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The present study was carried out to assess the effect of plant's extract on Ehrlich ascites carcinoma (EAC) and 
its influence on redox status and tissue injury on liver. Among five groups of albino mice, three were treated with 
plant's extract, in addition, a group treated with the standard drug, 5-fluorouracil. Ascites tumor was introduced 
into female mice by inoculation of 2.5 x 106 viable tumor cells/mouse. After 5 days of transplantation, the 
extraction of Saliva aegyptiaca (Egyptian sage) and Trigonella foenum graecum (fenugreek) were given daily for 
4 days via intraperitoneal route at a dose level of 55 and 100 mg/kg body weight, respectively, to mice bearing 
EAC cells. The results revealed that both Egyptian sage and fenugreek normalized oxidative stress in liver of 
mice-bearing EAC cells evidenced by increasing the level of glutathione. On the other hand, significant decreases 
in the levels of malondialdehyde and nitric oxide were demonstrated in liver indicating controlled oxidative stress 
in these animals. As a consequence, Egyptian sage and fenugreek regulated liver enzymes namely alkaline 
phosphatase, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl transferase and total 
bilirubin. Regarding to histopathological results, treatment with Egyptian sage and fenugreek extracts diminished 
most of the pathological alterations induced by EAC cells in mice. In conclusion, the present data suggested that 
Egyptian sage and fenugreek as a potential therapeutic complement in the treatment of different pathologies that 
may be related to an imbalance of the cellular oxidoreductive status associated with liver injury. 
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INTRODUCTION 
 

One of the major limitations in the currently available 
treatment modalities for cancer is their side effects (Joensuu, 
2008). Hence alternate treatment for cancer is being tested. Plant 
derived natural products such as flavonoids, terpenes, alkaloids 
and so on have received considerable attention in recent years 
due to their diverse pharmacological properties including 
cytotoxic and cancer chemo-preventive properties (Doughari et 
al., 2009; Mann et al., 2009).     

Saliva aegyptiaca L. (English name: Egyptian sage) is a 
green dwarf shrub that grows in various locations in the Arabian 
Peninsula, Egypt, Palestine, Iran and Afghanistan (Al-Yousuf et 
al., 2002; Rizk and El-Ghazaly, 1995). It is commonly used in 
local folk medicine (Rizk and El-Ghazaly, 1995) Trigonella 
foenum graecum (Fenugreek) is an annual  herb  belonging  to        
.       . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the family Leguminosea, widely grown in India, Egypt, and Middle 
Eastern countries (Alarcon-Aguilara et al., 1998). Trigonella 
foenum graecum is one such plant whose seeds and leaves are used 
not only as food but also as an ingredient in traditional              
medicine.  

Fenugreek have also been reported to exhibit 
pharmacological properties such as antitumor, antiviral, 
antimicrobial, anti-inflammatory, hypotensive and antioxidant 
activity (Cowan, 1999). The Ehrlich tumor was initially described 
as a spontaneous murine mammary adenocarcinoma. Both the solid 
and the ascetic forms of this transplantable tumor are frequently 
used (Da Silva et al., 2009; Kleeb et al., 1997; Salgado Oloris et 
al., 2002).  

The present study was aimed to investigate the                  
protective effect of Egyptian sage , fenugreek and 5-fluorouracil      
(5-FU) on Ehrlich ascites tumor in induced oxidative                              
stress and tissue injury on liver, because it is well                        
established that liver enzymes are more sensitive                          
indicator of a distant neoplasm than blood. The biochemical 
findings    are   further   confirmed   by  the histopathological study. 
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MATERIALS AND METHODS 
 

Plant Material 
Salvia aegyptiaca and Trigonella foenum graecum were 

collected from market of East Cairo, Egypt in the months of 
February-March, 2012. The plant materials were authenticated in 
Botany Department, Faculty of Science, Helwan University, 
Cairo-Egypt on the basis of taxonomic characters and by direct 
comparison with the herbarium specimens that available at the 
herbarium of the Botany Department. 

 
Extraction  
Preparation of Salvia aegyptiaca Extract 

Salvia aegyptiaca was obtained from open markets and 
extracted according to the aqueous method described by Amin and 
Hamza (2005). In briefly, 10 gm of dried plants was mixed in 100 
ml of boiled distilled water for 30 minutes, the extract was filtered 
and be ready to use.  

 
Preparation of Trigonella foenum graecum Extract: 

Trigonella foenum graecum seeds were obtained open 
markets and extracted by (100 g) were finely powdered, mixed 
with 80% methanol, and kept at room temperature for 5 days. 
After 5 days this was filtered and the solvent was evaporated by 
rotary evaporator (at 40-50 °C and 150 rpm) (Xia et al., 1998). 
 
Experimental Animals 

Experiments were performed on female albino mice, 6–8 
weeks old, weighing 25±5 g.  Mice were housed in cages (6 mice 
/group). The animals were obtained from research institute of 
ophthalmology animal house department, Al-Giza, Egypt. Animals 
were kept in wire bottomed cages, in a room under standard 
condition of illumination with a 12 hours light-dark cycle at 25±2 
°C. They were provided with water and balanced diet ad libitum. 
They were acclimatized to the environment for one week prior to 
experimental use. 

 
Tumor cells 

Experimental tumor cells and tumor transplantation a line 
of EAC was used in this study. The parent line was kindly 
supplied by the National Cancer Institute, Cairo University, Egypt. 
EAC was maintained in BALB/c mice in the ascites form by serial 
transplantation. Ascitic tumor cell counts were done in a Neubauer 
hemocytometer using the trypan blue dye exclusion method. 
 
Animal grouping 

Mice were inoculated intraperitoneally (i.p.) on day 0 
with (2.5×106) viable tumor cells per mouse in a volume of 0.1 ml 
of cell suspension in physiological saline (0.9%). The groups and 
the design of the experiment were as follows: 
Group 1: EAC control 
Group 2: EAC + ESE (55 mg/ kg; i.p.) 
Group 3: EAC + FE (100 mg/kg; i.p.) 
Group 4: EAC + ESE+FE (half dose of each; i.p.) 
Group 5: EAC + 5-FU (20 mg/kg; i.p.) 

Treatment was continued for 4 days and on the day 10th after 
tumor transplantation, animals were sacrificed. Pieces of liver was 
weighed and homogenized immediately to give 50% (w/v) 
homogenate in ice-cold medium containing 50 mM Tris-HCl, pH, 
7.4. The homogenates were centrifuged at 500 g for 10 min at 4 
°C. The supernatant (10%) was used for the various biochemical 
determinations. 
 
Histopathological Estimation 

A small piece of the liver was quickly removed, then 
fixed in neutral buffered formalin. Following fixation, specimens 
were dehydrated, embedded in wax, and then sectioned to 5 
microns thickness. For histological examinations, sections were 
stained with haematoxylin and eosin (Drury and Wallington, 
1981). 
 
Studies on biochemical parameters 
Liver function test 

Colorimetric determination of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were estimated by 
measuring the amount of pyruvate or oxaloacetate produced by 
forming 2, 4- dinitrophenylhydrazine, according to the method of 
Reitman and Frankel, (1957). The color of which was measured at 
546 nm. Also, total bilirubin (TB) in liver homogenate, was 
assayed according to the method of Schmidt and Eisenburg (1975). 
Total protein was assayed in liver homogenate according to Lowry 
et al., (1951). 
 
Determination of malondialdehyde and nitrite/nitrate 

Malondialdehyde (MDA) and nitrite/nitrate (NO) were 
assayed colorimetrically in liver homogenate, according to the 
method of Ohkawa et al., (1979) and Green et al., (1982), 
respectively. Where MDA determined by using 1 ml of 
trichloroacetic acid 10% and 1 ml of thiobarbituric acid 0.67% and 
were then heated in a boiling water bath for 30 min. Thiobarbituric 
acid reactive substances were determined by the absorbance at 535 
nm and expressed as malondialdehyde (MDA) formed. Nitric 
oxide was determined in acid medium and in the presence of 
nitrite; the formed nitrous acid diazotise sulphanilamide is coupled 
with N-(1–naphthyl) ethylenediamine. The resulting azo dye has a 
bright reddish –purple color which can be measured at 540 nm. 
 
Estimation of glutathione 

The hepatic glutathione (GSH) levels was determined by 
the method of Ellman (1959). The method is based on the 
reduction of Elman's reagent (5, 5` dithiobis (2-nitrobenzoic acid) 
"DTNB") with GSH to produce a yellow compound. The reduced 
chromogen is directly proportional to GSH concentration and its 
absorbance can be measured at 405 nm. 
 
Statistical analysis 

Results were expressed as the mean ± standard error of 
the mean (SEM). Data for multiple variable comparisons were 
analyzed by one-way analysis of variance (ANOVA). For the 
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comparison of significance between groups, Duncan's test was 
used as post hoc test according to the statistical program statistical 
package program (SPSS version 17.0). 
 
RESULTS 
 

After 10 days of EAC inoculation, there were abnormal 
decreases of hepatic ALT, AST and total bilirubin levels in the 
liver of the EAC-bearing mice in comparison to the control values. 
ESE, FE and ESE + FE treatments significantly suppressed 
(p 0.05) the decrease in hepatic parameters levels in the liver of 
ESE, FE and ESE + FE + EAC-treated groups compared with 
EAC implanted mice (Table 1). Nevertheless, liver function 
markers were still lower than the normal control levels. Total 
protein level in EAC implanted mice was showed significantly 
decrease (p 0.05) in comparison to the control values. ESE+FE 
and 5-FU+EAC-treated groups were showed significantly 
increased in total protein level as compared with EAC implanted 
mice (Fig. 1). 

Fig. 2 (a) showed hepatic histological features of the 
control group. EAC bearing mice showed hepatocytes had 
vacuolated cytoplasm, loss of cord arrangement of hepatocytes and 
sinusoidal spaces with degenerated plasma membranes and nuclei. 
Severe pyknotic nuclei, necrosis, inflammation and congested 
portal vein were also seen (Fig. 5b). All the EAC induced 
alterations in the hepatic architecture were significantly modulated 
by ESE, FE and ESE+FE treatments.  

EAC implantation resulted in significant (P < 0.05) 
elevation in MDA and NO contents in the liver homogenates 
compared to the control group (Fig. 3 and 4). Treatments                   
with ESE and FE caused significant reductions in NO level when 
compared to the EAC bearing mice, while 5-FU was                 
showing evaluation in NO level when compared to the EAC 
bearing mice. 

Changes in liver non-enzymatic antioxidant molecules 
after 10 days of EAC implantation were shown in Fig. 5. EAC-
bearing mice demonstrated significant decreases in the 
concentration of GSH in comparison to the control mice. Daily 
intraperitoneal supplementations with ESE, FE and ESE+FE of 
EAC-bearing mice significantly maintained the hepatic GSH 
concentrations near the normal values. 
 
DISCUSSION  
 

Liver enzymes such as ALT and AST are marker 
enzymes for liver function and integrity. These enzymes are 
usually raised in serum and decreased in liver homogenate in acute 
hepatotoxicity or mild hepatocellular injury (Abdel Moneim et al., 
2011), but tend to decrease with prolonged intoxication due to 
damage to the liver. Increases in both transaminases are found in 
liver diseases, with ALT much higher than AST. Very high values 
are usually obtained in toxic hepatitis (Sunil et al., 2013). 
Biochemical measurements of these parameters in EAC mice and 
treated EAC mice liver tissue showed significantly decreased in 

hepatic ALT in treated groups except in ESE group, while showed 
significantly increased in AST in treated groups except                    
in ESE group. Bilirubin is also indicative of hepatotoxicity. The 
results in the present study showed that all treated groups           
caused significant increased in total bilirubin against EAC control 
group. 

Cancer chemotherapy using antioxidant formulations is 
an exciting pharmaceutical research involving the use of either 
natural or synthetic components to delay inhibit or reverse the 
development of cancer in normal or preneoplastic conditions 
(Balasubashini et al., 2006). Antioxidant can inhibit proliferation 
of cancer cells (Rebecca et al., 1998). Among possible 
mechanisms of protection against chemical carcinogenesis could 
be anti-oxidant dependent induction of detoxifying enzymes (Iqbal 
and Okada, 2003). Oxidative stress is potentially harmful to cells 
and reactive oxygen species (ROS) are implicated in the etiology 
and progression of many diseases including cancer (Cerutti 1994; 
Sur and Ganguly, 1994 and Sardar et al., 2000).  

Under conditions of excessive oxidative stress, however 
antioxidants are depleted and ROS can damage cellular 
components and interfere with critical cellular activities (Sardar et 
al., 2000). Cancer cells have highly elevated protective mechanism 
to prevent lipid peroxidation. Several studies have demonstrated 
that lipid peroxidation is significantly decreased in tumor cells and 
tissues compared with that of corresponding normal cells 
(Gauchez et al., 1995). 

Excessive production of free radicals resulted in 
oxidative stress, which leads to damage of macromolecules such as 
lipids can induce lipid peroxidation in vivo (Fenninger and Milder, 
1954). Malondialdehyde (MDA) the end product of lipid 
peroxidation, are seen to be higher in cancer tissues than in non-
diseased organ (Meister, 1988). GSH, an important non-protein 
thiol, plays a significant role in protecting cells from neoplastic 
process. In addition, GSH plays a role as an endogenous 
antioxidant molecule that is found particularly in high 
concentration in liver and is known to have key function in the 
protective process (Sinclair et al., 1990).  

The present study showed that, administration of ESE, 
FE and ESE+FE caused a non-significant decreased in MDA level 
and caused a significant decrease in nitric oxide level. The 
administration of ESE and FE showed significantly increase in 
GSH level.  Agrawal et al., (2011) reported that the inhibition of 
MDA, nitric oxide level and increased of GSH activities as a result 
of tumor growth was also reported with the administration of 
Boswellic acid. At the same manner, Thirunavukkarasu et al., 
(2003) reported that fenugreek seed administration reduced the 
increase in the levels of biomarkers of oxidative stress in the liver 
of rats dosed with ethanol. 

In conclusion, the present data suggested that Saliva 
aegyptiaca and Trigonella foenum graecum as a potential 
therapeutic complement in the treatment of different pathologies 
that may be related to an imbalance of the cellular oxidoreductive 
status associated with liver injury. 
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Table. 1:  Activities of ALT (alanine aminotransferase), AST (aspartate aminotransferase) and total bilirubin in hepatic homogenates of different animal groups. 

Group AST 
(U/mg tissue) 

ALT 
(U/mg tissue ) 

Total Bilirubin 
(mg/mg tissue ) 

Control 72.3±2.5 86.4±3.8 2.98±0.2 
EAC 48.5±1.7a 63.8±1.1a 0.6±0.2a 
ESE + EAC 53.463±0.9ab 61.472 ±0.5a 0 .933±0.2ab 

FE + EAC 54.696 ±0.7ab 40.914±0.8ab 1.375±0.1ab 

ESE + FE + EAC 54.439±1.0ab 53.911±1.7ab 2.090±0.1ab 

5-FU + EAC 57.698 ±1.1ab 56.012±1.2ab 2.475±0.1ab 
Values are means ± SE (n=6). a: Significant change at p < 0.05 with respect to Control group; b: Significant change at p < 0.05 with respect to EAC group. 
 

 
Fig.  1. Effect of plants' extract on total protein level on liver mice. Values are means ± SE (n=6). a: Significant change at p < 0.05 with respect to Control group; 

b: Significant change at p < 0.05 with respect to EAC group. 
 

 
Fig. 2: (A) Normal histological features of liver of control group with well formed central vein (CV). (B) Section of EAC-bearing mice liver with several 
irregularities, irregular CV, loss of cord arrangement of hepatocytes and loss of sinusoidal spaces, vacuolated hepatocytes and lymphocyte infiltration. (C) 

Section of EAC-bearing mice liver after Salvia aegyptiaca treatment with preserved histo-architecture. (D) Section of liver after treatment of Trigonella foenum 
graecum treatment liver with well formed CV, hepatocytes arranged in cord like fashion with well arrayed sinusoidal spaces around the CV. (E) Section of EAC-
bearing mice liver after Salvia aegyptiaca plus Trigonella foenum graecum treatment with preserved histo-architecture. (F)  Section of EAC-bearing mice liver 

after treatment of 5-flurouracil treatment liver with well formed CV, hepatocytes arranged in cord like fashion with well arrayed sinusoidal spaces around the CV 
(400X). 
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Fig.  3:  Effect of plants' extract on MDA level on liver mice. 
Values are means ± SE (n=6). a: Significant change at p < 0.05 with respect to 
Control group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
 

Abdel  Moneim  AE, Dkhil  MA,  Al-Quraishy  S. Studies on 
the effect of pomegranate (Punica granatum) juice and peel on liver and 
kidney in adult male rats. J Med Plants Res, 2011; 5:5083-5088. 

Agrawal SS, Saraswati S, Mathur R, Pandey M. Antitumor 
properties of Boswellic acid against Ehrlich ascites cells bearing mouse. 
Food  Chem Toxicol, 2011;49:1924–1934. 

Alarcon-Aguilara FJ, Roman-Ramos R, Perez-Gutierrez S, 
Aguilar-Contereas A, Contreras-Weber CC, Flores-Saenz JL. Study of the 
anti-hyperglycemic effect of plants used as antidiabetics. J 
Ethnopharmacol, 1998; 61:101-110. 

Al-Yousuf MH, Bashir AK, Ali BH, Tanira MO, Blunden G. 
Some effects of Salvia aegyptiaca L. on the central nervous system in 
mice. J Ethnopharmacol, 2002; 81:121-127. 

Amin A, Hamza AA. Hepatoprotective effects of Hibiscus, 
Rosmarinus and Salvia on azathioprine-induced toxicity in rats. Life Sci, 
2005;77: 266-278. 

Balasubashini MS, Karthigayan S, Somasundaram ST, 
Balasubramanian T, Viswanathan V, Raveendran P, Menon VP. Fish 
venom (Pterios volitans) peptide reduces tumor burden and ameliorates 
oxidative stress in Ehrlich’s ascites carcinoma xenografted mice. Bioorgan 
Med Chem Lett, 2006;16:6219–6225 

Cerutti PA.Oxy-radicals and cancer. Lancet, 1994;344:862–863. 
 

 
Fig.  4: Effect of plants' extract on NO level on liver mice. 
Values are means ± SE (n=6). a: Significant change at p < 0.05 with respect to 
Control group; b: Significant change at p < 0.05 with respect to EAC group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cowan MM. Plant products as antimicrobial agents. Clin 
Microbiol Rev, 1999;12:564-582. 

Da-Silva SL, Chaar-Jda S, Yano T. Chemotherapeutic potential 
of two gallic acid derivative compounds from leaves of Casearia sylvestris 
Sw (Flacourtiaceae). Eur J Pharmacol,  2009;608:76–83. 

Doughari JH, Human IS, Bennade S, Ndakidemi PA. 
Phytochemicals as chemotherapeutic agents and antioxidants: Possible 
solution to the control of antibiotic resistant verocytotoxin producing 
bacteria.  J Med Plant Res, 2009;3: 839-848. 

Drury RAD, Wallington EA. 1981. Carleton's Histological 
Technique. Oxford University Press, New York. 

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys,  
1959;82:70-77. 

Fenninger LD,  Mider GB. 1954. Energy and Nitrogen 
Metabolism in Cancer. In: Advances in Cancer Research, Greenstein, J.P. 
and A. Haddow (Eds.). Vol. 2, Academic Press Inc., New York, pp: 229-
253. 

Gauchez AS, Ronidel J, Jacrit M, Calop J,  Favier A. 
Antioxidant status and lipid peroxidation in athymic mice xenografted 
with two types of human tumors.  Biol. Trace Elem Res, 1995;47:103-109. 

Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JK, 
Tannenbaum SR. Analysis of nitrate, nitrite and 15N in biological fluids. 
Anal  Biochem, 1982;126:131-136. 

 

 
Fig.  5: Effect of plants' extract on GSH level on liver mice. 

Values are means ± SE (n=6). a: Significant change at p < 0.05 with respect to Control group; b: Significant change at p < 0.05 with respect to EAC group. 



050                                                            Tohamy et al. / Journal of Applied Pharmaceutical Science 3 (11); 2013: 045-050 
 

Iqbal M, Okada S. Induction of NAD(P)H:quinone Reductase 
by Probucol: a Possible Mechanism for Protection against Chemical 
Carcinogenesis and Toxicity. Pharmacol Toxicol, 2003; 93:259-263. 

Joensuu H. Systemic chemotherapy for cancer: from weapon to 
treatment. Lancet Oncol, 2008;9: 304. 

Kleeb SR, Xavier JG, Frussa-Filho R, Dagli ML. Effect of 
haloperidol on the development of the solid Ehrlich tumor in mice. Life 
Sci, 1997;60: 69–74. 

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem, 1951; 193:265-
275. 

MANN, C.D., NEAL, C.P., GARCEA, G., MANSON, M.M., 
DENNISON, A.R. AND BERRY, D.P., 2009. Phytochemicals as potential 
chemopreventive and chemotherapeutic agents in hepatocarcinogenesis. 
Eur. J. Cancer Prev., 18: 13-25. 

MEISTER, A., 1988. Glutathione metabolism and its selective 
modification.  J. Biochem., 263:17205–17208. 

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in 
animal tissues by thiobarbituric acid reaction. Anal Biochem, 1979; 
95:351-358. 

Rebecca C, Daniel B, Yu S, Susan CK, Robert JC,  Jason DM. 
ntioxidants reduce cyclooxygenase-2 expression, prostaglandin production 
and proliferation in colorectal cells. Cancer Res, 1998;58:2323–2327. 

Reitman S, Frankel S. A colorimetric method for the 
determination of serum glutamic oxalacetic and glutamic pyruvic 
transaminases. Am J Clin Pathol, 1957; 28:56-63. 

Rizk AM., El-Ghazaly GA. 1995. Medicinal and poisonous 
plants of Qatar. Scientific and Applied Research Centre, University of 
Qatar, Doha, Qatar. 

Salado-Oloris SC, Dagli ML, Guerra JL. Effect of beta-carotene 
on the development of the solid Ehrlich tumor in mice. Life Sci, 
2002;71:717–724. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sardar SM, Rana MP, Chatterjee M. Antioxidant associated 
chemoprevention by selenomethionine in murine tumor model.   Mol Cell 
Biochem, 2000;206: 17 

Schmidt M, Eisenburg J. [Serum bilirubin determination in 
newborn infants. A new micromethod for the determination of serum of 
plasma bilirubin in newborn infants]. Fortschr Med, 1975;93:1461-1466. 

Sinclair AJ, Barnett AH, Lunie J. Free radical and auto-oxidant 
systems in health and disease. Br J Hosp Med, 1990;43:334–344. 

Sunil D, Isloor AM, Shetty P, Nayak PG, Pai KSR. In vivo 
anticancer and histopathology studies of Schiff bases on Ehrlich ascitic 
carcinoma cells. Arab J Chem, 2013;6:25–33. 

Sur P, Ganguly DK. Tea plant roots extract (TRE) as an 
antineoplastic agent. Planta Med, 1994;60:106–109. 

Thirunavukkarasu V, Anuradha CV, Viswanathan P. Protective 
effect of Fenugreek (Trigonella foenum graecum) seeds in experimental 
ethanol toxicity. Phytother Res, 2003;17:737–743. 

Xia J, Allenbrand B, Sun GY. Dietary supplementation of grape 
polyphenols and chronic ethanol administration on LDL oxidation and 
platelet function in rats. Life Sci, 1998;63: 383-390. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

How to cite this article:  
 

Amany A. Tohamy, Shaimaa R. Ibrahim, and Ahmed E. Abdel 
Moneim. Trigonella foenum graecum and Saliva aegyptiaca 
modulates hepatic redox status in Ehrlich-ascites-carcinoma-
bearing mice. J App Pharm Sci, 2013; 3 (11): 045-050. 


