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Abstract 

 Mycotoxins represent a continuous major problem that face food industry around the 

world due to their health impacts on humans and animals. Research studies that target citrinin 

mycotoxin are at a limit range. The current study was carried out to explore the ameliorative 

effects of camel milk (CMk) on the rats exposed to citrinin (CTN) at the levels of liver function, 

cytokine response, hepatic tissue lipid profile, hepatic tissue antioxidant activity, and gene 

expression of some repair related genes in tissue. According to these, an experiment that lasted 

for 20 days included the recruitment of 24 male rats into four groups (control group: received no 

treatment, CMk group: received 1.25 ml/kg B Wt of CMk orally, CTN group: received CTN at 

10 mg/kg diet, and CTN+CMk: received both CTN and CMk at the same doses). After the end of 

the experiment, blood samples were collected from all animals before scarification. Blood 

samples were utilized for AST, ALT, ALP, LDH, GGT, and Ck liver function enzymes and in 

IL-6 and IL-1b responses. Liver tissues were employed for the detection of GSH and SOD 

activities and in APE1 and OGG1 gene expression. The findings of the liver function 

demonstrated significant (p<0.05) improvements in the enzyme and cytokines levels in the 

CTN+CMk group comparing with both control and CTN groups. Moreover, antioxidant and gene 

activities recorded significant (p<0.05) alterations in the CTN+CMk group. The present study 

results display important data about the improving effects of camel milk on the citrinin-

intoxicated rats. 
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Introduction 

Mycotoxins are substances produced 

by molds that infect crops and grains either 

before they are harvested or, after storage. 

The growth of fungi and the development of 

compounds in stored crops depend on some 

factors like moisture levels, temperatures 

and water activity. CTN is a mycotoxin 

primarily forms during storage and derives 

from polyketides (1-6). In the 1930s 

Hetherington and Raistrick successfully 

isolated CTN, from Penicillium citrinum 

cultivation. It has been noted that three types 

of fungi Penicillium, Aspergillus and 

Monascus, have the ability to produce CTN. 

Over the years CTN has also been found in 

food dyes that commonly made in Asia 

using Monascus purpureus rice known as 

"red mold rice". These colorings are 

typically used to preserve meat and add 

color to food products (7,8). 

Mycotoxins have the potential ability 

to contaminate food products causing health 

risks. However, the use of food processing 

techniques, like hazard analysis of control 

points (HACCP) and good manufacturing 

practices (GMP) has greatly enhanced the 

safety and nutritional value of final food 
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items. Various methods can be utilized to 

reduce or eliminate these toxins from food 

ensuring consumer safety and health 

protection (9-11). Despite its noted 

antibacterial, anticancer and neuroprotective 

properties CTN is not commonly used in 

pharmaceuticals due to its effects on the 

kidneys and genes. Laboratory studies have 

shown that CTN can negatively impact 

reproduction causing birth defects and harm 

developing embryos in both controlled 

experiments and living animals. 

Nonetheless, the International Agency for 

Research on Cancer (IARC) classifies CTN 

as a Group III carcinogen based on evidence 

from animal trials and insufficient data from 

research, on its potential carcinogenic 

activity (12-14). 

Studies have shown that CTN can 

have impacts, on both kidneys and on the 

liver of human.  There is often a connection 

between CTN and ochratoxin with research 

indicating that when they are present 

together their combined effect increases 

potential toxicity leading to kidney disease 

in humans (15). Aside from the kidneys 

CTN also affects the liver, mitochondrial 

respiratory chain, and bone marrow. To 

assess the risk of CTN as a food contaminant 

expert estimated concentrations in grains and 

grain-based products that could lead to 

kidney damage. Furthermore, CTN is fast 

absorbed into the body particularly targeting 

the liver and kidneys. A recent study, on 

how CTN moves through the body in 

humans revealed that 40% of it was excreted 

in urine (16, 17). 

Studies have shown that camel milk 

has been found to have properties that can 

help against diabetes and fight bacteria 

along, with the potential to combat hepatitis. 

It contains beneficial components, including 

the lactoperoxidase/thiocyanate/hydrogen 

peroxide system, lactoferrins, lysozyme, 

immunoglobulins and free fatty acids (18). 

Mycotoxins represent a continuous 

major problem that faces food industry 

around the world due to its health impacts on 

humans and animals. Research studies that 

target citrinin mycotoxin are at a limit range. 

The current study was carried out to explore 

the ameliorative effects of CMk on the rats 

exposed to CTN at the levels of liver 

function, cytokine response, hepatic tissue 

lipid profile, hepatic tissue antioxidant 

activity, and gene expression of some repair 

related genes in the hepatic tissue. 

 

Materials and methods 

Ethical approval 

 The present study was conducted 

according to the standards for animal care 

and use and was approved by the Ethical 

Committee at University of Wasit (No. 37 in 

10-01-2024), Al-Kut City, Iraq. 

 

Experimental design 

Animal experiment was for 20 days, 

24 male rats were reared and divided into 

four groups (control group: received no 

treatment, CMk group: received 1.25 ml/kg 

B W of CMk orally, CTN group: received 

CTN at 10 mg/kg of diet, and CTN+CMk: 

received both CTN and CMk at the same 

doses). After the end of the experiment, 

blood samples were collected from all 

animals before scarification. Blood samples 

were utilized to measure AST, ALT, ALP, 

LDH, GGT, and Ck liver function enzymes 

and IL-6 and IL-1b responses. Liver tissues 

were employed for detection of GSH and 

SOD activities level of APE1 and OGG1 

genes expression. We utilized polypropylene 

cages sized at 70 × 50 × 30 cm. The 

temperature was carefully regulated within a 

range of 19–22 °C with a humidity set at 

60% and a dark cycle of 12 hours. 

Throughout the experiment all rats had 

access, to water and standard rat diet without 

any restrictions. Before the actual 
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experiments, the rats underwent a two-week 

acclimatization period to familiarize 

themselves with the laboratory environment. 

The researcher grew Penicillium citrinum, a 

fungus identified in a study that hasn't been 

published yet on groundnut to produce 

citrinin. The researcher has measured toxin 

amount using thin layer chromatography 

(TLC) and spectrophotometry techniques. 

 

Blood and tissue tests 

On the day 20th, blood samples were 

taken from the rat retro venous plexus while 

they were anesthetized with isoflurane 

inhalation. Subsequently all the rats were 

humanely euthanized to obtain their liver 

tissues for examination. The collected blood 

was centrifuged at 3000×g for 15 minutes. 

The resulting serum was stored at -20°C, for 

analyzing enzyme levels, as well as pro 

inflammatory cytokines like IL-6 and IL-1β. 

Additionally, to study tissue biomarkers in 

details, liver tissues were carefully washed 

with saline solution to remove blood clots 

and red blood cells. Following this, the 

tissues underwent homogenization in a 

chilled buffer solution at a ratio of 5–10 mL 

per gram of tissue before being centrifuged 

at 5000 rpm for 30 minutes. The resulting 

liquid was transferred in to tubes. Stored at -

80°C, for analysis using a 

spectrophotometer. Blood biochemistry 

methods were performed utilizing 

techniques from (19-24). The SOD and GSH 

were tested in the tissues utilizing methods 

by Beutler et al (25) and Nishikimi et al 

(26). For the lipid profile, liver tissues were 

exposed to a method by Folch et al (27) to 

extract the lipids, and the extracts were 

employed to measure cholesterol and 

triglycerides in accordance with a method by 

Rotimi et al (28). 

 

Gene expression profile 

Levels of base excision repair genes 

/apyrimidinic endodeoxyribonuclease 1 

(APE1) and 8 oxoguanine DNA glycosylase 

(OGG1) were assessed through qRT-PCR. 

Liver samples were subjected for RNA 

extraction. The RNA extraction process 

followed the manufacturers guidelines 

utilizing an RNA Purification Kit from 

Thermo Scientific (USA). To create cDNA 

from RNA, cDNA synthesis kit from 

Thermo Scientific, USA was utilized. 

Specific primers were used in the qRT PCR 

assay to amplify the APE1 and OGG1 genes. 

The β-actin functioning as a housekeeping 

gene serving as a reference gene for 

normalization. The collected data were 

analyzed using the 2−ΔΔCt method (29). 

These primers were APE1 F: 

GCTCAGAGAACAAACTCCCG and 

APE1 R: TTGTTTCCTTTGGGGTTACG, 

OGG1 F: CCTGGCTGGTCCAGAAGTAG 

and OGG1 R: 

TTTCCCAGTTCTTTGTTGGC, and β-actin 

F: CACCATGTACCCAGGCATTG and β-

actin R: ACAGTCCGCCTAGAAGCATT 

(30, 31). 

 

Statistical analysis 

 The obtained data were processed by 

using GraphPad Prim v9 (USA). The figures 

were generated using the same software. 

Mean±SEM was utilized for the data. Five 

percent was the limit for significant or non-

significant probabilities. 

 

Results 

Liver function enzymes  

The findings of the liver function 

demonstrated significant (p<0.05) 

improvements in the enzyme and cytokine 

levels in the CTN+CMk group when 

compared with both control and CTN groups 

(Figure 1).  
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Figure 1: Liver function enzymes in rats exposed to citrinin and treated with camel milk. 

 

 

Immune response 

               The immune response was recorded via the examination of IL-6 and IL-1b cytokines in 

the tested rats. The findings revealed significant increases in the levels of these indicators. 

However, these levels were restored significantly (p<0.05) when CMk was applied (Figure 2).  

 

 

 

 

 

 

 

 

http://www.qu.edu.iq/journalvm/index.php/vm


QJVMS (2024) Vol. 23 No. (1) 

 

Al-Qadisiyah Journal of Veterinary Medicine Sciences 
(P-ISSN 1818-5746/ E-ISSN 2313-4429) 

www.qu.edu.iq/journalvm 

14 
 

 

 

 

 

 

 

 

 

Figure 2: Immune response (IL-6 and IL-

1b) in rats exposed to citrinin and treated 

with camel milk. 

Antioxidants and lipid profile  

Moreover, antioxidants, including GSH and 

SOD, were measured in the liver tissues, 

which showed alterations in the levels of 

these indicators. However, these levels were 

restored significantly (p<0.05) when CMk 

was applied (Figure 3). 

Additionally, the lipid composition, 

in the liver samples, was assessed, focusing 

on cholesterol and triglyceride levels 

revealing an increase, in these markers. 

Nonetheless, these levels saw a restoration 

(p<0.05) following the application of camel 

milk (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Antioxidant (GSH and SOD) 

activity in liver tissues in rats exposed to 

citrinin and treated with camel milk. 
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Figure 4: Lipid composition of rat liver 

tissues, after exposure to citrinin and 

subsequent treatment, with camel milk. 

Genes expression levels 

Additionally, the levels of APE1 and 

OGG1 gene expression were assessed in 

liver tissues revealing an increase, in APE1 

and a decrease, in OGG1 expression. 

However, these levels were restored 

significantly (p<0.05) when camel milk was 

applied (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Repair gene expression of APE1 

and OGG1 levels in liver tissues in rats 

exposed to citrinin and treated with camel 

milk. 

 

Discussion 

Citrinin is a toxin produced by types 

of fungi has been extensively researched for 

its effects on liver enzymes and interleukin 

levels in rats. This study, carried out over a 

20-day period revealed an increase in liver 

enzyme levels like ALT and AST in rats 

exposed to citrinin. These findings align 

with studies by Abudayyak et al (32) who 

also noted elevated ALT and AST levels in 

rats treated with citrinin for 8 weeks. 

Additionally, Wu et al (33) observed liver 

cell damage and necrosis in rats exposed to 

citrinin further supporting the idea that this 

toxin is harmful to the liver. 

Our study also showed that rats 

exposed to citrinin had levels of IL-6 and IL-

1β in their blood serum indicating an 

immune response. These results are 

consistent with findings from Zargar and 

Wani (34) who found increased IL 6 and IL 

1β expression, in rats treated with citrinin. In 

a vein Chan (35) found that rats exposed to 

citrinin exhibited levels of proinflammatory 

cytokines in their bloodstream hinting at a 

potential link, between citrinin triggered 

inflammation and liver damage. 

In the present study, camel milk was found 

to lessen the effects of CTN, on blood 

chemistry. Research by Wang et al (36) 

supports these findings showing that camel 

milk shielded mouse livers from harm by 

reducing ALT and AST levels. In mice 

treated with cisplatin, camel milk 

demonstrated its ability to prevent genetic 

material damage and protect cells from 

toxicity. These results are attributed to the 

inflammatory and antioxidant properties of 

camel milk. It is believed that camel milk 

has anti-allergic effects, particularly, against 

allergies caused by various foods notably 

ruminant milk and dairy products.  

 APE1 and OGG1 are genes for fixing 

DNA bases damaged using a process known 

as base excision repair. In the group that 

received CTN treatment, APE1 showed an 

increase in its activity compared to the 

control group. Conversely, OGG1 was less 

active in the CTN treated group than in the 

control group. These results are consistent 

with a study by Liu et al (37) which 

demonstrated a reduction in OGG1 

expression caused by aflatoxin. The 

combination of camel milk and citrinin led 
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to the correction of these levels. However, 

Korashy et al (38) reported that camel milk 

can activate apoptotic pathways. 

Furthermore, camel milk has been shown to 

reduce the activity of cancer promoting gene 

cytochrome P4501A1 (Cyp1a1). 

 

Conclusion 

 Camel milk was able to reduce the 

effects of citrinin in rats due to the 

correction of liver enzyme function and 

antioxidant system. 
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