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ABSTRACT 

The aim of this study was to evaluate the protective effect of aqueous extract of Bael (Aegle 
marmelos) leaves against cisplatin (Cis) induced hepatotoxicity and nephrotoxicity in Rats. Forty- two 
adult male Sprague-Dawley rats (average body weight was 200±10 g) were divided randomly into six 
groups as follow: group 1: negative control, was fed on basal diet and received appropriate volumes of 
saline intragastrically. Groups 2 and 3 were received Aegle marmelos aqueous extract (AMAE) by 
dose 400 or 700 mg /kg body weight, p.o, respectively. Group 4: positive control, was injected with 
Cis (7mg/kg boy weight i.p) to cause acute hepatotoxicity and nephrotoxicity in rats. Groups 5 and 6 
were treated with AMAE by dose 400 or 700 mg /kg, respectively and injected with Cis. At the end of 
the experimental period (4 weeks), rats were scarified and serum was collected for biochemical 
analyses. The administration of Cis resulted in significant elevation in serum activity of aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT). Also serum urea and creatinine levels 
were significantly elevated whereas serum total proteins and albumin were significantly reduced. This 
effect was accompanied with increased levels of serum tumor necrosis factor-α (TNF- α) and 
Interleukin-1 beta (IL-1β), along with significant elevation of hepatic and renal    malondialdehyde 
level (MDA) and significant reduction in the level of reduced glutathione (GSH) in the same organs 
as compared with negative control. Treatment with AMAE prior to Cis produced protective effects 
and attenuated these biochemical changes. The protective effects of AMAE were more pronounced 
for the high dose. In conclusion, Pretreatment with Aegle marmelos extract led to a significant 
attenuation of the liver and kidney injuries induced by Cis. The protective effects of AMAE might be 
ascribable to its anti-inflammatory and antioxidant properties. 
      
Keywords: Aegle marmelos, Liver damage, Nephrotoxicity, Antioxidants, Anti- inflammatory, 

Oxidative stress, Rats. 

 
Introduction 

For a long time, liver and kidney diseases have been increasing worldwide. Metabolic or 
drug/chemical-induced liver and kidney damage is contributed to these diseases. Overconsumption of 
a high-fat diet, high-fructose diet (Alwahsh et al., 2017), high-cholesterol diet (Savard et al., 2013) as 
well as alcohol consumption (Alwahsh et al., 2014), irradiation (Martius et al., 2014), and some 
chemicals or drugs including CCl4, acetaminophen (Yamamotoya et al., 2017) and cisplatin can also 
cause liver and kidney damage (Miller et al., 2010 and Karasawa and Steyger, 2015). 

Cisplatin is still used as a fist-line chemotherapeutic agent for solid tumors such as 
nasopharyngeal cancer, lung cancer and ovarian cancer (Prasaja et al., 2015). However, cisplatin has 
severe side effects such as gastrointestinal toxicity, bone marrow suppression, ototoxicity, neuropathy 
myelosuppression, hepatotoxicity and nephrotoxicity (Al-Malki and Sayed, 2014 and Cagin et al., 
2016). The antioxidants play an important role in protection against cisplatin induced nephrotoxicity 
and hepatotoxicity (Bruno Aegle marmelos (AM) is a medium size perennial tree of Rutaceae family 
commonly known as Bael or Bilwa, grows in tropical and subtropical region of South East Asia and 
India. All parts of the tree are used as herbal medicine for the treatment of various ailments like 
dysentery, dyspepsia, chronic diarrhea (Reddy et al., 2012, and Sankeshi et al., 2013). Leaves extract 
of AM are reported to have cardiotonic, hypoglycemic, antidyslipidemic, anticancer effects and also 
used to cure opthalmia, ulcers, dropsy, cholera and beri beri (Karunanayake et al., 1984; 
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Chockalingam et al., 2012, and Sankeshi et al., 2013). Various active constituents, phenolic and 
flavonoid, isolated from leaves extract of AM have antioxidant and anti-inflammatory properties 
(Kumar et al., 2016). 

Therefore, the present study was carried out to investigate the protective effects of oral 
pretreatment of leaves aqueous extract of AM against Cis induced liver and kidney injuries in rats. 
 
Materials and Method 
 
Materials: 

Plant leaves of Aegle marmelos were collected from El-Zohrya botanical garden, Giza, Egypt in 
November 2018. The plant was identified by Mrs. Therese Labib, consultant of taxonomy at the 
Ministry of Agriculture and the former director of El-Orman Botanical Garden.  

Chemicals Casein, all vitamins, minerals, cellulose and choline were obtained from El-
Gomhoria Company, Cairo, Egypt. Starch, corn oil, and sucrose were obtained from the local market. 
All other chemicals were of analytical grade. 

 
Cisplatin and Kits:  

Cisplatin was manufactured by Hikma Specialized Pharmaceutical Badr city, Cairo. A.R.E and 
Kits required for estimating parameters used in the study were purchased from the Gamma Trade 
Company for Pharmaceutical and Chemicals, Dokki, Egypt. 

 
Experimental animals:  

Forty-two adult male Sprague-Dawley rats, weighing (200 ± 10g), were purchased from 
Helwan farm of Serum and Vaccine, Cairo, Egypt. 
 
Methods: 
 
Preparation of plant Water extract 

Leaves were washed separately with water, dried in shade and the dried leaves were powdered 
mechanically. The fine powder was stored in a dry place in the dark for extraction. Fifty gm from the 
dried plant powdered was soaked in 200 ml distilled water, stirred for about 6 minutes at room 
temperature then was left overnight and was filtered. The filtrate was concentrated under vacuum 
rotator evaporator (40-5℃) and semi-liquid extract of AM was obtained and preserved at 4℃ until 
used. The extract was diluted with measured amount of distilled water prior to use to get the required 
concentration and the aqueous extract was given orally using stomach tube (Rahman et al., 2018). 

    
Induction of Hepatotoxicity and Nephrotoxicity in rats 

Rats administered cisplatin (7 mg/kg intraperitoneally, once) before the end of experiments, 
specifically on 21th day for developing nephropathy and hepatotoxicity (Lee et al., 2009; Ko et al., 
2014; Xu et al., 2015 and Morsy and Heeba, 2016). 
 
Preparation of basal diet and Experimental Design 

The basal diet has been formulated according to Reeves et al., (1993). Forty- two male rats were 
housed in well aerated cages under hygienic conditions and fed on basal diet for one week for 
adaptation in Faculty of Medicine Ain Shams University (MASRI). After the period of adaptation, 
animals were divided into 6 main groups. 
 Group (1): Negative control group (n=6), rats were fed on basal diet and received appropriate 

volumes of saline intragastrically, during the experimental period. 
 Group (2): Rats (n=6) were received the leaves of Aegle marmelos aqueous extract (400 mg/ per kg 

body weight) intragastrically. 
 Group (3): Rats (n=6) were received the leaves of Aegle marmelos aqueous extract (700 mg/ per kg 

body weight) intragastrically. 
 Group (4): positive control group, rats (n=8) were injected with Cis 7mg/kg i.p. once at 21th day   
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 Group (5): Rats (n=8) were received the leaves of Aegle marmelos aqueous extract (400 mg/ per kg 
body weight) intragastrically and injected with Cis 7mg/kg i.p. once at 21th day   

 Group (6): Rats (n=8) were received the leaves of Aegle marmelos aqueous extract (700 mg/ per kg 
body weight) intragastrically and injected with Cis 7mg/kg i.p. once at 21th day   

During the experimental period, water and basal diet had introduced ad-Lib. under hygienic 
conditions. At the end of the feeding trial (4weeks) rats were fasted over night before scarifying and 
was collected, then centrifuged to obtain serum for biochemical analysis. Liver and pair of kidneys 
were rapidly excised, dissected free of adhering tissue, rinsed in ice-cold saline, blot dried and 
weighed and were stored at −80 °C for the determination of GSH and MDA. For histopathological 
examination, one lobe of the liver and one kidney from 6 rats/group were fixed in 10% buffered 
formalin/saline. 
 
Biological Evaluation: Body weight gain percent (BWG%) was determined according to Chapman et 
al., (1959) using the following equation:  
 

BWG% =     
Final body weight - Initial body weight

 Initial body weight   × 100 

Biochemical Analysis 
Aspartate amino transaminase (AST) and Alanine amino transaminases (ALT) were estimated 

by standard spectrophotometric methods according to the method described by Young, (2001).  Serum 
total protein was determined according to the colorimetric method described by Burtis and Ashwood 
(1999). Serum globulin was determined as described by Goldenberg and Drewes, (1971).  Serum 
albumin was determined as described by Young (1995). Serum creatinine was determined according 
to the principle described by Burtis and Ashwood (1999) and Young (2001). Serum urea was 
determined according to the method described by Patton and Crouch, (1977). Malondialdehyde 
(MDA) was measured colorimatrically at 535 and 520 nm, according to the method described by 
Ohkawa et al. (1979). Glutathione (GSH) was determined according to Ellman's method, (1959).  
IL-1β and TNF-α level in serum were estimated by Enzyme-Linked Immunosorbent Assay (ELISA) 
method. The concentration of the cytokines in 100 µl sample volume was determined according to the 
manufacturer’s protocol. IL-1β and TNF-α concentrations are expressed as pg/ml. 
 
Histopathological examinations: 

Ten percent formalin-fixed liver and kidney tissues, from 6 rats/group, were embedded in 
paraffin after gradient dehydration. Paraffin wax tissue blocks were cut at 4 μm thickness by slidge 
microtome. The obtained tissue sections were deparaffinized and stained by hematoxylin and eosin 
(H&E) for histopathological examination through the light microscope (Drury and Wallington, 1980). 

 
Statistical Analysis: 

The data was analyzed by applying one-way analysis of variance (ANOVA) followed by 
Tukey's post hoc test. The results were expressed as mean ± SD. The results were considered 
significant if the value of p was <0.05 (SAS, 2006). 

 
Results and Discussion  

Results presented in table (1) demonstrate that normal rats received AMAE (groups 2 and 3) 
showed no significant change (p>0.05) in BWG compared to negative control. Administration of Cis 
to rats significantly (p< 0.05) reduced BWG by 150.683 % compared to negative control. These 
results agreed with those reported by Mora et al., (2003) who suggested that Cis-induced weights loss 
might be due to gastrointestinal toxicity and reduced ingestion of food. Cis injected rats received 
AMAE (groups 5 and 6) showed significant (p< 0.05) increase in BWG compared to positive control. 
These results were in the same line with the results of Maqbool et al., (2019) who concluded that 
AMAE is effective in restoration of the body weight to normal levels. 

Results in table (2) and (3) indicate that normal rats received AMAE by the two doses showed 
no adverse changes in liver function tests. On the other hand, Cis given once intraperitoneally, 
showed hepatotoxicity as evident from biochemical parameters of this study. Cis significantly (p< 
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0.05) elevated serum AST and ALT activities by 73.99 % and 78.08 %, respectively, as compared to 
negative control (Table 2). Also, Cis treatment significantly (p< 0.05) reduced serum total proteins 
(18.45 %) and albumin (14.04%) as compared to negative control (Table 3). AMAE showed a 
protective effect against these changes, since the introduction of AM significantly (p< 0.05) reduced 
serum activities of ALT and AST and increased serum total protein and albumin as compared to 
positive control group.  
 
Table 1: Effect of Aegle marmelos on body weight gain (BWG) on normal and cisplatin treated rats 

Parameters 
Groups  

Body Weight Gain 
(BWG%) 

 G1    : Negative  Control  22.547 ± 8.44a 

 G2    :400 mg  AMAE 17.180 ± 6.93ab 

 G3    : 700 mg AMAE 15.858 ± 7.88ab 

 G4    :Positive Control  -11.653 ± 5.96c 

 G5    :400 mg AMAE + Cis 10.522  ± 2.29b 

 G6    :700 mg  AMAE + Cis 12.365  ± 4.94ab 

 Results are expressed as means ± SD.                                                                                                            
 Means with the same Letter are not significantly different (P > 0.05). 
 The different litters means that there is a significantly differences between groups at (P< 0.05).   
 AMAE= Aegle marmelos Aqueous Extract. 

 
Table 2: Effect of Aegle marmelos on liver enzymes (ALT and AST) on normal and cisplatin treated 

rats 
Parameters 

Groups  
AST ALT 

U/L 
 G1    : Negative  Control  90.25 ± 1.439d 25.05  ± 0.500d 

 G2    :400 mg  AMAE 88.93 ± 1.222d 24.28  ± 0.365d 

 G3    : 700 mg AMAE 90.08  ± 1.192d 24.99  ± 0.500d 

 G4    :Positive Control  157.03  ± 1.540a  44.61 ± 1.348a 

 G5    :400 mg AMAE + Cis 135.78  ± 1.525b 41.68 ± 0.790b 

 G6    :700 mg  AMAE + Cis 121.60  ± 0.529c 36.95  ± 0.816c 

  Results are expressed as means ± SD.                                                                                                            
 Means with the same Letter are not significantly different at (P > 0.05).  
 The different litters means that there is a significantly differences between groups at P < 0.05.   
 AMAE= Aegle marmelos Aqueous Extract. 

 
Table 3: Effect of Aegle marmelos on serum total protein, albumin and globulin on normal and 

cisplatin treated rats 
Parameters 

Groups  
Total protein Albumin Globulin 

(g/dl) 
 G1    : Negative  Control  6.23 ± 0.044a 4.20 ± 0.026a 2.03 ± 0.048a 
 G2    :400 mg  AMAE 6.25 ± 0.048a 4.24 ± 0.025a 2.008 ± 0.042a 
 G3    : 700 mg AMAE 6.21 ± 0.036a 4.22 ± 0.018a 1.98  ± 0.04a 
 G4    :Positive Control  5.08 ± 0.025d 3.61 ± 0.034d 1.46 ± 0.052c 
 G5    :400 mg AMAE + Cis 5.29 ± 0.516c 3.80  ± 0.042c 1.49  ± 0.029c 
 G6    :700 mg  AMAE + Cis 5.63± 0.035b 3.99  ± 0.037b 1.63 ± 0.057b 
Results are expressed as means ± SD.                                                                                                            
Means with the same Letter are not significantly different at (P > 0.05).  
The different litters means that there is a significantly differences between groups at P< 0.05.   
AMAE= Aegle marmelos Aqueous Extract. 

 
Cisplatin induced hepatotoxicity observed in this study is in agreement with previous studies in 

which the hepatotoxic effects of Cis were studied and were recognized by high serum activities of 
AST and ALT (Bentli et al., 2013 and Mir et al., 2015). Serum levels of these enzymes are very 
sensitive markers employed in the diagnosis of liver diseases. When the hepatocellular plasma 
membrane is damaged, the enzymes normally present in the cytosol are released into the blood 
stream. This can be quantified to assess the type and extent of liver injury. Since the enzymes 
activities of liver are about 1000 times more than that of serum, if only %1 of hepatocytes necrotize, 
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the enzymes activities of serum will be doubled. As ALT exists mainly in the liver cell cytoplasm and 
mitochondria, ALT is one of the most sensitive parameters for liver cell function test. AST is more in 
cardiac muscle than liver cells (Zheng et al., 2013). 

The reduction in serum total protein and albumin observed in Cis injected rats may result from 
the faulty protein biosynthesis due to liver dysfunction (Renugadevi and Prabu, 2009; Parameshappa 
et al., 2012 and Verma et al., 2013). 

Results in table (4) show that AMAE have no adverse effects on kidney function tests. 
However, Cis administration resulted in nephrotoxicity as indicted by significant (P < 0.05) elevation 
in the levels of serum urea (75.54%) and creatinine (66.68%) as compared with negative control. Cis 
injected rats that received AMAE (groups 5 and 6) had significant (P < 0.05) lower levels of urea 
(24.68 %) and creatinine (26.07 %) compared to positive control.  

The impairment of kidney function by Cis was previously reported by many researchers 
(Shimeda et al., 2005; Palipoch et al., 2014 and Dwivedi et al., 2017). It was suggested that Cis 
causes alterations in glomerular function. Cis induces mesangial cells contraction, alters the filtration 
surface area and modifies the ultrafiltration coefficient factors that decrease the glomerular filtration 
rate (Aydogan, 2008). 
 
Table 4: Effect of Aegle marmelos on kidney function tests (Urea and Creatinine) on normal and 

cisplatin treated rats 
parameters 

Groups  
Urea 

(mg/dl) 
Creatinine 

(mg/dl) 
 G1    : Negative  Control  17.99 ±0.300d 0.66 ± 0.014d 

 G2    :400 mg  AMAE 17.90 ± 0.268d   0.60 ± 0.014e 
 G3    : 700 mg AMAE 18.10 ± 0.268d 0.62 ± 0.009 e 
 G4    :Positive Control  31.40 ± 0.489a 1.001 ± 0.02a 
 G5    :400 mg AMAE + Cis 23.65 ±  0.516c 0.74 ± 0.015c 
 G6    :700 mg  AMAE + Cis 27.05 ± 0.59b 0.88 ± 0.02b 
       Results are expressed as means ± SD.                                                                                                            
       Means with the same Letter are not significantly different at (P > 0.05).  
       The different litters means that there is a significantly differences between groups  
         at P < 0.05.   
      AMAE= Aegle marmelos Aqueous Extract. 

 
In this study, intraperitoneal injection of Cis provoked an intense state of inflammation as 

evidenced by significant increments in serum TNF-α and IL-1β levels by 102.09% and 117.284%, 
respectively (Table 5), relative to the negative control levels. Administration of AMAE alleviated Cis-
induced inflammation by significantly decreasing serum TNF-α content by (26.31%) and (42.84%) 
and serum levels of IL-1β by (24.21 %) and (41.68 %) in groups 5 and 6, respectively, compared to 
positive control (Table 5). 

 
Table  5: Effect of Aegle marmelos on serum IL-1β and TNF-α on normal and cisplatin treated rats 

Parameters 
Groups  

Interleukin-1 beta (IL-1β) Tumor Necrosis Factor Alpha 
(TNF-α) 

Pg/ml 
 G1    : Negative  Control  13.388 ± 0.062d 15.29± 0.062d 
 G2    :400 mg  AMAE 13.173 ± 0.058d 15.11± 0.044d 
 G3    : 700 mg AMAE 13.178± 0.056d 14.97± 0.098d 
 G4    :Positive Control  29.090 ± 0.209a 30.90± 0.227a 

 G5    :400 mg AMAE + Cis 22.045± 0.286b 22.77 ± 0.260b 
 G6    :700 mg  AMAE + Cis 16.965 ± 0.148c 17.66± 0.289c 
Results are expressed as means ± SD.                                                                                                            
 Means with the same Letter are not significantly different at (P >0.05).  
 The different litters means that there is a significantly differences between groups at (P< 0.05.   
 AMAE= Aegle marmelos Aqueous Extract. 

 
TNF-α and IL-1β are members of a group of cytokines that involved in systemic inflammation, 

act synergistically and stimulate acute phase reaction. They are produced mainly by macrophages, but 
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a broad variety of other cell types is also involved in their production. They are inducers of 
endothelial adhesion molecules, which are essential for the adhesion of leukocytes to the endothelial 
surface prior to their migration into the tissues (Dinarello, 2000). They also augment neutrophil–
derived superoxide generation (Yoshikawa et al., 1992), leading to oxygen radical-mediated tissue 
damage. Stimulation of intestinal epithelial cells with TNF-α has also induced apoptosis 
(Ramachandran et al., 2000).  Previous studies showed a significant increase in proinflammatory 
cytokines in response to Cis (Faubel et al., 2007; Zhang et al., 2007 and Mostafa et al., 2018).  

From the results presented in table 6, it is evident that Cis depleted hepatic and renal GSH as 
they reduced by (86.23%) and (91.40%), respectively, when compared to negative control group.  
Treatment with AMAE by the two doses (400 mg/Kg or 700 mg/Kg) maintained the levels of hepatic 
GSH (88.27 and 227.36 %, respectively) and renal GSH (258.53 and 433.07 %, respectively) higher 
than positive control group. 

Data presented in table 6 demonstrated that Cis promoted lipid peroxidation by increasing the 
levels of MDA in both liver and kidney by 317.02 and 734.82 %, respectively, as compared to 
negative control (p<0.05). The elevated MDA was significantly (p<0.05) reduced by (34.58%) and 
(52.07 %) in liver and by (33.18%) and (49.63 %) in kidney in groups received 400 mg/Kg or 700 
mg/Kg AMAE, respectively, as compared to positive control (Table 6).  

A large body of experimental evidence supports a role for oxidative stress as mediator of Cis 
induced hepatotoxicity and nephrotoxicity. Lipid peroxidation has been suggested to be closely 
related to Cis-induced toxicity (Somani, 2000). Many studies have shown that hepatic reactive oxygen 
species, such as superoxide anion (O2-•), hydrogen peroxide (H2O2) and hydroxyl radical (HO•), can 
be produced after Cis challenge (Noori and Mahboob, 2010 and Al-Malki and Sayed, 2014). The 
result of the present study supported the findings of the previous studies as there was an increase in 
lipid peroxidation (MDA) in both liver and kidney, and depletion of hepatic and renal GSH. The 
observed increase in MDA in the current study could be because Cis induced formation of free 
radicals and also through exhaustion of antioxidants leading to oxidative stress (Sun et al., 2014 and 
Verma et al., 2016).   
 
Table 6: Effect of Aegle marmelos on kidney and Liver GSH and MDA on normal and cisplatin 

treated rats 
Parameters 

 
 

Groups  

Kidney Liver 
GSH  MDA GSH MDA 

(mg /g protein) (n moles /mg 
protein) 

(mg /g protein) (n moles /mg 
protein) 

 G1    : Negative  Control  44.33 ± 2.506a 3.13  ±  0.216d 57.63 ± 3.281a 7.46 ± 0.553d 
 G2    :400 mg  AMAE 43.23 ± 0.939a 3.89 ± 0.447d 56.25 ± 1.028a 8.56 ± 0.626d 
 G3    : 700 mg AMAE 44.08 ± 2.236a 3.19 ± 0.314d 57.50 ± 1.431a 7.50 ± 0.089d 
 G4    :Positive Control  3.81 ± 0.360d 26.13± 1.777a 7.93 ± 0.464d 31.11 ± 1.803a 

 G5    :400 mg AMAE + Cis 13.66 ± 1.403c 17.46 ± 0.539b 14.93± 1.526c 20.35 ± 0.935b 
 G6    :700 mg  AMAE + Cis 20.31 ± 1.140b 13.16 ± 0.763c 25.96 ± 1.561b 14.91± 1.316c 
Results are expressed as means ± SD.                                                                                                            
Means with the same Letter are not significantly different at (P > 0.05).  
The different litters means that there is a significantly differences between groups at P < 0.05.   
AMAE= Aegle marmelos Aqueous Extract. 

 
In this study, AMAE leaves aqueous extract was found to offer significant protection against 

the hepatotoxic and nephrotoxic effects of Cis. In addition to contributing to the maintenance of the 
membrane integrity of hepatocytes, as inferred from the lower serum activities of the measured liver 
enzymes, AMAE was also able to markedly reduce the production of MDA and to increase the 
hepatic and renal levels of GSH. Likewise, AMAE was able to improve kidney function and attenuate 
Cis induced inflammation. These results strongly supported that AMAE has powerful antioxidant, 
anti-inflammatory and protective agent against Cis induced toxicity.  There are many reports in the 
literature about the antioxidant and the anti-inflammatory properties of AMAE (Singanan et al., 2007; 
Benni et al., 2011; Kumari et al., 2014 Rathee et al., 2018). 

The free radicals scavenging and anti-inflammatory effects of AMAE could be attributed to its 
higher polyphenols and flavones contents. Phytochemical screening of the AMAE leaves extract 
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revealed the presence of alkaloids, tannins, saponin, flavonoids and phenols, which are able to 
scavenge free radicals such as superoxide or lipid peroxides (Maity et al., 2009). 

Polyphenols are the most significant compounds for the antioxidant properties of plant raw 
materials. The antioxidant activity of polyphenols is mainly due to their redox properties, which allow 
them to act as reducing agents, hydrogen donors, singlet oxygen quenchers, metal chelators and 
reductants of ferryl hemoglobin (Ciz et al., 2008 and Gebicka & Banasiak, 2009). The presence of 
these antioxidant compounds in AMAE leaves could have been the cause for the observed protection 
of liver and kidney from Cis induced toxicity. 

 
Histopathological results: 

Liver sections from control rats and normal rats treated with AMAE revealed normal 
histological structure of hepatic lobule (photos 1, 2 and 3). Their kidney sections also showed normal 
histological structure (photos 7, 8 and 9). On the contrary, liver sections of rats in positive control 
group revealed vacuolar degeneration of hepatocytes, focal hepatocellular necrosis associated with 
inflammatory cells infiltration, fibroplasia and inflammatory cells infiltration in the portal triad (photo 
4). Furthermore, histological examination of their kidney tissue revealed vacuolar degeneration of 
epithelial lining renal tubules and hyaline cast in the lumen of renal tubules as well as perivascular 
inflammatory cells infiltration (photo 10). Meanwhile, histological assessment of liver tissues of rats 
treated with Cis+ 400 mg AMAE revealed steatosis of some hepatocytes with congestion of central 
veins and hepatic sinusoids (photo 5), and their kidney tissue revealed vacuolar degeneration of 
epithelial lining renal tubules and hyaline cast in the lumen of renal tubules (photo 11). Regarding rats 
treated with Cis+ 700 mg AMAE their liver sections showed vacuolar degeneration of hepatocytes, 
sinusoidal leukocytosis and karyomegally of hepatocytic nuclei (photo 6). Their kidney tissues 
revealed vacuolar degeneration of epithelial lining renal tubules, hyaline cast in the lumen of renal 
tubules and vacuolation of endothelial lining glomerular tuft (photo 12). 

The histopathological results in this study is consistent with the results of previous studies in 
which Cis was found to cause sinusoidal dilatation, parenchymal inflammation, vascular congestion in 
hepatocytes and glomerular and tubular modifications (Miriam and Lavine, 2013; Cagin et al., 2015; 
Alwahsh et al., 2017 and Godos et al., 2017).  

 
Photo 1: A photomicrograph of a liver section of negative control group (H & E X 400).  
 

 
Photo 2: A photomicrograph of a liver section of rats treated with 400 mg AMAE (H & E X 400). 
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Photo 3: A photomicrograph of a liver section of group 3 treated with 700 mg AMAE (H & E X 400). 
  

 
Photo 4: A photomicrograph of a liver section of positive control group (H & E X 400). 
 

 
Photo 5: A photomicrograph of a liver section of rats treated with 400 mg AGAE + Cis. (H & E X 

400).  
 

 
Photo 6: A photomicrograph of a liver section of rats treated with 700 mg AGAE + Cis. (H & E X 

400). 
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 Photo 7: A photomicrograph of a kidney section of negative control group (H & E X 400). 
 

 
Photo 8: A photomicrograph of a kidney section of rats treated with 400 mg AMAE (H & E X 400). 
 

 
Photo 9: A photomicrograph of a kidney section of rats treated with 700 mg (H & E X 400). 
 

 
Photo 10: A photomicrograph of a kidney section of positive control group AMAE (H & E X 400). 
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Photo 11: A photomicrograph of a kidney section of rats treated with 400 mg AMAE + Cis. (H & E 

X 400). 
 

 
 Photo 12: A photomicrograph of a kidney section rats treated with700 mg AMAE + Cis. (H & E X 

400). 
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