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Summary 
The present study was carried out to investigate the effects of Ochratoxin A (OTA) on the 

serum activity of AST, ALT and ALP, Glutathione (GSH) and liver, kidney and spleen 

histopathology .Twenty male rats divided equally into three treated groups dosed orally and 

daily with OTA doses (70, 140 and 210 µg/kg) for 20 day representing T1, T2 and T3 groups 

and the fourth group dosed daily with distilled water considered as control one. Biochemical 

result showed elevation in AST and ALT activity and decrease in ALP enzyme activity and GSH 

serum concentration of treated serum groups at 10 and 20 days of exposure to ochratoxin A these 

changes positively were proportional with increase OTA doses (dose dependent). Histopathological 

changes were noticed in liver, kidney and spleen of all treated groups including (necrosis, congestion, 

and infiltration of inflammatory cells and vacuolation of cytoplasm). The severities of these lesions are 

in dose dependent manner. 
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 الخلاصة
 لكبدالتاثير النسيجي المرضي ووالكلوتاثيون الكبد خمائر بعض ليبان تأثير سم الاوكرا أ علىاجريت هذه الدراسة        

 07بجرع  جرعت فمويا" ويوميا" بالاوكرا أ  قسمت بالتساوي الى ثلاث مجاميع معاملة المهقاء انجرذال ذكر من عشرون

جرعت  حيث وغرام /كغم على التوالي لمدة عشرون يوما" في حين اعتبرت المجموعة الرابعة سيطرةرميك 217و 147

الاسبارتيت امينو ترانسفريز و خميرة خميرة  فعاليةالكيموحيوية ارتفاع في اظهرت نتائج الدراسة بالماء المقطر يوميا". 

بسم الاوكرا  نات المعاملةالمجاميع الحيوخميرة الفوسفتيز القلوية والكلوتاثيون  فعاليةوانخفاض في  الالنين امينوترانسفريز

لطحال للكبد والكلى واأما التأثيرات النسيجية المرضية  .اي وهذه التغيرات تناسبت طرديا" مع زيادة الجرعة المستعملة

 تلمجاميع التجربة قد تضمنت ) تنخر واحتقان وارتشاح خلوي التهابي وتفجي في السايتوبلازم( وتناسبت هذه الافا

  . المستعملة طرديا"مع زيادة الجرعة

Introduction 
         Ochratoxin A (OTA) is a mycotoxin produced by several species of Aspergillus and 

Penicillium fungi that structurally consists of a para-chlorophenolic group containing a 

dihydroisocoumarin moiety that is amide-linked to L-phenylalanine (1) OTA is detected 

worldwide in various foods and feed sources.OTA was first discovered in 1965 as a fungal 

metabolite that was toxic to animals (2). It is a potent teratogen and hepatotoxin and has been 

classified as a possible carcinogen for humans (3, 4) because it forms DNA adducts (5). There 

is a correlation between chronic interstitial nephritis and high exposure to OTA (6), and an 

immunomodulatory effect of OTA on a human monocyte/macrophage cell line has been 

established (7). OTA may cause the human disease Balkan Endemic nephropathy, but this 

connection has not yet been proven (8).                 

       OTA act by inhibition of protein synthesis and inhibition of mitochondrial respiration 

and causing cellular oxidative change (9). The contribution of metabolites in OTA 

genotoxicity and carcinogenicity is still unclear.OTA is absorbed from the stomach, 

metabolised into the non-toxic metabolite ochratoxin α, extensive plasma protein binding with 

t1\2 840 h (35 day)  , excretion both biliary excretion and renal excretion play an  important 
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role in the plasma clearance of OTA can be  related to its molecular weight of 403.8 also the 

OTA have ability to placental and lactational transfer  (10) . Some Studies in rodents suggest 

that OTA crosses the blood brain barrier (11). In addition since humans and animals are likely 

to be simultaneously exposed to several ochratoxin A by different routes, so it consider one of 

the serious hazard to animal and human public health (12). The Aim of study was the effect of 

some serum biochemical marker and histological toxic in organs of male rats treated with 

different OTA doses. 

 

Material and methods 
    Subacute study was performed in which 20 male Albino rats weight 150-200 gm were 

divided equally into four groups one control dosed orally with distilled water while the other 

three groups dosed orally with OTA at 70,140 and 210 µg/kg/day for twenty days 

representing T1, T2 and T3 respectively .The rat groups were placed in a special housing 

room (13) belongs to the department of physiology and pharmacology /College of Veterinary 

Medicine. Blood was collected at 0, 10 and 20 days of experimental periods for biochemical 

tests. Animals were anesthetized by I.M. injection of ketamine at 90 mg/kg B.W and Xylazine 

at 40 mg/kg B.W. Blood samples were obtained via cardiac puncture technique from each 

anesthetized animals. Determination of Aspartate and Alanine aminotransferase activities by 

Colorimetric method for determination of AST and ALT according to (14). Determination of 

alkaline phosphatase activity by Colorimetric determination alkaline phosphatase activity was 

achieved according to (15). Determination of Serum Reduced Glutathione Concentration 

(GSH). And Determination of serum glutathione (GSH) according to the method by (16). 

         At the end of experiment all animals groups were scarified by injection of air in the 

heart .The livers, kidneys and spleen were dissected and examined grossly then were fixed by 

10 % neutral formalin buffer solution, till the preparation of histological sections. Tissues 

were embedded in Paraffin and several tissue sections were prepared that stained with 

Hematoxylin – Eosin stain for histological examination according to (17).  

     Statistical analysis was conducted according to SPSS version 13.00 two ways ANOVA 

was used to assess the significance of changes between experimental groups and periods. The 

data were expressed as Mean ± Standard Errors (SE) and a P-value≤0.05 was considered as 

statistically significant.LSD multiple range test was carried out to test the significance levels 

among means of treatments (18).  

                                              

Results 
I-Biochemical effect 

1-Aspartate aminotransferase (AST) 

The results of AST (I.U/ml) are listed in table (1) showed that there was no significant 

differences between T2 and T3 enzyme levels after 10 days of OTA treatment while they 

were significantly higher than T1 result . All treated groups showed significant increase 

(P<0.05) enzyme levels in comparison with control groups in dose dependent manner. 

Nearly same pattern was noticed after 20 days results in which both T1 and T2 showed no 

significant difference but they are significant less than T3 enzyme levels at (P<0.05). 

All treated groups showed significant increase (P<0.05) in comparison with control group 

in dose dependent manner. Between periods results showed significant increase in the enzyme 

levels of each treated group after 10 and 20 days of OTA administration (P≤0.05), in 

comparison with zero time  but not significant between them .Control group show no change 

in enzyme level during the course of experiment. 
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Table (1): AST (I.U/ml) in rats serum of different experimental groups dosed orally with ochratoxin A 

at different doses and periods.  

    Period 

 

Groups 

Zero day 

treatment 

After 10 days 

Treatment 

After 20 days 

treatment 

Control 70.20±1.800 

A            a 

71.60 ± 1.36 

A            a 

71.60 ± 2.03 

A             a 

T170µg/Kg 72.00 ± 2.44 

A            a 

77.60 ± 0.48 

B            b 

80.00 ± 1.00 

B             c 

T2140 

µg/Kg 

72.20 ± 2.11 

A            a 

81.40 ± 1.32 

C            b 

83.70 ± 1.22 

B            c 

T3210 

µg/Kg 

71.60 ± 1.28 

A            a 

84.70 ± 0.53 

C            b 

96.00± 0.89 

C            c 
 LSD group= 3.81                                      n=5 

Values represent mean ±S.E  

Different capital letters mean significant results at (P<0.05) results between different groups. 

Different small letters mean significant results at (P< 0.05) between periods. 

 

2- Alanine aminotranase (ALT) 

The results of ALT (I.U/ml) are listed in table (2) showed that there was significant 

increase (P<0.05) in the enzyme values between T1, T2 and T3 groups at doses 70,140 and 

210 µg/kg respectively after 10 and 20 days from orally administration of ochratoxin A in 

dose dependent manner and between each treated groups and control one. Between periods 

results showed significant increase in enzyme levels of each treated group after 10 and 20 

days of OTA exposure (P≤0.05), in comparison with zero time .Control group showed no 

change in enzyme level during the course of experiment. 

Table (2): ALT level (I.U/ml) in rats serum of different experimental groups dosed orally with 

ochratoxin A at different doses and periods.                       

       Period 

Groups 

Zero day 

treatment 

After 10 days 

treatment 

After 20 days 

treatment 

 

Control 

23.20 ± 1.24 

A            a 

23.50 ± 0.89 

A            a 

24.80 ± 0.84 

A             a 

T1 

70µg/Kg 

23.10 ±  1.69 

A             a 

29.90 ± 0.81 

B             b 

35.30 ± 1.05 

B           c 

T2 

140 µg/Kg 

23.50 ± 1.07 

A             a 

36.10 ± 1.32 

C             b 

41.80 ± 1.77 

C            c 

T3 

210 µg/Kg 

24.90 ± 1.36 

A            a 

40.90 ± 0.99 

D             b 

53.50 ± 2.01 

D            c 

LSD group= 1.77          LSD period= 1.53                  n=5 

Values represent mean ±S.E  

Different capital letters mean significant results at (P<0.05) results between different groups 

Different small letters mean significant results at (P< 0.05) between periods. 

 

3-Alkaline phosphatase   

        The results of ALP level (I.U/ml) are listed in table (3) showed that there was 

significant decrease (P<0.05) in the enzyme values between T1, T2 and T3 groups after 10 

and 20 days from orally administration of ochratoxin A in dose dependent manner also 

between each treated group and control one. Between periods significant decrease in enzyme 

levels of each treated group after 10 and 20 days of OTA exposure (P≤0.05), in comparison 

with zero time. Control group show no change in enzyme level during the course of 

experiment.  
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Table (3): ALP (I.U/L) in rats serum of different experimental groups dosed orally with 

ochratoxin A at different doses and periods.                                         

     Period 

Groups 

Zero day After 10 days 

treatment 

After 20 days 

treatment 

 

Control 

326.60 ± 2.35 

A              a 

328.40 ± 2.03 

A              a 

329.40 ± 2.82 

A              a 

T1 

70µg/Kg 

327.80 ± 2.70 

A              a 

284.60 ± 2.06 

B              b 

263.80 ± 2.35 

B               c 

T2 

140 µg/Kg 

329.00 ± 1.14 

A              a 

261.60 ± 2.22 

C              b 

226.60 ± 2.58 

C              c 

T3 

210 µg/Kg 

328.60 ±2.48 

A             a 

227.00 ± 2.58 

D              b 

188.40 ± 0.92 

D              c 
 LSD group=3.08         LSD period=2.67                   n=5 

 Values represent mean ±S.E  

 Different capital letters mean significant (P<0.05) results between different groups. 

 Different small letters mean significant results at (P< 0.05) between periods 

 

4-Glutathione (GSH) 

          The results of GSH value (µmoler /L) are listed in table (4) The results showed that 

there was significant decrease (P<0.05) in the GSH values between T1, T2 and T3 groups at 

doses 70,140 and 210 µg/kg respectively after 10 and 20 days from orally administration of 

ochratoxin A and in comparison with the control group. Between periods results showed 

significant decrease in serum glutathion levels of each treated group after 10 and 20 days of 

OTA exposure (P≤0.05), in comparison with zero time .Control group show no change in 

GSH level during the course of experiment.  

                                               
Table (4): GSH (µmol/L) in rats serum of different experimental groups dosed orally with ochratoxin 

A at different doses and periods. 

      Period 

 

Groups 

Zero day After 10 days 

treatment 

After 20 days 

treatment 

 

Control 

28.80 ± 1.06 

A            a 

30.20 ± 0.73 

A            a 

29.20  ± 1.15 

A             a 

T1 

70µg/Kg 

29.00 ± 2.40 

A            a 

26.40 ± 0.81 

B            b 

24.00 ± 0.54 

B            c 

T2 

140 µg/Kg 

28.60 ± 0.67 

A            a 

24.00 ± 1.04 

C            b 

17.80 ± 1.39 

C             c 

T3 

210 µg/Kg 

29.40 ± 0.50 

A            a 

20.00 ± 1.00 

D            b 

15.20 ± 0.48 

D            c 
 LSD group= 1.53          LSD period= 1.32                 n=5 

 Values represent mean ±S.E  

 Different capital letters mean significant results at (P<0.05) results between different groups. 

Different small letters mean significant results at (P< 0.05) between periods. 

 

II- Histopathological effects  

1-Liver: There is aggregation of macrophage around the congested central veins , 

inflammatory cells particularly neutrophils in their lumen with aggregation of mononuclear 

cell in portal area around bile duct and blood vessels. The sinusoid showed dilatation and 

inflammatory cells infiltration, mainly lymphocyte and macrophage in their lumen , there are 

other lesion seen such as necrosis of hepatocyte characteristic by pyknotic with disappearance  

of nucleus , the severity of these histopathological changes increase with increasing OTA 

doses,  figure(1).  

2-Kidney: The microscopic section showed congestion of blood vessels between renal 

tubules with inflammaty cells particularly neutrophil as well as RBCs in the lumen of the 
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renal tubules. Acute cellular degeneration of epithelial lining of renal tubules characterized by 

vacoulation of the cytoplasm, also inflammatory cells aggregation in the interstitial tissues 

forming small granulomatus lesion . there is increase in thickness of wall of bowman capsule 

due to proliferation of fibrous connective tissue and mononuclear cell infiltration, also 

hypoplasia of the epithelial lining cells of papillary duct and hyperatrophy of their muscle 

layer were seen , figure (2) . The severity of these lesions were positively proportional with 

OTA doses. 

3-Spleen : Microscopic section showed congestion of the red pulp and blood vessels with 

increase thickness of the muscular layer of congested blood vessels also atrophy of white pulp 

is seen figure (3).The severity of these histopathological changes increase with increasing 

OTA doses.  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (1):- Histopathological section of liver for rat after 20 days of treatment with OTA at dose 70µg/kg 

show dilatation of sinusoid with neutrophils in their lumen (                ) as well as necrosis of hepatocyte 

cells (                ). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2):- Histopathological section of kidney for rat after 20 days of treatment with OTA at dose 

70µg/kg , shows thickness of Bowman capsule(     ) with dilation of Bowman space 

 (          ) (H and E stain 40 X  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3):- Histopathological section of spleen for rat after 20 days of treatment with OTA at dose 

70µg/kg show congestion of red pulps and blood vessels (           ).  

 



Proceeding of the Eleventh Veterinary Scientific Conference, 2012; 182-189 

281 

The liver, has a variety of transaminases to synthesize and break down amino acids and to 

interconvert energy storage molecules. The concentrations of these enzymes in the serum (the 

non-cellular portion of blood) are normally low. However, if the liver is damaged, 

the hepatocyte cell membrane becomes more permeable and some of the enzymes leak out 

into the blood stream. The two transaminases commonly measured are alanine 

transaminase (ALT) and aspartate transaminase (AST). Elevated levels are quite sensitive for 

liver injury, meaning that they are likely to be present if there is injury. However, they may 

also be elevated in other conditions. ALT is not commonly found outside the liver; AST too is 

most commonly found in the liver, but also in significant amounts in cardiac (heart) 

and skeletal muscle. In fact, measurement of these used to be part of diagnosing heart attacks 

(19). The results of AST and ALT serum level in our study are in agreement with the result of 

(20) in which ochratoxin A causes increase AST and ALT value when exposed the rats to 

ochratoxin A (2.5 mg/kg body weight) for 8 weeks by gastric intubation.  

The elevated AST and ALT levels may indicate inflammation or damage to cells in the 

liver. Inflamed or injured liver cells leak higher than normal amounts of certain chemicals, 

including liver enzymes, into the bloodstream, which can result in elevated liver enzymes on 

blood tests. (21).This toxic effect was confirmed by the histopathological changes noticed in 

livers of OTA dosed rat groups in dose dependent manner. 

Alkaline Phosphatases are a group of enzymes found primarily the liver (isoenzyme ALP-

1) and bone (isoenzyme ALP-2). There are also small amounts produced by cells lining the 

intestines (isoenzyme ALP-3), the placenta, and the kidney (in the proximal convoluted 

tubules). What is measured in the blood is the total amount of alkaline phosphatases released 

from these tissues into the blood. (22). 

ALP results was in agreement with the result (23) in which OTA given in food for pig at 

doses (0.5 and 2.5 mg/kg) for 21 days which led to lowest activity of ALP level because of 

the low concentration of Phosphate in their plasma, and also (24) reported that given rabbit 

ochratoxin at A 1 ppm for 60 days led to decrease ALP in their serum levels value.                                             

The decrease in the serum level of ALP may resulted from the decline in  phosphorus 

levels (hypophosphatemia) that resulted from increased renal ions excretion due to kidney 

damage or due to decrease in phosphate absorption caused by from OTA toxic effect as 

reported by our histopathology changes noticed in OTA dosed rat kidney in dose dependent 

manner (25). 

Glutathione levels in serum and tissues is one of important biochemical marker for tissue 

oxidative damage , so any reduction in its normal levels indicate debilitation of glutathione 

concentration due to its antioxidative effect.Glutathione biosynthesis is not an essential 

nutrient (meaning it does not have to be obtained via food), since it can be synthesized in the 

body from the amino acids L-cysteine, L-glutamic acid, and glycine. The sulfhydryl (thiol) 

group (SH) of cysteine serves as a proton donor and is responsible for the biological activity 

of glutathione. (26,27). 

The decrease in GSH serum levels reported in our study may caused by the proposed 

mechanism of ochratoxin A (OTA) toxicity that has been found to involve the production of 

free radicals and consequent oxidative stress.   

The mechanism of OTA toxicity is not fully understood, but the proposed mechanism 

includes inhibition of mitochondrial respiration correlated with a depletion of ATP, inhibition 

of protein synthesis, and enhanced lipid peroxidation. Furthermore, it is not clear whether 

OTA carcinogenicity is the result of its direct genotoxic effect or of indirect mechanisms such 

as induction of cytotoxicity and oxidative damage.   

Oxidative damage is caused by free radicals, more specifically reactive oxygen species 

(ROS) that are continuously produced in normal physiological processes (28). Oxidative 

stress is defined as the imbalance between ROS production and natural antioxidants in 

biological systems like glutathione , which leads to the damage of macromolecules such as 

lipids, proteins, carbohydrates, RNA, and DNA.(29 ).      
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Angela (30) reported that OTA-induced pathology was present at all dose levels 

administered (0.25, 0.5, 1, and 2 mg/kg of body wt) to male F344 rats, with a clear increase in 

severity related to dose. Pathology was restricted to the outer stripe of the outer medulla and 

consisted of disorganization of the tubule arrangement, frequent apoptotic cells, and 

abnormally enlarged nuclei scattered through the S3 tubules. Consistent with the 

histopathology, a dose-dependent increase in the expression of proliferating cell nuclear 

antigen (PCNA), indicative of cell proliferation, was observed in kidneys, but not in livers of 

treated animals. 

         Significant histopathologic changes were found in the kidney and liver tissue of rats 

treated with 289 µg/kg OTA. There were granular or vacuolated degeneration and necrosis of 

the liver cells, sinusoidal and central vein dilatation, bile duct proliferation, enlargement of 

periportal areas with mononuclear cell inflammatory infiltration and mild degree fibrous 

tissue proliferation, tubular epithelial cells degeneration, necrosis, proliferation and 

karyomegaly in the epithelial cells nuclei and peritubular and periglomerular lymphocyte 

infiltration, stromal fibrous tissue proliferation, hyperemic vessels(31).  

 Ochratoxin A was given by gavage to male rats. Moribund and dead animals were 

necropsied, and the surviving rats, including the controls, were killed 48 hours after dosing. 

Many of the principal rats were moribund, or began dying, within 12 to 24 hours after dosing. 

Lesions suggestive of disseminated intravascular coagulation were seen by light microscopy 

as early as 12 hours after dosing; fibrin deposits were in the spleen, brain choroid plexus, 

glomerular capillaries, liver, and heart. Renal tubular nephrosis, hepatic and lymphoid 

necrosis, and necrotic enteritis with villous atrophy were also seen. 
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