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Abstract: The study was conducted to evaluate the effects of azathioprine on hematologic,  

biochemical parameters, enzyme activities and histopathological changes on the leg bone, liver, 

kidney and testes. Two groups of pigs were used. Group 1 was given normal saline and group 

2 was given azathioprine (50mg/kg) orally over 4 weeks.  The results indicate that azathioprine 

elicited a significant decrease in blood tests. While,  the serum enzymes levels significantly 

increased in the albumin, urea and creatinine, histopathologically the leg bone exhibited a 

decrease in hematopoietic cell and an increase in adipocytes in the bone marrow. The liver 

showed vacuolation of hepatocytes, septal fibrosis and kidney presence vacuolation of cortical 

areas and dilatation of tubules. In testes, vacuolation and suppression of spermatogenesis in the 

treated group with azathioprine were noted. It can be concluded that azathioprine induces toxic 

and hazardous effects on some organs that restrict its use. 
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1. Introduction 

        Azathioprine (AZA) is widely used as an immunosuppressant to prevent rejection of 

transplanted organs following organ transplantation. It is also given for leukaemia, arthritis, 

autoimmune diseases and inflammatory bowel disease treatment. Azathioprine with corticosteroid 

is the best option to prevent organ rejection [1].  AZA is one of the purine analogues chemical class. 

Despite the widespread use of this drug, it has been observed that it has other effects such as 

suppressing the patient's lymphocytes, causing toxicity in the bone marrow, gastrointestinal tract, 

liver and increased exposure to infection [2, 3].  Furthermore, prolonged treatment with AZA causes 

many types of tumours and produces mutagenic, genotoxic, and teratogenic [4, 5]. 
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         The immunosuppressive activity of AZA is due to its ability to inhibit the delayed 

hypersensitivity reaction and its cytotoxicity is due in part to the incorporation of 6-thioguanine 

nucleotide for DNA that occurs during renal allotransplantation [6].  Mostly, immunosuppressive 

drugs cause anaemia and increase the production of lipid peroxides leading to an imbalance between 

oxidant-antioxidant which causes the liver and other organs to have oxidative damage [7, 8].  This 

drug converts into 6-MP through reactions with glutathione rapidly and is absorbed as a prodrug for 

mercaptopurine.   Mercaptopurine blocks the DNA producing enzymes thereby affecting cells with 

high dividing capacity like T and B  lymphocytes [9]. Metabolic intercellular of 6-MP is noted for 

its inactive metabolites - 6-thioguanine nucleotide (6-TGN) and 6-methyl mercaptopurine (6-MMP) 

that elicit azathioprine immunosuppressive features. Azathioprine causes stimulation of the stress-

activated protein kinase pathway and mitochondria dysfunction causing necrotic cell death in intact 

isolated rat mitochondria [10]. The current study is considered the first study to evaluate the adverse 

effects of azathioprine on organs in Basrah, Iraq. This work was aimed to estimate the effects of 

Azathioprine on blood and biochemical criteria and organs (bone, liver, kidney and testes) in male 

guinea pigs.   

2. Materials and methods 

Drug: Azathioprine (AZA) ( Imuran®, aspen, Ireland). A commercially available formulation of 

AZA 50 mg/ tablet (batch number 707074, expire date 5/2022) were purchased from a local 

private pharmacy. It was dissolved in normal saline and administered at 50mg/kg body weight. 

Procedure 

In the current study, twelve adult male guinea pigs weighing (900 ± 100gm) were kept at room 

temperature (22±2 ˚C) with a 12/12h light-dark cycle. The guinea pigs were kept in one cage for one 

week and supplied with food and water ad libitum. 

The pigs were distributed into experimental and control groups with 6 pigs in the group as follows: 

Group 1:  The pigs in this control group were given 1 ml of normal saline orally for four weeks. 

Group 2: This group were given azathioprine (50mg/kg. b. w) The azathioprine was dissolved in 

normal saline and introduce as single daily dose administered orally for four weeks, this dose was 

chosen as described by[11]. 

The pigs were fasted overnight and were anaesthetized by inhalation with the ether solution. Blood 

samples were collected from the heart of the experimental and control animals which was then put 

in test tubes for clotting at room temperature and centrifuged at 3000 rpm for 10 minutes.  The serum 



was separated and stored at -20°C until it was needed for biochemical analysis. EDTA as the anti-

coagulant was used in other tubes to collect other blood samples for haematological parameters. 

Biochemical assay 

The activity of aspartate aminotransferase and alanine aminotransferase were measured according 

to the method of [12]. The Alkaline phosphatase activity (ALP) was assayed by the method [13]. 

While albumin and urea were measured using the following method [14]. The creatinine level was 

carried out using the Randox assay kit [15]. 

Haematological assay 

       All haematology analyses  - TWB  count, RBC count,  PCV percentage and Hb concentration 

were performed using a standard procedure with the count 60 haematology analyzer, Genix &USA. 

Histological preparation 

        The leg bone, liver, kidney and testes were removed and immediately the tissues were put in 

10% neutral formalin for fixation. The testes were placed in Bouin’s solution and the bone was 

decalcified in 15% formic acids, then the fixed tissue (liver, kidney, testes and leg bone) were 

prepared for histopathological study according to the method by[16]. 

Statistical analysis 

         In this study, the results were expressed as a means ±SE. The data was analyzed by using 

studentʼs t-test. The difference was considered significant with Value of P<0.05. 

3. Results                 

Table 1.  RBC count, WBC count, Hemoglobin concentration (Hb) and PCV for the control group and the 

group treated by azathioprine (AZA). The data illustrated the effect of azathioprine on the average RBC count, 

WBC count, haemoglobin concentration and PCV in male pigs. It was indicated that the administration of 

azathioprine caused significant (P<0.05) reduction in blood criteria when compared with the control group.  

 

Treated group RBCcount    

x106/mm3 

WBC count  

 x103 /mm3 

Hb g/100ml     PCV% 

Control N.S 

AZA50mg/kg 

B.W orally 

6.93±0.05  A 

2.95±0.19  B 

5.80±0.46  A 

3.02±0.13  B 

13.04±1.8 A 

 6.2±1.7     B 

46.40±2.16 A 

 22.7±1.3    B 



 

 

 

The difference in the capital letters means statistical difference P value less than 0.05   compared with control. 

 Table  2. Serum AST, ALT and ALP levels of control group and group treated by azathioprine (AZA), the 

findings explained the impacts of azathioprine on the liver enzymes levels in male pigs. It was observed that 

the treatment with azathioprine produced significant (P < 0.05) elevation of ALP, AST and ALT levels as 

compared with the control group. 

Treated group AST unit/L ALT unit/L ALP unit/L  

Control   N.S  

 AZA50mg/kg 

B.W orally 

27.18±2.80   B 

50.61±1.44   A 

19.80±1.01   B 

43.08±1.81   A 

36.41±2.12   B 

66.22±3.25    A 

 

   The difference in the capital letters means statistical difference P value less than 0.05   compared with control 

Table 3. Serum Albumin, Urea and Creatinine levels of the control group and group treated by azathioprine 

(AZA). The result revealed the effect of azathioprine on the average of albumin, creatinine and urea in male 

pigs. It was shown that administration of azathioprine caused a significant (P<0.05) increase in albumin, 

creatinine and urea levels as compared with the control group.  

Treated group Albumin mg/dl Creatinine 

mg/dl 

Urea mg/dl  

Control   N.S 

AZA50mg/kg 

B.W orally  

2.23±0.11    B 

3.79±1.33    A 

1.29 ±1.03   B 

2.46±0.04    A 

22.57±0.78 B  

37.04±1.04    

A 

 

The difference in the capital letters means statistical difference P value less than 0.05  compared with the control 

group. 

 

 

 

 

 

 

 



                    

                          Figure [1] Leg bone marrow of a male guinea pig treated with normal saline showed  

hematopoiesis 

                           (               ) and  adipose tissue (            ) within normal limits H&E X400 

                                                                                           

                     

                     

Figure [2] Leg bone marrow of a male guinea pig treated with azathioprine (50mg/kg) for 4 weeks                       

orally in this  section  showed  that the administered  azathioprine  caused   decreased   hematopoiesis and 

congestion  (  →)  and presence adipose tissue ( →)  H&E X400. 

                           

 



 

                                                                                                                                               

                          

 

Figure [3] Liver of a male guinea pig treated with normal saline showed central vein (→)   and hepatocytes  

(→) in normal limits H&E X400 

                                                                                                                                                                  

              



 

Figure [4] Liver of a male guinea pig treated with azathioprine (50mg/kg) for 4 weeks orally,  the section 

explained   the  administered  azathioprine induced vacuolation of  hepatocytes ( →)  and septal fibrosis  

(→) H&E X400. 

 

 



Figure [5] Kidney of a male guinea pig treated with normal saline, showed tubules of cortical areas                                  

(→)  and glomerulus  (→) within normal limits H&E X400 

 

 

Figure [6]  Kidney of male guinea pig treated with azathioprine (50mg/kg) for 4 weeks                                    

orally,  in this  section  showed  vacuolation and dilatation of tubules of cortical areas after azathioprine 

administration  (→) H&E X400. 

     

                              

 

           

                                                                          

                       

 

 



 

Figure [7] Testes  of a male guinea pig treated with normal saline, in this section showed seminiferous                          

tubules filled with spermatozoa (→)  H&E X400. 

 

Figure [8]  Testes of a male guinea pig treated with azathioprine (50mg/kg) for 4 weeks orally, in this                           

section showed vacuolation and suppression spermatogenesis after azathioprine administration (→) H&E 

X400. 

 

                                                                 



 

Figure [9] Epididymis of a male guinea pig treated with normal saline, showed lumen filled with spermatozoa  

(→) H&E X400. 

   

 

Figure [10] Epididymis of a male guinea pig treated with azathioprine (50mg/kg) for 4 weeks orally, in this 

section showed the lumen empty from spermatozoa after azathioprine administration  (→)  H&E  X400. 

 



4. Discussion 

         Azathioprine is an immunomodulatory drug and is commonly used to that prevent rejection 

of transplanted organs and treatment of autoimmune system disorders [17]. 

         Our results showed a significant reduction in the average RBC, WBC count and haemoglobin 

concentration and PCV in guinea pigs treated with azathioprine compared with the control group. 

This indicates that the suppression of hematopoiesis may have contributed to anaemia [18]. Similar 

results with those obtained from previous researches[19,11] reported that the administration of 

azathioprine resulted in significant (P< 0.05) reduction in the average RBC count, TWBCs count, 

PCV  and Hb concentration. This is because azathioprine suppresses the bone marrow. It was found 

that the administration of azathioprine causes anaemia in rats which is characterized by a 

significantly lowered RBC and WBC values and decreased PCV and reticulocyte percentages [20].  

Furthermore, the lymphocyte percentage and phagocytic activity were significantly decreased, 

causing toxicity in the bone marrow [21, 22]. 

       The increasing of AST, ALT and ALP levels indicated liver dysfunction. The increase is due to 

the action of azathioprine toxicity on hepatocytes involves promoting the increase of reactive oxygen 

species (ROS) leading to mitochondrial injury, cell death and leakage of the enzymes from the liver 

cytosol into the blood [7,8]. This data agrees with the result of [2] who demonstrated that 

azathioprine administration induced hepatocytes damage is associated with changes in oxygen 

radical metabolism.  The AZA-treated rats had an increase in hepatic lipid peroxides and this 

explains the observation of leakage of cellular APL, AST and ALT into the bloodstream due to liver 

injury. At the same time, there was a significant increase (P< 0.05) in albumin, creatinine and urea 

levels in comparison with normal control pigs. This indicated that azathioprine administration 

causes kidney injury and this study was consistent with the expected results. It has previously been 

found that azathioprine-induced alterations in total the protein, urea and creatinine cause the 

elevation of urea and creatinine in the blood due to kidney dysfunction [23,24]. These waste products 

are passed into the bloodstream to be removed by the kidney.  

      The histopathological results found pronounced changes in the tissue (leg bone, liver, kidney 

and testes) which were seen after the administration of azathioprine in comparison with the control 

group. These changes were corrected with the haematological and biochemical alteration by using 

azathioprine. The results indicated that the free radical production and oxidative damage in organs 

and tissues were due to the toxicity of the drug [25]. These results are in agreement with other 

findings which showed that the reactive oxygen species is a potential source that could initiate 

oxidative stress and may be related to the production of some metabolites [26, 27]. This is because 

6-mercaptopurine is a toxin and the generation of the reactive oxygen species decreased the ATP 

levels. GSH depletion, mitochondrial injury and cell death may be formed during their metabolism 



in hepatocytes. On the other hand [28,29] reported that the adverse effect of drug-induced 

hepatocytes and renal injury may be due to ammonia as it is highly toxic which is attributed to amino 

acids that are transformed into urea in the liver via acyclic mechanism and inner medullary nephron 

which causes reabsorption of the urine into the collecting tubes.   From our results, the azathioprine 

administration caused oxidative damage to testicular tissues via lipid peroxidation and suppression 

of spermatogenesis. These findings are in agreement with [30, 31,1] who showed that the 

seminiferous tubules and disrupted epithelium cytoplasmic vacuolation,  decreased diameters of 

seminiferous tubules and spermatozoa could not be distinguished of the lumen of seminiferous 

tubules. Our results revealed that the azathioprine might be responsible for alterations observed in 

the bone marrow histological with a progressive decline in the RBC and WBC counts in circulation 

which reflects active bone marrow suppression due to Azathioprine- induced toxicity. This finding 

is inconsistent with [32, 33] who found that a decrease in cellularity of hematopoietic cells and a 

corresponding increase in adipocytes in the bone marrow.  The lymphocytes and lymphomas 

increase in the bone marrow and peripheral blood as occurs following exposure to cytostatic agents 

causing loss bone marrow cells.  

5. Conclusion  

According to the results obtained from this study, azathioprine has potential bone marrow toxicity 

as evidenced by anaemia, hepatotoxicity as evidenced by increased activities (AST, ALT and ALP), 

nephrotoxicity and suppression spermatogenesis at a dose (50mg/kg B.W) in male guinea pigs. 

Further study is required to assay the possible toxic effects of AZA on female guinea pigs, and how 

these toxic effects can be reduced.    
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