
 

 

 
Ehrlich ascites carcinoma bearing mice as 

model of human hepatocellular carcinoma 
 

Ezar H. 1Seham B. Salem, 1Maha Abo Gazia, 2, Thulfiqar F. Mutar1

Ehab Tousson  1 Hammed, 

.Faculty of Science, Tanta University, Egypt, DepartmentZoology 1 

 .Egypt ,Department, Faculty of Medicine, Kafer Elsheek University Histology2 

 
 
 
.

ABSTRACT  
Aims: Ehrlich ascites carcinoma (EAC) is a transplantable neoplasia from a malign 
epithelium; it is a form of ascites when inoculated into the intraperitoneal cavity. This study 
aimed to investigate to compare among the effects of EAC and human hepatocellular 
carcinoma (HCC) on liver in mice and human.  
Methodology: Female Albino mice (n=10) and human liver biopsy (n=10) were used in this 
work; mice were divided into two equal groups, five of mice for each group: group1 served 
as control group; and group2 were inoculated once intraperitoneal with EAC cells. Human 
liver was divided into two equal groups (five liver biopsy for each group). Group1 was 
collected from healthy male and group 2 patients infected with HCC. Blood samples and liver 
tissues were collected from all groups.  
Results: The obtained results showed that increase in liver enzymes activity (AST, ALT and 
ALP), and decrease level of albumin in serum, also changes in histopathological and 
proliferating cell nuclear antigen (PCNA) expressions in liver sections when compared to the 
control group.  
Conclusion: It could be concluded that EAC bearing mice lead to a same defect on liver 
enzymes, histopathological and immunohistochemical which simulates and corresponds the 
same problems in the human HCC. 
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1. INTRODUCTION  

Cancer is a major and serious problem that affects human societies because it is the second 
leading cause of death throughout of the world. Unfortunately, the diagnosis and treatment of 
cancer in the body require a great challenge because it is considered a diverse disease at 
the level of tissues [1-4]. The rapid formation of abnormal cells growing away from their 
natural forms is one of the important aspects of cancer. After that, they can attack nearby 
components and then spread to other organs in the body. This process is defined to as 
metastasis which is considered the main cause of cancer deaths (about 90 % of all mortality 
from cancer cases) in the world and it show an outstandingly different situation of clinical 
characteristics [5]. 

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and is a 
leading cause of cancer-related death worldwide. In the United States, HCC is the ninth 



 

 

leading cause of cancer deaths. Hepatocellular carcinoma (HCC) is a common malignancy 
which usually grows on a background of chronic hepatic disease. Hepatocellular carcinoma 
is a one of main cause that leading to cancer-related morbidity and mortality. Relative to 
other malignancies, the incidence of (HCC) that is fifth highest in men and ninth highest in 
women, and it regard for the second most cancer deaths worldwide [6]. Growth and 
development of (HCC) is a complex multistep process that comprise sustained inflammatory 
damage, including hepatocyte necrosis and regeneration, associated with fibrotic deposition. 
Danger of (HCC) emerging when cirrhosis is decided, and it increases in parallel to 
progressive hepatic function impairment [7]. 

Ehrlich ascites carcinoma (EAC) is an undifferentiated tumor has a high capacity for 
transplant in transplantation, absence of regression, shorter life span, assured malignancy, 
originally hyper diploid, quick proliferation and described by absence of TSTA (tumor-specific 
transplantation antigen) [8].  

Islam et al. [9] demonstrated that the effusion, which contained neoplastic cells that are 
proliferated after injection of tumor cells into the peritoneal cavity, is referred to as the ascites 
(EAC). Commonly, tumor virulence rises by repetitious passages, while the proliferating rate 
of such tumors increases gradually. Moreover, differentiation gradually disappears, while the 
cells get free growth control mechanisms, getting hetero transplantability and in the end, are 
converted to the ascites form. However, in the therapeutic studies of (HCC), a human 
hepatocellular cancer cell line (HepG2) and (EAC) line were used and found similar 
antitumor activities [10]. The present work is aimed to compare among the effects of EAC 
and HCC on liver in the mice and human, in order to know whether the (EAC) liver damage 
is similar to human (HCC) via assessing liver enzymes, histopathological and 
immunohistochemical (PCNA) examination 

 

2. MATERIAL AND METHODS  

2.1. Patients and animals sample collection 
Liver biopsy from 10 patients have been included in this study; patients were divided into two 
equal categories according to the specific criteria, five of patients for each group: Group 1: 
five samples (blood) and liver biopsy were collected from healthy male; Group 2: five 
samples (blood) and liver biopsy were collected from patients infected with liver cancer. The 
patients sample was taken from the people referred for treatment at Tumor Institute, Tanta, 
Egypt. The local committee approved the design of the experiments, and the protocol 
conforms to the guidelines of the Faculty of Medicine, Kafer Elsheek University for liver 
biopsy and Faculty of Science, Tanta University guide for animal, as approved by 
Institutional Animal Care and Use Committee (IACUC-SCI-TU-0046). 

Ten female Swiss albino mice were used in the present study. Mice were divided into two 
equal groups, five of mice for each group: Group1 include healthy animal; and Group2 
include animals inoculated once intraperitoneal I.P with Ehrlich cells. After two weeks tumor 
inoculation, fluid cells of (EAC) were isolated from the peritoneal cavity of mice from infected 
group through withdrawing peritoneal fluid containing the tumor cells. In addition, all animals 
of each group were anaesthetized with diethyl ether and sacrificed. Blood samples and liver 
tissues were immediately removed for biochemical, histological and immunohistochemical 
studies. Animals were obtained from animal house colony Egypt Vaccine Company, Giza, 
Egypt. 

2.2. Serum preparation  

Blood samples have been collected aseptically by venepuncture into a dry clean and sterile 
tube without anticoagulant substances and allow it to clot. Blood samples allowed to stand 
for 30 min at 4oC for clot formation and centrifuged for 10 minutes at 3000 rpm. The 



 

 

supernatant serums were stored in Eppendorf tube at -20oC for subsequent analysis or use, 
Clinical samples (blood) were collected according to Tuck et al. [11]. 

2.3. Biochemical parameters 

Serum aspartate transaminase (AST) and alanine transaminase (ALT) were estimated in the 
rat sera according to Moustafa et al. [12] and Al-Rasheed et al. [13] respectively while 
alkaline phosphatase (ALP) was estimated in the rat serum according to El-Moghazy et al. 
[14]. Serum albumin was estimated according to Basuony et al. [15] while serum total 
proteins level was estimated according to Tousson et al. [16]. 

2.4. Histopathological examination 

Liver tissues were taken and immediately fixed with 10% buffer neutral formalin solution for 
24 to 48 h, and then processed for paraffin sectioning. Sections were stained with 
haematoxylin and eosin (H&E) for histopathological examination according to Tousson [17]. 

2.5. Immunohistochemical detection of PCNA expressions 

Expression of proliferating cell nuclear antigen (PCNA) in the liver sections were detected 
using avidin Biotin Complex (ABC) method according to Tousson et al. [18,19]. 

2.6. Statistical analysis 

Results are reported as means  SE. Statistical analysis for all studied parameters were 
performed using the general linear model (GLM) produced by Statistical Analysis Systems 
Institute [20]. Duncan's New Multiple Range Test was used to test the significance of the 
differences between means. Values of p0.05 were considered statistically significant. 

 

3. RESULTS  

3.1. Liver function parameters of EAC bearing mice and human HCC 

Figures 1 represented the data of the serum aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP) and albumin in serum of Ehrlich ascites 
carcinoma (EAC) bearing female mice and human hepatocellular carcinoma (HCC). The 
results showed significantly (P<0.05) increased in the activity of liver enzymes (AST, ALT 
and ALP) and a significant (P<0.05) decrease in the serum albumin in both (EAC) bearing 
mice and patients (HCC) groups compared with normal control group. 

3.2. Histopathological changes of EAC bearing mice and human HCC 

In the current study, we evaluated the effects of Ehrlich ascites carcinoma (EAC) bearing 
female mice and human hepatocellular carcinoma (HCC) on liver histopathology. 
Microscopic examination of liver control group reveals normal hepatic architecture showing 
no sinusoidal congestion, no fibrosis, no inflammation, and no piecemeal necrosis (Figure 
2A&B). Mice infected with (EAC) revealed hydropic changes petal inflammation, piecemeal 
necrosis, mild to moderate fibrosis, lytic necrosis, congestion of sinusoidal blood vessels 
(Figure 2C). Patients infected with (HCC) revealed increase in hydropic changes, 
inflammation and lytic necrosis (Figure 2D). 

3.3. PCNA immunohistochemical changes of EAC bearing mice and human HCC 

Figures (3) represented proliferating cell nuclear antigen (PCNA) expression in the liver 
sections for human and mice groups. Negative or faint positive reaction for PCNA 
expressions were observed in the liver section for control mice and human group (Figures 
3A&3B), while, strong positive reaction for PCNA was observed in nuclei of hepatocytes in 
liver sections of EAC and HCC group when compared with the normal control group (Figures 
3C&3D).  



 

 

4. DISCUSSIONS  

Most patients with hepatocellular carcinoma (HCC) have liver cirrhosis, which develops 
following long periods of chronic liver disease. Cirrhosis is characterized by a decrease in 
hepatocyte proliferation, indicating an exhaustion of the regenerative capacity of the liver, 
and results in an increase in fibrous tissue and a destruction of liver cells, which may 
ultimately lead to the development of cancerous nodules. Hepatocellular carcinoma (HCC) is 
the dominant form of primary liver cancer and is histologically and etiologically distinct from 
other forms of primary liver cancer.  

These results agree with Chakraborty and Bhattacharya [21] who find that albumin levels 
were decrease and ALT and AST levels were increase in (EAC) bearing mice. This indicates 
that the (EAC) bearing mice lead to a defect in liver function simulates the same problems in 
the human hepatocellular carcinoma (HCC). Liver function parameters include three 
enzymes that are often measured, which are (ALT), (AST) and (ALP), as well the albumin 
also measured in both animal and human. If the liver is injured, the enzymes level will be 
elevating due to liver cells spill the enzymes into blood and signaling hepatic damage such 
as liver necrosis and inflammation.  
 
 
 
 
   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:   Mean values  SE of (AST), (ALT), (ALP) and albumin infected with (EAC) mice 
and human (HCC). 
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Figures 2: Photomicrographs of liver histological section in the mice and human groups. 
A&B: Normal structure of hepatocytes (hp) in liver sections in control mice (A) and healthy 
human (B). C&D: Marked degeneration and inflammatory cells and diffuse necrosis of 
hepatic tissue in EAC (C) and HCC (D) group. 
 

Khalifa et al. [22]; Berk and Korenblat [23] reported that the increase in (AST) and (ALT) 
levels may indicate to liver tumor, liver necrosis, cirrhosis, lack of blood flow to the liver (liver 
ischemia), hepatitis, acute haemolytic anaemia, skeletal muscle trauma, acute renal failure, 
acute pancreatitis, primary muscle disease and progressive muscular dystrophy. 

In the same contrast, Shim and Kwon [24]; Tayeb et al. [25] found that very high levels of 
(ALP) can be caused by hepatic problems such as liver cancer, hepatitis, cirrhosis, 
gallstones and blockage of the bile ducts (obstructive jaundice). On the other hand, the 
reduction in the albumin level (hypoalbuminemia) may be referred to cases of liver diseases, 
increased mitotic division of tumor cells and certain cases of massive ascites and also 
associated with hepatic cancer. The infected mice with EAC and human (HCC) leads to an 
increase in the level of liver enzymes and decrease of albumin. This may be indicative of a 
simulation between EAC and HCC because they have the same effects on the liver, which 
were in accordance to Chakraborty and Bhattacharya [21]; Badr et al. [26].   

Liver sections of human and mice in the control group revealed the hepatocytes contain 
radially arranged cords which extend from a central vein to the periphery of the hepatic 
lobules, as well the shape of hepatocytes is polygonal with eosinophilic granular cytoplasm 
and vesicular basophilic nuclei [27-29]. 

 



 

 

 
 
Figures 3: Photomicrographs of liver sections in the different experimental groups stained 
with PCNA immunoreactivity. A&B: Negative or faint positive expression for PCNA in liver 
sections in control mice (A) and human (B). C&D: Strong positive reactions (arrows) for 
PCNA in the nuclei of hepatocytes in EAC (C) and HCC (D) group.  
 

 

Liver histopathological examination presented that (EAC) bearing mice lead to a defect in 
liver sections simulates the same problems in the human (HCC), showed marked 
degeneration, necrosis and infiltration also, numerous newly formed blood capillaries 
(neovascularization) were seen in the surrounding tissue with mild or no inflammatory 
response. Such tumor showed tissue architectural disarray, as well as marked degree of 
cellular anaplasia, pleomorphism, and anisocytosis, with nuclear vascularity, a typicality, 
hyperchromasia and mitoses [30,31]. 

The pathological changes that seen in biopsy specimen from ruptured (HCC) and vascular 
injuries specially was seen in the small arteries included increased elastin proliferation and 
collagenase expression as well degradation of type IV collagen fibril. Also, makes the small 
arteries supplying the tumor stiff and brittle, which rupture easily when subjected to raise in 
vascular load secondary to minor trauma or portal hypertension. Moreover, these alterations 
more selectively in ruptured (HCC) and small arteries, on the contrary from non-rupturing 
(HCC) [27,32]. 

Immunohistochemical markers is necessary to diagnosis of hepatocellular carcinoma (HCC), 
because the morphologic features of (HCC) often overlap on the one hand with intrahepatic 
cholangiocarcinoma and metastatic tumors, and on the other hand with those of benign or 



 

 

borderline entities like hepatocellular adenoma (HCA), focal nodular hyperplasia (FNH) and 
high-grade dysplastic nodule (HGDN) [33]. Therefore, in this study we investigated on the 
effects of p53 and proliferating cell nuclear antigen (PCNA) in liver sections which were 
examination by immunohistochemistry. As well, to find the similarity effects among of (EAC) 
model and (HCC). 

Proliferating cell nuclear antigen (PCNA) protein in the liver sections is very highly observed 
in various types of cancers. Moreover, liver immunohistochemistry examination in eac 
bearing mice and human (HCC) groups showed a significant decrease in reactivity for the 
expression of (PCNA) in the liver section compared with the control group. This indicates 
that the (EAC) bearing mice lead to a defect in liver immunohistochemical for (pcna) 
simulates the same problems in the human (HCC), these results according to previous 
studies [34-37]. In order to understand the similarity effects among of human hcc and eac 
bearing mice on liver, we detected changes in the expressions of p53 protein and (PCNA) in 
(HCC) and (EAC) liver tissues by immunohistochemistry. The immunohistochemical markers 
were observed that overexpression of p53 protein and (PCNA) in the liver tissues of patients 
or mice. This may be indicative of found a simulation between (EAC) and (HCC) because 
they have same effects on immunohistochemical markers. 

4. CONCLUSION 

It could be concluded that EAC bearing mice lead to a similarity of the defects in liver 
enzymes, histopathological and immunohistochemical examinations which simulate and 
correspond the same problems in the human HCC. 
 

ETHICAL APPROVAL  

“All authors hereby declare that all experiments have been examined and approved by the 
appropriate ethics committee and have therefore been performed in accordance with the 
ethical standards laid down in the 1964 Declaration of Helsinki.” 

The local committee approved the design of the experiments, and the protocol conforms to 
the guidelines of the Faculty of Medicine, Kafer Elsheek University for liver biopsy and 
Faculty of Science, Tanta University guide for animal, as approved by Institutional Animal 
Care and Use Committee (IACUC-SCI-TU-0046). 
 
REFERENCES 

1 Fisher R, Pusztai L, Swanton C. Cancer heterogeneity: implications for targeted 
therapeutics. British journal of cancer. 2013 Feb;108(3):479. 

2 Meacham CE, Morrison SJ. Tumour heterogeneity and cancer cell plasticity. Nature, 2013 
Sep;501(7467):328. 

3 Aldubayan MA, Elgharabawy RM, Ahmed AS, Tousson E. Antineoplastic Activity and 
Curative Role of Avenanthramides against the Growth of Ehrlich Solid Tumors in 
Mice. Oxidative medicine and cellular longevity. 2019;2019. Article ID 5162687, 12 
pages https://doi.org/10.1155/2019/5162687 

4 Eldaim MA, Tousson E, El Sayed IE, El AE, Elsharkawy HN. Grape seeds 
proanthocyanidin extract ameliorates Ehrlich solid tumor induced renal tissue and 
DNA damage in mice. Biomedicine & Pharmacotherapy. 2019 Jul 1;115:108908. 

5 Khan N, Mukhtar H. Cancer and metastasis: prevention and treatment by green tea. 
Cancer and Metastasis Reviews. 2010 Sep 1;29(3):435-45.  

6 Park JW, Chen M, Colombo M, Roberts LR, Schwartz M, Chen PJ, Kudo M, Johnson P, 
Wagner S, Orsini LS, Sherman M. Global patterns of hepatocellular carcinoma 
management from diagnosis to death: the BRIDGE Study. Liver International. 2015 
Sep;35(9):2155-66. 



 

 

7 Pinyol R, Montal R, Takayama T, Chau GY, Mazzaferro V, Roayaie S, Lee HC, Poon RP, 
Kokudo N, Zhang Z, Bassaganyas L. Molecular predictors of recurrence prevention 
with sorafenib as adjuvant therapy in hepatocellular carcinoma: Biomarker study of the 
STORM phase III trial. Journal of Hepatology. 2017 Jan 1;66(1):S12-3. 

8 Ozaslan M, Karagoz ID, Kilic IH, Guldur ME. Ehrlich ascites carcinoma. African J 
Biotechnol., 2011; 10(13): 2375-2378.  

9 Islam F, Khatun H, Ghosh S, Ali MM, Khanam JA. Bioassay of Eucalyptus extracts for 
anticancer activity against Ehrlich ascites carcinoma (EAC) cells in Swiss albino mice. 
Asian Pacific journal of tropical biomedicine. 2012 May 1;2(5):394-8. 

10 Shanab SM, Mostafa SS, Shalaby EA, Mahmoud GI. Aqueous extracts of microalgae 
exhibit antioxidant and anticancer activities. Asian Pacific Journal of Tropical 
Biomedicine. 2012 Aug 1;2(8):608-15. 

11 Tuck MK, Chan DW, Chia D, Godwin AK, Grizzle WE, Krueger KE, Rom W, Sanda M, 
Sorbara L, Stass S, Wang W. Standard operating procedures for serum and plasma 
collection: early detection research network consensus statement standard operating 
procedure integration working group. Journal of proteome research. 2008 Dec 
12;8(1):113-7. 

12 Moustafa AH, Ali EM, Moselhey SS, Tousson E, El-Said KS. Effect of coriander on 
thioacetamide-induced hepatotoxicity in rats. Toxicology and industrial health. 2014 
Aug;30(7):621-9.  

13 Al-Rasheed NM, El-Masry TA, Tousson E, Hassan HM, Al-Ghadeer A. Hepatic protective 
effect of grape seed proanthocyanidin extract against Gleevec-induced apoptosis, 
liver Injury and Ki67 alterations in rats. Brazilian Journal of Pharmaceutical Sciences. 
2018;54(2). 

14 El-Moghazy M, Zedan NS, El-Atrsh AM, El-Gogary M, Tousson E. The possible effect of 
diets containing fish oil (omega-3) on hematological, biochemical and histopathogical 
alterations of rabbit liver and kidney. Biomedicine & Preventive Nutrition. 2014 Jul 
1;4(3):371-7. 

15 Basuony M, Hafez E, Tousson E, Massoud A, Elsomkhraty S, Eldakamawy S. Beneficial 
role of Panax ginseng root aqueous extract against Cisplatin induced blood toxicity in 
rats. Am J Biol Chem. 2015 Jan 24;3(1):1-7.  

16 Tousson E, Atteya Z, El-Atrash E, Jeweely OI. Abrogation by Ginkgo Byloba leaf extract 
on hepatic and renal toxicity induced by methotrexate in rats. J Cancer Res Treat. 
2014;2(3):44-51.  

17 Tousson E. Histopathological alterations after a growth promoter boldenone injection in 
rabbits. Toxicology and industrial health. 2016 Feb;32(2):299-305.  

18 Tousson E, Ali EM, Ibrahim W, Mansour MA. Proliferating cell nuclear antigen as a 
molecular biomarker for spermatogenesis in PTU-induced hypothyroidism of rats. 
Reproductive sciences. 2011 Jul;18(7):679-86. 

19 Tousson E, El-Moghazy M, Massoud A, Akel A. Histopathological and 
immunohistochemical changes in the testes of rabbits after injection with the growth 
promoter boldenone. Reproductive Sciences. 2012 Mar;19(3):253-9. 

20 SAS, Statistical Analysis System. SAS Procedure Guide. Release 6.03 Edition. SAS 
Institute Inc., Cary, Nc, U.S.A, 1998. 

21 Chakraborty P, Sk UH, Bhattacharya S. Chemoprotection and enhancement of cancer 
chemotherapeutic efficacy of cyclophosphamide in mice bearing Ehrlich ascites 
carcinoma by diphenylmethyl selenocyanate. Cancer chemotherapy and 
pharmacology. 2009 Oct 1;64(5):971. 

22 Khalifa FK, Khalil FA, Barakat HA, Hassan MM. Protective role of wheat germ and grape 
seed oils in chlorpyrifos-induced oxidative stress, biochemical and histological 
alterations in liver of rats. Australian Journal of Basic and Applied Sciences. 
2011;5(10):54-66. 



 

 

23 Berk P, Korenblat K. Approach to the patient with jaundice or abnormal liver tests. 
InGoldman's Cecil Medicine 2012 Jan 1 (pp. 956-966). WB Saunders. 

24 Shim SM, Kwon H. Metabolites of amygdalin under simulated human digestive fluids. 
International journal of food sciences and nutrition. 2010 Dec 1;61(8):770-9. 

25 Tayeb W, Nakbi A, Trabelsi M, Attia N, Miled A, Hammami M. Hepatotoxicity induced by 
sub-acute exposure of rats to 2, 4-Dichlorophenoxyacetic acid based herbicide 
“Désormone lourd”. Journal of hazardous materials. 2010 Aug 15;180(1-3):225-33.  

26 Badr, M.O., 2011. Propolis Protects Against Methotrexate Induced Hepatorenal 
Dysfunctions during Treatment of Ehrlich Carcinoma Mohamed OT Badr; Nariman 
MM Edrees; Amany AM Abdallah; Mohamed A. Hashem; Nasr AMN El-Deen; Ahmed 
N F. Neamat-Allah and Hager TH Ismail Department of Clinical Pathology, Faculty of 
Veterinary Medicine, Zagazig University, 1 Alzeraa Street Postal. Journal of American 
Science, 7(12).  

27 Stoot JH, Coelen RJ, De Jong MC, Dejong CH. Malignant transformation of 
hepatocellular adenomas into hepatocellular carcinomas: a systematic review 
including more than 1600 adenoma cases. Hpb. 2010 Oct 1;12(8):509-22. 

28 Pittman ME. Hepatocellular carcinoma: a practical review for the surgical pathologist. 
Diagnostic Histopathology. 2018 Oct 5. 1-8. 

29 Tousson E, Beltagy D. M., Abo Gazia M, Al-Behbehani B. Expressions of P53 and CD68 
in mouse liver with Schistosoma mansoni infection and the protective role of silymarin. 
Toxicology and Industrial Health, 2012; DOI: 10.1177/0748233712442733.  

30 Kumagai I, Masuda T, Sato SI, Ishikawa K. Immunoreactivity to monoclonal antibody, 
Hep Par 1, in human hepatocellular carcinomas according to histopathological grade 
and histological pattern. Hepatology research. 2001 Jul 1;20(3):312-9. 

31 Roncalli M, Park YN, Di Tommaso L. Histopathological classification of hepatocellular 
carcinoma. Digestive and Liver Disease. 2010 Jul 1;42:S228-34. 

32 Lixin Z, Xiaoping G, Shangda F. Relationship between vascular elasticity and 
spontaneous rupture of hepatocellular carcinoma. The Chinese-German Journal of 
Clinical Oncology. 2003 Mar 1;2(1):18-22. 

33 Choi WT, Kakar S. Immunohistochemistry in the diagnosis of hepatocellular carcinoma. 
Gastroenterology Clinics. 2017 Jun 1;46(2):311-25. 

34 Tousson E, Alghabban AJ, Harga HA. Thyroidectomy induced hepatic toxicity and 
possible amelioration by Ginkgo biloba leaf extract. Biomedicine & Preventive 
Nutrition. 2014 Jul 1;4(3):391-7.  

35 Saggu S, Sakeran MI, Zidan N, Tousson E, Mohan A, Rehman H. Ameliorating effect of 
chicory (Chichorium intybus L.) fruit extract against 4-tert-octylphenol induced liver 
injury and oxidative stress in male rats. Food and chemical toxicology. 2014 Oct 
1;72:138-46.  

36 Tousson E, Hafez E, Masoud A, Hassan AA. Abrogation by curcumin on testicular toxicity 
induced by cisplatin in rats. J Cancer Res Treat. 2014;2(3):64-8.  

37 Tousson E, Zaki ZT, Abu-Shaeir WA, Hassan H. Methotrexate-induced hepatic and renal 
toxicity: role of L-carnitine in treatment. Biomed Biotechnol. 2014;2(4):85-92. 

 
 

 


