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ABSTRACT

In this research, both chemical and biological assays performed. Terminalia chebula, Terminalia
bellerica, and Eucalyptus alba were found to be effective against Staphylococcus aureus with
the zone of inhibition 18, 11 and 7 ug/ml respectively, rest of the selected plants were not
found to be active against Pseudomonas aeruginosa. Staphylococcus aureus has been found to
cause different disease like bacteremia, endocarditis, meningitis, skin infection and toxic shock
syndrome. Eucalyptus alba showed highest polyphenol content (138.86+9.62 mg GAE/g dry wt.)
while flavonoid content were even lower than polyphenol content while flavonoid content
were even lower than polyphenol content. Phytochemical screening showed presence of
tannins, polyphenol, flavonoids, and cardiac glycosides. ICso value of antioxidant activity for
most of the selected plants were below 50 pg/ml. Least ICso value was found to be of
Terminalia chebula that is 19.63+0.89 ug/ml. Such results indicated the efficacy against disease
due to free radical like rheumatic arthritis. In enzymatic assays, low IC50 values by Terminailia
chebula, Ampelocissus divaricata, Terminalia bellerica, Eucalyptus alba, and Woodfordia
fruticosa for inhibition of a-glucosidase and 15-lipoxygense indicated their efficacy against
disease due to free radicals like diabetes. Result of this research awares us about the use of

these medicinal plants.

Keywords: Medicinal plants, phytochemical screening, antioxidant, antibacterial activity,

enzymatic assays.



CHAPTER I: INTRODUCTION

1.1 Background

Natural product derived from plants have versatile applications. Number of medicinal plant
derived drugs are practiced in traditional system of medicine, folk medicines, nutraceuticals,
food supplement, modern medicine, synthetic drugs and pharmaceutical intermediates (Ncube

et al., 2008; Tiwari et al., 2011).

Natural product obtained from medicinal plant are combination of secondary metabolites in
solvent or in powder form and are used orally or externally. Natural products or plant extracts
include different types of product known as decoction, infusion, fluid extract, pilular (semi-
solid) extract or dry powder extracts. Such types of preparations are called galenicals, which is
named after Galen, the second century Greek physician (Lippincot 21° edition; Tiwari et al.,
2011). Purpose to standardize extraction procedures of crude drugs is to get therapeutically
desired part and to remove remaining material by treatment with a selective solvent known as
menstrum. Such obtained extract after standardization are used as crude drugs or medicinal
agent as such or in form of tinctures and fluid extract further processes to be incorporated in
any dosage form like capsules and tablets. These natural products contain complex mixtures of
many medicinal plants secondary metabolites such as alkaloid, glycosides, terpenoids, and

flavonoid (Handa et al., 2008; Tiwari et al., 2011).

Humans have been using medicinal plants since ancient times. Numerous drugs in modern
medicine system have come from use of plants by indigenous cultures and folk medicines
(Anonymous, 1994). Near about seventy thousands species of plants are used for different
(Comer, 1996). All of the Asian countries have abundant medicinal plants. Many people from
rural areas of Asian countries have knowledge about medicinal properties of various plants,
especially of those nearer to their houses, forest or in garden. Traditional herbal doctors have
knowledge of medicinal properties of plants, time to harvest, method formulate,ways to serve

and many others details as well (Burkill, 2002).

1.2 Medicinal Plants of Nepal



Only 15 to 20% Nepalese people live in and around urban areas. They have access to modern
medicinal facilities and the rest are dependent on traditional medicine (Sharma et al., 2004).
Nepal has a huge natural resource of medicinal plants (Shrestha et al., 2001). Nepal exports
thousands of tons of raw material to Asia, Europe and America each year (Edwards et al., 1996).
Government of Nepal encourage use of medicinal plants and conserve these plants for
livelihood improvement (Cox et al., 1996). In Nepal, many ethno-pharmacological studies have
been conducted (Subrat, 2002). In Himalayan part of Nepal, traditional medicine plays very
important role. Now interest in traditional herbal medicine has increased in recent years
(Burlakoti & Kuwar, 2008). Variety of plant species have very important role in traditional
system of medicine (Khan and Balick, 2001) and they are in use from the beginning of
civilization (Kunwar et al.,, 2006). Herbal medicines are valuable and have therapeutic (Bailey

and Day, 1989) and toxic side-effect property (Keen et al., 1994).
1.3 Antioxidant properties in Medicinal Plants

It’s a well-known fact that herbs and spices possess antioxidant activity. Caffeic acid derivates,
flavonoids and terpenoids are also responsible for this effect (Madsen & Bertelsen, 1995). In
recent years consumers are more aware about the addition of synthetic additives to food and
the two most commonly used antioxidants are butylated hydroxyanisole and butylated
hydroxytoluene. They have shown DNA damage induction (Sasaki et al.,2002). It can be clearly
observed that an increasing interest in natural food additives, such as spices or spice extracts,
which can function as natural antioxidants besides seasoning the food. Selecting suitable
extraction procedure can increase the antioxidant concentration. Difference in antioxidant
activity between the plant extracts indicate the polarity of the compounds mediating
antioxidant effect. There are different analytical methods to determine the antioxidant capacity
of natural products in vitro. They can be classified into two groups: (i) assays for radical-

scavenging ability, (ii) assays for lipid oxidation inhibitory effect.
1.4 Antimicrobial Activities of Medicinal Plants

The antimicrobial activity of natural product or extracts and pure compounds can be detected

by observing the growth activity of various micro-organisms to samples that are placed with



them. Different methods to detect activity are available, all the methods are not equally
sensitive or not based upon the same principle, and results will be profoundly influenced by the
method (Vanden Berghe and Vlietinck, 1991; Cole, 1994; Rios et al., 1988; Hadacek and Greger,
2000), so focus must be on the correcting implementation and interpretation of the diverse
laboratory models. The antibacterial and antifungal test methods can be classified into three
different groups, they are: diffusion, dilution and bioautographic methods. A new test method
is the conductimetric assay, detecting growth of microbes as a change in the electrical
conductivity or impedance of the growth medium (Sawai et al., 2002). It should be emphasized
that many research groups have modified these methods for specific samples, such as essential
oils and non-polar extracts and these small modifications make it almost impossible to directly
compare results. It is therefore a ‘must’ to include at least one, but preferentially several
reference compounds in each assay (Cole, 1994). By agar diffusion technique, a well containing
the plant extract or test compound at a known concentration is brought into contact with an
inoculated medium and the diameter of the clear zone around the reservoir is measured after
the incubation period. To improve the detection limit, the inoculated petri-plate is kept at
lower temperature for several hours before incubation to favor compound diffusion over
growth of microbes, which increases the inhibition diameter. Different types of sources can be
used, such as filter-paper discs, stainless-steel cylinders placed on the surface and holes
punched in the media. The hole-punch method is suitable with diffusion technique for aqueous
extracts, because it interferes by particulate matter which is much less than with other types of
reservoirs or sources. Fixed agar is left on the bottom of the hole so as to ensure that the

sample does not leak under the agar layer (Cole, 1994).

1.5 Enzymes inhibition by plant extracts

A therapeutic approach to treat diabetes is to control postprandial glucose level based on a-
glucosidase inhibitor. a-glucosidase can convert oligosaccharide and disaccharide become
monosaccharide in the digestive tract. a-Glucoside inhibitor can inhibits a-glucosidase and it

helps in reducing the digestion and absorption of glucose. It means post-prandial glucose level



can be decreased. 15-Lipoxygenase (15-LO) is an enzyme present in different systems that
reacts with poly-unsaturated fatty acids which produces active lipid metabolites that are
involved in many diseases such as cancer, atherosclerosis and diabetes (Zou et al., 2014;
Schneider and Bucar, 2005; Dobrian et al., 2011). Xanthine oxidase (XO) is a pro-oxidative

enzyme that generates reactive oxygen species (ROS) in vascular cells (Pacher et al., 2006).
1.6 Gas Chromatography - Mass Spectrometry (GC/MS) analysis.

To identify the metabolites which show antioxidant property, the samples can be subjected to
GC-MS analysis. Identification of metabolites can be carried out using a QP2010 gas
chromatography with Thermal Desorption System TD 20 coupled with mass spectroscopy. At
ionization voltage of 70 eV gas chromatography can be conducted in the temperature
programming mode with a Restek column (0.25 mm, 60 m; XTI-5). The initial temperature of
column should be 80°C for 1 min, then it is increased linearly at 7°C min-1 to 220 °C, it has to
be hold for 3 min following by linear increase in temperature by 10°C min-1 upto 290°C hold
for 10 min. The temperature for injection port is 290°C and the GC/MS interface has to be
maintained at 290°C. The samples should be introduce via an all-glass injector working in the
split mode, with helium carrier gas flow rate was 1.2 ml min-1. Component identification is
accomplish by comparison of retention time and fragmentation pattern, as well as with mass
spectra in the NIST spectral library or any reference library stored in the computer software
(version 1.10 beta, Shimadzu) of the GC-MS. The relative percentage of each extract constituent

is express as percentage with peak area normalization (Grover and Patni, 2013).

1.7 Research Plan

1.7.1 Hypothesis

e The selected medicinal plants for the research are frequently used by indigenous people
against diseases diabetes, cancer and rheumatic arthritis. So they must have bioactive

compounds.



e The claimed benefits to health by these plant may be due to antioxidant and
antibacterial properties, and inhibition of a-glucosidase, 15-lipoxygenase and xanthin

oxidase enzym

Plant Selection

Shade Drying, grinding into powder

Extraction using methanol as solvent (cold percolation)

N

Chemical Tests Biological Tests
Quantitative Analysis Qualitative Analysis
Antimicrobial test
Total Phytochemical (disc diffusion)
Phenol screening
Content
Enzymatic test
Total
— Flavonoid Alpha glucosidase [
Content
GC/MS 15-Lipoxygenase [T
Antioxidant
activity Xanthin oxidase —
DPPH Assay

Fig 1.7.1: Research Flow-chart



1.7.2 Objectives
1.7.2.a General Objective

e Evaluation of medicinal plants having ethno medicinal values.
1.7.2.b Specific Objectives

e Methanolic extraction of medicinal plants.

e Phytochemical screening for bioactive compound in extracts of medicinal plants.

e Estimation of the total phenol and flavonoid content in the extracts.

e Test antimicrobial property of plants against pathogenic bacteria.

e Determination of enzymes inhibition.

e GC/MS analysis of the plant extract and predict the structure of compound present in it.

e Comparative analysis of the finding using statistical tools and techniques.

1.7.3 Rationale

a-glucosidase, 15-lipoxygenase and xanthin oxidase inhibitor are the drugs of target that helps
in the prevention of diabetics, cancer and gout respectively. There exist many synthetic drugs
for these disease but they are not fully successful eliminating disease and also have side effects.
Therefore, inhibitors for enzymes (a-glucosidase, lipoxygenase and xanthin oxidase) will
contribute safer treatment of disease like diabetes, cancer and gout. In this research, focus is
mainly on screening of medicinal plant which possess antidiabetic, anti-cancer and anti-gout
properties. Medicinal plant are rich in natural compound such as polyphenol, flavonoid, and
antioxidant. Bioactive compounds in plant may show enzyme inhibition activity. So, it can be
hypothesized that plant consisting bioactive compound will show higher antioxidant and
enzyme inhibition properties. This research may help people all over the world as people are

more prone to cancer and diabetes complication.
1.7.4 Scope
Identification and characterization of different compounds present in medicinal plants.

Structure prediction of compounds present in medicinal plant.



This study can display the importance of under-utilized medicinal plants.
This study validates under-utilized medicinal plants of Nepal.

Development of new drugs from medicinal plants of Nepal.



CHAPTER II: LITERATURE REVIEW

Medicinal plants have gained attention of many people including drug discovery researcher,
pharmacologist and pharmaceutical companies. Herbal doctors or traditional healers can derive
different treatments from these medicinal plants. And it is claimed that herbal remedies do not
have any toxicity or side effects. Therefore medicinal have gained attention. Researchers on
natural product have found antidiabetic, antimicrobial, anti-inflammatory, antimalarial and

anticancer properties.

Medicinal plants have been described with their taxonomical position, antimicrobial and

antioxidant properties, and presence of different compound them are given below:
2.1 Terminalia chebula Retz.

2.1.1 Taxonomic position
Kingdom: Plantae

Division: Magnoliopphyta
Class: Magnoliopsida

Order: Myrtales

Family: Combretaceae
Genus: Terminalia

Species: chebula

Vernacular name: Harro
2.1.2 Ethno-medicinal practices

Ethno-medicinal practices of herbal medicines or natural products are in high demands, almost
in all countries. Natural products or herbal-medicine have wide biological and medicinal
applications. They are very safe to use and available at lower costs. Terminalia chebula is a
medicinal plant. It is widely distributed throughout South-Asia. Ripen and dried fruit of
Terminalia chebula is known as Black Myrobolan. It is used for treatment and control of various
diseases like common-cold, asthma, sore-throat, vomiting, hiccough, beeding, piles, diarrhea,

gout, heart and bladder disease (Kirtkar and Basu, 1935; Manoj et al., 2009).



2.1.3 Phytochemistry

Black myrobolan have been found to possess antioxidant and free radical scavenging activity
(Cheng et al., 2003; Manoj et al., 2009). It has been found to be active against cancer cell 3 and
Helicobacter pylori (Malekzadeh et al., 2001; Manoj et al., 2009), beneficial as an anti-carries
agent (Sugina et al., 2002; Manoj et al., 2009). It is used in skin or dermal wound healing (Jagpat
& Karkera, 1999; Manoj et al, 2009) and also improves gastrointestinal mobility
(Tamhane,1997; Manoj et al., 2009). There are evidences of use Terminalia chebula in
anaphylactic shock 8 and diabetes mellitus (Sabu & Kuttan, 2002; Manoj et al., 2009). Extracts
of Terminalia chebula from two different solvents show significant effect against growth of uro-
pathogenic E.coli (Chatopadhya, 2007; Kannan et al., 2009). Ethyl ester of Gallic acid and both
can be isolated from ethanolic extract of Terminalia chebula. The extract shows effect against
growth of methicillin-resistant Staphylococcus aureus (MRSA). It also shows effect against
growth of Salmonella typhi and other intestinal bacteria. But there are no such published
articles or reports related to antimicrobial growth effect against Bacillus subtilis, Staphylococcus
aureus, and Escherichia coli, by aqueous extract of Terminalia chebula fruit (Farag, 1989; Manoj

et al., 2009).

The research data indicates Pseudomonas aeruginosa, a Gram’s negative bacteria is sensitive
against Terminalia chebula among tested organism. The extract showed strongest zone of
inhibition against Pseudomonas aeruginosa. The extract with 100% concentration showed
highest activity against growth of Escherichia coli. It showed moderate level of activity against
Staphylococcus epidermidis, Bacillus subtilis, Staphylococcus aureus, and Shigella flexneri.
Extract of Terminalia chebula with the concentration of 75% showed strongest zone of
inhibition against various strains of microbes. Data of the research shows growth effect against
bacteria by inhibition zone of 14 mm to Pseudomonas aeruginosa, Escherchia coli, and
Staphylococcus epidermidis. By comparing the effect against microbial growth due to extract
with standard antibiotic (amoxicillin, tobramycin, erythromycin, cephalexin), it can be
concluded that the extract has demonstrated better activity than cephalexin and tobramycin.
But the plant extract is not better than cephalexin and tobramycin. But the plant extract is not

better than erythromycin and amoxicillin. After analyzing complete research, Terminalia



chebula has been found to possess growth inhibiting property against different microorganism.
The whole extract of Terminalia chebula shows protection or growth against inhibitory effect
against Gram’s positive and Gram’s negative bacteria. Further studies and researches on
extracts are required to pinpoint or specify the finding (Manoj et al., 2009). Terminalia chebula
is used by herbal medicine system in Tamil Nadu to cure disease and ailments such as diarrhea,
skin disease, cough, fever, urinary-tract infection, candidiasis, wound infections (Dash, 1991;
Kannan et al., 2009). The ICso for Staphylococcus aureus and Escherichia coli was found to be
1mg/ml. Growth of Bacillus subtilis and Staphylococcus aureus was found to be inhibited by the
extract of Terminalia arjuna (Perumal and Ignacimuthu, 2001; Kannan et al., 2009). Enzyme
inhibition of alpha-glucosidase was observed to be strong in extract of Terminalia macroptera.
Extracts from hot water also showed activity against some assays (Zou et al., 2014; Pham et al,,

2011a).
2.2 Ampelocissus divaricata (Wall. ex M.A.Lawson)

2.2.1 Taxonomic position
Kingdom: Plantae

Division: Tracheophyta
Class: Magnoliopsida
Order: Vitales

Family: Vitaceae

Genus: Ampelocissus
Species: divaricata

Vernacular name: Pureni jhar
2.2.2 Ethno-medicinal practices

Natural products are the sources of antioxidant. They can prevent different pathological
conditions like cancer, neurodegenerative and cardiovascular problems. People in developing
countries of western Africa cannot afford drugs. Almost 80% people are dependent on
medicinal plant for treatment of health problem (Zongo et al, 2010; Karou et al.,, 2006;

Hostettnann & Marston, 2002; Kirby, 1996). It has been reported that Shigellosis and malaria



can be treated by Ampelocissus grantii or in mixed form with others (Zongo et al, 2010;
Adjanhoun et al., 1980). Schistosomiasis can be treated by this plant (Zongo et al., 2010; Bah et
al., 2006). Old wound (2-3 years) can be cured by the use of this plant (Zongo et al., 2010;
Inngjerdingen et al., 2004).

2.3 Terminalia bellirica (Gaertn.) Roxb.

2.3.1 Taxonomic position
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Myrtales

Family: Combretaceae
Genus: Terminalia
Species: bellirica

Vernacular name: Barro
2.3.2 Ethno-medicinal practices

Nature is infinite resource of herbal remedy for treatment of human’s ailments. Higher plants
have potential for discovery of a new drug. But they are largely unexplored till the date (Devi et
al., 2014; Oke & Hamburger). From the times of Rig veda, medicinal plant have been used by
traditional medicinal system to cure many diseases. Number of microbial diseases are treated
and cured by medicinal plants. These plants don’t show any side effects and are less expensive

(Devi et al., 2014; Nithya et al., 2004).
2.3.3 Phytochemistry

Development of multiple drug resistance towards many antimicrobial compounds has led to
use natural drugs (Devi et al., 2014; Kavitha & Padma, 2011). A clear symptoms appears in case
of infectious diseases. Traditional healers can recognize such infectious diseases. They have
developed number of therapies effective against infectious diseases. Exponential growth for

consumption of herbal products can be observed, globally. Various phytochemical are present


https://en.wikipedia.org/wiki/Gaertn.
https://en.wikipedia.org/wiki/Roxb.

in plant which are responsible to show antimicrobial activities. Most of the people in the world
are dependent upon traditional system of medicine for primary health care (Devi et al., 2014;
Prabuseenivasan et al., 2006). Terminalia bellirica belongs to Combreteceae is a large type of
deciduous tree. They are found throughout in India. It has various medicinal properties. It can
be applied on painful swollen part, skin diseases, and premature gray hair. For the treatment of
astringent, conjunctivitis, impart black color to hair, boost hair growth, arrest bleeding, asthma,
premature voice, cold and cough, fruit of bellerica can be used. Blood pressure falls at the
concentration of 70 mg/kg weight of the body. The plant also help in curing loss of appetite,
blood pressure, lowering cholesterol, prevent ageing and boost immunity. It prepares against
diseases by enhancing body resistance. Bellerica is being used by traditional medicinal system
to get all disease cured mentioned above by the people of Coimbatore, India (Devi et al., 2014,
Kritikar, 1999). One of the major cause of public health issue is infectious disease. Emerging
strains with developed resistance against drugs show low susceptibility to antibiotic because
mutation in genes. This is the challenge for any researcher to discover new drug (Devi et al.,
2014; Rani et al., 2013). Evaluating antimicrobial property from different medicinal plant
sources is of great importance at present scenario. The observed activity against bacteria on
which test has been performed, provide evidence for usage of the plant in treatment of
different disease. The plant extracts were found to be active against bacteria and fungi. Such
tests indicate the extracts has a broad spectrum antimicrobial property. This observation is of
higher significance. This shows the possibility to develop substance of therapeutic value which
are active against those organism with developed multi drug resistant. Many studies on fruit
extract of this plant describes its traditional application and indicates the extract composed of
antimicrobial substance which can be used as antibacterial or antifungal in novel drugs to treat
microbial diseases (Devi et al.,, 2014; Rana et al.,, 1997). Fruit aqueous extract of Terminalia
bellirica showed antimicrobial activity on bacteria and fungi. This indicates phytochemical
present in fruit extract can deactivate numbers of cellular enzymes that has role in metabolic
pathways of the microbes. It has been reported, proteins of the cells may be denatured by
phytochemicals, which results abnormal cellular processes. Various non nutrient phytochemical

compounds are present in the plant extract which shows biological property that are of



valuable and desirable therapeutic index. Varieties of phytochemicals have been found to
consist a broad range of activities, this may protect from chronic disease (Devi et al., 2014,
Gurib & Fakim, 2006). Flavonoid, tannins, phenol and alkaloid have been found to be present
during phytochemical screening. The possible reason for inhibition of microbial growth by the
presence of phenol are enzymes involved for production of energy may have impaired,
interference in integration of cell membrane and synthesis of structural component. Fungal
growth might have inhibited by phenol which induced swelling, distortion, plasma seeping and
leakage, wrinkling of hyphae and abnormal branching or fusion. Tannins are present in fruit
extract of Terminalia bellirica. Tannins might have interfered the development of
microorganism by precipitation of microbial protein. This causes unavailability of nutritional
proteins to microbes (Devi et al., 2014; Hung & Chung, 2006). In reports, it has been found that
tannins from such complexes with proteins rich in proline, which cause inhibition in synthesis of

cell protein (Devi et al., 2014; Hagerman and Butler, 1981).

2.4 Eucalyptus alba (Reinw.)

2.4.1 Taxonomic position
Kingdom: Plantae
Division: Tracheophyta
Class: Magnoliopsida
Order: Myrtales

Family: Myrtaceae
Genus: Eucalyptus
Species: alba

Vernacular name: Lyptis
2.4.2 Ethno-medicinal practices

Many identified medicinal plants have been used throughout the history of human. For the
discovery of future medicine, ethnobotany could be an effective way. The ability of plant to
synthesize various chemical compound can be utilized for defense action against the attack of

predators like mammals, herbivores, fungi and insects, and to perform some biological



functions. About 12,000 compounds have been identified till the date. This is estimated to be
less than 10 percent of total (Shayoub et al., 2015; Tapsell et al., 2006; Lai & Roy, 2004). 122
compounds have been identified by researcher (in 2001) are derived from ethno-medical plant
sources and they are being used in modern medicine. 80% of these compounds have an ethno-
medicinal use. The active elements from these plants are being used currently (Shayoub et al.,

2015; Fabricant & Fransworth, 2001).

2.4.3 Phyto-chemistry

Many drugs which are being used currently such as aspirin, digitalis, quinine, and opium have
history for its uses in herbal remedy. Conventional drugs or chemical compounds from plants
show their effect on human body are identical. So, herbal medicine are similar to conventional
drug in term of the way they work. This implies herbal remedy or medicine to be as effective as
conventional drugs, and same with the potential of its side effects (Shayoub et al, 2015;
Tapsell, 2006; Lai & Roy, 2004). Creation of tablets by the Sumerians dates back to 5000 years
in the written history, with hundreds of medicinal plant lists (Shayoub et al.,, 2015; Sumner &
Judith, 2000). Ancient Egyptians in 1500 BC wrote Ebers Papyrus, which has information on
more than 850 medicinal plants. This includes: Mandrake, aloe, bean, castor, cannabis, juniper,
garlic (Shayoub et al, 2015; Sumner & Judith, 2000). Sudan has extreme geographical
conditions in terms of meteorology, climate, and topography. This results in growth of flora
with variations. These different types of medicinal plants are flora of many countries. In Sudan,
such medicinal plants are grown which have therapeutic value and drug isolated from these
plants are used by pharmacopeias of many countries. The main purpose of these study is to
focus on anti-hyperglycemic effect of an important tropical plant with medicinal value.
Eucalyptus genus has around 800 genus. Eucalyptus is Australia’s native and spread widely

(Shayoub et al., 2015; Slee et al., 2006).

2.5 Woodfordia fruticosa (L.) Kurz

2.5.1 Taxonomic position
Kingdom: Plantae

Division: Tracheophyta



Class: Magnoliopsida
Order: Myrtles
Family: Lythraceae
Genus: Woodfordia
Species: fruticosa

Vernacular name: Ras dhairo
2.5.2 Ethno-medicinal practices

It is commonly known found throughout Northern part of India. Its height is 1 to 3 metre
sometimes upto seven metres. It is cultivated widely for its ornamental purpose. In gardens, it
is cultivated for flowers. It is also known as fire flame bush because color is like flame. It is used
for manufacture of red dye which colors fabric. In India, it is commonly known as Dhavri, Dhatki
etc. This plant has medicinal properties. And belongs to Lyrthraceae family. For fermentation
purpose in Ayurvedic medicine, these plant’s dried flowers are considered to be very effective
(Kroes et al., 1990; Grover & Patni, 2013). It is used for internal and external purposes. Its dried
flower have been reported in use for treatment of diseases like herpes, headache, fever, skin
diseases, burning sensation, ulcers, wounds, menorrhagia, mucous membrane leucorrhoea
disorder, piles, liner disease, dysentery diarrhea, hemorrhoids (Chadha, 1976; Grover & Patni,
2013). Often, they are added to Ayurvedic Arishtas to cause alcoholic fermentation (Atal et al.,

1982; Grover & Patni, 2013).
2.5.3 Phyto-chemistry

Powder made up of dried form of flower is sprinkled externally on wounds alleviates sensation
of burning, arrest bleeding, and promotes healing. Fresh-flower juice of the plant is applied on
forehead which reduce headache due to pitta. Powder prepared from dried flower are used in
massage of gums which facilitates dental eruption in case of children. Leaves of Woodfordia
fruticosa have antimicrobial activity in “in vitro” condition. It shows such effect against
Micrococcus pyogenes var. aureus and also has sedative properties. This medicinal plant have
curative value may be due to different secondary metabolites present in it such as sterols,

saponin, phenol, glycosides, flavonoids, alkaloid etc. For screening, preliminary tests are



performed which can detect bioactive compound. This helps in discovery of drug and their
development. Screening of phytochemical is the most important and significant in identification
of new source of therapeutics which could be valuable compound industrially and have medical
significance. Such process is best and justified way to use natural wealth which are available.
This research was performed for the determination of possible phyto-constituent from
Woodfordia fruticosa by analysis of GC/MS. Characterizing organic compound of plants are area
of interest in recent years. So this research was organized for screening and isolation of
bioactive compound. It was observed that more bioactive compounds were obtained from

methanolic extract of the plant leaves (Audu et al., 2004; Grover & Patni, 2013).
2.6 Cheilanthes dalhousidae Sw.

2.6.1 Taxonomic position
Kingdom: Plantae
Division: Pteridophyta
Class: Polypodiopsida
Order: Polypodiales
Family: Pterideceae
Genus: Chelanthes
Species: dalhousidae

Vernacular name: Rani sniko
2.6.2 Ethno-medicinal practices

Information from traditional medicine system are very important for the development of any
drug and health care (Ghorpade et al., 2015; Pei, 2001). According to WHO 80% of people in
world mostly from developing countries are dependent on plant derived medicine or drugs for
the treatment of disease (Ghorpade et al., 2015; Gurib, 2006). Pteridophytes are also known as
“reptile group of plants”. Primarily, pteridophytes are vascular plant groups. There is less
information available on the literature of pteridophytes related to medicinal value except some
studies. Pteridophytes are not easily available as flowering plants. They play important role in

biodiversity of earth (Ghorpade et al., 2015; Caius, 1953; Manandhar, 1996; Kumar & Kaushik,



1999; Sharma, 2002; Benjamin and Manikam, 2007). Cheilanthes dalhousidae is a herb known
as Rani Sinka in Nepal and its raw leaves have been reported for use in snake bite (Rai and

Singh, 2015).
2.6.3 Phyto-Chemistry

Plant contents number of phytochemical molecules. They are: betalains, amines, alkaloids,
coumarins, quinones, tannins, flavonoids, stilbenes, lignin, phenolic acids, terpenoid, vitamin
and some additional metabolites, and these are rich source of antioxidant activity (Ghorpade et
al.,, 2015; Zheng & Wang, 2001; Cai et al., 2003). According to many researches, so many
antioxidant compound possess antiviral, antiathero-sclerotic, antibacterial, anticarcinogenic,
antimutagenic, antitumour, anti-inflamatory properties (Ghorpade et al., 2015; Sala et al., 2002;
Rice —Evans et al., 1995). Eating natural antioxidant is related to reduce of hazard for cancer,
cardiovascular diseases, diabetes and related to ageing (Ghorpade et al., 2015; Ashokkumar et
al., 2008; Veerapur et al., 2009). Natural phytochemical found in different fruits like berry
crops, herbs, oil seed, fruit and vegetable beans, teas etc. are being used universally in modern
years (Ghorpade et al., 2015; Kitts et al., 2000; Muselik et al., 2007, Wang & lJiao, 2000).
Pharmacological effects of plant secondary metabolites are being studied widely for
therapeutic values in modern centuries (Ghorpade et al., 2015; Krishnaraju et al., 2005). It can
be concluded that plant extract or phytochemical showing higher antibacterial activity can be
used against bacterial infections (Ghorpade et al, 2015; Balandrin et al., 1985). Microbial
pathogen do not infect pteridophytes, this could be significant reason of evolutionary progress
for pteridophytes. There is an information available that pteridophytes stay alive for 350 million
year and even more than that. India has rich diversity of medicinal plant including
pteridophytes. It can be concluded that the screening for plant extract with antibacterial
activity may help curing plant and human disease (Ghorpade et al,, 2015; Sharma & Vyas,
1985). The main for this study was for evaluation of phytochemical from extracted from

methanol of four Cheilanthes species (Ghorpade et al., 2015; Brinda et al., 1981).

2.7 Centella asiatica (L..) Urb.



2.7.1 Taxonomic position
Kingdom: Plantae
Division: Tracheophyta
Class: Magnoliopsida
Order: Apiales

Family: Apiaceae

Genus: Centella

Species: asiatica

Vernacular name: Ghodtapre
2.7.2 Ethno-medicinal practices

It is native to many countries of Asia (Matsuda et al., 2001; James & Dubery, 2009; Thangavel et
al., 2011). Centella asiatica is known as Ghodtapre in Nepal (Rai, 2003). According to the
medicine system of Ayurveda, it can be used as brain-tonic, to treat many chronic and mental

diseases.

2.7.3 Phytochemistry

It contains various important compound, they are: sceffoleoside, centellasaponin, asiaticoside
and madecassoside (Matsuda et al,, 2001; James & Dubery, 2009; Thangavel et al.,, 2011). It
contains pectin (Wang et al., 2009; Thangavel et al.,, 2011). It contains castilliferol 1 and
castellicetin 2 (Subban et al., 2008; Thangavel et al., 2011). Isolated fatty-oil from Centella
asiatica contain glycerides of steric, palmitic, lignoceric, centoic and oleic acid. Leaves of
Centella asiatica contain 7-glycosyl kaemferol, 3-glycosyl kaemferol, 3-glycosyl quercetin and
triterpene madaciatic acid (Martin, 2004; Thangavel et al., 2011). Some bitter compound like
pectic acid, vellasine and resin are present in the root and leaves. Compound like asiaticoside
and oxyasiaticoside are active against leprosy and tuberculosis (Chopra et al., 1980; Thangavel
et al.,, 2011). The plant shows varieties of pharmacological effects. They are used for healing,
antibacterial, mental disorder, anticancer and antioxidant purposes. This plant highly active in
ulcer preventive (Cho, 1981; Thangavel et al,, 2011). It is used as anti-depressive sedative. It

also has property of neutralizing venom poisoning (Zheng & Qin, 2007; Thangavel et al., 2011).



Centella asiatica have been found to be responsible for increase in concentration power,
behaviors and general abilities of mental retardness in children (Appa Rao et al, 1973;
Thangavel et al.,, 2011). It is used for treatment of rheumatic diseases (Howes and Houghton,
2003; Thangavel et al., 2011). Asiaticoside is a type of triterpene saponin is found in leaves. It
can be utilized as a “wound healing” agent because of its anti-inflammatory effects (Pointel et
al., 1987; Shukla et al., 1999; Thangavel et al., 2011). Drug resistance has developed against
some common antibiotics by human pathogens. This indicates for the search of new antibiotics
from different sources like plants. So many plant species possess antibacterial properties. Many
of these plants are not evaluated systematically. Antimicrobial properties of plant extract
attract attention highly for their evaluation of antimicrobial properties against resistant plant
pathogen. Protocol of callus proliferation is very important and has to be developed efficiently
to start in-vitro method of cultivation. To produce cells and secondary compound in large scale,
there are many developed techniques of plant tissue culture available (Lee et al., 2011;
Thangavel et al., 2011). By this approach, the desired active component can be isolated from
callus without harming natural resources of plants. For screening of bioactive compound,
antimicrobial activity of leaf extract and development of in-vitro callus from leaf of Centella
asiatica, this particular study has been conducted. Phytochemical evaluation of the plant
revealed presence of reducing sugar, alkaloid, tannin, glycosides, flavonoids, terpenoids and
steroids. These compounds can be used against pathogen of humans and those organisms
which are responsible cause of enteric infections. It has been reported to possess curative
properties against many pathogens so, it can be used to treat many diseases (Hassan et al.,
2004; Thangavel et al., 2011). The antioxidant activity of this plant is due to total amount of
phenolic compound present in leaf, root and petiole (Zainole et al., 2003; Thangavel et al.,

2011).
2.8 Citrus maxima (Burm. f.) Merr.

2.8.1 Taxonomic position
Kingdom: Plantae
Division: Tracheophyta

Class: Magnoliopsida



Order: Sapindales
Family: Rutaceae
Genus: Citrus
Species: maxima

Vernacular name: Bhogate
2.8.2 Ethno-medicinal practices & Phyto-chemistry

The two common Gram negative bacteria are Escherichia coli and Salmonella typhimurium and
these bacteria frequently cause infections in Gastro-intestinal tract in humans and animals.
Most of time in human cases, infections due to Escherichia coli and Salmonella are food borne
by nature. Escherichia coli and Salmonella cause food-borne infections. They are reason for
higher consequences on the status of public health because they increase the cause of
mortality and morbidity. These are well known bacteria which are factors to determine the
cause, control and distribution of Gram negative enteric and have changed with time.
According to the report, emerging pathogen mere responsible for increment in prevalence and
they were also responsible for association with newer food vehicles and cause of systemic
disease which cause long term complication and develop antibiotic resistance. Eschericha coli
and Salmonella typhi are resistant to different class of antibacterial agent which been reported
world-wide (Friedman et al., 2004; Geornaras et al., 2007; Azu et al., 2008; Duan & Zhao, 2009;
Barrion et al., 2014). There is growth in interest on public health. Food safety issue should not
be emphasis highly. Newer economic plant have gained attentions from which antimicrobial
extract can be derived. They have possibility to be used as to secure food security. Many recent
reports are there related to safeness and health, natural food are preferred over food items.
New pathogens may have potential develop resistance against antibiotics. There are issues
related to traditional antibiotics and its misuse. Many Citrus species are the subject for
researches related to antimicrobial activity. There are little or very less work have been done on
the evaluation of antimicrobial property or potential of un-edible part of the fruit. One of the
common Citrus species in the country is Pumelo. It is said to be the grape fruits local version.
Analyzing previous researches, there are higher antioxidant and antimicrobial activities for

different phytochemicals present in fruits like Citrus. It can be concluded that different Citrus



fruits have same complexity in structure of all cultivars. So, synthetic preservatives can be
replaced by pummelo which has healthy side effects to consumers. It can be used for medicine,
food technology and therapeutic purpose (Ladiya, 2008; Cowan, 1999; Barrion et al., 2014). By
examining probable mechanism of resistance developed by Gram negative bacteria like
Escherichia coli and Salmonella typhimurium against natural antibiotic potential of Citrus
maxima extract would give some hints on the mechanism pattern of developed antibiotic-
resistance mechanism. Such information or finding are helpful to control growth of the
microbes effectively and eliminate or minimize high load of infectious disease which might
affect the population. Identification of phytochemical composition and the determination of
antibacterial activity for the inedible part of pumelo fruits were the objectives of this study.
Antibacterial activity was performed against Escherichia coli and Salmonella typhimurium

(Sarian, 2009; Barrion et al., 2014).
2.9 Hedyotis diffusa (Willd.) Roxb.

2.9.1 Taxonomic position
Kingdom: Plantae
Division: Tracheophyta
Class: Magnoliopsida
Order: Gentianales
Family: Rubiaceae

Genus: Hedyotis

Species: diffusa

Vernacular name: Maijithe jhar
2.9.2 Phyto-chemistry

Compounds like polysaccharide, anthraquinone (2-hydroxy-3-methoxy-7-methyl
anthraquinone, 2-hydroxy-1-methoxyanthraquinone), flavonoid (quercetin, rutin, quercetin-3-
O-B-D-glucopyranoside, quercetin-3-O sambubioside, kaempferol, kaempferol-3-O-B-D
pyranside), phenolic acid (p-coumaric acid and ferulic acid), asperuloside acid, diacetyl

asperulosidic acid methyl ester, geniposidic acid, triterpenes (ursolic acid and oleanolic acid),



iridoids ((E) -6-O-p-coumaroyls candoside-methyl ester) and a miscellaneous compound are
identified as marking compound for quality control of Hedyotis diffusa which are confirmed by
series of analytic methods like UV, HPLC, TLC, and LC/MS. Wide variation were present in these
compound. Samples were collected from different places and time. There is an urgent
requirement of a method to ensure the quality of Hedyotis diffusa. There is very less
information or known about pharmacokinetics investigation of this plant. Hedyotis diffusa,
when administered orally in case of renal inflammation induced by lipopolysaccharide in mice
showed most compound like iridoids glycoside, anthraquinone, flavonoid present in plasma and
twelve compounds (which include eight flavonoids and four iridoid-glycoside) present in kidney
according to the analysed result of UPLC-Q-TOF-MS/MS. (Chen et. al., 2016; Ye et. al., 2015).
Biological availability of Hedyotis diffusa was investigated by producing post absorption sample
with the use of Laco-2 cell model and it confirmed good permeability of decoction (Chen et. al.,

2016; Ganbold et al., 2010).

2.10 Albizia lebbeck (L.) Benth.

2.10.1 Taxonomic position
Kingdom: Plantae

Division: Tracheophyta
Class: Magnoliopsida
Order: Fabales

Family: Fabaceae

Genus: Albizia

Species: lebbeck

Vernacular name: Shirish
2.10.2 Ethno-medicinal practices

It is known as Shirish in India. In Indian subcontinent, it is very familiar and well known for its

uses in medicine. It is well explained in Ayurveda, Indian folk and traditional medicine system.



Inflammatory diseases like arthritis, asthma and burns can be cured by the use of Albizia

lebbeck (Faisal et al., 2012; Malla et al., 2014).
2.10.3 Phyto-Chemistry

Antihistaminic property also have been reported for its alcoholic extracts. Histamine is directly
neutralized by Albizia lebbeck or by action of corticotrophin resulting rise in level of plasma
corticsol (Babu et al., 2009; Malla et al., 2014). Diseases like Alzheimer and Parkinson can be
treated by the use of saponin obtained from Albizia lebbeck (Sanjay et al., 2003; Malla et al.,
2014). When free radicals are released, these are responsible for the creation of oxidative
stress. These oxidative stress and release of free radicals are among the major reasons for
disease and disorder (Shrotri et al., 2012; Malla et al., 2014). Free radicals are fundamental in
biochemical pathways. They play important part in metabolism and aerobic life (Fang et al.,
2002; Malla et al., 2014). Super oxide anion, hydrogen peroxide, hydroxyl and peroxy radical
are the most common reactive oxygen species (ROS). Peroxy nitrite anion and nitric oxide are
the free radicals derived from nitrogen (Nagendrappa, 2005; Malla et al., 2014). For more than
hundreds of diseases ROS are responsible. Disease like infection, arthritis, connective tissue
disorder, cardiovascular malfunction, physical injury are due to ROS. (Ray & Hussain, 2002;
Malla et al., 2014). In order to treat these diseases, antioxidant therapy play an important role.
To evaluate the antioxidant, antimicrobial and preliminary phytochemical tests of Albizia

lebbeck this research was organized (Leggett & Westerman, 1973; Malla et al., 2014).



CHAPTER Ill: MATERIAL & METHODOLOGY

3.1 Chemicals and Equipments

Enzymes and chemicals were purchased from Sigma-Aldrich, Fischer Chemical. The rotary
evaporator used for concentration of the extract was from IKA werke, Germany. And sonicator
used was from Indosati. All the media used were from HiMedia Laboratories Pvt. Ltd. ELISA was

from Thermo Electron.
3.2 Plant Material

Table 3.2: Name and Parts of Plants selected.

Scientific Name Vernacular name Parts used
Terminalaia chebula Harro Fruit
Ampelocissus divaricate Pureni jhar Whole Plant
Terminalia bellirica Barro Fruit
Eucalyptus alba Lyptis Bark
Woodfordia fruticosa Ras dhairo Stem
Cheilanthes dalhousidae Rani sinko Whole Plant
Centella asiatica Ghodtapre Whole Plant
Citrus maxima Bhogate Young shoot & leaves
Hedyotis diffusa Majithe Jhar Stem
Albizia lebbeck Shirish Bark

3.3 Extraction of plant materials ( by cold percolation method)

Plant materials were dried in shade. Fine powders of the materials were prepared using electric
crusher. Cold percolation technique with sonication was followed. Weighed dried plant
materials were taken in air-tight jar. Methanol was added to the material such that the ratio of
the volume of solvent in ml to the gram weight of the plant material would be 1:6. Such

prepared solvent system was then allowed to stand for three days at room temperature. And



the solution was subjected to sonication. Sonication was done for 75 minutes at 50°C, each day
for three days. On day 4, the supernatant was slowly poured into round bottom flask via

whatman no 1 paper filtration.

Marc or the remaining solid residue was pressed gently to squeeze out all the absorbed solvent.
The obtained solvent then contained the phytochemicals from respective plant materials. The
solution collected in round bottom flask was then subjected to evaporation at reduced pressure
in a rotatory vaccum evaporator. To the remaining solid material of plant, the process of
extraction was repeated to obtain ethyl acetate and methanol extract respectively. After
evaporation, the reduced amount (about 25-30 ml) of solution was transferred to petri-plates.
The plates were then incubated at 37°C for two days such that solvent in the extract completely

get evaporated. Thus obtained extract is called crude extract of the respective plant material.
Percentage yield (%) = Dry wt. of extract * 100 / Dry wt. of plant material

The crude extract were then stored in cryovial at 4°C until use.
3.4 Phytochemical Screening

Crude extract of the plants were subjected to preliminary phytochemical screening to detect
the major phyto-constituents present in them. The procedure for this has been followed from
different research papers. A detail protocol followed for detection of major group of compound

has been described below:
3.4.1 Detection of Phenolic compounds
3.4.1.a Ferric Chloride Test:

To the aqueous fraction of the extract as prepared earlier, few drop of alcoholic Ferric chloride
were added. Change in the color of the solution to dark green occurs as a result of presence of

phenolic.
3.4.2 Detection of flavonoid

3.4.2.a. Alkaline Reagent Test:



Development of yellow fluorescence upon addition of 10% Ammonium Hydroxide solution to

aqueous fraction of the extract confirms presence of flavonoids.
3.4.2.b. Magnesium and Hydrochloride Acid Reduction

50 mg of the extract was dissolved in 5 ml of ethanol and to it few fragment of magnesium
ribbon were added. Upon drop wise addition of conc. HCl, development of pink to crimson

color occurs due to presence of flavonol glycoside.
3.4.2.c. Schinoda Test

A piece of magnesium ribbon was added to few ml of methanolic extract and then 1 ml of
concentrated sulfuric acid was added to it. Development of pink or red coloration indicates the

presence of flavonoids.
3.4.3. Detection of carbohydrates (Raaman, 2006)

3.4.3.a Molich’s Test

Test solution i.e., aqueous fraction of plant material was taken in a test tube. To it 2 drops of
alcoholic solution of of a-napthol was added and shaken well, then 1 ml of conc sulfuric acid
was added along the wall of the test tube and kept undisturbed. Formation of violet ring is

positive result.
3.4.4 Detection of Protein and amino acids

100 mg extract was dissolved in 10 ml distilled water and filtered to obtain aqueous fraction of

extract.
3.4.4.a Biuret Test

In 2 ml of filtrate, 2 drops of 2% copper sulfate solution and 1 ml of 95% ethanol was added
which was followed by addition of KOH pellets in excess. Appearance of pink color in the

ethanolic layer confirms presence of proteins.

3.4.4.b Ninhydrin test



Two drops of Ninhydrin reagent to 2ml of the filtrate. Appearance of characteristic purple color

indicates presence of amino acid.

3.4.5 Detection of Tannins
3.4.5.a Braemer’s Test (Kumar et al., 2007)

Methanolic extract and 10% Ferric Chloride solution was added to test tube in equal volume.

Formation of dark blue or greenish blue of the solution confirmed presence of tannins.

3.4.6 Detection of Cardiac glycoside
3.4.6.a Kellar-Killani test (SV,2007)

0.5 ml of methanolic extract was added to 2 ml glacial acetic acid. One drop of 5% ferric
chloride solution was added to it. 1 ml of conc sulfuric acid was added to overlay the solution.
Brown ring formation at surface indicates presence of cardiac glycoside. Greenish ring or a

violet ring below bwron ring is also considered as a positive result.
3.5 Antibacterial Screening

The antimicrobial activity of the crude extracts was performed by Agar well diffusion Technique
(Perez C, 1990). Equal size of wells were bored on the agar plates, along with positive and
negative controls. Halo zone was marked as zone of inhibition. The diameter of the halo zone

shows antibacterial activity of the crude extract.
3.5.1 Micro-organism

Clinical isolates pathogen one Gram positive Staphlococcus aureus ATCC 2593 and one Gram

negative Pseudomonas aeruginosa ATCC 27853 pathogen were used for antibacterial assay.
3.5.2 Culturing of Bacteria

Biochemical tests was performed for all the bacterial samples to identify the organism. All the
organisms were sub-cultured every fifteen days. Before testing the bacterial inoculums were
sub-cultured in Nutrient Broth for 12-18 hours at 37°C. The cell suspension in the culture was

maintained at 1.0-1.5x10% CFU/ml.



3.5.3 Preparation of extract for Antibacterial Screening

50mg/ml plant extract in DMSO was prepared. Then, the extract was stored in refrigerator at

4°C.
3.5.4 Anti-bacterial screening via Agar well diffusion Technique

Autoclaved molten MHA was poured in the sterile petri-plates and allowed to set. The thickness
of the media maintained in each of the plates was 4mm. The prepared bacterial inoculum was
compared with 0.5 McFarland standard to obtain inoculums of 1.5x10°® CFU/ml. Sterile cotton
swab was dipped into the standard microbial inoculum, then the swab was gently rubbed on
surface of media (MHA) which ensures a uniform lawn of microbial growth. All inoculated
media plates were allowed to diffuse for 20 minutes in laminar air flow. Using sterile borer,
seven wells of 6 mm each were bored in the inoculated media. In each plate, DMSO as solvent
control, antibiotic disc (Chloramphenicol, 50 mcg) as positive control and plant extracts were
added to seven wells. Those inoculated plates were incubated at 37°C in incubator at upright

position for 18-24 hrs.

The plates were observed for the formation of halo zone around the seven wells, after the
incubation for 18-24 hrs. Halo zone represents the antibacterial activity of the corresponding

plant extract and clear zone’s diameter represents the strength of the antibacterial activity.
3.6 Determination of Total Polyphenol Content

Folin-Ciocalteu method of was followed for the determination of total phenolic content in the
plant materials (Ainsworth and Gillespie, 2007). Crude methanolic extract at concentration of 1
mg/ml in absolute methanol were prepared. In a clean test-tube 100ul of these samples were
taken and 1570ul of sterile distilled water was added to each test-tube such that final
concentration of methanol becomes 6%. Then, 200 pl of Folin-Calteu reagent of 10% v/v was
added to each of them. 800 ul of Sodium Carbonate (7.4%) was also added to it. The solution
was shaken well and incubated at 37°C for one hour. Then the absorbance of the resulting
blue/violet coloured solution were measured by UV-Spectrophotometer at wavelength of 765

nm. For the blank, 100 ul of absolute methanol was used replacing the test solution. Gallic acid



was used as standard. The total phenolic content in the respective plant extracts were
qguantified by using the standard calibration curve generated. The results were expressed as
Gallic Acid Equivalent, milligrams per grams of dry weight. Each of the assays were carried out

in triplicate (n=3).
3.7 Determination of Total Flavonoid content

The total flavonoid content of crude extract was determined by the aluminium chloride
colorimetric method Chang et al., 2002). In brief, 50 L of crude extract (1 mg/mL methanol)
were made up to 1 mL with methanol, mixed with 4 mL of distilled water and then 0.3 mL of 5%
NaNQO2 solution; 0.3 mL of 10% AICI3 solution was added after 5 min of incubation, and the
mixture was allowed to stand for 6 min. Then, 2 mL of 1 mol/L NaOH solution were added, and
the final volume of the mixture was brought to 10 mL with double-distilled water. The mixture
was allowed to stand for 15 min, and absorbance was measured at 510 nm. The total flavonoid
content was calculated from a calibration curve, and the result was expressed as mg quercetin

equivalent per g dry weight.
3.8 Determination of Antioxidant Activity

3.8.1 DPPH Assay

The antioxidant activity of the extract was determined by the 2, 2-diphenyl-2-picryl-hydrazyl
(DPPH) assay. The stable 2, 2-diphenyl-2-picryl-hydrazyl (DPPH) radical was used to assay the
antioxidant potential of the crude methanolic extract. A range of varying concentration from 0-
10mg/ml of the samples was taken for the assay. A 50 pl of the crude extract was added to 450
ul of tris-HCl buffer (0.05M, pH 7.4) and 1 ml of 0.1 mM DPPH was added to the resulting
mixture. The solution in the test tubes were then shaken well and incubated in dark for 30
minutes at ambient temperature. Then after the absorbance of the solution in each tube were
measured in UV-spectrophtometer at 517nm. Gallic acid was used as positive control. Sample

blank and a control containing only buffer and DPPH were also taken for the experiment.

The free radical scavenging activity (RSA) of the sample was calculated in percentage by using

the formula:



DPPH scavenging effect = (Control OD - Sample OD) x 100 /Control OD
The I1Csq values of each extract were calculated by using the formula given below:

IC50 = EXP [LN(conc>50%) —(Signal>50%-50)/(signal>50% - signal<50%) x LN
(conc>50%/(conc<50%)]

EXP: exponential function; LN: Natural log function, both used in Microsoft Excel 2007 software
Signal>50%: RSA value just above 50%; Signal<50%: RSA value just below 50%

Conc>50%: Concentration of Signal> 50%; Conc<50%: Concentration of Signal <50%

3.9 a-Glucosidase Inhibition

a-Glucosidase inhibition assay was performed according to the procedure given by Matsui et
al., 1996 with slight modification. This protocol was modified to perform test in 96 well ELISA
plate. 100l buffer (PBS, pH 6.8) was added to each well followed by 60 ul of 0.5 mg (in 30 %
DMSO) and 20 pl of 2U/ml enzyme. ELSIA plate was incubate at 37°C for 10 minutes. Then 20ul
of 0.7 mM PNPG was added. Again it was incubated at 37°C for 15 minutes. Finally, reaction
was stopped by addition of 30 pl 0.5M TRIS. Acarbose was positive control. Absorbance was

taken at 400nm.

Calculation of % inhibition: Ag—A: x 100%

Ao

Where, Aq is absorbance of enzyme substrate reaction with DMSO and A; is

absorbance is of enzyme.

3.9 15-Lipoxygenase

Enzyme iinhibition was performed according to Lykander and Malterud, 1992 with silght

modification. Substrate solution was prepared by adding 50 pl linoleic acid to 150 ul ethanol



followed by addition of 50 ml borate buffer. Of this cloudy solution, 10 ml was diluted with 150
ml borate buffer, which made substrate solution. Now in 96 well ELISA plate, 63 pl buffer (0.2M
borate buffer, pH 9.00) was mixed with 134 ul of substrate solution and 3 pl of plant extract (in
DMSO). To this 3 pl if enzyme (10,000 U/ml in borate buffer) was added. Quercetin was used as
positive control. Absorbance (234nm) was taken at 30, 60, 90 seconds. Percentage inhibition

was calculated using formula,

ul Where Ag is absorbance of enzyme substrate reaction with 30% DMSO and A; is absorbance

of enzyme substrate with plant extract.
3.10 Xanthine Oxidase

Xanthin Oxidase was performed according to Pham et al., 2011. Enzyme solution of 1.8 U/ml
was prepared in 0.05M pH 7.5 phosphate buffer. Hypoxanthine, the substrate was dissolved in
distilled water to make up final concentration of 0.2mg/ml. 123 ul of buffer was mixed with 3
ul of plant extract (in DMSO). To it 3 ul of enzyme was added. Finally 67 pl of was substrate
added. Quercetin was used as positive control. Absorbance was taken at 290 nm. Percentage

inhibition was calculated using formula,

Calculation of % inhibition: A;— Ao x 100%

A

Where, A is absorbance of enzyme substrate reaction with 30% DMSO and A, is absorbance of

enzyme substrate with plant extract.
3.11 Gas Chromatography — Mass Spectroscopy

Composition of methanolic extracts were analysed by GCMS instrument ( AccuTOF GCV). The
system of GCMS was equipped with FID detector and capillary column of HP-1 (30m*0.2mm;
thickness of film was 0.25um). Helium acted as carrier gas at a flow rate of 1ml/min. The
temperature of oven was set at 80-260°C at the rate of 10°C /min and held at this temperature
for 3 minutes. Then, it was increased to 280°C at 5°C per minute and held at this temperature

for 9 min. The injector and detector temperature were set as 25°C and 280°C respectively.



Methanolic extract sample (0.1ul) was injected into GCMS instrument for its analysis. lon
source temperature were maintained at 200°C and the mass spectra were taken at 70 eV.

GCMS was done at National Forensic Science Laboratory.



CHAPTER IV: RESULTS

4.1 Extraction of plant materials (by cold percolation method)

For extraction, the parts of plants were selected according to their ethno medicinal practices.
Different parts of plants leaves, stem, fruits, and whole plant were used for extraction. Plant
extract percentage yield varied from 5.76 % to 29.78 %. Terminalia chebula showed highest
percentage yield while Cheilanthes dalhousidae had the lowest. Variation was observed with
the texture and consistency of obtained extracts. Most of the extracts were solid and semi-
solid, some were sticky. Characteristics and yield percentage for the obtained extract are

mentioned below. None of the plant extract had aroma.

Table 4.1: Percentage Yield and Physical characteristics of the crude methanolic

extract
Dry Wt. of Percentage
Plant Weight extract vyield (%) Characteristics of extract
(gm) (gm) Color Consistency
Terminalia chebula 50 14.89 29.78 Dark Brown Semi-solid
Ampelocissus divaricata 50 3.015 06.03 Reddish Solid
Brown
Terminalia bellerica 50 12.69 25.39 Dark Brown Semi-solid
Eucalyptus alba 50 5.217 10.43 Brown Solid
Woodfordia fruticosa 50 6.033 12.06 Light Brown Solid
Cheilanthes dalhousidae 50 2.88 05.76 Dark Green Sticky
Centella asiatica 50 9.005 18.01 Dark Green Semi-solid
Citrus maxima 50 3.578 07.15 Dark Green Semi-solid
Hedyotis diffusa 50 8.405 16.81 Light Green Sticky
Albizia lebbeck 50 3.389 06.77 Brown Solid

4.2 Phytochemical Screening



Preliminary phytochemical screening of the crude methanolic plant extract indicated the
presence of different pharmacologically active compounds like phenol, flavonoid, flavonol
glycoside, carbohydrates, protein, tannin and cardiac glycoside. Presence of these bio-active
secondary metabolites is the reason for having medicinal values. Proteins have been detected
in six plants while amino acids were not detected in any of the extract. Cardiac glycosides were
present only in Ampelocissus divaricata, Eucalyptus alba, and Woodfordia fruticosa. Flavonoids
were present in all plant extracts except in Hedyotis diffusa. Nihydrin test showed negative
result in all the plant extracts. Abundance of carbohydrates were present in fruits of Terminalia
bellerica. Phenols were not present in Citrus maxima, Hedyotis diffusa, Centella asiatica.
Woodfordia fruticosa and Ampelocissus divaricata showed positive result for all of the

preliminary tests except in Nihydrin.



Table 4.2: Phytochemical screening of the methanolic extracts of the plants

Tests/ Chemical
conpound Crude Methanolic Extract of the plant materials
Q
g s 5 3
;3 & 3 § 3§ 8 § 3§ %
3 s & 3 35 £ 3 § £ 18
§ 5 § S § 3 § £ [ 2
M < K W S G U U T <«
Carbohydrate Test
Molisch’s test - + +++ - + - - - ++ o+
Protein & Amino acid
Ninhydrin - - - - - - - - - -
Biuret + + + ++ ++ - - - - +
Phenolic Test
Ferric Chloride ++ + + ++ + ++ - - - +++
Flavonoid Test
Alkaline reagent test +++ ++ +++ H++ ++  + + - +
Schinoda - +++ - ++ +++ - + - ++  +++
Flavonol Glycoside Test
Mg&HCI Reduction - ++ - ++ ++ - - ++ - +
Tannin Test
Braemer’s +++ + + ++ ++ + - - - -
Cardiac Glycoside Test
Keller-Killani - + - + + - - - - }

+++: extremely positice ++: moderately positive +: psositive - : negative/absence

4.3 Antimicrobial screening

Agar well diffusion method was performed for antimicrobial screening. Methanol extracts of

plants was able to exert inhibitory effect against Gram’s positive Staphylococcus aureus with



concentration of 50 pg/ml and 25 pg/ml. Similarly, no zone of inhibition with any of the
concentrations indicated the plants had no effect against growth of Gram’s negative
Pseudomonas aeruginosa. These plants extracts were not effective against growth of Gram’s
negative Pseudomonas aeruginosa at the concentration less than equal to 50 pug/ml. 18 mm
zone of inhibition exerted by the extract of Terminalia chebula against Staphylcoccus aureus

indicated that the plant could be potent source of antimicrobial compounds.

4.3.1 Table: Anti-bacterial activity of the crude methanolic extracts

Zone of inhibition (mm) for 50 pg/ml extracts

S. aureus ATCC 25923 P. aeruginosa ATCC 27853

Plant

T. chebula 18 5
A. divaricata 5 5
T. bellerica 11 5
E. alba 7 5
W. fruticosa 5 5
C. dalhousidae 5 5
C. asiatica 5 5
C. maxima 5 5
H. diffusa 5 5
A. lebbeck 5 5
Ofloxacin (30 pg/ml) 27 20

DMSO 5

(9]




4.3.2 Table: Anti-bacterial activity of the crude methanolic extracts

Zone of inhibition (mm) for 25 ug/ml extracts

S. aureus ATCC 25923

P. aeruginosa ATCC 27853

Plant

T. chebula 15 5
A. divaricata 5 5
T. bellerica 10 5
E. alba 9 5
W. fruticose 5 5
C. dalhousidae 5 5
C. asiatica 5 5
C. maxima 5 5
H. diffusa 5 5
A. lebbeck 5 5
Ofloxacin(30 ug/ml) 30 16
DMSO 5 5




4.4 Estimation of Total Phenol Content

In order to calculate total phenolic content of methanolic extracts of plants, calibration curve
was generated. Gallic acid was used as standard. The range of concentration for standard was
from 10 to 50 pg/ml. The results were expressed in terms of mg GAE/g dry weight. The
equation generated for standard was y = 0.0057x + 0.0105 (R? = 0.9957). It has been given in
Appendix. Highest phenol content 138.86+9.62 mg GAE/g dry weight was found in Eucalyptus
alba, while Hedyotis diffusa showed lowest phenol content that is 15.47+1.57 mg GAE/g dry
weight followed by Citrus maxima with 19.69+1.51 mg GAE/g dry weight. Sixty percent plant
showed phenol content lower than 50 mg GAE/g dry weight. Total phenolic content estimation

represented in graph has been given below:
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Fig 4.4: Estimation of Total Phenol content of crude methanolic extracts

The error bars represent the standard deviation from the mean value.



4.5 Estimation of Total Flavonoid Content

Total flavonoid content is expressed in terms of Quercetin equivalent (mg QE/gm dry extract).
Quercetin was used as standard flavonoid at concentration ranging from 10 to 60 pg/ml to
generate standard curve. The generated equation of standard curve is y = 0.0034x - 0.0018
(R? = 0.9897). The standard curve has been given in appendix. Flavonoid content of all plants
extracts were found to be within the range of 17 to 30 mg QE/gm dry weight except
Cheilanthes dalhousidae which weighed 50.52+0.86 mg QE/gm dry weight. Flavonoid content

was found to be least in Citrus maxima 17.78+0.77 mg QE/gm dry weight.
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Fig 4.5: Estimation of Total Flavonoid Content of Crude methanolic extracts

The error bars represent the standard deviation from the mean value.



4.6 Estimation of Antioxidant Capacity

4.6.1 DPPH Free Radical Scavenging

To determine antioxidant activity, the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH)
was used. Ascorbic acid was used as standard. Test compound was mixed in DPPH solution,
absorbance was measured at 517 nm and the percentage of radical scavenging (RSA) was
calculated. ICsq values for all samples were calculated. ICso value of standard (Ascorbic Acid) was
found to be 0.136 mg/ml. Among the samples, Centella asiatica showed highest ICso value while
the value was lowest for Ampelocissus divaricata i.e., 0.146mg/ml. The table showing ICsq value
of each of the plant extract has been given below along with a graphical representation to

compare radical scavenging activity.

Table 4.6.1: 1Cs values of crude methanolic extracts in DPPH Free Radical Scavenging

Assay

S.No. Plant extract ICso values (ug/ml)
1 T. chebula 19.63+0.89
2 A. divaricate 14.66+0.76
3 T. bellerica 48.86+1.47
4 E. alba 32.83+0.98
5 W. fruticosa 28.01+4.29
6 C. dalhousidae 53.42+0.56
7 C. asiatica 85.78+0.81
8 C. maxima 75.80+1.01
9 H. scandens 29.87+2.42
10 A. lebbeck 40.77+1.54
11 Ascorbic acid 13.64+0.66
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Fig 4.6.1: DPPH Free Radical Scavenging Activity
4.7 Alpha-glucosidase inhibitory activity

Ampelocissus divaricata showed highest inhibitory activity i.e., 89.02+61 % while Cheilanthes
dalhousidae showed 53.5912.17 % activity, which lowest among all. Positive control acarbose
inhibited upto 80.63%+4.57 %. ICso values for A.divaricata, C.dalhousidae and Acarbose are
28.38+0.1 pg/ml, 139.13+5.64 ug/ml, and 42.8+4.8 ug/ml. Terminalia chebula showed lowest
ICso value i.e., 22.840.31 pg/ml.



Table 4.7.1: 1Cs values of crude methanolic extracts for Alpha-glucosidase inhibition

S.No. Plant extract ICso values (ug/ml)
1 T. chebula 22.840.31

2 A. divaricata 28.38+0.10
3 T. bellerica 39.74+1.57
4 E. alba 24.14+1.13
5 W. fruticosa 39.30+0.84
6 C. dalhousidae 139.13+5.64
7 C. asiatica 124.6+1.27
8 C. maxima 108.87+0.77
9 H. scandens 94.46+3.08
10 A. lebbeck 27.82+3.55
11 Acarbose 42.80+4.85
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Fig 4.7.1: Alpha-glucosidase inhibitory activity
4.8 15-Lipoxygenase Inhibitory Activity

Ampelocissus divaricata showed highest inhibition i.e., 96.52+1.23 ug/ml while Citrus maxima
inhibited 55.32+2.44 pg/ml which is least among these plants. Terminalia bellerica and
Eucalyptus alba inhibited 93.51+2.05 pg/ml and 92.19+4.10 pg/ml respectively, which are
closer to highest inhibition percentage. E.alba showed least ICso value i.e., 27.60+6.59 pg/ml
while Citrus maxima showed highest i.e., 113.52+2.82 ug/ml. Positive control quercetin had ICsg

value 37.9946.09 pug/ml which is close to that of T.bellerica.

Table 4.8.1: 1Cs values of crude methanolic extracts for 15-lipoxygenase inhibition

S.No. Plant extract ICso values (ug/ml)
1 T. chebula 40.00+5.08
2 A. divaricata 83.66%1.79
3 T. bellerica 39.96+1.64
4 E. alba 27.60%6.59
5 W. fruticose 45.3741.47




6 C. dalhousidae 96.86+5.99
7 C. asiatica 88.29+6.26
8 C. maxima 113.52+2.82
9 H. scandens 88.15+8.76
10 A. lebbeck 68.09+7.22
11 Quercetin 37.99+6.09
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Fig 4.8.1: 15-Lipoxydase inhibitory activity

4.9 Xanthin Oxidase Inhibitory Activity

Xanthin Oxidse tests were performed upto the concentration of 150 ug/ml for all samples
which could not give ICsg value. For higher concentrations of samples, absorbance of sample
reached beyond upper detection limit of spectrophotometer. Even though the test could not be
carried out at higher concentration than 150 pug/ml, Ampelocissus divaricata showed highest
inhibition percentage i.e., 27.15+16.17 ug/ml. Terminalia chebula showed least inhibition

percentage i.e., 8.10+3 ug/ml. Inhibition percentage of positive control quercetin is 21.62+7.74

ug/ml.
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Fig 4.9.1: Xanthin Oxidase inhibitory activity
4.10 Gas Chromatography - Mass Spectroscopy (GC-MS)

The phytochemical compounds were identified and confirmed from data base of National
Institute of Science and Technology (NIST). Retention time (RT), molecular formula, molecular
weight and peak are percentage are represented in Table 4.10.1. Total numbers of compounds
identified for Terminalia chebula, Ampelocissus divaricata and Terminalia bellerica rescpetively

10, 14, 10 compounds respectively.

Table 4.10.1: GC-MS Analysis of Methanolic Extracts of Plants

Peak No. | R.Time | Name of Compound Formula Mol. | Peak

(RT) Wt. area %

Terminalia chebula

1. 3.053 | Furfural CsH40, 96 0.84

2. 4.097 | Phenol CsHsO 94 0.84

3. 5.122 2,3-Dimethylfumaric acid CgHgO4 144 0.61




4. 5.453 | 4H-Pyran-4-one,2,3-dihydro-3,5- CeHgO4 144 0.67
dihydroxy-6-methyl-

5. 5.817 | 1,2-Benzenediol CeHeO2 110 0.69

6. 6.162 | 2-Furancarboxaldehyde,5 CsHeO3 126 2.73
(hydroxymethyl)-

7. 7.348 | 1,2,3-Benzenetriol CeHeO3 126 90.97

8. 7.644 Phosphoric acid, | CsH,;,04PSi; 256 0.64
bis(trimethylsilyl)monomethyl ester

9. 8.042 | D-Allose CsH1206 180 0.95

10. 9.666 | Butanoic acid, octyl ester C12H240; 200 1.07

Total=
100%

Ampelocissus divaricate

1. 3.145 | 2-Propanone, 1,3-dihydroxy- C3HgO3 90 1.97

2. 4,117 | 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan- | C4gHgO4 144 1.52
3-one

3. 4.871 | Cyclopentane, 1-acetyl-1,2-epoxy- C7H100; 126 2.09

4. 5.452 | 4H-Pyran-4-one, 2,3-dihydro-3,5- | CgHgO4 144 8.30
dihydroxy-6-methyl-

5. 6.060 | 2-Furancarboxaldehyde, 5- | CgHgO3 126 3.46
(hydroxymethyl)-

6. 6.167 | 1,2,3-Propanetriol, 1-acetate CsH1004 134 1.70

7. 6.503 | Heptanoic acid, 6-oxo- CsH1203 144 0.85

8. 7.310 | 1,2,3-Benzenetriol CsHgO3 126 64.72

9. 7.912 | Sucrose C12H22011 342 9.46

10. 8.381 | D-Allose CsH1206 180 2.67

11. 9.392 2,2,4-Trimethyl-3-hydroxy-n-valeronitrile | CgH,5NO 141 0.35

12. 13.451 | n-Hexadecanoic acid Ci6H320; 256 2.14

13. 19.5 Pentadecanal- Ci5H300 226 0.28

14. 21.906 | 6-Methyl-11-propenyl-5-(toluene-4- C24H3,07S 464 0.49

sulfonyloxy)-12,13-




dioxatricyclo[7.3.1.0(1,6)]tridecane-8-
carboxylic ac

id, methyl ester

Total=
100
Terminalia bellerica
1. 4.1 Phenol CeH6O 94 1.99
2. 4.162 | 2-Ethylacrolein CsHsO 84 1.55
3. 4.505 7-Oxabicyclo(2.2.1)hept-5-ene-2-one CeHgO> 110 1.11
4. 6.087 | 2-Furancarboxaldehyde CsHsO3 126 1.60
5. 7.305 | 1,2,3-Benzenetriol CeHeO3 126 75.66
6. 7.640 | Phosphoric acid, | C;H,;04PSi, | 256 1.80
bis(trimethlysilyl)monomethyl ester
7. 8.359 D-Allose CeH12056 180 3.95
8. 13.787 | Rhodium, acetylacetonato-bis((E)- | C;,H350,Rh | 422 1.20
cycloocetene)
9. 20.050 | Stigmasterol C9H450 412 2.68
10. 21.619 | -Beta.-Sitosterol Cy9H500 412 8.45
Total=
100%

4.11 Correlation of Total Phenolic Content and DPPH Radical Scavenging Activity

Correlation between Total Phenolic Content (TPC) and DPPH Radical Scavenging Activity (%RSA)

was calculated using MS-Excel. The calculated value of correlation coefficient was 0.376. This

was not satisfactory and considered to be weak correlation.

4.12 Statistical Analysis

One way Analysis of Variance (ANOVA) test among the mean total phenolic content values did

not showed significant difference in mean values (P>0.05). Similar was the result for total

flavonoids content (P>0.05).




CHAPTER V: DISCUSSION

Plants are used to cure ailment in many of indigenous medicine system. Plants are being more
popular in modern societies as alternative source of modern medicine. Herbal medicines are
also known as phyto-medicine or botanical medicine. Such medicines are accessible, available
and culturally more acceptable because people believe these medicines have less side effects
than synthetic drugs (Dey & De, 2015; Carlson, 2002). Most productive source of drug

development is natural products (Harvey, 2008).

Nepal is located between Tibet and India. Himalayan region is at northern part of the country.
In rural parts of Nepal, modern and prepacked Ayurvedic medicines of India are not available.
So, people use traditional medicines. (Taylor et. al., 1995; Shrestha and Joshi, 1993; Bhatterai,
1993; Manandhar, 1985, 1986, 1987, 1989a,b,c, 1990a,b).

Drugs derived from natural products have gained attention. Such drugs have low production
cost and diverse structure. Active compounds from natural product are effective against
number of diseases. Traditionally, generations have used medicinal plants. These plants can
cure symptoms of different diseases which directs attention towards plants having medicinal
values (Alvin et. al., 2014). Novel compound can to treat increased number of diseases. Microbes
develop drug-resistance rapidly. Number of new cases of infections, life threats and constant
recurring number of diseases have challenged the area of drug discovery to improve. (Alvin et.

al. 2014; Strobel et al., 2004; Demain, 2000).

Fractionation technique has improved. It has simplified analytical (Harvey, 2007). Two weeks
are enough to isolate bioactive compound from fermentation broth (Singh and Barret, 2006). 1
milligram of sample is needed to solve complex structure by NMR technique (Quinn et. al.,

2008).

Folin-Ciocalteu Reagent have redox regent. It forms blue colored complex on reaction with
phenolic of plant extracts (Kamboj et. al., 2015; Schofield, 2001). F-C reagent degrades quickly
in alkaline solutions. Excess reagent is required for a complete reaction (Kamboj et. al., 2015;

Folin and Cioclteu, 1927).



Total phenolic estimation was performed by Folin-Ciocalteu method, few extracts showed good
amount of phenolic content. In this experiment, higher reading of absorbance at 765nm
showed higher phenolic content in the tested extract of plant. In this research two plant out of
ten showed total phenolic content more than 100 mg GAE program extracts which is fair and

shows that amount of the plants have low phenolic content.

Polyphenol inhibits growth of microbes (Cowan, 1999) acts as active antioxidant, chelate metals

and donate hydrogen atom (Tsao and Deng, 2004).

Technique applied for estimation of total flavonoid content is based on spectrophotometric
determination of complex of flavonoid-Aluminium chloride (Farnandes et. al., 2012; Mabry et.
al., 1970). The technique was developed for analysis of herb containing O-glycoside (Petry and
Ortega, 2001). Flavonols and flavonoids chelate aluminium atom of aluminium chloride

resulting formation of deep-yellow colored complexes (Chang et al., 2002).

In this research, total flavonoid content was found to be less than total phenolic content.
Cheilanthes dalhousidae showed highest flavonoid content that is 50.52 gm Quercetin/dry
extract while Citrus maxima showed lowest phenolic content i.e, 17.78 gm Quercetin/gm
extract. 70% of plants showed flavonoid content within range of 20-30 gm Quercetin/ gm

extract.

DPPH is a free radical and stable at room temperature. It gets reduced in presence of any
antioxidant molecule and turns ethanol solution colorless. DPPH is a rapid method to quantify
antioxidant using spectrophotometer (Huang, 2005). In this experiment, lowest ICso value was
shown by Ampelocissus divaricata that is 14.66ug/ml very close to I1Cso value (13.64ug/ml) of

standard ascorbic acid. ICs value of three plants were found to be more than 50 pg/ml.

The probable reason for antimicrobial activity shown by plant extracts may be due to presence
of bioactive compounds like polyphenol, alkaloid, terpenoid, flavonoid and tannins present in
them (Cowan, 1999; Gonzalez-Lamothe, et al., 2009). Bioactive compounds present in plant
extract sample act directly or indirectly against pathogenic bacteria. Compound in plant extract
show multiple effects to inhibit bacterial growth like denaturation of extracellular and

intracellular proteins, deactivates toxins, and transport protein disruptions (Cowan, 1999).



Menthol, a terpenoid was found to be able of eliminating resistant plasmids (Schez et al., 2006).
For this research, Staphylococcus aureus and Pseudomonas aeruginosa were selected because
these two bacteria exhibit most forms of resistance. Terminalia chebula and Terminalia
bellerica were found to be active against Staphylococcus aureus while none of the plant extract
were found to be active against Pseudomonas aeruginosa. Therefore, T. chebula and T.bellerica
might lead to discovery of drug against Staphylococcus aureus. However, none of the plant
extract could inhibit growth of P.aeruginosa. Multiple drugs resistant strain of P.aeruginosa was

used for the research.

Alpha glucosidase is an extra cellular enzyme. It is distributed widely in plants, animal tissues,
and microbes (Kumar, et. al., 2011; Kimura et. al., 2004). It breaks complex carbohydrates and
release alpha glucosidase from non-reducing end. Inhibition of this enzyme slows rise of
glucose level in blood after carbohydrate meal (Kumar, et. al., 2011; Lebovitz, 1997). Alpha
glucosidase inhibition slows process of hydrolytic cleavage of complex carbohydrates. Then, the
digestion process of carbohydrate spreads to lower part of small intestine. Such digestion
process slows overall glucose absorption rate into the blood. So, alpha glucosidase inhibition is
considered as best method to decrease post prandial increase in blood glucose level (Baig,
2002). In this research, least ICsq value was found to be of Terminalia chebula that is 22.80
ug/ml. It could be a possible source of antidiabetic drug. However, ICsq values of Ampelocissus
divaricata, Eucalyptus alba, and Albizia lebbeck were also found to be below 30 pg/ml. These

plants can also be considered for potent source of antidiabetic properties.

15-Lipoxygenase play important role in promoting cancer by amplification of PPARy
transcription activity (Sadeghian and Jabbian, 2015). Prostate cancer cell lines human prostate
tumors express 15-LOX-1. They produce 15-LOX-1 metabolite 13HODE (Sadeghian and Jabbian,
2015; Kelavkar et al., 2000; Spindler et al., 1997). In human prostate cancer expression of 15-
LOX-1 mRNA is significantly higher in human prostate cancer tissue as compared to normal
prostate tissue (Kelavkar and Landsittel, 2006). In this research, Eucalyptus alba showed lowest
IC50 value for 15 lipoxygenase inhibition that is 27.60 pug/ml followed by Terminalia bellerica
39.96 pg/ml and Terminalia chebula 40.00 pg/ml. These plant could potent sources of

anticancer drugs.



Xanthin Oxidase enzymes catalyse hydroxylation of Xanthine and converts xanthine to uric acid.
This uric acid is excreted by kidneys. Due to excess production and/or inadequate excreation of
uric acid hyperuricemia is caused (Kostic et al., 2015). Xanthine Oxidase can blocks synthesis of
uric acid from purine in human body (Kostic et al., 2015; Unno et. al., 2004). In this experiment,
inhibition was less than 30%in all plant extract sample. This is because, absorbance at
concentration higher than 150ug/ml could not be detected by spectrophotometer or reading

lies above detective range.

GC-MS is a technique to determine phyto-constituent present in plant extract. Less than one
milligram sample is required to identify compounds in the sample (Theng and Korpenwar, 2015;
Sahu and Saxena, 2013). In this research, GC-MS was performed for T.chebula, T.bellerica, and
Ampelocissus divaricta. Till the date there is no research article published on phytochemical

analysis, enzyme inhibition and GCMS analysis on Ampelocissus divaricata.



CHAPTER VI: SUMMARY

Many new discoveries have been made regarding all of the plants. As for Ampelocissus
divaricata , there are no published article available. None of the plant extract could inhibit
multiple drug resistant strain of Pseudomonas aeruginosa. Terminalia chebula, T.bellerica and
Eucalyptus alba showed good inhibition against Staphylococcus aureus. Among these three
plants, T.chebula showed good inhibition against Staphylococcus aureus. This research
indicated that the fruit extract of both species of Terminalia had better antibacterial activity

against Staphylococcus aureus as compared to that bark extract of Euclaypts alba.

The high phenol content of bark extract of Eucalyptus alba and low phenol content of rest of
the plant were in agreement with earlier studies. But in this research, radical scavenging activity
of all the plants were found to be good. This varying results of phenolic content indicates
polyphenols not only compound responsible for antioxidant property. Poor correlation
between phenolic content and antioxidant activity indicates plant having higher antioxidant
property be due to phytochemicals have antioxidant property beyond phenols. Method of total
phenol determination was not specific for polyphenols. It can’t be confirmed that total
polyphenol content implies polyphenols only. Flavonoid content was lower than previous

researches.

For enzymatic assays, plants like T.chebula, A.divaricata, E.alba, T.bellerica, W.fruticosa,
A.lebbeck showed lower ICso value which indicates antidiabetic properties. Similarly, for 15-
lipoxygenase assay, T.chebula, E.alba, T.bellerica, and W.fruticosa showed less than 50 pg/ml
which is considered to be good. For xanthine oxidase assay, ICso value could not be found in
the range upto 150 pg/ml. Absorbance above the concentration 150 pg/ml could not be

detected by spectrophotometer. Such a result was found to be similar to previous research.

Different compounds have been identified by GCMS techniques. Compounds having benzene
rings have also been identified from extracts of T.chebula and T.bellerica. Compounds have
been identified for A.divaricata but there is no any research articles till the date. So, results of

A.divaricata remained uncompared.






CHAPTER VII: CONCLUSION

Medicinal plants have been in use since ancient times. Vaidhyas and Amchis use the knowledge
of medicinal plants for the treatment of various ailments. But the knowledge of medicinal
plants is not found to be documented anywhere. Vaidhyas and Amchis exchange their
knowledge of medicinal plants to the people of their community. There no such document
regarding collection and use of medicinal plant. They acquire knowledge orally and pass it to
next generation similarly. So it is required to maintain and preserve written form of document

regarding identification, collection and uses of medicinal plants.

Many of the synthetic drugs in modern medicine system are derived from natural products. Use
of herbal remedy has also increased in all over the world. Demand of these medicinal plants has
increased even in developed world. These days, medicinal plants are synonymous to fast cash.
Nepal people are not aware of medicinal uses of plants. They have been selling such plants to
local collector for livelihood. Haphazard way of medicinal plant collection may lead to their
extinction in near future. It has been found that most of the plant has good antioxidant
activities. Few plants showed anti-diabetic and anti-cancerous properties. It can be concluded
that these plant can be used in several chronic disorders like atherosclerosis and diabetes. This
research is preliminary study and shows pharmacological values of these plants with scientific

evidence.

Further recommendation is to test on animal model, evaluation of safety via sensitive tests.

These plants could be lead novel drug discovery for number of diseases.



References

Adjanohoun, E., Ahyi, M. R. A,, Assi, L. A., Dicko, L. D., and Douda, H., (1980). Contribution Aux
Etudes Ethnobotaniques et Floristiques au Niger. ACCT, Paris, ISBN: 92-9028-009-3, pp:250

Alvin, A., Miller, K. 1., & Neilan, B. A., (2014). Exploring the potential of endophytes from
medicinal plants as sources of antimycobacterial compounds. Microbiological Research, 169(7-

8), 483-495.

Anonymous, A., (1994). Ethnobotany in the search for a new drugs. Ciba Foundation
Symposium 188, Johnn Wiley and Sons. pp.1-112

Apparao, M.V.R,, Srinivas, K., Koteshwar, R. T., The effect of Mandookaparni (Centella asiatica)
on the general mental ability (Medhya) of mentally retarded children. J Res Indian Med. 1973,
8: 9-16.

Ashokkumar, D., Mazumder, U.K., Gupta, M., Senthilkumar, G.P., Selvan, V.T., (2008).
Evaluation of Antioxidant and Free Radical Scavenging Activities of Oxystelma esculentum in
various in vitro Models. ] Comp Integ Med 5(1): 1-6.

Atal, C.K., Bhatia, A.K., Singh, R.P., (1982). Role of Woodfordia fruticosa Kurz.(Dhatki) in the
preparation of Asavas and Arishtas. J. of Res. in Ayurveda and Siddha Ill; 193-199.

Audu, J.A,, Kela, S.L., Vnom, V.V., (2004). Antimicrobial activity of some medicinal plants. J.
Econ. Taxon. Bot. 2004; 24 : 641-649.

Azu, N.C,, and Onyeagba, R.A., (2008). Antimicrobial Properties of Extracts of Allium cepa
(onion) and Zingiber officinale (Ginger) on Escherichia coli, Salmonella typhi and Bacillus subtilis.
The Internet Journal of Tropical Medicine.

Duan, J.,, and Zhao., Y., (2009) Antimicrobial Efficiency of Essential Oil and Freeze-Thaw
Treatments against Escherichia coli 0157:H7 and Salmonella enteric Ser Enteritidis in Strawberry
Juice. Journal of Food Science, 74, M131-M137.

Babu N. P., Pandikumar P., Ignacimuthu S., (2009). Anti-inflammatory Activity of Albizia lebbeck
Benth., an Ethnomedicinal Plant, in Acute and Chronic Animal Models of Inflammation. Journal
of Ethnopharmacology, 125:356—360



Bah, S., Diallo D., Dembele, S., and Paulsen, B. S., (2006). Ethnopharmacological survey of plants
used for the treatment of schistosomiasis in Niono District, Mali. J. Ethnopharmacol., 105: 387-

399.

Baig. I., (2002). Phytochemical studies on Ferula mongolica and other mongolian medicinal
plants. Ph.D. Thesis, International Centre for Chemical Sciences, University of Karachi.

Balandrin MF, Kjocke AJ, Wurtele E et al. Natural plant chemicals: sources of industrial and
mechanical materials. Science 1985; 228: 1154-1160.

Barrion, AS.A. et al. (2014). Phytochemical Composition, Antioxidant and Antibacterial
Properties of Pummelo (Citrus maxima (Burm.)) Merr. against Escherichia coli and Salmonella
typhimurium. Food and Nutrition Sciences, 5, 749-758.

Benjamin, A., Manickam VS. Medicinal pteridophytes from the western Ghats, Indian J.
Trad. Knowledge, 2007, 6, 611-618.

Bhatterai, N.K. (1993) Folk medicinal use of plants for respiratory complaints in central Nepal.

Fitoterapia 64, 163-169.

Bridgman, K.E., (2003). Herbal medicines. Faculty of Pharmacy, University of Sydney, 2003.

Brinda P, Sasikala B, Purushothaman K. Pharmacognostic studies on Merugan kilzhangu,.
BMEBR 1981; 3: 84-96.

Burkill, 1.H., (2002). A dictionary of the economic product of the Malay Peninsula / by I.H.
Burkill; with contributions by William Birtwistle (et al.), Ministry of Agriculture Malaysia) pp.

Cai YZ, Sun M, Corke H. (2003). Antioxidant activity of betalains from plants of the
Amaranthaceae. J Agric Food Chem 51(8): 2288-2294.

Caius, J. F. (1935). Medicinal and poisonous Ferns of India. Bom. Nat. Hist. Soc.1935; 83: 341 -
361.

Carlson, T. J.S., (2002). Medical ethnobotanical research as a method to identify bioactive plants

to treat infectious diseases. Adv. Phytomed, 45-53.

Chadha, Y.R., (1976). The Wealth of India: A dictionary of Indian Raw Materials and Industrial
Products- Raw Materials, vol. X. Publication and Information Directorate, CSIR, New Delhi ; p.

586-687.



Chang, C. C, Yang, M. H., Wen, H. M., and Chern,, J. C., (2002). Estimation of Total Flavonoid
Content in Propolis by Two Complementry Colorimetric Methods. Journal of Food and Drug
Analysis. 10(3): 5

Chatopadhyay RR, Bhattacharyya SK, Medda C, Chanda S, Datta S,.Pal NK. (2007). Antibacterial

activity of black myrobalan (Fruit of Terminalia chebula Retz) against uropathogen Escherichia
coli. Phcog. Mag. 11:212-15.

Chattopadhyay RR, Bhattacharyya SK, Medda C, Chanda S, Datta S, Pal NK (2007). Antibacterial
activity of black myrobalan (Fruit of Terminalia chebula Retz.) against uropathogen Escherichia
coli. Phcog. Rev. 11:212-215.

Chen, R., He, J., Tong, X., Tang, L., & Liu, M. (2016). The Hedyotis diffusa Willd. (Rubiaceae): A
Review on Phytochemistry, Pharmacology, Quality Control and Pharmacokinetics. Molecules,

21(6), 710. doi:10.3390/molecules21060710

Cheng CL, Guo JS, Luk J, Koo MW. (2004). The healing effects of Centella extract and
asiaticoside on acetic acid induced gastric ulcers in rats. Life Sci. 74: 2237-49.

Cheng HY, Lin TC, Yu KH, Yang CM, Linn CC. Antioxidant and free redical screening activities of
Terminalia chebula, Bio Pharm. Bull. 2003; 26: 1331-35.

Chew YL, Chan EWL, Tan PL, Lim YY, Stanslas J, Goh JK. Assessment of phytochemical content,
polyphenolic composition, antioxidant and antibacterial activities of Leguminosae medicinal
plants in Peninsular Malaysia. BMC Complem Altern Med. 2011; 11: 12.

Chikezie, P. C., Ibegbulem, C. O., & Mbagwu, F. N. (2015). Bioactive Principles from Medicinal
Plants. Research Journal of Phytochemistry, 9(3), 88-115.

Cho KH. Clinical experiences of madecassol (Centella asiatica) in the treatment of peptic ulcer.
Korean J Gastroenterol. 1981; 13: 49-56.

Chopra RN, Nayar SL, Chopra IC. Glossary of Indian Medicinal Plants (Including the Supplement).
New Delhi, Council of Scientific and Industrial Research, 1980. Coste A, Vlase L, Halmagyi A,
Deliu C, Coldea G. Effects of plant growth regulators and elicitors on production of secondary
metabolites in shoot cultures of Hypericum hirsutum and Hypericum maculatum. Plant Cell
Tissue Organ Cult. 2011; 106: 279-88.

Comer, MaED (1996). Biodiversity. Science and development ., CAB International, Oxford) pp.
488-499

Cowan, M. M., (1999). Plant products as antimicrobial agents. Clin Microbial Rev. 12(4): 564-82



Cowan, M.M. (1999) Plant Products as Antimicrobial Agents. Clinical Microbiology Reviews, 12,
564-582.

Demain, A. L. (2000). Microbial natural products: a past with a future. In: Wrigley SK, Hayes
Devi, P.N., KAleeswari, S., and Poonkthai (2014). Antimicrobial activity and phytochemical

analysis of fruit exractof Terminalia bellerica. International Journal of Pharmacy and
Pharmaceutical Sciences. 6(5) 639-642

Dey, A., & De, J. N. (2015). Neuroprotective therapeutics from botanicals and phytochemicals
against Huntington's disease and related neurodegenerative disorders. Journal of Herbal
Medicine, 5(1), 1-19.

Enzyme inhibition, antioxidant and immunomodulatory activities, and brine shrimp toxicity of

extracts from the root bark, stem bark and leaves of Terminalia macroptera. Journal of
Ethnopharmacology 155: 1219-1226

Evans WC. Trease and Evans Pharmacognosy. 5th ed. London, Cambridge University Press,
2002, pp 336-93.

Fabricant, D.S., Farnsworth, N.R., (2001). "The value of plants used in traditional
medicine for drug discovery". Environ

Fabricant, D.S., Farnsworth, N.R., (2001). "The value of plants used in traditional
medicine for drug discovery". Environ

Faisal M., Singh P.P., Irchhariya R., Review on Albizia lebbeck-a potent herbal drug.
International Res Jour of Pharmacy, 3(5):63-68 (2012).

FangY., YangS., Wu G., Free radicals, antioxidants and nutrition. Nutrition, 18: 872-879 (2002).

Farag RS, Daw ZY, Hevedi FM, El-baroty GSA. (1989). Antimicrobial activity of Egyptan species
essential oils. J.Food Protection. 52(9): 665-67.

Fernandes, A. J., Ferreria, M. R., Randau, K. P., Souza, T. P.,, & Soares, L. A. (2012). Total
Flavonoids Content in the Raw Material and Aqueous Extractives from Bauhinia monandra Kurz

(Caesalpiniaceae). The Scientific World Journal, 1-7.

Folin, O. Ciocalteu, V. (1927). On tyrosine and tryptophane determinations in proteins. J. Biol.

Chem., 73: 627-650.



Friedman, M., Henika, P.R., Levin, C.E. and Mandrell, R.E. (2004). Antibacterial Activities of Plant
Essential Qils and Their Components against Escherichia coli 0157:H7 and Salmonella enterica in
Apple Juice. Journal of Agricultural Food Chemistry, 52, 6042-6048.

Ganbolda, M., Barkera, J., Ma, R., Jones, L., Carew, M., (2010). Cytotoxicity and bioavailability
studies on a decoction of Oldenlandia diffusa and its fractions separated by HPLC. J.
Ethnopharmacol. 131, 396—403.

Geornaras, |., Yoon, Y., Belk, K.E., Smith, G.C. and Sofos, J.N. (2007) Antimicrobial Activity of e-

Polylysine against Escherichia coli 0157:H7, Salmonella typhimurium and Listeria
monocytogenes in Various Food Extracts. Journal of Food Science, 72, M330-M334.

Ghorpade, P.N., Thakar, S.B., Dongare, M.M., Kale, M.V., Phytochemical analysis of four
Cheilanthes species from Northern Western Ghats of India. Research Journal of Life Sciences,
Bioinformatics, Pharmaceutical and Chemical Sciences. 2015; 1 (2) 92-99

Gonzalez-Lamothe, R., Mitchell, G., Gattuso, M., Diarra, M. S., Moulin, F., and Bourab, K.,
(2009). Plant antimicrobial agents and their effect on plant and human pathogens. Int J Mol Sci.
10(8): 3400-19

Grover, N., & Patni, V. (2013). Phytochemical Characterization using various solvent extracts
and GC-MS analysis of methanolic extract of Woodfordia Fruticosa (L.) Kurz. Int J Pharm Pharm
Sci, 5(4), 291-295.

Gupta P, Sharma S, Saxena S. Callusing in Stevia rebaudiana (Natural Sweetener) for steviol
glycoside production. Int J Agri Biol Sci. 2010; 1: 30-34.

Gurib-Fakim A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol Asp
Med.2006; 27:1-93.

Gurib-Fakim, A., (2006). Medicinal plants: Tradition of yesterday and drugs of tomorrow.
Review article. Mol.Aspects Med. 27(1): 93.

Hagerman, A.M., Butler, 1.G., (1981). The specificity of pro-anthocyanidin protein interactions.
J.Biol.Chem. 256: 4494 — 4497.

Harborne J, Phytochemical methods. Chapman and Hall, Ltd London; 1973.p.49-88.

Harvey, A. (2008). Natural products in drug discovery. Drug Discovery Today, 13(19-20), 894-
901.



Harvey, A. L. (2007). Natural products as a screening resource. Current Opinion in Chemical

Biology, 11(5), 480-484.

Hassan MM, Oyenwale AO, Abduallahi MS, Okonkwo EM. Preliminary phytochemical and
antibacterial investigation of crude extract of the root bark of Datarium microcarpum. J Chem
Soc Nigeria. 2004; 29: 26-29.

Hedyotis

Hostettmann, K., and Marston, A., (2002). Twenty years of research into medicinal plants:
Result and perspectives. Phytochem. Rev., 1: 275-285.

Howes MR, Houghton PJ. Plants used in Chinese and Indian traditional medicine for
improvement of memory and cognitive function. Pharm Biochem Behav. 2003; 75: 513-27.

Huang, D. J., Ou, B. X., and Prior, R.L., (2005). The chemistry behind antioxidant capacity assays.
J agric Food chem 53:1841-1856

Hung, J.W., Chung, W.C., (2003). Management of vegetable crops disease with plant extracts.
Advances in plant disease management. 37:153-163.
https://chemdrawdirect-cdn.perkinelmer.com/1.5.1/demo/index.html#

Inngjerdingen, K., Nergard, C. S., Diallo, D., Mounkoro, P.P., and Paulsen, B. S., (2004). An
Ethnopharmocological survey of plants used for wound healing in Dogonland, Mali, west Africa.

J. Ethnopharmacol., 92: 233-244.

Jagpat AG, Karkera SG. Potential of the aquous extract of Terminalia chebula as an anticarries
agent. J.Ethnopharmacol. 1999; 68: 299-306.

Jagtap NS, Khadabadi SS, Ghorpade DS, Banarase NB, Naphade SS. Antimicrobial and antifungal
activity of Centella asiatica (L.) Urban, Umbeliferae. Res J Pharm Tech. 2009; 2: 329-30.

James JT, Dubery IA. Pentacyclic triterpenoids from the medicinal herb, Centella asiatica (L.)
Urban. Molecules 2009; 14: 3922-41.

Kamboij, A., Gupta, R., Rana, A., & Kuar, R. (2015). Application and analysis of the Folin Ciocalteu
method for the determination of the total phenolic content from extract of Terminalia bellerica.

European Journal of Biomedical and Pharmaceutical sciences, 201-215.



Karou, D., Savadogo, A., Camini, S., Yameogo, S., and Monesano, C., (2006). Antibacterial
activity of alkaloid from Sida acuta. Afr. J. Biotechnol., 5: 195-200.

Kavitha, D., Padma, P.R., (2011). A study of the antimicrobial effect of Albizia amara leaf
extracts. Advances in Plant Sciences 24 Suppl 1: 49-52.

Kelavkar, U., Lin, Y., Landsittel, D., (2006). The yin and yang of 15-lipoxygenase-1 and delta-

desaturases: dietary omega-6 linoleic acid metabolic pathway in prostate. J Carcinog. 5:9.

Kelavkar, U.P., Cohen, C., Kamitani, H., (2000). Concordant induction of 15-lipoxygenase-1 and
mutant p53 expression in human prostate adenocarcinoma: correlation with Gleason staging.

Carcinogenesis. 21:1777-1787.

Kimura, K., Lee, J.H., Lee, |.S., Lee, H.S., Park, K.H., Chiba, S., (2004). Two potent competitive

inhibitors discriminating alpha-glucosidase family | from family Il. Carbohydr Res 339:1035-40

Kirby, G. C., (1996). Medicinal plants and the control of protozoal disease, with particular

reference to malaria. Trans. R. Soc. Trop. Med. Hyg., 90: 605-609.

Kirtikar KR, Basu BD. Indian medicinal plant, (LM Basu, Allahabad, 1935), 1, p. 1020-23.

Kirtikar, K.R., Basu, B.D., (1999). Indian medicinal plants. 2nd ed. Dehradun; International Book
distributors

Kitts DD, Yuan YV, Wijewickreme AN, Hu C. Antioxidant properties of a North American
gingseng extract. Mol Cell Biochem 2000; 20(3):1-10.

Kostit, D. A., Dimitrijevit, D. S., Stojanovit G. S., Palit., I. R., YorZevit, A. S., A. S., and Jovana D.
Ickovski (2015). Xanthine Oxidase: Isolation, Assays of Activity, and Inhibition. Journal of
Chemistry. 2-8

Krishnaraju AV, Rao TVN, Sundararaju D et al. Assessment of bioactivity of Indian medicinal
plants using Brine shrimp (Artemia salina) lethality assay. Int J Appl Sci Eng 2005; 2: 125-134.

Kroes, B.H., Van-der-Berg, A..., Heystra, E.A.,, De-Silva, K.T.D., Labadie, R.P., (1990)
Fermentation in traditional medicine: the impact of Woodfordia fruticosa flowers on the
immunomodulatory activity and the alcohol and sugar contents of Nimba Arishta (apotion of

fermented Azadirachta indica bark). Planta Medica 56(6):667.



Kumar, A. and Kaushik, P. 1999: Antibacterial effect of Adiantum capillus veneris Linn. Indian
FernJ. 16: 72-74.

Kumar, S., Narwal, S., Kumar, V., Prakash., O., (2011). a-glucosidase inhibitors from plants: A

natural approach to treat diabetes. Pharmacognosy Reviews. 5(9)

Kumudhavalli MV, Jaykar B. Pharmacological Screening on Leaves of the Plant of
Hemionitis Arifolia (Burm).T.Moore, Res J Pharma, Bio Chem Sci 2012; 3(2): 79-83.

Ladiya, M. (2008). Citrus Fruit Biology. Technology and Evaluation. Elsevier Academic Press,
Amsterdam.

Lai, P.K. , Roy, J., (2004). Antimicrobial and Chemo-preventive properties of herbs and spices.
Curr. Med. Chem. 11 (11): 1451-60. PMID 15180577

Lai, P.K. , Roy, J., (2004). Antimicrobial and Chemo-preventive properties of herbs and spices.
Curr. Med. Chem. 11 (11): 1451-60. PMID 15180577

Lebovitz, H. E., (1997). a-Glucosidase inhibitors. Endocrinol Metab Clin North. 26:539-551.

Lee HC, Kim JH, Jeong SM, Kim DR, Ha JU, Nam KC Effect of far infrared radiation on the
antioxidant activity of rice hulls. J Agric Food Chem 2003; 51(15):4400-4403

Lee Y, Lee DE, Lee HS, Kim KS, Lee WS, Kim SH, Kim MW. Influence of auxins, cytokinins, and
nitrogen on production of rutin from callus and adventitious roots of the white mulberry tree
(Morus alba L.). Plant Cell Tissue Organ Cult. 2011; 105: 9-19.

Leggett G.E, Westermann D.T., Determination of mineral elements in plant tissues using
trichloroacetic acid extraction. J Agric Food Chem, 21(1):65- 68 (1973).

Loc NH, Tam NT. An Asiaticoside production from Centella (Centella asiatica L. Urban) cell
culture. Biotech Bioproc Eng. 2010; 15: 1065-70.

Lyckander, I. M., and Malterud, K. E., (1992) Lipophilic flavonoids from Orthosiphon spicatus as
inhibitors of 15-lipoxygenase. Acta Pharm. Nord. 4, 159-166.

MA, Thomas R, Chrystal EJT, Nicholson N, editors. Biodiversity: new leads for pharmaceutical

and agrochemical industries. Cambridge: Royal Society of Chemistry; p. 3—16.

Mabry, T. J., Markhama, K. R., and Thomas, M. B., (1970). The Systematic Identification of

Flavonoids. Springer, Berlin Germany



Malekzadeh F, Ehsanifar H, Shahamat M, Levin M, Colwell RR. Antibacteria activity of black
myrobalan (Terminalia chebula Retz) against Helicobactor pyroli, Int. J. Antimicrob. Agents.
2001; 18: 85-88.

Malla, S., Shrotri, C.K., Jain, R., (2014) Antimicrobial, Phytochemical And Antioxidant Screening
Of Leaves And Stem Bark From Albizia lebbeck (L.) 5(2), 259-270

Manandhar, N.P. (1985)Ethnobotanicalnotes on certain medicinal plants used by Tharus of

Dang-Deokhuri District, Nepal. Internationallournalof CrudeDrug Research23(4), 153-159.

Manandhar, N.P. (1986) Ethnobotany of Jumla District, Nepal. International Journalof Crude
Drug Research24(2), 81-89.

Manandhar, N.P. (1987) Traditional medicinal plants used by tribals of Lamjung District, Nepal.
International Journal of Crude Drug Research25(4), 236-240.

Manandhar, N.P. (1989a) Medicinal plants used by Chepang tribes of Makawanpur District,
Nepal. Fitoterapia 60(i), 61-68.

Manandhar, N.P. (1989b) Useful Wild Plants of Nepal. Franz Steiner Verlag Wiesbaden, GMBH,
Stuttgart, West Germany, pp. 1-102.

Manandhar, N.P. (1989c) Folk-lore medicine of Chitwan District, Nepal. Ethnobotany2, 31-38.

Manandhar, N.P. (1990a) Traditional phytotherapy of Dannwar tribes of Kamlakhonj in Sindhuli
District, Nepal. Fitoterapia 61(4), 325-331.

Manandhar, N.P. (1990b) Medicobotany of Gorkha District,

Manandhar, N.P. (1994) An ethnobotanical survey of herbal drugs of Kaski District, Nepal.
Fitoterapia 65 (1), 7-13.
Manoj, K., Agarwal, R.C., Dey, S., Rai V.K., Johnson B., 2009. Antimicrobial Acivity of Aqueous

Extract Of Terminalia chebula RETZ. On Gram Positive And Gram Negative Micro-Organisms.
International Journal of Current Pharmaceutical Research 1, 56-60.

Martin KP. Plant regeneration through somatic embryogenesis in medicinally important
Centella asiatica L. In vitro Cell Dev Biol — Plant 2004; 40: 586-91.



Matsuda H, Morikawa T, Ueda H, Yoshikawa M. Medicinal foodstuffs, XXVII. Saponin
constituents Gotu Kola (2): Structures of new ursane- and oleanane-type triterpene
oligoglycosides, centellsaponin B, C, and D, from Centella asiatica cultivated in Sri Lanka. Chem
Pharm Bull. 2001; 49: 1368-71.

Matsui, T. Yoshimoto, C. Osajima, K. Oki, T. Osajima., (1996). Y. In vitro survey of a-glucosidase

inhibitory food components. Biosci. Biotechnol. Biochem. 60, 2019-2022.

Muraleedharannair M, Johnson M, Mony M, Zachariah M, Solomon J. Inter-specific variation
studies on the phyto-constituents of Christella and Adiantum using phytochemical methods, As.
Paci J Tro Biomed 2012; S40-545.

Murashige T, Skoog F. A revised medium for rapid growth and bioassays for tobacco tissue
cultures. Physiol Plant 1962; 15: 473-97.

Muselik J, Garcia-Alonso M, Martin-Lépez MP, Zelmiéka M, Rivas-Gonzalo JC. Measurement of
Antioxidant Activity of Wine Catechins, Procyanidins, Antocyanins and Piranoantocyanins. Int J
Mol Sci 2007; 8: 797-809.

Nagendrappa C.G., An appreciation of free radical chemistry- 3, Free radicals in diseases and
health. Resonance, 10(2):65-73 (2005).

Nepal - An elucidation of medicinal plants. International Journal of CrudeDrug Research 28(1),

17-25.

Nithya, T., Kavitha, P.K., Gayathri, U., Madhavan, S., Venkatraman, B.R., (2004). Antibacterial
activity of Solanum trilobatum. J. Ecotoxicol Environ.Monitoring. 14 Suppl 3: 237 -239.

Oke, O.M., Hamburger, P.S., (2002). Screening of some Nigerian medicinal plants for
antioxidant activity using 22, diphenyl picryl —hydrazyl radical. African Journal of Biomedical
Research 5: 77- 79.

Parekh J, Chanda S. Antibacterial and phytochemical studies on twelve species of Indian
medicinal plants. Afri J Microbiol Res. 2007; 1: 175-81.

Patra A, Rai B, Rout GR, Das P. Successful plant regeneration from callus cultures of Centella
asiatica (L.) Urban. Plant Growth Regul. 1998; 24: 13-16.

Pei SJ. Ethnobotanical approaches of traditional medicine studies: Some experiences from Asia.
Pharmaceutical Biology 2001; 39:74-79.

Perumal SR, Ignacimuthu S (2001). Antibacterial Effects of the Bark of Terminalia arjuna:
Justification of Folklore Beliefs. Pharm. Biol. 39(6): 417-420.



Petry, R. D.,, & Ortega, G. G. (2001). Flavonoid * content assay: influence of the reagent
concentration and reaction time on the spectrophotometric behavior of the aluminium

chloride—flavonoid complex. Pharmazie, 56, 465-470.

Pham, A. T., Dvergsnes, C., Togola, A., Wangensteen, H., Diallo, D., Paulsen, B. S., & Malterud, K.
E. (2011). Terminalia macroptera, its current medicinal use and future perspectives. Journal of

Ethnopharmacology, 137(3), 1486-1491. doi:10.1016/j.jep.2011.08.029

Pham, A.T., Dvergsnes, C., Togola, A., Wangensteen, H., Diallo, D., Paulsen, B.S., (2011a).
Terminalia macroptera, its current medicinal use and future perspectives. Journal of
Ethnopharmacology 137, 1486—-1491.

PN Manandhar. Ethnobotanical observations on ferns and ferns allies of Nepal, J. Econ.
Tax. Bot., 1996; 12, 414-422.

Pointel JP, Boccalon H, Cloarec M, Ledebehat C, Joubert M. Titrated extract of Centella asiatica
(TECA) in the treatment of venous insufficiency of the lower limbs. Angiol. 1987; 38: 46-50.

Prabuseenivasan, S., Jayakumar, M., Ignacimuthu, S., (2006). In vitro antibacterial activity of
some plant essential oils. BMIC complementary and aternative medicine. 6 Suppl 39;1-9.

Pragada RR, Vangepurapu V, Ethadi SR, Praneeth VS. Phytochemical investigation and in vitro
anti oxidant, anti microbial activity of different fractions of Acalypha indica Linn, Int J pharm
pharma sci 2011; 3(4): 314-317.

Rai, M.B., Medicinal Plants of Tehrathum District, Eastern Nepal. Our Nature (2003) 1: 42-48

Rajurkar N, Kunda G. Evaluation of phytochemicals, antioxidant activity and elemental content
of Adiantum capillus veneris leaves, ] Chem Pharma Res, 2012; 4(1): 365-374.

Ramamoorthy D. Bilal A. Bashir A., Preliminary phytochemical screening and evaluation of
analgesic activity of methanolic extract of roots of Gentiana kurroo Royle in experimental
animal models, Int J Pharm Pharm Sci, 2011; 3(4): 164-166.

Rana, B.K., Singh, U.P., Tanieja, V., (1997). Antifungal activity and kinetics of inhibition by
essential oil isolated from leaves of Aegle marmelos. J. Ethnopharmacol. 57: 29-34.

Rani MS, Dayanand CD, Shetty J, Vegi PK, Kutty AVM. Evaluation of antibacterial activity of
Pongamia pinnata Linn on pathogens of clinical isolates. American Journal of Phytomedicine
and Clinical Therapeutics. 2013;1 Suppl 8: 645-651.

Rao KP, Rao SS, Sadanandam M. Tissue culture studies of Centella asiatica. Indian J Pharm Sci.
1999; 61: 392-94. Shukla A, Rasik AM, Jain GK, Shankar R, Kulshrestha DK, Dhawan BN. /n vitro



and in vivo wound healing activity of asiaticoside isolated from Centella asiatica. )
Ethnopharmacol. 1999; 65: 1-11.

Ray G., Husain S.A., Oxidant, antioxidants and carcinogenesis. Indian J Exp Biol, 40: 1213-1232
(2002).

Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM, Pridham JB. The relative activities of Plant-
derived polyphenolic flavonoid. Free radical Res 1995; 22: 375-383.

Sabu MC, Kuttan R. Antidiabetic activity of medicinal plant and its relationship with their
antioxidant properties. J. Ethnopharmcol. 2002; 81: 155-60.

Sadeghian, H., & Jabbian, A., (2015). 15-Lipoxygenase inhibitors: a patent review. Expert Opin.
Ther. Patents 26(1) 1-24

Sahu, N., Saxena, J., (2013). Phytochemical analysis of Bougainvillea Glabra Choisy by FTIR and
UV-VIS spectroscopic analysis. Int. J. Pharm. Sci. Rev. Res. 21(1): 196-198.

Sala A, Recio MD, Giner RM, Manez S, Tournier H, Schinella G, Rios JL. Antiinflammatory and
antioxidant properties of Helichrysum italicum. J Pharm Pharmacol 2002; 54(3): 365-371.

Ghorpade et al, RILBPCS 2015 www.rjlbpcs.com. Life Science Informatics Publications

Saleem M, Husheem P, Harkonen K, Pihlaja. Inhibition of cancer cell growth by crude extract
and the phenolics of Terminalia chebula Retz. fruit. J. Ethnopharmacol. 2002; 81: 327-36.

Sambhaji B. Thakar, Kailas D. Sonawane (2013) Mangrove Infoline Database: A
Database of Mangrove Plants with Protein Sequence Information Current Bioinformatics.
8.524- 529

Sanjay K., Saponins of Albizia lebbek in Alzheimer’s and Parkinson’s disease. Indian Journal of
Natural Products, 19:42- 48 (2003).

Sarian, Z.B. (2009). Good Reasons for Growing Pummelo. Agriculture Magazine.

Schelz, Z., Molnar J and Hohmann J (2006). Antimicrobial and antiplasmid activities of essential

oils. Fitoterpia. 77(4): 279-85

Sharma BD, Vyas MS. Ethanobotanical studies on the fern and fern allies of Rajasthan. Bull. of
Bot. Survey of India 1985; 27: 90-91.

Sharma NK. Ethnomadicinal studies on ferns and fern allies of Hadoti plateau, Southern
Rajsthan. Zoos’Print J. 2002; 17(3): 732-734.



Shayoub, M. E. H., Dawoud, A.D.H., Abdelmageed, M. A.M., Ehassan, A. M., Ehassan, A. M.,
(2015). Ehhytochemical analysis of leaves extract of Eucalyptus camaldulensis Dehnh.

Omdurman Journal of Pharmaceutical Science 2(1),64-71

Shayoub, M. E. H., Dawoud, A.D.H., Abdelmageed, M. A.M., Ehassan, A. M., Ehassan, A. M.,
(2015). Ehhytochemical analysis of leaves extract of Eucalyptus camaldulensis Dehnh.
Omdurman Journal of Pharmaceutical Science 2(1),64-71

Shin TY, Jeong HJ, Kim DK, Kim SH, Lee JK, Kim AK.et al Inhibitory action of water soluble

fraction of Terminalia chebula on systematic and local anaphylaxis. J. Ethnopharmacol. 2001;
74:133-40.

Shrestha, 1. and Joshi, N. (1993) Medicinal plants of the Lele village of Latipur District, Nepal.
Internationallournal of Pharmacognosy 31(2), 130-134.

Shrotri C.K., Jain P.K., Shrotri K., Jain R., Effect of herbal treatment on the antioxidant status of
rheumatoid arthritis patients. Biosci Biotech Res Comm, 5(2):175-182 (2012).

Siddiqui AA, Ali M. Practical Pharmaceutical chemistry. 1st ed. New Delhi, CBS Publisher and
Distributors, 1997, pp 126-31. Subban R, Veerakumar A, Manimaran R, Hashim KM,
Balachandran I. Two new flavonoids from Centella asiatica (Linn.). ) Nat Med. 2008; 62: 369-73.

Singh, S.B. and Barrett, J.F. (2006) Empirical antibacterial drug discovery— foundation in natural
products. Biochem. Pharmacol. 71, 1006—-1015

Slee, A., Brooker, M.l.H.,, Duffy, S.M., West, J.G., (2006). "River Red Gum". Eucalyptus
camaldulensis var. obtusa. Centre for Plant Biodiversity Research. Retrieved 2012-06-16.

Slee, A., Brooker, M.l.H.,, Duffy, S.M., West, J.G., (2006). "River Red Gum". Eucalyptus
camaldulensis var. obtusa. Centre for Plant Biodiversity Research. Retrieved 2012-06-16.

Spindler, S. A., Sarkar, F. H., Sakr, W.A., (1997). Production of 13-hydroxyoctadecadienoic acid

(13-HODE) by prostate tumors and cell lines. Biochem Biophys Res Commun. 239:775-781.

Strobel, G., Daisy, B., Castillo, U.,, & Harper, J. (2004). Natural Products from Endophytic
Microorganisms_L. Journal of Natural Products, 67(2), 257-268.

Sugina L, Sing S, Sivakumar P, Sampath P, Chandrakasan G. Influence of Terminalia chebula on
dermal wound healing of rats. Phytother Res. 2002; 16: 227-31.



Sumner and Judith (2000). The Natural History of Medicinal Plants. Timber Press. p.
17.I1SBN 0-88192-483-0

Sumner and Judith (2000). The Natural History of Medicinal Plants. Timber Press. p.
17.I1SBN 0-88192-483-0

Tamhane MD, Throat SP, Rege NN, Dahanukar SA. Effect of oral administration of Terminalia
chebula on gastric emptying: An experimental study J. Postgrad Med. 1997; 43: 12-13.

Tapsell, L.C., Hemphill, I., Cobiac, L., (2006). Health benefits of herbs and spices: the past, the
present, the future. Med. J. Aust. 185 (4 Suppl): S4-24.PMID 17022438

Tapsell, L.C., Hemphill, I., Cobiac, L., (2006). Health benefits of herbs and spices: the past, the
present, the future. Med. J. Aust. 185 (4 Suppl): S4—24.PMID 17022438

Taylor, R., Edel, F., Manandhar, N., & Towers, G. (1996). Antimicrobial activities of southern

Nepalese medicinal plants. Journal of Ethnopharmacology, 50(2), 97-102.

Theng, K. B., and Korpenwar, A. N., (2015). Phytochemical analysis of ethanol extracts of
Ampelocissus Latifolia (Roxb.), FITR and GC-MS. International Journal of Pharmaceutical

Sciences and Research. 6(9): 3936-3942

Tsao, R., & Deng, Z., (2004). Seperation procedure for naturally occurring antioxidant

antioxidant phytochemicals. J Chromaogr B Analyt Technol Biomed Life Sci. 812(1-2): 85-99

Umamaheswari, M., Asokkumar, K., Sivashanmugam, A. T., Remyaraju, A., Subhadradevi, V.,
and Ravi, T. K., (2009). In vitro xanthine oxidase inhibitory activity of the fractions of Erythrina
stricta Roxb. Journal of Ethnopharmacology, 124(3), 646—648

Utami, C.V., Hatane, S.E., Gorjian, M., (2011). The Application of three herbs; Chrysanthemum
indicum, Centella asiatica and Andrographis paniculata to reduce bacteria in cow milk.
Proceedings of The First International Conference on Interdisciplinary Research and
Development, 31 May — 1 June 2011, Thailand, pp. 51.1-51.6.

Van-Burden T, Robinson W. Formation of complexes between protein and Tannin acid. J. Agric.
Food Chem 1981; 1: 77

Obdoni B, Ochuko P. Phytochemical studies and comparative efficacy of the crude extracts of
some homostatic plants in Edo and Delta States of Nigeria.Global J.Pure Appl. Sci 2001; 8: 203—
208.



Veerapur VP, Prabhakar KR, Parihar VP, Kandadi MR, Ramakrishana S et al. Ficus
racemosa Stem Bark Extract: A Potent Antioxidant and a Probable Natural Radioprotector. Evid
Based Complement Alternat Med 2009; 6(3): 317-324.

Wang SY, Jiao H. Correlation of antioxidant capacities to oxygen radical scavenging enzyme
activities in blackberry. J Agric Food Chem 2000; 48: 5672-5676.

Wang XS, Liu L, Fang JN. Immunological activities and structure of pectin from Centella asiatica.
Carbohyd Polym. 2005; 60: 95-101.

Ye, J.H.; Liu, M.H.; Zhang, X.L.; He, J.Y. (2015). Chemical profiles and protective effect of
Hedyotis diffusa Willd in lipopolysaccharide-induced renal inflammation mice. Int. J. Mol. Sci.

16, 27252-27269.

Zaidan MRS, Rain AN, Badrul AR, Adlin A, Norazah A, Zakiah I. In vitro screening of five local
medicinal plants for antibacterial activity using disc diffusion method. Trop Biomed. 2005; 22:
165-70.

Zainol MK, Abd-Hamid A, Yusuf S, Muse R. Antioxidative activity and total phenolic compounds
of leaf, root and petiole of four accessions of Centella asiatica (L.) Urban. Food Chem. 2003; 81:
575-81

Zheng CJ, Qin LP. Chemical components of Centella asiatica and their bioactivities. J Chin Integ
Med. 2007; 5: 348-51.

Zheng W, Wang SY. Antioxidant activity and phenolic compounds in selected herbs. J Agric Food
Chem 2001; 49(11): 5165-5170.

Zongo, C., Savadogo, A., Ouattara, L., Bassole, I. H. N., Ouattara, C.A.T., Ouattra, Barro, Koudou,
J., and Traore, A. S., (2010). Polyphenol Content, Antioxidant and Antimicrobial Activities of
Ampelocissus grantii (Baker) Planch. (Vitaceae): A Medicinal Plant from Burkina Faso.
International Journal of Pharmacology. 6(6) 880-887

Zou, Y-F., Ho, G.T.T., Malterud, K.E., Le, N.H.T., Inngjerdingen K.T., Barsett H., Diallo, D.,
Michaelsen, T.E., Paulsen, B.S. (2014).



Appendices

0.4~
E 037 e —+—  Absorbance
i & y =0.0057x +0.0105
o 0.2 R2=0.9957
o U.Z2H .
c P
5
2 e
< 0.1

0.0 . . . . . .

0 20 40 60

Std. Conc pg/ml

Fig: Standard Curve of Standard Gallic Acid for phenol estimation



0.25-
. 0.201
€
5 —e— Absorbance
¥ 0.15-
— L)
(9]
b . y=0.0034x-0.0018
5 0.10- Rz2=0.9897
<)
2 .

0.05-

0.00 r T T 1

0 20 40 60 80

Standard concentration of Quercetin (pg/ml)

Fig: Standard Curve of Quercetin for flavonoid estimation

1 T.chebula
2 A.divaricata



3 T.bellerica

4 E.alba

5 W.fruticosa

6 C.dalhousidae

7 C.asiatica

8 C.maxima

9 H.diffusa

10 A.lebbeck

C control DMSO

OF Ofloxacin

Organism (pic. A&B): Staphylococcus aureus ATCC 25923
Organism (pic. C&D): Pseudomonas aeruginosa ATCC 27853

Fig 4.3.1: Anti-bacterial Tests by Disc Diffusion method

N

S

\OH

N _/\O/

Si

~

O—T1—0

H

Phosphoric acid, bis(trimethylsilyvl) monomethyvl ester
0

O/\/\/\/\

Butanoic acid. octyl ester



/ ® ChemDraw Direct x N

&

®

lall=le] %

(¢] \ ] Secure>\‘https://chemdrawdirect»cdn‘perkinelmer.com/1.5.lldemo/mdex.html# G {7‘ :

New

Document v

om/1.5.1, htmlz

Structure ~  Tool v Help ~ Customize AP Calis @)

Load CDXML 2]
Add Reactant ]
Add Reagent

Add Product OH

Label Reactions

Get Image

Get CDXML OH

Get InChl

Get SMILES
Get MOL
Get RXN

Get Properties OH

Get Errors

Get InChliKey |

1,2,3-Benzenetriol

Fig: Structures of Compounds drawn on chemdrawdirect-cdn.perkinelmer.com



Chromatogram TOXICOLOGY D:\Research\Bio-teach\BT-1 methanol.qzd

TIC

SFLLAMOMRZUI-£7T" |

9906153 [A190 ‘PLoe H0uRn

T 3RS0V -0
i) L 118D AL I OUOTU] A IS|AL AL 51 proe o

.5,669,1 12

7919/~(1AyawAx oIp Ayl ¢ *op A2 PIRYOGIRIRIN - -
£/ IAIW-O KXOIPAYIP-G°G -0IPAUIPE L DO g I g
b ma.._.,_.w.,m._.mzzg.:w.:u:.a_ 7

Lol 100y

Esoetnng

:

W

2000000+
15 -
1000000+

24.0

20.0

0

min

Fig: Terminalia chebula methanolic extract GCMS Analysis



Chromatogram TOXICOLOGY D:\Research\Bio-teach\BT-2 methanol.qgd
TIC

1850000 J-850.598

1800000
1750000 4
1700000
1650000
1600000
1550000
1500000
1450000
1400000
1350000
1300000
1250000
1200000
1150000
1100000
1050000
1000000
950000 1
900000-]
850000
800000
750000
700000
650000
600000
550000
500000
450000
400000-]
350000
300000
250000 4
200000-]
150000
100000-]

50000

I
3.0 10.0 200 240

falf7.3 10

¥ 12,0 Sedioatricye b 7, 3100 1, 6] rides ame-B-carbaxy lic acid, methy ] esten'2] 906

paky-a.571
4

L

l-acetyl12

H-Pyran-4one, 2 3-dihydro- 3,5-d ih yed roxy-G-meethyl -5 452

PR e fro sy methy 116,060

Heplamok: ackl, -ox0-%.503

-Methy -1 1-pray

2-Propanane, |, 3diydroxy-5.415
¥

-Hexadecanoic acid/13.45]

2 4Dy -2, 5-dinsethyl - 321 - furan-3- anefd, 1 17
2 A-Trimsethy b-3-hyel rosy -n-valeran tri k9, 392

D-Allase® 581
Pentadecanal 19, 504

-

Fig: Ampelocissus divaricata methanolic extract GCMS analysis



Chromatogram TOXICOLOGY D:\Research\Bio-teach\BT-3 methanol.qgd
TIC

P.197.071
2150000

2100000
2050000 3
2000000
1950000
1900000
1850000
1800000
1750000
1700000
1650000
1600000
1550000 5
1500000
1450000
14000003
1350000
1300000
1250000
1200000
1150000
1100000
1050000
1000000
950000
900000~
850000
800000
750000 4
700000
650000
600000
550000
500000
450000 3
400000
350000 3
300000}
2500004 &
200000  E
1s0000{ 3
100000
500003

01 —

3.0

12,3 Beme netrio 7,305

hy| ester/ 7640

hyls
et -Sitosteral 2 1,619

aspharic ackl, bisitri

D-Allse® 35

-2-Furancarbay aklehyde, S-(hydroxy methy [-6.08 7
Stigmasiero ¥ 0050

j(
1!

F-Chabicyelof 22,1 fiept-5- ene2-ancéd, 505

o ium, acetylacetansto-bis{{E)-cyclooctens 113,767

24.0

=]
(=]
ol
=
(=]

Fig: Terminalia bellerica methanolic extract GCMS analysis



