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Abstract  
 

Objective: The aim of this study was investigating the effect of 8 weeks of moderate resistance 

training (MRT) and Lactobacillus Reuteri probiotic on the serum concentration of liver enzymes and 

weight changes in male Wistar rats with non-alcoholic fatty liver disease (NAFLD). 

Materials and Methods: This research was conducted on 32 male Wistar rats aged 8 to 10 weeks 

with a weight range of 230 to 300 grams. Male rats were randomly divided into 4 groups of 8. All 

animals were weighed at the beginning and weekly using a digital scale. Serum levels of liver 

enzymes were checked at the beginning, middle and end of the study. 

Results: In general, the findings of this study showed that at the end of the intervention, the level of 

ALT was significantly reduced in the groups receiving supplements and resistance training, but the 

serum level of AST was significantly reduced only in the group receiving probiotic supplements 

(P<0.05). Changes in weight also showed a significant increase in all 4 groups at the end of the eighth 

week. 

Conclusion: The findings of the present research showed that 8 weeks of moderate intensity 

resistance training and Lactobacillus Reutteri probiotic supplement alone improved liver enzyme 

function (especially ALT serum level) in rats with non-alcoholic fatty liver disease. 

Keywords: Moderate resistance training (MRT), Lactobacillus Lactobacillus Reuteri probiotic, Non-

alcoholic fatty liver disease (NAFLD), ALT: Alanine transaminase, AST: Aspartate transaminase. 
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Introduction 

The rapid increase in the prevalence of obesity 

in the world and its related metabolic 

complications, such as non-alcoholic fatty 

liver disease, dyslipidemia, type 2 diabetes, 

and metabolic syndrome, have become a threat 

to human health. Epidemiological studies have 

shown that there is a significant relationship 

between physical activity and non-

communicable diseases, including metabolic 

syndrome, cardiovascular diseases, and cancer 

(1). Increasing fat intake from the diet leads to 

the accumulation and storage of fat in adipose 

tissue and hepatocytes (fat cells), and then 

overweight and obesity (2). Epidemiological 

studies have shown that non-alcoholic fatty 

liver disease (NAFLD) is one of the most 

common diseases of this century and is 

increasing in parallel with obesity (3, 4). 

Obesity and overweight are closely related to 

the increase in the prevalence and severity of 

liver disease. has non-alcoholic fatty liver 

disease (NAFLD); Obesity is a global health 

problem because there is an increasing trend in 

the prevalence of obesity in children and 

adolescents in developed and developing 

countries, which leads to adverse effects in 

terms of physical and mental health. Obesity 

leads to metabolic syndrome and chronic liver 

diseases. NAFLD has now become one of the 

main causes of chronic liver diseases in the 

industrialized world. Nonalcoholic fatty liver 

disease (NAFLD) includes a range of diseases 

that progress from simple steatosis (NAFLD), 

nonalcoholic steatohepatitis (NASH), 

cirrhosis, and hepatocellular carcinoma (HCC) 

(5).So far, no definitive drug strategy has been 

considered for it (3, 5). However, laboratory 

studies, especially in the last decade, have 

introduced lifestyle modification, including 

appropriate physical activity, a healthy diet, 

and weight loss, as the most effective 

treatment method for NAFLD. The global 

prevalence of non-alcoholic fatty liver disease 

is 25% (3), which increases to 58% in obese 

people and is about 44% in obese children and 

adolescents. Also, this statistic in Iran is about 

43%, according to the announcement of the 

Ministry of Health in 1400. (6) . Liver diseases 

usually do not have specific symptoms, and 

enzyme disorders are diagnosed after periodic 

tests (7). One of the most important 

biochemical indicators is determining the 

activity of alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) enzymes in 

plasma (4). These two enzymes are functional 

enzymes of the liver and are released when 

protein is broken, and their increase in plasma 

means liver cell damage (4). Recently, various 

studies on useful microorganisms called 

probiotics have expanded, and their results 

indicate the effect on the recovery and 

treatment of some diseases. Probiotic refers to 

living organisms that are naturally a part of the 

digestive tract ecosystem, and when taken in a 

supplemental form, they have sufficient 

health-giving effects on the host's body (8, 9). 

Probiotics prevent the absorption of toxins by 

reducing pH (8) and intestinal permeability 

(9). It seems that they ultimately lead to a 

reduction in inflammation and oxidative stress, 

which is effective in the prevention and 

treatment of liver cell damage (3). Studies 

have shown that performing regular sports 

activities, in addition to having an effect on 

weight loss, is significantly effective in the 

recovery and treatment of hepatic steatosis. 

Exercise improves body composition, blood 

sugar control, insulin sensitivity, and the 

immune system (11). So far, most of the 

studies have been focused on aerobic sports 

such as walking, running, swimming, cycling, 

etc., which have an effect on the treatment of 

steatosis by reducing oxidative stress and 

inflammation (1). Due to the fact that 

resistance exercises like working with weights 

require less cardiovascular power and at the 

same time provide similar metabolic benefits, 

it seems that obese, elderly, and busy people 

who have less physical activity and people 

who have limited space and place to exercise 

are also more exposed to the risk of NAFLD 

(12). Due to the change in lifestyle and the 

progress of modernity, life in urban societies is 

progressing with limited time and minimal 

physical activity and consumption of energy-

rich foods, and it seems that there is a need for 

methods that can prevent diseases by spending 
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the least amount of time and money. did A 

balanced lifestyle is considered the key and 

path-breaking treatment for the treatment of 

NAFLD. Since exercise and physical activity 

are integral parts of lifestyle, paying attention 

to this area can be effective in the treatment of 

NAFLD. (13) Therefore, the purpose of this 

study is to investigate the effect of 8 weeks of 

MRT resistance training and a Lactobacillus 

Reuteri probiotic supplement on the serum 

concentration of liver enzymes in male Wistar 

rats suffering from non-alcoholic fatty liver 

disease. 

Materials and Methods 

The current research is fundamental and 

experimental. This research was conducted at 

the Animal Studies Center of Baqiyatallah 

University of Medical Sciences. The statistical 

population of this research consisted of 32 

male Wistar rats aged 8 to 10 weeks with a 

weight range of 230 to 300 grams. The 

animals were kept in standard laboratory 

conditions (12 hours of light and 12 hours of 

darkness) with a temperature of 21 to 23 

degrees Celsius. They had free access to water 

and food. All tests and weighing were done 

one week after maintenance and adaptation to 

the new environmental conditions. 

Poisoning method: For 4 weeks, all rats were 

fed a high-fat diet (HFD) with 60% fat and 

40% carbohydrates, and in the fifth week, oral 

tetracycline at a dose of 140 mg per kilogram 

of body weight (as a solution in 2 ml of water) 

was fed for 7 days by gavage method by a 

veterinarian and following the principles of 

working with animals. Fatty liver (steatosis) 

was confirmed by measuring liver enzymes 

and lipid profiles. An increase in the liver 

enzymes ALT and AST was observed in all 

groups. 

Male rats were randomly divided into 4 groups 

of 8. The groups were: control group 

(suffering from fatty liver and receiving 

enough water and food); supplement group 

(suffering from fatty liver and receiving 

probiotic supplement); exercise group 

(suffering from fatty liver and performing 

resistance training on a daily basis); and group 

supplement + exercise (suffering from fatty 

liver and receiving supplements and 

performing resistance training on a daily 

basis). 

All animals were weighed at the beginning and 

weekly using a digital scale. The serum levels 

of liver enzymes were checked at the 

beginning, middle, and end of the study. Blood 

was taken from a vein in the amount of 4 ml in 

all stages. After the blood collection stage, 

anesthesia was performed with a 10% 

ketamine solution at a dose of 5 mg per kg and 

xylazine at a dose of 2% at a dose of 10 ml/kg. 

The liver tissue of the rats was then sampled, 

and after washing with physiological serum, it 

was placed in 10% formalin for fixation. From 

the liver tissue samples, 5 micron-thick 

sections were prepared, and the tissue sections 

were prepared by hematoxylin-eosin staining. . 

Stained slides were examined by a pathologist 

using light microscopy, and all slides of liver 

tissue sections were recorded and reported for 

histomorphological changes. 

Lactobacillus Reuteri probiotic supplement 

was purchased in powder form from Faradaro 

Company. Reuteri probiotic was dissolved in 

phosphate buffer with a ratio of 1:10, and the 

number of bacteria was 10⁹  cfu in the amount 

of 0.5 cc for 5 days a week by the gavage 

method.Training protocol (table 1): In the first 

week after the induction of non-alcoholic fatty 

liver, the rats entered the adaptation phase for 

the implementation of the research project, and 

they were introduced to resistance training five 

days a week. Resistance training includes 

climbing a ladder with a length of one meter 

and a slope of 50%, and the distance between 

each step is 2 centimeters. Three days a week, 

two sets of five ladders were climbed. In the 

first week without weights, in the second 

week, the training was done with 15% of the 

weights. On the first day of the third week, 

20% of the mice's body weight was tied under 

the mouse's chest, and then 50% and 75% of 

the weight were added for the following weeks 

in each repetition. The exercises were 

performed in the form of climbing the ladder 

for two sets of four repetitions and three days a 

week (even days) for 8 weeks. 
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The weight of the mice was measured at the 

beginning of the study and at the first of each 

week (8 weeks) using a scale. The serum 

concentration of liver enzymes (ALT and 

AST) at the beginning of the study, after 

poisoning, the 4
th
 week, and the 8

th
 week was 

measured by the ELISA method. 

Mean (standard deviation) or median 

(interquartile range) were used to describe 

quantitative variables according to conditions, 

and frequency report (percentage) was used for 

qualitative variables. The Kolmogorov-

Smirnov-Smirnov used to check the normality 

of the data distribution. To compare the mean 

of the quantitative results between the two 

studied groups, use the independent t-test or its 

non-parametric equivalent, i.e., the Mann-

Whitney test, and compare the results before 

and after the intervention within each group 

using the paired t-test or its non-parametric 

equivalent, i.e., the Wilcoxon test. The chi-

square test, or Fisher's exact test, was used to 

compare qualitative factors between two 

groups. A one-way analysis of variance was 

used to evaluate the difference in quantitative 

variables. In the comparison of the results 

between the two study groups, appropriate 

regression models were used if there was a 

need to control the baseline variables 

according to the type of variable. SPSS version 

25 software was used for data analysis, and a 

P-value <0.05 was considered statistically 

significant. 

 

Results 

Figure 1 shows weight changes during the 

study period in the 4 study groups. The 

repeated measure ANOVA test showed a 

significant increase in the weight of all 4 

groups (P<0.05). The average of other studied 

variables at different times between the 4 

groups is compared in Table 1. At the 

beginning of the study, there was a significant 

difference between the four groups in terms of 

serum levels of AST (P<0.001). There was no 

significant difference between the 4 groups in 

terms of ALT serum level at the beginning of 

the study (P = 0.385). These differences 

remained significant after adjusting the effect 

of weight and the initial level of the desired 

variable in the ANCOVA model. 

After poisoning, there was a significant 

difference between the four groups in terms of 

serum levels of ALT (P = 0.004). P = 0). 

However, this difference in blood sugar lost its 

significance after adjusting the effect of weight 

and its initial level in the ANCOVA model. In 

the 4th week after the start of the intervention, 

there was a significant difference between the 

4 groups in terms of ALT (P = 0.010) and AST 

(P = 0.003). Of course, in the ANCOVA 

model, after adjusting the effect of weight and 

the initial level of the desired variable, the 

difference between the four groups in terms of 

ALT lost its significance. In the eighth week, 

there was a significant difference between the 

four groups in terms of ALT (P = 0.010) and 

AST (P = 0.003). Also, in this model, the 

difference between the 4 groups in terms of 

AST lost its significance (P = 0.059). 

As can be seen in this table, the intra-group 

difference after poisoning compared to before 

using the paired sample t-test and at the end of 

the intervention compared to before the 

intervention (after poisoning) using the 

repeated measure ANOVA test has been 

compared. 
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This table presents a statistical comparison of 

liver enzyme levels (ALT and AST) across 

different intervention groups before and after 

poisoning, as well as during a subsequent 

intervention period. The P-values indicate 

statistical significance within and between the 

groups. Numbers are shown as mean ± 

standard deviation (SD). 

1. calculated by a one-way ANOVA test 

2. Calculated by the ANCOVA test by 

adjusting the effect of weight and the initial 

level of the target variable (items marked with 

* are only adjusted in terms of weight). 

3. Calculated by a paired sample t-test to 

compare baseline and post-poisoning levels. 

4. Calculated with repeated measures ANOVA 

to compare variable changes during the study 

compared to the time after poisoning 

 

Discussion 

In epidemiological studies, it was shown that 

exercise is effective in improving non-

communicable diseases such as fatty liver 

disease, obesity, and metabolic syndrome (11). 

In addition, in various studies, a direct 

relationship between the prevalence of fatty 

liver, physical activity, and sitting time has 

been reported (1). 

However, there is currently no definitive and 

effective treatment for NAFLD. But it has 

always been stated in various studies that 

lifestyle changes such as physical activity, 

healthy eating, and weight loss can control this 

disease (14 and 15). 

Aerobic, resistance, and combined training 

protocols are all effective on liver steatosis in 

patients with NAFLD (1). In general, the 

activity of liver enzymes changes under the 

influence of the duration, intensity, type, and 

method of exercise, but what is clear is that 

exercise helps reduce hepatic steatosis (16). 

In the present study, weight gain was observed 

in all groups. In line with the current study, 

Yagao et al. showed in a systematic review 

that in the random effects model, BMI does 

not decrease significantly in fatty liver patients 

with high BMI after long-term exercise 

intervention (17). After studying rats with non-

alcoholic fatty liver disease, Yuyang et al. 

showed that only aerobic exercise is effective 

in reducing weight in sick rats (11). 

In addition, the results of the present study 

showed that feeding rats with a high-fat diet 

increased the serum levels of ALT and AST 

and caused NAFLD in the rats under study. 

However, after receiving a normal diet and 

performing resistance exercises along with 

probiotic supplementation, a decrease in the 

serum level of liver enzymes ALT and AST 

was seen in the researched rats, but this 

decrease was only in the amount of ALT in the 

recipient of the supplement alone and 

moderate resistance exercise to The loneliness 

of the group and AST in the control group and 

the group receiving the probiotic supplement 

were statistically significant. 

Many studies have shown the role of intestinal 

microbiota in the pathophysiology of NAFLD, 

which is one of the most important pathways, 

through its effect on bile acids (18). 

Microbiota can cause NAFLD through 

different mechanisms, including altering the 

capacity to extract energy from the diet, 

affecting denovo lipogenesis and the synthesis 

pathway of short-chain fatty acids (SCFAs), 

altering choline and bile acid metabolic 

signaling pathways, and increasing intestinal 

permeability. and affect inflammation (3). 

Dysfunction of the intestinal microbiota and 

bile acid dysfunction play an important role in 

the pathogenesis of NAFLD (18). New 

research shows that manipulation of the 

intestinal microbiota can be a suitable 

therapeutic strategy for the treatment of 

NAFLD, and probiotics in particular have 

shown a special potential to restore 
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homeostasis and improve diseases related to 

the intestinal microbiota (3). 

In contrast to the present study, Ambrin et al. 

did not show a significant reduction in serum 

ALT levels in a study on performing resistance 

exercises in patients with NAFLD (19). But in 

contrast, Park et al. observed beneficial effects 

on the ALT enzyme and improved liver 

function independent of weight loss (20). In 

several studies, it has been shown that, 

because of sports activities, the amount of 

Bifidobacterium increases and improves 

intestinal-liver function and decreases the ALT 

enzyme (11). In addition, 24 weeks of 

moderate-intensity aerobic training improved 

liver function in NAFLD patients by reducing 

the serum levels of alanine aminotransferase 

(ALT) and aspartate aminotransferase (AST) 

(Understanding 2020 No. 25). In another 

study, it was also shown that consumption of 

probiotic supplements is independently 

effective in reducing the level of ALT in the 

blood (21). 

In the study of Park et al., where acidophilus 

was given 3 times a day for 1 month to 

patients with NAFLD, serum levels of ALT 

and AST were significantly reduced (22). 

In a study by Monem et al., probiotics reduced 

oxidative stress and, as a result, decreased 

serum ALT and AST levels (23). 

The study by Raf et al. showed that 

consumption of probiotic yogurt in patients 

with NAFLD caused a decrease in liver 

enzymes (24). 

In Wang et al.'s study, it was observed that the 

consumption of probiotic tablets for 3 months 

reduced the serum levels of ALT and AST 

(25). 

Shahmohammadi et al. found in research that 5 

weeks of intense intermittent exercises along 

with the consumption of probiotics 

(Lactobacillus rhamnus GG) caused a decrease 

in the serum level of liver enzymes and can be 

effective in improving the condition of this 

disease (26). 

The findings of the present research showed 

that 8 weeks of moderate intensity resistance 

training and Lactobacillus roteri probiotic 

supplement alone improved liver enzyme 

function (especially ALT serum level) in rats 

with non-alcoholic fatty liver disease. The 

possible mechanism of liver function 

improvement can be explained by the fact that 

exercise training with weight improvement 

and Lactobacillus Reuteri probiotic with 

improvement in intestinal-liver function and 

improvement in bile acid function can improve 

liver function, which was evident in the form 

of a decrease in serum ALT and AST levels. 

Therefore, it can be concluded from this The 

study concluded that resistance training style 

and probiotic supplement consumption can 

probably be useful for people with NAFLD, 

but we need more studies and human samples 

in this field to obtain more complete and 

definitive results. 
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