtimox pentavalent antimonials, melarsoprol and\ pentamidine, 

are highly toxic, expensive and require long-tenn treatments21o-:m. The number of drugs 

available for human aru:l animal trypanosomiases treatment is limited now a day. 

Effective dwgs are urgently needed as therapeutical alternatives for antiprotozoa 

chemotherapy, and the big..her plants are a potential souree of new antiprotozoal drugs. 

Even though pharmaceutical industries have produced a number of new antibiotics in the 

last three decades, resistance to these drugs by microorganisms has increased. For a long 

period of time, plants have been a valuable source of natural products for maintaining 

human health, especially in the last decade, with more intensive studies for natural 

therapies. The use of plant compounds for ~aceutical putposes has gradually 

increased. According to World Health Organization213 medicinal plants would be the best 

source to obtain a variety of drugs. About 80% of individuals from developed countries 

use traditional medicine, which has compounds derived from me4icinal plants. Therefure, 

such plants should be h1.vestigated to better understand their properties, sa'fety and 

efficacy214
• The use of both plant extracts and phytochemicals, with known antimicrobial 

properties, can be of great significance in therapeutic treatment. In the last few years, a 

no. of studies have been conducted in different countries to prove such efficiencj15
"
221

• 

Many plants have been used because of their antimicrobial traits~ which are due to 

compounds synthesized in the secondary metabolism of the plant. These products are 

known by their active substances, for example, the phenolic compounds of plants have 

been investigated by a number of researchers world wide, especially in Latin America. In 

Argentina. a research tested 122 known plant species used for therapeutic treatments222
• 

Ahmed et. a/. studied the antibacterial activities of the chloroform and water extracts of 

Ferula persica Var. roots by the disc diffusion method.They reported that the chlorofonn 

extract of F. persica roots showed antibacterial activity; where as the water extract of the 
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roots at the concentrations that tested did not show any activity against B. subtillis, B. 

cereus, E. coli, K. ponumoniae, S. typhi, S. aureus, and S. epidermilil-23
• 

The water and ethanol extracts of the stem bark of two Nigerian medicinal plants, 

Alstonia boonei and Morinda Iucida, were tested on clinical isolates of two Gram

positive and five Gram-negative bacteria. Ethanol extract of A. boonei was oot active 

against any of the bacterial tested while the aqueous extracts of stem barks of A. boonei, 

M Iucida and ethano 1 ex~cts of stem bark of M Iucida showed antibacterial activity224
• 

Bactericidal and antifungal assays were done using extracts derived from. Zanthoxylum 

chalybeum and Warburgi ugandensis by agar well diffusion, disc diffusion and colony 

count assays. W ugandensis water extracts elicited antibacterial activity against both 

Escherischia coli -and Staphylococcus aureus in the agar well assay. Warburgia 

ugandensis water extracts also showed 1,\ntifungal activity against Candida albicans. 

However, Z. chalybeum extracts showed neither antifungal nor antibacterial activities225
• 

Single or combined extracts of black thyme, fennel, sa~e, wild tea and wild mint were 

used to evaluate in vitro antibacterial ~tivity against common pathogenic and lactic acid 

bacteria. The combined plant extracts (1 :1 ratio) provided an entire antibacterial efft;:ct 

against pathogenic bacteria compared to the sinwe plant extracts. The combined plant 

extJ;acts with moderate inhibitory effects against both pathogenic and lactic acid bacteria 

could be sufficiently optimal when considering a natural feed additive to improve 

animal's gut health226
• 

The acetone md alcoholic extracts of the leaves of Cassia alata showed significant in 

vitro antibacterial activity against Staphy(ococcus aureus, c!>agulase positive 

Staphylococcus auret~S, Bacitlus sublitis, Badllus cereus, Bacillus stearothermophilus, 

Escherichia coli, Salmonella typhi and Salmonella dysentriae. In addition, the alcoholic 

extract also inhibited growth of Klebsiellae pneumoniae whereas the acetone extract 

inhibited the growth of Vtbro cholera2271
• Alcoholic extract of dry nuts of Sernecarpus 

anacardium showed bactericidal activity in vitro a~ainst three Gram-negative strains 

(Escherichia coli, Salmonella typhi and Proteus vulgaris) and two Gram-positive strains 

(Staphylococcus aureus and Corynbacterium diphtheriae ). Subsequent stqdies have 

shown that the alcoholic extracts of different parts of the plant (leaves, twings, and green 

fruit) also possess antibacterial properties, especially the leaf extract. No dermatoxic 

etfect (irritant property) was observed in the mouse skin irritant assai~8 • 
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PHYTOCHEMICAL STtJDIES 

3.1. Introduction 

Phytochemical analysis is intended to serve as a major source of information on 

analytical and instrumental methodology in the plant drug research. Medicinal plants are 

believed to be an important so"*rce of new chemical substances with po«<ntial therapeutic 

effects 1• Searching fur new drugs in plants implies the screening of plant extracts for the 

presence of novel compounds and investigation of their biological activities. The path 

that leads from an intact plant to its pure constituent is long and the work may last frt)m 

weeks to years. This work includes collection of the plant material, identification ofthe 

species by a botanist, extraction using different solvents, followed by the analysis of the 

extracts by ditrerent cpromatographic methods, fractionation and isolation steps using 

different preparative chromatographic techn.iques, structure elucidation of the 

constituents by a combination of various spectros~pic and chemical methods, 

pharmacological and toxicological testing2
• 

When the whole sample e.g. a plant extract, has proved to be biologically active it is 

necessary to isolate the pure constituents that are responsible for the activity. The isolated 

constituents can be used for structure elucidation, further bioassays and structural 

modifications for studying the mode of action of the compounds, their side effects and 

toxicology. Tracking and isolating the process of obtaining bioactive compounds from 

natural products is a challenge which needs new innovations in order to become more 

rapid~ more effective and less expensive 4• 

The plants extracted and submitted to the screening are selected on the basis of their use 

in traditional medicine, the available literature data and chemotaxonomic criteria. The 

extracts presenting the most interesting activities are then selected for activity-guided 

phytochemical investigation in order to identitY the active compounds. Moreover, the 

isolation and characterization of further molecules presenting original chemical structures 

and a potential therapeutic interest is performed. The extract is screened for the presence 

of various constituents employing standard screening test. There is increasing scientific 

interest in the extraction and isolation of secondary metabolites from plants as part of 

biosynthetic biochemical~ chemotaxonomic, ecological, phytochemical, pharmacological,. 

and plant tissue culture. The most common plant secondary metabolites occur in the form 
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of alkaloid, anthraquinones, coumarins, essential oils, tlavonoids, steroids~ terpenoids 

etc5
• 

Plant parts in fresh or dried fonn are used fur extraction. Plants may be dried before 

extra.ction. The drying operations should be performed under controlled conditions to 

avoid to occur too many chemical changes. It should be dried as quickly as possible 

without using high temperatures preferably in a good air draft once thoroughly dried; 

plants can be sto~ before analysis for long period of time. The effective extnt.ction of a 

plant compound of interest from a natural source depends largely on solubility stability 

and functional group ~onsiderations. Extraction methods to be employed to obtain a 

crude plant extract as well as precautions that must be taken tO avoid compound 

decomposition, side readions or rearrangements during extraction process. Mode of 

extraction naturally depends on the texture and water content of the plant material being 

extracted and on the type of substance that is being isolated. 

The classical chemical procedure fur obtaining organic constitu~nts from dried plant 

tissue is to continuously extract powdered material in a Soxhlet apparatus with a range of 

solvents. The extra~t obtained is clarified by filb1ltion through celite on a water pump and 

is then concentrated in vacuum. This is now usually carried out in a rotary evaporator, 

which will concentrate bulky solution down to small volume without bumping at 

temperature of between 30-40°C. When investigating the complete phytochemical profile 

of a given plant species, fractionation of a crude extract is desirable in order to ~parate 

the main constituent :from each other prior to chromatographic analysis. 

Many plant extracts owe their potency to the presence of substances such as tannins, 

phenolie compounds and so on. Th~esubstancesare usually found in various partsofthe 

plants like roots, leaves, shoots and bark. Many plants have therefore become sources of 

important drU:gs and the phannaceutical industries have come to consider traditional 

med,icine as a source (){ bioactive agents that c~ be used in the preparation of synthetic 

medicine6
• 

Recently, chromatographic fingerprint technique, as a more meaningful quality control 

method of ~rbal samples, has been attracting more and more people's attention because 

the fingerprint technique emphasizes on the integral characterization of compositions of 

samples with a quantitative degree of reliability and focu!ii on identifying and assessing 
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the stability of the plants. Chromatographic fingerprint is a kind of method to show 

chemical information of medicinal constituents with cchromatograms, spectrograms and 

other graphs by analytical techniques. Chromatographic techniques are used to isolate 

and purify the natural products. Varieties of chromatographic techniques involving 

fmgerprint include TLC, gas chromatography, high performance liquid chromatography 

(HPLC), MPLC (medium pressure liquid chromatography) which play an important role 

in the isolation processes 7•
12

• 

Identification of compounds usually involves a combination of different techniques 

including Ultra Violet (UV), Infrared (IR), Mass (MS} and Nuclear Magnetic Resonance 

(NMR) Spectrometry. Other ways of confirming the identification of the compounds 

include calculation of the Rr values in different soivent systems and determiriation of 

melting points. 

Flavonoids are p<>lyphenolic compounds that are ubiquitous in nature and are categorized 

according to chemical structure, into flavonols, flavones, flavanon~s, isoflavones, 

catechins, anthocyanidins and chalcones. Flavonoids are wi4ely dis.tributed in plants 

fulfilling many functions including producing yellow or red/blue pigmentation in flowers 

and protection from attack by microbes and insects. The widespread distribution of 

flavonoids, their variety and their relatively low toxicity compared to other active plant 

compounds (for instance alkaloids) means that many animals, including human, in$est 

significant quantities in their diet13
• Over 4,000 flavonoids have been identified, many of 

which oecur in :li'uits, vegetables and beverages (~a, coffee, beer, wine and :li'uit drinks). 

The flavonoids have aroused considerable interest recently because of their potential 

beneficial effects on human health. They have been reported to have antiviral, anti

allergic, antiplatelet, anti-inflammatory, antitumor, and anti(>xidant activities14
• 

More than 1300 different flavonoid compounds have been isolated from plants. 

Individual flavonoids in a group differ from each other by the number and position of the 

hydroxy, methmcy, and sugar substituents. 

Flavonoids, also referred to as biotlavonoids, are polyphenol antioxidants found naturally 

in plants. They are secondary metabolites, meaning thereby they are organic compounds 

that have no direct involvement with the growth or development of plants. More simply, 

tlavonoids are plant nutrients that when consumed in the form of fruits and vegetables are 

82. 



C!:(,APTER 3 PHYTOCHfMICAL StUQifS 

non-toXic as well as potentially beneficial to the human body. More importantly, the 

consumption of foods containing flavonoids has been linked to numerous health benefits, 

Though research shows flavonoids alone provide minimal antioxidant benefit due to slow 

absorption by the body, there is indication that they biologically trigger the production of 

natural enzymes that fight disease. Recent research indicates that tlavonoids can be 

nutritionally help(ul by triggering enzymes that reduce the risk of certain cancers, heart 

disease, and age-telated degenerative diseases. Some research also indicates that 

flavonoids may help to prevent tooth decay and reduce the occutrence of common 

ailments shch as the flu. These potential health benefits, many of which have been 

proven, have become of particular int~st to consumers and food manufacturers. Foods 

that contain high amou.'lts of tlavonoids inch1de blueberries. red beans, cranberries, and 

blackberries. Many other foods, including red and yellow fruits and vegetables and some 

nuts, also contain tlavonoids. Red wine and certain teas also are rich in flavonoids. 

Flavonoids are a large and important group of natu.11tl products derived from 'flavone'. 

Some flavortoids are intensely coloured, providing a spectrum of colours from red to blue 

in flowers, fruit and leaves. Other flavonoids are essentially colourless, producing the 

'whiteness' of white flowers. Besides their contribution to plant colour, flavonoids have a 

variety of other roles in the growth and development of plants. Leaf flavonoids provide 

protection from the potential damage of UV radiation. Certain flavanones are formed as 

antifungal barriers in plant leaves in response to microbial infection and others play an 

important part in plant reproduction. Flavonoids also exhibit a wide range ofbiological 

properties including anti-micrObial, insecticidal and oestrogenic activities15
• This chapter 

mainly deals with the preliminary identification of phytochemical groups as well as the 

structural elucidation by usin~ different spectroscopic methods of flavonoid, compounds 

isolated ftom the teaf and rhizome of the plants under investigation. 

3.2. Materials and methods 

3.2.1. Plant material 

The rhizomes of K. rotunda Linn. and leaves of E. cannabinum Linn. were collected from 

different parts of Siklcim. They were authenticated at Botanical survey of India, Gangtok, 

Sikkim. A voucher specimen was retained in our laboratory fot further reference. The 

rhizomes of K. rotunda and leaves ofE. carmabinum were dried in shade, pulverized in a 
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mechanical grinder and passed through 40-mesh sieve to get the powder of the plant parts 

and kept under dry condition in the sterile container for further work. 

3.2 .. 2. Extraction procedure forK. rotulldt• 

Coarsely powered dty rhizomes (lkg) were extracted separately by cold percolation with 

4 liters of 80% methanol in a percolator for 72h at room temperature. The residue was 

removed by filtration and the methanol extract was concentrated and dried by using 

rotary flash evaporator, at 4245°C to give a solid residue and kept in vacuum desiccarors 

for complete removal of solvent and for use in different pharmacological experiments and 

to f\lrther ftactionation with the help of different solvents. 

3.2.3. FradiGJlation of the methanolie extr3et by different solYents 

The above methanolic extract obtained was concentrated, subjected to fractionation by 

distilled water. The remaining hydro-alcoholic part was further fractionated with 

petroleum ether and ethyl acetate successively. The ethyl acetate soluble fraction was 

subjected to thin layer chromatographic analysis. The aqueous, petroleum ether fraction 

did not show any positive pharmacological activities of this investigation and was 

discarded. flow chart of extraction has been shown in Fig 3 .1. 

Dried powder of rhizomes of K. rotunda and leaves of E. cannabinum 

!Extracted with 80% methmlOl 
for 5 times at room temperature 

Concentrated combined methanol extract 

Petroleum Lether fraction 
(discarded) 

! Aqueous phase 
(discarded) 

Diluted 'With distilled water followed 
by fractionating with petroleunJ ether 

Aqtreous,Pbase 

l 
Extracted 'With ethyl acetate 5 times 

J 
Combined ethyl acetate lction 

(Subjected to chromatographic separ~tion) 

Figure 3.1. Flow ~batt showing the method of extraction of rhizomes of K. rotunda and 
leaves of E. cannabinum 
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3.1.4. Isolation and purification of pbytoconstituent from the extract of K. rotunda 

3.2.4.1. Preliminary phytochemieaJ tests 

The preliminary phytochemical group test of extract of K. rotunda rhizome was 

performed by the standard methods16-
18

• 

Tests for alkaloids 

Small quantity of the extract w~s treated with few drops of dilute hydrochloric acid and 

filtered. The filtrate was treated with Mayer's reagent. There was absence of yellowish 

buff colored pre~ipitate which indicated the negative test for alkaloids. 

A small quantity of extract was treated with few drop of dilute hydrochloric acid and 

ftltered and the filtrate was then treated with Dragendroff's reagent. There was no orange 

brown precipitate which indicated the negative test for alkaloids. 

Small quantity extract treated with few drop of dilute hydrochloric acid and filtered. The 

filtrate was treated with Wagner's reagent. There w~s no reddish brown precipitate wh-ich 

indicated negative test for alkaloids. 

Small quantity extract was treated with fuw drop of dilute hydrochlc»ric acid and filtered. 

The filf.tlU;e was treated with Hager's reagent. There was no yellowish precipitate which 

indicated the negative test of alkaloid. 

Test for steroids aod triterponoids 

Libermann-Buchard test: 1 Omg of extract was dissolved in 1.0 ml of chforofonn; I .0 ml 

of acetic anhydride was then added to the mixture followed by 2.0 ml of concentrated 

sulphuric acid. A reddish violet ring at the junction of the two layers confirmed the 

presence oftriterpenoids and steroids. 

Salkowski Test: I .0 ml of concentrated sulphuric acid was added to 10 mg of leaf extract 

and dissolved in 1.0 ml of chloroform. A reddish blue colour exhibited by chlorofonn 

layer and green fluorescence by the acid layer indicated the presence of steroids. 

Test for llavoaoids 

A small quantity of extract of was dissolved in methanol. One piece of magnesium was 

given followed by concentnlted hydrochloric acid drop wise to the test sample and 

heated. Appearance of magenta colour demonstrated the presence oftiavonoias. 
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A small quantity of extract was dissolved in methanol and hydrolyzed with 10% 

sulphuric ~id and cooled. Then, it was extracted with diethyl ether and divided into three 

portions in separate test tubes. 1.0 ml of diluted sodium carbonate solution, 1.0 ml of 

O.lM sodium hydroxide solution and 1.0 ml of diluted ammonia solutions were added to 

the first, second-and third test tubes respectively. Development of yellow colour in all the 

tubes demonstrated the presence of flavonoids. 

Test for sapoaios 

Small quantities of extract was dissolved in minimum amount of distilled water and 

shaken in a graduated cylinder for 15 minutes. Formation of stable foam suggested the 

presence of saponins. 

A small quantity of extract was dissolved in methanol. 1.0 ml of extract solution was 

treated with I% lead acetate solution. Formation of white .precipitate indicated the 

presence of saponins. 

Test for taanins 

Small quantity of extract was dissolved in minimum amount of distilled water and 

filtered. The filtrate was treated with lO% aqueous potassium dichromate solution. 

Development of yellowish brown precipitate demonstrated the presence of tannins. 

Small quantity extract of was dissolved in minimum amount of distilled watet and 

filtered. The filtrate was allowed to react with l 0% lead acetate solution. Formation of 

yellow colour precipitate indicated the positive test for tannins. 

Small quantity of extract was dissolv~d in minimum amount of distilled water and 

filtered. The filtrates w~e then allowed to react with 1.0 ml of 5% ferric chloride 

solUtion. Fonnation of greenish black coloration demonstrated the presence of tannins. 

Small quantity of extract was dissolved in minimum amount of distilled water and 

filtered. The filtrates are then alloWed. to react with 1.0 ml of 1% gelatin and 1.0 ml of 

10% sodium chloride solution. fonnatlon of white buff coloured precipitate 

demonstrated the presence of tannins. 

Test for gums and mucilage 

Small quantity of extract was dissolved in minimum amount of distilled water and 

t'ittered. The filtrate was treated with equal volume of concentrated stdphuric acid. Then, 
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it was treated 15% alcoholic solution ofa-napthol (Molish's reagent), absence of~

violet ring at the junction of the two layers indicated the negative test for gums (Molish's 

test). 

Small quantity of extract was dissolved in minimum amount of distilled water and 

filtered. The filtrate was treated with 95% alcohol. Absence of precipitation indicated the 

absence of gums and mucilage. 

Small quantity of extract was dissolved in minimum amount of distilled water and 

filtered. The filtrate was treated with 0.008gm of ruthenium red in lOml of 10% solution 

oflead a~tate. Absence of red colour indicated the absence of gum and mucjfage. 

Test for reduei.-g sugar 

A small quantity of extract was dissolved in minimum amount pf distilled wat~r and 

filtered. To tbe filtrate equal volpme of Benedict's reagent was added and heated for few 

minutes. No brick red precipitate was found which confitme9 the absence of reducing 

sugars. 

Small quantity of extract was dissolved in minimum amount of distilled water and 

filtered. To the filtrate equal volume of Fehling's A and B solution were added and 

heated for few minutes. No development of brick red colour demonstrated the absence of 

reducing sugars. 

Test for volatile oil 

50gm of powdered material was taken in volatile oil estimation apparatus and subjected it 

to hydrodistillation, fur the detection of volatile oil; the distillate collected in a graduated 

tube, which indicates the presence of volatile oil. 

3.2.4.2. TLC of the methanolie extract and its ethylaeetate fraction of K. rotunda 

Thin layer chromatography (TLC) is a technique used to separate chemical compounds 

by following processes. 

3.2.4.2.1. Preparation ofTLC plates 

Chromatographic plates having the size of20cm xlOcm were prepared by coating of the 

slurry of 20% suspension of Silicagel G with the help of conventional spreader to a layer 

thickness of 0.25mm. After spreading the resultant plates were allowed to dry at room 
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temperature and then activated by heating in an oven for 30 minutes at ll0°C. After 

cooling the plates were kept in a dessicatot until required for further use. 

3.2.4.2.2. Sampling on plates and development ofChromatogt1lm 

With the help of microcapillary tubes the methanolie extract and its ethylacetate fraction 

of K. rotunda was spotted at 2cm from the edge of the plate. On the plates the 

ctnumatogram was developed in chromatographic chambers using selected solvent 

systems at a room temperature (2SOC) and at an angle of 70°. The loaded TLC plate was 

carefully placed in the TLC chamber with the spot of solution containing the methanolic 

extract and ethylacetate fraction toward the bottom. The plate whose top was l~ed 

against the jar wall was allowed to sit on the bottom of the chamber and was in contact 

with the developing solvent (solvent surface was well below the extract line). The TLC 

chamber was covered. The TLC plate was allowed to remain undisturbed. When the 

solvent front has reached three quarters of the length of the plate, the p1ate was removed 

from the developing chtunber and the position of the solvent front was immediately 

marked. The solvent moved up the plate by capillary action and met the sample mixture. 

which was dissolved and was carried up the plate by the splvent. Different compounds in 

the sample mixture travel at different rates due to differences in s<::~lubility in the solvent, 

and due to differences in thei11 attraction to the stationary phase. In the present 

investigation, several solvent systems were studied for effective separation of the 

components, hut the under mentioned solvent systems showed better result. The mobile 

phase (solvent system) was allowed to run up to a distance of 10 em from the origin. The 

time required for the development of chromatograms differed from 45 to 60 min. The 

plates were removed from the chamber after completion of the run and were allowed to 

dry in air. The plates were observed under UV light for the appearance of spots before 

and after spraying with spray reagents. Alternatively the developed TLC plates were 

placed in iodine chamber. Further the Rrval~s of the spots were calculated. 

3.2.4.2.3. Solvent systems used forK. rotynda 

i) Hexane: Ethyacetate (1 :1) 

Hi) Tolune: Ethyacetate (93:7) 

ii) Chloroform: Methanol: Water (64:50:10) 

iv) n-Butanol: Glacial acetic acid: Water (4:1 :5) 

v) Ethyacetate: Formic acid: Glacial acetic acid: Water (100:11 :11 :2) 
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3.2.4.2.4. Spray reagents used 

i) NPPEG- Natural product polyethylene glycol reagent 

ii) VS: Vaniline sulphuric acid reagent 

iv) SbCh: Antimony trichloride reagent 

iii) AS: Anisaldehyde sulphuric acid reagent 

v) ADB: 2-aminoethyl diphenyi borinate 

3.2.5. C(}lqmn Chromatography of extract of K. rotunda 

The isolation and purification of different components from ethyl acetate fractions of 

total methanolic extract of K. rotunda rhizome by column cbromatography2 involved the 

following steps. 

3.2.5.1. Column 

A glass column (25cm in length, 3.5cm dia.) fitted with a stop cock and the bottom of the 

column was plugged with glass wool w~ used for separation. 

3.2.5.2. Adsorbent: Silica ge160-120. 

Siliea gel slurry: Using a beaker of an appropriate size, silica gel was made into thin 

slurry with the eluting solvent and the slurry was poured into the glass column. 

3.2 .. 5.3. Ehdiug solvent (mobile phase): Bexane~Ethylacetate 

Hexane and ethylacetate was used as eluting solvent with increasing polarity of 

ethylacetate. 

3.2.5.4. Preparation of column and separation of the compound isolated from ethyl 

acetate fraction of extract of K. rotunda 

The column was washed with distilled water and finally rinsed with acetone to remove 

the impurities. It was fixed with a stand and packed with slurry of silica gel (60·120mesh) 

and solvent system. The solvent system was allowed to drip at the rate of 50 drops per 

minute and a layer of the solvent was maintained on the top of the siliea gel surface. 

The excess solvent on the top of the column was allowed to flow down and then the 

concentrated solution of ethyl acetate fracti<>n of the methanolic extract with required 

quantity ofsilicagel (60·120mesh) was layered on the top of the column. A thin layer of 

cotton was placed over it. The eluting solvent was allowed to flow down slowly till the 

mixture was adsorbed on the top of the column. Gradient elution was carried out using 

89 



~HAPTf/?.3 P!;IYTOCHEM{C£ STUDIES 

hexane and ethylacetate and with step increasing the polarity by increasing the ratio of 

etbylacetate from 10% to 100%. The rate of elution was adjusted at 50 drops per minute 

and fractions of 20 ml each were collected in l 00 ml of serially numbered conical flasks. 

After collection of fractions from the column, TLC was done for each fraction with the 

same solvent sys~m, which was used as the main eluent in the column chromatography. 

The eluted fraction number 42·62 having identical bRr values were pooled together and 
evaporated to dryness~ It was re..chromatographed in a silicagel60-12Q column. Gradient 

elution was carried out using ethyl acetate and increasing the polarity with methanol in 

10% stepwise elutions to 100% methanol. Fraction number 19-26 were combined and 

evaporated to dryness to provide a crystalline powder, which was crystallized to give 

fine, needle shaped yellowish cr;stals. The isolated crystalline material was further 

examined by different physico..chemicat techniques for its structure elUcidation. 

3.2.6. Qualitative analysis of tbe compouad isolated from ethyl acetate fraction of 

K. rotltllda 

The isolated compound was further examined by chemical tests to confinn its chemical 

nature. 

3.2.6.1. Physical aature of the compouad isolated fr&m ethyl acetate fraetioD of 

K. rotundl.l 

The isolated comp<>und was examined by various physicochemical parameters i.e. 

physical appearance, solubility and melting point. 

3.i.6.2. TLC study of the eompond isolated from ethyl acetate fraetiQn of 

K. rotltfld« 

Thin layer chromatographic study of the isolated compound was earned out on silicagel 

G plates with ditrerent solvent systems. The plates were prepared as described in 3.2.4 

and used for the study. The chromatograms were run with three solvent systems 

mentioned beiQw in a chromatography chamber. 

A) TLC 1~ Glacial acetic acid: Water (15:85). 

B) TLC 2 .. n-Butanol: Glacial acetic acid: Water(4:1:5). 

C) TLC 3 .. Ethyl acetate: Fonnic acid: Water (10:2:3). 
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The mobile phase was allowed to run up to 10 em (solvent font) and the plates were 

dried. The spots were observed under l.JV light at 366nm before and after spraying the 

spray reagents i.e 5% solution of2~aminoethyl diphenyl borinate in methanol. 

3.2.7. UV absorption spectral analysis of the compound isolated from ethyl acetate 

fraction of K. rotunda 

Ultraviolet~visibJe absorption spectroscopy is the single most useful technique available 

for flavonoid structure analysis and is used to aid both identifica~on of the flavonoid type 

and definition of the oxygenation pattern. The flavonoid nucleus of unsubstitu.ted 

phenolic hydroxyl groups may be established by adding shift reagents to the sample 

solution and observing the resultant shifts in the absorption peaks. Thus; indirectly, the 

technique may be useful in detennining the location of a sugar or methyl group attached 

to one of the phenolic hydroxyl groups. 

The purified crystalline isolated compound was dissolved in spectroscopic grade 

methanol and the absorption spectra was taf<:en in Shimadzu 1601 double beam UV

Visible spectrophotometer from 200 to 800nm. 

3.2.8. Infrared spectrum of the e~mp41und isolated from ethyl acetate fraction of 

K. rotunda 

The lR spectra of the isolated compound were taken wjth Perkin-Elmer FTJR 

spectrophotometer in K.Br discs. The spectra were recorded in the region of 4000 cm·1 to 

400 crtf1
• which is the typical region of absorption for isolated compound. 

3.2.9. Nuelear Magnetic Resonance (NMR) spectra of tlae comp41und isolated from 

etkyl aeetate ftaetion of K. rotunda 

The 1H NMR spectra of the isolat(;(d compound from crystallization process was 

undertaken in Brucker WM 400 Spectrophotometer in DMS0-<16 (Dimethyl sulphoxide) 

solution. The NMR data chemical shifts are expressed in a (ppm) from tetramethylsilane 

as an internal standard and coupling constants (J) are given in Hz. The spectra are 

recorded and tabulated. 
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3.2.10. Mass speetra of the ccunpoond isolated from ethyl acetate fraction of 

K. rotunda 

Mass spectrum (FAB+:MS) of the isolated compound was recorded on a JEOL JMS 600 

Spectrophototnet~. 

3.2.11. lsolatioa and purilicatioa of phytocoastituent from the leaf extraet of 

EupoioriJUn cannabinllfll 

The methods used for isolation and purification of phytoconstituents from the leaf of E. 

cannabi'num were as per the procedure followed for the isolation and purification of 

phytoconstituents from extract of K. rotunda rhizome described in ;.l.2.3 to 3.2.10 except 

the following points. The phytochemical studies show the presence of alkaloids in both 

the methanol extract and ethylacetate fraction of methanoiic extr-act E. cannabinum. 

Alkaloid showed the presel)((e in the solvent system oftolune: thylacetate: di-ethylamine 

by spraying Dragendorff' s reagent. 

The identical eluted fractions number 49-94 in column chromatographic separation were 

re ... chromatographed by using chloroform and methanol as eluent, Gradient elution was 

carried out by·increasing th~ polarity with methanol in 10% stepwise to 100% methanol. 

The re-chromatographed fractions numbers 15 to 25 were combined and evaporate<;~ to 

dryness to result a pale yellow amorphous powder. The isolated inaterial was f4rther 

examined by different physico...chemical techniques for its structure elucidation. 

3.3. Results 

3.3.1. PltytocheJDical study of Kaempferia rotunda 

The concent~;ated methanol extract obtained from the shade--dried thizome was 

fractionated successively with distilled wa~r, petroleum ether, and -ethyl acetate. It was 

observed that metha11olic extract and the ethyl acetate fraction exhibited significant 

pharmacological activities under this investigation, so they were subjected to 

phytochemical analysis. 

The preliminary phytochemical group tests indicated the presence of steroids, tlavonoids, 

tannins, triterpenoid, volatile oil and saponins (Table 3.1 ). The thin layer 

chromatographic study of the methanol extract and ethyl acetate fraction showed the 

presence of components with selected mobile pht;lSe and spraying reflgents (fable 3.2 and 
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3.3). Ethylacetate fraction was subjected to column chromatographic separation on 

Silicagel (60-120mesh) column in which sixty-eight fractions w~re collected. The 

fractions having identical results were mixed together (Table 3.4). They were purified., 

which yielded compound I. It was further subjected to chemical tests and TLC studies to 

confirm the chemical nature of the compound I, which are depicted in table 3.5 & 3 .6. 

The chemical nature of the isolated compound was further characterized from its physical 

parameters and spectral (UV, IR, Mass, and 1H NMR) data19
•
20

• 

Compound I was obtained as yellow needle shaped crystal, soluble in methanol. The 

compound was melted at l38·139°C. The compound showed strong absorption at 242nm 

in its spectrum, which implied th~ presence of phenolic aromatic rings. The UV 

absotption spectr • .n'n of compoun<l I is shown in figure 3.2. The JR spectrum of tbe 

compound is presented in figure 3.3 TheIR spectrum shows the presence of absorption 

bands at 3424, 2852 and 1070 cm·1
• Other prominent peaks were 1272, 1373, 1452, 1178, 

1070, 756, 712 cm-1
• The IR spectrum confmned the presence of aromatic ring (2923 

cm-1
) and hydroxyl gro~p {3424 cm-1

) in compound I. The 1H NMR spectrum of 

compound I is presented in figure 3.4. In the 1H NMR spectra in DMSO-d6, the signals 

for aromatic proton were observed at 06 (J=2MHZ) o 7.7 (J=4MHZ). The signals ~ o 
5.15 (J=LSMHZ)and o 5.79 (J=l.8MHZ) signified the presence of aromatic two protons. 

The signals at ~x6.96 {J=2MHZ) indicates the presence of two aromatic protons and o 
7.70 (J=3MHZ) signified the presence of anothet two aromatic protons. The signals at o 
3.73 (J=3MHZ) signify the presence of three methoxy groups. The signals at o 8.17 

(J=6MHZ) and o 7.39 (J=3MHZ) indicated the presence chalcone i.e. HC=CH-C;:;::O. The 

signal at 8 6.69 (J=3MHZ) indicates the presence of free hydroxyl groups. The mass 

spectrum in fig. 3.5. of the compound I is ip agreement with the assigned structure. The 

molecular ion peak (base peak., M+) at m/z 312.2670 (calculated for C180sHts, 314.1154) 

and the fragmentation peaks at m/z 153., mfz 165 rev:¢aled the empirical formula of 

CtsOsHts. The result is corresponding to the molecular fonnula C 180 5Hl&· It has been 

concluded that the structure of the isolated compound I was established according to 

combined spec~l data i.e. 2- hydroxy, 4, 4', 6- trimethoxy chalcone. 

3.3.2. Phytoehemical study of Eupatorium cannabinlllft 

The concentrated methanol extract prepared from the shade·dried leaves of 

E. cannahinum was fractionated successively with distilled water, petroleum ether and 
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etbyl acetate. Different extract were undertaken for preliminary pharmacological studies. 

lt was observed that the methanol extract and ethyl acetate fraction exhibited significant 

pharmacological activities. So they wete subjected to phytochemical analysis. 

The preliminary phytochemical group tests indicated the presence of flavonoids, tannins, 

saponins and alkaloids (Table 3.7}. The TLC study of methanol .extracts and ethyl acetate 

fraction showed the components with selected mobile phase and spraying reagents (Table 

3.8 and 3.9). Ethylacetate fraction from methanolic extract was subjected to column 

chromatography, which yielded 103 fractions (Table 3.10). The fractions having identical 

hRfvalues were mixed together (Table 3.9). They were purified with a silica gel column, 

by using chloroform and methanol as mobile phase, which yielded (compound II). It was 

further subjected to chemical tests and TLC to confirm the chemi<,;al nature and was 

depicted in (Table 3.10 & 3.1 1). The chemical nature of the isolated compound was 

further characterized by physical parameters and spectral (UV, IR, Mass~ 13C and 1H 

NMR) data24
' 
25

• 

Compound II was obtained as pale~yeUow amorphous powder, partially soluble in water 

& soluble in methanol. The compound was melted at 210·2l4°C. The UV spectrum 

showed two major absorptiOn bands at 256 and 3 72nm which ~ typical for flavonols 

(Fig. 3.6). TheIR spe~trum shows the presence of absorption bands at 3648- 3611 cm·1 v 

(OH), 3406 cm·1 v (C=O) in flavone~ 1610 .. 1507 cm·1 v (aromatic rings), 1382 cm"1
, 1263 

cm·1
, 1132 cm·1

• 941 cm·1 and 700cm·1 (Fig. 3.7). In the 1HNMR spectra (Fig. 3.8) in 

DMSO-d6, showed two distinctive resonance groups. It displayed two doublets at o7 .7$ 

(lH, J=l.8) and 56.95 (lH, J=9HJ) and one doublet of doublets at o at 7.65 

(IH,J=9,1.8HZ) and o, characteristics of a 1, 2, 4 trisubstituted benzene ring and two 

doublets at 06.41 (lH, J=2HZ) and o 6.26 (lH, J=2HZ) characteristics of a l, 2, 3, 5-

tetrasubstituted benzene rlng. The isolated compound II showed significant peak in its 

mass spectra in fig. 3.9. The molecular ion peak (base peak, M+) at rnlz 302 and the 

fragmentation peaks at rnlz 153, m/z 285 revealed the empirical formula of CtsHI007• 

The UV, 1H NMR and El-MS data led to the identification of the compound II 

corresponds to be molecular formula C 1sH1007 and the structure of the isolated 

compound II was 3 '.4 ',5, 7- tetrahydroxy flavonol or quercetin. 
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Table 3.1. Preliminary phytoche.-ical tests of extract of K. r8tunda rhizome 

Kaempforill rotunda 

Pbytoeonstit.uents MethaDolic ext~d ~thy! acetate fraction 

Alkaloids - ~ 

Amino acids - ~ 

Proteins - -

Reducing sugars - -

Steroids and Triterpenoids + + 

Flavonoids + + 

Tannins ~ -

Saponins + -

Anthraquinones . ~ 

Gums and Mucilages. - -

Volatile oil + -

'+ve' indicates presence and '-ve' indicates absence ofthe phytoconstituents. 
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Table 3.2. TLC study of methaaolic extraet of K. rotunda rhizome 

Colour of Colour of the 
Selvellt system 

the spot 
spot after hRf Constituellt 

underUV values preseat 
light spraying 

Ethyl acetate: Formic acid: 
Deep brown 

(NP-PEG 
Glacial .. acetic acid : Water Yellow reagent) 87 Flavono.ids 

(100:11 :11 :2) 

Chloroform : Methanol ; 
Blue (VS 

Nil reagent) 65 Saponin Water (64:50:10) 

Light green 

Toluene: Ethyl acetate (93:7) Blue (AS reagent) 44 Essential oil 

Violet 
Hexane: Ethyl acetate (l :1) Red (SbCh) 75 Trite1penoids .. 

Pink 
Butanol : Acetic acid : Water 

Dark purple (VS reagent) 52 Tannins (4:1 :5) 

NP-PEG reagent: Natur,al product polyethylene glycol reagent 

VSreagent : Vanillin- sulphuric acid reagent 

AS reagent : Anisaldehyde .. sulphuric acid reagent 

: Antimony trichloride reagent 
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Table 3.3. TLC study ofethy~etate fr~etion of the methanolic extract ofK .. rotunda 

Colour of spots under Colour of spots onder long wave UV hRrvalues 
U!l long wave UV light light after spraying the spraying 
'i 
If reagent 

~ TLC TLC TLC TLC TLC TLC TLC TLC TLC 
£ 

1 2 3 1 2 3 1 2 3 

1 Dark Dark Dark Dark Dark Dark 87 89 90 

brown brown brown brown brown brown 

2 Yellow Yellow Yellow Yellow Yeiiow Yellow 68 'lQ .(1 
..JJ -'A 

florescence florescence florescence 

3 Brown Brown Brown Brown Yellow Brown 59 78 45 

TLC 1 : Glacial acetic acid~ Water (15:85). 

TLC 2: n-Butanol: Glacial acetic acid: Water (4:1 :5) 

TLC 3: Benzene-ethyl acetate~fonnic acid (9:7:4) 

Spray reagent: 5% solution of2-aminoethyl diphenyl borirtate in methanol 
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table 3.4. Columa aad Thia layer ehromatographk separatioJI of ethyl acetate 

fractioa of K. rotundQ. 

Eluent Fradion Residue of Colour ofTLC 

Hexaae:Ethyl acetate number selective spots with hRr Iufereace 
fraction (gm) values 

100:0 1-10 4.2 NIL ..... ~ :,;;olid 

90:1(} 11-18 1.6 NIL Fatty solid 

80:20 19-26 3.1 NIL Fatty solid 

70:30 27-31 3.7 NIL Fatty solid 

60:40 32-35 10.1 NIL Greenish 
semisolid 

50:50 36-41 11.3 NIL Darkgteen 
semisolid 

40:60 42-46 5.5 
Two yellowish Mixture of 
spots (88., 82) cm;npounds 

Two bright 
Mixture of 30:70 47-52 6.0 yellow spots 
compounds 

(77~ 88) 

20:80 53-56 3.5 Two yellowish Mixture of 
spots (79, 84) compounds 

10:90 57-62 3.5 Three brown Mixture of 
spots (87, 69) compounds 

0:100 63..{)8 2.0 Nil Colourless 
solids 

Spray reagent : 1% Aluminium chloride m ethanol 
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Table 3.5. Qu•Htative analysis of the c&$pound I isolated froan ethyl acetate 

fraction of K. rotunda21
"
23 

SLNo. Treatments Observations Inferences 

1 mg of the crystalline solid was dissolved in 0.5 
A bright yellow Presence of 

1 ml of methanol and treated with 1 ml of dilute 
colour flavonoid 

ammonia solution 

1 mg of the crystalline solid was dissolved in 1 ml 
A bright yellow Presence of 

2 of methanol and treated with 1 ml of0.1 N sodium 
colour flavonoid 

hydroxide solutions 

1 mg of the crystalline solid was dissolved in 1 ml 
A bright yellow Presence of 

3 of methanol and tre.ated with 1 ml of dilute sodium 
colour flavonoid 

carbonate solution 

1 mg of the crystalline solid was dissolved in 1 ml 
Yellowish green Presence of 

4 of methanol and allowed to react with 5% alcoholic 
co tour flavonoid 

ferric chloride solution 

1 mg ofthe crystalline solid was treated with 1 ml Yellowish green Presence of 
5 

of concentrated hydrochloric acid colour flavpnoid 

1 mg of the crystalline solid was treated with Red to. magen~ Presence of 
6 

magnesium hydrochloride solution (Shinoid's test) colour flavonoid 
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Table 3.6. TLC study of the compound I isolated from etbylacetate fraction of 

K. rotunda. 

Solvent system hRrvalues Colour of fluorescent prod11ced 

uv366nm UV:~66mn +AlCh 

TLC 1 88 D3rl<Brown Dark: Brown 

TLC2 81 Yellow Yellow 

TLC3 69 Brown Brown 

TLC 1 : Glacial acetic acid: Water (15:85) 

TLC 2: n-Butanol:Glaeial acetic acid: Water(4:1:5) 

TLC 3 : Ethyl acetate: Formic acid: Water (10:2:3) 

AlCh : Aluminium chloride in ethanol 

NH3 : Ammonia 

UV366nm +NH3 

Dark Brown 

Yellow 

Brown 
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Table 3.7. Preliminary playtocltemieal tests of extract of of E. cannabJnRIII 

Eupatorium cannabinum 

Phytoconstitnents Methanol EI.traet Etltyl aeetate fraction 

Alkaloids + -
Amino aeids + -

Proteins ~ -

Reducing sugars - ¥ 

Steroids and Triterpenoids + + 

Flavonoids + + 

Tannins + -
Saponins + -

Anthraquinones - -
Gums and Mucilages. - -

Volatile oil + -
' 

'+ve' indicates presence and '-ve' indicates absence ofthe phytoconstituents 
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Table 3.8. tLC study of methanolic leaf extract E. canttabinum 

Colour of C9'lour of the the spot 
Solvent syste._ underUV 

spotaft~r 

light 
spraying 

Ethyl acetate : Formic acid : Deep Brown 
Glacial acetic acid : Water Yellow (NP-l>EG 

(11>0:11:11 :2) reagent) 

Chloroform : Methanol : 
Blue 

Water Nil 
(64:50:1()) (VS reagent) 

Toluene : Ethyl acetate 
Blue 

Light green 
(93:7) (AS reagent) 

Violet 
Hexane: Ethyl acetate (1:1) Red 

{SbCh) 

Butanol : Acetic acid : Water Dark Pink 

(14:1:5) purp.le (VS reagent) 

Toluene: Ethyl acetate: Nil 
Orange 

Diethylamine (70:20:10) (DR G) 

NP~PEG reagent: Natural product polyethylene glycol reagent 

VS reagent 

AS reagent 

SbCh 

DRG 

: Vanillin- sulphuric acid reagent 

: Anisaldehyde- sulphuric acid reagent 

: Antimony trichloride reagent 

: Dragendorff reagent 

hRf 
values 

85 

60 

44 

73 

51 

25-

CGnstituent 
ptesent 

Flavonoids 

Saponin 

Essential oil 

Triterpenoids 

Tannins 

Alkaloid 
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Table 3.9. Tt.C study of ethyl acetate fraction of E. cannabitfUitL 

Colour of spots ,.nder long Colour of spots under long wave UV 
wave UV light light after spraying the spray reagent 

TLC 1 TLC2 TLC3 TLC 1 TLC2 

Orange Orange Orange 
Bright Bright 

yellow yellow 

Orange Ora11ge Orange 
Orange Orange 

florescence florescence 

Yellowish 
Yellow - Yellow Yellow 

green 

TLC 1: Chloroform :Ethyl acetate (6:4) 

TLC 2: n-Butanol: Glacial acetic acid: Water(4:1:5) 

TLC 3: Ethyl acetate: Formic acid: Water (10:2:3) 

TLC3 

Bright 

yellow 

Orange 

fl{)tescence 

Yellowish 

green 

Spray reagent : 5% solution of2 .. aminoethyl diphenyl borinate in methanol 

hRrvaluts 

TLC TLC TLC 

1 2 3 

64 51 66 

58 31 39 

42 47 38 
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Table 3.10. Columa and Thin layer chromatographic sepantion of ethylacetate 

fraetin of E. canMbinum 

Eluent 
Residue of Colour ofTLC 

Fraetioa 
seJee.ted spots with hRr Infereace 

Bexaae: ltthyl acetate number 
fractiou (gm} values 

100:0 1·12 4.1 NIL Fatty solid 

90:10 14~20 3.2 NIL Fatty solid 

80:20 21~28 3.7 NIL Fatty solid 

70:30 29~32 7.3 NIL Greenish 
semisolid 

60:40 33-35 8.5 NH... 
Greenish 
semisolid 

50:50 36-40 93 NIL Dark yellow 
semisolid 

40:60 4148 5.3 
Two yellowish Mixture of 
spots (70, 45) compounds 

Two bright Mixture of 
30:70 49-60 4.5 yellow spots 

compounds 
(70,44) 

~0:80 61-65 3.6 Two yellowish Mixture of 
spots (69, 43) compounds 

10:90 65-94 42 Three red spots Mixture of 
(67, 55, 29} compounds 

0:100 94-103 2.0 Nil Colourless 
solid 

Spray reagent: 1% Aluminium chloride in ethanol 
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Table 3.11. Qaalitative aaalysis of eomPQund n from ethylace(ate fraction of 

E. cannabin11111 

SI.No Treatment Observatien Inftrenee 

1 I mg of the amorphous pow~r was dissolved A bright yellow Presence of 

in 0.5 ml of methanol and treated with l ml colour flavonoid 

of diluted ammonia solution 

2 1 mg of the amorphous power was dissolved A bright yellow Presence of 

in l ml of methanol and treated with 1 m1 of colour flavonoid 

0.1 N sodiulll hydroxide solutions 

3 1 mg of the amorphous power was dissolved A bright yellow Presence of 

in 1 ml of methanol and treated with 1 ml of colour flavonoid 

diluted sodium carbonate solution 

4 l mg of the amorphous power was dissolved YeUow~h green Presence of 

in 1 ml of methanol and allowed to react colour flavonoid 

with 5% alcoholic ferric chloride solution 

5 1 mg of the amorphous power was treated Yellowish with Presence of 

with 1 ml of concentrated hydrochloric acid green florescence flavonoid 

6 l mg of the amorphous power was treated Red to magenta Pre8enceof 

with magnesium hydrochloride solution red colour flavonoid 

(Shinoid's test) 
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Table 3,12. TLC of the compouad li iso-.ted from ethyl acetate fractioa of 

E. C(lllnabinum. 

Solvent system bRrvalues Colour offluoreseeut prod•ced 

VVJ66nm uv366nm 

+AICh 

TLC 1 64 Orange Orange 

TLC2 59 Yellow Bright 

Yellow 

TLC3 41 Yellow Yellow 

TLC 1 : Chloroform: Ethyl acetate (6:4) 

TLC 2 : n-Butanol: Glacial acetic .acid: Water (4:1 :5) 

TLC 3: Ethyl acetate: Formie acid: Water (10:2:3) 

AICh : Aluminium chloride in ethanol 

NH3 : Ammonia 

uv3661!ffi 

+NH3 

Orange 

Bright 

Yellow 

Yellow 

ADB : S% solution of2- aminoethyl diphenyl borinate in methanol 

uv366nm 

+ADB 

Orange 

Bright 

Yellow 

Yellow 
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0;9 242nm 

Abs0.4 

0.2 

0 l 

~ ~ ~ ~ ~ 
Waveleftgth [nm] 

Filename Kaempferta rotunda 

Figure 3.2. UV-Visible Speetro photometric analysis of compound I from K.totuntla. 
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Figure 3.5. M-ass spectrum of compound I isolated from K. rotunda. 
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Figure 3.7. IR spectrum of compound II isolated from E. cannabinum. 
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CHAPTf8;4 ACJ.ITE TOXICITY STI.I/)IfS 

4.1.1ntroduetion 

Toxicology is the science that deals with the study of potential h~ful effects of 

chemicals and drugs on living organisms. The word toxicology is derived from two 

words toxicon (poison) ~nd logos (discourse) mean, study of poisons. The toxicologist, a 

specialist attained pharmacologist involved in the study of poisons, adverse or toxic 

effects of chemicals and dmgs on animals and human beings. The scope of toxicology 

encompasses the qualitative determination of poison/chemicals, their deleterious 

(injurious) effects on the living organism, their incidence, meehanism, factors modifying 

them and reversibility (treatment) of such adverse effect1
• 

Toxicology studies using anirnals and in vitro cellular or tissue preparations have been 

used to study the toxic effects and mechanism of action of drugs and chemicals and to 

determine the effectiv~ and safe dose of drugs in humans and the risk of toxicity from 

chemical exposures. Special attention should be paid to the solvent or dispersing ~ent of 

the drug as the texic effect may arise from the solvent and anitnat care during the period 

of the toxicity tests is of paramount importance. Drugs that survive the initial screening 

and profiling procedute must be carefully evaluated for potential risks befOre clinical 

testing is begun2
• 

The purpose of National Toxicology Program (NTP) is to identify toxic effects resuhing 

from exposure to a particular chemical or agent and to characterize dose-response 

relationsbip3
• Altltough chemicals and drugs can be evaluated for their toxic potential by 

using in vivo animal studies and in vitro models, it should 'be recognized that these testing 

procedUres are only component in the process of evaluating the potential toxic risk of 

drugs and chemicals. The evaluation of the toxicity of drugs and chemicals should 

include, when p<>ssible, data obtained from a number of investigative approaches4
•
5

, i.e. 

secular trend or eeologival trend analysis~. animal studies7
, phartnacokinetic, 

toxicokinetic, pharmacodynamic, and toxic dynamic studies8, mechanism of action 

(MOA) studie$9
, and basic science studies that pertaiu specifically to the studies, which 

include receptor affinity, cytotoxicity, genotoxicity, organ toxicity, neurotoxicity10
•
11 etc. 

The index of the acute toxicity is LDso (m:e<Uan lethal dose at wh~h 50 percent of the 

population dies), whioh should not be regarded as a biological constant, since different 

results are observed on ditli!rent sets of tests or when the investigations are carried out tL. 
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different labotatories. This has been in<licated very clearly in multicentric study carried 

out in the European community with five substances12
• Historically, the LDso was 

determined with high degree of precision and was used to compare toxicities of 

compounds relative to their therapeutic doses. It is now realized that high degree of 

precision may not be necessatlY to compare toxicities13
• Therefore, the median lethal dose 

is now estimated from ~ smallest number of anitruds possible14
• 

In screening drugs detenninationofLllso (the dose which has proved to be lethal to 500/o 

of the tested group of animals) is usually an initial step in the assessment and evaluation 

of the toxic characteristics of a substance. It is an initial asses-sment of toxic 

manifestations (provides information <>n health hazards likely to arise from short term 

exposure to drugs), and is one of the initial screening experiments perfurmed with all 

compounds. Data from the acute study may 

(a) serve as the basis for classification and labeling. 

(b) provide initial information on the mode of the toxic action of a substance. 

(c) help to arrive at a dose of a new compound 

(d) help to determine LDso values that provide many indices of potential types of drug 

activity. 

Aim of acute toxicity test ts to determine the therapeutic index i.e. ratio betw~en the 

lethal dose and the pharmacologically effective dose in the same strain and species 

(LDsoiEDsa). 

Greater the index, safer is the compound. LDso with co:nfidence limits is to be established 

on on~ common laboratory species such as mouse/rat using the standard method. The 

LDso dose thus found was administered to guinea pigs, rabbits. cats or dogs on weight 

basis (on basis of relative surface area gives better results).To determine the absolute 

dose for a species in the column, the abso,ute <lose given to the species in a row was 

multiplied by the factor given at intersection of the relevant row and column. Because of 

species variation, several species of animals (one rodent and one non rodent) were used 

to determine LDso. When a clearly different response was observed in any of these 

species, a larger number of tha~ species needs to be tested to establish the approximate 

LDso value. Thus we suggest a method of acute toxicity testing and calculation of LD50 
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that has to go through the entire process of vali4ation with different categories of 

substances before its final acceptance by the regulatory bodies15
• 

4.1.1. The median lethal oose (LDso) 

The median lethal dose or LDso is the dose which would be expected to kill one-half of a 

group of test animals of same species and strain. The LDso dose is usually expressed as 

milligrams or grams of material per kilogram of animal body weight (mglkg or g/kg). 

The material may be administered by mouth or applied to th¢' skin. The median effective 

dose (EDso) is the dose {mglkg body weight), which produces a desired therapeutic action 

in 50 percent of the test population16
• In this present study lethal dose (LDso) of the 

methanol extracts of K. rotunda rhizome and E. cannabinum leaves has been determined 

by oral route of administration on mice. 

4.2. Materials and methods 

4.2.1. Plant materials 

Methanol extracts of rhizomes of Kaempferia rotunda Linn. and leaves of EUpatorium 

cannabinum were used as test drug in these experiments and sodium CMC solution was 

used as control vehicle. 

4.2.2. Experimental animals 

Swiss albino mice of either sex weighing between 20-25 g were used for the study. They 

were housed in polypropylene cag~s maintained under standal1iized environmental 

cooditions and had free access to food and water. Ethical clearance was obtained from 

Institution Animals Ethical Committee for using animals in the present study method. 

Experiment was cpnducted in accordance to the guidelines provided by committee for the 

control and supervision of experiments on animals. 

4.2.3. Methods of evaluation 

Ten groups of animals were used taking ten animals in each group. Different doses of 

metba~ol extract suspended inl% w/v sodium CMC solution was administered orally to 

nine groups of animals. -One group of animal was treated as control and was fed with 1% 

solution of sodium CMC. The method ofLorke17 was followed to determine the acute 

toxicity of the extracts. The animals were kept under observation in open field conditjon 
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for 72 hrs after the administration of extracts of rhizome and leaves in oral route as 

mentipned earlier, and the number of deaths and sigt\s of clinical toxicity were recorded. 

The mxicological effect was assayed on the basis .of mortality, which was expressed as an 

LDso value. which was calculated by the graphical method of Miller and Tainter18
• 

In the groups with no dead animals and the groups with oply <lead animals, the obtained 

percentages were corrected using the following tbrmula: 

Correction formula for 0% dead group= 100 (0.25/n) 

Correction formula for 100% dead group= 10() [(n-0.25)/n] 

where 'n' represents the number of anim~ls in the group. 

After correction. the percentages were converted into probits ref~rring to the pro bit table. 

The values thus obtained were plotted against log dose. The dose corresponding to 50% 

or probit 5 was taken as LDso. Probit 5 on the Y~axis is interpolated tQ the X-axis to get 

log LDso, the antilogarithm of which gives LDso (Fig. 4.1. and 4.2.). 

SimilClrlY acute toxicity studies were carried out for isolated compow:tds of K. rotunda 

and E. cannabinum with six groups of animals (four animals in each group) by using UP 

down or Stair case method19
• Different doses of isolated compound I (150-325 mglkg 

b.w) and oompound II (150-250 mglkg b.w) suspended in1% w/v sodium CMC solution 

were administered orally to five groups of animals. One group of animal was treated as 

control. The numbers of death in each group within 24h were recorded. The LDso was 

estimated by the graphical method ofMiller and Tainter18
. 

4.3. Results 

The results ofthe a~;;ute toxicity studies ofmethanolic extracts ofrhizomesofKaempftria 

rotunda and leaves of Eupatorium cannabinum have been presented in table & fig. 4.1. 

and 4.2 respectively. The LDso of methanol extract of rhizomes of K. rotunda was found 

to be Sg/kg body weight where as the LDso of the methanol extract of E. cannbinum leaf 

was fuund to be 4.5glkg body weight by oral route. The LD50 of isolated compound I was 

found to be 2l3.7mglkg body weight (fable & Fig. 4.3) where as the LD50 of the isolated 

compound II was found to be 196.3mglkg body weight (fable & Fig. 4.4) by oral route. 

The doses were arbitrarily chosen which, was less than 1/1 oth of the median lethal 

dose20.21. 
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Table 4.1. Determination of LDso of methanol exmtct of/(. rotunda rhizom~ after 

oral-administr-ation in mice 

No. of 
Dose Log No of No of 

Dead Corrected Probit 
Group 

(mg/kg dose animals animJ~ls (%) dead(%) (y) 
bodywt.) (X) used dead 

1 500 2.69 10 0 0 2.5 3.04 

2 1500 3.17 10 1 10 10 3.72 

3 2500 3.39 10 2 20 20 4~16 

4 3000 3.47 lO 3 30 30 4.48 

5 4000 3.60 10 4 40 40 4.75 

6 5000 3,69 10 5 50 50 5.00 

7 5500 3.74 10 
,., 

70 70 5.52 I 

8 6000 3.77 10 8 80 8{) 5.84 

9 6500 3.81 10 10 100 97.5 6.96 

Corrected formula: for 0% dead= 100 x 0.25/n; for I 00% dead= 100 (n- 0.25)/n, where 
n is the number of animals jn eaeh ~roup. 

Table 4.2. Determinatioa of LDso of methaaol extraet of E. cannabinum leaves after 

oral admiaistratioa in mice 

No. of 
Dose Log No of No of 

Dead Corrected Probit 
Group 

(mg/kg dose animals animals; (%) dead(%) (y) bodywt.) (X) used dead 
l 500 2.69 10 0 0 2.5 3.04 

2 1000 3.00 10 1 10 10 3.72 

3 2000 3.30 lO 2 20 20 4.16 

4 3000 3.47 10 3 30 30 4.48 

5 4000 3.60 10 4 40 40 4.75 

6 4500 3.65 10 5 50 50 5.00 

7 5000 3.69 10 7 70 70 5.52 

8 5500 3.74 10 9 90 90 6.28 

9 6000 3.77 10 10 100 97.5 6.96 

Corrected formula for 0% dead= 100 x 0.25/n; for 100% dead= 100 (n- 0.25)/n, where 
n is the number of animals in each group. 
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Table 4.3. Determination .ofLDso of Isolated Compound I after oral administration 

in mlee 

No. of 
Dose Log No of No of 

Dead Corrected Probit 
Group 

(rnglkg dose animals aniJ11Als (%) dead(%) (y) 
bodywt) (X) used defld 

1 150 2.17 4 0 0 6.25 3.45 

2 175 2.24 4 1 25 25 4.33 

3 225 2.35 4 2 50 50 5.00 

4 215 2.43 4 3 75 75 5.67 

5 325 2.51 4 4 lOO 93.75 6.55 

Corrected formula for 0% dead = 100 x 0.25/n; for 1 000/o dead = 100 (n - 0.25)/n, where 
n is the number of animals in each group. 

Table 4.4. Determination ofLDso oflsolated Compound II after oral administration 

in mice 

No. of Dose Log No of No of 
Dead Corrected Probit 

Group 
(mglkg dose animals animals (%) dead(%) (y) bodywt.) (X) used dead 

1 ISO 2.17 4 0 0 6.25 3.45 

2 175 2.24 4 1 25 25 4.33 

3 200 2.30 4 2 50 50 5.00 

4 225 235 4 3 75 75 5.61 

5 250 2.39 4 4 100 93.75 6.55 

Corrected formula for 0% dead= 100 x 0.25/n; for 100% dead= 100 (n -0.25)/n, where 
n is the number of animals iu eooh group. 
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CHAPTER5 STUIJIES. ON ANTIQXIDANT ACTIVITY 

5 .. 1. Introduetion 

Reactive <>xygen species (ROS), such as superoxide anions, hydrogen peroxide, hydroxy4 

nitric oxide and peroxy nitrite nJdicals play an important role in oxidative stress related to 

the pathogenesisofvarious important diseases. In healthy individuals, the production Qf 

free radicals is balanced by the antioxidative defense system; however, oxidative stress is 

generated when equilibrium favors free radical generation as a result of a depletion of 

antioxidant levels. Oxidative damage, caused by the action of free radicals, may initiate 

and promote the progression of a number of chronic diseases, such as cancer, 

cardiovascular diseases, neurodegenerative disorders and ageing1
• Nitric oxide (NO) a 

diatomic free radical, is. synthesized in biological systems by constitutive and inducible 

nitric oxide synthase (eNOS) and (iNOSf. Excess generation of NO by NOS has been 

fotu.;~d to contribute too many diseases, such as carcjnogenesis, ~ptic shock, cerebral 

injury, atherosclerosis, rheumatoid arthritis, cell apoptosis and necrosis3
• Moreover, under 

pathological conditions, macrophages can greatly increase their production of both NO 

and superoxide anion simultaneously to fonn a peroxy nitrite anion (ONO(J), which is 

more toxic than o-2 or NO to biological systems,. by causing modification .of proteins4 or 

nucleic acid5
• Thus, reducing the NO gen<tta'tion in excess amounts is now accepted 

wid~ly as an important goal for the cbemopreve,ntion of various diseases, e.g.~ cancer. 

Search for natural antioxidants, especially from plant sources, as a potential preventive 

intervention tor ftee-radical mediated diseases has already turl:led into an attractive 

research field and a very important social issue for improvement of the quality of human 

life. PGlypbenols, including phenoJic acids, flavonoids, tannins, lignins and others are 

widespread in plant foods and in different medicinal plants. Plant phenolics may function 

as potent free radical scavengers, reducing agents, quenchers ofROS and protect against 

lipid peroxidation6
• 

Free radicals and oxygen derivatives are constantly generated in vitro both by accident of 

chemistry and specific metabolic pwposes. The reactivity of free radicals varies with 

many to cause inflammation or even sevete damage to biological m:olecQ.le, especially to 

DNA, lipids and proteins. The gerteratipn of free radicals during the metabolic process is 

now observed to be responsible for wide range of human condition such as ageing, 

cancer, atherosclerosis, arthritis, viral infection, stroke, myocardial infraction, pulmonary 
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condition, inflammatory bowel disease, neutodegenerative disease and others may be 

produced by reactive oxygen species (e.g., oxygen free radicals, hydrogen peroxide). The 

action of free radicals is counteracted by free radicals either endQgenous or exogenous 7• 

The term oxyg~n free radical refers to the form of o?cygen exhibiting high reactivity and 

having at least one unpaired electron. However, other reactive fonns of 02 are also 

known as non-free radical. Both these fonns are coHectively referred to as ~ive Oxygen 

Species (ROS) and include singlet oxygen, hydrogen peroxide, hydroxyl radical8
• They 

are produced continuously by ionizing radiation as well as by the byproduct of cellular 

met&bolism, which are toxic and are important factor for several pathological conditions 

such as diabetes, inflammation and cancer9
•
10

• 

Free radicals are a normal product of metabolism; the body produces its mvn antiox:ida.,ts 

(e.g., the enzyme superoxide dismutase) to keep them in balance. However, stress, 

ageing, and envirQnmen~al sources such as polluted air and cigarette smoke can add to the 

number of free ra~Hcals in the body, creating an imbalance. The highly reactiye free 

radicals can damage healthy DNA and have been linked to changes that accompany 

ageing (such as age-related muscular degeneration, a leading cause of hlindness in older 

people) and with disease processes that lead to cancer, heart disease and stroke11
• 

Antioxidants act as a major defense against radical mediated toxicity by pr()tecting the 

damage caused by fr~e radicals. Potential antioxidant therapy should therefore inchtde 

either natural antioxidant enzymes or agents, which are capable of augmenting the 

function ofthis oxidative free radical scavenging enzymes12
• 

Antioxidants are molecules that slow or prevent the oxidation of other molecules. 

Oxidation is a chemical reaction that transfers electrons from a substance to an oxidizing 

agent. Oxidation reactions can produce free radicals, which start chain reactions that 

damage ceUs. Antioxidants tenninate these chain reactions by removing radical 

intermediates, and inhibit other oxidation reactions by being oxidized themselves. As a 

result, antioxidants ate often reducing agents such as thiols or polyphenols13
• 

fu biological systems, the normal processes of oxidation produce highly reactive free 

radicals. Antioxidants work by binding to the free radicals, they transforms them into 

non-damaging compounds or repairs cellular damage. They are able to easily donate 

electrons to molecules that need ofan electron, such as free radicals, before they steal one 
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from some place else, thus stabilize and prevent a damaging chain reaction. The 

antioxidant molecules interact with the oxygen free radicals and halt the spread of cancer 

causing cells with damaged DNA before other vital molecules are damaged and they 

neutralize the production of free radicals which are chemical complexe$ that cause hann 

to our cefts and play a major role in the disease process. 1 ~ 

Antioxidants help aJ}eviate the symptoms and side effects of many of these diseases. 

According to the free radical theory, radicals daQ1age cells in an organism, causing 

ageing. Antioxidants break the free radical chain reaction by sacrificing electrons, and 

then humbly existing without stealing more. The body naturally circulates many nutrients 

for their antioxidant properties, and. creates antioxidant enzymes just for the purpose of 

controlling free radicals and their chain reactions. Antioxidants are thought to thwart 

heart disease by preventing oxidation. Antioxidants combat chronic inflammation. 

Vitamin E suppresses platelet stickness, acting as an anticoagulant to discourage the 

formation of clots that lead to heart attacks. Vitamin C decrease.s a blood· factor needed to 

build clots. Antioxidants fight cancer by neutralizing DNA-damagirtg free radicals. 

Antioxidants neutralize free radicals as the natural by-product of normal cell processes 

and prevent injury to blood vessel membranes, helping to optimize blood flow to the 

heart and brain, defend against cancer-causing DNA damage, and help to lower the risk 

of cardiovascular disease and dementia, including Alzheimer's disease. Antimddants can 

cancel put the cell..damaging effects of free radicals15 and people who eat fruits and 

vegetables rich in polyphenols artd anthocyanins have a lower risk of cancer~ heart 

disease and some neurological <.li~ases 16
• This observation suggested that these 

compounds might prevent conditions such as macular degeneration 17
, supp~ssed 

immunity du~ to poor nutrition18 and neurodegeneration, which are caused by oxidative 

stress19
• 

Antioxidants are found in varying amounts in foods such as ve'getabtes, fruits, grain 

cereals, legumes and nuts. Some antioxidants such as lycopene .and ascorbic acid can be 

destroyed by long-term storage or prolonged cookini0.21
• Other antioxidartt compounds 

are more stable, such as the polyphenolic antioxidants 1n foods, whole-wheat cereals and 

tea22
,
23

• In general, processed foods contain less antioxidant than fresh and uncooked 

foods, since the preparation processes may expose the food to oxygen24• 
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Many herbal plants contain antioxidant compounds and these compounds protect cells 

against the damaging e:flects of reactive oxygen species, such as singlet oxygen, 

superoxide, peroxyl ('adicals, hydroxyl radicals and peroxy nitrite25
•
26

• An imbalance 

between antioxidants and reactive oxygen species results in oxidative stress, leading to 

cellular damage. Several authors demonstrated that antioxidant intake is inversely related 

to mortality from coronary heart disease and to the incidence of heart attacks27
-
29

• As well 

as antioxidant defense system of our body, antioxidants that are mainly supplied as 

dietary consumptions can also impede carcinogenesis 'by scavenging oxygen radicals or 

interfering with the binding of carcinogens to DNA which includes vitamin C, vitamin E 

(tocopherol), carotenoids (carotene, cryptoxanthin, lutein, zeaxanthin, lycopene) and 

several pot:ypbenolic compounds including flavonoids (catechins, :tlavonols, flavones, 

isoflavonoids30
•
31

). In particular, phenolic compounds have been rePQrted to be 

associated with antioxidative action in biological systems~ acting as scaven~rs of singlet 

oxygen and ftee radicals. The commercial development of plants as sources of 

antioxidants to enhance health and food preservation is of current interest32
• 

Plant extract screening studies pointed out fiu.1her investigations, as several promising 

plant materials with strong free radical scavenging pro~rties showed up, Plants are Jbe 

rich source of compounds, which may protect organism from free radical itljury and 

disease33• 

The aim of the present study is to detennine the antioxidant activity of the methanol 

extract of K. rotunda Linn. and E. cannabinum Linn. For this purpose~ plant extracts were 

tested for antioxidant activity and their capacity to reduce lipid peroxidation by using 

malonaldehyde (MDA) and 4-hydroxy 2-nolnel (4·HNE) as the model molecule. 

5.2. Materials and methods 

Methanol extracts of K. rotunda :rhizomes and E. cannabinum leaves were used as test 

drug in these experiments. The crude extracts were mixed with DMSO to prepare the 

stock solution (lOJJ.g/lOml). The test samples were prepared from stock solution by serial 

dilution to attain the concentrations of 100, 200, 500 and lOOOfJ.g/ml. 
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5.2.2. Drugs aad ehemieals 

Thiobarbtturie acid (TBA) was obtained from Loba Chemie~ India. 2t 4 dinitrophenyl 

hydrazine (DNPH) and 1,1,3,3-tetramethoxy propane (TEP) were obtained from Sigma 

Chemicals, USA. Dimethyl sulphoxide (DMSO), ethylenediamine tetra acetic acid 

(EDT A), ferrous sulphate, trichlot:oacetic acid (TCA), hydrogen peroxide, ascorbic acid, 

potassium dihydrogen phosphate, potassium hydroxide, hexane, methanol and HCI were 

of analytical grade and obtainec;l from Ranbaxy Fine Chemicals. 4-HNE (4 hydroxy- 2 

noneal) was obtained from Ranbaxy Ltd. as gift sample. All other chemicals and reagents 

used were of analytical grade. 

• Preparation of 5 mM DNPH 

100 mg ofDNPH was dissolved in 100 ml of0.5 M HCl and stirred for approximately l 

hour at room temperature. It was filtered to remove nndissolved DNPH and stored in an 

amber coloured bottle. 

• Preparatioa of0.5 M HCJ 

21ml cone. HCI was added to 479ml ofwater to produce 500ml of0.5 M HCL 

• Preparation of 4 ... BNE {4 llydroxy-2 no neal) primary standard 

lmg of 4 .. HNE {6.4 J!mole) was dissolved in 6.4 ml of methanol to give a lmM solution. 

Diluting i OOJ!l of the solution to Sml in methanol in a volumetric flask the solution was 

standardized and the absorbance was measured at 220nm using methanol as blank. The 

concentration of 4-HNE in the primary standard Wl:\S calculated using the following 

equation. 

4-HNE== (A220 /13750) X 50 

Where A22o is the absorbance at 220nm 

•tJ750' is the molar extinction co-efficient for 4-HNE in methanol and 50 is the dilution 
factor. 

5.2.3. Preparation of goat liver homogenate 

The liver was chosen to estimate the markers of lipid peroxidation because the 

metabolites from liver may diffuse into various extra hepatic tissue causing lipid 

peroxidation and cellular damage34
• The goat liver was purchased from loc.al market and 

collected in phosphate buffer (pH-7.4). The liver was homogenized in lOOml of 
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phosphate buffer and filtered to get clear homogenate. This homogenate was used to 

estimate the lipid peroxidation matkers. Necessary steps were tak~ as much as possible 

to simulate the conditions of in vitro system. 

5.3.In Vitro antioxidant adivity of rhizomes of K. rotunda Li_.n. 

5.3.1. Lipid peroxidation modelt.tn MDA marker suppression adivity 

The extent of lipid peroxidation in goat liver homogenate was measured in vitro in tenns 

of formation of thiobarbituric acid reactive substances (!BARS) by using standard 

method35
• Goat liver was purchased from local market. Its lobes were dried between 

blotting papers (to remove excess blood) and were cut into small pieces with a heavy

duty blade. They were then homogenized itl glass·teflon homogenizer tube in cold 

phosphate buffer saline (pH 7.4). The content was centrifuged at 2000 rpm for lOmin. To 

study the comparative response. the experiment was performed in six conical flasks. 

Liver homogenate (3rnl) was aliqu<>ted to each of the flask. The flask number one and six 

were treated as control and standard where buffer and vitamin C were added respectively. 

To the no. two to five flasks different concentrations of methanol extract (1 00, 260, 500 

and l006J.tg/ml) were added respectively. Lipid peroxidation was initiated by adding 

1 OOJ1l 9f lSmM ferrous sulpha~ solution to 3ml of liver bom(}genate in six tlas~6• After 

36min, 1.5ml of each reaction mixtut'e was taken into centrifuge tubes contajnin8 l.Sml 

of 10% TCA. After 10 minutes, tubes were centrifuged and superhatant was sepat1lted 

and mixed witlt 1.5ml of0.67% TQA. The mixture was heated in a water bath at &SOC :lbr 

30min and in a boiling water bath to complete the reaction. The intensity of pink colored 

complex fonned was moasured at 530nm ill a spectrophotometer (Shimadzu 1601). The 

TBARS concentration was caleulatcd by using standard graph37,38• 

:5.3.2. Lipid peroxidatio_. nwdel on 4:-HNE suppression aetivity 

The liver supernatant was prepared as the procedure mentioned in 5.2.6. The liver 

homogenate was divided into six conical flasks containing 3ml in each. The :Qask number 

one and six were treated as eontrol and standard where buffer and vitamin C were added 

respectively. To the no. two to five flasks~ different concentrations of methanol extract 

(100,200, 500, lOOOJlglml) were added. All the conical flasks were placed in mechanical 

shaker. After two hours the liver sample was transferred to the centrifuge tubes (3 for 
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each set i.e. control and so on). 2ml of TCA was added to all the centrifuge tubes and 

centrifuged for 30 minutes then the supernatant was filtered and 2ml of filtrate was taken 

in a 13xl00mm glass tube with cap. lml ofDNPH was added to all the tubes containing 

liver supernatant~ mixed and set aside for lh to react with 4-HNE. Then the formed 

adduct of 4-HNE and DNPH was extracted by hexane, which was evaporated under 

argon at 40°C. After cooling, 2ml of methanol was added to all the samples and the 

absorbance was measured at 350nm in the spectophotometer39
• The quantity of 4-HNE 

was calculated by linear regression analysis4
Q. 

5.3.3. Preparation of standard calibration curves 

• Standard curve for tile estimation ofMDA 

Different aliquots from TEP solutions were taken graduated stopper (lOmi.) test tube at 

volume of each solution was made up to Sntl. TBA reagent {5ml) was added and the 

mixtures were heated in a steam bath for 30 min. to develop pink coloured solution. The 

solutions were cooled to room temperature and absorbances were noted at 530nm using 

TBA reagent as blank. A curve was obtained by taking cone. vs absorbance (Fig. 5.5). 

The quantity of MDA was calculated by using the following equation: 

~M of MDA = 6.578 X 1 0"3 I A. where A is the absorbance at 530nm. 

• Standard curve for tile estimation of 4-HNE 

2ml of 4-HNE sample {300, 400, 500 and 600.,._1) was pipette out and transrerred into a 

l3x100 mm glass tube with cap. 3.lml of DNPH reagent was added to all the samples 

and mixed by cyclomixer and allowed to react at room ~mperature for lh. The samples 

were extracted with 2ml aliquots of hexane combining the extracts in a glass tube. 

Hexane portion was evaporated under argon at 40°C and reconstituted with methanol. 

The absorbance was measured at 350nm. The standard calibration curve w~s plotted 

between absorbance and concentration of 4-HNE, which is shown in fig. 5.6. A linear 

regression analysis was performed to determine the slope and intercept of the calibration 

line. 

The quantity of 4HNE ts calculated based on the results of the linear regression analysis 

using the following equation. 

nmole of 4-HNE = (4-HNE peak area- intercept) I slope 

134 



CHAPTfR5 STUDIES QN ANTIOX[()ANT ACTIVITY 

5.4. In vitro antioxidant activity of leaves of E. cannabinum Linn. 

The antioxidant activity of methanol extract uf E. ccmnabinum leav,es was determined as 

per the methods described above in 5.3.1 and 5.3.2 forK. rotunda Linn. 

5.5. Results 

The experimental study was based on the estimation of MDA an4 4-HNE artd their 

suppressioh by the extracts of K. rotunda Linn. and E. cannabinum Linn. which is 

presented in table 5.1, 5.2, 5.3~ 5.4 respectively. From the experimental results, it bas 

been proved "that the metbanolic extract of both the plant has significant antioxidant 

activity. This study also cortfinned that the lipid peroxidation was significantly controlled 

at low concentration of extmcts of K. rotunda Linn. The quantification of MDA and 4-

HNE can be directly correlated with the lipid peroxidation inhibition capacity of the 

extract. The toxic radicals quantification is also an indicator to monitor the overall 

progress of polyu~saturated fatty acid oxidation. The antioxidant activity of K. rotunda 

Linn. was studied by dose dependent manner. From the fig. 5.1 and 5.2, it was concluded 

that the significance of antioxidant activity has inverse relationship with dose i.e. high at 

low dose and vice versa. The extract at 1 OOJ.tg/ml and 200J.tg/ml has significant and 

moderate antioxidant activity respectively but 500 and 1 QOOJ.tg/ml has insignificant 

activity. From the fig. 5.3 and 5.4 the antioxidant activity has been observed in higher 

doses in case of E. cannabinum Linn. The dose of lOOJ.tg/rnl and 200J.tg/ml has 

insignificant activity whereas 500J:~;g/ml and 1 OOOf.Lg/ml has moderate and significant 

antioxidant activity respectively. The antioxidant activity of extracts was compared with 

standatd antioxidant (ascorbic acid). The results were analyzed statistically and found 

significaQ.t at P<0.05 levels. 

From the clinical point of view, the ftee. radicals and lipid derived metabolites have been 

strongly implicated in the pathology of various diseases such as myocardial intkrction, 

diabetes mellitus, hepatic injury, atherosclerosis, rheumatoid arthritis $ld caacer. lhe 

ftee radicals i.e, MDA and 4-HNE have strong link with the above-mentioned dise~s. 

The supp~ssion of the rac.ficals by the methanolic extract of rhizomes of Kaempforia 

rotunda and leaves of Eupatorium cannabinum in the above study has thus been 

correlated with the antioxidant potential of the plant and this information can be used to 

control the age dependent diseases mentioned above. 
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Table 5.l.In vitro antioxidant activity of K. rotunda Ljnn. on lipid peroxidatiota by 

MDAOlodel 

Flaskuo. 
Coaeentration of extraet 

(f'g/ml) 

Control 
1 

(Phosphate buffer pH 7.4) 

2 100 

.... 200 .J 

4 500 

5 1000 

Standard 
6 Ascorbic acid 

(250mglkg body wt.) 

Y = Me~ conc~1tration 

S.E. = Standard error 

The values are significant at P < 0.05 

Conceatration of Average of MDA 
MDA(pM) (t :t: S.E) 

18.97 
19.13 18.87±0.18 
18.52 

14.02 
14.59 14.44±0.21 
14.71 

16.96 
16.57 16.86±0.15 
17.(}5 

17.28 
17.47 17.29±0.09 
17.13 

17.97 
17.81 17.95±0.08 
18.08 

13.95 
13.17 13.57±0.22 
13.59 
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Table 5.2. In vitro aatioxidant adivity of 1(. rotunda Linn. by 4-BNE model 

Flukno. 
Concentration of extract 

(pg/~1) 

1 

2 

3 

4 

5 

6 

Control 
(Phosphate buffer pH 7.4) 

100 

200 

500 

1000 

Standard 
Ascorbic acid 

(250mglkg body wt.) 

'f = Mean concenttation 

S.E. = Standard error 

Concentration of 
4-HNE(nM) 

97.29 
97.92 
97.56 

82.45 
83.09 
83.17 

89.18 
88.72 
89.05 

93.12 
94.09 
93.$3 

95.32 
94.87 
95.09 

75.52 
75.86 
76.08 

The values are significant at P < 0.05 

Average of 4 .. HNE 
(X± S.E) 

97.59±0.18 

82.90±0.23 

83.98±0.13 

93.58±0.28 

95.09±0.13 

75.82±0.16 
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Table-5.3. In vitro antioxidant activity of E. cannabinum Lbm. on lipid peroxidation 

by MDA;model 

Concentration of extract Concentration of Average ofM"QA 
(pg/ml) MDA(p.M) (1: ::~; S.E) 

Control 
18.97 

(Phosphate buffer pH 7.4) 
19.13 18.87±0.18 
18.52 

18.01 
100 17.75 17.87±1.89 

17.85 

16.95 
200 17.01 17.01±0.63 

11.09 

16.32 
500 16.35 16.33±0.036 

16.32 

15.20 
1000 15.21 15.21±0.56 

15.22 

Sta,ndard 13.95 
Ascorbic acid 13.17 13.57±022 

(250mglkg body wt.) 13.59 

'X = Mean concentration 

S.E. = Standard ettor 

The values are ~ignificant at P < 0.05. 
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Ta~le~5.4.1n vitro effeet of E. cannabinum by 4-BNE model 

Concentration of extra(t 
(pg/ml) 

Control 
(Phosphate buffer pH 7.4) 

. 

100 

200 

500 

1000 

StaJ1<iard 
Ascorbic acid 

(250mglbody wt,) 

x = Mean concentration 

S.E. =Standard error 

Concentration 
of 4-HNE(nM) 

97.29 
97.92 
97.56 

81.04 
81.66 
82.27 

79.82 
80.33 
80.74 

79.20 
79.82 
80.43 

77.67 
77.06 
77.36 

75.52 
75.86 
76.08 

The values are significant at P < 0.05. 

Average of4-HNE 
f~::t: S.E) 

97.59±0.18 

81.65±0.35 

81.04±0.35 

79.81±().35 

77.36±0.17 

75.82:£:0.16 
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Fig.S.l. Antioddant activity of K. rotunda Linn. by M:DA suppre$ioD model 

Each par represents the average of three determinationS: with standard error 

The probability levels of changes are significant at P < 0.05 
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Fig. 5.2. Antioxidant activity of K. rotunda Linn. by 4-HNE suppression model 

Each bar repre&ents the average of three determinations with standard error 

The probability levels of changes are significant at P < 0.05 
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Fig.5.3. MDA suppression activity of Ellpatorium cannabihum 

Each bar represents the average ofthree 4etermination~ with standard error 

The probability levels of changes are significant at P < 0.05 
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Fig.5.4. 4-HNE suppression activity of EupatoriulfJ canlfabinum 

Each bar represents the average of three determinations with standard error 

The probability levels of changes are significant at P < 0.05 
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6.1. Introduction 

Wound may be defined as a loss or breaking of cellular and anatomic or functional 

continuity of living tissueL. It may result from trauma or from a surgical in<:ision. The 

capacity ofa wound to heal depends on its depth, as well as on the overall health and 

nutritional stab.ls of the individual. Normal wound healing response begins the moment 

the tissue is injured. It is the process of repair that follows injury to the skin and other soft 

tissue. Following injury, an inflammatory response occurs and the cells below the dermis 

(the deepest skin layer) begin to increase collagen (connective tissue) production. Later, 

the epithelial tissue (the outer skin layer) is regenerated?. 

In other words it is a break in the structure of an organ or tissue caused by some external 

factor. Most wounds affect the skin, the first line of defense against .tltfection. Common 

exan1ples include brttises, grazes, tears, cuts, punctures (made by pointed objects), 

incisions (dean cuts), contusions (may not break the skill but can cause damage), 

laceratioo.s (jagged, irregular cuts), and bums. While most 1:1linor wounds heal easily, 

some can worsen into chronic open sores that can become se1·iously infected3
. 

Moreover wouuds are physical injuries that result in atl opening or breaking of the skin. 

Proper healing of wounds is essential for the restoration of disrupted anatomical 

continuity and disturbed functional status of the skin. This is a product of the integrated 

response of sev~ral cell types to injury. Wound healing is a cotnplex process that results 

in the contractio11 and closure of the wound and restoration of a functional barrier4
. 

Cutaneous wound repair is accompanied by an ordered and defmable sequence of 

biological eve11ts starting with woun<i closure and progressing to the repair and 

remodeling of damaged tissue5 .Repair of injured tissues includes inflanunation, 

proliferation. and migration of different cell types6
. Inflammation, which constitutes a 

part ofthe acute response. results in a coordinated influx ofneutrophils at the wound site. 

Wound healing or wound repair, is the body•s natural process of regenerating dennal and 

epidermal tissue. When an individual is wounded, a set of events takes place in a 

predictable fashio11 to repair the damage. These events overlap in time 7·
8 and must be 

artificially categorized into separate steps: the inflammatory, proliferative, and 

remodeling phases
9

. In the inflammatory phase, bacteria and debris are phagocytized and 

removed and factors are released that cause the migration and division of cells involved 
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in the proliferative phase. The proliferative phase is characteri~d by angjogenesis, 

collagen deposition, granulation tissue form~tion, epithelialization, and wound 

contraction10
• In angiogenesis, new blood vessel~ grow from endothelial cells11

• In 

fibroplasia and granulation tissue fonnation, fibroblasts grow and form a new, 

provisional extracellular matrix (ECM) by excreting collagen arid fibronectin. 

In epithelitdization, epithelial cells crawl across the wound bed to cover it. In contraction, 

the wound is made smaller by the action of myofibroblasts, which establish a grip on the 

wound edges and contract themselves using a mechanism similar to that in smooth 

muscle cells. When the cells' role is close to c<,>mplete, the un-needed cells undergo 

apoptosis. In the maturation and remodeling phase, collagen is remodeled and realigned 

along tension lines and cells that are no longer needed are removed by apoptosisi2
• 

Wound healing is a complex phenomenon involving a number of processes, including 

induction of an acute inflammatory process, regeneration of parenchymal inflammatory 

process13 migration and proliferation of both parenchymal and connective tissue cells, 

synthesis of extracellular matrix (ECM) proteins, remodeling of connective tissue and 

pa~hymal components, and acquisition of wound strength1
\ AU these steps are 

orchestrated in a controlled manner by a variety ofcytokines including growth factors15
• 

Some of these growth factors like platelet-derived growth factor B (PDGF), transforming 

growth factor B (TGF-B}, fibroblast growth factot (FGF} and epidermal growth factor 

(EGF} have been identified in self-healing wounds16• In chroniC wounds, the notmal 

healing process is disrupted due to some unknown reasons, and in su"'h cases, exogenous 

applicati<.m o~ certain growth-promoting agents or compotJllds, which can enhance the in 

situ generatioJl of these growth factors, is required to augment the healing process. 

Several factors delay or reduce wound repairing, including bacterial infection, necrotic 

tissue, and interference with blood supply, lymphatic blockage and diabetes mellitus. 

Generally if the ~ve factors could be inhibited/controlled by any agent, increasing 

healing rate could be achieved 17• 

Wound healing is an important biological process involving tissue repair and 

regeneration, A wound is described as "a break in the continuity of tissue, from violence 

or trauma" and is regarded as healed if there is a restoration of the wounded or inflamed 

tissue to normal condition 18
• This can be classified into any of three types - healing by 
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ftrst intention, healing by second and then by ~hir<l. In wounds healed by the first 

intention, the edges are smoothly closed that no scar is left. On the other hand, wound 

healing by second intention involves formation of granulation tissues, which fill up the 

gaps between the wound edges and is associated with significant loss of tissue, leaying 

little scars. Wounds healed by third intention, are usually those left open for three to five 

days until granulation bed falls before they are sutured, generally resulting in extensive 

scar formation. 

There are four distinct stages involved in wound healing namely, inflammatory stage, 

debridement stage, proliferation stage and maturation/remodeling stage. When an injury 

occurs~ the vascular integrity of the injured area is disrupted leading to extravasations of 

blood into the surrourtding tissue or plasma when the damage is minor. The inflammatory 

stage is directed at preventing further loss of blood by platelet adhesion/accumulation at 

the site leading to coagulation those results to the formation of thrombus. The 

debridement stage occurs from the third to the sixth day after injury and involves the 

appearance of neutropbils to clear cQntaminating organisms. The proliferation or repair 

stage is characterized by endothelial budding in the n~by blood vessels fotming new 

capillaries that penetrate and nourish the injured tissue. The maturation stage commences 

from the tenth day to several months depending on wound severity19
• 

Certain factors that influence wound healing include bacterial infection, nutritional 

deficiency, drugs~ sterility, obesity, movement of wound edges, site of wound and 

wasting diseases20
• Several classes of drug have been used in the management of wounds. 

Among these are the antibiotics; penjcillin and streptomycin have been widely employed 

in combating post-operative infections in man and animals21
• The antibiotics are chosen 

based on their ability to destroy or inhibit the growth of pathogenic organisms, while the 

tissue is left unharmed. Antibiotics used should be applied to achieve maximum 

concentration in the tissue as quickly as possible and continued wttil 48h dter 

disappearance of symptoms unless signs of toxicity are shown22• The wound healing 

activities of plants have since been explored in folklore. The significant successes 

recorded have led to investisa.tion into medicinal plants with a view to con:finning these 

acclaimed properties. Records have revealed that different parts of plants used fur healing 

of wound contain some active principles23• 
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Wound healing is a process by which a damaged tissue is restored as closely as possible 

to its normal state artd wound contraction is the pr{)cess of shrinkage of area of the 

wound. It mainly depends on the repairing ability of the tissue, type and extent of damage 

and general state of the health of the tissue. The granulation tissue of the wound is 

primarily composed of fibroblast. collagen, edema, and small new blood vessels. The 

undifterentiated mesenchymal cells of the wound margin modulate themselves into 

fibroblast, which start migrating into the wound gap along with the fibrin strands. The 

coHS$en composed of amino acid (hydroxyproline), the major component of extra 

cellular tissue, which gives strength and support. Breakdown of collagen liberates free 

hydroxyproline and its peptides. Measurement ofthe hydroxylproline could be used as an 

index for collagen turnover. Wound healing is the process of repair that follows injury to 

the skin and other soft tissues. 

Dietary modifications and nutritional and herbal supplements may improve the quality of 

wourtd healing by influertcing these reparative processes or by limiting the damaging 

effects of inflammatiott. Nonnal wound healing response begirts the moment the tissue is 

irtjured. Wound healittg is the process of repair that follows injury to the skin and other 

soft tissues. Following injury, an inflammatory respopse occurs and the cell& below the 

dennis begirt to increase collagen production. Later, the epithelial tissue is regerterated2
• 

Tissue healing is art important process, which is the ~is of various surgical 

manipulations. It can be enhanced by using several herbal drugs having antiseptic, anti

inflammatory, antimicrobial and biostimulator property. There are certain plants. which 

are proved helpful itt wound healing, fra¢ture healing and healing of nervous tissue in 

animals24
• 

The process of wound healing is promoted by several ntttural prod'J).cts25 (plant products), 

which are composed of active printiples like 1riterpenes, alkaloids, flavonoids26 and 

biomolecules27
• India has a rich tradition ofplant .. based knowledge on healthcate. A la:rge 

number of plants/pl-ant extracts/decoctions or pastes are equally used by tribals and 

fofklore traditions in India for treatment of cuts, woun4s, and bums. The present review 

thus attempts to analyze the ethrto botanical krtowledge base for treatment of cuts artd 

wounds which irtcludes usage of plants, methods employed by tribals artd folklore 

practices prevailing in India. Pharmacological reports available on Indian medicinal 
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plants employing various wound healing models and its underlying molecular 

mechanism, wherever available, has also been briefly reviewed. This pharmacological 

validati<)n on Indian medicinal plants is very limited and a large number of plants used in 

tribal and folklore with enormous potential have not been validated for their wound 

healing activity. This review therefure attempts to bridge the lacunae in the existing 

literature and o:t"furs immense scope for researchers engaged in validation of the 

traditional daims and development of sate and effective and globally accepted herbal 

dtugs for cuts and wounds28
• 

Several dmgs of plant mineraL and anunal origin are described m the Ayurveda for their 

wound healing properties. Most of them derived from plant origin. Some of these plants 

have bee.1 screened scientifically for the evaluation of their wound healing activity in 

different pharmacok>gical moelels and patients, but the potential of most remains 

uneXplored29
• 

The majority of the world's population :relies on traditional medicine for their health care 

in the treatment of wounds. In developing countries, remedies prepared from herbal 

plants have been widely used for the treatment of soft tissue wounds and bums by 

traditional ptactitioners. 

The objectives of the pharmacology of wound healing are to study the influ~nce of 

various measures in wound management programs on healing and to screen drugs that 

promote healing. So, search for natural remedies for healing has drawn attention to 

herbals_ However. the intensive research in wound healing has not yielded, until now, a 

safe, economic; and efficacious prohealing agent that could obviate the long 

hospitalization of patients :f(>llowing surgery and wound infliction. In this context, 

screening of our natural :resources as one of the strategies for identification of such agents 

would seem highly benefiCiatlQ. 

A review of literature revealed that the wound healing property of these plants have not 

been subjected to scientific evaluation. Hence the present work was undertaken to 

ev~luate the effect of methanol extracts and the isolated compounds on excision, incision 

and dead space wound models on rats. 
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6.2. Materials anti Methods 

6.2.1. Plant materials 

Methanol extracts of rhizome of Kaempferia rotunda and leaves of Eupatorium 

cannabinum as well as their isolated compounds were used as test drug in th~se 

experiments. 

6.2.2. Drugs and chemicals 

All the chemicals used in this study were procured from an authorized dealer and were of 

analytical grade. Methanol was obtained from LOBA chemicals Koikata. sodium 

~lginate, carboxymethyl cellulose and Framycetin sulphate cream obtained from Zydus· 

Cadila. Methanolic extract of rhizomes of Kaempferia rotunda Linn. and leaves of 

Eupatorium cannhinum Linn. used in this study were extracted in our laboratory. 

"6.2.3. Test eompoun'd fo.-mulations 

Two types of drug formulations were prepared from each of the extracts and their isolated 

compound-I and ll fur topical administration. Different concentrations of ointment were 

prepared in 2% sodiurn alginate base. Oral suspensions of the rhizome and leaf extracts 

and isolated compounds were prepared by suspending them separately in 1% solution of 

sodium carboxy methylcellulose to obtafu suitable dosage forms. 

6..2.4. Experimental animals 

Swiss Wistar strain rats of either sex 150.,..200g were used for the study. They were 

procured from the laboratory animal resource section of the Himalayan pharmacy 

institute. The rats were housed in polypropylene cages on normal food and water ad. 

libitum. Animals were periodically weighed before and after experiments. The rats were 

anaesthetized prior to infliction of the experimental wounds. The surgical interventions 

were carried out under sterile conditions using light ether anesthesia. Animal$ were 

closely observed fur any infection; those, which showed signs of infection, were 

separated and excluded from the study. AU experimental protocols were reviewed and 

accepted by the Institutional Animal Ethics Coll'lnlittee (IAEC) prior to the inith:~tion of 

the experiment and as per Indian norms laid down by the committee for the purpose of 

control and supervision of experimental animals (CPCSEA), New Delhi. After wounds 
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were created as described in the succeeding paragraph, animals were randomly assigned 

for treatment. 

6.3. Wound healing activity of the extract and the isolated compound of 
Kaelflpferia rotunda. 

Excision, incision and dead space wound models were used to evaluate the wound 

healing activity of rhizome and isolated compound of Kaempferia rotunda. 

6.3.1. Excision Wo.und model 

The rats were inflicted with excision wounds as described by Morton and Malon31
• Under 

light ether aJ}esthesia a circular wound of about 500sq.mtn was made on depilated ethanol 

sterilized dotsal thoracic region of the rats. The anhnals were divided into six groups of 

six each. the animals of group I was left untreated and considered as the control. Group 

II served as reference standard and treated with 1% w/w ftamycetin sulphate cream. 

Animals of group UI and N were treated with ointment containing 200 and 400mg of 

methanol extracts of Kaempferia rotunda m~<mte respectively. Group V and VI were 

treated with ointments containing 1 Omg and 20mg of isolated compound-I from the same 

plant respectively for 14 days. The ointment was . topically applied once a day, starting 

from the day of the operation until complete epithelisation. The parameters studied were 

wound closure and epithelialization time. !he wound were traced on mna graph paper on 

days 3, 6, 9, 12 and 15 and thereafter on alternate days until healing was eomplete. The 

percentage of wound closure was calculated. The period of epi~lialization was 

calculated as the number of days required fur filling of the dead tissue renmants of the 

wound without any residual wound. 

6.3~2. Incision wound model 

In Incision wound model, tWm long paravertebral incisions were made through the full 

thickness of the skin on either side of the verteb:tal column of the rat as described by 

Ehrlich and Hunf2
• A~r the incision, the parted skin was sutured lcm apart, llSing 

surgical threads and curved needle. The animals were divided into six groups of six 

animals each. The animals of group I was left untreated and considered as the control. 

The group ll served as reference standard and received 1% w/w ftamycet:irt sulphate 

cream ointment. Animals in group Ill and N were treated with ointment containing 200 

and 400mg of methanol extracts of Kaempferia rotunda rhizome. Animals of group V 
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and VI were treated with ointme.nts 10 and 20m~ of isolated compound~ I of the same 

plliUlt. The ointment was topically applied once in a day. The sutures were removed on the 

8th post wound day. The skin breaking strength of the wounds was measured on the 1oth 

day as described in the method of Lee et. aJ. 33
• 

6.3.3. Dead spaee wottad mqdel 

Physical changes in the granuloma tissue were studied in this model. The animals were 

divided into six groups of six rats in each group. Group I served as the control, which 

received lml of 1% sodium CMC/kg b.w.p.o. The animals of group II and III received 

oral suspension of methanolic extract of K. rotunda rhizomes at dose$ 200 and 400mg/kg 

body weight respectively. Similarly the animal of group IV and V receiv~d oral 

suspension of isolated compound of the pla.~ at 10 and 20mg/kg body weight 

respectively. Under light ether anesthesia, subcutaneous dead space wotmds were 

inflicted in the region of the axilla and groin, by making a pouch through a small nick in 

the skin. Cylindrical grass piths measuring 2.Scm in length and 0.3cm in diameter were 

introduced into pouch to harvest the granulation tissue. Each animal received 2 grass 

piths and cotton pellets in different locations. The wounds were sutured and mopped with 

an alcoholic swab. Animals were placeP into their individual cages after recovery from 

anesthesia. Excision ofthe granulomas from the surrounding tissue was performed on the 

1 Othpost wounding day under light ether anesthesia. 

Granulation tissue surrounding the grass piths were excised and split open. The breaking 

strength of piece measuring about lSmm in length and 8m:m in width (obtained by 

trimming the rectangular strip of granuloma tissue) was determined on IQ~h post 

wounding day by a continuous constant water flow technique of Lee33
• The pieces 

obtained at the end of these measurements were preserved in I OO.Ic. fonnalin solution for 

histopathological studies to evaluate the effects of the extract on coll~en formation. 

Hydroxy proline estimation was carried out on lOth day old granulation tissue in control 

as well as test group by the method of W oessne~4• 
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6.4. Wou.nd heaHng activity of the extract and the isolated compound of 

EllJ'atorium cannabinum. 

The Wound healing activity of methanol extract of E. cannabinum leaves and its isolated 

compound .. U were detvrmined as per the methods described above in forK. rotunda 

Linn. in sections 6.3.1~ 6..3.2. and (j.3.3. 

6.5. Statistieal analysis 

The results of all the assays were reported as (X±SEM). Statistical signific~nt differences 

between the groups were calcula~d by means of one way ANOV A. All the results 

obtained in the study were compared with the control group and positive control group. 

P values < 0.05 were considered statistically significant. 

().6. Results 

The effect of methanol extracts of Kaempferia rotunda, Eupatorium cannabinum and 

their isolated compounds (I and II) were screened on excision, incision and dead space 

wound models concurrently with the control and reference standard ftamycetin sulphate 

cream treated animals. Significant promotion of wound·healing activity was observed in 

isolated compound I and II and methanol extracts ofboth the plants in all the three wound 

models such as excision, incision and dead spa,cewound. 

Io excision wound model, the me~ percentage closure ofWGund area was calculated on 

the 3, 6~ 9~ 12 and 15 post wounding days. The percentage closure ofwound area was 

significantly increased by the curative effect of methanol extracts of rhizome of K. 

rotunda (table 6.1) and leaves of E. cannablnum (table 6.4) .and their isolated comp<>unds 

in the resp~ctive animal groups. The data revealed that, K. rotunda extract treated animals 

showed significant reduction in the wound area and faster rate of epithialisation 

(18.50±0.43,18.22:±:0.07), as compared to E. cannabtnum extract (23.00:1:0.47, 2233 

±0.60) in both the doses. The isolated compound treated animals showed faster 

epithelisation of wounds than the animals treated with methanolic extracts of both the 

plants. The period of epithelisation is comparable with standard drug framycetin sulphate 

cream. The results of percentage wound contraction and period of complete epithelisation 

are shown in table 6.1 and 6.4 for the plant K. rotunda and E. cannabinum respectively. 

In ineisiOD wound model the breaking strength of the wm day old restored incision 

wound was significantly ini}reased in animals treated with isolated compound I and II (l(J 
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and 20mg/kg body weight) and methanolic extracts ofboth the plants (200 and 400mglkg 

body weight), when qmpttred to .control. The maximum breaking strength was observed 

in animals treated with isolated compound II in the dose of 20mg (393.51:±:2.66). 

Significant breaking strengths were also observed in the animals treated with isolated 

compound I followed by methanol extracts of rhizome of K. rotunda and leaves of E. 

cannabinum which are presented in table 6.2 and 6.5 xespectively. The effects of oral 

administration of the suspensions of the extract of both the plants and their isolated 

compounds on dead space wound model were assessed by the increase in the weight of 

granuloma, in<;rease in breaking strength and hydroxylprolin~ content of the granuloma 

tissue. The data is depicted in the table 6.3 and 6.6 for K. rotunda and E. cannabinum 

respectively. This effect may be due to the enhancement of collagen maturation by 

increased cross linking of collagen fibers. The increased weight of the granuloma also 

revealed the presence of higher hydroxyl proline content. Among the methanolic extract 

and isolated compound treated groups the hydroxyl proline content was found to be mote 

in isolated compound treated animals (KR: 231>2.85±0.68, 2232.33±0.76 and EC~ 

2298.82±0.36, 2226.17:±:0.62) followed by methanolic extracts of K. rotunda and E. 

cannabinum. 

Histological study of the granuloma tissue alsa evidenced the wound healing propertY of 

the extracts and isolated compounds. The sections of the granuloma tissue of the control 

animals showed more monocytes and fibroblasts in fig 6.1. The le~ser epithelialization, 

poor collagen fonnation and lower concentration of hydroxylproline indicated the 

incomplete healing of wound in control animals. The sections of the granuloma tissue of 

the animals treated with methanol extract of both the plants showed complete 

epithelialization, increased fibrosis and collagen fonnation with lesser macrophages, 

whereas in the isolated compound treated animals the healing activity -observed was 

comparatively more. From. tbe.se findin$s it is concluded that isolated compound I and II 

exhibited significant wound healing activity (fig. 6.4 ~d 6.5) and (fig. 6.8 and 6.9) 

respectively followed by the methanolie extract in fig 6.2 and 6.3 for the plant K. rotunda 

and fig. 6.6 and 6.7 for the plant E. cannabinum. The present investigation offers 

scientific evidence to the folkloric accounts of the use fOl' K. rotunda and E. cannabinum 

in treating cuts and wounds. 
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TABLE 6.1. Effects of topical application of methanolic extract of rhizomes of Kaempfr.ria rotunda and its Isolated compoulld 1 in 
rats by eseision wound modeL 

Treanneat PereentJtge ofWtUilld closure (otigiel wound size 5~·••nn) Period of 
Group D...tay l"' day 6tnday 9'1 day ll'a day l~day epitlieliatizati&a 

(X::I::SEM) (X:I:SEM) (X:I:SEM) (X::I::SEM) (X:i:SEM) (XsSEM) 

I Control 512.78±0.48 482.11±0.41 388.58±0.74 301.64±0.11 227.12±0.3,1 183.28±0.42 25.29±0.23 
(Untreated) 0.00 5.98 24.22 41.17 55.70 64.25 

II 1%w/w 511.40±052 427.23±0.51 1345.14±0.54 230J2±02I 130.88±0.38 926±0.48 Framycetin 
0.00 16.45 32.51 55.00 74.40 98.18 16.24±0.07 

Sulpha~ cream 

Ill Methanolic extract 501.32±0.68 460.54±0.&8 388.98±0,43 277.66±0.67 142.99±0.55 18.66±0.08 18.56±0.43 
(200mg) ()..00 $.31 22.40 44.61 71.47 96.27 

N Methanolic extract 505.70±0.84 454.67±0.87 351.32±0.65 267 .86±0.S7 136.87±0.58 15.54±0.65 
(400mg) 0.00 10.09 3tl.52 47.03 72.93 96.92 18.22±0.07 

v Isolated comp. I 508.60±0.38 452.17::1:0.54 346.54::1::0.61 2~2.36::1:0.24 135.14±:0.03 14.67±0.46 
(Wmg) 0.00 11.09 31.86 48.41 13.42 97.11 17.86±0.19 

' VI Isolated comp. I 509.28#> .31 450.53±0.47 333 .23±0.24 248.81±0.14 133.44±0.39 10.85±0.41 
17.67±0.42 

(20mg) 0.00 ll.52 34.56 51.14 73.79 97.86 

One way ANOVA 

F 0.132 All values are atatistically significant respect to control at 5% level <>f significance 

----------------------------~----- 159 

I 



CHAprgR6 STUDI£S ON WOUN/) HfALlNfi ACTIVITY 

TABLE 6.2. Effects of topical application ofmethanolic extract of rhizomes of K. rotunda 
and its Isolated compound I in rats byineision wound model. 

Group Treatment 

I Control (Untreated) 

' 

II Framycetin Sulphate cream (1% w/w) 

III Methanolic extract (20() mg) 

IV Metbanolic extract (400 mg) 

v Isolated compound I (10 mg) 

VI Isolated compound I (20mg) 

AU the values are expressed in mean::f;SEM 

P<0.05 when compared to control 

n=6 animals in each: group 

Breaking stren~tth (g) 

245.63±4.12 

' 

386.24±2.12 

370.37±3~65 

378.33±8.22 

380.00±8.56 

3~2.11±5.62 
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TABLE 6.3. Effects -of oral application of methanolic extract of rhizomes of K. rotunda and its 
Isolated compound' in rats by dead spa,ce wound model. 

Group Treatment Granulation Breakiltg HydrMyproliue 
tissue dry weight strength (g) (J&g/gm) 

(mgt.lOOg) (X±SEM) (X±SEM) 
(X::tSEM) 

Control 
I 92.22:1::0.48 246.30±3.37 1397 .27±1.04 

(lml of 1% 'Sod CMC) 

Methanolic extract 
H 146.38±0.58 387. 72±3 .41 1972.68±0.92 

(200mg) 

Methanolic extract 
lll 15 3 .89±0. 71 443.33±2.12 1982.00±0.58 

(400mg) 

IV 
Isolated compound I 

159.83±0 .54 461.53±1.85 2232.33±0.76 
(lOmg) 

v 
Isolated compound I 

197.58±0.69 48929±3..28 2302.85±0.68 
(20mg) 

' 

One way ANOVA 

F 0.079 AU values are statistically significant respect to control at 

5% level of significance 

161 



CHAPTER 6 STUDif.S QN WOf./Nl> HEALING AfTIVIry 

TABLE 6.4. Effects of topical application of methanolic extract ofleaves of Eup«torium c«nnabinum and its compound II in rats by 

~xcision wound model. 

Pereeutage ofWo.Ufld closure (orlginal wound size 500sq.mm) 

Group Treatmeat 
Oday 3rd day 6th day 9th day 12 thday 15 thday - Period of 

(X±SEM) (X:i:SEM) (X±SEM) (X~SEM) (X±SEM) (X±SEM) epithelialization 

I Control 504.29:±:0J6 468.72±0.29 378.24±0.47 232.12±0..35 184.14±0.42 97.12±0.33 24.50±0.80 (Untreated) 0.00 7.05 24.99 33.97 63.49 80.74 

II 
1% w/w Fratnycetin 500.18±0.38 432.67±0.24 3{)8.34±0.41 198.24±0 .. 37 131.24±0.47 7.32±0.49 

16.15±0.21 Sulphate cream 0.00 13.49 38.35 60.36 73.76 98.53 

III Methanolic extract 498.29±0.26 461.22±0.28 340 .24±0 .39 228.24±0.29 153.36±0.54 20.82±0.41 23.00±0.47 {2{)0mg) 0.00 7.43 31.71 54.19 69.22 95.82 

IV Methanolic .extract 499 .22±0 .41 458.88±0.21 336.18±0.46 220.37±0.42 144.70±0.21 17 .58±0.38 22.33::l:0.60 (400mg) 0.00 8.0~ 32.65 55.85 71.01 96.47 

Isolated ~omp. II 501.32±0.68 450.54±0.88 329.98±0.43 213.66±0.67 142.99±0.55 12.66±0.08 20.32±0-62 
v (IOmg) 0.00 10.12 34.17 57.38 71.47 97.47 

Isolated comp. II 509.70±0.84 442.56±0.87 327A8±0.65 208.86±0.87 136.87±0.58 11.54±0.65 19.16±0.41 
VI 

(20m g) 0.00 13.l7 35.75 59.02 73.14 97.73 

One way ANOVA 
F 0.047 All valu:es are statistically significant respect to control at 5% level of sign~ficance 

162 

: 

• 



CHAPTER6 STUPIES ON WOVNP HfAtiNG ACTIVITY 

TABLE 6.5. Effects of topical application 'Of methanolic extract of leaves of 
E. cannabinum and its Isolated compound II in rats by inci!fion wound 
model. 

Group Treatment 

I Control (Untreated) 

n Ftamycetin Sulphate cream (1% w/w) 

III Methanolic extract (200 mg) 

IV Methanolic extl'l;lct ( 400mg) 

v Isolated compound ll (10 mg) 

VI Isolated compound II (20mg) 

AU the values are expressed in mean±SEM 

P<0.05 when compared to control 

n=6 animals in each group 

Breaking s1reagth (~) 
(X::~;SEM) 

235.63±2.55 

396.24±4.89 

346,0±6.51 

364.0±7.57 

389.7±6.32 

393.51±2.66 
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TABLE 6.6. Effect of oral application of methanol extracts of leaves of E. cannabinum and its 

Isolated eompoliDd n in rats by dead spaee wound model. 

Granulation Bteakiag Hydro:J:Yproline tissue dry weiglat Group Treatment streugtla (g) (l'glgm) 
(mgll"") (X:I;:SEM) (X±SEM) 
(X±SEM) 

Control 
I 88.17±0.51 222.80±2.53 1387.76±1.21 

(I% sodium CMC) 

Methanolic extract 
II 132.71±0.35 311.68±3.31 1967.28±{).41 

(200mg) 

Methanolic extract 
III 146.34±0.61 347.12±3.53 1976.41±0.89 

(400 tng) 

N 
Isolated compound II 

184.46±0.46 387 .72±3 .23 2226.17±0.62 
(lOmg) 

v 
Isolated compound II 

187 .13::t0.42 388.11±3.25 2298.82±0.36 
(20 mg) 

One way ANOVA 

F 0.069 All values are sQ'ltistically significant respect to 

control at 5% level of significance 
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Figure 6.1. Histological section of granulation tissue of group I animal (control) showing with 
less collagen and more macrophages. 
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Figure 6.2. Histological section of granulation tissue of group II (methanolic extract of K. 
rotunda, 200mg/kg body wt.) treated animal showing moderate collagen and less macrophage. 

Figure 6.3. Histological section of Granulation tissue of group III (methanolic extract of K. 
rotunda. 400mg/kg body wt.) treated animal showing moderate deposition collagen. 
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Figure 6.4. Histological section of Granulation tissue of group IV. (Isolated compound I, 
I Omg/kg body wt.) treated animal showing more deposition of collagen. 

Figure 6.5. Histological section of Granulation tissue of group V (Isolated compound I, 20mg/kg) 
treated animal showing more deposition of collagen. 
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Figure 6.6. Histological section of granulation tissue of group II (methanolic extract of E. 
cannabinum 200mg/kg body wt.) treated animal showing moderate deposition collagen and less 
macrophage. 

Figure 6.7. Histological section of granulation tissue of group III (methanolic extract of E. 
cannabinum 400mg/kg body wt.) treated animal showing moderate deposition collagen and less 
macrophage. 
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Figure 6.8. Histological section of granulation tissue of group IV (isolated compound II lOmg/kg 
body wt.) treated animal showing more collagen and less macrophages. 

Figure 6.9. Histological section of granulation tissue of group V (isolated compound II 20mglkg 
body wt.) treated animal showing more deposition collagen and less macrophages. 
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7 .1. Introduetion 

An ulcer is characterized by disruption of mucosal integrity leading to local defect or 

excavation due to active inflammation.1, Pathophysiology of ulcer is due to an imbalance 

between aggressive factors (acid, pepsin, H. pylori and NSAID's) ami local mucosal 

defensive factors (mucus, bicarbonate, blood flow and prostaglandins).lntegrity of gastro 

duodenal mucosa is maintained through a homeostatic balance between these aggressive 

and defensive factors2 Clinically, regulation of gastric acid secretion is considered as 

major therapeutic target in the management of disease3
• Among dinically established 

drugs, H2 blockers (ranitidine) and proton pump inhibitors (omeprazole) are most widely 

use~ as anti-ulcer drugs in addition to the cytoprotective agents like sucralfate and 

misoprostol. Ulcer healing consists of reconstruction of mucosal at'-'hitecture and is a 

dynamic, active process of filling the mucosal defects with epithelial and connective 

tissue cells. It encompasses cell proliferation, division and migration4
-6. Prostaglandins 

(PGs) and growth factors play an important role in healing of ulcers. Synthesis ofPGs is 

governed by the expression of inducible cycloo1\.ygenase-2 (CQX .. 2) isozyme in gastqc 

mucosa during healing process, further, COX -2 expression is enhanced in gastric 

epithelial cells after treatment with growth fuctors in vitro and in vivo during acetic acid 

induced gastric damage 7-9. 

Peptic ulceration is one of the common disease affecting millions of people. Peptic ulcers 

are localized breaches of the gastric or duodenal mucosa with tissue destruction at least to 

the depth of the muscularis mucosa. Among different disorders of gastroinwstinal syste~ 

peptic ulcer is the one which is more prevalent and have greatest clinical impact. It is 

now considered to be one of the symptom is pain. The most serious complications are 

bleeding and perforation. Modem age epidemics are affecting nearly 10% of world 

population. Re~arch advances during last decade have offered . new insights in the 

therapy and prevention of peptic ulceration 10
• 

Plants provide an alternative strategy in search for new drugs. There is a rich abundance 

of plants reputed in traditional medicine known to possess antiulcer properties. It is likely 

that plants will continue to be a valuable source of new molecules which may, after 

possible chemical manipulation, provide new and improved antiulcer drugsu. Herbal 

medicines are now used by up to 50% of the western population. in a number of instances 
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for ttre treatment or prevention of ulceration12
• Although drug treatment for peptic 

ulceratio;n has improved itl the recent past, its complications stHI carry a significant 

mortality. Recently, widespread effort has ~n launched to identify novel anti-ulcer 

drugs :from natural resou~es. 

Herbal formulations are used by a majority of fudians from ancient times. They are used 

to treat a wide verity of conditions including hyperacidity and peptic ulcer. Nearly each 

and every herbal phannaceutical company has its antacid and antiulcer products in 

market. These pnJduets are most of the times multidrug formulations13
• 

There are various plant-originated "gastro protectors" with different composition that 

have been used in clinical and folk medicine for many centuries due to their beneficial 

effects on the mucosa of GIT. In China and Japan, polyphenol extracts such as 

Sopharadin extracts, containing flavonoids and its synthetic flavonoid derivative known 

as Solon are widely employed in peptic ulcer therapy and also as food additives and 

nutritional supplements, mainly beeause of their strong inhibition of prostaglandin (PG) 

metabolism and vasoconstrictive leukotriene inhibition 14
• 

The present study was canied out to assess the possible anti•gastric ul<;er activity of 

methanolic extract of K. rotunda. E. cannabinum and their isolated products which are 

widely growing in Sikkim, to confirm and extend its uses in traditional medicine. 

7 .l. Materials and methods 

7.2.1. Plant materials 

Methanol extracts of rhizomes of Kaempforia rotunda Linn. and leaves of Eupatorium 

cannabinum Linn. as well as their isolated compounds were us~d as test drug in these 

experiments. 

7 .2.1. Drugs and chemicals 

All the chemicals used in this study were procured from an authorized dealer and were of 

analytical grade. Methanol was obtained from LOijA chemicals Kolkata, carboxymethyl 

eellulose was obtained from Zydus..Cadila, India. Aspirin was collected from SD ... fine 

Chern, Ltd., Mumbai. Ranitidine was obtained from Cipla Ltd., Goa as a gift sample. 

Methanolic extract of rhizomes of Kaempforia rotunda Linn. and leaves of Eupatorium 
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cannbinum Linn. and their isolated compounds used in this study were extracted in our 

laboratory. 

7.2.3. Test compound formulations 

Oral suspensions of the rhizome and leaf extract of K. rotunda and E. cannabinum 

respectively and the isolated compounds of both the plants were prepared by suspending 

them separately in 1% solution of sodium carboxy methylcetlulose to obtain suitable 

d6sage forms. 

7.Z.4. E:xperimeatal animals 

The study was conducted on Wistar albino rats (n=72) weighing 150-200g of either sex 

and maintained under standard environmental conditions as per a specific design (10% air 

exhaust in air conditioning unit was maintained along with a relative humidity of 60 :!::5% 

and a temp of 25±3° with 12 h light and dark cycle. Amrut certified rodent diet and tap 

water (boiled water cooled to room temp) was provided ad libitum to the ~xperlmental 

animals. AU experimental protocols were reviewed and accepted by the Institutional 

Animal Ethics Committee (IAEC) prior to the initiation of the experiment. 

7 .3. Anti ulce.- activity of methanol extract of rhizome and isolated compound 

of Kaempferia rotunda Linn. 

7.3.1. Ulcer induetion proced .. re 

Gastric ulcers were induced in the experimental animals by administration of Aspirin + 

pylorus ligation (300mg/kg by gavaging--Model A), Aspirin (300rng/kg by gav~ging

ModelB). 

7.3.2. Model A! Aspirin+ Pylons ligatioll treatment iQduced ulcen 

Both aspirin treatment as well as pylorus ligation procedure was used to induce peptic 

ulcers. Effects on gastric lesion and secretions were carried out by ligation of the pyloric 

end of the stomach by silk suture according to the method described by Shay et.al.15
• 

Male Wistar rats between 150'-200g were selected for pyloric lig~tion ulcer model. They 

were fasted in individual cages for 36 h. Care was being taken to avoid coprophagy. For 

antiulcer investigatioq. animals were divided in to 6 groups (group-I to group-VI). In each 

group study, 36hrs fasted animals were used. The control animals (group I) were 
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administered with calculated dose of 1% sodium CMC (Sodium carbo~ methyl 

cellulose) in distilled water. The positive control (group N) was dosed with ranitidine 

(20mglkg suspended in 1% sodium CMC in c;iistilled water. The test group .. IT and III were 

dosed with test extract 200 mglkg, and 400 mglkg in l% sodium CMC in distilled water 

and V, VI were dosed with isolated compound I at 10, 20 mg/kg respectively. All the 

animals received drug/ extract treatment along with 300 mg/kg of aspirin suspended in 

1% sodium CMC once daily for five days. The sixth dose of drug was given 30 minutes 

ptiot to pylorus ligation. On the sixth day the 36 hrs fasted rats were subjected to pylorus 

ligatitm. They were sacrificed after 4 hrs post surgery and their intact stomachs were 

excised, observed and the contents were emptied in to a graduated centrifuge. The 

collected gastric juice WilS centrifuged at 3000rpm for 30min and the volume of gastric 

juice was measured. Total acidity in the supematants was determined with 0.01 M NaOH 

and expressed as m.Eq!L gastric juice. The stomach was cut open along the greater 

curvature and pinned on a board for ulcer scoring16
"

18
• 

7.3.3. Model B: Aspirin indn-=ed ulcers 

In aspirin induced ulcer model19 th~ rats were divided into six groups each consisting of 

three. The Group I served as control, the Group II served as positive control and the 

Group Ill, IV, V and VI served as test. Control animals received l% sodium CMC in 

distilled water for 8 days and the group II treated with Ranitidine (20mglkg). The Group 

III and IV were treated with methanolic extract of K. rotunda at 200mglkg and 400mglkg 

body weight respectively. 

Group V and VI were dosed with isolated compound l at 10 and 20 mglkg body weight 

respectively for 8 days orally. After 8 days of treatment animals were fasted for 36 hours. 

The animals we~ g~vaged with aspirin suspended il'l 1% sodium CMC. The animals were 

then left as such for 4 hrs. After which they were sacrificed. The intact sto:rnuch was 

removed from each animal, washed in normal saline arul cut along the greater curvature. 

The inner lining was observed for ulcer fonnation and ulcers were scored to obtain the 

ulcer index
20

• AU the animal experimental protocols were approved by the Institutional 

Animal Experimental Committee. 

176 



CHAeTER7 STUDIES ON ANTIULCfR ACTIVITY 

7 .4. Antiulcer activity of methanol extract of leaves and isolated compound of 

EUJHltorium cann11binum Linn. 

The antiulcer activity of methanol extract of E. cannabinum leaves and its isolated 

compound n were determined as per the methods described above in 7.3 for K rotunda 

Linn. 

7 .5. CalculatiGn Gf uker index 

After sacrifteing the rat, the stomach was removed and opened along the greater 

curvature. The mucosal layer of stomach was obsewed under a masnitying lens and was 

checked for ulcers, hemorrhagic areas or perforations. The ulcer index was determined as 
21 Uicer Index =10/X (Where, X= Total ~rea of stomach mucosa I total ulcerated area) . 

7 .6. Statistical analysis 

The results of all the assays were reported as (X:i:SEM). Statistical significant differences 

between the groups were calculated by me~s of one way ANOV A. AU the results 

obtained in the study were compared with the control group· and positive control group 

treated with ranitidine. P values < 0.05 were considered statistically significant. 

1. 7. Results 

Peptic ulceration was immensely induced with different .intensities in each of the ulcer 

models. The ulcer index for Kaempferia rotunda extracts (200 and 400J;ng/kg) and 

isolated compound 1 (10, 20 mglkg) in Model-A were calculated as 0.67±0.12, 

0.45±0.018,0.63±0.61 and 0.52±CU2 respectively which is summarized in table-7.1 and 

were f<lund. to be statistically significant when compared with control (1.16±0.082) as 

well as for positive con®l group (0.41±0,038) at 5% level of significance (P<0.05). The 

ulcer inde~ for Eupatun'um cannabinum extracts (200 and 400mglkg) and isolated 

compound ti (lOmg aQ.d 20mglkg) in Model-A were determined as 0.59:±0.12, 

0.38±0.041, 0.54±0.30 and 0.3%0.19 respectively which is summarized in table-7.3 and 

were found to be statistically significant when compared with control (1.02±0.082) and 

for positive control group (0.27±0.016) at 5% level of signifteance (P<0.05). Similarly 

the volume i)f gastric content, total aci~ity and total acidity output of the groups of 

animals treated with the extracts ofK. rotunda and E. cannabirtum at 200 and 400 mglkg 

and their isolated compounds had signi:ficantly reduced the values when compared with 
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control. The group treated with 400 mglkg for both the plant extract showed significant 

difference when compared with ranitidine. AU the extract treated animal parametric 

values were comparable with that of standard group. 1n order to assess the statistical 

significance in between the groups one way ANOV A was carried out and it authenticates 

that almost all four parameter were significant. The extracts at the dose level of200, 400 

mglk.g body weight showed dose response antiulcer effect whereas the isolated 

compound I and ll showed the dose response antiulcer effect at the dose level of I 0, 20 

mg~g body weight. For the aspirin induced model (Model-B) the ulcer index values are 

epitqmized in table7.2 an:d 7.4. Pretreatment with the methanolic extract of Kaempforia 

rotunda, E~patorium cannabinum and their isolated compounds t:l'nf results were 

comparable to control and tanitidine treated groups which are verified with one way 

ANOV A. The datas were found to be highly significant when compared with control and 

ranitidine group at 5% level of significance. 
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Table--7 .l. Autinker a~tivity of K. rotunda a•d its isolated compouu.d-1 in. r•ts by 
Aspiria+pylorns ligatlou m~thod (Modei•A) 

Group I Group II Groupltl Group IV GroupV Group VI 

(::oatrol Plant e:rtratt PlaDt extract Ranitidiu.e lsolated lsola.ted 
Acid suretary 

{X:t:S:EM) lOOmglkg 400mglkg 20mglkg product! product 1 
parameters (lOmglkg) (20mglkg) 

(X±SEM} (X±SEM) (X±S~M) 
(X±SEM) (X±SEM) 

Vol. of gastric 

content 9.67±0.372 8,78±0Al0 7 .02±0.27 6.57±0.316 6.89:!:0.65 6.71±0.09 

(mlllOOg} 

Total acidity 

m.Eq/L 
72.89±2.17 59.63±3.10 48.53±2.02 47.88±4.71 48.40±0.11 48.01±0.10 

Total acidity 

output 183.28±12.44 168. 72±:31.24 151.84±20.19 148.1 1±11.81 150.87±0.34 150.78±0.08 

m.Eq/lOOg 

Ulcer index 1.16±0.082 0.67±0.12 0.45±0.018 0.41±0.038 0.63±0.61 0.52±0.12 

One way ANOVA 

F 0.036 All values are statistically significant respect to control at 5% 

level of significance 
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Table -7 .2. Antiulcer activity of K. totunda and its isolated compound-I in rats by 
Aspirin induced ulcer method (ModeJ .. B) 

Grc.mpNo. Treatment Uleerindex 

{X:I::SEM) 

I Control (I% sodium CMC) 0.93±0218 

II Ranitidine(20mglkg) 0.26±0.17 

III Plant extract (200mg/kg) 0.6:?±0.192 

.. 

IV Plantextr.act(400mg/kg) 0.32±().23 

v Isolated compound-1 (1 Omglkg) 0.53±0.61 

VI Isolated compound- I (20mglkg) 0.42±0.12 

All the values were (X±SEM) significantly different :from control and ranitidine at 

p < 0.05 level 
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Table-7 .3. Effect of methanolic extract of E. cannabinum and its isolated compound 
II in rats by Aspirin+ pylorus ligation method (Model-A) 

Acid Group I Group II Group III Group IV GronpV · GroupVI 
secretory 

parameters Control Plant Plant Ranitidine Isolated Isolated 

(X::I:SEM) extract extract (20mglkg) Compound II Compound II 
(200mgfkg) (400mglkg) (X±SEM) (10 ~glkg) (20 mglkg) 
(X=I;:SEM) (Xi:SEM) (X±SEM) (X±SEM} 

Vol. of 

gastric 
7 .03:l: 0.096 5.64± 0.14 5.49 ±0.32 5.38 ± 0.29 5.44±0.08 5.41±0.41 

cdntent 

(ml/100g) 

Total acidity 
66.82± 3.28 56.02± 4.88 41.25:l: 4.71 37.03::!: 5.62 42.87±0.10 42.03±0.25 

(m.Eq/1) 

Total acidity 

output 79.72±18.1 141.22±38.3 132.1±14.9 122.61±22.11 129.87±0.20 128.78±0.26 

(m.Eq/1 OOg) 

Ulcer Index 1.02± 0.082 0.59± 0.12 038::!:0.041 0.27::!: 0.016 0.54±0.30 0.39±0.19 

One way ANOV A 

F 0.020 AU values ¥e statistically significant respect to control at 1 

I 
5% level of significance 

= 
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Table-7 .4. Effeet of metkaaoQt extract of E. cannabinum and its isolated compounl 
II in rats by Aspirin iuduced ulcer method (Model--B) 

GrpupNo. Treatment UJcerladex 

(X:I:SEM) 

I Control (1% sodium CMC) 0.81 ± 0.031 

n Rartitidine(20rng/kg) 0.26± 0~170 

HI . Plant extract (200rnglkg) 0.24 ± 0.033 

IV Plant extract ( 400mg/k .. g) 0.21± 0.015 
.C •. 

v Isolated compound II (1 Omglkg) 0.20 ± 0.014 

VI Isolated compound II (20mg/kg) 0.18 ± 0.019 

AU the values were (X±SEM) significantly .different from control and ranitidine at 

p < 0.05 level 
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8.1. Introduction 

In traditional practice, medicinal plants are used to control inflammation in many 

countries. This has caused an increase in the number of experimental and clinical 

investigations directed towards the validation of the anti-inflammatory properties which 

are putativ~ly attributed to these remedies1
'
2

• The inflammatory mechanisms in the body 

are very complicated and they cannot ~ attributed to a single mediator or factor. 

Inflammation mediatQrs, such as histamine, serotonin, arachidonic aeid metabolites and 

quinines, are known to have a major role in generation of the inflammatory teaGtions3
.4. 

Inflammatory process has two phases: acute and chronic. Acute inflammation is 

characterized by fever, pain, and edema, while chronic inflammation is characterized by 

cellular proli:feration5
• Complement system, fibri."'iolytic system and hyaluronidase 

enzyme are activated in plasma during intlammation6
• Hyaluronidase activity in blood is 

~ncreased during inflammation and 1he decrease in inflammation parallels a decrease in 

hyaluronidase activity7
• Models of acute inflammation, which induce inflammation by 

administration of formalin, dextran, histamine, serotonin, bradykinin. prostagt~in and 

c~geenan are used to investigate anti-inflammatory effects of drugs8
• Carrageenan

induced inflammation model is a COX-dependent reaction and is used to determine COX 

inhibition9
. Prolonged uses of both steroidal and non-steroidal anti-inflammatory drugs 

are well known to be associated with peptic uker fonnation10
• Hence, search for new 

anti.r..inflammatory agents that retain therapeutic efficacy and yet are devoid of these 

adverse effects is justified. There is much hope of finding active anti .. inflammatory 

compounds ftom indigeno-qs plants as th<:se are still used in therapeutic.s despite the 

pr<>gtess in conventional chemistry and pharmacology in producing effective drugs. 

Hemaldrugs are being proved as effective as synthetic drugs with lesser side effects. The 

enzyme, phospholipase A2, is known to be responsible for the fonnation of m.ed~tors of 

inflammation such as prostaglandins and leukotrienes which by attracting poly

morphonuclear leucocytes to the site of inflammation would le~ to tissue damage 

probably by the release of free radicals. Phospholipase A2 converts phospholipids in the 

cell membrane into amchidonic acid, which is highly reactive and is rapidly metabolized 

by Gycloxygenase (prostaglandin synthase) to prostaglandins, which are major 

components that induce pain and inftammation11
•
12

• 
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Rheumatoid arthritis is a highly variable, chronic inflammatory condition affecting 

mostly diarthl'odial (hinge-like) join"ts but often with articulat and systemic involvement. 

The available data indicate that 76% of patients with rheumatoid arthritis are taking 

NSAIDs13'14 • Apart ftorn treating the underlying disease, it is necessary to relieve 

patient's pain. This has led to major improvements in the treatment of acute and chronic 

pain. In the pharmacological treatment of atute pain, aspirin-like and morphine-like 

drugs still form the cornerstone of most therapies15
• There was a controversy about the 

anti-inflammatory effect of Harpagophytutn procumbens (devil's claw), an herbal product 

marketed in Canada and Europe, as a home remedy fur relief of arthritic diseases. 

Recent studies suggest that Harpagophytum procumbens has anti-inflammatory and 

analgesic effect. Extract of Harpagophytum procumbens have become the focus of 

research as a potential therapeutic agent in the treatment of rheumatic arthritis and pain 

due to its favorable side effects profile compared to synthetic altematives16
• 

Harpagophytum procumbens was eftective in the treatment of osteoarthritis and reduced 

the need for analgesic and NSAIDs therapy17
• Treatment of800 mg of the extract, three 

times daily with total dose of not more than 2400mg per day has been accompanied by 

reduction of pain18
. Harpagophytum procumbem; can probably help many of those who 

suffer from low back pain with fewer s~de effects than NSAIDs treatment that are 

troublesome in the elderly, at a cost that is certainly not ex:cessive19
• m lndian system of 

m~icine, a large number of drugs of either herbal or mineral origin have been advocated 

for various types of 4iseases and other different unwanted conditions in humans20
• 

AyU:rveda is one of the traditional systems of medicine practiced in India and Sri Lanka 

and can be traced back to 6000 BC21
• Ayurvedic medicines are largely based upon herbal 

and het'bomineral preparations and have specific diagm1stic and therapeutic principles 22
• 

Inflammation is a disorder involving localized increases in the number ofleukocytes and 

a variety of complex mediator molecules23
• Prostaglandins are ubiquitous substances that 

indicate and modulate cell and tissue responses involved in inflammation, Their 

biosynthesis has also been implicated in the pathophysiology of cardiovascular diseases, 

cancer, colonic- adenomas and Alzheimer's disease24
,2

5• 

Medicinal plants are believed to be an important source of new chemical substances with 

potential therapeutic effects26
'
27

• The research into plants with alleged folkloric use, as 
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pain relievers, anti-inflammatory agents, should therefore be viewed as a fruitful and 

logical research strategy in the search for new analgesic and anti-inflammatory drugs;!8
• 

Scientific interest itt medicinal plants has burgeoned in recent times due to increased 

efficiency of new plant derived drugs and rising concerns about the side effects of 

conventional medicine .. Inflammation is seen in conditions such as Alzheimer's disease, 

cancer, irritable bowel syndrome and hepatic diseases. It is believed that controlling 

inflammation may help to alleviate these conditions or even prevent them29
• An attempt 

was made in this present study to assess the efficacy of two indigenous herbs for their 

anti,..inflammatory activity in rats. Thqs the present investigation was carried out to 

evaluate the anti-inflammatory potential of K. rotunda and E. cannabinum. 

8.2. Materials and methods 

8.2.1. Plant materials 

Methanol extracts of rllizomes of K. rotunda and leaves of E. cannabinum were subjected 

as test drug in these experiments. 

8.2.2. Drugs and ~hemitals 

Carrageenan and Indomethacin was obtained from Sigma-Aldrich, Germany. AU the 

solvents used were of analytical grade procured from E. Merck. MumbaL 

8.2.3. Experimental anbnals 

Albino rats of Wistar strain (150-200g) of either sex were procured from the central 

anim~l house of the Institute. They were housed in standard polypropylene cages .and 

k~pt under controlled room temperature (24±2°C); reJative humidity 60-70%) in a 12h 

Hght-dark cycle, The rats were given a standard laboratory diet and water ad libitum. 

Food was withdrawn llh before artd during the experimental boors. All experimental 

protocols were approved by the institutional animal ethics committee (IAE.C). 
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8.3 .. Screening of Anti-inflammatory activity by using Carrageenan Induced 

Rat Paw Edema 

8.3.1. Anti-intlamm~tory activity of methanol extract of rhizome ofK. rotunda 

Anti-tnflanunatozy activity was assessed by the method described by Winter et. al.30
• The 

rats were divided into four groups of six animals each. First group (negative control) 

received 0.2ml/l00g b.w. ofO.S% w/v solution ofSQdium CMC in normal saline, second 

group (positive control) received lOmglkg p.o. indomethacin. The third and fourth group 

received methanolic extract (2()0, 400mglkg p.o.) of K. rotunda respectively. After lh, 

the rats were challenged with subcutaneous injection of 0 J ml of 1% w/v solution of 

carrageenan into the plantar side of the left hind paw. The paw was marked with ink at 

the level of lateral malleolus and immersed in mercury cup up to the mark. The 

plethysmograph apparatus used for the measurement of rat paw volume was that of Singh 

and Ghosh31
• The paw volume was mea.sur¢d immediately after injection (Oh) and then 

every hour till 3h after injection of carrageenan to each group. The difference between 

the initial and subsequent reading gave the actual edema volume. Percent inhibition of 

inflammation was calculated using the formula, 

%inhibition= JOO (1-Vt/Vc) 

Where 'Vc' represents edema volume in control and 'Vt' edema volume in groups treated 

with test extracts. 

8.3.2. Ann ... intlammatory activity of methanol extract of leaves of E. cannabinum 

The anti-inflammatory activity of methanol extract of E. cannabinum leaves was 

detennined as per the methods described above in 8.3.1 forK. rotunda. 

8.4. Statistical analysis 

All the experimental data were expressed a.s mean±SEM. The statistical significance of 

the differences was accessed with one way ANOV A. Differences with P values less than 

0.05 was considered as significant. 
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8.5. Results 

The anti-inflammatory effect of K. rotunda is represented in table-8.1 and the effect of 

E. cannabinum is shown in tallle-8.2. the methanolic extract of both K. rotunda and 

E. cannabinum exhibited significant (p<0.05) anti-inflammatt>ry activity at doses of 200 

and 400mglkg body weight orally. As shown in table-.8.1 and table-8.2 methanolic e1{tract 

of K. rotunda and methanolic extract of E. cannabinum exhibited inhibition in rat paw 

oedema by 21.36% and 18.50% for 200mg/kg body weight and 50.97% and 47.56% for 

400mglkg body weight respectively whereas standard drug indomethacin sho~d 53.77% 

and 50.62% respectively. 

The present stUdy indicates the potential of these herbal drugs as anti-inflammatory 

drugs. Sl,lch drugs can successfully be used in various inflammatory diseases. The activity 

may be attributed to the inhibition of the COX-2 enzyme or inhibition of the activation of 

transcription factors. It can be concluded that all tlle extracts have potential to act as anti

inflammatory agents due to presence of flavonoids as active constituent. It can be 

concluded that both the extracts have potential to be explored as anti-inflammatory 

agerits. 
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Table ... S.t. The effect ofmethauolic extract ofK. rotunda on Carrageenan induced 
edema in rats 

Volume ofmereury displaced iuall. (± SEM) 

Treatmeat Dose &br lbr lhr 3hr % 
(X±SEM) (X::t:SEM) (X±SEM) (X±SEM) inbibitioD 

ofpawof 
edema 

Control 0.5% 
w/v sodium 0.2ml/1 OOg 0.996±0.048 1.297±0.032 1.607±0.029 1.712±0.036 -

CMC 

fudomethaein lOmg/kg 0.990±0.038 1.214±0 .021 1.463±0.024 1.341±0.028 53.77 

Plant extmct 200mg/kg 0.997±0.037 1.262±0.017 1.523±0 .011 1.560±0.031 21.36 

Plant ex.tmct 400mglkg 0.993±0.026 1.238±0.023 1.489±0.041 1.344±0 .036 50.97 

One way ANOV A 

F 0.315 All values are statistically significant respect to control at 

5% level of significance 
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TabJe .. 8.2. 'rlte etfect of methanolie extraet of E. canabinum o• Carrageena~t ~ 
iudueed edema in rats 

Volume ofmereury displaeecl in mi. (::i: SEM) 

Treatmeat Dose &hr lhr lhr 3hr % 

(X:I:SEM) (X::i:SEM) (X::i:SEM) (XxSEM) inhibition 
ofp'aw of 

edema 

Control 
(0.5%w/v 

0.2mlll00g 0.988±0.029 1.292±0.034 1.611±0.031 1.707±0.036 ~ 

sodium 
CMC) 

Indomethacin lOmg/kg 0.979±0.031 1.213::1::0.024 1.448±0.028 1.334±0.020 50.62 

Plant extract 
200mglkg 0.986±0.019 1.274±0.019 

200mglkg 
1.493±0.027 1.572±0.029 18.50 

Plant extract 
400mglkg 0.984±0.036 1.241±0.041 

400mglk.g 
1.483±0.036 1.361±0.040 47.56 

One way ANOVA 

F 0.238 All values are statistically significant respect to control at 

5% level of significance 
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9.1. Introduction 

Acute pain, for the most part, results from disease, inflammation, or injury to tissues. It 

is immediate and usually of a short duration. Acute pain is a normal response to injury 

and may be accompanied by anxiety or emotional distress. The cause of acute pain can 

usually be diagnosed and treated. Chronic pain is continuous pain that persists for more 

than 3 mo1;1ths, and beyond the time of normal healing. It ranges from mild to severe and 

c~;m. last weeks, months, or years to a lifetime. The cause of chronic pain is not always 

evident, although it can be brought on by chronic conditions such as arthritis and 

fibromyalgia. Chronic pain can often interfere with a patient's quality of life, sleep, pain 

and the diseases of the bones, muscles, joints, and skin, which affect millions of peoples. 

Most·ofthese diseases are chronic and may·cause lifelong pain. In certain cases, such as 

with- some rheumatic diseases, the sources of pain may include inflammation of the 

synovial membrane (tissue that lines the joints), the tendons, or the ligaments; muscle 

strain; and muscle fatigue. A combination of these factors contributes to the intensity of 

the pain. Muscle inflammation characterizes other painful disorders such as polymyositis 

(characterized by inflamed and tender muscles throughout the body, particularly those of 

the shoulder and hip) and dermatomyositis (characterized by patchy red rashes around the 

knuckles, eyes, and other parts of the body, along with chronic inflammation of the 

muscles1
• 

An anal~esic (colloquially known as painkiller) is any member of the diverse group of 

drugs used to relieve pain (achieve analgesia). This derives from Greek an-, "without", 

and -algia, "pain". Analgesic drugs act in various ways on the peripheral and central 

nervous system; they include patacetamol (acetaminophen), the nonsteroidal anti

inflammatory drugs (NSAIDs) such as the salicylates, narcotic drugs such as morphine, 

synthetic drugs with narcotic properties such as tramadoly and various others. Some other 

clas!'es of drugs not normally considered analgesics are used to treat neuropathic pain 

syndromes; these Include tricyclic antidepressants and anticonvulsants. Analgesics are 

frequently used in combination, such as the paracetamof and codeine preparations found 

in many non-prescription pain relievers. They can also be foJ.tnd in combination with 

vasoconstrictor drugs such as pseudoephedrine for sinus-related preparations, or with 

antihistamine drugs for allergy sufferers. The use of paracetamol, as well as aspirin, 
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ibuprofen, nap:roxen, and other NSAIDS concuttently with weak to mid•range opiates (up 

to about the hydrocodone level) has been shown to have beneficial synergistic effects by 

combating pain at multiple sites of action. NSAIDs reduce inflammation which, in some 

cases. is the cause of the pain itself while opiates dull the perception of pain thus, in eases 

pf mild to moderate pain caused in part by inflammation1
• The plant-derived secondary 

metabolites have, over the years, greatly contributed to our current understanding of the 

important mechanisms related to the process of pain transmission and tr-eatm~t. 

Furthermore, they have permitted us to characterize ~ceptor types and identify 

endogenous ligands involved in the mechanism ofnociception. In this review, we discuss 

the recent advances that have occurred regarding plant-derived substances m the process 

of development of new analgesic drugs. Plants, such as Papaver somniforum, Cannabis 

sativa and those of the Capsicum and Salix species, have greatly accounted for the 

development of clinically relevant drugs, which are useful for the management of pain 

disorders. The recent advances in our understanding of the mechanisms of action of the 

above plant ..derived substances, together with use of molecular biology techniques, have 

greatly accelerated attempts to identify promising targets :f(>r the discovery of new, safe 

and efficient analgesic drugs. ~spite the great progress that has occurred in the 

elucidation of pain transmission and despite decades of use, leaving aside its known 

undesirable side effects, morphine continues to be one of the most used drugs in clinical 

practice for the treatment of pain disorders. Thus, safer and more efficacious analgesic 

drugs are urgently needed. A search through the literature reveals that many potentially 

active antinociceptive plant-derived compounds have been identified. However, studies 

aiming to investigate their cellular and molecular mechanisms of action and well

controlled clinical trials to prove their efficacy in humans are still lacking. Nevertheless, 

n~tural or synthetic substa.nQes that bind to vanilloid or cannabinoid receptors, or even 

those that are capable of modulating the endogenous ligands which bind to these 

receptors, are expected soon to appear to- assist in the treatment of several pain disorders, 

including those of neuropathic or neurogenic origjn2• Regulation of body temperature 

requires a delicate balance between the production and loss of heat and the hypothalamus 

regulates the set point at which body temperature is maintained. In fever the set point is 

elevated and paracetamol like drugs promote its return to normal. These drugs do not 

influence body temperature when it is elevated by such factors as exercise or increase in 
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the $ktbient temperatbre3• Fever (also known as pyrexia, or a febrile response, and 

archaically known as ague} is a medical symptom that describes an increase in internal 

body temperature to levels that are above normal (37°C, 98.6°F). Fever should not be 

confused with hyperthermia, which is an increase in body temperature over the body~s 

thermoregulatory set-point (oonnally approximately 37°C, but increased during a fever). 

A fever is most accura~ly characterized as a tempomry elevation in the body's 

thermoregulatory set-point, which is usualJy by about 1·2°C. This elevation in 

thermoregulatory set-point means that the previous 11norrnal body temperature" would be 

considered hypothermic. Effector mechanisms, such as increased \llood pressure, 

increased heart rate, activation ofbrown adipose tissue and muscular shivering attempt to 

counteract the perceived hypothermia, thereby reaching the new thermoregulatory set

point. It is the most oommon symptom of many diseases. Most people take medication 

against fever because the symptoms cause discomfort. Fever increases heart rate and 

metabolism, thus potentially putting an additional strain on elderly patients, patients with 

heart disease, etc, This may even cause delirium. Therefore, potential benefits must be 

weighed against risks in these patients. In any case~ fever must be brought under control 

in instances when fever escalates to hyperpyrexia and tissue damage is imminent. An 

adaptive meGhanism, fever is the body's reaction to pathogens; it attempts to raise core 

body temperature to levels that will speed up the actions of the jmmune system. and may 

also directly denature, debilitate, or kill the pathogen. Most fevers are caused by 

infections, and almost all infectious diseases can cause fever. However, there are 

instances when fever escalates to temperatures where the body is at risk of destroying its 

own cells and must be brought under control with suppressive medication 4-l?>. 

Antipyretic drugs are drugs that prevent or reduce fever by lowering the body 

temperature from a raised state. However, they will not affect tbe normal body 

temperature if one does not have fever. Antipyretics cause the hypothalamus to ovenide 

an interleukin-induced increase in tel'tlperature. The body will then work to lower the 

temperature and the result is a reduction in fever14
• Medicinal plants are an important 

source of new chemical substances with potential therapeutic effects. The research into 

plants with alleged folklore use as pain relievers should therefore be viewed as a fruitful 

and logical strategy in the search of new analgesic drugs. In addition, although there is a 

wide availability of clinically useful anti-inflammatory and analgesic drugs, a continuing 
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search for new effective agents with less unwanted side~effects remains vital. The 

screening of Natural products has led to the discovery of so many potent antipyretic 

drugs15
• This_present study was carried out to assess the validity of the futkloric uses of 

the two plants i.e. K. rotunda and E. cannabmum in the management of pain and 

treatment of fever and establish the possible mechanisms of pharmacological action. 

9.Z. Materials and methods 

9.2.1. Plant materia& 

Methanol extracts of rhizomes of K. rotunda and leaves of E. cannabinum were subjected 

as test drug in these experiments. 

9.2.2. Drugs •nd ehemieaJs 

All the chemicals used in this study were of analytical grade. Sodium CMC and methanol 

were obtained from LOBA chemicals, K.olkata. Pentazocine and paracetamol were 

obtained from Zydus~adila Ltd. Sikkim as a gift sample. Brew~r's yeast (AR grade) was 

purchased from Sigma Chemicals. Methanolic extract of rhizomes of K.rotunda and 

leaves of E. cannabinum used in this study was extracted in our laboratory. 

9.2.3. Test compound formulations 

Oral sus{>ensions of the leaves I'Uld rhizome extract were prepared by suspending them 

separately in 0.5% solution of sodium carboxy methylcellulose to obtain su.itable dosage 

forms. 

9.2.4. Experimental animals 

Albino mts Qf Wistar strain (150-200 g) and Swiss albino mice (25-30 g) of either sex 

were procured from the central animal house of the Institute. They were housed in 

standard polypropylene cages and kept under controlled room temperature (24±26 C) and 

relative hwnidity (60·-70%) in a 12h light-dark -cycle. The animals were given a standard 

laboratory diet and water ad libitum. Food was withdrawn 12h before a.Jld during the 

experitnetttal hours. All experimental protocols were approved by the Institutional 

Ani111al Ethics Committee (IAEC). 
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9.3. Screening of Analgesic activity using Tail immel'sion method16 

9.3.1. Analgesic activity of methanol extract of rhizome ofK rotulldfl 

Tail iiQtnersion method was used to determine the analgesic activity. Swiss albino mi~ 

(25·30 g) were randomly divided jnto 4 groups having 6 animals eavh and they were 

;fusted overnight but during the e1q>eriment had free access to water. Methanolie extract of 

the plant K. rotunda was administered orally (200 and 400mglkg) 60 minutes prior to the 

commencement ofthe estimation of reaction time. Control group of mice (n::;:: 6) received 

0.5% w/v Solution of sodium CMC in normal salin.e (O.lml!lOOg), and the mean reaction 

time (in seconds) was determined. Test groups of mice were treated with the methanol 

extracts of rhizomes and leaves at doses 200 and 400mglkg orally. Standard groq.p of 

mice received 1 Omg/kg pentazocine. The temperature of water in the organ bath was set 

at 55±0.5QC with the help of a thermostat. Mice were held in position in a suitable 

restrainer with the tail extending out The reaction time was determined by immersing the 

tail in hot water and the time taken by the mice to withdraw its tail clearly out of water 

was noted. Observations were repeated at an interval of 15 minutes up to 60 minutes. 

9.3.2. Analgesic activity of methanol extract of leaves of E. cannabinum 

The analgesic activity of m,ethanol extract of E. cannabinum leaves was also determined 

as per the methods described above in 9.3.1 forK. rotunda. 

9.4. ~reeDing of Antipyretic activity using yeast-induced hyperpyrexia 

method17 

9.4.1. Aatipyretic activity of met:haaol extract of rhiZC)me of K: rotunda 

The antipyretic activity of methanolic extracts of rhizomes of K. rotunda was screened by 

using yeast·induced hyperpyrexia method. Briefly, pyrexia was induced in rats by 

injecting 10 ml!kgof20% (w/v) suspension ofBrewer's yeast intramuscularly. After 18h, 

the animals developed 0.5°C or more rise in the rectal temperature. They were distributed 

into 4 groups of 6 each and the extract at the doses of 200 and 400mg/kg was 

administered orally to the test groups (two groups). Standard group was administered 

with Paracetamol (33mg/kg) orally. Control group was given 0.5% w/v solution of 

sodium CMC in normal saline (O.lml/lOOg). At different time intervals (lhr, 2hr and 3hr) 

rectal temperature Was noted. Similarly, over night fasted normal animals were divided 
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into four different groups of 6 each apd the experiment was carried out in the same 

manner as described above. Percentage reduction in rectal ~mperature was calculated by 

considering the total fall in temperature to normal level as 100%. 

9.4.2. Autipyretie activity of methanol extract of leaves of E. eannabinum 

The antipyretic activity of methanol extract of E. cannahinum leaves was determined as 

per the methods dest;ribed above in 9.4.1 forK. rotunda. 

9.5. Statistical methods 

Statistical significance was analyzed using one way ANOV A. P value less than 0.05 was 

considered as significant. 

9.6. Res11lts 

The effects of methanolic extracts of rhizomes of K. rotunda rhizomes and leaves of 

E. cannabinum on tail immersion method using mice are epitomized in table- 9.1 and 

table-9.2 respectively. The tail~immersion test is reported to be specific for agents 

prod\lcing central antinociceptive activity. Both the extracts show a good degree of 

analgesic activity at doses 200 and 400mglkg in comparison with pentazocine (1 Omg/kg). 

The analgesic activity exhibited by the methanolic extracts ofboth the plants may be due 

to inhibitory effect 9n histamine, 5-HT and kinin like substance. 

The outcomes of effects of methanolic extracts of rhizomes of K. rotunda and leaves of 

E. cannabtnum on yeast-induced pyrexia in rats are depicted in table- 9.3 and table- 9.4 

respectively. K. rotunda produced significant antipyretic effects p<0.05 in a dose 

dependent manner. A significant effect was observed at 200 and 400mglkg dose of 

K. rotund(J and E. cannabinum with compared tO the standard drug paracetamol 

(33mglk:g). 

200 



CHAP'[fR9 STUDIES Of:lANALGffSICANI>; ANTIPYRE!lC ACTIVITY 

Table 9.1. Eft'e.:t ofmetllanoli.: extract of rhizomes of K. rotund/1 on tail-imlltersion 
test in mice. 

Reaction thne (s~) :i:: SEM 

Treatmeut Dose Basal 15m in 3()miD. 45ndn 60 min 
reaetio.n (X:i::SEM) (X:i::SEM). (X:i::SEM) (X:f:SEM) 

time (see) 
(X::.t:SEM} 

' 

Control 

0.5% w/v 
O.lmlllOOg 2.32±0.33 2 .3 3±0 .192 2.54:±0.204 2.66:i::O.l92 2.71:±0.345 

sodium 

CMC 

Pentazocine lOmg/kg 2.21±0.28 4 .OO:i::O .408 5.50±0.390 6.83±0.723 8.16±0.597 

Plant 
2 .50±0 .204 200mglkg 2.66±0.24 2.83±().281 3.17±0.366 3.33±0.192 

extract 

Plant 
400mglkg 2.43~0.25 3 .SO;±:O 204 4.66::!::0.500 5.&8±0.549 6.75±0.710 

extract 

One way ANOVA 

F 4.278 All values are statistically signific~t respect to 

control at 5% level of significance 
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Table 9.2. E&d of metlianolic extract of leaves of E.amnabinum on tail-immersi011. 
test in mice. 

Reaction time (see):±: SEM 

Treatment Dose Basal 15m in 30m in 4Smin 60min 
reaction (X:J::SEM) (X::t:SF.:M} (X±SEM) (X±SEM) 

time (see) 
(X:t::SEM) 

Control 

0.5%w/v 
O.lmlllOOg 2.40±0.20 2.49±0.28 2.57±0.19 2.68±0.20 2.73±0.19 

sodium 

CMC 

Pentazocine lOmglkg 2.33±0.192 4.167±0.37 5.50±0.311 7.0:;1::().235 8.50±0.204 

Plant 
200mg!kg 2.67±0.192 3 .170±:0.152 3.33±0.192 3.5±0.312 3.63:t().208 

extract 

Plant 
400mglkg 2.50±il.204 3.5Q±0.204 4.66±0.385 6.66±0.451 8.33±0.304 

extract 

One way ANOVA 

F 3.U6 All values are statistically significant re&pect to 

control at 5% level of significance 
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Table 9.3. tffe~t of methanolic extrad of rhizomes of K. rotunda on Yeast induced 
pyrexia model in rats. 

Rectal temperature C>C) Rectal temperature after administration 
of drug (°C) 

Treatment Do• (A) (B) (Cl) (Cl) (C3) 
(mglkg) Normal l8b •ft~r yeast lb lll 3.h 

animals admiaistration (X±SEM) (X±SEM) (X:I::SEM) 
(X:t:SEM) (X±SEM) 

Control 
38.68±0.21 38.67±0.18 38.65±0.04 

(Normal 0.5ml 37.97±0.17 38.70±0.16 

saline) 
(2.73±3.21) (4.10±4.06) (6.84±7.01) 

38.05±0.27 37.95±0.21 37.80±0.14 
Paracetamol 33 37.72±0.14 38.40±0.12 

(51.47±5.31) (66.1 7±6.87) (88.23±9 .68) 

Plant 38.15±0.17 38.02±0.32 37.97±0.27, 
200 37.47±0.17 38.45±0.20 

extract (30.61±4.31) (43.57:1::5.37) (4S.97±7 .68) 

Plant 38.10±0.16 37.96±0.17 37.81±0.20 
400 37.43±0.20 38.42±0.19 

extract (32.32±4.56) (46.46±4.96) (55.55±6.75) 

One way ANOVA 

F 3.567 AU values are stu.tistically significant respect to control at 

5% level of significance 

% reduction :;:: B- Cn I B-A x l 00, where n= 1 ~ 2, 3 represented ip the table in parenthesis. 

All the values are me~SEM ( n=6) 
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Table 9.4. EtTeet ofmetk~"olie extraet &I leaves of E. cannabinum 011 Yeast indueoo 
pyrexia .model in rats. 

Reetal temperature (°C) Rectal temperature after administration 
ofdrug(C) 

Treannent Dose (A) (ll) (Cl) (C2) (C3) 
(mglkg) Normal l8h 3fter yeast 1h 2h 3h 

animals administration (X::J;:SEM) (X:J:SEM) (X:tSEM) 
(X:tSEM) (X:tSEM) 

Control 
38.56i:025 38.53±0.21 38.50±0.16 

{N~mnal o.s ml 37.89±0.23 38.58±0.19 

saline) 
(2.89±2.98) (7.24±8.21) (11.59±12.21) 

38.15±0.26 38.08±0.16 37.89±0.18 
Paracetamol 33 3 7. 78:J:0.24 38.51±0.21 

(49.31±5.48) (58.90±6.54) (84.93±9.08) 

Plant 38.21±0.23 38.07±0.27 37.93±0.14 
200 37.56±0.28 38.55±0.29 

extract (34 .34±:4 .31) (48.48±4.87) (58.58±6.32) 

Plant 38.13±0.24 38.00±0.19 37.87±0.26 
400 37.54±0.23 38.52±0.22 

extract (39.79:1:4.89) (53.06±5.35) (66.32±7.25) 

One way ANOV A 

F 1.556 AU values are statistically significant respect to control at 

5% level of significance 

% reduction = B- Cn I B-A x 1 00 where n= 1. 2, 3 represented irt the table in parenthesis 
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lO.l.lntroduction 

Infectious diseases represent a critical problem to health and they are one of the main 

causes of morbidity and mortality world wide 1• Duting the past several years there has 

been an increasing incidence of bacterial and fungal infections. This fact coupled with the 

resistantre to antibiotics and with the toxicity during prolonged treatment with several 

antimicrobial drugs has been the reason for an extended search for newer drugs to treat 

opportunistic microbial infection2
'
3
, 

For a long period of time, plants have been a valuable source of natural products fur 

maintaining human health, especially in the last decade, with more intensive studies for 

natural therapies. The use ofplarit compounds for pharntaceutical purposes has gradually 

increased in India. According to World Health Organization 4 medicinal plants would be 

the best source to obtain a variety of drugs. About 80% of indivi,duals from developed 

countries use traditional medicine, which has compounds derived from medicinal plants. 

Therefore, such plants should be investigated to better understand their properties, safety 

and eftlciency5
• The use of plant extracts and phytochemicals, both with known 

antimicrobial properties, can be of great significance in therapeutic treatments. In the last 

few years, a number o£ studies have been conducted in different countries to prove such 

efficiency6"12
• Many plants have been used because of their antimicrobial traits, which are 

due to oompounds synthesized in the secondary metabolism of the plant. These pri>ducts 

are known by their active substances, for example the phenolic compounds which are part 

of the essential oils 13
• 

Historically, plants have provided a good source of anti-infective agents and many of 

them remain highly effective in the fight against microbial infections. Besides, they are 

cost effective and have fewer sMe etrects14
•
15

• The aptiseptic properties of aromatic and 

medicinal plants and their extracts have been r~cogniZed since antiquity, while attempts 

to cha.racterize these properties in the laboratory date back to the early 1900s 16
•
17

• Natural 

product conttt''butes to a great extent to fight against pathogenic microorganisms. Many 

plants or their parts are use4 in food as spices and are thought to provide a natural 

preservation by inhibiting the microbial growth18
• Historically, plants have provided a 

30Urce of inspiration for novel drug compounds, as plant derived medicines have made 
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large contributions to human health and well-being. Their role is two fold in the 

development of new drugs, viz- they may become the base for the development of a 

medicine, and a natural blueprint for the development of new drugs ot a phytomedicine to 

be used for the treatl1lent of disease. The isoquinoline alkaloid emetine obtained from the 

underground part of Cephaelis ipecacuanha, and related species, has been used for many 

years as and amoebicidal drug as well as fur the treatment of abscesses due to the spread 

of Escherichia hiswlytica infections. Another important drug of plant origin with a long 

history of use is quinine. This alkaloid occurs naturally in the bark of Cinchona tree. 

Apart from its continued usefulness in the treatment of malaria, it can be also used to 

relieve nocturnal leg cramps. Currently, the widely prescribed drugs are :;malogs of 

quinine such as chloroquine. Some strains of malarial parasites have become resistant to 

the quinines; therefore antimalarial drugs with navel mode of action are requir-ed19
• 

Similarly, higher plants have made important contributions in the areas beyond anti

infective, such as cancer therapies. Early examples include the antileuk~mic alkaloids, 

vinblastine and vincristine, which were both obtained from the MadagaSCt\11 periwinkle 

(Catharanthus roseus syn. Vinca roseusi0
• Other 'Cancer therapeutic agents includ(l! taxol~ 

homoharringtonine and several derivatives of camptothein. For example, a well .. known 

benzyl isoquinoline alkaliod~ papaverine, has been shown to have a potent inhibitory 

effect on the replication of several viruses including cytomegalovirus, measles and 

HlV21
• Most recently, three new atr<>pisomeric naphtbylisoquinoline alkaloid dimers, 

michellamines A, B, and C were isolated from a newly described species oftropicalliana 

Ancistrocladus korupensis from the rainforest of Cameroon. The three compounds 

showed potential antj-HIV with michellamine B being the most potent and abundant 

member of the series. These compounds were capable of complete inhibition of the 

cytopathic effects ofHN-1 and HN-Zon human lymphoblastoid target eell in vitro22• 

Much of the. exploration and utilization of natural products as antimicrobials arise :from 

microbial sourc¢s .. It wa~ the discovery of penicillin that led to later discoveries of 

antibiotics such as streptomycin, aureomycin and chloromycetin. Though most of the 

clinically used antibiotics are produced by soil micro-organisms or fungi, higher plants 

have also been a soarce of antibiotics Examples of these are the bacteriostatic and 

fugicidal properties of Lichens, the antibiotic action of allinine in Allium sativum {garlic), 
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or the antimicrobial action of berberines in goldenseal Hydrastis canadensiJ-3
• Plant 

based antimicrobials represent a vast untapped source for medicines. Continued and 

further exploration of plant antimicrobials needs to occur. Plants based antimicrobials 

have enormous therapeutic potential. They are effective in the treatment of infectious 

diseases while simultaneously mitigating many of the side effects that are often 

associated with synthetic antimicrobi;.ds. Many plants have tropisms to specific organs or 

systems in the body. Phytomedicines usually have multiple effects on the body. Their 

actions often act beyond the symptomatic treatment of disease. An example of this is 

Hydrastis canadensis. Hydrastis not only has antimicrobial activity, but also increases 

blood supply to the spleen promoting optimal activity of the spleen to release mediating 
- d 24 cunlpoun · s . 

Plants have supplied over 25% of prescription drugs used in human medicine and such 

pharmacologically active plants have also provided leads to natural pesticides. Himalayas 

has an extraordinarily rich flora and wide knowledge of indigenous medicinal plants is 

well documented. Accordingly, we are investigating the potential of Himalayan 

medicinal plants as a resource for new antimicrobial agent25
• 

Ctiticai review of literature revealed that the potency of the plant inhibiting the growth of 

pathogenic bacteria remained unexplored, So the present study was designed to 

investigate the antimicrobial activity of the methanol extract of rhizomes of K. rotunda 

and leaves of E. cannabinum on different p~thogenic bacterial strains by using in vitro 

model system. 

10.2. Materials and methods 

10.2.1. J>lant materials 

Methanol extracts of rhizomes of K. rotunda and leaves of E. cannabinum were subjected 

as test drug in these experiments. 

10.2.2. Drugs and ellemieals 

The standard antibiotic ciprofloxacin used in this study was obtained as a gift sample 

from Ankur Drugs, Himachal Pradesh. Dimethyl sulphoxide (DMSO) and Mueller 

Hinton Agar were obtained from Ranbaxy Fine Chemicals. 
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10.%.3. Microorgan~sms 

A total of 80 strains belonging to seven different genera (Staphylococcus Species, 

Salmonella Sp~ies, Shigella Species, Klebsiella Species, Pseudomonas, Vibrios, E. coli 

Species) comprising both Gram positive and Gram negative Were used as test organisms 

which were obtained from Dept. of Phannaceutica1 Technology, Jadavpur University, 

Kolkata, India. They were used to evaluate the t:tntibacterial activities of the methanolic 

extract of both the plants. All the strains were clinically isolated from human beings. 

10.l.4. Media 

10..2.4.1. Liquid media 

• Peptone w•ter 

Peptone water having the following composition was used for the cultivation ofbacteriai 

strains as wen as for spot inoculation. 

Bacteriological peptone (Oxoid) ~ 1.0% 

Sodium chloride (Analar) -0.5% 

The pH was adjusted to 7.2 to 7.4 and the volume was made up with distilled water. 

• Alkaline peptone water 

this alkaline medium used for the cultivation of Vibrio cholerae, was prepared as per the 

following composition: 

Bacteriological peptone (Oxoid) 

Sodium chloride (Analar) 

pH adjusted to 

• Nutriellt broth 

Bacteriological peptone (Oxoid) 

Beef extract (~oid) 

SodiUm chloride (Analar) 

pH adjusted to 

-1.0% 

-0.5% 

.. 8.5 to 9.0 

·1.0% 

~0.5% 

"0.5% 

.. 7.2 to 7.4 
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10.2.4..2. Solid media 

• Nutrient ager 

This medium was used to isolate pure cultures of Gram-positive bacteria. It contained the 

following ingredients: 

Asar (Oxoid) 

Beef extract (Oxoid) 

Bacteriological peptone (Oxoid) 

Sodium chloride (Analar) 

pH adjusted to 

• Bromothymol blue lactose agar 

-3.6% 

-0.5% 

-1.0% 

-0.5% 

... 7.2 to 7.4 

This medium consisted of the following ingredients: 

Agar (Oxoid) -3.0% 

Bacteriological peptone(Oxoid) -1.0% 

Beef extract (Oxoid) -0.5% 

Sodium chloride (Analar) -0.5% 

The pH was adjusted.to 7.2 to 7.4 and 1.25 ml ofbromothymol blue wa~ added per 100 

ml ofthe me<lium. After sterilization, I .0% lactose was added, steamed for 30 minutes 

and poured in sterile petri dishes. This medium was used to isolate pure cultures of Gram

negative bacteria. 

10.2.5. :Preservation ofbactelial cultures 

All the strains of St4phylococci, £. coli, Klebsiellae, Salmonellae, Shigellae, 

Pseudomonas spp. and Vibrios were preserved as stab slant cultures at a temperature of 

4°C. All these strains were cheeked for purity and identified Where necessary. Routine 

subculturing of the Gram-positive bacteria was carried out on nutrient agar and Gram

negative strains on bromothymolblue lactose aga.-26
• 
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U).2.6. Preparation ofimpregaated discs of extract attd standanl antibioties 

The filter paper discs of 6mm diameter were prepared by using Whatman filter paper 

No.1 and were sterilized by dry heat at 160°C for an hour in batches of tOO in screw 

capped Bijou bottles. The dried extract (semisolid) of K. rotunda rhizome and E. 

cannabinum leaves were weighed and dissolved in 0.5ml of (DMSO), as the extracts are 

not completely soluble in water, and then diluted in sterile distilled water to make the 

required stock solutions. For each extract three stock solulions were prepared. Similarly 

the stock solution of the standard antibiotic was prepared by dissolving the required 

amount of ciprofloxacin. All the stock solutions were then kept at 4°C and used for three 

months. For preparation of antibiotic impregnated discs l.Oml ofthe stock solution of the 

antibiotic was added separately to each bottle of 100 discs. Each discs adsorb«l O.Olml of 

the solution, so the entire l.Oml volume was adsorbed by the 100 discs, each giving the 

required two fold concentrations of 0~5oo...,glmL The procedure was repeated for 

preparation of impregnated discs of the plant extlllCtS. The discs were used in wet 

condition and f<;>r further use they were stored at 4°C, as the discs can retain their 

moisture and potency for at least 3 months in the screw capped bottles. 

10.2.7. Aatimi~robial activity ofextraet ofK. rotunda rhizome (In vitl'o model) 

Microbial sensitivity tests were performed by disc diffusion method27
• Petriplates were 

prepared as¢ptically by pouring 20tnl of Mueller Hinton Agar and allowed to sqlidify. 

Plates were dried and O.lml of standardized inoculums suspension was poured and 

uniformly spread. The ~xcess inoculum was drained and the inoculum was allowed to dry 

fot 5 minutes, then the discs were pbtced in the inoculated agar. Ciprofloxacin (SJ.tgfdisc) 

was used as p~itive control and 5% DMSO was used as negative control in these assays. 

The inoculated plates were incubated at 37°C for 24 hours. The zones of inhibitions 

observed were measured in millimeters after 24h. Each assay in this experiment was 

repeated three times. The sensitivity was recorded for a zone of clearance around the 

discs. The MICs were determined by the standard agar dilution method28• 

The crude methanol extract was dissolved in O.Sml ofDMSO. as they are not completely 

soluble in water,. and then diluted by sterile distilled water to make solution. The drug 

solution was then added to the molten nutrient agar in different tubes to give final 
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concentrations of 0-500J.tg/ml. The contents of the tubes were mixed thoroughly,. pH 

adjusted to 7.2 to 7.4 and poured into sterile Petri dishes. The cultures were diluted to 106 

colony forming units (CFU), spot inoculated using a bacterial planter (10~1) on the 

nutrient agar sterile Petri discs and incubated at 37°C±2°C for 24h to determine the MIC 

of the extracts. The lowest concentration of the plate, which did not show any visible 

growth after incubation, was considered as MIC. The agar plate containing only sterile 

distilled water and ciprofloxacin was served as negative and positive control 

respectively29
•
36

• 

10.2.8. Antimicrobial activity of extract of E. cannabinum leaves (In vitro .nodel) 

The antimicrobial activity of methanol extract of E. cannabinum leaves was determined 

as per the methods described above in 10.2.7 fur K. rotunda. 

10 .. 3. Results 

Out of seven different pathogenic Gram-positive and Gram-negative strains, the 

significant results were obtained with one Gram-positive i.e. S. aureus NCTC 6571 and 

tw-o Gram-negative bacteria i.e. Shigella dysentariae-2 and Klebsiella pneumoniae 14. 

Table 10.1 and 10.2 represents that the MIC of ciprofloxacin is lOJ.tglml whereas the MIC 

of K. rotunda and E. cannabinum varies from 100 to SO()p.g/ml. From table 1 0.3, it is 

revea~d that the diameters of the individual zone of inhibition of K. rotunda and 

ciprofloxacin against S. aureus NCTC 6571 were 6.lmm and l3.2mm respecti\Tely, 

which have been enhanced to 6.3 and 13.7mm respectively when both the disc was 

pl~ced in the same culture. In the test of combined effect of crude extract and antibiotic, 

the surface areas of zones of inhibition were increased by 6.66% for K. rotunda and 

7.72% for ciprofloxacin. It is also seen that in case of Shigella dysentariae-2, the 

diameters of zone of inhibition of K. rotunda and Ciprofloxacin were 9.4 and l5.0mm. 

These diameters were increased to 9.7 and 15.6mm with the percentage increase of6.48 

and 8.16 respectively when the discs were placed on the same culture. Similarly, when 

the discs of K. rotunda and ciprofloxacin were placed on plates flooded with Klebsiella 

pneumoniae 14, a notable increase in diameter of zones of inhibition were observed 

independently. These on combination showed an increase in diameter and the percentage 

increase data were found to be 6.35 forK. rotundp~ and 8.10 for ciprofloxacin. From table 
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10.4, it is shown that the percent:f!ges of zone of inhibition were increased to 3.42 for E. 

cannabinum and 4.60 for ciprofloxacin against S. aureus NCTC 8530. Similarly, for E. 

cannabinum and ciprofloxacin the increased percentage of zones of inhibition were noted 

as 3.88 in former and 4.04 in latter case for Shigella dysentariae-2 and were found to be 

3.96 % and 5.36 % respectively for Klebsiella pneumoniae 14. In fig. 10.1 it was 

observed that the crude methanol extract of K. rotunda exhibits better antibacterial 

potency against selected pathogenic Gram~positive and Gram-negative strains as 

compared to the extract of E. cannabinum. 

10.4. Synergisti~ effect 

Synergism between the compounds is said to occur when more inhibition results from the 

combination form than that of the individuals. This implies that one drug is affecting the 

microorganism in such ~ way that it becomes more sensitive to the inhibitory effects of 

the other. A total of seven bacterial strains belonging to both Gram-positive and Gram

negative were screened fur synergistic effect by the combination of plant extracts with 

standanl antibiotic ciprofloxacin. The combined effect of two agents wa~ perfOrmed as 

described by Miles and Amyes31 following the procedure adopted by Lamanna and 

Shapiro32
• The discs were placed at suitable distan9es apart so that the respective agents 

would not diffuse into one another to produce a continuous range of concentrations in the 

initial period of inhibition. In synergism. the ridge of growth disappeared and the two 

circles merged to one forming a single asymmetric ellipse33
• The synergistic effect from 

the association of antibiotic with plant extracts against resistant bacteria leads to new 

choices for the treatment of infectious diseases. This effect enables the use of the 

respective antibiotic when it is no longer effective by itself during therapeutic treatment. 

The sensitivity.tests of the microorganisms with respect to particular concentration (plant 

extract and antibiotic) Wert; determined by measuring the diameters of zone of inhibition. 
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Table 10.1. Aatibaet.,rial spectra forMIC ofCipro:Doxaei.R 

SLNo Bacterial Species No.ofuncroorganbnn -1 
MIC ofCF (p.g.111l ) 

tested 

Ol 05 10 25 

1. Stap~ylococcusSpecies 14 - 01 10 03 

2. Salmonella Species 10 - 02 04 04 

3. Shigella Species 15 01 04 07 03 

4. Klebsiella Species 05 - 01 03 01 

5. Pseudomonas 06 01 01 04 -

6. Vibrios 20 02 07 10 01 

7. E. coli Species 10 .. 02 06 02 

CF = Ciprofloxacin 
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Table 10.2. Antibacterial spectra forMIC of metha~ol extract of Kaetppferia rotunda 
and EIIJ1tltorium cannabinum 

Sl. No Bacterial No. of MICofKR MICofEC 
Species baeteria -1 -t 

{pg.ml ) (pg.ml ) 
tested 

50 100 200~75ll 50 100 200 500 150 

1. 
Staphylacoccus 

14 02 08 03 Ol 01 10 03 - - -
Species 

Salmonella 
2. 10 01 02 05 02 - 01 01 04 03 01 

Species 

3. 
Shigella 

15 01 03 08 02 01 01 02 07 04 01 
Species 

Klebsiella 
4. 05 01 01 02 01 - - 01 02 01 01 

Species 

5. Pseudomonas 06 ... 02 04 - .. 01 - 04 01 -

6. Vibrios 20 03 06 08 02 01 02 05 07 05 01 

7. E. coli Species 10 - 02 02 06 - 01 - OS 03 01 

KR::;:: Kaempferia rotunda 

EC = Eupatorium cannabinum 
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Table 1 0.3. Syn'ergism between Kaempfoia rotunda extract aud eiprotloxacin. by disc 
diffusion m.ethod 

Sl. Batte rial Diameter of the in.laibition zone(mm) % ofine~rease ofzone 
No Strains of inhibition 

Single etfeets (A) Combined effects (B) 

KR* CF** KR* CF** KR* CF** 
' (X±SEM) (X±SEM) (X±SEM) (X:i:SEM) (X±SEM) {X±SEM) 

S. aureus NCTC 
1. 6.1:±:0.062 132±0.056 6.3±0.014 13.7±0.031 6.66±0.021 7.72±0.028 

6571 

S. aureus NCTC 
2. 6.3±0.021 14.2±0.045 65±0.015 14.7±0.036 6.45±0.019 7.16±0.056 

8530 ~ 

3. s. typhi 59 8.2±0.047 13 . .S±Q-.089 8.4±0.018 13.9±0.032 4.94±0.016 6.01±0.065 

4. S. dysenteriae 2 9.4::t:0.032 15.0±0,029 9.7±0.{)19 15.6:1::0.039 6.48±0.022 8.16±0.057 

Klebsie/Ja 
5. 9.6±0.051 1.5.1±0.012 9.9±0.017 15.7±0.041 -6.35±0.0~5 8.10±0.048 

pneumoniae 14 

Vibrio cholera 
6. 6.8±0.032 10.9±0.061 

14033 
7.0±0.021 11.3±0.029 5.97±0.018 7.47±0.053 

1. E. coli~JO 6.6±0.035 13.5±0.045 6.8±0.016 13.9±0.033 6.15±0.024 6.01±0.049 

SEM==standard error mean (n=3) 

K.R = Kaempferia rotunda, CF = Ciprofloxacin 

(*) = 200 J,tg.mr1 in disc, (**) = 10 J.lg.mr1 in disc 

Mean surface area of the inhibition was calculated as 1tfl on basis of their mean diameter 
(2r} and % increase was calculated as (B~A/ A) x 100 
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Table 10.4. SynergiSm between Eupatorium c.annabinum extract and ciprotloxacin by disc 
ditl'usion method 

SL Bacterial Diameter of the inhibition zone (mm) 
No Strains 

Single eft'eetg(A) Combined etTeets (B) 

EC* (:F** EC* 
(XJ:SEM) (X:t:SEM) (X±SEM) 

S. aureus NCTC 
1. 5.4±0.038 14.2±0.056 5.5±0.014 

6571 

S. aureus NCTC 
2. 5.9±(}.025 13.2±0.045 6.0±0.021 

8530 

3. S. typhi 59 4.9±0.056 13.5±0.089 5.0±0.074 

4. S. dysenteriae 2 5.2±0.024 15.0±0.029 5.3±0.025 

Klebsiella 
5. 5.1±0.042 15.1±0.012 5.2±0.031 

pneumoniae 14 

Vibrio cholerae 
6. 5.5±0.56 10.9±0.061 5.6±0.033 

14033 

7, E. coli-10 5.3±0.084 13.5±0.045 5 .4±0 .041 

SEM=standard error mean (n==3) 

EC= Eupatorium cannabinum, CF = Ciprofloxacin 

(•) = 200 J.tg.mr1 in disc, (**) = 10 J.lg.mr1 in disc 

CF** 
(X±:SEM) 

14.6±0.029 

13.5±0.031 

13.8±0.039 

15.3±0.041 

15.5±0.052 

11.1±0.036 

13.8±0.054 

% ofinerease of zone 
of inhibition 

EC* CF** 
(X±SEM) (X±SEM) 

3.73±0.021 5.71±0.028 

3A2±0.019 4.60±0.056 

4.12±0.016 4.49±0.065 

3 .881±:0.022 4.04±0.057 

3.96±0.025 5.36±0.048 

3.66::t:0.018 3.70±0.053 

3.80±0.024 4.49±0.049 

Mean sutface area of the inhibition was calculated as x~ on basis of their mean diameter 
(2r) and o/~ increase was calculated as (B-N A) x 160 
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Fig 1: Synergism profile of plant extracts with Ciproflox.acin against SA, SD and KP 

SEM = Standard error mean (n=3) 

KR = Kaempferiaroturu/a, EC =Eupatorium can114binum, CF = Ciprotloxacin 

CF (KR) = % increase of ciprotloxacin with respect to Kaempferia rotunda 

CF (EC) = % increase of ciprofloxacin with respect tQ Eupatorium cannabinum 

SA= S. aureus NCTC 6571, SD = S.dysenteriae-2, KP =Klebsiella pneumoniae 14 
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CHAPTERJJ DISCUSSION 

An herbal medicine can be defined as a medicinal product consisting of a substance 

produced by subjecting a plant or plants to drying, crushing or any other processes or of a 

mixture whose sole ingredients are two or more substances so produced, and water or 

some inert substances1
• Herbs are an integral part of nature and play a vital role in 

humans by preventing diseases. Herbal medicine based upon the premise that plants 

contain natural substance that can promote health and alleviate diseases. Their increasing 

use in recent years is clear evidence of public interest in having alternatives to 

conventional medicines. Scientists have proven to humanity the effective use of some 

herbs. The development of modem chemistry has pennitted the isolation of chemicals 

from medicinal herbs that have served as drogs or starting materials for the synthesis of 

many important drugs todai. The hist..ory of herbal medicine is a great help to our current 

state where many new diseases are being discovered. We need all the knowledge which 

can get from natural and herbal medicine in order to be able to find cures and alternatives 

to otherwise harmful medicmes. 

Medicinal plants are plants whose extracts can be used directly or indi~tly for the 

treatment of different ailments. Therefore, the use of ~itional medicine and medicinal 

plants in most developing countries, as a basis for the maintenance of g9od health, has 

been widely observed3
• Scientists throughout the world are trying to explore the precious 

assets of medicinal plants- to help the suffering humanity. Furthermore; in the world more 

than 30% of the pharmaceutical preparations are based on pl~mts4• However, an 

increasing reliance on the use of medicinal plants in the industrialized societies has been 

traced to the extraction and development of several drugs and chemotherapeutics from 

these plants. The use-ofmedicinesftom plants in the form of local medicine dates back to 

4000·5000 B.C. While the medicinal values of these plants are due to the pt1fsence of 

small doses of active compounds which produces physiological actions in the human and 

animal body .Some of the important bioactive compounds found in medicinal plants are 

alkaloids, glycosides, resins, gums, mucilages etc5
• It was observed that developed 

countries mostly imports raw materials of valuable medicinal plants from developing 

countries. Where they are screeneq, analyzed and used in drug preparations, and returned 

as high priced medicines to developing countries6
• 
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Medicinal plants are valuable for modern medicine in four basic ways 

a) They are used as sources of direct medicinal agent 

b) They serve as a raw material base for elaboration more complex semi-synthetic 

oompounds. 

c) The chemical structure derived from phytoconstituents can be used as models for 

new synthetic compounds. 

d) Plants can be used as taXonomic markers for discovery of new therapeutic 

compounds 7• 

Plants show enormous versatility in synthesizing complex materials which have no 

immediate obvious growth or metabolic functions. These complex materials are referred 

to as secondary metaboiites. Plants seconda.ry metabolites have recently been referred to 

as phytoohemicaJs. Phytochemicals are naturally occurring and biologically active plant 

compounds that have potential disease inhibiting capabilities. It is believed that 

phytochemicals may be effective in combating or preventing disease due to their 

antioxidant effuct8•
9

• Antioxidants protect other molecules from oxidation when they are 

exposed jo free radicals and reactive oxygen species which have been implicated in the 

etiology of many diseases and in food deterioration and spoilage10,n. Medicinal plants 

have been used for -centuries before the advent of orthodox medicine. Leaves, flowers. 

stems, roots, seeds, fruit, and bark can all be constituents of herbal medicines. The 

medicinal values of these plants lie In their component phytochemicaJs, which produc~ 

definite physiological actions on the human body. Most important of these 

phytochemicals are alkaloids, tannins, flavonoids and phenolic compounds12
• 

Present $Wdy investigated for the phytoi\ihemical, their toxicities and pharmacological 

activities of two well-known plant used in traditional medicines of the family 

Zingfberaceae and Asteraceae from Sikkim Himalayan region. Both of these plants were 

extensively u,Sed by the ttaditional healer of Sikkim for their primacy health care. The 

present study on the plants was undertaken to evaluate the bioactivity of two plants K. 

rotunda and E. cannabinum both in vitro and in vivo for justification of their use as 

ethnomedicine and to isolate and identify the bioactive principle(s) in pure form. 

Standard methods were followed for the collection and processing ofth~ plants and their 

useful parts. Authentication of the plants was made with the help of qualified scientists 
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from the BSI, Gangtok branch, Sikkim, India. The extractions of the plant parts and 

prescreening of the extracts were done by standard protocols and·the universally accepts 

methodologies, as described in materials and methods. 

The phytochemical study of the plants was explained in chapter 3. The extr.actions of the 

plant parts were made at rpom temperature using methanol as solvent and the collected 

extrw::ts were concentrated under reduced pressure. The extracts were then concentrated 

and extracted with distilled water. The water-soluble component was fractionated by 

extracting it successively with petroleum ether, ethyl acetate. The ethyl acetate soluble 

fraction was subjected to chromatographic analysis13
• By using column chromatography 

technique with various developing phases compound I and compound ll were isolated 

from ethyl acetate fractionts respectively. Their structures were determined with th~ help 

of spectral analysis like Ultraviolet (UV), Infrared (IR), Proton Nuclear magnetic 

resonance (1H NMR) and Mass (MS) spectra. 

The crystalline material isolated from the K. rotunda yielded compound I (chalcone) a 

flavonoid soluble in water and methanol. The UV absorption spectrum confirmed that 

presence of phenolic aromatic rings in compound I. The IR spectruni confirmed the 

presence of hydroxyl group and. aroltlatic ring in the compound. 1H NMR spectrum 

confirmed that compound I was ind~ated the presence chalcone i.e. HC=CH-C::;:Q. The 

molecular ion peak (base peak, M+)at m/z 312.2670 (calculated for CtsOsHls, 314.1154) 

and the fragmentation peaks at m/z 153, m!z 165 revealed the empirical fonnula of 

C1sOsH1s· The result is corresponding tp the moieculat fonnula CtsOsHt8• It has ~n 

concluded that the structure of the isolated compound I was established according to 

combined spectral data i.e. 2- hydroxy, 4, 4', 6- trimethoxy chalcone. 

H3C 

\ 
10 

;~-\ 
o--\:1 '\ ---~ 

H./ ==< \ __ 

O-CH I 3 

f_) 
Stmcture of con1pound I 

OH 0 

Compound II was obtained as yellow amorphous powder, partially soluble in water and 

methanol. The UV absorption spectrum showed two major absorption bands which are 
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typical fur flavol}ols that confirmed presence of phenolic aromatic rings in compound II. 

TheIR spectrum showed the presence ofhydroxyl group and aromatic ring. the 1HNMR 

spectrum indicated the presence of 1, 2, 3, 5- tetrasubstituted benzene ring. The 

molecular ion peak (b~se ~ak, M*) at m/z 302 and the ii'agmentation peaks at mlz 153, 

mlz 285 revealed the empirical formula of C1sHIO<h- The UV, 1H NMR and El-MS data 

led to the identification of the compound II correspond.s to be molecular formula 

CtsHI007 and the structure of the isolated compound II was 3',4',5,7- tetrahydroxy 

flavonol or quercetin. 

OH 
I 

/"·· /OH 
/;'/ ~.d/' 

Stmcture of compound IT 

AU the recorded spectral data discussed in ehapter 3 conclusively prove the identity of 

the isolated compound I as 2•hydroxy 4,4 ',6- trimethoxy chalcone and compound II as 

3 ',4 ',5, 7 -tetrahydroxy flavonol confirmed one of the major bio constituent of the plant. A 

large number of natural flavonoids with biological activity have been identified in recent 

decades. One group of these products, the polyhydroxylated chalcones~ exhibit 

antimicrobial antiviral, antitumoral and antiinflamatory activities, and applications of 

therapeutic eJ:"Jects have been reported. The increase of the bacteriostatic action due to 

free hydroxyl groups on the aromatic A- and B .. rings which showed that the introduction 

of hydroxyl groups, especially in the 4- and 4 '- positions enhance the bioactivity of 2-

hydroxycbalcone14"21. Chalcones are yellow phenolic pigments present in plants. 

Chalcone is an aromatic ketone that forms the central core for a variety of important 

biological compounds, which are known collectively as chalcones. They show 

antibacterial, antifungal, antitumor and anti-inflammatory properties. They are also 

intermediates in the biosynthesis of flavonoids, which are substances widespread in 

plants and with an array of biological activities. Chalcones are also intermediates in the 
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synthesis of flavones22• The flavones are characterized by a planar sttucture because of a 

double bond in the central aromatic ring. One of the best-described tlavonoids, quercetin, 

is a member of this group. Quercetin is found in abundance in onions, apples, broccoli, 

and berries. The second group is tbe flav~ones, which are mainly fqund in citrus fruit. 

An example of a flavonoid ofthis group is natigin.Flavonoids are mainly found in green 

and black tea and in red wine23 whereas anthocyanins are found in strawberries and other 

berries, grapes, wine and tea. An important e~ct of tlavonoids is the scavenging of 

oxygen-derived free radicals. In vitro experimental systems also showed that flavonoids 

possess antiinflammatory, antiallergic, antiviral, and antjcarcinogenic properties24
• The 

aim ofthis review was to give an overview ofthe resean;h in the field offlavonoids. The 

potential valuable working mechanisms of tlavonoids are discussed, followed by pres~t 

knowledge on the absorption, conjugation, and toxicity of these substap'ces. Quercetin is 

widely distributed in the plant kingdom and is the most abundant in the flavonoid 

molecules. It is found in many consumed foods, including apple, onion, tea, berries and 

brassica vegetables as well as many seeds, nuts, flowers, roots, barks and leaves. It is 

reported for having many beneficial effects on human including cardiovascular 

protection, anticancer activity, antiulcer effects, anti-allergy activity, cataract prevention, 

antimicrobial activity, antioxidant activity and anti·inflammatory effects25
,
26

• It is 

reported to inhibit metabolic enzyme systems and P-glycoprotein27• Re~ent reports 

indicate that quercetin and its glycoside ~titnulate human peripheral blood leukocyte 

proliferation and signifi~antly increase the helper T -cells28
• 

Oetennination of acute toxicity is usually an initial screening step in the assessment and 

evaluation of the toxic characteristics of unknown compound which has been included in 

chapter 4 of the present studies. Fifty percent lethal dose or LDso (acute oral toxicity) is 

performed in Swiss albino mice following standard p:rotocot29
· The median lethal dose 

(MLD) of the methanol extract of K. rotunda Jhizome was found to be 5glk~ body weight 

in oral route. While the MLD of the methanol extract of E. cannabinum was to be 4.5g/k:.g 

body weight in oral ro\lte. The MLD of isolated compound I was found to be 213. 7mg/k:.g 

body weight, where as the MLD of the isolated compound ll was found to be 196.3mg!kg 

body weight by oral route. Therefore, the doses of 200tnglk.g, 400mg/k:.g p.o. for extracts 

and lOmglkg, 20mg/kg for isolated compounds were fixed to carry out all 

pharmacological experiments. These selected doses are well tolerated in the system tested 
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and no untoward effect was observed with the methanol extract of either K. rotunda or E. 

cannabinum. The study included several pharmacological activities of the methanol 

extracts and isolated compounds of K. l"otunda rhizome and E. cannabinum leaf on the 

basis of their ethnomedicinal uses. The toxicity study indicates that the extract is not 

toxic at the tested doses. 

Oxidative stress is caused by an imbalance between the production of reactive oxygeq 

and a biological system's ability to readily detoxify the reactive in~ermediates or -easily 

repair the resulting damage. In humans, _oxidative stress is involved in many diseases, 

such as Atherosclerosis, Parkinson's disease and Alzheimer's disease and it may also be 

important in ageing. In chemical terms, -oxidative stress is a large increase (becoming less 

negative) in the cellular reduction potential, or a large decrease in the reducing ~apacity 

of the cellular redox couples, such as glutathione30
• The effects of oxidative stress depend 

upon the size of these changes, with a cell being able to overcome small perturbations 

and regain its original state. However, more severe oxidative stress can cause cell death 

and even moderate oxidation can trigger apoptosis, while more inwnse stresses may 

cause l)ecrosis31
• A particularly destructive aspect of oxidative stress is the production of 

reactive oxygen species, which include free radicals and peroxides. Some of the less 

reactive of these species (such as superox.ide) can be converted by oxidoreduction 

reactions with transition metals or other redox cycling con;Ipounds including quinones 

into more aggressive radical species that can cause extensive cellular damage32• Most of 

these oxygen-4erived species are produced at a low le-vel by nortnal aerobic metabolism 

and the damage they cause to ~ells is constantly repaired. However, under the severe 

levels of oxidative stress that cause necrosis. the damage causes ATP depletion, 

preventing controlled apoptotic death and causing the cell to simply fall apart33
•
34

• During 

lipid J)eroxidation, the end products like MDA and 4 .. HNE are formed by oxidation of 

polyunsatUrated fatty acids. The MDA can be reacted with two molecules of 

thiobarbitu.ric acid to give a pinkish red colour complex which is measured at 53tlnm. 

Likewise 4-HNE is treated with DNPH solution and the absorbance was taken at 350nm. 

Increase in MDA and 4-HNE levels of the drug-treated group suggests the occurrence of 

lipid peroxidation. This process oflipid- peroxidation especially occurs in the presence of 

some metal ions like Fe2
+ and other prooxidants35

• So the decrease in MDA and 4-FINE 

content of tissue homogenates implies the free radical scavenging property of ascorbic 
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acid. The increase in MDA content with respect to control when the tissue homoge11ates 

were treated with ascorbic acid alone indicates the prooxidant effect of ascorbic acid36
• 

The quantification of MDA and 4-HNE can be directly correlated with the lipid 

peroxidation inhibition capacity of the extracts. The TBARS formation inhibitory effect 

of the me'dlanolic extract of the plants of K. rotunda and E. cannabinutn were 

significantly higher than that of control which was discussed in chapter S. The lipid 

peroxidation inhibition capacity of K. rotunda was studied by dose dependent manner 

and it was concluded that the antioxidant activity has inverse relationship with dose i.e. 

high at low dose and vice versa. The extn;t,ct at l OOJ.L~ml and 200J.Lg/ml has significant 

lipid peroxidation inhibition activity in respect to 500 and l 000f,1g/ml. The lipid 

peroxidation inhibition activity of extract of E. cannabinum has observed in higher doses. 

The dose of 1 00f,1g/ml and 200Jtg/ml has insignificant activity whereas 500flg/ml and 

lOOOJlg/ml has moderate and significant lipid peroxidation activity respectively. 

Wound healing is a process by which a damaged tissue is restored as clo~Jely as possible 

to its normal state and wound contraction is the process of shrinkage of area of the 

wound. It mainly depends on the repairing ability of the tissue, type and extent of damage 

and general state of the health of the tissue. the granulation tissue of the wound is 

primarily composed of fibrobla"St, collagen, edema, and small new blood vessels. The 

undifferentiated mesenchymal cells of the wound margin modulate themselves into 

fibroblast, which start migrating into the wound gap along with the fibrin strands. The 

collagen composed of amino acid (hydroxyproline) is the major component of extra 

cellular tissue, which gives strength and support. Breakdown of collagen liberates free 

hydtoxyproline and its peptides. Measurement ofthe hydroxyproline coqld be used as an 

index for collagen turnover. In thapter 6 the data obtained revealed that the 

hydroxyproline conteat of the granulation tissue of the animals treated with methanol 

extract was significantly increased when compared to the control group, indicating 

increased collagen tutnover. Increase in breakin$ strength of granulation tissue of 

methanol extract treated animals indicated the enhanced collagen maturation by increased 

crosslinking. In addition, ihcrease in dry granulation tissue weight also indicated the 

presence of higher protein content. The effect of methanol extracts of K. rotunda, E. 

cannabinum and their isolated ~ompounds were screened on excision, incision and dead 

space wound models concurrently with the control and reference standard fuunycetin 
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sulphate cream treated animals. The preliminary phytochemical analysis of methanol 

extracts of K. rotunda and E. cannabinum revealed the presence of flavanoids and 

triterpenoids. Flavonoids are known to reduce lipid peroxidation not only by preventing 

or slowing the onset of cell necrosis but also by improving vascularity. Hence, any drug 

that inhibits lipid peroxidation is believed to increase the viability of collagen fibrils by 

increasing the strength of coHagen fibres, increasing the circulation, preventing the cell 

damage and by promoting the DNA synthesis. Flavonoids, triterpenoid are also known to 

promote the wound-healing process mainly due to their astringent and antimicrobial 

property, which seems to be responsible for wound contraction and increased rate of 

epithelialisation·'7"
39 Thus, wound-healing property of K rotunda and E. <.''GIU~t.Jbinum 

may be attributed to the phytoconstituents present in it, which may be either due to their 

individual or additive effect that fastens the process of wound healing. The results of 

present study indicated that the isolated compound I and H i.e. chalcone and quercetin 

from K. rotunda and E. cannabinum respectively promotes significant wound healing 

activity. This was demonstrated by a significant increase observed in the rate of wound 

contraction, enhanced epithelialization, increase in hydroxyproline: and hexosantme 

content. Hydroxyproline, the main constituent of collagen serves as a marker of collagen 

biosynthesis at the wound site. Collagen not only confers strength and integrity to the 

tissue matrix but also plays an important role in homeostasis and in epithelialization at 

the later phase of healing. Increased hexosamine content reflects the stabilization of 

collagen molecules by enhancing electrostatic and ionic interactions40
• In the present 

study enhanced levels of collagen and hexosamine in tlavones treated rats probably 

provided the strength to regenerate tissue and aided healing pattern. Histological 

evidences further supported these results greater degree of epithelialization and 

fibroblastic deposition observed in flavonoid treated wounds signifies pro-healing effect 

of the plilftt m~terial. Significant promotion of wound-healing activity was observed in 

methanol extracts of both the plants and its isolated compound-1 and n in all the three 

wound models such as excision, incision and dead space wound. In excision model the 

percentage closure of wound area was significantly increased by the curative effect of 

methanol extract of tuber of K. rotunda and E. cannabinum leaf and their isolated 

compound in the animal group. The data revealed that the rate of wound contraction was 

significantly high in the animals treated with isolated compound I and II. In incision 

230 



CHAPTER[! (21;SCVSSION 

wound model the maximum breaking strength was observed in animals treated with 

isolated compound-I and II followed by methanol extracts of both the plants. In dead 

space wound model the hydroxyl proline content was found to be more in isolated 

compounu treated animals in case of both the plants. Histological study of the sections of 

the granuloma tissue of the animals treated with methanol extract and isolated product 

showed complete epithelialization, increased fibrosis and collagen formation with lesser 

macrophages., whereas in the isolated compound treated animals the healing activity was 

comparatively more. From these findings it was concluded that isolated compound·! and 

II exhibited significant wound healing activity. The extracts as well as isolated compound 

I and ll may be suggested for treating various types of wounds in human beings. 

Uncontr0lled acid secretion and ulceration of stomach mucosa due to several reasons 

have posed serious problems to the human health all over the globe4
\ Gastric mucus 

plays an important role in gastric defensive mechanisms by acting as a protective barrier, 

mainly because of its glycoprotein content. The water stored by this glycoprotein 

prevents hydrogen ions from reaching the cell surface42
• Prostaglandins play an important 

role in modulating the integrity of the gastric mucosa in the presence of gastric acid 

secretion43
• Non steroic;lal anti-inflammatory drugs can damage the gastrointestinal 

mucosa by local injury, when surface cells are damaged and allow a«id diffusion into the 

sub mucosa, and by systemic injury, when systemic inhibition of prostaglandin synthesis 

Qccurs, thereby reducing gastric mucus production, bicarbonate secretion, and mucosal 

blood flow44
'
45

• NSAIDs also delay the healing of peptic ulcers, interfere with the action 

of growth factors, decrease epithelial cell proliferation at the ulcer margin, deCJ.l'ase 

angiogenesis in the ulcer bed; and slow the maturation of granulation tissue46
• 

Phytochemical analysis revealed the presence of flavonoids in the methanolic extract. 

These compounds. which are important for the normal growth, development., and defense 

of plants47
• also exert a gastro protective action in mammals by increasing endogenous 

prostaglandin levels, decreasing histamine secretion, inhibiting Helicobacter pylori, .and 

scavenging oxygen-derived :free radicals48
• This gastro protection has been reported 

for various fta.vonoids including rutin, naringin, quercetin, ~aempferol, sophoradin and 

luteolin. Rutin reduces the levels of lipoperoxides and increases the activity of the 

anti oxidant enzyme GSH·PX49
"
53

• Then the protective action of flavoooids may be 

assessed by the stimulation of mucus and bicarbonate secretion and by their 
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inhibitory effect on the proton purltp of parietal ceUs54
• Recent studies found that 

ditrerent substances from plant sources not only afford gastro protection but also 

accelerate ulcer healing55
-
57

• Peptic ulceration was immensely induced with different 

intensities in each of the ulcer models. The ulcer index for K. rotunda extracts (200 and 

400 mglkg) and isolated compound I (10~ 20 mglkg) in model-A were found to be 

statistically significant when compared with control for positive control group at 5 % 

level of significance (P<0.05). The ulcer index for E. cannabinum extract (200 and 400 

mglkg) and isolated compound ll (1 Omg, 20mglkg) in model-A were found to be 

statistically significant when compared with control for positive control group. Similarly 

the volume of gastric content, total acidity and total acidity output/100 ml of extract 

treated groups forK. rotunda and E. cannabinum 200 and 400 mglkg and their isolated 

compound had significantly reduced the values when compared with control. All the 

extract treated animal parametric values were comparable with that of standard group The 

extracts at the dose level'Of200,400 mglkg and the isolated compound I and II at the dose 

level of 10, 20 mglkg showed <:Iose response antiulcer effect. The group 400 mglkg for 

both the plant extract showed significant difference when compared with standard drug 

ranitidine. For another fJlodel aspirin induced (model-B) the ulcer index values of 

methanolic extract of Kaempforia rotunda and Eupatorium cannabinum and their Isolated 

compounds re.sults compared to control and ranitidine treated groups and clarified then 

verified and found to be highly significant when compared with control and ranitidine 

group at 5% level of significance. The results of the present investigation in chapter 7 

showed antigastric ulcer propertitts of a methanolic extracts of K. rotunda and E. 

cannabinum as demonstrated by all ex~rimental gastric ulcer models. Many factors and 

mechanisms are implicated in the ulcerogenesis E!Ild gastric mucosal damage induced by 

the different models used in the present study involving the increase of gastric acid 

output, vascular injury. depletion of gastric wall mucin, mucosal damage induced by 

nonsteroidal anti-inflammatory drugs. In eftbrt to search curative and safe agents for the 

treatment of peptic ulcers in our indigenous medicinal plants for this purpose Kaempfotia 

rotunda and Eupatorium cannabinum were selected for preliminary screening of their 

antiulcer in rats. 

Intlammation is generally considered as an essentially protective respo~se to tissue injury 

caused by noxious physical, chemical or microbiological stimulus. It is a complex 
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process involving various mediators, such as prostaglandins, leukotrienes and platelet 

activating facto~8• The major m~rophage derived inflammatory mediators such as pro

inflammatory cytokines, tumour necrosis factor-a (TNF- a) and the reactive free r~«:lical 

nitric oxide (NO) synthesized py inducible NO synthase (iNOS}, contribute to the 

development of inflammatory diseases59
• Thus, inhibition of the excessive production of 

TNF -a and/or NO could be employed as criteria to evaluate potential anti-inflammatory 

cornpounds Due to the increasing frequency of intake of NSAID's and their reported 

common side effects, there is need to focus on the scientific exploration of herbal drugs 

having fewer side effects. So, there is a continuous search for indigenous drugs, which 

can provide relief to inflammation. To give a scientific validation to this plant, an attempt 

was made to study the anti-inflammatory activity. 

Carrageenan injection into the rat paw provokes a local, acute inflammatory reaction that 

is a suitable criterion for evaluation of anti-inflammatory agents60
• Inhibition of 

carrageenan induced inflammation in rats is one of the most suitable ~est procedures to 

screen anti-inflammatory agents61
-64. The development of edema in the paw of the rat has 

been described65 as a biphasic event. The initial phase is attributed to dw release of 

histamine and serotonine66
• The second, accelerating, phase of swelling is due to release 

of prostaglandin like substance. The presence of prostaglandin E2 in inflammatory 

exudates from the injected foot can be demonstrated at three hours time period and 

theteafter67
• Indomethacin is used as standard reference drug as it is reported to inhibit 

inflammation by its effect upon plasma exudation associated with carrageenan mediated 

inflammation 68
• It has been reported that the secooo phase of edema is sensitive to both 

clinically useful steroidal and non-steroidal anti-inflammatory agents and they are 

releated to COX inhibition, especially COX-269
• Intraperitoneal injection of carrageenan 

leads to inflammation of the peritoneum resulting from carrageenan ind~ced release of 

interleukin-1 from macrophages in the carrageenan insulated tissue. lnterleukin-1, a pro

inflammatory cytokine, induces accumulation of polymorpho nuclear cells by a varieey of 

processes including adhesion and cell mobilicy70
• Leukocyte aggregation is a fundamental 

event during inflammation. Cell migration occurs as a result of much different process 

including adhesion and cell mobilicy. Indigenous drug systems can be source ofvariecy of 

new drugs which can provide relief in inflammation. The anti-inflammatory activity of 

the methanolic extract of K. rotunda and E. cannabinum against oedema showed 
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significant antHntlammatory activity and the results were comparable to that of standard 

steroidal anti~ inflammatory drug. Cartageeenan induced odema is mediated by release of 

histamine and 5HT followed by the prostaglandin, kinin71 and has been frequently used to 

assess the anti-inflammatory effects of natural products 72
• Phytochemical analysis 

revealed the presence of steroids, flavonoids, tannins and saponnins. Flavonoids which 

have been shown to exhibit useful anti-infla:tllplatocy activity73 .FlavotWids may .act by 

reducing the effect of inflammatory mediators. They have been shown to inhibit the 

migration of leucocytes in experimental models. Hence anti-inflammatory activity ofthe 

extract might be due to the presence of flavonoids. In chapter 8 it was revealed that the 

methanolic extract of K. rotunda and E. cannabinum exhibited significant (p<0.05) anti

inflammatory activity at doses of 200 and 400 (mg!Kg b.w.p.o.). Both the extracts 

exhibited inhibition in mt paw odema. The present study indicates the potential of these 

herbal drugs as anti-inflammatory drugs. Such drugs can be explored in various 

inflammatory diseases. The activity may be attributed to the inhibition of the COX-2 

enzyme or inhibition of the activation of transcription factors. It can be concluded that 

both the extracts have potential to be explored as anti-inflammatory agents due to 

presence offlavonoids as active constituent. 

Pain is a complex phenomenon that is modified by experience. emotion. Pain begins with 

the activation of receptors kno.wn as nociceptors. Once these nerve endings are 

stimulated, their signals are transmitted to the spinal cord, and then relayed to higher 

brain .centers where the impulse is interpreted. it is an unpleasant sensory and emotional 

experience associated with actual or potential tissue damage or described in terms of such 

damage7
4-

76
. The primary purpose of an a11algesic is to relieve pain. For many people, at 

the first sign of pain headache, migraine, muscle pain, backache, cramps~ joint pains, 

premenstrual syndrome. Herbal pain medicine in tbe form of an herbal pain 

killer bel:ioming a popular aire,mative to traditional pain-relief medication. Many people 

choose a type ofhetbal pain killer to relieve them of their pain77• Fever may be a result of 

infection or one of the sequelae of tissue damage, inflammation, graft rejection, or other 

disease states. Antipyretic are drugs, which reduce elevated body temperature. Regulation 

ofbody temperature requires a delicate balance between production and loss of heat, and 

the hypothalamus regulates the set point at which body temperature is maintained. In 

fever this set point is elevated and a drug like paracetamol do not influence body 
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temperature when it is elevated by factors such as exercise or inl;reases in ambient 

temperature78
• Paracetamol has been shown to suppress fever by inhibiting prostaglandin 

synthetase resulting in the blockade of synthesis of prostaglandin in the brain79
• This 

study, intended to investigate the analgesic and antipyretic activities of K. rotunda and E. 

cannabinum by studying the effects of methanol extracts of the plfW.ts on nociception 

induced by immetsing the tail in a cup of freshly filled water of exactly 55<>C, and on 

fever induced by yeast. Phytochemical screening Qf the methanolic extract of the p-lant 

under investigation shows that it contains triterpenoid80
• The plant-derived secondary 

metabolites have, over the years, greatly contributed to our current understanding of the 

important mechanisms related to the process of pain transmission and treatment81
• In 

ehapter 9 the methanotic extracts of K. rotunda rhizomes and leaves of E. cannabinum 

on tail immersion method using mice was investigated. The methanolic extract of K. 

rotunda and E. cannabinum shows a good degree of analgesic activity at (200 and 400 

mglkg) in comparison with pentazocine (l Omglkg). The analgesic activity exhibited by 

the methanolic extract may be significant (p < 0.05) due to inhibitory effect on histamine, 

5·HT and kinin like substance. On preliminary phytochemical screening the methanolic 

extract of K. rotunda and E. cannabtnum was found to contain flavonoid compounds. 

Flavonoids are known to target prostaglandins which are involved in the I~ phase of 

acute inflammation and pain perception82 .Hence, the presence of flavonoids in both the 

extracts may be contributory to the an~i-intlammatory and analgesic activiti~s. The plant 

extract, at doses of 200 and 400 mg/kg body weight, showed significant central as wen as 

peripheral analgesic activity by oral route. Therefore, the current study indicated that~ 

methanol extract K. rotunda and E. cannabinum have signific!Ult central alld peripheral 

analgesic activity. Thus, the extracts could have a gQod analgesic activity in pain. The 

e:tfect of methanol extract of K. rotunda and E. cannabinum on yeast induced PYJ.\'Xia has 

been shown in chapter 9. Treatment with the extntcts ofbpth the plants at the doses of 

200, 400mg!kg body weight and paracetamol decreased yeast induced elevation Qfbody 

temperature of rats. The results thus obtained from both the standard drug treated group 

and extracts treated groups were compared with the control group and a significant 

reduction in the yeast elevated rectal temperature was observed in a dose dependent 

manner. 
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Antimicrobial therapy aims tQ treat infection with a drug to which the causative organism 

is sensitive. Antimicrobial agents can be administered on a 'best guess' basis, with a 

sound knowledge of the infectious disease, the most probable patho~en and the usual 

antibiotic sensitivity pattern of the pathogen. This is called empirical therapy, and 

contrasts with rational therapy when antimicrobial agents are administered after the 

sensitivity of the pathogen is establi$hed t!>y culture and in vitro testing in the laboratory. 

In general, empirical therapy is undertaken in a majority of situations encountered in 

dentistry. Antimicrobial agents can either inhibit the growth of microbes (bacteriostatic 

agents} or kill micro-organisms (bactericidal agents} by a variety of mechanisms. 

Depending on the concentration of the antibiotic the same drug could act as a 

bacteriostatic or a bactericidal age.-.t. In general, however, one or more of the following 

target sites are involved in the process: the cell wall, the cytoplasmic membrane. 

ribosomes, and nucleic acid replication sites. Large quantities of antimicrobial agents are 

produced and consumed globally with the simultaneous potential for exerting selective 

pressure for resistant bacteria. Mechanisms of antimicrobial resistance are inactivation of 

the drug and altered cell wall permeability~ so that the drug is unable to enter the 

organism. Modification of the active site of the drug: modification of the enzyme or 

substrate with which the antimicrobi~l agent reacts enables the organism to function 

normally despite the presence of the drug33
• T~ rematkable powerful and specific 

activity of anti-microbial drugs is due to their selootivity for specific targets that are either 

unique to microorganisms or much more; important in terms of hvman use84
• The 

antimicrobial compounds mainly isolated from microbes are strUcturally different from 

the compounds isolated from plant sources. Many investigators have demonstrated the 

antimicrobial activity of the constituents of.some higher plants and quite anum~ of 

chemical compounds of plant origin have been shown to possess antimicrobial activities. 

In diseases of microbial origin, the plants function as a result of antimicrobial activity 

against the causative agents85
"
91

• The antimicrobial of plant source include tlavonoids, 

essential oils, alkaloids, anthraquinones, triterpenoids etc. One of the main approaches for 

the discovery ofantimicrobials from higher plants is the evaluation of the medicinal plant 

extracts on pathogenic microbes. Flavones ate phenolic structures containing one 

carbonyl group (as opposed to the two carbonyls in quinines). The addition of a 3-

bydtoxyl group yields flavonoids. Flavono~s are also hydrox.ylated phenolic substances 
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nut occur as a C()...C3 unit linked to an aromatic ring. Since they are known to be 

synthesized by plants in response to microbial infection, it should not be surprising that 

they have been found in vitro to be effective antimicrobial substances against a wide 

array of microorganisms. Their activity is probably due to their ability to complex with 

extracellular and soluble proteins and to complex with bacterial cell walls, as described 

above for quinones. More lipophilic flavonoids may also disrupt microbial 

membranes92
•
93

• The calculated minimum inhibitory concentration also proved to be 

effective. The antimicrobial activities of various plants have been reported by many 

researchers. Phytoconstituents present in plants namely flavonoids, alkaloids, tannins and 

triterpenoids are producing exciting opportunity for the expansion Qf modem 

chemotherapies against wide range of microorgtt.nisms. In present study a variety of 

Gram-positive, Gram-negative bacteria were selected for the screening of antimicrobial 

effect of three selected plant extracts to perceive the antimicrobial spectrum as wefl to 

authenticate ethnomedicinal claims94
•
95

- The sensitivity tests of the microorganisms with 

respect to particular concentration (plant extract and antibiotic) were detennined by 

measuring the diameters of zone of inhibition. The methanol extracts .of K. rotunda and 

E. cannabinum demonstrated significant in vitro antimicrobial activity against seven 

different Gram-positive and Gnun-ne~ative bacteria. The disc diffusion test also 

demonstrated significant degree of antibacterial activity as compared with standard drug 

ciprofloxacin. It was also observed in chapter 16 that the crude methanol extract of K. 

rQtunda exhibits better antibacterial potency against selected pathogenic Gram-positive 

and Gram-negative strains as compared to the extract of R cannabinum. A total of seven 

bacterial strains belonging to both Gram-positive and Gqu:n-negative were screened for 

synergism effect by the combination of plant extracts with standard antibiotic 

ciprotlo-xacin. The synergistic e-ffect from the association of antibiotic with plant exttacts 

against resistant bacteria leads to new choices for the treatment of infectious diseltSes. 

This effect enables~ the use of the respective antibiotic when it is no longer effective by 

itself during therapeutic treatment. the present investigation therefore revealed that the 

methanol extract of K. rotunda and E. cannabinum have a significant d~e of 

antimicrobial activity, which may be due to the presence of flavonoids in both the 

plants96-
98

• 
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SUMMARY AND£0{)/CLUS[ON 

The major aim of the investigation was to explore two popular ethnomedicines used by 

traditional healer of Sikkim in their health care system since time immemorial. The 

medicinal plants used by the ethnic community of Sikkim are neither systemically 

documented nor properly tested by scientific approaches. The systemic scientific studies 

of these ethnomedicines can lead to promising phytochemicals {drugs) for many health 

problems. In view of the above, it was thought to be much worthy to take up the present 

research project Studies on pharmacological screening of the bioactive molecules from 

some selected plants so as to explore the therapeutic values and development of some 

novel drugs from those indigenous plants 

Chapter I 

Herbal medicine or pbytotherapy is the science of using herbal remedies to treat the sick. 

It therefore covers everything from medicinal plants with powerful actions. A great 

variety of plants are used for medicinal treatments. Either the dried plant, or a specific 

part of it (root, leaves, fruit, flowers, seeds), is formulated into suitable preparations· 

compressed as tablets or made into pills, \~Sed to make infusions (teas). extracts, tinctures, 

etc., or mixed with excipients to make lotions, ointments, creams. etc. The active 

principle is extracted and purified :from plant material for as long as that process remains 

economically viable compared with chemical synthesis. Herbal medieine has been used 

for centuries by people all over the world to treat disease and promote health. Both the 

west and the east have spent consi~rable time, research and energy developing the 

theories an1f applications within the field of he$al med,icine. Herbs are generally easy to 

administer and cost.effective and when properly prescribed and used, have the advan~ge 

of being relatively free of side effects when compared to western pharmaceutical 

medicines. Herbal medic~ is currently enjoying a revival in popularity in the west and 

in fact it is the primary form of medicine in many parts of the world. With the great 

reliance on this type of medicine, it becomes pertinent to search for potent, effective and 

relatively safu plant medicines as well as scientific validation of the success claims about 

plants already in use by traditional medicine practitioners in order to enhance their safety 

and efficacy. These are some of the problems making this alternative healthcare system 

less acceptable, especially by orthodox medicine practitioners. In Sikkim traditional 

healers and remedies made from plants play an important role in the health of people. 
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Medicinal plants are plants whose extracts can be used directly or indirectly for the 

treatment of different ailments. Therefore, the use of traditional medicine and medicinal 

plants in most developing countries, as a basis for the maintenance of good health, has 

been widely observed. Scientists throughout the world are trying to explore the precious 

assets of medicinal plants to help the suffering humanity. Furthermore, in the world more 

than 30% ofthe pharmaceutical preparations are based on plants 

Chapterl 

Various reports on phytochemical and pharmacological analysis of K. rotunda and 

E. cannabinum along with their allied species have been presented. The current updated 

status of natural origin used as antioxidant, w.ound healing, antiulcer, analgesic and 

antipyretics, anti~intlammatory and antimicrobials have becm elaborated in the form of 

comprehensive review of literature. Though some reports on phytochemical and 

pharmacological analysis of K. rotunda and E.cannabinum exist in the literature, the 

present study revealed the presence of additional constituents with significant 

pharmacological activities. 

Cbapter3 

The modem methodologies for extraction and isolation of bioactive compounds from K. 

rotunda and E. cannabinum along with phytochemical group wsts have been presented. 

The isolated bioactive -compounds were analyzed by using physical spectroscopic 

methods like UV, IR. 1HNMR, Mass and melting point determination etc. The evidence 

presented conclusively proved that the isolated bioactive compounds isolated were 2-

hydroxy 4,4',6 .. trimethoxy chalcone from K. rotunda and 3',4',5,7-tetrahydroxy 

flavonol or quercetin from E. cannabinum. 

Chapter4 

Toxicological investigation of methanol extract of K. rotunda and E. cannabinum were 

described. The MLD of methanol extract of K. rotunda mizome was found to be 5 glkg 

body weight and the MLD of the methanol extract of E. cannabinum leaves was to be 4.5 

g/kg body weight in oral rotf!e whereas the MLD of isolated compound I and II were 

found tQ be 213.7mglkg body weight and l96.3mglkg body weight in oral route 
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respectiv~ly. The MLD values of both the extracts were found to be much higher 

indicating the wide safety range of action. 

ChapterS 

Antioxidant activities of methanol extract of K. rotunda and E. cannabinum presented. 

The TBARS and 4-HNE formation inhibitory effect of the methanolic extr~t of the 

plaBts of K. rotunda and E. cannabinum were significantly higher than that of control. 

The lipid peroxidation inhibition capacity of K. rotunda was studied by dose dependent 

manner and it was conclpded that the antioxidant ae.tivity has inverse relationship with 

dose i.e. high at low dose and vice versa. The extract at l OOJ.Lg/rnl and 2.001J;glml has 

significant lipid peroxidation inhibition activity in respect to 500 and 1 000~-tg/ml. The 

lipid peroxidation inhibition activity of extract of E. cannabinum has observed in higher 

doses. The dose of 1 OOJtg/ml and 200J.Lg/ml bas insignificant activity Whereas S()OJ.Lg/ml 

and l OOOJJ.g/ml has moderate and significant lipid peroxidation activity respectively 

Cbapter6 

Wound healing activity of methanol extract of K. rotunda and E. cannabinum as well as 

compound I and ll has been presented. Significant pron10tion of wound-healing activity 

was observed in both methanol extracts and isolated compound in all the three wound 

models such as excision, incision and dead space wound. 

In excision wound model, the percentage closure of wound area was signifwantly 

increased by t~ methanol extracts of rhizome of K. rotunda and leaves of E. cannabi.num 

and their isolated compounds in the respective animal groups. From the result it was 

reveal~ that~ K. rotunda extract treated animals showed significant reductiorl in the 

wound area and faster rate of epithialisation as compared to E. cannabinum extract. The 

isolated compound treated anjmals showed faster epithelisation of wounds than the 

animals treated with methanolic extracts of both the plants. 

In incision wound model the breaking strength of the 10m day old restored incision 

wound was significantly increased in animals tre~ted with isolated compounds and 

methanolic extracts of both the plants, when compared to control. The maximum 

breaking strength was observed in animals treated with isolated compound II in the dose 

of 20mglkg bw. Significant breaking strengths were also observed in the animals treated 

248 



CHAPTER12 SU,flMARY AND CONCLUSION 

with isolated compound I followed by methanol extracts of rhizome of K. rotunda and 

leaves of E. cannabinum. 

In dead space wound model, the extract of both the plants and their isolated compounds 

were assessed by the increase in the weight of granuloma, increase in breaking strength 

and hydroxylproline content of the granuloma tissue. This effect may be due to the 

enhancement of collagen maturation by increased cross linking of collagen fibers. The 

increased weight of the granuloma also revealed the presence of higher hydroxyl proline 

content. Among the methanolic extract and isolated compound treated groups the 

hydroxyl proline content was found to be more in isolated compound treated animals 

followed by methanofic extracts of K. totunda and E. cannabinum. 

In this study extracts as weH as isolated compound significantly increased the granuloma 

tissue breaking strength and hydroxyproline content as compared to control The result of 

the investigation provides pharmacological evidence on the folkloric use of both the 

plants fur wound. 

Cbapter7 

Antiulcer activity of methanol extract of K. rotunda and E. cannabinurn as well as 

compound I and II has been presented. Hete the effect of methanotic extracts of K. 

rotunda and E. cannabinum and their isolated compound on pylorus ligated rat and 

aspirin induced ulcer model has investigated. The result of the present studies indicates 

that the isolated product of both the plant significantly reduces the total volume of gastric 

juice, free and total acidity of gastric secretion. The control animals had ulcers and 

hemorrhagic streaks whereas in animals administered with the methanolic extracts of /tc. 

rotunda and· E. carmabinum and their isolated compound there was significant reduction 

in ulcer index. Thus in the present study concludes that both the above mention plant 

extracts and their isolated compounds possess significant antiulcer activity in different 

experimental models pfulcer in nits. The magnitude of activity obtained at the two dose 

levels used indicates high potency of anti-.ulcer effect and together with the array of 

compounds already i$0lated from the plant provide impetus to continue the search for 

novel anti-ulcer constituents from this plant. 
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ChapterS 

This study was undertaken to evaluate the anti-inflammatory potential of the methanolic 

extract of K. rotunda and E. cannabinum on carrageenan .. induced rat paw edema. The 

results of the present study suggest that the methanolic extract of K. rotunda and E. 

cannahinum at the dose levels of 200 and 400 mglkg significantly suppressed 

carrageenan-induced paw edema in rats. On preliminary phytochemical screening the 

methanolic extract o( K. rotunda and E. cannabinum was found to contain flavonoid 

compounds. Flavonoids are known to target prostaglandins which are involved in the late 

phase of acute inflammation and pain perception. Hence, the presence of flavonoids may 

be contributory to the antiinflammatory and analgesic activities of K. rotunda and E. 

cannabinum. The stt,Id.y indicates the potential of these herbal drugs as anti-inflammatory 

drugs. Such drugs can be explored in various inflammatory diseases It can be concluded 

that methanolic extract of K. rotunda and E. cannabinum possess significant anti

inflammatory activity in rats. The e"tracts signific.antly reduce the increase in hind paw 

volume induced by carrageenan, compared to the vehicle treated control. The findings of 

the present work justified the use of this plant in the treatment of rheumatism and other 

inflammatory conditions for its anti-inflammatory action. 

Chapter9 

This chapter carried out a preliminary screening for analgesic and antipyretic activities of 

the mizome and leave extracts of K. rotunda and E. cannabinum plants in order to 

establish some of its pharmacological properties show the responses of mice to tail 

immersion and rats to yeast induced pyrexifl method. 

The present result showed that the methanol extract of K. rotunda and E. cannabinum 

possesses a significant antipyretic effect in yeast-provoked elevation of body temperature 

in tats and its effect is comparable to that Qf paracetamol. The present study has been 

undertaken to investigate the analgesic potential of methanol extract of K. rotunda and E. 

cannabinum by tail immersion method in comparison with pentazocine. 

Of the two doses, the dose of 400mglkg is foun~ to be more potent and efficacious 

towards the analgesic and antipyretic, and the activity is in dose dependent manner. 

These data indicate the analgesic and antipyretic potential of K. rotunda and E. 

cannabinum. Generally, p !ants showing the antipyretic effect also possess analgesK. 
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activity. The pt~:s\i;r., analgesic and antipyretic activity of K. rotunda and E. cannabinum 

may be attributed to 1he presence of alkaloids, tlavonoids and tannins and triterpenoid in 

Cbapter:iO 

Evaluation has done on 1he potential of plant extracts and phytochemicals on standard 

microorganism strains as well as multi-drug resistant bacteria, which were isolated from 

hospitals. Moreover, the study investigated 1he synergistic effects of extracts with 

antimicrobial activity in association wi1h antibiotics against drugs resistant bacteria. 

Therefore, the results revealed the importance of plant extracts when associated with 

antibiotics, to control resistant bacteria, which are becoming a 1hreat to human health. 

Plant extracts. have gFeat wtential as antimicrobial compounds against microorganisms. 

Thus, they can be used in the treatment of infectious diseases caused by resistant 

microbes. The synergistic effect from the association of .antibiotic with plant extracts 

against resistant bacteria leads to new choices for the treatment of infectious diseases. 

This effect enables the use of the respective antibiotic when it is no longer effective by 

itself during therapeutic treatment. 

AU the experiments were performed both by using in vitro and in vivo model to establish 

that the plants of the Himalayan region of Sikkim investigated prQvide valuable proof of 

use oftbese plants by the people of this region as aids in their health· care system in form 

of indigenou$ ethnomedi~ines since time immemorial. In cpnclusion two medicinally 

important pytoconstituents 2-hydroxy 4, 4 ', 6-trimethoxy ~halcone (compound I) and 3 ', 

4', 5, 7:- tetrahydroxy flavonol (compound II) have been isolated from th.e rhizomes of 

Kaempfo:ria rotunda and leaves of Eupatorium cannabinum respectively. The results of 

the studies performed in this thesis may contribute to the formulation of potential herbal 

medicine from the plants investigated. 
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