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Abstract 
 
Pancreatic cancer is a major cause of morbidity and mortality in 
developed and developing countries. We studied the 
chemopreventive effect of Phyllanthus amarus on tissue lipid 
peroxidation and antioxidant status, which is used as biomarkers in 
azaserine induced pancreatic carcinogenesis in wistar rats. Male 
albino rats were randomized into 8 groups of 10 animals each. Rats 
in group 1 received 1.0 ml of 0.5% carboxyl methyl cellulose 
(CMC) everyday via intragastric intubation and served as an 
untreated control. Groups 2- 4 rats received Phyllanthus amarus via 
intragastric intubation (p.o) at a daily dose of (100, 150, 200 mg/kg 
body weight). The rats in groups 5-8 received azaserine (5 mg/kg 
body weight) injection once in a week intraperitonially (i.p) for 3 
weeks. In addition, groups 6 - 8 received Phyllanthus amarus as in 
groups 2-4 respectively and continued till the end of the 
experimental period. The animals were sacrificed at the end of 3 
weeks. In the presence of azaserine, relative to the results for the 
control rats, there were increased levels of lipid peroxidation, as 
denoted by thiobarbituric acid reactive substances and decreased 
activities of the enzymatic antioxidants (superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPx), reduced 
glutathione (GSH)). Our results indicate  that intragastric 
administration of Phyllanthus amarus inhibits pancreatic 
carcinogenesis, not only by modulating lipid peroxidation and 
antioxidant status, but also by preventing azaserine induced 
histopathological changes. Our results thus indicate that Phyllanthus 
amarus may act as a chemopreventive agent for pancreatic 
carcinogenesis. 
 
Keywords: azaserine, antioxidants, lipid peroxidation, Phyllanthus 
amarus. 
 
 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Introduction 
 
Pancreatic cancer is the fourth leading cause of cancer death in both 
men and women (American Cancer Society 2009). It is usually 
diagnosed late thus precluding effective treatment; and, with the 
exception of an association with the smoking of cigarettes, the 
etiology of this cancer is largely unknown (Mack 1982). Azaserine 
(o-diazoacetyl-L- serine) is a  bacterial mutagen and a pancreatic 
carcinogen and serves as a standard model to study the health-
promoting effects of various substances in pancreatic carcinoma. 
(Longecter and Curphey 1975).  
 
Azaserine is  known to induce DNA damage in vivo (Cox et al 
1973; Damjanov et al. 1973; Goodman et al. 1974; Sarma et al. 
1975). One type of DNA damage observed is the alkylation of 
purine and pyrimidine bases (Cleaver 1975; Sarma et al. 1975), a 
characteristic action of monofunctional alkylating agents (Sarma et 
al. 1975; Strauss 1974). Alkylated bases can be removed 
enzymatically by endonucleases and/or by glycosidases (Lindahl 
1976). In addition, purine alkylation can result in destabilization of 
the N-glycosidic linkage between the base and its deoxyribose, 
leading to spontaneous depurination (Lawley et al. 1963) causing 
DNA damage that eventually leads to neoplastic transformation of 
pancreatic cells. 
 
Pancreatic cancer is a pathological consequence of persisting 
oxidative stress leading to DNA damage and mutations in cancer 
related genes. (Cercutti 1994). All the experimental, clinical and 
epidemiological studies suggest that reactive oxygen species (ROS) 
are involved in the initiation and progression phases of pancreatic 
cancer (Oberley 1988). 
 
Now-a-days, medicinal plants play an important role in the 
chemoprevention of pancreatic cancer.. Herbs have recently 
attracted attention as health beneficial foods and as source materials 
for drug development. In addition, they are  increasingly utilized in 
treating  a wide variety of diseases including cancer (Chattopadhyay 
2003). Phyllanthus amarus is commercially  known as bhumi amla 
and has traditionally been used to treat flu, dropsy, diabetes and 
jaundice (Chopra et al. 1986). 
 
The use of medicinal plants or their crude extracts in the prevention 
and /or treatment of several chronic diseases has been traditionally 
practiced in variousethnic societies worldwide. Phyllanthus 
ammarus has a long history of use in herbal medicine. It is well 
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known for the biologically active compounds it possesses (Rizk 
1987)including alkaloids, astragalin, brevifolin, carboxylic acids, 
corilagin, cymene, ellagic acid,ellagitannins, gallocatechins, 
geraniin, hypophyllanthin, phyllanthin, lignans, lintetralins, lupeols, 
methyl salicylate, phyllanthine, phyllanthenol, phyllochrysine, 
phyltetralin, repandusinic acids, quercetin, quercetol, quercitrin, 
rutin, saponins, triacontanal and tricontanol (Khanna et al. 2002). 
However, no studies have been undertaken to assess the effect of 
Phyllanthus amarus on the biochemical and histopathological 
changes occurring in experimentally-induced pancreatic cancer in 
rats. We therefore examined the protective effect of Phyllanthus 
amarus on azaserine-induced pancreatic carcinogenesis using lipid 
peroxidation and antioxidant levels as biomarkers.  
 
The aim of this work was to evaluate the levels of antioxidants 
enzymes and thiobarbutric acid reactive substances (TBARS) 
formed during lipid peroxidation on pancreatic tumor-bearing rats. 
This article is the report on inhibitory and chemopreventive effect of 
Phyllanthus amarus on pancreatic carcinogenesis in rats. 
 
Materials and Methods 
 
Chemicals 
 
Azaserine was obtained from the Sigma chemical company, 
St.Louis, USA. All the other chemicals and reagents used were of 
analytical grade.  

 
Formulation and administration of Phyllanthus amarus  
 
Phyllanthus amarus plant powder was suspended in 0.5% carboxy 
methyl cellulose (CMC) and each animal belonging to three 
different groups received 1.0 mL of Phyllanthus amarus suspension 
at three different dose of 100,150 and 200 mg/kg body weight every 
day respectively by intragastric intubation. 
 
Tumour induction 
 
Azaserine was dissolved in 0.9 Nacl solutions. The rats were given a 
weekly intraperitoneal injection of azaserine at a dose of 5mg/kg 
body weight for three weeks ( Longnecker D and Curphey T 1975). 

 
Experimental animals 
 
Eighty male albino wistar rats weighing 110-150 g were selected for 
the study. They were housed in plastic cages with filter tops under 
controlled conditions of 12h light and 12h dark cycles, 50% 
humidity at 28˚C. Standard pellet diet was fed to rats throughout the 
experimental period and water was given ad libitum. The study 
protocol was carried out as per the rules and regulation of the 
institutional animal ethical committee (IAEC).  

 
Treatment schedule 
 
The rats were randomly assigned to 8 groups of ten animals each. 
The rats in group 1 received 1.0 mL of 0.5% CMC everyday via 
intragastric intubation and served as the untreated control. The rats 
in groups 2-4 received Phyllanthus amarus via intragastric 
incubation (p.o) at a daily dose of (100, 150 and 200 mg/kg body 
weight). The rats in groups 5-8 received azaserine (5 mg/kg body 
weight) injection once a week intraperitonially (i.p) 3 weeks. In 
addition, groups 6-8 received Phyllanthus amarus in groups 2-4 
respectively and continued till end of the experimental period. The 
experiment was terminated at the end of three weeks and all animals 
were killed by cervical dislocation after an overnight fast.  

 

Preparation of tissue homogenate  
 
Tissue samples were immediately transferred to ice-cold containers 
weighed and homogenized  prior to biochemical assessments.  
 
Biochemical assessments 
 
Lipid peroxidation was estimated by measuring the level of 
thiobarbituric acid reactive substances (TBARS) in tissues via the 
method of (Ohkawa 1979). The pink chromogen produced by the 
reaction of thiobarbituric acid with malondialdehyde, a secondary 
product of lipid peroxidation was measured at 532nm. The values 
are expressed as nmoles/100 g tissue. Reduced glutathione (GSH) 
content was determined in tissue via the method of Ellman. GSH 
determination is based on the development of a yellow colour when 
5, 5´ dithio 2-nitro benzoic acid (DTNB) is added to compounds 
containing sulfhydryl groups. The values are expressed as mg/g 
tissue. Glutathione peroxidase (GPx EC.1.11.1.9) activity was 
assayed in tissue via the method of    (Rotruck et al. 1973) with a 
modification. A known amount of enzyme preparation was 
incubated with H2O2 in the presence of GSH for a specified time 
period. The amount of H2O2   was determined using the method of 
(Ellman 1959).  The values are expressed as µmoles of GSH 
utilized/min/mg protein. Superoxide dismutase (SOD, EC.1.15.1.1) 
was assayed using the method of (Kakkar et al. 1984) based on the 
50% inhibition of the formation of NADH- phenazine methosulfate-
nitroblue tetrazolium formazan at 520nm. One unit of the enzyme 
was taken as the amount of enzyme required for 50% inhibition of 
NBT reduction/min/mg protein. The activity of catalase (CAT, EC. 
1.11.16) was determined via the method of (Sinha 1972). 
Dichromate in acetic acid was reduced to chromic acetate when 
heated in the presence of hydrogen peroxide (H2O2), with the 
formation of perchromic acid as an unstable CAT intermediate. The 
chromic acetate formed was measured at 590nm. Catalase was 
allowed to split H2O2 for different periods of time. The reaction 
stopped at different time intervals via the addition of a dichromate-
acetic acid mixture, and heating the reaction mixture and measuring 
chromic acetate colorimetrically determined the remaining H2O2. 
The values were expressed as µmoles of H2O2 utilized/min/mg 
protein. 

 
Histopathology 
 
Part of the tissue was immediately fixed in 10% formalin for 24 
hours, then the tissue was cut open at the antimesentric border and 
embedded on paraffin wax 3-5 m sections, were sliced, stained 
with hematoxylin and eosin and the cell morphology as a whole was 
studied, following the standard micro technique (Carson 1990). 
 
Statistical analysis 
 
The results presented here are the means ± SD of 10 rats in each 
group. The results were analyzed using a one-way analysis of 
variance [ANOVA] and the group means were compared using 
Duncan’s multiple range test [DMRT] using SPSS version 12 for 
Windows. The findings were considered statistically significant if 
p<0.05 (Duncan 1957). 

 
Results 
 
Macroscopic observations 
 
Figure 1 shows representative examples of the histopathological 
changes of the pancreas of the rats in the various experimental 
groups, as observed with a light microscope. The pancreas of the 
control rats (group 1) showed normal architecture. (Fig. 1A) which  
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Figure 1: show representative examples of the histopathological changes of 
the pancreas of the rats in various groups. (A) Control: shows normal 
architecture of pancreatic cells. (B-D) Phyllanthus amarus shows normal 
architecture of pancreatic cells with no pathological alterations. (E) 
Azaserine: shows macrovesicular fatty change in cirrhotic nodules, 
proliferated bile ducts and lymphocytic infiltrate. (F-H) Phyllanthus amarus 
+ Azaserine: shows normal architecture of pancreatic cells. 
 
was also the casewhen Phyllanthus amarus was administered at 
three different doses (100, 150 and 200 mg/kg body weight) 
throughout this study(Fig. 1B, 1C and 1D). The pancreatic 
architecture of the Phyllanthus amarus treated rats (groups 2- 4) and 
control rats (group 1) was also observed to be similar.  The pancreas 
of the azaserine treated rats (group 5) showed macrovesicular fatty 
change in cirrhotic nodules, proliferated bile ducts and lymphocytic 
infiltrate. In addition with this moderately differentiated 
adenocarcinoma, a small lobule of necrotic cells, focal necrosis of 
tumour cells and a desmoplastic stroma were also observed. (Fig. 
1E). Finally, the phyllanthus amarus (100, 150 and 200 mg/kg body 
weight) + azaserine (5 mg/kg body weight) treated rats (groups 6- 8) 
also showed normal architecture of pancreatic cells (Fig 1F, 1G and 
1H).. 
 
Changes in the tissue levels of lipid peroxidation in the pancreas 
 
Figure 2 shows  tissue levels of TBARS in the control and 
experimental rats to be significantly increased in azaserine treated 
rats (group 5) as compared to the control rats (group1). Phyllanthus 
amarus supplementation  to azaserine treated rats (groups 6-8) 
significantly inhibited TBARS formation as compared to the un-
supplemented azaserine treated rats (group 5).  

 
Changes in the tissue levels of antioxidants in the pancreas 
 
Figure 3 shows  tissue levels of antioxidants (SOD, CAT, GPx and 
GSH) in control and experimental rats. The tissue levels of 
antioxidants (SOD, CAT, GPx and GSH) were significantly 
decreased in azaserine treated rats (group 5) as compared to the 
control rats (group 1). Phyllanthus amarus administration to  
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Figure 2: Effect of Phyllanthus amarus on tissue lipid peroxidation status of 
control and experimental rats (The values are means ± SD of ten rats in each 
group. Values not sharing a common superscript letter (a-c) differ 

significantly at P<0.05. UNITS @ - nmoles / 100 g tissue). 
 
azaserine treated rats (groups 6-8) significantly increased 
antioxidant  levels  (SOD, CAT, GPx and GSH) as compared to the 
un-supplemented azaserine treated rats (group 5).  
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Figure 3: Effect of Phyllanthus amarus on tissue antioxidants status of 
control and experimental rats (The values are means ± SD of ten rats in each 
group. Values not sharing a common superscript letter (a-e) differ 
significantly at P<0.05. UNITS @- Enzyme required for 50% inhibition of 
NBT reduction/min/mg protein, UNITS $-µmoles of H2O2 utilized/min/mg 
protein, UNITS#- µmoles of GSH utilized /min/mg protein, UNITS * _ mg/g 
tissue). 
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Discussion 
 
The search of new chemopreventive and antitumour agents that are 
more effective and less toxic has generated a  great interest in  
activities such as antiviral and anticarcinogenic. Previously, it has 
been reported that Phyllanthus amarus prevents  the induction of 
tumor in rats by inhibition of N- methyl N- nitro –N- 
nitrosoguanidine (MNNG) induced gastric carcinogenesis.(Regi 
Raphael et al. 2006). 

 
Lipid peroxidation is a free radical –based  mechanism of cellular 
damage. Azaserine is an  important environmental carcinogen with 
the ability to interact with cellular biomolecules and also  induce 
free radical generation (Dawid et al. 1963). On the other hand, free 
radicals can react with lipids causing lipid peroxidation and thus 
resulting in the release of major lipid peroxidation by-products  such 
as malondialdehyde, 4-hydroxynonenal, etc. . An increase in lipid 
peroxide levels indicates serious damage to cell membranes, 
inhibition of several important enzymes, reduced cellular function 
and cell death (Pompella et al. 1991).  
 
In our study, we observed increased lipid peroxidation (TBARS) 
and decreased levels of antioxidant status in azaserine-induced rat 
pancreatic carcinoma . Tumor cells generally display high levels of 
lipid peroxidation, which in turn can stimulate cell division and 
promote  tumor growth (Hammer et al. 1997; Dreher et al. 1996)  
primarily by setting up an oxidant-antioxidant imbalance that 
favours neoplastic transformation (Slater et al. 1984; McCord 2000). 

 
Phyllanthus amarus administration to azaserine treated rats (groups 
6-8) restoredlipid peroxidation levels to near control levels (group1). 
Phyllanthus amarus exhibits anti-proliferative activity against 
various types of cancer (Primchanien et al. 2004) and thus 
suggesting that it may be able to regulate cell proliferation. In 
addition, phyllanthus amarus possess an antioxidant activity that 
may be  responsible for its free radical-scavenging ability and thus 
preventing tumor promotion (Kumar and Kuttan 2005). 
Furthermore, it is a rich source of phytochemicals like  flavonoids, 
phenols tannins and polypenols (Chevallier 2002) two of which  
(e.g. quercetin and astragalin) have been found to prevent lipid 
peroxidation  and enhance antioxidant defences  in azaserine 
induced pancreatic cancer (Ledwozyw et al. 1986). 
 
Reactive oxygen species (ROS) such as superoxide radicals, 
hydroxyl radicals and hydrogen peroxide are produced  under 
normal conditions and the body  scavenges them through  
endogenous enzymatic (SOD, GPx, Catalase) as well as  non-
enzymatic antioxidants (glutathione, bilirubin and vitamins). 
However, increased concentrations of circulating lipid peroxidation 
by-products (e.g. MDA) have been implicated in  carcinogenesis 
(Manju and Nalini 2005; Chung et al. 2001; Ledwozyw et al. 1986; 
Cerutti, 1994). Our body does not only rests on  endogenous 
antioxidant systems in order to scavenge free radicals but also on  
exogenous antioxidants such as vitamins, flavonoids and 
polyphenols derived from plants. Thus, plants might have critically 
important components for cancer prevention because of their ability 
to inhibit cell growth, induce apoptosis and scavenge free radicals 
(Surh 1999; Lambert et al. 2005). 

   
Superoxide dismutase (SOD) is a major cellular antioxidant  enzyme 
that plays an important role in cellular  protection against the 
potentially harmful effects of superoxide anion formed during 
various biological processes (Zelko et al. 2002). On the other hand, 
catalase (CAT) is an enzyme found in all living organisms exposed 
to oxygen  and catalyzes the decomposition of hydrogen peroxide to 
water and oxygen (Maehly and Chance, 1954). Finally, glutathione 

peroxidase (GPx) is an important antioxidant enzyme that protects 
against free radical-induced cellular and tissue damage. It is a 
selenium-dependent enzyme that has high potency in scavenging 
superoxide ion and hydrogen peroxide radicals (Muller 2007). 
Glutathione (GSH) is a tripeptide that is utilized  as substrate for 
GPx and GST and constitutesan important source of reducing 
equivalents during oxidative stress (Fairlamb & Cerami 1992).In our 
study, we observed decreased levels of GSH, GPx, SOD and CAT 
in azaserine-treated rats.. Increased lipid peroxidation associated 
with depletion of GSH and GPx  is a well known phenomenon in 
carcinogenesis. Supplementation with phyllanthus amarus increased 
the levels of GSH, GPx SOD and CAT in  azaserine-treated rats and 
could potentially inhibit cancer cell growth. 

 
Our results reveal that supplementation with  phyllanthus amarus 
induces the levels of the antioxidant molecules GSH, GPx, SOD and 
CATand thus reduces free radical generation-induced pancreatic 
damage. Furthermore,  the protective antioxidant role of phyllanthus 
amarus may be due to its high content in  flavonoids and tannins, 
both of which can act as strong superoxide radical and singlet 
oxygen quenchers (Jung 2007).  
 
Conclusions 
 
Our study  provides evidence that  administration of phyllanthus 
amarus significantly inhibits azaserine - induced pancreatic cellular 
damage by inhibiting lipid peroxidation formation and restoring 
azaserine-depleted antioxidant levels back to  control levels. 
However, the usefulness of phyllantus amarus supplementation as a 
chemoprevention agent against pancreatic cancer  formation needs 
further research. 
 
References  
 
American Cancer Society. Cancer Facts & Figures 2009. Atlanta: 

American Cancer Society 
Carson FL (1999) Fixation, processing instrumentation, routin 

staining In; Histotechnoligy A self-instructional test Carson FL 
(edi) ASCP Press standard 1-67 

Cercutti PA (1994) Proxidant States and tumor promotion. Sci 227: 
375-81 

Chattopadhyay RR (2003) Possible mechanism of hepatoprotective 
activity of Azadirachta  indica leaf extract: part II . J 
Ethnoparmacol 89:217-19 

Chevallier A (2002) Encyclopedia of Herbal Medicine: Natural 
Health, Dorling   Kindersley book USA. 2:336 

Chopra RN, Naayar SL, Chopra IC (1986) Glossary of Indian 
medicinal plants CSIR, New Delhi Catholic press Ranchi India 

 Chung WY, Jung YJ, Surh YJ, et al (2001) Antioxidative and tumor 
promoting effects of paradol and its homologs. Mutation Res 
496:199-206 

Cleaver JE (1975) Methods for studying repair of DNA damaged by 
physical and chemical carcinogens. Methods Cancer Res 
11:123-65 

Cox R, Damjanov I, Abanobi E, Sarma DSR (1973) A method for 
measuring DNA damage and repair in the liver in vivo. Cancer 
Res 33:2114-21 

Damjanov I, Cox R, Sarma DSR, Farber E (1973) Patterns of 
damage and repair of liver DNA Induced by carcinogenic 
methylating agents in vivo. Cancer Res 33:2122-28 

Daniel Longnecker S, Thomas Curphey J (1975) Adenocarcinoma 
of the pancreas in azaserine treated Rats. Cancer Res 35:2249-
2258 

 Dawid IB, French TC, Buchanan JM (1963) Azaserine-reactive 
sulfhydryl Group of 2-Formamide-Nribosylacetamide 



  
J Biochem Tech (2012) 3(4):331-335 335 

5’phosphate; L-Glutamine Amido-ligase (Adenosine 
Diphospate). Degradation of azaserine C14- labeled Enzyme. J 
Biol Chem 238:2178-85 

Dreher D, Junod A (1996) Role of oxygen free radicals in cancer 
development. Eur J Cancer32A:30-38 

Duncan BD (1959) Multiple range test for correlated and 
heteroscedastic means. Bio med 13: 359-64 

Ellaman GL (1959) Tissue Sulfthydryl groups.  Arch Biochem 
Biophys 82:70 - 77 

Fairlamb AH, Cerami A (1992) "Metabolism and functions of 
trypanothione in the Kinetoplastida". Annul Rev Microbiol 
46:695-729 

Formcia JV, Regelson, W (1995) Review of the biology of quercetin 
and related biflavonoids. Food chem  toxi 33:1061-80 

Goodman JI (1974) Hepatic DNA Repair Synthesis in Rats Fed 3'-
Methyl-4- Dimethylaminoazobenzene. Biochem Biophys Res 
Commun 56:52-59 

Hammer A, Ferro M, Tillian HM, et al (1997) Effect of oxidative 
strees by iron on 4-hydroxynonenal foemation and proliferative 
activity in hepatomas of different degrees of differentiation. 
Free Radic Biol Med 23:26-33  

Joy KL kuttan R (1995) Antioxidant activity of selected plant 
extract. Amala Res Bulletin 15:68-71 

Jung DH, Hong JH, Lee HN (2007) Flavonoids from the flowers of 
rhodendron Yedoense Var. Poukhanense and their antioxidant 
activities. Arch Pharm Res 30(2):146-150  

Kakkar PS, Viswanathan B (1984) A modified spectrophotometric 
assay of SOD. Indian J Biochem Biophy 21:130-32 

Khanna AK, Rizvi F, Chander R (2002) Lipid lowering activity of 
Phyllanthus niruri in hyperlipenicnrats.J.Ethnopharmacol 
82(1):19-22 

Lai PK, Roy J (2004) antimicrobial and chemopreventive properties 
of herbs and spices. Curr med chem 11:1451-60 

Lawley PD (1963) Brookes P. Further Studies on the Alkylation of 
Nucleic Acids and their Constituent Nucleotides. Biochem J 
89:127-38 

 Ledwozyw A, Michalak J, Stepian A et al (1986) The relationship 
between plasma TG cholesterol, total lipidperoxidation product 
during human atheroscierosis. Clin chim Acta. 155:272-284 

Lindhl T (1976) New class of enzymes acting on damaged DNA. 
Nat 259:64-66  

Longnecker DS, Curphey TJ (1975) Adenocarcinima of the 
pancreas in azaserine treated rats.  Cancer Res 35:2249-58 

Mack TM, Schottenfeld D, Fraumeni J, Saunders WB, & Co (1982) 
Cancer Epidemiology and Prevention. Philadelphia (eds.) 638-
67 

Maehly A, Chance B (1954)"The assay of catalases and 
peroxidases". Methods  Biochem Anal 1: 357- 424 

               Manju V and nalini N (2005) chemopreventive efficacy of 
ginger, naturally occurring anticarcinogen during the initiation, 
post-intiation stages  of 1,2 dimethylhydrazine-induced colon 
cancer. Clin chim Acta. 358: 60-67.  

Mccord JM (2000) The evolution of free radicals and oxidative 
stress. Am J Med 108:652-659 

Muller FL, Lustgarten MS, Jang Y (2007) "Trends in oxidative 
aging theories". Free Radic Biol Med 43(4):477-503 

Oberley L, Oberley T (1988) Role of antioxidant enzymes in cell 
immortalization and transformation. Mol Cell Biochem 84:147-
53 

Ohkawa HN, Ohishi N (1979) Yashk assay for lipid peroxides in 
animal tissue by thiobarbituric acid reaction. Anal Biochem 
95:351-358 

Pompella A, Romani A, Benditti  M (1991) Comporti lose of 
membrane protein thiols and biochem. Pharmacol 41:1225-59 

Primchanien moongkarndi, Nattavut kosem, Omboon Luanratana, et 
al (2004)‘Antiproliferative activity of thai medicinal plant 

extracts on human breast adenocarcinoma cell line’. Fitoterapia 
75:375-77 

Rajesh kumar NV Joy KL Girija Kuttan RS et al (2002) Antitumor 
and anticarcinogenic activity of Phyllanthus amarus extract.  J 
Ethnopharmacol 81:17-22 

Regi Raphael K Sabu MC Hari Kumar KB et al (2006) Inhibition of 
N- methyl N- nitro –N- nitrosoguanidine (MNNG) induced 
gastric carcinogenesis by Phyllanthus amarus extract. Asi 
Pacific J cancer preven 7:299-302 

Rizk AFM (1987) The Chemical Constituents and Economic Plants 
of the Euphorbiaceae. Bot J Linn Soc 94:293-326 

Rotruck JT (1973) Selenium;Biochemical role as a component of 
GPX. Sci 179:588-90 

Sarma DSR, Rajalakshmi S, Farber E (1975)Chemical 
Carcinogenesis:   Interactions of Carcinogens with Nucleic 
Acids. In: FF Becker (ed.), Cancer1: 235-87  

Sinha KA (1972) Colorimetric assay of catalase.  Annul Biochem 
47:387-89 

Slater T, Benedetto C, Burton G, et al (1984) Lipid peroxidation in 
animal tumours: A disturbance in the control of cell division in: 
Thaler Dao H: paoletti R: Crastes de Paulet A (eds) Icosanoids 
and Cancer 21-29   

Strauss BS (1974) Repair of DNA in Mammalian Cells. Life Sci 15: 
1685-93 

Surh YJ (2002) Antitumor promoting potential of selected spice 
ingredients with antioxidative and anti-inflammatory activities: 
a short review. Food chem toxi 40:1091-97 

Surh YJ (2003) Cancer chemoprevention with dietary 
phytochemicals. Nature Rev Cancer 3:768-780 

Zelko I, Mariani T, Folz R (2002) "Superoxide dismutase multigene 
family: a comparison of the CuZn- SOD (SOD1), Mn-SOD 
(SOD2), and EC-SOD (SOD3) gene structures, evolution, and 
expression". Free Radic Biol Med 33(3):337-349 

 
 
 
 
 
 
 
 
 
 
 
 


