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INTRODUCTI ON 

Cancer is a complex biological phenomena resulting from 

damage inflicted on the genetic material of different types 

of cells. 

Man is exposed to a multitude of environmental poisons, 

the global effects of which are.difficult to pinpoint in 

individual cases which leads to different types of cancers 

[Renner, 1990]. The main human cancers are associated with 

complex life style related causative, enhancing and 

inhibiting factors [7eishurger,1991].. It is also becoming 

increasingly clear that dietary tradioas ar.d habits play an 

irinortant role in the causation and ceveLapirtent of a number 

of major human cancers [Doll et al 1981, National 1\cadeiny of 

Sciences, 1982, Wynder et al. 19831. 

Many chemicals that cn reduce or eliminate the 

activity of man-made and naturally occuring mutaqens in our 

environment have been identified. Sooe of these antimutagens 

occur naturally in food or elsewhere in nature, and others 

are synthetic. The inhibitory agents present in food are 

predominantly of plant origin [Wutterberg 1983, 1985]. At 

present there is substantial evidence to show that chemical 

mutacjenesis and carcinogenesis can he inhibited by a large 

number of naturally occuring corn.curids of plant origin 

[Ramel et al 1986]. 
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Interestingly, many of these inhibitors are minor 

constituents of some of the commonly consumed vegetables, 

fruits, spices and beverages [ Ames, 1983; Wattenbercj,1985; 

Abraham et al 1986; Ramel et al 1986; Ito et al 19891. In 

view of these findings, there is cjrc*.ing awareness of the 

fact that it may be possible to protect humans against the 

genotoxicity and carcinogenicity of environmental chemicals 

by manipulating the intake of dietary agents. In order to 

explore this possibility, there is immediate need to identify 

the commonly consumed food stuffs which exert a otective 

effect against a wide spectrum of environmental 

mutagens/carcinogens. 

Consumption of plant foods resuar in the uptake of the 

green vegetable containing chloropnyll whose antirnutayenic 

effects against a variety of environmental and dietary 

inutayenic substances have become apparent in the last few 

years {Lai et al, 1980, Ong et al, 19863. Chlorophyll has 

been shown to be responsible for a hiqh degree of the 

antimutayenic activity [Kimm et al, 1982). Sirrilarily, 

chiorophyllin, a man-made derivativc of chlorophyll is also 

known to inhibit the mutagenic activity of various chemical 

agents [I1ayatsu et al, 1988]. 

Edible plants and a variety of substances in theci such 

as plant phenolic antioxidants have been reported to inhibit 



or to enhance the carciflogenesis and mutagenet5 in 

experimental animals [Newmark, 19871. CELrOeflOidS and retirtOl 

are reported to have pronOunceI animUaCJefl1C actions [Eusk 

and h1berg, 1983, Renner, 1985] as well as preventive 

effects on the development of cancer in different organs. 

Plant foods including fruits and vegetables are cjood 

sources of dietary fibre and many are found to 
poEsesS 

significant hypolipidaemic effects when included in diet. 

Composition of the dietary fibre in these food varies to a 

great extent. Hypolipidaemic effect of dietary ,  fibre is 

known to be dependent upon the level cf its different fibre 

constituents. Dietary fibre from different sources while 

asserting the hypolipidaetflic action also affects the 

biological utilisation of diet [Pgarwal and Chauhan, 19911. 

VattenberY [1983] reported that foods contain a large 

number of anticarciflOgens and antimutagens which are known to 

inhibit cancer formation. Epidemiological studies showed that 

veyetariflS have a lower risk of ccur than thu non- 

vegetarians as green coloured raw veyc-tahle:3 had most of the 

po1yphef101S aromatic isothiocyanates: methylated flavonoids, 

coumarin etc. that are known to inhibit the cancer formation. 

The development of research in the area of antirautagenS 

and anticarcinogens has been primarily devoted to the 

reduction of risk factor in humans. This has been done using 
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a variety of in vitro and in vivo best systernS This 

extensive work has led to the identification of a broad range 

of inhibitors of plant origin, belonging to over 20 different 

chemical classes [ Gichner and VeleininskY, 1988; 
ayatsu, 

1982; Stich and Rosin, 1986; Wattenberg, 19851. 

Nowadays, research is being cirr. ed out to test the 

antirnutayenic effects of the various mdicinal plants One 

such medicinal plant is the grass Cynodan dactylon. 

• The grass, Cynodan dactylon is reported to reduce the 

body acidity, tones up the nervous system, purifies the 

blood, controls tuberculosis and leprosy. The extract of 

grass also controls the diabetes, asthma and blood pressure 

[Subramaniam, 19781 

Voluminous literature is available on the distri.butiOfl 

of rnutagens, comutagens and antimutageflS in our erwironment 

and lifestyle-related processes. S i n c e the present 

dissertation deals only with the grass Cyriodan dactylon, a 

brief review of the literature available on the mutagans/C0 

inutayens/antimUtayens present in plaits is presented in the 

following chapter. 
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II REVI1* OF .LtTERATTJRE 

are potential causative 
Many factors in our environment  

agents of cancer. These include a broad spectrum of chemicals 

th simple and 
both naturally occuriflY and 

synthCtC of bo 1  

complex structure. They are wideSPr 
in the air we breathe. 

the water we drink, the fOod we eat and regloflS in which we 

work and live. Also chemical exposure due to occupation or to 

drugs has been known to cause human cancers tuiatt 
t , 

1977; 11iyyinSon,19791 1980; VainiO Q 
., 1980;it4eisburger 

et al, 1980; wynder1980 Doll and PetO, 1981; Higgen
Eon and 

Muir, 1981; IRC, 19821. 

Chemical carcinogens and mutagES repreSeflL a spectrum 

chemicals 
of agents that vary in their activiLY. Of all 

the  

that WO 
are exposed to, a relatively small proportiofi have 

been tested to determine their cancer causin 
otential. g p  

them have been found to he tumorigenic in test 
Nearly 20% of  

and more such 
animals [Maugh, 1978,a,b3. Data n more  

chemicals 
are being made avai1ble day.-after-Y following 

in depth research worldwide. 

Many e
pidemiological studies clearly indiCate that 80% 

of human cancers are caused by environmental factors 

[WHO, 19531. large 
associated with food, water and  

number of researh work show that 40% t cancer iricidenCes 



are directly or indirectly connected with malnutrition, 

dietary habits and life style. These factors may promote or 

prevent the cancer depending on the relative intakes and 

combination of nutrients and carcinogenic components of the 

diet [ Wynder, 1984, Palmer,1985, Reidy and Cohen, 1871 

To protect our health from adverse effects of 

environmental rnutagens, it is more important to evaluate the 

effects of modifying factors. It has been increasingly 

recognized that identification and elimination of carcinogens 

or co-carcinogens from the environmEnt will play an important 

role in the prevention of cancer in humans. A variety of 

short-term test systems have now been made available throcgh 

extensive research. 

A brief review of the literature available pertaining to 

the present study is discussed undar the following headings. 

Introduction 

Dietary factors that correlate with cancer 

Plants as the source of food 

3.1 Plants as source of carcinogens/rautagens 

3.2 Plants as a source of procarcinogens/promutagens 

3.3 Plants as a source of cocarciriogens/comut.agens 

3.4 Plants as a source of anticarcinogens/antimutagens 

1nchanism of anticarcinoene s. 

Conclusion. 
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1. INTRODUCTION 

A wide range of food stuffs exist in our environment 

which might contain both the muagenic/carCiflCgefliC and 

ant.imutagenic/ anticarcinogeniC agents. Nowadays, much of the 

studies focus on the components of the environment, that have 

been suspected to induce or enhance human cancers. 

Recent investigations on the detection of natural and 

synthetic mutagenic factors by moors of microbial assays 

revealed a number of environmental chemicals, e.pecially 

those found in foods, may be adversely affecting human health 

[Naqao et at., 1977]. Less than deserving attention has been 

given to substances in the environment that may render 

protection against chemical mutagens or carcinogens acting as 

initiators in the carcinogenic process. 

2 - DIETARY FACTORS THAT CORRE40TE Wl WMER 

Important causative factors that have elicited keen 

interest among cancer investigators in recent years are diet 

and nutritional factors [Sririivas, 19901. 

Diet, apart from being an important causative factor 

for cancer, also modulates cancer by several other 

mechanisms. For example, dietary fibre, protease inhibitors, 

certain vegetable constituents and ant.1oxidantS modulate 

cancer eiher by themselves or synergistically. 
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According to Doll and Peto(1981) bhere are five possible 

ways or means by which diet may affect the incidence of 

cancer. 

Ingesting powerful, direct-acting carcinogens or 

their precursors 

Affecting the formation of carcinogens in the body 

Affecting transport, activation or deact.ivatlofl of 

carcinogens 

Affecting promotion of 7alls that are aireadi 

initiated, and 

OvernutritiOn. 

Nutritional deficiencies act as predisposing factors to 

cancer at particular sites in the body, by enhancing the 

tissue susceptibility for the carcinogens. DefiCicflCY of 

vitamin A in the diet enhances the risk of lung, colon and 

urinary bladder cancers. Dic1.Zi es of vitamin C and 

h-carotene enhance the risk of nomach cancer. Iron 

deficiency is associated with cesohageal cancer. A low 

selenium concentration in the diet is associated with 

incidence of colon, rectum and breast. cancer. !4agneSiUm 

deficiency enhances the risk of thyrnic lymphosarcoma in rats. 

Thus, nutrient deficiencies modulate carcinOgeneSis 

[SrinivaS,1990]. 



Several studies have been carried out to investigate the 

effects of the nutrients on cancer. ut since scope of the 

Iir(;(snt 11 ;;(rt at: i o n is concerned 'iLh plants, literature 

pertaining only to plants are discussad below. 

3. PLANTS AS A SOURCE OF FOOD 

Studies carried out on populations from different parts 

of the world indicate that certain vegetables in the diet may 

have anti-carcinogenic properties [Sharma,1990; 

v.leishurcjer, 1991] . Low incidence of ':rious types o f cancer 

have been associated with increased cor.sumption of different 

vegetables. For example, cancers tf breast, colon and 

prostate are less frequent in people consuming legumes and 

cereals[Kroes et al.,1986] and tlose of stomach and 

oesophacjus in populations eating a high amount of fruits and 

vitaminous vegetables [Joossens ci; a.., 1985; Hcursan at; 

al.,1986; Mirvish,1986; Munoz et J..,1988;Tsuda et ai,,1988]. 

Low incidence of cancers of gastrointestinal and 

respiratory tract have been shown to be associated with 

increased consumption of cruciferous vegetables and these of 

intestine with vegetables containing a hi.cjb amount of fibre, 

and those of larynx, oesophagus and lung with vegetables rich 

in carotene, like carrot, tomato and spinach [Koo, 1986; 

Gao,1987; Shibato ç..t al.,1989]. Such dietary intervention is 

however, not always, effective since human diet is a mixture 

cl 



of different compounds. Most components of the diet are of 

plant origin either directly or through animal products. 

• I I' I ants as a source of ca rc noyci 1'3utiJ1fl5 

The plant food contains a great veriety of natural 

mutaens and carcinogens as well as many natural antimUtagenS 

and anticarciflOgens. Many of these inutagenS and carcinogens 

ma 1' act through the generation of oxygen radicals. Recent 

widespread use of short-term tests for detecting mutayenS and 

the increased number of animal studies on plant 

substances [Kapadia,1982] have contributed to the 

identification of many natural mutayens, teratocjefls and 

carcinogens in the human diet [Miller et a., 19811, 

Some plants have been found to induce cancer directly 

For example, extracts of the plant Kra:eria ixina and Anriona 

muricata, when injected to the oxperim.2:ltal animals resulted 

in the formation of fibrosarcoma [Sharna,1990]. Some atomatic 

oils [Croton oil, camphor oil and sassafras oil] extracted 

for medicinal, edible and cosmetic purposes have also been 

shown to be carcinogenic in mouse livei [Sharma,1990]. 

Safrole [l-allyl;3,4-methYlen di.oxyberizeflei and 

estracole [1_allyl-4-methoxy herene] are weak 

hepatocarciflOyenS which occur in certain spices and essential 

oils [Miller e 1., 1983]. Studies have implicated that 1'- 



hydroxy estragolo and 1 - hydroxy safrole, the proximate 

carcinogenic metabolites of estragole End safrole were found 

to be mutacjenic for S.typhinturium TA 100 in the absence of 

fortified liver microsornes while no muagenicity was detected 

for safrole or eugenol with or withoub added NADPH-fortified 

liver preparations [Miller gt a,., 1979J 

Psoralens, which have been detected in different parts 

of family Umbelliferae, were found to be potent 

photosensitizerS and are highly mutaynAvc in the presence of 

activating long wavelength ultraviolet light. They readily 

intercalate into DNA strands where they form light-induced 

mono or di aciducts with pyrirnidine bases [Scott  

1976]. 

The rnutagencity of a numhei: of flavonoids and 

pyrrolizidine alkaloids occuring in edible plants has been 

reported [Shelby and Matsushima,1981]. Although the mechanism 

of carcinogenicity of quercetin [a flavonol) are not known, 

cjuercetin has demonstrated significant effects on DNA 

synthesis in neoplastic cells [Podhajoer ct U., 19801. 

Studies with four pyrrolizidine alkaloids [clivoxirie, 

syrnphytine, senkirkine and petasiteninel yielded results when 

tested in an 59 mediated mutaqenicity assay in TA 100 using 

the pour-plate technique and preincubation and were found to 



be Carcinoqenic when fed to rats 
Shelby and 

Matsushifla,1981 1 

-- 

3.2. PlantS as a source of promutagtms / 
puaifnOyefl s. 

rany chemiCalS are not mutayeflic 
OL C ar o inogeflic by 

themselves but are known to be bioloyicaiiy t:cansformed into 

rnutayeflS /carciflOyerls within the system. P. very large number 

of chemicals are released into the environment which may be 

taken up by the plants. Within the plant the chemical may 

cause mutayeniC damage to the plant itself leading to the 

formation of mutayeniC /carcinOgeflic metabolites. 

For eg. , coichicifle derived from the plant ColchicLm 

autumnale, may be used for hampering cell diviSiOn, but under 

certain conditions i.t can exert a completely different effect 

on cell division. Other plants which have shown 
such 

variable effects are 3 species of Brassi.Ca family, some 

members of the families i\steraceae and Fahaccae 

(Sharma,1990) 

Mutagenicity of the aromatic amines 2 aminO fluoreflCe 

and 4 aminobiphenyl in vitro was inhibited by the plants 

flavonoid catechin, apparently by dire(.-t actiofi with the 

t al,1985). proximate carcinogen (Steele e  



Lesca (1983) has claimed a potent protection effect of 

ellagic acid and lesser activity of ferulic and chiorogenic 

acids ago inst B( a )P induced lung tumour forma tion in mice. 

Several of the plant phenolics eg. , c:iffeic, and fe.rulic 

acid are potent reactants with nitrite ion (Newmark and 

Mergens, 1981) and therefore have been demonstrated to be 

potent blockers of nitrosamine formation in vitro and in vivo 

(Kuenziy çt al,1984). This property may be particu1a1y 

important in preventing in vivo nitrosation in the stomach in 

areas of high nitrate intake. 

Inhibition of carcinogenesis induced by non aromatic 

carcinogens may also be inhibited by plant phenolics. t4ort 

e , (1986) have shown an inhibitihy effect of chloroyeni-c 

acid on methylazoxymethaflol (MArs) acetate induced 

carcinoyefleSiS in the colon and liver of hamsters. Mandal et 

a ,(1986) reported a preliminary study indicating that 

ellayic acid inhibited rnethylbenzylamifle induced esophageal 

tumors in rats. 

Several reports have indicated that eiJayic acid inhibits 

binding of carcinogens to DNA. Del Tito 11 1,(18) 

demonstrated potent hydroxylase in vitro, resulting in 

decreased DNA binding by henzo(a)pyrefle. 



Gold and Dixit (1986) demonstrated the efficiency of 

ellagic acid in inhibiting the mutagenic activity of the 
direct 

- acting mutagen Nmethyl.N_njtr(soura (MNu). They 
1 J'ptec L1iiL lci(ic acid has a definj t.  e aEfinity for DNA 

and arts r)niy to inhibit 0-6 suhstitutn and not N-7 by MNU. 

3.3 Plants as a source of 

One of the earliest known chemica] cocarcinogon is 

croton oil from the seeds of the plant croton tiglium, 
(Co 

burn Qt a., 1980). Some naturally occurirg cocarcinogens in 

food include citrus oils particularly D
--1inonen and 

(Sterculic and malvolic acids)cyciopr0p0.. ; fat:ty acids from 
cotton seed (Hendricks et al

., 1980). Var:ous phenols and 

their derivatives are also reported to be cocarcinogens 

(Kikuzaki and Nakatani, N. 1989). 

Chilli and 
its pure alkaloid capsaicin and ginger and 

its phenolics ginyerjl and shogaol have been found to 
be 

mutacjenic (Nagabhusar-i et aL, 1987). 

Phorbol esters present in herbal teas are reported to 
be 

the promoters of carcinoyenesis (Hirayama and  to, 1981). 

Phorbol 12 myristrate13acetat a well known promot;:r 
is 

found to induce cancer in mouse (Kozumbo and 

Cerutti ,1986). 

/ '1 



3.4 Plant as a source of 

Extracts of a number of plants including certain 

vegetables have been shown to have ant..i.CaflCer properties. 

These observations evoked a keen inte:est among scientists 

and resulted in large scale screening of higher plants for 

the isolation of anti cancer drugs in different centres all 

over the world. More than 3000 species of higher plants have 

been reported to have yielded one of more compounds, 

effective against various types of cancer (Sharma,1990). 

Wood Qj al (1982a) showed in ''i.tro that caffeic, 

chlorogenic ferulic amd ellagi-c aci.. i:ticu1ariY the 

latter, are potent inhibitors of nutaqefleSiS aqa3.nst 

henzo(a)PYrene diol epoxide, in strain TA 100 of 

S.typhimUriUm assay and also in a mammalian cell assay. 

Huang et aj (1983a) reported the comparative inhibition 

of the mutagenicity of polycyclic aromatic hydrocarbons by 27 

plant flavonoids Tannic acid and several hydroxylated 

anthraquiflofle and cinnamic acid derivatives, all 

repesentatiVe of plant phenols present in human foods, were 

found to be inhibitors of the mutageniCity of polycciiC 

aromatic hydrocarbous (Huang et a,1985) 

Teel (1986), suggested that ellagi.0 acid hinds 

covalently to DNA and ellagic acid could inhibit 

'Is- 
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benzo(a)pyrene binding to DNA in some rat tissues, 

positively by lowering henzo(a)pyrene metabolism to its 

active metabolites. 

Su and Coworke(1986) screened 230 traditional 

medicinal plants for their antioxidant activity in relation 

to their medicinal effects and found 22 plants with stronger 

activity. The antimutagenic chemicals present in food 

products belong to several chemical grous such as vitamins 

(Guttenpaln,1977; Lo and Stich,1978; ird and 13irribaivt, 

1979; Rosin and stich, 1979; Shamberger a.,,1979, Busk 

and Ahlborcj, 1980, Osawa et al.,,1980, Tnorgeirsscn t.k 

1980, Busk and Ahlburg, 1982, Calle and Sullivan, 1982; Wood 

et  al., 1982(h), tracemetals (Jacobs et çJ..,, 1977, Rosin and 

stich, 1979; Shamberger et al 1979, Cans and Sullivan, 1962, 

Teol and Kain, 1984), aminoacids and their derivatives 

(Moriya et 41, 1978; Rosin and Stich, 1973,; De Flora ct 

1984; Wilpart aj.., 1985) fatty acids,(Hayatsu et a-i, 

1981), pyrrole pigments (Arimato e.t gj 1980,a,b) and plant 

phenolics (Wood Qt al., ,1982(b), Huang al., 1983 b, 

Steele et al, 1985). 

Plant foods are excellent souc.-; o.F vitamins and 

mi nerals . Also they provide adequate amounts of flavonoi.ds, 

ellagic acid, indole and other agents that contribute to 

increased levels of enzymes that can detoxify carcinogens 



including hydroxy radicals and reactive oxygen. Plants also 

serve as good sources of compound that lower risk of cancer 

by inhibiting cell duplication processes and favour 

differentication. 

VITAMIN A 

Vitamin A levels have been determined in prospectiVe 

and retrospective investigations and the risk of cancer of 

the lung, kidney, urinary bladder and breast; was lower in 

individuals with higher plasma levels (Le luca Qj a, 1981, 

Kvaie Qj al, 1983, Koo,1986, Moon,1988, Rogers e a 1983,  

Benclich, 1989, Moon,1989, Ziegler, 1989). 

Several in vivo and in vitro studies suggest that 

retinoids can prevent or limit carcinogeflesiS at different 

sites.(Sporn, et al,1976) . In experimerillY induced tumours 

in animals Vitamin A and its derivatives have been shown to 

have a protective action, in tumours of the salivary gland of 

rats (Alam at al, 1984) in the skin of hairless mice (Bollag, 

1974; Mathews-Roth, 1982), in the bladder and mammary gland 

(Sporn and Newton, 1981, Sporn, 1983) gastro intestinal tract 

and in oral mucosa of hamsters (Shklar et q1, 1980). 

CAROTENE. 

F - Carotene, the essential precursCt to vitamin A is an 

excellent antioxidants and radical trapping aqents, 



especially for peroxyl and hydroxy radicals. 42-carotene is 

considered to be one of the most inpori;ant anticarci.nocjens 

in the diet( Burton, and Ingold, 1984). It protects animals 

against the carcinogenic effects of ultraviolet light alone 

and in combination with psoralen (Kc'rbhauser t ,1966), at 

both the initiation and the promotion stage (Suda gt 111,1986) 

h -carotene amd similarpolypyrenes are present in carrots and 

in all food that contains chlorlphyll. They appear to 1.)e the 

plants main defense against singlet exyen generated as a by 

product from the interaction of light and chlorophy:L1. 

VITAMIN C 

Vitamin C, their derivatives and other blocking agents 

have been tested in a variety of foods with ultraviolet 

radiation, benzo(a) pyrene and nitrite (forming nitroso 

carcinogens). It may be inversely aociated with human 

uterine cervical dysplasia. Vitamin C i thought to account 

in part for the reduced risk of cance: due to endoqeous 

production of carcinogens from nitrites (Correa, 1982, 

Tannenbaum et al, 1991) Okshima and Bartsch (1982) have 

demonstrated that nitrosamines could ao he formed within 

the digestive tract Vitamin C and their derivatives have 

been tested in a variety of foods and found to be effective 

in inhibiting nitrosamine formation. 



National Research COUnCIl 
(1982) has recornerided 

adequate amounts of Vitamin C to reduce the ik of cancer. 

Also studies have shown that adequate levels of 
Vitamin C in 

the diet serve to react with endogenously prcidUced nitrite in 

individuals consuminy appreciable amounts of nitrate, either 

from food sources or where the drinki.flY water contains 

appreciable levels of nitrate (Kosaka 
al, 1989). 

VIT7NIN E. 

Being a major free radical trap in hiomelnbrafles, 

vitarninE has a protective effect against carcinogenesis 

induced by radiations. Vitamin B destroys nitrite, an 

esseflt-1 component in the food chain as 
with the 

1986, Chen 
production of cancer ([3right-See49B3 MirviSh, 

j; 

al, 1988) Vitamin E 
especiallY together with vitamin c is an 

excellant nitrite trapping agent. 

SELENIUM 

Selenium IS considered to be one of the most powerful 

tjmutagefl1c and anticarcinog
enic agents so far known. 

(Griffin, 1982 Vernie, 1984 Shambetgc, 1985; Hocmafl, 

1988). 
Dietary selenium requirements at controlled levels 

above minimum requirementS has been correlated wit°' 

-i
nticarcinogenic properties in both laborarY animal studieS 

and human epidemiologic InveStigat10P (ChortYk nd 

Schlotzhaver, 1984). 

• 
•. : 



However, the anticarcinogenic effect of selenium has 

been questioned by many contradicting reports. Low 

concentrations of selenium may be a risk factor in human 

cancer. Selenium influences some DNA repair mechanisms by 

decreasing their effectiveness, thereby potentiating the 

mutayenic activity of some chemical compounds. Thus, under 

certain conditions, the chemopreventive agent may also act; a 

comutagen (Balansky, 1991). 

GLUTATIIIOflE 

Glutathione is present in food and is one of the major 

antioxidants and antimutagens in the soluble fracticn of 

cells. The glutathione transferases are major defenses 

against oxidative and alkylating carcinogens (Sarholm, g-t a], 

1981). Glutathione with its reactive free thiol group is a 

highly potent blocking agent (Chasseaud, 1976), Dietary 

ylutathione has been shown to be an effe';ive anticarci.nogen 

against aflatoxin (Novi, 1981). 

Glutathione functions in many cellular processes, 

including catalysis, transport and reductive phenomena it 

functions to protect cells against tcxi.c compounds of 

endoyenous and exogenous origin. Together with giutathioie-s-

transferase it catalyses the conjugation of a whole range of 

xenobiotics and hence plays a critical function on 



detoxification and cellular protection(Shallorn and 

Chitinis,1990) 

The glutathione is abundant in all organs. The 

ylutathione transferases are most active in the liver, 

(Grover,1977) . Many electrophilic species generated by phase 

I metabolism of carcinogens have been shown to be conjugated 

with cjlutathione in both in vivo and in vitro experiments 

(Jernstrom et al., 1982). 

DIETARY FIBRE 

Dietary fibre consists of plant cell waLLs and 

components of these walls vary widely in structure and 

composition depending on cell type, plarii: species and stage 

of development (Bacic et al.,,1988). Epidemiological studies 

indicate that certain types of dietary fibre may protect 

against the development of colon' cancer (Burkitt, 1978, 

il1ett, 1989). The dietary fibre may adsorb certain 

mutagens or cancer promoters in the digestive tract and these 

are carried out of the body adsorbed onto undigested dietary 

fibre. Thus the effective concentrations of these substances 

available to initiate or promote cancerous changes in the gut 

mucosal cells are lowered. Certain muagens and cancer 

promoters have been shown to adsorb onto a range of dietary 

fibres in vitro (Smith - Barbaro et al, 1981 Barnes et 

I,1983 Kacla et al,1984 Takeuchi q1 41, 1988; Roberton et 



al, 1990). Recent studies have shown that dietary fibre 

protects the bowel by adsorbing cancer itiating compounds. 

(Ferguson et al, 1990). 

PLANT PIIENOLOCS 

Plant phenolics are usually widely distcibuted in the food 

supply if the plant foods are utilied shortly after 

harvesting. 

Vargovich (1985) using a short term assay in mice of 

aberrations of colon epithelial cell nuclei to detect DNA 

damaging effects of initiating carcinogens found that oral 

feeding of several plant phenolics (Ferulic acid , Ellagic 

acid, Curucumin and Quercetin) fail to inhibit 1,2- 

dimethyihydrazinc yenotoxicity (aryo'vih and Ne'ark,83). 

However, when B(a)P was administered intrarectaLly, the oral 

administration of the plant phenols Caffeic, ferulic and 

ellagic acid and quercetin produced significant inhibition of 

nuclear aberrations (Vargovich qt ad., 1985). 

Tannic acid and several hydroxylated anthraquinOfle and 

cinnamic acid derivatives, were found to be potent inhibitors 

of carcinigenesis (Huang qt aj 1985.) 

Several of the plant phenolics eg., Caffeic and feuuiic 

acids are potent reactants with nitrite ion (Newrnark and 

1ergens, 1981) and therefore have been iemonst.rated to he 



effective blockers of nitrosamine formation in vitro and in 

vivo (Kuenzig j  ill, 1984). 

PYRROLE PIGMENTS 

Pyrrole pigments were found to inhibit mutageresis induced 

by certain classes of carcinogens. Arimato and Co workers 

[1980 a,b] showed that hemin, biliverdin, chiorophyilin and 

protoporphyrin were effective in inhibitinq the activity of a 

series of mutagens in expriments using the 1mes Salmonella/ 

microsome assay. 

Chlorophyll and copper chiorophyllin have also been 

shown to be effective in inhibiting mutagenesis induced by 

the carcinogens(Lai,1979;Lai eJ a..1, 1980]. Chlorophyll 

ingested in human food is essentially not absorbed. The 

chemical changes of chlorophyll induced by the monogastric 

mammaliam digestive system produce a mol.ec:Le more closely 

resembling chlorophyll in. This sugge;t. t ht digestive 

processes may play a part in activating inciuted chlorophyll 

to an effective blocker of mutacenesis within the lumen of 

the lower gastrointestinal tract. 

4. MECHANISM OF ANTICARCINOGENSIS IN PLANTS 

Anticarcinogenic properties of plant extracts have been 

suggested to be due to antimutagenic properties of the active 

principles occuring in these plants. The extracts act at. 



different levels of cell division and may lead to the 

formation of cancer at the stages of in!iabiOn, promotion 

and progression. Plant extracts with antimutagefliC 

activities are often anticarcinigeniC as well. 

In understanding the inhibition of ::ancers, both the 

modes of action and of detoxification of the known 

carcinogens and rnutagenS have to be taken into account.. 

XenobioticS [both carcinogens and mutagens ]are metabolised 

in two stages 

Biotranstorrflation of phase I metabolism 

Conjugation of phase II metabolism 

During detoxification of t:oxic: ats the oxidat:ive 

reaction of phase I result in the formation of metabolites 

which subsequently undergo conjugation at phase 2 by erizynies 

like epoxide hydrolase or gluthathione transferase to form 

conjugates. The later are then eliminated from the body. 

In contrast, activation of the chemical leads to the 

formation of proximate carcinogens or reactive intermediates. 

The later are poor substrates for the onjuyating enzyme. 

Therefore the reactive intermediates undergo a non enzymatic 

interaction with intracellular constituents like proteins RNA 

and DNA. Such covalent binding leads to the formation of neD 

antigens , mutation, cancer induction nd subsequerit 'eii 

death. The two possible alternative routes of oxiclative hio 



transformation resulting in detoxification or activation 

indico to two di I ferent modes of oxyuatiOfl 

Two families of enzymes are responsible for tho 

alternate pathways. The cytochrornes P45  result mainly in 

detoxication while the cytochromes P448  fiavoprotein mnno 

oxygenaseS and non enzymic free radical hydroxylations result. 

in oxidative activation. 

In protecting against cancer, the p.ant products may 

act at different stages of carcinogenesis orid through various 

interactions. 

Extracellular protection can be givco by the inhibitor 

by acting on the carcinogen during the first stages of 

carcinogensis. The penetration of the carcino(jen into the 

cell may be hindered as done by putresin1  fatty acitds and 

aromatic amino acids. rIoxicants 'or crcinoçJefls already 

present may be removed by fibrous plant products throug'i 

binding by fibres of initiators and prorotors 

modification of their mechanism and 

increase in faecal bulk. 

The endocjenous formation of carcinogens can also be 

hampered. The reaction between the nitrito and nitrosatahie 

anines or amides in the acidic gastric e' rr1\ent: gives r i s e, 

to N-nitroso compounds a majority of which has been found to 

1~17- 
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be carcinogenic. This reaction has been !ahibited by complex 

mixtures including tea and coffee. Vegetables and fruits may 

be attributed to the presence of vitamin 
C and E and natural 

phenolics in these plant products. 

Activation of mutagens in the alimentary tract is 
mediated by enzymes with peroxidase and NADpIi- oxithise 
activities present in vegetables like cabbage and broccoLi 
and also by plant extracts contair1ing thiols and varioLg 
äflti-oxidants 

In stage ii of cancer formation, an.ti-ca:icer actjvjt, 

has been shown by several plant products acting 
inside the 

cell. These agents may modulate 
the mechanism by i) 

inhibiting cell replication (ii) sequesterjrg mtauens in 

non-target cells so as to render them inactjve as well as by 
ciii) inhibiting activation of promutagens and (iv) inducinq 
detoxication 

The principle reactive groups are re.noid;, thiols and 

phenolic compounds. The reactive rnoleculcs of carcinogens can 

be blocked from acting with nucleophilic sites of DNA by 

reacting with the active electrophiles (as by sulphur 

compounds) or by scavenging reactive oxygen (as antioxidant5) 

or through directly binding with those sites (eg. Eliagic 

acid and retinoids) 



5000 plant productS 
may increase Lhc, repair of DW\ 

damaC thus 
r
educing the chances of carCirL0Yenes 

(cinnamaldYd 
coumar' umbe1lif0r0

n vaflhli and 

thiOls) while others (beans) 
may inhibit. c r r o r prone Dt 

repair as shown by pr0t0a5e inhibitorS. 

lSroinOti0fl of 
after the formation of neoPlaSt 

cel, p  

tumour can be prevented in addition by 
5Veflging free 

radicals (antiOX1nt5) inhibitthY cell 1)rol d1 
iferatbon and 

induCiflY cell clifferentjatb0n (ret1fl10d5l 
glUc000rtC01 and 

be hamper 

vitamin D3) . 
Progressiofi of tumOUrS may further  

by plant harmofies and proteaSe inhibit01 actiflY on growth 

factors and immuflOrey ators like retino.d, acting o 
the 

immune system. 

5 .COUCLUSION 

supports the 
The aforemention brief review stroflglY  

protective role 
that plants and /or 

in vi al compofiCfl 

isolated from them could play 
in renderir prot.eCtiOfl agafiSt 

grave diseases includiflY caner. More a
:.ent0fl should be 

focussed on the potential 
enic properties Which 

ants which are known to have medicinal 

could be residing in 
pl  

properties. One such plant1 most widelY di ributed, Is 
the 

st 
 

nlY referr to asrugaPuI 

graSSy cynodfli dactylons commo

. 
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Aruyampul is recognised to have medicinal properties 

and is used asa folk remedy ayainst varieus disorders. It. ;s 

reported to reduce the body's acidity, tone up the ne:vous 

system, purify the blood, control diabetes, asthma and blood 

pressure (Subramaniam, 1978). In the present dissertation t 

was undertaken to study the antimutagenic properties, if any, 

of this grass, using a battery of short i.erm test systems. 

Biochemical evaluation to support the antirl1ut.agenic studies 

were also conducted alongside. 

The various methods employed for these are discussed 

in detail in the following chapter. 



E.xperimcntal jJrocvbure 



Preparation of the extracts. 

Since the mutagenicity/ antimutageniCitY of the grass, 

Cynodan dactylon, is fairly unexplored, it was decided that 

different extracts of grass can be prepared and tested. The 

various extracts prepared for the present study are as 

follows:- 

Water extract:- 

10 y of the washed and blotted d; grass was cut into 

small pieces and homogenized in s.erile water. The 

homogenate was stored in the dark at 4° C for 72 hours with 

occasional shaking to facilitate complete extraction. After 

72 hours, the contents were filtered through cotton guaze 

into a pre-weighed container. The resultant filterate was 

freeze-dried in a lyophiliser. The residue was again weighed 

with the container and the difference in weight calculated. 

Saline extract: 

10 y of the grass which was washed and wiped dry was 

cut into small pieces and homogenized :i physiological a3..irLe 

solution (pET 7.0). The homogenate was stored in the dark at 

4 0 
for 72 hours with occasional shakine to ensure compieae 

extraction. After 72 hours, the contcnts were filtered 

through cotton guaze into a pre-weiqhed container. The 

resultant filterate was freeze-dried Ia a lyophiliser. Th 

130 



residue was again weighed with t. container and the 

difference in weight calculated. 

Organic extract:- 

In order to check whether the componentS of the grass 

which are lipid soluble showed a rnutagefliC / antirflLitagefliC 

effect, an organic extract was prepared. 

10 cj of dried grass which was blotted dry, cut into 

small pieces and homogenized using patroleum ether 
(400_ 60 

boiling range). The whole of the horogenate was caefu1ly 

transferred into a flask and stored in the dark at 40 C for 72 

hours with occasional shaking of the contents. After 72 

hours, the contents were filtered thi:ouyh cotton yua.e into a 

pre-weighed container. The resultant filterate was allowed 

to evaporate at room temperature. 7fter the evaporation of 

the ether, the residue was again with the container and the 

difference in weight was calculated. 

)\cid extract:- 

It is well known that some muragens are converted to 

their active mutagenic form in the stomach, under the acidic 

conditions. In the present study, we also explored such a 

possibility by preparing an acid extract of the grass. 

10 g of dried grass which was ;:ipec dry, was cut iito 

small pieces and then homogenized ;iny 0.1N Hcl(pH 1.8). 
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The whole of the homogenate was carefullY 

IntO 3 

h 
a. 

flask and stored in dark at 4 for 72 ou. with occaSi0fl 

shaking of the contents. after 72 hourS une contents wec 

filtered through cotton guaze into a pre--weiY1 
container. 

The resultant filterate was neutra1i5 
with O.1N sterile 

SOdIUm 
bicarbonate and the extract was freeze_dried in a 

lyophi.lizer. 
The residue was aqai.fl ei91ed with 

t.he 

container and the difference in weights were ca1CU1at0 

The water, saline and acid extracts were 
dISSOiVCd in 

er while the 
organic extract was 

sterile distilled wat ,  

dissolved in 
sterile dimethYl sulphoXi 

(DI4SO) to give the 

required concentration. 

2. Bacterial mutageflictY assay. 

Bacterial strains of Salmonella typhimUrm TA 98 and T 

f. B.N. es, Biochemistry 
100 were obtained from Pro  

California, Berkeley, Califo
rnia, 

departrnent UniversitY of 
 

g.S.T\. 

4 
[he standard mutaeflE 4- NitrOPhE1b' rae 

arn1flC ( -LPL)A) 

and 11'enzo(a)PYt0ne (B(a)P) were a king 
tft from Dr.(trS.) 

S.V. Uhide, 
Head, CarcinogeneSiS DiviSi01, Cancer Research 

InsititUtO, Bombay, India. 



PriflCiPle - 

set of histidifle - requiring strains is used for 

mutayenCitY testing. These strains are incapable of growth 

in the absence of histidifle in the growth medium. 
When a 

mutayefi is added ¶o Ulic culture, the strifi i mutated bick 

thereby losing the histidiflC - 
dependenCe for its growth. 

The number of revertant colonies resulting after the action 

of mutagen depends on the potency of the compound. 

The type of mutation in the hist:;.difie operon in the 

strains are different, thereby enablin 
the identificatl0fl 

of frarneshift rnutayens (those which are nutageflic towards TA 

98) and base-pair substituting mutagenS (those 
which are 

mutayefli-c towards TA 100). 

The properties of the tester stranS and the genotype 

confirmation tests are listed in Appendix - I. 

Spontaneous Reversion. 

Spontaneous reversion of the tester strains to histidine 

easured routine' in mutayerLiCitY independence is m  

experiments and is expressed as th rber of spontaneous 

revcrtants/ plate. Each tester strains reverts spontaneoUSlY 

at a frequency that is characteristic of the strain. 

Each inutagenicitY assay conducted included control 

plates without the test compounds to assess the Spontaneous 



Revertant (SR) frequency. The SR frequency was approxir(atelY 

close to the number specified by Ams (Ames e .,l975 

Maron and Ames, 1983). 

MetabOliC activation system:- 

The S-9 fraction of the liver homogenate from mouse 

induced with phenobarbitali along with cofactorS 
was us as 

the metabolic activation system (Appendix -II) 

Testing the mutagenicitY of the extrac1. - 

For the mutajenesis assay, the o oitp.a1 glucose aar, 

Voel Bonner (VB) salt solution (25x), Top agar and Histidine 

-Biotin solution were prepared and stored as described in 

Appendix -III. 

Assay procedure. 

To 2 ml of the molten top agar (45) 0.1 ml of 

overnight culture and 0.1 ml of test compound (containing 

various concentrations of the compound) were added in 

succession. The contents were mixed ently and thoroughly 

and poured over the basal agar and spread overtly. After the 

top agar had solidified, the plates wi:e incubated tnverted 

at 37°C for 48 hours. At the end of 4E hours, the numbeL of 

histidine - revertant colonies were counted. Whereas in the 

presence of 5-9 mix, all the above procedures were sama 

except that 0.05 ml of S-9 mix was ad.dd along with the test 

compound and the assay was carried out as above. 



Each assay included 5 sets of plates as folloWS: 

a) The overnight grown cultures were .illy distruhued 

and known aiuounts of these 
cultUras were plate on 

nutrient agar plates to determine the number of viable 

bacteria in the inoculUm. The plates were incubated at 

37
0C overnight and the number of colonies were counted. 

The spontaneous revertants in the inoculuM 
were 

determined as above, with the exceptiOfl that 0.1 ml of 

the culture was added to the top agar before pourifldi 

onto the plate. 

The number of revertants induced by 
the test substance 

was determined by plating 0 .
1  ml of the culture and 0 .1  

ml of appropriate concentration o. 
the test corpound on 

minimal 
agar plates supplemented with trace amouflS of 

his Lid iflO. 

rrhe number of spontaneous revertants in the 
presence of 

S9 mix were determined as in the 000ve step with UC5 ml 

of S-9 mix. 

spontaneous revert.aS due to the additiOn 
The number of 

 

of S-9 mix were determined by adding 0.1ml cu1tur 
and 

S-9 mix. 



3 , 

If 
After counting the number of viable bacteria in the 

inoculum, the number of induced revertants were finally 

H converted per 2 x 108  bacterial cells and this was referred 

r to as revertants per plate in subsecuct. results (Maron and 

Ares, 1983) 

Each concentration was tested in 4 plates and the 

results are expressed as Mean + SD of 4 plates. The results 

of the Ames test are expressed as revertants/ plate frorr, 2 x 

10 
8 bacterial cells. 

rresting  the co-mutagenicity / antimutagenicity of the 

extracts. 

The co-inutagenicity /antimutagenicity of the extracts 

were done both in the presence or absence of the metabolic 

activation mixture. The testing can hc done as foLiows : 

The standard mutagens - that is sodiuni azide for TA 

100 and 4-NPDA (4-Nitrophenylene diarrne) for TA 98 in the 

absence of S-9 mixture and benzo(a)pvrene for both strains in 

the presence of S-9 mixture were plated along with the grass 

extract and the test was carried out as described in the 

mutagenicity assay (Appendix-Ill) 

The concentrations of standard mutaqeris used wce as 

follows : - 



4-NPD 
- lcc;/p1ate. 

Sodium azide - 1 g/piate 

Benzo(a)PYre -. 1 LL Y/plate 

The resUlts of the Ames 
test are expreSS3d as revertants 

/plate from 2 x 108  bacterial cells. 

3. Mammalian clastOgeflic assay - MicronUcleuS 
test. 

FollOwiflY the bacterial assay, t 
grass extracts were 

tested for their 1as
togen1c property in an in viVO 1111.1ma1ian 

system. This effect was tested by studying the micronucleus 

inducing capacity of the extracts in tne hone marrOsl of Swiss 

Laca mice. This study also comprised of two phases. 

a) Testing 
the clastogeniC effect of the grass extracts. 

h) Testing the 
ogenJ-C effect of the 

grass extracts. 

pnima1s - 

The experiment was conducted on the Swiss Laca maie mice. 

purchased from Pasteur Institute of India1 CoonOoi 
Th . E 

animals were acclimatized for :wo woeks 
our 

laboratory. 

8-10 
weeks old mice, weighing about 23 - 25 g were 

selected 

for the assay. 
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Principle 

Micronucleus test is a test f: screening chewi.cals 

causing chrornosornal damage. The uest is based on the 

principle that chromatin fragments which may be produced by 

the clastogenic agents or spindle poisons, lag heh.i.nd during 

anaphase due to chromosomal breakage ard spindle naliurctjon 

and are included into the nucleus of the dauqhte cells. 

These small fragments subsequently gic rise to micronuclei 

which are present in the cytoplasm of the daughter cells. 

The acid and water extracts, were dissolved in sterile 

ZIter and the organic extract in the sterile DMSO, to give 

the required concentration and are used for the micronucleus 

a s S a v. 

Micronucleus assay. 

Testing the clastogenic effect of the grass extract 

The nothod described by Schmid, (1975) was followed to 

conduct the test. The extracts were injected twice 

intraperitoneally, at an interval of hours. The animals 

wec sacrificed 30 hours after the first injection by 

cervical dislocation. 

Preparation of bone-marrow smears:- 

From the freshly killed animals, both femora are renoved 

in toto, by cutting through pelvis and tibia. The bones were 

then freed from adhering muscle by the use of cotton guaze. 
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By yent:le traction, the distal eiphis'.1 ertion was torn 

off ethor wi ti the rest of the tib La 3nd the surrounding 

rnuscl e. The proximal end of the femur was carefully 

shortened with a sd usors until a small opening of the narrow 

canal became visible. The femur was submerecl into 5 ml of 

physiological saline solution held in a centrifuge tube and 

the bone marrow was aspirated into the physiological saline. 

After several gentle aspirations and flushinus, the process 

was repeated from the distal end of the femur. 

The centrifuge tubes contai.ninu the marrow cells 

suspended in physiological saline were centrifuged at l00 

rpm for 5 minutes. The supernatant was drained out without 

disturbing the pellet. The pellet was then mixed thorouahiy 

with the help of the pasteur pipette in its capillary part. 

A drop of this was placed on a cacan slide and a smear was 

made by pulling the material behind a poLished cover glans 

held at an angle of 45 Atleast 3-4 slides were prepired 

from each animal. The smears were allcweJ to air dry. 

The slides were strained in ay-Grunnwald solution 

(Appendix-IV) for 3 minutes followed by diluted May-Grunnwald 

solution(l:l in distilled water) for 2 minutes. They were 

then rinsed twice with distilled water. The smears were then 

stained with Giemnsa solution (Appendix -IV) for 10 minutes. 



After Giemsa staining, the slides were rinsed well with 

distilled water and blotted dry by pressing gently between 

two layers of filter paper. The backside of the slide was 

then cleaned with methanol. The s:i ides were clea.ed in 

xylene for at. least 5 minutes and mointed with coverslips 

using DPX rnountant. 

Scoring : - 

The areas with good staining and proper morphology of 

the eryLhrocytes were selected b screening at. LO X 

magnification. 'rhese areas were then scored under oil 

immersion for the presence of poiychroimatic erythi:ocytes 

(PCE) which were stained blue, and normochrotnatic 

erythrocytes (NCE) which were stained pink, with or without 

micronuclei. The NCE were scored tlor the presence of 

micronuclei to evaluate whether artiiacts of staining has 

occured. The ratio of number of POE to the number of NCE 

(P/N ratio) was also calculated as a measure of toxicity 

(The P/N ratio is close to unity for non-toxic doses). 

The results were expressed as Mean + SD of percentage 

number of POE with micronuclei of 4 animals, 

4. Effect of grass extract on the acL'iiy of the xenobiotic 

conjugating enzyme (Giutathione-s--tran; Ec.rase) in mice liver. 

The activity of the xenohiotic conjugating enzyme (OST) 

was assayed in Swiss Laca mice of 8 weeks old. 



Treatment of animals. 

The extracts (75 g/dose were injected 

intraperitofleallY 72,48 and 24 hours 1.rior to the enzyme 

assay. Control animals were injected with 0.1 ml of 

distilled water. All the animals were fasted overnight and 

killed by cervical dislocation. The assays of the components 

of the drug inetaboliSifly system were done in the cytosoliC 

fractions of the liver. 

Estimation of glutathiOfle -s -transferase activitY 

GlutathiOfiO_8_trans5e 
activity was assayed in the 

cytosolic fractiOflm by the method of Ilabig qt as., (1974), 

(p.ppcndix - VI). 

GST activity was calculated using the extinction co- 

efficient of the product formed (9.6 rM'-i cm-i) and values 

have been expressed as Mean •± SD of nmoles of CDNB 

con juyated/min/rnY protein. 

5. BiochemiCal evaluation of grass, for the presence of 

known antiinutaqefiic compounds. 

The grass was analysed for the tc jjowingcOmpOfiC - 

a. Vitamin A:- 

Vitamin T content was analysed by the method described 

by Neeld and Pearson (1963.) ,(Appendix -VII). 

4' 



b. Vitamin C:- 

-,alni.11 C e timat.ed by tho me :h i o: floe and Kuether 

I V IT I 

C. j- Carotene. 

Carotefle was estimated by the method described in 

Appendix IX. 

Crude fibre. 

The crude fibre was estimated according 
to the method of 

AOAC, 1975 (Appendix X) 

Chlorophyll. 

The total Chlorophyll and cholorophyli a and b cofltcflt 

were estimated as per the method descrid in Appendix X. 

Selenium 

The S e,  10 ri i uin level in the 9rass ws estimated by the 

method of Duncan and Parker (1974) and Prodie, 1979 (Appendix 

-XII) 
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the experipienl td 

an overV.il 
of

-herne give 
he foll0\'uifl 5 

design of the present study. 

Fig I OVERVIhW OF TIlE pRESENT STUD'1 

GRI\SS 

pREpRRTION OF EXTRACTS 

r 
me Or(Jafl1C 

VatCr S 

extract 

esting eactCt 
for its mUtagetY 

itY 

retm e:h 

and antjmutagen 

for 1t 

RifleS assay 

Effect of the extracts 
on the activitY of 

xenobiOtic con jucjat 
incj 

nzyme 

GUta1thb0ne S_tran5ference 

Micronhc' test 

rria1YsiS of qa5S for 
the presence of known 

c0mpund 5  

Vitamin Tt 

13 -  CarOtefl 
Vitamin C 

Selenium 
Ch1or0PhY ll 
Total ii.bre 

TUDIES USING RMES TEST 

rrhe RifleS 
SalItLuneh1mro 

a:Y c'L
1983) was MUTRGENICI1Y S aro and Ares  

used to study the mutaYen3tY c: jraSS extracted with water, 

saliflb, 
and organic solventt. 

studY compri5 
of two 

10portant phases as fo1lO\'15 



1) Testing the mutageniCitY of the extracts: 

To test the direct-acting mutageriiC effect of the samPle 

in TA 98 (frame shift mutagens) and TA 100 (base pair 

substituting mutagens) 

To test the formation of mutagens upon the metabolic 

activation in TA 98 and TAlOU 

2. Testing the Co_MutageniC/AItimUtaYec effects: 

a) To test the influence of the samole extracts on direct- 

acting mutagens in TA 98 and TA 100 

The results obtained in these are discussed below:- 

The doses of the extracts to be tested were arhitarii-Y 

selected as 25,50,75 and 100/.g per plate, to study the 

mutageniCitY as well as the dose-dependence of such effect. 

The colony counts obtained with the various extracts in both 

TA98 and TA100 with and without metOi Ic activation are 

c1p cted in Table 

It was observed that all the four extracts of grass did 

not exhibit mutayenicity in both the strains, both with or 

without S 9 nixture at all the dose levels tested. 

Green leaves are known to contain several antioxidant 

compounds ( Gopalan,Q1987  ) . which are nonmutagefliC in 

nature. Green leafy vegetables have also been shown to be 

nonmutagefliC both with and without metabolic activation 



1. '- 

MutagefliC1tY of the grass extraCtS in 
S.typh1r 

Table I. 

Extracts Dose Number of His + evett&fltS in  

/g/plate 
98 TA 100 TA 

-59 
-------------------------------------------------------------- 

+59 -S9 459 

30±5 34+1 105+4 116±2 
SR - 

25 28+4 356 103+2 112+7  
113±3 Water 

50 30+2 36+' 104±2 
104+9 113+8 

75 30+7 36+1 
37+8 105+7 315±2 

100 31+1 

Saline 25 27±2 33+7 
34+3 

103+5 
103+9 

1.13±4 
114+2 

50 28±5  
29+4 34+5 104+3 115+7 

75 
100 31+4 35+5 105+1 116+3 

25 31+7 33±2 107±1 115±3 
116+1. OrganiC 

50 33+2 34+8 108+3 
108±9 116+3 

75 33+8 36+2 

36±7  
110+3 117±4  

100 35±2 

Acid 25 26+2 33±4 104+1 
104±8 

113±2 
114±1 

50 27±6 33+9  105+3 114±8 
75 28±1 

28±4 
34±8 

107±1 115±5  
100 

4-NPDA 10 542±11 - - - 

- 392+14 - 

Sodiumazide I - 

- 462±10  
1 

Values are Mean SD of four plates. 

SR = Spontaneous Revertants. 



(Amudhavalli, 1991). Our results of norp-mutagefliCltY of grass 

extracts agree with these reports. 

In the second phase of the Ames test, the effects of the 

grass extracts was tested on the effect of standard mutagenS. 

For this, the extracts were added along with a standard 

mutagen characteristic of the strain t' the top aqar h&.ore 

pouring on to the basal agar plates an explained L i the 

experimental procedure. The results cbtai.ned are depicted in 

Table II 

All the four extracts of grass showed a strong 

antimutayenic effect against the standard mutagens. This 

effect was more pronounced in the presence of S 9 mixture. 

The antimutugenici-ty also showed dose depencier.ce. 

Green leaves have been shown to contain various 

compounds like vitamins and chlorophyll which are established 

antirnutagens (Shenoy, and Choughely, 1989). The 

antimutagenicity observed with grar extracts may be 

attributed to the presence of such compounds in the grass. In 

the present study, 

we have also analysed grass for the presence of these 

compounds, the results of which are prasented later ir. this 

chapter. 
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Table II - Comutagcnicity/antirnutageflicity of the grass extracts 

in S-typhimurium. 

ExLracts Dose Number of 

------------------------------------------------------------------------ 
His + Revertants in 

J.g/p1ate 
rrj 98 TA 100 

-S9 +S9 -S9 +S9 

------------------------- 
542+11 

------------------------------------------------------------------------------ 
447+7 392±14 462-110 

Vlater 25 492+4* 393+2* 351+17* 432+8* 

50 483+7* 379+11* 340+5* 417+7* 

75 465+3* 3535* 321+7* 392+11* 

100 432+13* 332+71,  301+3* 387+7* 

Saiine 25 489+3* 396*/' 343+1* 440+7** 
50 479+8* 35T8 324T6* 423+9* 
75 453+7* 314+3 301+6* 397+15* 

100 419+12* 302±8* 297+7k 37344* 

Organic 25 485±7* 383±11* 357±12* 438±6* 
50 463+2* 370+6* 332+8k 412+4* 

75 451+11* 343+14* 314±7* 402±12* 

100 439+17* 32148* 292+11* 390+8* 

Acid 25 4955* 397 * 343+17* 442+7** 

50 473±7* 373+17k 330+12* 437±14* 

75 460+8* 357+1* 31247* 412+11* 

100 442+12* 313+2* 298T3 398+7* 

Values are Mean ± SD of 4 plates. 

Spontaneous Revertants for the strains were:- 

TA 98 = 30±5 (-S 9) and 34±1  (±S 9) 

TA 100 = 105±4 (-S 9) and 116±2(±1S, 
() 

* 
- Statisticall1  significant p<QJ. 

** 
- Statistically significant p<0.01., 



MAMMALIAN SYSTEMS 

After Lestinq the antimutagenicitv of the extracts in 

the bacterial sytemS, the potency of the extract must also 

be 
evaluated in whole mammalian system. in the present study, 

the clastogeflic and anticlaStogenic effects were investigated 

in the micronucleus test using the Swiss Laca Male Mice. 

The micronucleus test conducted using grass extract can 

be broadly divided into 2 phaseS:- 

Testing the grass extracts for clatogefliC1tY 

Testing the effect 
of grass extracts on the clast,ocjeflicltY 

of standard mutayen Benzo(a)pYrene. 

Two doses of grass extracts were chosen for the present 

study viz., lOOg/g body weight and 20U.g/g body weight. 

Since the saline and water extracts had a similar effect We 

carried out the micrbnucleus test with water, organic and 

acid extracts. 

Table IIdepicts the results obtained with the extracts. 

It was 
observed that all the extracts did not i,duce 

significantlY higher number of micronuCici as compared to 
the 

untreated controls. 
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Table III -Clastogenicity of the grass extract in micronucleus 
Lcst. 

Dose Number 

-------------------------------------------------------------------- 

------------------------------------------------------------------- 
of MNPCE's % P/N ratio 

Untreated - 0.02 + 0.04 1.3 

con t ro 

water 5O/jj/yx2 0.14 ± 0.0 0.99 
1001L19/ix2  0.08 004 0.995 

Oryanic 50/y/yx2 0.14 ± 0.10 0.99 
10049/yx2 0.06 + 0.09 0.99 

Acid 50Jy/yx2 0.22 ± 0.07 0.995 
100/.ty/9x2 0.10 + 0.06 0.987 

Values are expressed in Mean ± 

-------------------------------------------------------------------- 

SD of 4 animals. 

MNPCE - Micronucleated polychromatic erythrocytes. 

P - Polychromatic erythrocytes 

N - Norinochromatic erythrocytes 



In the second phase of the S'; cnly 200 c/g body 

wus tested along with 

One striking observation made was the reduction in the 

toxicity of B(a)P by the grass extracts. Animals injected 

with B(a)P alone showed toxicity symptoms like inability to 

move, paralysis like effect on the hind legs and difficulty 

in breathing. These effects persisted for about I to 2 hours 

after which the animals recovered. 

However, those animals injecte6 with grass extracts 

following B(a)P administration did not show any toxic 

symptoms. (Fiy.II) 

Table IV lists the extent o inicronucleated cells 

induced by B(a)P in the presence and absence of grass 

extracts. B(a)P induced a highly si.gr.ificant number of 

rnicronuclei in the bone marrow 'cells of mice. (Fig ill). 

The P/N ratio which reflects the toxicity also showed 

values over unity indicating toxicity by this agent. 

When grass extracts were administered along with B(a)P, 

the number of rnicronucleated cells were significantly 

decreased (Table IV) . The values we: comparable to those of 

untreated controls .In other words aministratiOn of grass 

extracts completely inhibited the castogenicity of B(a)P. 
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I. Reduction of the toxicity of B(a)P b, 
yrass in Swiss Laca Mice. 

I iflJ  tZ L teli C ia) 

u L. tll ' xtroC 

ir' 
II. An erythrocyte in the bone-marrow of a 

mouse treated with B(a) P showiny 
micronucleus (May-Grunnwald - Giemsa x IOCO) 



Table IV - Anticlastoqenicity of 20U.g of grass extra± /g body 
weight against Benzo(a)pyrene in micronucleus test. 

Treatment Number of MNPCE % 

Without grass P/N ratio With grass P/N ratio 
extract extract 

Water 0.66±0.05 1.45 0.05±0.05* 0.81 
extract 

()rjri Ic 
extract 0.66±0.05 1.45 0.06+0.08 0836 

Acid. 
extract 0.66+0.05 1.45 

-------------------------------------------------------------------- 

0.05±0.05* 0.779 

Values are expressed as Mean + SD of 4 animals. 

MNPCE' s - Micronucleated polychromat!c erythrocytes. 

P - Polychromatic erythrc;cyt 

- Normochromatic erythrocyte5 

* 
- Statistically significant p<0.01 



The P/N ratios were also below one, indicating that toxic 

effects were suppressed by grass extracts. 

310- CHEMICAL EVALUATION FOR THE PRESKNCA OF KI1OUN 

ANTIOXIDANTS IN THE GRASS. 

Under in vivo conditions, several dietary agent3 have 

been reported to have a protective effect against the 

mutagenicity of chemicals Hayyatsu et a). 1988).Sonie such 

agents are the vitamins. 

The strong antimutagenic and anti Aastogenic action of 

grass extracts may be due to the preser;ce of the an.tioxidar.ts 

in green leaves. To confirm the presence of such compounds 

in grass, the levels of the following antioxidants were 

estimated in 100 g of the grass. 

Vitamin A, - carotene,'vitami.fl C, chlorophyll a, 

chlorophyll b, total chlorophyll, selc:üurLl and crude fibre. 

The values obtained are shown in Table V. 

The carotenoids and retinol are reported to have 

pronounced antimutagenic actions. Reti.nol was found to be 

antimutagenic towards benzo(a) pyrene CaJ1e and Su.livan, 

1982; Busk et al 1982) in Arns test with metLiboiic 

activation. However it was reported tc be ineffective in the 

mouse micronucleus test. This could be due to the possible 

.cz 



I 
Table -v - Levels of antioxjtans ; r 13 q of grass. 

------------------------------------------------------------- 
Afltioxjdants Levels ------------------------------------------------------------- 

Vitamin A 3.75 ± 0.25/g 
Carotene 78±2 rag 

Vitamin C 187 ±2 mg 

Chlorophyll -total .1.8.3 ±0.3 my 

a 14.4 ±0.9 rag 

b 4.0±0.2mg 

Selenium 
1.52 +0.02Lg 

Crudefibre 2.0 ±0.2 g 

Values are Mean + SD of duplicates. 



poor availability of vitamin A in the in vivo system 

following oral administration (Hayatsu cç a, 1988) 

The anticlastoyefliC activity of ,-carotene may be due 

to its antioxidative property that eliminates the free 

radicals by formation of complexes with one of its double 

bonds or by affecting the processes of unzymatiC activatiOn 

of the mutagens (Renner, 1990). 

The most thoroughly studied vitamin which has been 

found to inhibit mutagenicitY of a variety of carcinogens is 

is ascorbic acid. It was found to inhibit mutagenicity of 

dimethyl nitrosarnine (Gutten plan,1977; Lo and Stich,1978). 

The effect of ascorbic acid was attributed to be due to its 

antioxidant action. 

Chlorophyllifl, a man-made derivative of chlorophylle has 

been shown to be an antioxidant (Shihata et a., 1989) 

Studies by ArirnotO et a.(1980) and Neqishi et 41.( 1909)  

indicate that chlorophyllifl may interact with mutagens, 

either in the metabolically active form , to form a complex 

and it is this complex formation that ir,actiVat95 and/or 

decreases the availability of mutagens to attaC1- DNA. 



A study reported by Newmark and i.r'QenS e . l981.) 

i rid I cates chiorophYl 1 in to be a potent aritimutagen: more 

effective than retinol, - 
Carotene, Vitamin C or Vitamin E. 

Dietary selenium, at control levels above minimum 

requirements has been correlated with nticarCiflOget lIC 

properties in both laboratory animal studies and human 

epidemilogic investigations (Chortyk and schlotzhaVer, 1984). 

Minimum requirement for selenium in man is estimated to range 

from 0.05 to 0.1 ppm in the diet. 

'r1e anticarciflogenic property of s ~-..Ienium may be due to 

two of its known functions including it;s role in the active 

site of the enzyme ylutathiofle peroxida 
arid its interaction 

with heavy toxic metals. Glutathiorie p:roxidase inactiVates 

hydropCrOxides and lipoperoxides thus protecting cell 

constitUentS against free radical damae. Such heavy metal 

toxins, such as cadmium , 
a known caicinc'gefi and mercurY 

lower qlutathiOfle peroxidase 
activity by interaCting with 

selenium. 

Balansky, (1991) reported that selenium influences some 

DNA repair mechanisms by decreasing their effectiVefless 

thereby potentiatinY the rnutagenic auti .'ity of some chemical 

compounds. 



Hence, in any case, when evaluating the antiCaCiflOgen1C 

and antimutayenic properties of slerii.um  and the prospect of 

its be ng used as a cherno preventive ajent against cancer, it 

should be taken into account that under certain coiditions 

this trace element can act as a comutaqen. 

Dietary fibre adsorb certain mutagenS or cancer 

promoters in the digestive tract. RobertOn e . (1991) 

observed that Italian rye grass (Loliurn multiflorum) which is 

mainly composed of unliynified walls strongly adsorbed DNP 

(1,8 - dinitro pyrene) a hydrophobic mutagen. 

Extrapolation of these data to the in vivo stuatiofl 

would indicate that increased corisur:ptiofl of grasses and 

plant material containing cork cells, for eg., potato skins 

should be effective in removing hydrophobic mutagens from 

potential contact with colonic rnuco5a cells. 

EFFECT OF THE EXTRICTS ON THE ACTIVITY OF XENOHIOTIC 

CONJUGATING ENZYME 

The detoxification by the glutathiOne-S-traflsferase 

(GST) system forms one of the most important defence 

mechanisms (Smith e al 1977) . In th present dissertation, 

the effect of the various grass extcncts on the activity of 

csrr were tested . The result obtained are listed in Table VI 



Table VI - Levels of GST activity in the Swiss 1.aca Mice. 

Treatment Dose GST activity 
x 3 n moles of CONE conjugated/nd-n/mg 

protein 
------------------------------------------------------------------ 

Distilled 0.1 ml 
water( vehicle 
for acid and 
water extracts) 

DMSO (Vehicle 
for organic 
extract) 

water extract 

Acid extract 

Org a i 1 1 C 

extract  

0.1 ml 

75 1LLg/9 b wt 

75 b wt 

751L&cj/y b it 

631.6 35.7 

460.8 ± 65.1 

912.0 + 67.9* 

936.0 ± 339* 

641.9 

Values are •lean + SD of 4 animals. 

* 
- 

Statistically significant as compared to corresondiny 
vehicle control. 



eS3phagUS, high enough to be considerc s a cunts 

against carcinogeflesiS. GlutathiCfle levels were also 

significantly elevated in the 3 tissues by the plant 

products. (runa et al; 1990). 

In the present disertation, it was observed that the 

grass extract possessed both antimatagefliC and 

anticlastogeflic effects. Also the extracts were found to 

induce the levels of GST to a highly significant level, 

when compared to the vehicle control. The observations of 

the present study are summarised in the next chapter. 
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V. SUMMARY AND CONCLUSION 

The great and unique importance of plant foods to the 

mankind is well known to all of us. Tte whole existence of 

the human race is dependent on these olants. Humana have 

gained much knowledge about plant foods that are considered 

to protect the health. 

FoodStuffS are the main sources of naturally occucing 

anti carcinogenic agents that hinder the formation of 

carcinogens from precursors or that act protectively to 

lessen or eliminate the effects of carciriogefleSis. Dietary 

intake of natural antioxidantS could be an important aspect 

of the body's defence mechanism agar:sb these agents. Many 

antioxidantS are being identified as anticarC1fiefiS. 

Characterizing and optimising such defense systems may be an 

important part of a strategy of minimizing cancer and other 

age-related diseases. 

cancer occupies second place among the killer diseases 

in the world. Hence special attention is being made to 

identify the naturally occuring anticarciflogens and in 

elucidating their mechanism of action as a practical means of 

inhibiting cancer. This fact forms the basis of the present 

study. 



In the present study , entitled, AntimutageniCity of 

the grass Cynodan dactylon", the grass ;as studied for its 

antimutagenic effect and anticlastogeniC effect. Supporting 

studies were also conducted. The results can be summarized 

as follows:- 

Mutagenicity - 

AntimutageflicitY - 

ClastogenicitY - 

AnticlastogenicitY 
Presence of antioxidantS- 
Effect on GST - 

Negat.ri. Va 
Strongly positive 
Negative 
Strongly positive 
To a high extent 
Inducing to a high extent. 

The grass was extracted with various agents like water, 

organic solvent, saline and acid. To find the effect of the 

grass extract in the physiological conditionS, saline extract 

was prepared. An organic extract was prepared to find out 

the effects due to the lipid soluble components of the grass. 

In order to find the effect of the grass in the stomach 

conditions, an acid extract was also pr:ed. 

By usiny the Ames test, all the four extracts were 

tested for the mutagenicitY and found to be non-mutagefliC, in 

both the strains TA 98 and TA 100, in the presence and 

absence of the metabolic activation mixture. As the next 

phase of the study, the extracts were tested for the co-

mutayenicitY /antimutagenicity, in both the strains, in the 

presence and absence of the metabolic activation (S 9)mixture 

against specific standard mutagens. The extracts were found 

6! 



to suppress the effects of the mutagens to a significant 

extent. This effect also exhibited dose_dependence. 

Following the assay in the bacterial systems1 the 

effects were studied in the mammalian systern. The extracts 

were tested for their clastogeflicitY on the bcne-nlarrOW cells 

of mice. It was observed that all the extracts did not 

induce significantly higher number of microflUClel as compared 

to the untreated controls, showing that they arn non- 

clastOcjeflic. 

To study the a nticlaStoYeflJitY1 1LO Vass extracts 
were 

administered along with the standard 
cn:cclnogen E(a)P. The 

nunher of the micronuclei induced by QW, was found to 
be 

significantlY lower in combination with grass extracts as 

compared to that of B(a)P alone. In fact, the grass extracts 

completely tnhibited the clastogeflicitY of the standard 

clastogen that was administered. 

The antimUtageflic and anticlaStoqenbo effect of the 

grass extracts may be due to the presence of the 
VaTCUS 

antioxidants like the vitamins, trace minerals and other 

phenolic compounds. Green leafy vecjethleS and fruits are 

excellent sources of vitamins and chlorophyll. 
They also 

provide minerals, flavonoides, ellag-c acid, indoles and 

other agents that contribute to increased levels of enzymes 
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that can detoxY carc1n0fl5 inClU 

hydr0XY radicals and 

reaCti 
oxygefl and others that lower risk by 

1h1ting cell 

n. 

duplication proce5s 

and favour different1atbo 

the graSS was analYSed 
In the present study, 

for itS 

vitam 
- 
Carotene: Vitamin C, 

ChlOroPhYll and 

crude fibre 
content. 

waS foufl tht• 
gras9 ccx ta1n0d 

consi
e amount of all the 

abOVO comP0 • 
 The 

derab 

 antimuten1tY and antiC 

of the gras5 
ay b 

well due to the presence of such ant10 

dant and other as 

yet unident 
ed agents. 

The effectS of grasS extractS ofl GST activitY were also 

tested lfl the liver of the SWISS Laca Mice. 

The extra0tS 

were foun

tivItY to a 
d to induce the enzYme ac 

exteflt when 
compared to that of t- vehicle 

Ofltt0l The 

enhanced 

action of GST prevents the 0cth0gS fror reachIng 

or reactY with critical 
a rgct uit 

thus re6L0LflY the 

sSUa1t. 
impact of the carC1fb9e  

From the present study: it is 
clear that th 

grass: 

1t 
cynodan dactYlon, has a good potei 

in proteCt 
against 

the mutaYeS and /or claSt0°5 that we are exposed to. From 

these results , 
we can also deducO the 

antica T1 acti° 

of the grasS. 
However, this nee 

to be confirm bY long 

term animal studies. 



Our results also indicate that .the protective effect of 

grass may be due to the presence of antioxidants and known 

antimutayenic compounds in it. 
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APPENDIXI 

pROpERTIES AND GENOTYPE OF TUE TESTER STRAINS 

In addition to the histidine mutation, the standard 

tester strains contain other mutatiflS that greatly increase 

the sensitivity in detecting the m: :rijer..s. The rfa mutation 

causes parta1 loss of the iipopolysaccharide barrier that 

coats the surfcc of the bacteri, thus increasing the 

permeability of large molecules such as benzo(a)pYrefle 

[B(a)P], that do not penetrate the normal ce.l wall (Ames et 

a11.1973). The other mutation (uvrb mutation) involves the 

deletion of a gene coding for the DNA excision repair 

system ,resultiny in greatl' increased sensitivitY in 

detecting many mutagenS (Ames,1971;1973). 

TA 100 and TA 98 have been developed by trafl±errifl9 a 

resistance transfer factor (R factc) to the standa:d tester 

strains and TA 1535 and TA1538 resoectivelY.TheSe tio new 

strains (TA 100 and TA 98) have been extremely sensitive 

in detecting a number of mutagens and are recommended for 

use in general mutagenesiS testing (Maron and Arnes,1983). 

Maintenance of tester strains 

Upon receiving the strains, they were inocuLed into 

nutrient broth (8 g nutrient bcoth, 5 g NaCl, 1000m1 

distilled iater) and allowed to grovl at 31C. The genotypes 

of the tester strains were confirmed as described telow and 



the cultures streaked on nutrient agar plates(Master Plates) 

and also stored in sterile vials (which were cryopreserved in 

liquid nitrogen) 

Confirming genotypes of tester strains 

Ilistidine requirements : The Uis character of the 

tester strains was confirmed by demonstrating the histidirie 

requirement for growth on selective agar piates.(iotin is 

also required by all of the standard tester strains becuse 

of the uvrB deletion which extends through the bio gene). 

Each plate (with 0.1 ml of . F mM biotin and wtth or,  

without 0.lml of 0.111 histidine) we-re streaked with the 

C  strains,incuhated overnight at 37C and examined for growth. 

The histidino requirement was shown by growth observed cnly 

in the his/hio plate,but not in the control plate with only 

b.totin. 

rfa mutation: The preserice of rfa mutation was checked 

by testing the permeability of large molecules.Crystal violet 

is used for this purpose. Sterile filter paper disc, onto 

which 10l of crystal violet solution (1mg/mi) has been 

delivered, was carefully placed on the solidified to ar4ar to 

which the bacterial culture had been added. Ifi:er avernight 

incubation at 37'b, a clear zone of inhibition was oheved 

around the disc, indicating the presence of rfa mcta:ion, 

permitting large molecules like crystal violet to enter and 



kill the bacteria. 

(c) uvrB mutation : The uvrB mutation is quite stable and 

can be confirmed by demonstrating uv sensitivity in strains 

that contain this mutation. For this, the cultures were 

streaked on the nutrient agar plates. The plates were 

partially covered (so that half of each streak was 

covered) with a piece of cardboard. The plates were then 

irradiated with a germicidal uv lamp at a distance of 33 

cm,for 6 seconds (for non-R-factur, viz., TA 1535 and TA 

1538) to 8 seconds (for R-factor strains, viz ., TA 98 and 

TAlOO). The plates were then incubated overnight at 37C 

after which time it was observed that the bacteria grow only 

on the un-irradiated side of the plate. 

d) R-factor: The presence of R-factor should be tested 

routinely by the presence of ampicillin resistance, because 

the plasmid is somewhat unstabio and can be lost from the 

bacteria (McCann et al,,1975). F: this, plates containing 

ainpicillin (25#y/ml) in the basal agar were prepared and the 

cultures were streaked on this. After 12-24 hours incubation 

at 37C, growth was observed only along the strea}c.s made with 

the R-factor strains (TA 98 and TA100) and not along the 

streaks of other strains. 



j\PPENDIX II 

Induction of Drug_Metab0lis3n1Y Enzyme in mouse 

Most carcinogens are inactive when present in the 

environment. Upon entering the system they are converted to 

active metaholites by the carcinogen metabolisincj 
enzymes. 

The enzymes are of 2 major types (1) the actiVatJng enzymes 

and (2) the de
toxifying enzymes. The compOnentS of the drug 

etaboliS1ng system include aryl hydrocarbon (bcnzo 

(a)pyrefle) 
hydroXylase(1i) , Cytcchrome b and 

cytochromeP450i amino pyrene N_dernethylase (APND), et;hoxy 

050fin_0_dthylase (ERRD), epoxide hydrOXylase (EB), 

_s_transferase(GST) and reduced glutathiofle. 
glutathione  

Many chemicals are used to induce the drug 
rnetal,oiising 

enzymes. The most commonlY used inducers include poly chioro 

bi phenyl mixture (TroclOr 1254) and PhenoBarbital (PB). 
In 

the present dissertation, PB was used 
according to the 

methods reported earlier (KunZ, et al.,1987). 

Swiss Lace Male mouse 8-10 weeks old weighing about 

25g was injected with PB at a do:o Of Lmg/g body weight 

j traperiton0dhly for three consecutive days. 

Preparation of s-9 fraction 

fter PB administration for 
3 consecutiVe days, on the 

4th day the animal was killed by cervical di.siocti0n, 



following overnight fasting. The liver was quickly excised 

using sterile surgical tools, washed ith cold isotonic Kcl, 

blotted dry between sterile filter pager folds and weighed. 

it 20% homogenate was prepared in cold isotonic Kcl. The 

homogenate was spun at 9000 x g in a refrigerated centrifuge 

at 4C for 15 mins. The supernatant (S9 fraction ) was 

distributed into sterile 2m1 vials after adjusting the 

protein concentration to 40 mg/mi. 

The protein estimation was carried out according to the 

method described by Lowry ç aJ. (1951). 

Protein estimation by Lowrys method 

Protein was estimated according to the method cf Lowry 

et aJ.(1951). 

Principle 

This method is based onthe principle that different 

proteins contain different amounts f aromatic amino acid 

residues which react with Folin Ci.c'lteu reagent giving a 

blue colour which is read in a colorimeter. 

Procedure 

The protein sample was suspended in 1 ml of 1' NaOH at 

iodc for 4-5 mins. 5 ml of alkaline copper reagent was 

added to it and the mixture was allwcd to stand at room 

temperature for 10 mins. 0.5 ml ol i:L -Cioca1t.e. reagent 



was added rapidly and the contents n the tube mxed 

throughlY. 

The amount of protein in the sampic was calculated with 

a standard curve prepared using bovine serum albumin. 

Preparation of the co-factors and the S-9 mixture 

The cofactorS used are Mgci.), KCl,GiUCOSe 
6- 

phosphate, NPDP and phosphate buffer. 

The S9 mixture was prepared fresh just prior to ach 

assay as follows 

s-9 

Mgcl2  

Kc 1 

Glu-6-PO4  

0.1 NI phosphate buffer 

- O.iml 

- 8.OrncleS 

- 33.0 JLklnolcs 

- 5.0
1 
 moleS 

- 100/mo105 

0 

The S-9 fraction was stored in deep freeze (-SOC). 



APPENDIX Iii 

AMES TEST 

Preparation of solutions for the Mutagenesis assay 

Minimal Glucose (Basal agar) Plates 

For the mutagefleSiS aSSay, the minimal glucose 

agar medium was prepared as follows. 

Agar - 21g 

Distilled water - 910 ml 

25 x VB salts - 40 ml 

40 % glucose - 0 ml 

The VB salt solution and q].ucose solution were 

autoclaved separately and mixed to the agar solution (also 

autoclaved) just before pouring ont:o the petriplates. 

Vogel Bonner (VB) Salt Solution (25 x) 

Warm distilled water -. 67 ml 

Magnesium sulphate 
(MgSO4  7H20) - 1 g 

Citric acid monohydrate - 10 g 

Dipotassiumn hydrogen 
phosphate - 50 g 

Sodium aminonium phospliat;e 
(NaHNH4  4H20) -- 17.5 C. 

66 



The salts were added in the order indicata1 to 

warm water (45
0C). Each salt wa s allowed to dissolve 

completely before adding the next. I volume was adstec1 

to 200 ml and the solution was autocaved. 

Top 2\gar 

Agar  

Sodium chloride - 0.5 g 

Distilled water - 100 ml 

flistidine Biotin Solution 

This solution contain 0.5 mM biotin and histidine. 

L.11istidine - 0.7758 mg 

D.Biotin - 1.2215 mg 

Distilled water - 10 

The acjar was dissolved by autoclavincj. The 

solution was cooled to 45
0C and hisid.iflC - biotin solution 

was added to it (10 ml to 90m1 of top agar solution) and 

distributed into 2.0 ml aliquots in sterile tubes for the 

assay. 

97 



appENDiX IV 

prcparatwfl of Staining 
,ons 

 - Grunnwald stain 

May Grunnwald powder 
- 250 mg 

- 100 ml 
Methanol 

The stain was disSO1V1 in methanol by mixing 

thoroughlY for 5 minuteS. The solution was 
then filtered 

through whatman filter paper No.1 and stored at 0-4
°C. 

Giemsa Solution 
800 rug 

GiemSa powder - 

50 ml 
Glycerol 

50 ml 
Methanol - 

Stain was dissolved in 50 ml of glycerol at 60
°C 

. The solution was cooled 
with regular shaking for 45-60 ruin  

to room temperature and 50 ml of ethart0L 
WaS ad&d and 

mixed thoroughly for 5-10 minUte 
The resultant oluti0fl 

was allowed to stand 
0vernight and filtered through whatman 

filter paper and stored in dark at 
0-40C. 



apPENDIX V 

PreParation of MicrOS0mal and 
cyt(6Ol10 fraCtiOns 

The liver was 
quicklY exciSCd, washed thrO1JhlY1 

with ice-Cold, jsOtOfl 
KC1 (1.15 %) blotted dry, weighed 

and homOYefld to obtain a 20 % homogenate in C1 and the 
° 

homogenate was centrifuged at 9.530 g for 15 
minuteS at 4C 

in 
a refrigerated centrif11g 

The s ernatant was further 

spun at 105,000 g for 60 minuteS in a ultra centrifuge at 

4°C. The supernatant (cytOs0l 
fraCti0') was used for the 

assay of glutathione_S_transfas 



APPENDIX VI 

Estimation of GST activity 

GST activity was assayed in the cytosoliC fraction 

by the method of Habig j aj.. (1974). 

1' r inc i pie 

The enzyme was assayed by its ability to conjugate 

GSH with 1-chloro, 2,4-dinitrObeflze (CDNB), the extent of 

conjugation causing a change in the hscri?tiOfl at 340 nm. 

procedure 

The assay was done at 25°C, under conditions 

giving activities linear with respect to incubation times 

and protein concentrations for atleast 3 mins. 

The enzyme activity was atErW.Lfled by monitoring 

the change in absorbance at ni. 0.1 ml o both 

substrateS (1 mM GSH and 1 mM CDNB in ethanol) were taken in 

0.1 m phosphate buffer (pH 6.5) to make a volume of 2.9 ml. 

The reaction was started by adding 0.1 ml of cytosol to this 

mixture. The readings were read against dit±i1ed water 

blank. Complete assay mixture without enzyme, served as 

control to monitor non-specific binding of the substrates 

(final concentration of ethanol in the assay system was 

always less than 4 %). 

L : .; 



GST activiLy was ca1cu1 - u;iig the extinction 

coefficient of the product formed (9.6 raM cm 1) and values 

have been expressed as mean + Th of n moles of CDNB 

conjugated/mm/my protein. 



APPENDIX VII 

Estimation of Vitainin A 

The Vitamin levels were analysed by • the 

Trifluoroacetic acid (TFA) method described by Neeld and 

pearson (1963). 

i'rinciplc 

This method is based on the measurement of the 

unstable blue color formed by the ;ractiOn of vitimin A 

with TFA, the intensity of which s a function of the 

concentration of vitamin A. 

Procedure 

To 20 % homogenate of the grass, equal volume of 

saponification mixture (2fl KOH in 90 % alcohol) was added to 

the homogenate and heated under gentle reflux for 20 minutes 

at 60
0C. 25 ml of water was added to the mixture after 

cooling to room temperature and the solution was transferred 

to a separating funnel. It was then extracted thrice using 

25, 15 and 15 ml of petroleum ether (boiling range 40
0C - 

600C) . The ether extracts were pooled and washed with 50 - 

100 ml of distilled water repeatedly until the wash water 

was free of alkali. The petroleum ether extract was then 

dried by adding anhydrouS sodium sulphate. The voiure of the 

extract was noted and aliquotS were taken in triplicates. 



The vitamin A levels in the aliquots were analysed 

by the TFA method described by Neeld and Pearson (1963). The 

aliquot was evaporated to dryness in a 600C water bath. The 

residue was taken immediately 0.1 ml of chloroform and 0.1 

ml of acetic anhydride and 1.0 ml of TFA reagent (TFA 

chloroform, 1:2, prepared fresh) were added to it. The 

mixture was rapidly transferred to a cuvette and the 

absorbance was measured at 620 nm, against a reagent blank, 

exactly 15 seconds after the addition of the TFA reagent. 

A standard curve was made using retinyl acetate 

solution in chloroform containing concentrations ranging 

from 0.5 - 2.0 ug. 

The results are expressed as Mean + S) of ug 

vitamin A/y of the grass. 



APPENDIX VIII 

Estimation of Vitai'1 C 

Vitamin C was estimated by the method of Roe and 

Kuether (1943). 

I' r inc ipi e 

The method is based on the oxidation of ascorbic 

acid to dehydroaScorbic acid (achieved by shakifl'-4 with 

norit) and the subsequent conversipfl of dehydrOaScOrbic acid 

to diketogUloniC acid, which couples with DNPH is the 

presence of thiourea (a mild reducing agent) to give red 

coloured osazones which are estimated calorimetrically. 

- Procedure 

2 g of the grass was horroq'ZOd with 50 ml of 4 % 

oxalic acid and the homogenate ias treaLed with 103 g of 

acid washed norit. 

(Acid washed norit : 1 litre of 10 % fIC1 was added 

to 200 g of norit in a large flask, heated to boiling and 

filtered under suction. The cake of norit was transfered to 

a beaker, 1 litre of distilled water was added to i.t and 

stirred thoroughly and filtered. This was repeated until the 

washings was free of ferric ions. Then the norit was dried 

0 0 
overnight at 110 - 120 C). 



It was shaken well, kept fr 10 minuteS and then 

filtered. The volume of the filterate was noted down and 

aliquotS taken in duplicates. Added 0.5 ml of the DNPH 

reagent and a few drops of 10 % thiourea solution. The tubes 

were incubated at 37
0C for 3 hours. After incubation, 2.5 ml 

of 85 % sulphuric acid was added in cold, drop by d:cp, with 

no appreciable rise in temperature. DNPH reagent and 

thiourea were added to the blank on.).y after the addition of 

sulphuric acid. The red colour dev1d was read at 540 nm 

after 30 minutes incubation at room temperature. 

The standard ascorbic acid was prepared in 4 % 

oxalic acid to contain 10 - 100 ug and treated in the same 

procedure. 

The results are expressed as mean ± SD of mg 

vitamin C/g of the grass. 



APPENDIX IX 

ESTIMATION OF CAROTENOID 

The carotene content was estimated according to the 

method adopted by Mahadevan and Sridhar 1984). 

Chopped 2 y of the fresh grass and hornogenised with 

20m1 of distilled methanol,and filtered using the Whatman 

NO. 42 filter paper. Repeated the extraction twice, until 

the tissue is free from the pigments. Poo' the filtrates and 

partition with equal quantity of Peroxide free ether thrica 

using a separatory funnel. Added water if necessar; :o 

produce two layers during the initial ether extraction. The 

ether phase contains the carotenoids. Evaporate the combined 

ether extract under reduced pressure at 35 C in a rotary 

evaporator or on a hot water bath. Dissolve the residue in 

minimum quantity of ethanol. Add 60 % of aqueous KOH at the 

rate of lml for every 10 ml of the eLbariol extract to 

saponify it. This will remove chlbrophylis and interfering 

lipids and also clears the esterified carotenoids. Keep 

this mixture in the dark in pressure of N2  or boil it for 

5-10 min or leave it overnight at room temperature. Added 

equal amount of water and partition twicc with peroxide-- free 

ether . }vaporated the ether under reduced pressure and 

dissolve the residue in minimum volume of ethanol. Measure 

the absorbance of this solution at 450nm in a 

spectrophotorneter. 



APPENDIX X. 

ESTIMATION OF CRUDE FIbRE 

Method of AOAC-1975 

According to the method of AOAC -1975, the crude flhre ;as 

estimated. 

About 2.09 of moisture and fat free sample are weighed 

in a SOOmi beaker and 200rn1 of boiling 0.2551\1[1.25% U/v11!2 O4  

was added. The mixture was boiled for 30 mins, keeping the 

volume constant by the addition of water at frequent 

intervals. A glass rod inserted in the beaker helps unooth 

boiling. At the end of this period, the solution is filtered 

through a muslin cloth and the residue waEed with water 

till free from acid. The material is transferred c: the 

same beaker and 200m1 of hoilinç 0.37[1,25%]NaOH added. 

After boiling for 30 mins [keeping the volume constan as 

before ], the mixture is filtered through muslin cloth . Te 

residue is washed with hot water till free from al}ca11, 

followed by washing with some alcohol and ether. It is ther 

transferred to a crucible, dried overnight at 80-100C and 

weighed (We) . The crucible is heated in a muffle furnace ar 

600C for 2-3hours cooled and weighed again (Wa). Tne 



difference in weights [Ve-Va] represents the weight of crude 

fibre. 

[We-Wa] x 100 
Crude fihr 

Weight Of sample taken 



PLPPENDIX XI 

ESTIMATION OF CHLOROPFfl(LL 

The Chlorophyll content was estimated according to the 

method adopted by Nahadevan and Sridhar (1984). 

Extraction and Estimation 

Chirophylls are present as green pigments in all ur:een 

plant tissues. Chlorophyll a and Chlorophyll h occur in 

higher plants. Disease development affects not only the 

total Chlorophyll content but also alters the ratio between 

Chlorophyll a and b. Measurement of green pigments may 

indirectly denote the severity of .sease especially in 

systemic virus diseases. Chlorophyll estimates may also be 

required to relate other biochemical changes in the plant 

tissues. 

Method 

Cut 1 g fresh leaves into small ;::teces and homogenized 

in a mortar with excess acetone wih . p tIe. Decant and 

filter the supernatant on a Buchner funnel through 1hatrnan 

No. 42 filter paper. Add sufficient quantity of 80% acetone 

and repeat the extraction. Transfer the content trout the 

mortar to the Buchner funnel and wash the brei with acetone 

until colourless. Pool the filterates and make up the volume 

to 100 ml in a volumetric flask. Transfer 5m1 of the extract 
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into a 50m1 volumetric flask and dilute by 
making up the 

volume with 80% acetOne. Measure the absorbanCe at 645 and 

663 nm for the determination of Chlor')phyll 
a and b and total 

Chlorophyll. For routine measurerflfltS of total Chlorophyll 

content only, measure the absorbaflCe of the 
extract at. 652rm 

using a light path of 1 cm. 

Using the specific absoibt.iOfl coefficiet5 for 

Chlorophyll a and b at 663 and 645nm in 80% aceton('-. the 

fol lowing simulteneOus equations can he set up for measuring 

Chlorophyll concentrations. 

A663 = 82.04 C 9.27 Cb 

A645 = 16.75 0a + 
45.6 Ch 

Total Chlorophyll (My/g) = 20.2 A65 + 8.02A663  

Chlorophyll a(Mg/g) = 12.7 A663  - 2.69 A645  

Chlorophyll b(Mcj/g) = 22.9 A645  - 4.68 A663  

The Chlorophyll content can b: calculated on a fresh 

ie1Uht basis employing the follo:bt0ia 

20.2 A
64!'w*~ 

+ 8.02 P. 63 x V 
Total Chlorophyll (Mg/g) ---------------------- 

a :< 1000 x w 

12.7 A - 2.69 A 
6o3 645 

Chlorophyll  a (Mg/g) ----------------
X V 

a x 1000 x w 



22.9 A - 4.68 A. 
Chlorophyll b (Mg/g) = 

- 
45 63 

a x 1000 x 

where, a = length of path light in the cell ( usually 1 cm) 

V = volume of the extract in ml 

VI = fresh weight of the sample in g 

ID 



APPENDIX .XII. 

Analysis of Selenium by atomic absorption 

spectrophotornetry. 

Dethod of Duncan arid Parker, 1974 and Brodie, 1979. 

Selenium level in the grass was estimated by the method 

of Duncan and Parker, (1974) and Brode, 1979. 

Principle: 

The sample in solution on suspension was heated to a 

high temperature by burning it in a flame. The flame broke 

up the chemical bonds between the rnoi ecules and enabled the 

individual atoms to float freely in the sample area. In this 

condition, the atoms (unexcited) absorb ultraviolet or 

visible radiation. The warelenqth bands in which each 

element is absorbed is narrow. Hence at a particular 

warelenyth the absorption is measured. The amount )f light 

absorbed gives a direct indication of the amount of metal 

that is present. 

Procedure: 

Dissolve 1 g of pure selenium powder in 80 ml of 1 : 1 

nitric acid, heated gently to 4  .Lnitiat.E. the reaction, cool if 

the reaction proceeds vigorously. Dilute to 1 litre t:o give 

1000 ug/lit selenium. 

From the above stocks a series of standards, (5,10,15,20 

and 25 ppm) were prepared. A set of lower standards 

cointaininy 1,2,3,4 and 5 ppm were also prepared. 

The iamp current selected for the estimation of selenium 

was 7mA. The fuel used was acetyler:c-. along with air ELS its 

support. The selected waelength for selenium was 196 nm. 
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Interference: 

Chemical. interference from most elements is within an 

al1oiable 5%. Only barium, lead, :Lithiuni, sodium and 

strontium depress the selenium ahscrbance by 25, 55, 12, 16 

and 15% respectively. The air acetylene flame reduces all of 

these interference. 


