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 Ochratoxin A (OTA) is a mycotoxin found in Aspergillus or Penicillium 

species as a secondary metabolite. In mice, ochratoxin A was employed to 

produce hepatotoxicity and nephrotoxicity. As a result, the purpose of this 

study was to look at the harmful effects of Ochratoxin A in mice by looking 

at blood changes as well as changes in liver and kidney enzymes (alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), serum 

creatinine, and blood urea). The results demonstrated a significant decrease 

in hemoglobin concentration, PCV percent, and total RBCs, resulting in 

normocytic normochromic anemia. Due to changes in the hepatic tissue, 

there was a significant increase in the WBC count and a significant increase 

in the activities of (ALT) and (AST) in mice treated with OTA alone or 

with cabbage seed extract, whereas no significant differences were 

observed in the group treated with cabbage seed extract alone. The liver 

histological lesion is distinguished by congestion of the central vein, 

degenerative abnormalities, and a small infiltration of inflammatory cells. 

The deteriorating appearance in mice treated with OTA is less severe than 

in animals treated with cabbage seed extract alone. The cortex of the 

medulla of the kidney from control mice exhibited no aberrant alterations, 

and the cortex segment showed normal glomeruli with normal urinary 

tubules. Kidney sections from mice treated with OTA in conjunction with 

cabbage seed extract exhibit minor alterations, including degenerative 

changes and clod edema. When compared to the creatinine level in cabbage 

seed extract, the OTA group showed a significant increase, while the OTA 

toxin showed a significant drop. These results clearly demonstrate that 

OTA has a stressful effect on the hepatic and renal tissues. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Mycotoxins generated mostly by Aspergillus ochraceus, Aspergillus carbonarius, and Penicillium 

verrucosum are known as ochratoxins (OTs) [1]. Based on the differences in the functional groups that it 

belongs to. There are three types of occupational therapists (A, B, and C) [2]. Which have slightly different 

chemical structures and, as a result, varied harmful consequences [3]. The most poisonous member of the 

ochratoxin family is ochratoxin A (OTA) [2]. Ochratoxin A (OTA) can be found in a variety of cereals and 

their derivatives, as well as coffee, chocolate, grapes, soy, spices, legumes, nuts, licorice, wine, and beer [4], 
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[5]. 

 

Ochratoxin A OTA works by inhibiting protein synthesis and mitochondrial respiration, resulting in cellular 

oxidative stress [6]. DNA damage, oxidative stress, transcription factor regulation, epigenetic processes and 

signaling pathways alterations, cell skeletal structure disturbance, apoptosis escape, and cell cycle [7]. Human 

exposure to OTA has been linked to the development of nephropathies as well as cancer of the upper urinary 

tract [8]. More harm was discovered to be caused by OTA in subsequent research, including nephrotoxicity, 

hepatotoxicity, teratogenicity, immunotoxicity, neurotoxicity, and genotoxicity [9], [10]. 

 

In broilers, OTA poisoning produces weakness, anemia, reduced feed consumption, lower productivity, poor 

feathering, increased mortality at high dietary concentrations, and hypocarotenidemia [11]. Carrier-mediated 

clearance of the poison from the circulation reduces the animal's burden, but increases the burden on the 

organs of elimination, such as the kidneys and liver. As a result, particular toxic consequences in certain 

organs, such as chronic nephropathy, can be recognized [12]. Many antioxidants, including glucosinolates, 

polyphenols, carotenoids, and vitamins, can be found in cabbage. They all work together to protect the human 

body from free radicals and lower the risk of a variety of chronic diseases [13]. 

 

Antioxidant chemicals have a strong inhibitory effect on numerous cell cancer types, according to 

epidemiological and in vitro research [14]. All of these phytochemicals have additive and synergistic actions 

that may contribute to the anticancer, antioxidant, antiinflammatory, and cardioprotective properties recently 

linked to cruciferous vegetable diet [15]. The question addressed in this research is: what is their effects of 

cabbage seed extract on toxicity risk of OTA assessments in Vivo? Therefore, this research was conducted to 

detoxification of Ochratoxin A toxicity by cabbage seed extract in mice. 

 

2. Material and Methods 

 

2.1 Study sitting 

Research was conducted in coordination the laboratory of the College of Veterinary Medicine / University of 

Baghdad.  

 

2.2 Cabbage Seed Extraction 

Cabbage seed (Brassica Oleracea) was acquired from local markets, washed and processed with an electric 

blender, and extracted by ethanolic extraction, which involved soaking 50g of ground cabbage seed in 500ml 

of 70% ethanol in conical flasks sealed with foil and stirred for 7 days. They were then filtered to get crude 

extracts. The extract was then placed in open Petri dishes and dried in a 40°C incubator. When not in use, all 

extracts were kept at -18°C. According to them, [16].   

 

2.3 Laboratory Animals 

Fifty mice were used and maintained at the animal house laboratory in College of Veterinary Medicine / 

University of Baghdad. were divided equally into five groups Group1 dosed orally with distilled water 

Group2: orally treated with crude toxin (OTA) (50 mg/kg B.W). Group3: orally treated with cabbage seed 

extract alone as control (5mg/kg BW) Group4: orally treated with crude toxin (OTA) plus cabbage seed 

extract alone as control(5mg/kg BW) Group5: orally treated with crude toxin (OTA) plus cabbage seed 

extract(2.5mg/kg.BW). The toxin and extracts giving orally for (3) months repeated every 48h. 

 

2.4 Blood Collection 

At the conclusion of the experiment, blood samples were obtained from all groups, and mice were 
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anesthetized with ether. Using a 1ml syringe and a 22 gauge needle, about 0.5-1 ml of blood was obtained 

straight from the heart by cardiac puncture. Blood was collected in sterile plastic test tubes with anticoagulant 

for demonstration of blood picture, while the other set of test tubes without anticoagulant were left vertically 

at room temperature, then sera were collected in sterile test tubes and centrifuged for 15 minutes at 300rpm 

to obtain as large an amount of serum as possible, then kept in deep freeze -18C for biochemical examination, 

which included the aspartate amino-transferase (AST) and alanine amino-transferase [17]. 

 

2.5 Histopathological Study 

Mice tissue samples (liver, kidney) were taken, and the specimens from each animal in each group were 

sedated with chloroform and subsequently scarified. The tissues were fixed in 10% formalin solution and 

processed regularly utilizing the histokinete after the specimens were obtained from (liver, kidney). Tissue 

sections were embedded in paraffin blocks, sectioned by microtome, stained with hematoxylin and eosin, and 

viewed under a light microscope at the highest magnification achievable [18]. 

 

2.6 Serum analysis 

The hematological and the biochemical parameters for liver and kidney function: (Alanine aminotransferases, 

serum urea, and serum creatinine) were determined with the blood auto analyzer.  

 

2.7 Statistical analysis 

The data were analyzed using one way ANOVA. Differences were considered significant at (P ≤ 0.05). SPSS 

(version 22) was used for statistical assessments. 

 

3. Results 

Hematology and blood biochemical parameters 

 

3.1 Effects on blood picture 

In the current study the results indicated that OTA alone caused a significant (p≤ 0.05) decrease in Hb, packed 

cell volume (PCV %) and RBCs Table (1), whereas, no significant (p≤ 0.05) differences were noticed in mice 

treated with cabbage seed extract alone or plus OTA when compared with control. 

 

Table (1) Effect of cabbage seed extract on Hb, PCV and RBCs in mice given orally OTA for 3 months 

(mean ± SE). 

Group 

Parameter Control OTA alone Cabbage seed 

extract alone 

5 mg/kg 

OTA+Cabbage 

seed extract  

2.5 mg/kg 

OTA+Cabbage 

seed extract 

5 mg/kg 

Hb gm/dl 11.51± 0.11 a 8.12 ± 1.32 b 11.87 ± 1.03 a 10.99 ± 0.70 a 11.09 ± 0.51 a 

PCV % 37.35± 0.29 a 12.05 ±1.09 b 37.15 ± 0.75 a 36.46 ± 0.40 a 36.97 ± 0.22 a 

RBC 

106/mm3 

7.53 ± 0.22 a 5.74 ± 1.08 b 7.83 ± 0.97 a 6.99 ± 0.56 a 7.01 ± 0.69 a 

Different letter within the same raw are significantly different (p≤ 0.05). 

 

Total WBCs, neutrophil and eosinophil counts were found to be increased significantly (p≤ 0.05), 

lymphocytes and basophils were decreased significantly (p≤ 0.05) and monocytes were not affected 

significantly (p≤ 0.05) only in the group treated with OTA alone Table (2), whereas group treated with 

cabbage seed extract alone or plus OTA were comparable with the controls regarding the WBCs. 

 

Table (2) Effect of cabbage seed extract on WBCs and differential count of leucocytes in mice given orally 
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OTA for 3 months (mean ± SE). 

Group 

Parameter Control OTA alone Cabbage seed 

extract alone 

 5 mg/kg 

OTA+Cabbage 

seed extract 

2.5 mg/kg 

OTA+Cabbage 

seed extract 

 5 mg/kg 

WBCs 109/L 7.10 ± 0.10 a 11.15 ± 0.32 b 7.11 ± 0.09 a 7.16 ± 0.29a 7.12 ± 0.31 a 

Lymphocyte% 51.50 ± 0.11 a 41.95± 0.20b 51.16 ± 0.19 a 50.60 ± 0.18 a 51.18 ± 0.09 a 

Neutrophil % 33.04 ± 0.20 a 42.97± 0.19b 33.31 ± 0.18 a 32.56 ± 0.19 a 33.14 ± 0.16 a 

Monocytes % 8.79 ± 0.13 a 8.53 ± 0.17 b  8.69 ± 0.12 a 8.77 ± 0.39 a 8.88 ± 0.23 a 

Eosinophil % 3.82 ± 0.08 a 3.87 ± 0.10 b 3.49 ± 0.08 a 3.24 ± 0.01 a 3.44 ± 0.07 a 

Basophils % 3.67 ± 0.04 a 2.22 ± 0.07 b 3.49 ± 0.10 a 3.74 ± 0.12 a 3.81 ± 0.09 a 

Different letter within the same raw are significantly different (p≤ 0.05). 

 

3.2 Serum levels of alanine aminotransferase activity (ALT) and   Serum levels of Aspartate 

Aminotransferase (AST) 

The serum biochemical analysis presented in Table (3) indicated that OTA treatment resulted in a significant 

increase (P ≤ 0.05) of ALT and AST activity, whereas no significant differences (P ≤ 0.05) were noticed in 

mice treated with cabbage seed extract alone or plus OTA comparable with the controls regarding the ALT 

and AST parameters tested. 

 

Table (3) Effect of cabbage seed extract on ALT and AST in mice given orally OTA (50mg/kg body 

weight) for 3 months (means± SE). 

Group 

 

Parameter 

IU/L 

 

Control 

 

OTA alone 

Cabbage 

seed extract 

alone 

 5 mg/kg 

OTA 

+Cabbage 

seed extract 

2.5 mg/kg 

OTA+ Cabbage 

seed extract 

 5 mg/kg 

 

ALT 

 

31 ± 0.67
a 

 

85 ± 1.09 
b 

 

30 ± 0.43
 a 

 

42 ±0.54
c 

 

41 ±0.98
c 

 

AST 

 
72 ± 0.45

 a 

 
201 ± 2.87 

b 

 
72 ± 0.87

 a 

 
90 ± 1.42

c 

 
89 ± 1.23

c 

Different letter within the same raw are significantly different (p≤ 0.05).  

 

3.3 Serum Creatinine level and Blood Urea level 

The serum biochemical analysis presented in Table (4) indicated that OTA treatment resulted in a significant 

increase (P ≤ 0.05) of Serum Creatinine level and Blood Urea level whereas no significant differences (P ≤ 

0.05) were noticed in mice treated with cabbage seed extract alone or plus OTA comparable with the controls 

regarding the Serum Creatinine and Blood Urea parameters tested. 

 

Table (4) Effect of cabbage seed extract on Serum Creatinine level and Blood Urea level in mice given 

orally OTA for 3 months (means± SE). 

Groups 

 

Parameter 

mg/dl 

 

Control 

 

OTA alone 

Cabbage 

seed extract 

alone 

OTA 

+Cabbage 

seed extract 

OTA+ 

Cabbage 

seed extract 
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 5 mg/kg    2.5 mg/kg     5 mg/kg 

 

S. Creatinine 

 

0.41 ± 0.52
a 

 

0.70 ± 1.12 
b 

 

0.47 ± 0.22
 a 

 

0.57 ±0.50
c 

 

0.51 ±0.13
c 

 

B. Urea 

 

39.85 ± 0.32
 

a 

 

53.13 ± 2.56 
b 

 

39.57 ± 0.34
 a 

 

39.27 ± 1.54
c 

 

38.83 ± 1.34
 c 

Different letter within the same raw are significantly different (p≤ 0.05).  

 

3.4 Histopathological Result 

3.4.1 Liver 

Liver section of control (untreated) mice (Figure 1) showed normal tissue that edge loop of liver consist of 

central vein surrounded by cords vein of hepatocyte separated with sinusoids. While the mice treated with 

OTA alone (Figure 2) characterize by the severity that many area of hepatocyte necrotize and infiltrated with 

inflammatory cell in addition for congestion of central vein with vacuolation of hepatocyte. Liver section 

from mice treated with OTA in combination with cabbage seed extract (Figure 3), (Figure 4) showing improve 

apparent in liver specially in group treated with 5mg that histopathological lesion of liver characterize 

congestion of central vein with degenerative changes and slight infiltration of inflammatory cell the 

degenerative appear  less  severity in group treated with 5mg from than 2.5mg While the liver section (Figure 

5) of mice treated with cabbage seed extract alone showed normal tissue normal central vein surrounded by 

cord of  hepatocyte separated with sinusoids. 

 

 
Figure (1) Histopathological section of liver for untreated mouse (control) showing central vein (    ) 

surrounded with hepatic cord (     ) (H&E  X 100). 
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Figure (2) Histopathological section of liver for treated mouse OTA alone showing congestion of central 

vein (       )  and infiltrated with inflammatory cells (      ) (H&E X 100). 

 

 
 

 
Figure (5) Histopathological section of liver for treated mouse cabbage seed extract showing normal central 

vein (    ) surrounded by cord of hypatocyte seperated with sinusoids (   ) (H&E X 100). 

 

3.4.2 Kidney 

Kidney section from control mice (Figure 6) showed no abnormal changes that kidney consist of cortex of 

medulla and the section of cortex showing normal glomeruli with normal urinary tubules sever. While kidney 

section from mice treated with OTA alone (Figure 7) showing change in architecture that characterize by 

presences of necrotizing areas infilterated by inflammatory cells (mononuclear cells) and vacuolation of 

glomerular tuft in addition of cystic dilatation in some urinary tubules in addition for presences of hyaline 

casts in number of urinary tubules. While kidney section from mice treated with OTA in combination with 
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cabbage seed extract (Figure 8), (Figure 9) showing slight changes which characterize by presences 

degenerative changes clod swelling infilterated of inflammatory cells (mononuclear cells) the severity of 

changes appear slight at 5mg than 2.5mg. While kidney section from mice treated with cabbage seed extract 

alone show no abnormal changes (Figure 10). 

 

 
Figure (6) Histopathological section of kidney for untreated mouse (control) showing normal glomeruli 

with normal urinary tubules (H&E X100). 
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Figure (10) Histopathological section of kidney for treated mouse cabbage seed extract alone showing 

normal tubules (H&E X 100). 

 

4. Discussion 

The current study found a reduction in hemoglobin concentration, PCV percent, and total RBCs, leading to 

normocytic normochromic anemia. Changes in hematpoietic parameters might be attributable to a variety of 

reasons, including protein synthesis suppression, as seen by reduced blood albumin and serum total proteins 

[19], [20]. Previous research has found that mycotoxins reduce overall iron binding capacity [21] and interfere 

with the metabolism of minerals such as Cu and Zn [22]. 

 

The WBC count increased significantly, with neutrophils accounting for the majority of the rise. These 

increases in WBCs and neutrophil percentages show that the toxin is provoking an inflammatory response 

and, as a result, altering bone marrow and immune system function [23]. Furthermore, they revealed that the 

increase in serum ALT and AST activity was a reflection of hepatic functioning. OTA has the potential to 

raise serum ALT activity [24]. When hepatocytes were exposed to OTA, their ALT and AST activity 

increased when compared to control cells subjected to varying doses of OTA. However, ALT and AST 
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activities were these results suggest that OTA causes hepatocellular damage [25]. 

 

The edge loop of the liver is made up of a central vein surrounded by cord veins of hepatocytes separated by 

sinusoids in the liver segment of control (untreated) mice (Fig 1). While the mice treated with OTA alone 

(Fig 2) had several necrotized regions infiltrated with inflammatory cells, as well as congestion of the central 

vein with vacuolation of hepatocytes, these results were consistent with [26]. In addition, granular or fatty 

deterioration was observed in these populations. Some of the hepatocytes had hyaline drops, and the liver 

parenchyma had tiny necrosis. [27] discovered that hepatotoxic liver injury may be caused by enhanced 

hepatocyte apoptosis, a kind of programmed cell death. 

 

While [28] observed coagulating necrosis, increased sinusoidal spaces, severe degeneration, and lymphocyte 

infiltration in the liver, liver sections from mice treated with OTA in combination with cabbage seed extract 

(Fig 3) showed improved liver appearance, especially in the 5 mg group. The degenerative alterations were 

less severe in the 5 mg group than in the 2.5 mg group. While the liver sections (Fig 5) of mice treated with 

cabbage seed extract alone revealed normal tissue, the central vein was encircled by a cord of hepatocytes 

divided by sinusoids. 

 

This dropThe elevated creatinine level is caused by OTA damage to the kidney's proximal tubules [29]. This 

is due to the influence of OTA metabolites on decreasing glomerular filtration and catabolic protein rates, 

which can reduce the kidney's capacity to eliminate urea and pee [30]. Creatinine and urea levels are indicative 

of nephrotoxicity [31], [32]. 

 

The kidney slices from control mice (Fig 6) revealed no aberrant alterations. The kidney is made up of the 

medulla cortex and a part of the cortex with normal glomeruli and urine tubules. While kidney sections from 

mice treated with OTA alone (Fig 7) exhibit alterations in architecture defined by the presence of necrotizing 

regions invaded by inflammatory cells (mononuclear cells) and vacuolation of glomerular tufts with the 

addition of cystic dilatation in certain urinary tubules, These findings agree with those of [33], who identified 

hyperchromatic nuclei and cytoplasm, as well as nuclear atrophy, necrosis, and exfoliation in kidney proximal 

tubule epithelial cells. 

 

While [26] found significant granular, vacuolar, and hyaline degeneration in the proximal tubules, [34], [35] 

found glomerular swelling, glomerular capsule filling, inflammatory cell infiltration, and hemorrhages in the 

kidneys in the OTA group. The OTA-treated kidneys had a diffuse worldwide loss of Bowman's space as 

well as segmental or global glomerular necrosis. In Bowman's space and the tubule lumen, there was a lot of 

proteinaceous debris, a lot of erythrocytes, and a lot of necrotic epithelial cells. Atrophic, degenerative, or 

necrotic tubular epithelial cells were common [4]. There was vascular congestion, disruption of glomerulus 

epithelium, dilated Bowman's capsule, and necrosis of renal tubule epithelial cells in OTA-fed rats' kidney 

tissues. 

 

While kidney sections from mice treated with OTA in combination with cabbage seed extract reveal minor 

alterations such as degenerative changes, clod edema, and infiltrating inflammatory cells (mononuclear cells), 

the degree of these changes appears to be minor at 5 mg rather than 2.5 mg. [4] definitely observed that rats 

treated with plants had significantly less glomerular and tubular damage than the OTA group. While kidney 

portions from mice that had only been exposed to cabbage seed extract showed no abnormal changes (Fig 10) 

Cabbage has a protective effect against FBA toxicity, which might be attributed to the active components 

[36]. 
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