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ABSTRACT 

Background: Cyclophosphamide is used as anticancer therapy and previous studies have been reported its 

hepatotoxic effect. 

Purpose: This study was performed to inspect the antioxidant ameliorative influence of metformin as co-therapy on 

the hepatotoxicity caused by cyclophosphamide in the treatment of different malignancies. 

Methods: Male Sprague Dawley rats were divided into four groups; Control group (C), Metformin (MET), 

Cyclophosphamide (CP), Protector group (CP.MET). At day 14 all rats were weighed and euthanized. For 

estimation of both hepatic structure and function as well as the oxidative stress, hepatic tissue and peripheral blood 

samples were collected. 

Results: The results showed that CP produces many structural and functional damage of the liver. While, 

pretreatment of the rat with Metformin showed significant decrease in serum liver enzyme activity, significant 

enhancement of oxidative stress. Also, there are enhancements in liver tissue structure. 

Conclusion: Depending on the previous results we recommend the routine usage of metformin with CP in the 

treatment of different diseases. 
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INTRODUCTION 

Cancer diseases can affect different organs in the body [1]. There are about 200 different known types of cancers [2-4]. 

Cyclophosphamide (CP) is an alkylating agent which used for handling various malignancies as well as an immunosuppressive 

agent for organ transplantation, systemic lupus erythromatosus, multiple sclerosis and other benign diseases [5-9]. 

Cyclophosphamide have toxic effect on normal and malignant tissue [10,11]. Reported that the anticancer dose of CP causes 

acute inflammation in the bladder, kidney damage and liver damage as well as apoptosis. 

The phosphoramide mustard and the acrolein are active ingredient of CP. Phosphoramide mustard responsible for the 

therapeutic role of the CP, where the toxic effect of CP caused by acrolein. The toxic effect of acrolein takes place through 

activation of cell death either by apoptosis or necrosis [12]. The oxidative stress of CP as a cause for hepatotoxicity was not 

studied well suggested that anticancer drugs toxic side effects could be diminished by certain antioxidant agents [13]. 

Metformin considered the broadest anti-diabetic insulin sensitizer drug. Most of its metabolic action applied on the 

liver reported that metformin activates antioxidant defense system and reduces the lipid peroxidation stated that metformin 

weakens the mitochondrial permeability transition pore preventing oxidative stress-induced apoptosis [14-17]. 

This work aimed to discover the possible ameliorative structural and functional effect of metformin in cases of 

hepatotoxicity caused by cyclophosphamide administration. 

MATERIALS AND METHODS 

Animals 

Twenty male Sprague Dawley rats aged 2-3 months old and weigh 170g-200 g were acclimatized for a week before 

starting the treatment. They were held in reserve in polycarbonate cages at 22°C ± 2°C in a well-ventilated room, kept under 

standard laboratory conditions with 12 h light/ dark cycle and 50%  ±  10% humidity. The animals were supplied with both diet 

and water as recommended. All the methods performed in this study were agreed by the ethical committee of the faculty of Vet. 

Med. University (Ethical committee number). 

Experimental protocol 

In random, the male rats were alienated into four groups. Each group have five animals. The control group received 0.2 

ml saline I.P., Metformin group received 200mg/kg metformin by gavage daily for two weeks, Cyclophosphamide group 

received single dose of 200 mg/ kg CP I.P. as s single injection at day 7, Protector group received 200 mg/kg metformin by 

gavage daily for two weeks and 200 mg/ kg CP I.P. as s single injection at day 7. On day 14 the rats were weighed and 

euthanized. 
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Animal sampling 

Male rats were euthanized on the 14th day of the treatment by injection of sodium pentobarbital (60 mg/kg) 

intraperitoneally. For estimation of both hepatic structure and function as well as the oxidative stress, hepatic tissue and 

peripheral blood samples were collected. 

Clinical chemistry 

Liver function estimated by measuring of ALT, AST in the serum. The protocol was according to the instruction of the 

commercial kits (Bio diagnostic Co.) 

Oxidative stress markers 

The level of reduced glutathione (GSH) as described [18], and the level of Lipid peroxidation, expressed by 

Malondialdehyde (MDA) formation, as described [19] were assessed in this study to evaluate the oxidative stress markers using 

commercial kits (Bio diagnostics). 

Histological analysis 

The livers of the rats were fixed with a 10% neutral formaldehyde solution and then were embedded in paraffin 

following routine histological preparations. Serial sections (5.0 μm thick) from the samples were stained with Hematoxylin-Eosin 

(H&E) for liver architecture. Also, sections were stained with Mallory Trichrome stain (MT) for the examination of the collagen 

fiber [20]. 

Immunohistochemistry 

The sections were deparaffinized and rehydrated. Antigen recovery with citrate buffer (Ph-6.0) was achieved by 

heating the sections in a microwave at 700W for 10 min. After blocking with 3 mL/L H2O2 the sections were incubated. The 

primary antibodies directed against BAX (Thermo, Waltham, MA, USA) in dilution of the ultra-vision quanta detection system 

(Thermo Scientific) [21]. 

Image analysis 

The mean area percentage was determined randomly on ten non-overlapping microscopic fields from each slide and 

examined at 400x with Leica Quin 500 LTD using the software Quin 500 (England). 

STATISTICAL ANALYSIS 

The statistical analysis of the retrieved data was expressed as means  ±  error of the mean (SEM) with SPSS version 

16.0 software (SPSS Inc., Chicago, IL, USA). The analysis established on one-way analysis of variance (ANOVA) tailed by 

Student's t-test comparison of means. A value of P ≤ 0.05 was considered statistically significant [22]. 
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RESULTS 

Biochemical parameters 

The liver function parameters of the control group exhibited levels of ALT and AST within range (35.33  ± 1.45 & 

85.33 ± 2.03, respectively), while the CP group showed elevated levels of the ALT and AST (62  ±  2.52 &120  ±  2.89, 

respectively). The previous parameters indicated significant elevation in the group treated with CP compared with the control 

group (P ≤ 0.05). On the other hand, significant improvement in ALT and AST levels (42  ±  1.73 & 100.67  ±  2.19, 

respectively) recorded in the protector group (Table 1, Figures 1& 2). 

 

Figure 1: Serum levels of ALT. 

Data represented as Mean ± SEM. 

(a) Indicate significant difference from the corresponding control group at P ≤ 0.05. 

(b) Indicate significant difference from the corresponding CP group at P ≤ 0.05. 

 

Figure 2: Serum levels of AST. 
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Data represented as Mean ± SEM.  

a. Indicate significant difference from the corresponding control group at P ≤ 0.05. 

b. Indicate significant difference from the corresponding CP group at P ≤ 0.05. 

Table 1: Liver Biochemical parameters of different groups. 

 Control (C) CP CP.MET MET 

ALT (U/L) 35.33  ±  1.45 62  ±  2.52 a 42  ±  1.73 b 37  ±  2.08 b 

AST (U/L) 85.33  ±  2.03 120  ±  2.89 a 100.67  ±  2.19 a,b 90.33  ±  1.45b 

GSH (mmol/g.tissue) 2.34  ±  0.15 0.44  ±  0.08 a 1.44  ±  0.15 a,b 2.17  ±  0.15 b 

MDA (nmol/g.tissue) 10.44  ±  1.22 19.14  ±  1.13 a 14.06  ±  1.16 b 11.09  ±  0.68 b 

 

Data represented as Mean ± SE. 

(a) Indicate significant difference from corresponding control group at P ≤ 0.05. 

(b) Indicate significant difference from corresponding CP group at P ≤ 0.05. 

Oxidative stress markers 

Rat gave CP resulted in an increase in liver MDA level and a decrease in its GSH content. While rats treated by 

metformin showed a significant protective effect against oxidative stress induced by CP in the liver. There was significant 

enhancement in GSH content in the protector group contrast to the CP group (P ≤ 0.05) (Table 1, Figure 3). The level of the 

MDA exhibited significant decrease in the protector group compared to the CP group (P ≤ 0.05) (Table 1 and Figure 4). 

 

Figure 3: GSH level of the liver in different groups. 

Data represented as Mean ± SEM.  

(a) Indicate significant difference from the corresponding control group at P ≤ 0.05. 

(b) Indicate significant difference from the corresponding CP group at P ≤ 0.05. 
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Figure 4: MDA level of the liver in different groups. 

Data represented as Mean ± SEM. 

(a) Indicate significant difference from the corresponding control group at P ≤ 0.05. 

(b) Indicate significant difference from the corresponding CP group at P ≤ 0.05. 

Histopathological results 

H&E sections of the liver tissue displayed normal hepatocyte cell architecture around the central vein in the control 

group (Figure 5A). Besides, normal hepatocyte and Von Kupffer cells (Figure 6A). While in cyclophosphamide group, 

disorganization of vacuolated hepatocytes, congestion in central vein, dilatation and congestion in sinusoids, hyperplasia in von 

Kupffer cells (Figure 5B) and lymphocytic infiltration (Figure 5C), vacuolar degeneration in hepatocytes, apoptotic cells, 

Pyknotic hepatocytes, karyolitic hepatocytes (Figure 6B) and necrotic hepatocytes (Figure 6C) recorded. Meanwhile in protector 

group enhanced hepatocyte cell cords radiating around the central vein and mild congestion in medium-sized sinusoids (Figure 

5D). Few vacuoles observed in hepatocytes and decrease the number of von Kupffer cells (Figure 6D). The sections of the 

metformin group were nearly like the control group (Figures 5E and 6E). 
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Figure 5: Light microphotographs of sections from male Sprague Dawley rat’s liver showing A:  normal hepatocyte cell 

architecture (h) around the central vein (CV) in the control group. B: disorganization of vacuolated hepatocytes (h), congestion in 

the central vein (CV), dilatation and congestion in sinusoids (s) and hyperplasia in von Kupffer cells (arrows) in the 

cyclophosphamide exposed group. C: Lymphocytic infiltration and dilated and congested sinusoids (s) in the cyclophosphamide 

exposed group. D: Enhanced hepatocytes cell (h) cord radiating from the (CV) and mild congestion in medium-sized sinusoids 

(s) in the protector group. E: Normal hepatocyte cell architecture (h) around the central vein (CV) in the metformin group.  (H&E 

400x). 

 

Figure 6: Light microphotographs of sections from male Sprague Dawley rat’s liver showing A:  normal hepatocyte (h), 

binucleated hepatocytes (b) and von Kupffer cells (arrow) in thecontrol group. B: vacuolar degeneration in hepatocytes (v), 

dilatation and congestion in sinusoids (s) and hyperplasia in von Kupffer cells (arrows) apoptotic cells (a), Pyknotic hepatocytes 
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(p) and karyolitic hepatocytes (k) in thecyclophosphamide exposed group. C: necrotic hepatocytes (n) and dilated and congested 

sinusoids (s) in thecyclophosphamide exposed group. D: Enhanced hepatocytes cell (h), few vacuoles (v), binucleated 

hepatocytes (b) decrease number of von Kupffer cell (arrow) in theprotector treated group. E: Normal hepatocyte cell architecture 

(h), binucleated hepatocytes (b) normal von Kupffer cell number in the metformin group.  (H&E 1000x). 

The control group exhibited minimal collagen fibers deposition together with the metformin group (Figures 7A & 7D). 

The collagen fibers deposition presented a marked increase in the CP group (Figure 7B) while, the protector group showed 

moderate collagen fibers deposition (Figure 7C). 

 

Figure 7: Light micrograph of sections from male Sprague Dawley rat’s liver showing A: minimal collagen fibers (arrow) in the 

control group). B: marked increase of collagen fibers deposition (arrow) in the CP group. C: moderate collagen fibers deposition 

(arrow) in the protector group. D: mild collagen deposition (arrow) in the metformin group. (Masson’ trichrome x 400). 

Immunohistochemistry for detection of Apoptosis 

The hepatocyte apoptosis was determined by BAX immunostaining in the different groups. The CP group showed 

strong positive Bax immunostaining (Figure 8B), while the control group and metformin group showed few immunostainings of 

BAX (Figures 8A & 8D). The protector group showed mild BAX immunostaining (Figure 8C). 
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Figure 8: Light micrograph of BAX Immunohistochemistry of liver sections from male Sprague Dawley rat showing: A: Few 

immunostaining in the control group. B: Marked increase immunostaining of Bax in the CP group. C: Marked decrease in 

immunostaining of Bax in the protector group. D: Few immunostaining of Bax in the metformin group. (BAX  400x). 

Image analysis 

The stained liver tissue examined exhibited marked rise in the mean area percentage of BAX immunostaining in CP 

group (2  ±  0.23) which was significant to the control group (0.33  ±  0.05) and metformin group (0.5  ±  0.08), while the 

protector group showed significant decrease in the area percentage of Bax immunostaining (1  ±  0.34) in comparison to CP 

group at (P ≤ 0.05) (Table 2 and Figure 9). 

 

Figure 9: Percentage of BAX immunostaining in the different groups. 

Data represented as Mean ± SEM (N=10). 

(a) Indicate significant difference from the corresponding control group at P ≤ 0.05. 
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(b) Indicate significant difference from the corresponding CP group at P ≤ 0.05. 

Table 2: Mean values  ±  SE of area percentage of BAX immunostaining. 

Variable  Control (C) CP CP.MET MET 

Mean area (%) 0.33  ±  0.05 2  ±  0.23a 1  ±  0.34a,b 0.5  ±  0.08b 

 

Data represented as Mean ± SE.  

(a) Indicate significant difference from corresponding control group at P ≤ 0.05. 

(b) Indicate significant difference from corresponding CP group at P ≤ 0.05. 

DISCUSSION 

The protective role played by the liver against various toxins in the body is preserved by a healthy liver. The drawbacks 

of liver injury include the reduction of the detoxification capability of the liver [23]. The present study attentions on the 

ameliorative effect of metformin to the hepatotoxicity induced by cyclophosphamide. Cyclophosphamide is anticancer alkylating 

agent intended for the treatment of different types of malignancies [24,25]. 

Several toxic effects of CP were reported in addition to its pharmacological action [26]. Hepatoxicity is one of CP’s 

main toxic effects [27]. Cyclophosphamide plays a crucial role in the production of ROS and MDA and depletes the antioxidant 

defense mechanism of the liver [28]. The inflammatory response and increases the production of inflammatory cytokines are the 

main consequence of oxidative stress induced by cyclophosphamide in liver tissue [29]. 

Metformin is insulin sensitizer intended for the dealing with hyperglycemia of type II diabetes mellitus [30]. It has 

several clinical trials also for the treatment of cardiovascular complications and hepatotoxicity through enhancement of 

mitochondrial redox state [31]. Authors in [32-34] stated that, the reduction of the GSH level and concurrent increase in the 

production of malondialdehyde represented oxidative stress which guides the cytotoxic of the substance. This may be one of the 

anticancer drugs mechanistic pathways for its toxicity. In current study, liver function enzymes (ALT & AST) and redox status 

were improved in the protector group with metformin in comparison to the cyclophosphamide group. The increase in the serum 

ALT and AST levels in the CP group are compatible with the report [21]. This investigation is following in vivo [31,35,36] they 

showed the hepatoprotective effects of metformin against several types of toxicity including anticancer drugs such as cisplatin, 

methotrexate, ethanol, and arsenic trioxide toxicity. 

The metformin surges PPAR-γ levels as well as triggers AMPK which may refer to its defensive action against the 

anticancer drugs. Where PPAR-γ activation could be diminished inflammation, oxidative stress and which will reflect on 

prevention of apoptosis induced by xenobiotic as mentioned  [37,38]. AMPK activation prevent TNF-α-induced apoptosis and 

liver injury [39], with control on the growth of cancer as well as cellular death, oxidative stress and inflammatory injury [40,41]. 

Metformin treatment could decrease hepatic damage induced by CP through modulating oxidative stress and apoptosis. 

In agreement with [29,42-46], the rats exposed to CP showed marked liver structural and functional injuries revealed 

by histopathology and elevation of liver enzymes. These results could be referred to as the membrane damage caused by CP 
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metabolites [42,47,48]. Histopathological evaluation of the CP treated group revealed massive degenerative changes include 

disorganization of vacuolated hepatocytes, congestion in a central vein, hyperplasia in von Kupffer cells. These findings were 

under that of [42,43,45]. There was extensive sinusoidal swelling and narrowing of the liver tissues in the CP treated group. The 

evaluated sectioned of CP group showed multiple inflammatory cellular infiltrations in the hepatic tissue, this could be as a result 

of oxidative stress induced by CP as mentioned [42,49]. 

In accordance with [50], the collagen tissue deposition was highly observed in the CP group around the central vein 

which reflects fibrosis of hepatic tissue. The strong positive BAX reaction of the CP treated group indicates the apoptotic effect 

of CP on the hepatocytes, which matched the results [43,51]. The antioxidant ameliorative effect of the metformin against the CP 

was reported [35,52,53]. 

CONCLUSION 

The hepatic injuries induced by CP were indicated by hepatic degenerative changes, elevated liver enzymes and 

increased BAX immunostaining. The antioxidant hepatoprotective result of metformin refers to the inhibition of GSH depletion 

and diminution of marked inflammatory response and cell apoptosis. Depending on the previous results we recommend the 

routine usage of metformin with CP in the treatment of different diseases. 
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