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Abstract 

Non-alcoholic liver disease is associated with liver injury, such as 

steatosis, steatohepatitis, fibrosis and cirrhosis. During their development, 

inflammation is occure and organs damage develops by help of cytokines 

influences. The intensity of injury depends on sex. 

The aim of the study was to evaluate changes of interleukins in the blood 

of male and female rats with hepatosis, hepatitis used by overdrinking of 

glucose. 

Material and methods of investigation. The experiments were 

performed on 60 male and 60 female outbred rats aged from four monthes (start 

of experiment). Animals were divided into five groups – control 1 (6 monthes 

old animals), control 2 (8 monthes old animals), glucose 2 monthes (3), glucose 

4 monthes (4), and glucose 2+2 monthes (5). 

Determined in the blood serum Tumor Necrosis Factor Alpha (TNF-α), 

Interleukin 1 Beta (IL-1β), Interleukin 4 (IL-4), Interleukin 10 (IL-10). 
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Results. In 3, 4 and 5 groups we determined increasing of 

proinflammatory interleukins. When comparing the results of 5 groups with 3 in 

male rats, lower values of anti-inflammatory interleukins were noted with a 

reliably insignificant difference in the content of pro-inflammatory interleukins. 

Interleukins changes were not detected in rats female between groups 5 and 3. 

When comparing 3 and 4 groups, an increase in TNF-α and IL-1β, a 

decrease in IL-4 and IL-10 both in males and in females were determing, which 

depended on the duration of glucose consumption. 

When comparing groups 5 and 4 in males rats, only TNF-α decreased, 

which can be regarded as a decrease in destructive processes when glucose 

consumption is stopped. In females, we see a decrease in TNF-α and IL-1β, an 

increase in IL-4 and IL-10, which may indicate a decrease in the effect of 

glucose or its long-term effect, since the results of groups 3 and 5 in female rats 

did not differ. 

Conclusion. An increase in the content of pro-inflammatory interleukins 

and a decrease in anti-inflammatory interleukins was detected after 2 months, 4 

months of glucose use, which is maintained for 2 months after the cessation of 

its use only 2 months and depends on the duration of glucose use. In males, the 

inflammatory reaction is more than in females. 

Кey words: cytokines, blood, glucose, rats, sex 

 

 

 

Introduction. Non-alcoholic fatty liver disease (NAFLD) is a 

multifactorial metabolic disorder defined by an abnormal accumulation of lipids 

in the hepatocytes more than 5% of its weight [1]. It affects 25–30% of the 

world’s population and causes 90% of the morbidity in individuals with diabetes 

mellitus of type-2 (T2DM). The increasing prevalence of NAFLD in children 

and adolescents is even more alarming, with 7% in the general population and 

https://europepmc.org/article/MED/35241921#cit0001
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34% among obese children [2]..NAFLD is intimately linked to hepatic steatosis, 

inflammation, insulin resistance (IR), oxidative stress (OS), and ballooning. 

HFD significantly induced hepatic steatosis, OS, IR, liver and oxidative enzyme 

elevation and inflammation in experimental animals [3]. The intake of a high-fat 

diet (HFD) has long been accepted as a major risk factor for developing NAFLD 

[4]. HFD and its associated OS promote the synthesis of inflammatory 

cytokines, such as tumor necrosis factor-α (TNF-α) in the liver [5].  

TNF-α has a pro-inflammatory, proatherogenic effect, causing endothelial 

dysfunction. IL-1 provides intercellular interactions that cause an inflammatory 

response through the expression of acute inflammatory proteins in hepatocytes, 

activation of neutrophils, action on T-helpers and their stimulation, effects on 

endothelial, smooth muscle cells, macrophages [6, 7]. Low cytokine content is 

also important for normal liver regeneration [6]. 

To reduce the manifestations of NAFLD, the necessary various drugs are 

administered, which have an anti-inflammatory effect, reduce the signs of 

insulin resistance, and have antioxidant properties. They include saffron. In 

expirement rats treated with safranal in ascending order of doses 250 and 500 

mg/kg orally for 4-weeks showed a reduction in hepatic lipid's accumulation, 

liver index, hepatic enzymes, collagen, hepatic oxidonitrative stress markers 

(like AOPP, MDA and NO2 
-), and raised the levels of catalase (CAT) and 

superoxide dismutase (SOD) enzymes. Glutathione system components, namely 

glutathione (GSH), glutathione peroxidase (GPx), and glutathione-S-transferase 

(GST) levels were also restored in the safranal-treated groups. The reduction in 

serum TNF-α and IR provided further support to the anti-NAFLD effect of 

safranal. Moreover, the histopathological images indicated reverse of NAFLD 

activity score (NAS) through mild fatty degeneration, ballooning and 

inflammation in hepatocytes of treated groups. [3]. . 

https://europepmc.org/article/MED/35241921#cit0002
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However, not all individuals suffer equally from the development of 

pathology of the liver during overeting of fats, as it also depends on cabohydates 

sing and individual reactivity. 

The aim of the study was to evaluate changes of interleukins in the blood 

of male and female rats with hepatosis used by overdrinking of glucose. 

Material and methods of investigation. The experiments were 

performed on 60 male and 60 female outbred rats aged from four months (start 

of experiment). Animals were divided into five groups – control 1 (6 months old 

animals), control 2 (8 months old animals), glucose 2 months (3), glucose 4 

months (4), and glucose 2+2 months (5). 

Control groups were kept on the standard diet of the vivarium during all 

life with free access to food and water. Group 1 has 6 months and group 2 – 8 

months, when they take out from experiment. 

Animals of the glucose 2 months group (3 group) were in standard 

vivarium diet with free access to food, but during 2 months instead of drinking 

water received a 5 % glucose solution [8]. 

Animals of the glucose 4 months group (4 group) were in standard 

vivarium diet with free access to food, but during 4 monthes instead of drinking 

water received a 5 % glucose solution. 

Animals of the glucose 2+2 months group (5 group) were in standard 

vivarium diet with free access to food, but during 2 months instead of drinking 

water received a 5 % glucose solution and after that 2 months grinking water. 

All animals underwent histological examination of the liver to confirm the 

simulated pathology. 

All experiments were performed in the morning in a specially designated 

room at a temperature of 18-22 oC, a relative humidity of 40-60% and an 

illumination of 250 lux. All animals kept in one room on a standard diet and 

vivarium regime. The experiments were performed in compliance with the 

norms of the Council of Europe Convention on the Protection of Vertebrate 
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Animals Used for Research and Other Scientific Purposes (Strasbourg, 

18.03.1986), the resolution of the First National Congress on Bioethics (Kyiv, 

2001) and the Ministry of Health of Ukraine № 690 of September 23, 2009. 

Euthanasia of rats was performed by total bloodletting from the heart after 

previous thiopental-sodium anesthesia (60 mg/kg, intraperitoneally). For further 

experimental study in the blood serum were determined the concentration of 

interleukins [9]. Determination in the blood serum of cytokines levels was 

performed using by immunopherment method with standard reagent, adapted for 

white rats “Enzyme-linked Immunosorbent Assay; Kits for Rat: Tumor Necrosis 

Factor Alpha (TNF-α), Interleukin 1 Beta (IL-1β), Interleukin 4 (IL-4), 

Interleukin 10 (IL-10)”, Uscn, Life Science Inc., E90133Ra, E90563Ra, CSB–

E04635r, CSB–E04595r on the analyzer STAT FAX 303 plus.. 

Statistical processing of digital data was performed using the program 

"STATISTICA" 8.0 ("Statsoft", USA) [10]. 

Results and discussion. In the control of 6-months-old male rats, 

compared with female, showed higher by 13.6% (p<0.01) values of the pro-

inflammatory cytokine TNF-α and higher by 12.5% (p<0.01) values of the pro-

inflammatory cytokine ІL-1β. Anti-inflammatory cytokine have opposite 

direction: they are higer in females. IL-4 is higher in rats-female, compare to 

males, by 4.2% (p<0.05) and IL-10 is higher by 27.1% (p<0.001) (table 1). 
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Table 1 – The value of interleukins in the serum of rats with the 

development of non-ethanol damage of liver, M ± m, n = 12 

Index Group 

Male Female 

Control 1 

TNF-α, pg/ml 4.25±0.14 3.74 ± 0.08** 

ІL-1β, pg/ml 2.78 ± 0.05 2.47 ± 0.05** 

ІL-4, pg/ml 7.83 ± 0.08 8.16 ± 0.08** 

ІL-10, pg/ml 10.14 ± 0.11 12.89 ± 0.12** 

Glucose, 2 monthes 

TNF-α, pg/ml 5.87±0.09* 4.42 ± 0.07*,** 

ІL-1β, pg/ml 3.12 ± 0.06* 2.79 ± 0.04*,** 

ІL-4, pg/ml 7.48 ± 0.07* 7.76 ± 0.06*,** 

ІL-10, pg/ml 9.12 ± 0.09* 12.03 ± 0.10*,** 

Control 2 

TNF-α, pg/ml 4.42±0.11 3.92 ± 0.08** 

ІL-1β, pg/ml 2.99 ± 0.06 2.61 ± 0.04** 

ІL-4, pg/ml 7.58 ± 0.07 7.89 ± 0.07** 

ІL-10, pg/ml 9.44 ± 0.12 12.43 ± 0.11** 

Glucose, 4 monthes 

TNF-α, pg/ml 6.27 ± 0.12*,# 4.79 ± 0.06*,**,# 

ІL-1β, pg/ml 3.34 ± 0.05*,# 2.96 ± 0.05*,**,# 

ІL-4, pg/ml 6.97 ± 0.09*,# 7.43 ± 0.08*,**,# 

ІL-10, pg/ml 8.41 ± 0.12*,# 11.16 ± 0.12*,**,# 

Glucose, 2+2 monthes 

TNF-α, pg/ml 5.73 ± 0.14*,## 4.36 ± 0.07*,**,## 

ІL-1β, pg/ml 3.21 ± 0.04* 2.76 ± 0.03*,**,## 

ІL-4, pg/ml 7.18 ± 0.06*,# 7.61 ± 0.06*,** 

ІL-10, pg/ml 8.76 ± 0.11*,# 11.82 ± 0.09*,**,## 
Notes: 1. * – indexes are reliable, compared to the age control;  

           2. ** – indexes are reliable, compared to male rats;  

           3. # – indexes are reliable, compared to glucose 2 months; 

           4. ## – indexes are reliable, compared to glucose 4 months. 

 

After drinking glucose instead of water for 2 months, the concentration of 

pro-inflammatory cytokines increased and anti-inflammatory cytokines 

decreased in all animals. Level of TNF-α increase in males by 38.1% (p<0.001), 

in females by 18.2% (p<0.01). Indexs of ІL-1β increase in males by 12.2% 
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(p<0.01), in females by 12.9% (p<0.01). Concentration of ІL-4 decrease in 

males by 4.7% (p<0.05), in females by 5.1% (p<0.05). Level of ІL-10 decrease 

in males by 11.2% (p<0.01), in females by 7.1% (p<0.05). In that group of 6-

month-old male rats, compared with female, showed higher by 32.8% (p<0.001) 

values of the pro-inflammatory cytokine TNF-α and higher by 11.8% (p<0.01) 

values of the pro-inflammatory cytokine ІL-1β. Anti-inflammatory cytokine 

have opposite direction: they are higer in females. IL-4 is higher in rats-female, 

compare to males, by 3.7% (p<0.05) and IL-10 is higher by 31.9% (p<0.001). 

In the control of 8-months-old male and female rats all cytokins increased, 

but results was not statistic different from 6-months-old male and female rats. In 

the control of 8-month-old male rats, compared with female, we saw the same 

directions of result, which was in 6-months-old rats. Rats-male had higher by 

12.7% (p<0.01) values of the pro-inflammatory cytokine TNF-α and higher by 

14.6% (p<0.01) values of the pro-inflammatory cytokine ІL-1β. Anti-

inflammatory cytokine also were higer in females. IL-4 is higher in rats-female, 

compare to males, by 4.1% (p<0.05) and IL-10 is higher by 31.5% (p<0.001). 

After drinking glucose instead of water for 4 months, the concentration of 

pro-inflammatory cytokines increased and anti-inflammatory cytokines 

decreased in all animals. Level of TNF-α increase by 41.8% (p<0.001) in males 

and by 22.2% (p<0.01) in females. Indexs of ІL-1β increase in males by 11.7% 

(p<0.01), in females by 13.4% (p<0.01). Concentration of ІL-4 decrease in 

males by 8.7% (p<0.05), in females by 6.2% (p<0.05). Level of ІL-10 decrease 

in males by 12.4% (p<0.01), in females by 11.5% (p<0.05). In that group of 8-

months-old male rats, compared with female, showed higher by 30.9% 

(p<0.001) values of the pro-inflammatory cytokine TNF-α and higher by 12.8% 

(p<0.01) values of the pro-inflammatory cytokine ІL-1β. Anti-inflammatory 

cytokine have opposite direction: they are higer in females. IL-4 is higher in 

rats-female, compare to males, by 6.6% (p<0.05) and IL-10 is higher by 32.6% 

(p<0.001). 
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After drinking glucose instead of water for two monthes and than two 

monthes drinking water (5 group), the concentration of pro-inflammatory 

cytokines increased and anti-inflammatory cytokines decreased in all animals. 

Level of TNF-α increase by 29.6% (p<0.001) in males and by 11.2% (p<0.01) in 

females. Indexs of ІL-1β increase in males by 7.4% (p<0.05), in females by 

5.7% (p<0.05). Concentration of ІL-4 decrease in males by 5.6% (p<0.05), in 

females by 3.7% (p<0.05). Level of ІL-10 decrease in males by 7.9% (p<0.05), 

in females by 5.2% (p<0.05). In 5 group of male rats, compared with female, 

showed higher by 31.4% (p<0.001) values of the pro-inflammatory cytokine 

TNF-α and higher by 16.3% (p<0.01) values of the pro-inflammatory cytokine 

ІL-1β. Anti-inflammatory cytokine increase and was higer in females. IL-4 is 

higher in rats-female, compare to males, by 6.0% (p<0.05) and IL-10 is higher 

by 34.9% (p<0.001). 

When comparing the results of 5 groups with 3 in male rats, lower values 

of anti-inflammatory interleukins were noted with a reliably insignificant 

difference in the content of pro-inflammatory interleukins. Interleukins changes 

were not detected in rats female between groups 5 and 3. 

When comparing 3 and 4 groups, an increase in TNF-α and IL-1β, a 

decrease in IL-4 and IL-10 both in males and in females were determing, which 

depended on the duration of glucose consumption. 

When comparing groups 5 and 4 in males rats, only TNF-α decreased, 

which can be regarded as a decrease in destructive processes when glucose 

consumption is stopped. In females, we see a decrease in TNF-α and IL-1β, an 

increase in IL-4 and IL-10, which may indicate a decrease in the effect of 

glucose or its long-term effect, since the results of groups 3 and 5 in female rats 

did not differ. 

Conclusion. An increase in the content of pro-inflammatory interleukins 

and a decrease in anti-inflammatory interleukins was detected after 2 months, 4 

months of glucose use, which is maintained for 2 months after the cessation of 
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its use only 2 months and depends on the duration of glucose use. In males, the 

inflammatory reaction is more than in females. 
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