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ABSTRACT: Considering the desired effect of aerobic exercise, the effect of high-fat diets on obesity, and the 

beneficial effects of cinnamon; the present research seeks to answer the question of whether the implementation of 

aerobic exercise and cinnamon extract have different effects on the relative expression of leptin gene in the liver and 

fat tissues and also the mass of liver and fat tissues of male rats fed with a high-fat diet. The present experimental 

research was conducted using an animal model in the form of multi-group research (five groups: 1. control, 2. high-fat 

diet, 3. cinnamon extract and high-fat diet, 4. aerobic exercise and high-fat diet, 5. aerobic exercise and cinnamon 

extract and high-fat diet) Independent variables included aerobic exercise and cinnamon extract gavage of high-fat diet 

is also considered as a background variable. And Dependent variables are the level of leptin gene expression in the 

tissue of fat and liver, as well as body weight and the weight of liver and fat tissues. All groups received high_fat food 

in addition to normal food. The Training group participated in an aerobic exercise program. Cinnamon extract was 

given to cinnamon groups. All samples were anesthetized, killed, and operateon. The results show the effect of a high-

fat diet on unfavorable changes in leptin gene expression, body weight, and the weight of fat tissue and liver.  

Performing aerobic exercise alone, consuming cinnamon extract alone, and the interaction of aerobic exercise and 

cinnamon extract cause desired changes in leptin gene expression in liver and fat tissue and the weight of liver and fat 

tissue compared to the high-fat diet group. Therefore; the Recommendation to take cinnamon extract along with 

exercise can cause desired and useful effects. 

 

                             INTRODUCTION 

The serum levels of leptin hormone in women and obese 

people are higher than in men and in people with normal 

weight, which is the reason is the increase in leptin gene 

expression in fat cells. Limited animal and human 

experience showed that treatment with leptin causes a 

decrease in food consumption, appetite, and body fat. The 

effect of leptin on the brain causes appetite regulation, 

weight control, and some other metabolic processes 
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depended on it. Disturbance in leptin function causes 

weight gain and fat mass and obesity [1]. On the other 

hand, the reduction of energy consumption that results from 

the reduction of physical activities and sports training also 

plays a very important role in the occurrence of obesity [2, 

3].  It seems that two factors of serum leptin level due to the 

effect on appetite and the ability to reduce energy intake 

and physical activities due to the ability to increase energy 

consumption, have a very important and decisive role in 

appetite regulation nutritional patterns, weight control, and 

body fat mass. Patterson et al showed that even three weeks 

of training can also prevent the adverse effects of a high-fat 

diet on the body weight of rats [4]. Kang et al showed that 

performing aerobic exercise in obese diabetics leads to a 

significant decrease in body fat percentage, body mass 

index, and body weight [5]. Bergouinan et al. also showed 

that during sports training and long-term physical activities, 

the regulation of energy balance occurs [6]. Ossanloo et al 

showed that the performance of endurance exercises 

reduces the lipid profile and body composition and 

homeostasis indicators of glucose in inactive young women 

[7]. Eftekhari et al showed that performing aerobic 

exercises causes improvement and reduction of body 

composition and lipid profile factors and leptin hormone 

[8]. Hagobian et al. studied the effect of eight weeks of 

endurance exercise and a high-fat diet on appetite-

regulating hormones in rat’s plasma. The results showed 

that exercise can eliminate the fattening effect of a high-fat 

diet [9]. 

Leptin is released into the blood after being produced in fat 

tissue. There are carriers in the blood-brain that cause leptin 

enters the central nervous system and reduce appetite by 

participating in suppressing the synthesis of appetite-

increasing neuropeptide (neuropeptide Y). This hormone is 

free in the bloodstream and is also circulating in connection 

with protein-binding leptin. In hypothalamus neurons, 

leptin regulates food intake and body weight through its 

receptors. Blood flow leptin is increased in response to the 

increase in fat mass, and affects the appetite center located 

in the hypothalamus under normal conditions to reduce 

food intake. When there is an abnormal increase in body 

mass, the activity of this mechanism can reduce the 

absorption of food and prevent the excessive increase of fat 

mass to restore the body weight to the previous set point 

[1].Messier et al studied the effects of a diet enriched with 

fructose and a diet enriched with fat and the combination of 

two diets on body weight gain in rats for three months. A 

Significant increase in body weight in groups with a high-

fat diets and a combination of two diets was observed [10]. 

Haldade et al and Sampey et al increased the body weight 

and body fat of mice by using a high-fat diet. Plasma level 

and expression level of the leptin gene are increased not 

only in people with high-fat diets but also in other people 

with related conditions such as type 2 diabetes and 

cardiovascular diseases [11-15]. Acute and chronic exercise 

training has been hypothesized as a regulatory factor that 

may be able to influence leptin metabolism.  The effect of 

an exercise training session on leptin regulation is still 

debated, but serum leptin concentrations in response to 

long-term intense exercise training decreased in two studies 

(marathon running and ultra-marathon running). Also, no 

change was observed in leptin blood flow was not observed 

immediately after an acute training session at a low time 

and moderate intensity. This information shows that 

sufficient negative energy balance may cause acute and 

immediate changes in serum leptin levels. This information 

also states that the reduction of leptin levels after a long-

term training session is possibly related to little energy 

availability due to the energy cost of exercise and not to the 

stimulation of exercise itself [1, 16].  Little change in 

circulating blood leptin concentration immediately after 

short-term exercise probably cannot be due to a delayed 

effect after training. For example, a decrease in serum 

leptin levels, 24 to 48 hours after a training session, has 

probably been related to changes in fat mass or fluctuations 

and changes in energy absorption. Therefore, increasing 

energy costs due to training has probably been a major 

reason for the observed decrease in leptin concentration 

during the recovery period. These changes likely to mediate 

the renewal of energy homeostasis during the return period 

after a period of increase energy consumption (such as 

acute exercise). Information about the effects of chronic 

exercise on leptin levels in the bloodstream is ambiguous 

and questionable. It has been stated that chronic training 



M. Dehvari et al/ Journal of Chemical Health Risks 15(4) (2025) 767-781 

 

769 
 

cannot change leptin levels without reducing body mass. 

Therefore, no independent effect of chronic exercise on 

bloodstream leptin levels in obese subjects can be observed. 

It is accepted that performing chronic exercise often 

reduces fat mass in obese individuals. Therefore, when 

changes in bloodstream leptin are observed; it is assumed 

that these changes represent a secondary effect of exercise 

on energy balance and not the stimulation of the exercise 

itself. In contrast, some studies have reported the 

independent effects of chronic exercise on leptin levels.In 

these studies; it is assumed that the effects of chronic 

exercise on bloodstream leptin levels are maybe 

independent of the negative energy balance caused by the 

training. In this regard, the expression of the duration and 

intensity of the training may only indicate the increase in 

the energy cost of training and is not necessary to express 

the independent effect of training. Some studies have 

reported that serum leptin concentration has been decreased 

only in women and not in men after the implementation of 

chronic exercise and this result indicates a gender-

dependent effect. Absorption of energy (calories) in these 

studies is not well controlled and due to gender differences, 

maybe it is a secondary response to fluctuations and 

changes in energy balance and not the result of performing 

sports training and future studies should control the 

absorption and cost of energy, in which case it will be 

determined whether the obtained results are independent of 

changes in energy balance or not? On the other hand, 

chronic exercise studies should also be specifically 

designed to evaluate the impact and relevance of the dose-

dependent relationship between the amount of exercise and 

leptin levels and how this effect and relationship in a 

special gender [17, 18] 

Using medicinal plants or their effective substances is 

among complementary and alternative treatments for 

weight loss and control. Cinnamon can be mentioned 

among these plants. Pharmacology and toxicology research 

do not show a special risk to the private sector for using 

cinnamon in humans [19].  Khan et al showed that different 

doses of cinnamon reduce glucose, triglycerides, and 

cholesterol in people with type 2 diabetes. Also, cinnamon 

can improve the lipid profile of the blood serum [20]. 

Hasani Ranjbar et al stated that cinnamon causes a 

significant reduction in body weight without any specific 

side effects [21]. Russell et al showed that cinnamon 

reduces the risk factors for diabetes and cardiovascular 

diseases [22]. Dylan showed that cinnamon extract with 

inhibitory activities of cinnamic aldehyde and pro-

anthocyanidin has antioxidant effects [23]. Chua et al stated 

that the ethanol extract of cinnamon has high antioxidant 

activity [24]. Mosley and et al studied the effects of 

cinnamon extract on oxidative stress and liver damage in 

rats. And showed that cinnamon extract can be used as a 

therapeutic diet in the treatment of some liver disorders 

without any side effects [25]. Balazade et al showed that 

cinnamon is useful in reducing blood pressure and serum 

levels of blood lipids [26]. During six weeks of cinnamon 

extract gavage in obese diabetic rats, Shalaby et al 

concluded that 100 and 400 mg doses of cinnamon extract 

reduce weight, blood fats, and blood sugar [27]. Sartorius et 

al stated that cinnamon improves insulin activity and 

reduces liver fat and improves glucose homeostasis [28]. 

Hamidpour et al showed the therapeutic effects of 

cinnamon in inhibiting the angiogenesis of cancer cells and 

preventing Alzheimer's disease, and antioxidant, 

anticholesterol, antidiabetic, and detoxification properties 

[29]. Rashid Lamir et al studied the effects of four weeks of 

aerobic exercise with cinnamon consumption on lipoprotein 

and blood sugar indices of women with type 2 diabetics and 

showed that exercise with cinnamon can improve blood 

sugar and fat levels of diabetic patients [30]. 

Therefore, according to the desired effect of aerobic 

exercise on leptin gene expression, the effect of high-fat 

diets on the occurrence of obesity and the development of 

metabolic diseases and the beneficial effects of cinnamon in 

weight loss and lipid factors and glucose homeostasis and 

also, the lack of study that has been able to measure the 

effect of these three variables on leptin gene expression at 

the same time; and also the contradictory results that have 

been obtained in the study on different human and animal 

groups, the necessity of implementation of research in this 

regard is clear and worthy of consideration. Therefore, the 

present research seeks to answer the question of whether 

the implementation of six weeks of aerobic exercise and 
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gavage of cinnamon extract affects the relative expression 

of the leptin gene in fat tissue and liver and also the mass of 

fat tissues and liver of male mice fed with a high-fat diet. 

MATERIALS AND METHODS 

The present experimental research aims to determine and 

compare the effects of aerobic exercise and cinnamon 

extract gavage on leptin gene expression in the liver and fat 

tissues of male rats fed with a high-fat diet using an animal 

model (two-old months Wistar male rats) and was 

implemented in the form of a multi-group research project 

with a control group. The independent variables included 

the implementation of six weeks of aerobic exercise and 

cinnamon extract gavage. Six-week gavage of a high-fat 

diet is considered a background variable. Dependent 

variables are also the level of leptin gene expression in liver 

and fat tissues, as well as body weight, the weight of fat 

tissue, and the liver. 50 two-month-old male mice were 

prepared and after keeping in control conditions for two 

weeks, to get familiar with and adapt, to the living 

environment, nutritional, and training conditions; after 

weight matching, were randomly divided into five groups 

of ten. The groups of the current research include the 

control group (which did not participate in the program of 

aerobic exercise, cinnamon extract consumption, and 

consumption of high-fat food did not participate, and were 

sampled to determine the basic values of the research 

variables, high-fat diet group (which shows the number of 

changes in research variables after six weeks of consuming 

high-fat food). The group of cinnamon extract and high-fat 

diet (that show the number of changes in research variables 

after six weeks of consumption). The group of aerobic 

exercise group and high-fat diet (that shows the number of 

changes in research variables after six weeks of performing 

aerobic exercise) and the group of aerobic exercise and 

cinnamon extract and high-fat diet (which shows the 

number of changes in research variables after six weeks of 

aerobic exercise, and consumption of cinnamon extract). 

Maintenance conditions (temperature, environment 

humidity, and light-dark cycle), nutrition, cleaning and 

ventilation of the living environment, and other relevant 

items were observed according to existing standards. The 

First and second week, rats maintained under controlled 

conditions  for compatibility with living environment, 

nutritional conditions(access to water and normal food for 

rodents from pars animal feed company`s products in the 

form of pellets in the amount of 10 grams per every 100 

gram of body weight during the research period) and 

training (activity on the five-channel animal smart electric 

treadmill) with a constant electric shock at the rate of 0.1 

MV , treadmill slope zero percent, speed 10-15 meter per 

minute, and duration of training 5-10 minutes a day 

In the following days and weeks, weight measurement, 

consumption of high-fat food, consumption of cinnamon 

extract, aerobic exercise and finally measurement of 

research variables were performed(Table1). 

  All groups receiving high-fat food, received high-fat food 

emulsion (Table 2) daily, in the amount of 1.5 mg per 

kilogram of weight, as a gavage, for six weeks, in addition 

to normal food [31-33]. 
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Table 1. Research protocol. 

Day +2 Third to eights week (six weeks) Day 14 
 

Group    

Measuring 

research 

variables 

---------- 

Weigh measuring 
 

Control 

High-fat diet gavage High-fat diet 

High-fat diet gavage and cinnamon 

extract (200mg) 
Cinnamon extract and high-

fat diet 

High-fat diet gavage and performing 

aerobic exercise 
Aerobic exercise and a high-

fat diet 

High-fat diet gavage and cinnamon 

extract (200mg) and performing aerobic 

exercise 

Aerobic exercise, Cinnamon 

extract, and a high-fat diet 

 

Table 2. High-fat food composition. 

Distilled 

water 
Salt 

Propylene 

glycol 
Tween80 

Multi-

vitamin 
cholesterol 

Whole milk 

powder 
sucrose 

Corn 

oil 
material 

300 10 31 36.5 2.5 100 80 150 400 Amount(gram) 

 

Exercise protocol 

The training group participated in the aerobics training 

program on the treadmill for five days a week (Sunday, 

Monday, Tuesday, Thursday, and Friday) and for six 

weeks. The practice protocol of the present study was 

designed based on the studies of Sokhanvar Dastjerdi et al 

and Noura et al, On this basis, the strain, gender, age, and 

approximate weight of the subjects of the present study 

were also matched based on the mentioned study; 

Therefore, the relative intensity of work throughout the 

exercise program was equivalent to 70-75% of maximum 

oxygen consumption (Table 3). [34, 35] 

Table 3. Six-week aerobic training program with intensity equal to 70-75% of maximum used oxygen.  

Training weeks 
Aerobic training protocol 

6 5 4 3 2 1 

50 45 40 30 20 10 Training duration(minute in a day) 

30 29 28 27 26 25 Treadmill speed(meter per minute) 

15 15 15 15 15 15 Treadmill slope(percent) 

 

Warm-up: five minutes of running with a speed of 10-15 meters per minute and zero percent slope; Increasing the speed and slope of the treadmill 

during 5-10 minutes in a stepwise manner until reaching the intensity of the desired exercise; Cool down: 5-10 minutes of running at a speed of 

10-15 meters per minute and a zero-degree in slope 
 

Cinnamon extract 

Cinnamon extract is a colorless liquid with a strong, 

pleasant smell and burning taste, whose main ingredients 

include 80 to 85 %of cinnamaldehyde, 5% cinnamyl 

acetate, 4% eugenol, 3% caryophyllene, 2% linalool, 0.7% 

alphaterpineol, 0.7% of coumarin, 0.6% of 1-8-cineole and 

0.4% of 4-L-terpinene. Cinnamon extract was given to mice 

as a gavge in the amount of 200 mg per kilogram of body 

weight [36].  
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Surgery and sample extraction 

All samples were collected 48 hours after the last training 

session and after 12 hours of fasting, according to the 

predetermined schedule and by using the right method in 

the least possible time and with the least pain and 

discomfort were anesthetized (intrapleural injection of 

ketamine (90 mg per kg) and xylazine (10 mg per kg), 

killed and operated by a trained expert in the desiccator 

device. Liver and fat tissues were removed and placed 

inside 1.5 microliter microtubes, including RNA later in a 

70-degree. To determine the amount of gene expression or 

leptin protein mRNA, the polymerase chain reaction 

method was used. The primers were collected in a 

lyophilized efflux vial and were diluted with TE buffer of 

Sina Gene Company in an amount that was mentioned on 

the vial. After that, inside the labeled pipes, 180 microliters 

of buffer TE and 10 microliters of forward primer (F), and 

10 microliters of reverse primer (R) were poured. The 

sequence, length, and type of designed primer for the leptin 

gene were as follows. 

   bp23_   (F)2_GTCAGTC5_CATTTCACACACGCA_      • 

 bp33_   (R)2_CTTGGATA5_CAGTGTCTGGTCCAT_      • 

The polymerase chain reaction was performed using the 

Green Mix Master 2X Plus Q Real kit of Viragen company. 

After the registration of the threshold cycles obtained from 

the samples of the groups, using the formulas ΔΔCt and 2-

∆∆Ct the expression of target and reference genes ratio were 

compared. The naturalness of the distribution of variables 

was evaluated by the Shapiro-Wilk test and the 

homogeneity variance of the variables by Levine's test. The 

average of the research variables among the groups was 

compared to determine the differences between groups, by 

using one-way variance analysis and Bonferroni's 

supplemental test and independent t-tests and two-way 

variance analysis. The significance level in all tests was p ≤ 

0.05. 

RESULTS 

The results of the one-way variance test showed that the 

difference between the variable of the weight of rat’s body  

 

in the pre-test was non-significant among different research 

groups [P = 0.97 and F =(45 and 4)= 0.118); While in the 

post-test the results were significant between all 

groups.[F(4and45)=3322.78 and p<0.001)The results of the 

t-paired test showed that body weight changes within the 

control groups (P ≤ 0.001 and t(9)= 111.38) high-fat diet [ t 

(9) = 250.46 and P ≤0.001] high-fat diet and exercise [t (9) 

= 124.48 and P ≤ 0.001]  high-fat diet and cinnamon [P ≤ 

0.001 and t (9) = 119.40] and high-fat diet and cinnamon 

and exercise [P ≤ 0.001 and t (t (9)= 133.99] were also 

significant; which shows an increase in body weight by 

24.27% in the control group, 39.36% in the high-fat diet 

group, 20.05 % in the high-fat diet and exercise group, 

30.10%  in the high-fat diet and cinnamon group and 17.87 

% in the high-fat diet and exercise and cinnamon group. 

The natural increase in body weight due to the increase in 

age which is calculated in the control group, shows that a 

high-fat diet causes weight increase.; While in the high-fat 

diet group and exercise and high-fat diet group and exercise 

and cinnamon calculated weight gain is less than the control 

group and the high-fat diet group and this significant 

difference is probably due to the effects of performing 

aerobic exercise in these two groups. In the high-fat diet 

and cinnamon also body weight gain has been between the 

control and high-fat diet group and In the high-fat and 

cinnamon diet group, which shows that using cinnamon 

prevents excessive body weight gain due to consuming a 

high-fat food. Finally, performing aerobic exercise and 

cinnamon consumption beside each other has had better 

effects and prevented excessive weight gain due to a high-

fat diet. The difference between weight variables of fat [F 

(4 and 45) = 8695.211 and P ≤ 0.001] and liver [F (4 and 

45) = 15048.35 and P ≤ 0.001] was also significant and 

similar to the pattern of body weight changes between all 

different research groups.   

In Table 4, the mean and standard deviation of research 

variables is presented by different research groups. The 

results of the t-test in comparing the control and the high-fat 

diet groups to determine the extent and manner of the effect 

of using high-fat food showed that the level of leptin gene 
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relative expression in liver and fat tissues, as well as the 

weight of the tissues of liver and fat differed from the 

control group. These results show the effect of a high-fat 

diet in increasing and unfavorable changes of leptin gene 

expression in fat tissue and the liver. In addition, both the 

body weight of rats and the weight of fat tissues and liver of 

rats in the high-fat group was more than the control group, 

which indicates the unfavorable effects of a high-fat diet on 

these variables (Table 5.) 

 

Table 4. the leptin gene relative expression levels and the weight of rat’s liver and fat tissues in different groups 

Liver tissue Fat tissue Variables      

Weight tissue Leptin Weight tissue Leptin Groups 

9.75±0.03 1.7±0.04 2.80±0.02 1.54±0.28 High-fat diet 

8.67±0.13 1.3±0.03 2.57±0.02 0.95±0.02 Cinnamon and High-fat diet 

8.88±0.01 0.89±0.03 1.55±0.02 0.64±0.03 Aerobic training and High-fat diet 

7.65±0.01 0.94±0.03 1.29±0.02 0.47±0.03 Aerobic training, cinnamon, and Aerobic training 

9.05±0.01 1 2.20±0.03 1 Control 

 

Table 5. Dependent t-test results for comparing control and high-fat diet group. 

Statistical indicators 
Mean & standard deviation Groups Variables 

p df Amount t 

0.754 18 0.318 
208 ±1.49 Control 

Rat’s weight before training 
207.8 ±1.31 High-fat diet 

0.001 18 -61.65 
258.5 ±1.26 Control 

Rat’s weight after training 
289.6 ±.096 High-fat diet 

0.001 18 -10.38 
1 Control 

Fat tissue leptin 
1.54±0.28 High-fat diet 

0.001 18 -49.23 
2.20±0.03 Control 

Fat tissue weight 
2.80±0.02 High-fat diet 

0.001 18 -60.85 
1 Control 

Liver  tissue leptin 
1.7±0.04 High-fat diet 

0.001 18 -25.38 
9.05±0.01 Control 

Liver  tissue weight 
9.75±0.01 High-fat diet 

 

The results of the two-way variance test showed that both 

performing aerobic exercise alone (P=0.001) and using 

cinnamon alone (P=000.1) have significant effects on the 

relative expression of the leptin gene in fat tissue of male 

rats fed with a high-fat diet and cause a decrease and a 

desired change in the expression of this gene compared to 

the high-fat diet group (Figure 1). The interaction of aerobic 

training with cinnamon extract was not significant on 

changes in leptin gene relative expression in fat tissues of 

male rats fed with high-fat diet.(P=0.14), although it 

decreased and makes a desired change in the expression of 

this gene compared to the high-fat diet group (Table 6). 

The results of the two-way analysis of variance showed that 

performing aerobic exercise had a significant effect on the 

relative expression of the leptin gene in the liver tissue of 

male rats fed with a high-fat diet (P=0.001) and cause a 

decrease in the expression of this gene, compared to the 

high-fat diet group (Figure 2) Cinnamon extract 

consumption has not had a significant effect on the relative 

expression of the leptin gene of liver tissue of male rats fed 

a high-fat diet. (P = 0.957), although it has decreased the 

expression of this gene compared to the high-fat diet group. 

The interactive effect of performing the aerobic exercise 

with cinnamon extract consumption was not significant on 

the changes of leptin gene relative expression in the liver 

tissue of male rats fed with a high-fat diet.(p=0.434) 

although it caused a decrease in the expression of this gene 

compared to the high-fat diet group (Table 6). 
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Table 6. Two-way variance analysis results of the research variables. 

Effect Amount p F Df Squares total Change source Variables 

0.701 0.001 107.93 1 3.56 Training  

Leptin gene relative expression in fat tissue 
0.31 0.001 20.64 1 0.68 Cinnamon  

0.045 0.14 2.16 1 0.071 Interaction of Training & Cinnamon 

0.43 0.001 34.73 1 1.89 Training 

Leptin gene relative expression in liver tissue 
0.001 0.957 0.003 1 0.001 Cinnamon  

0.012 0.434 0.055 1 0.03 Interaction of Training & Cinnamon 

0.885 0.001 354.21 1 14.18 Training 

Fat  tissue weight(gram)  
0.054 0.112 2.63 1 0.105 Cinnamon  

0.134 0.01 7.12 1 0.285 Interaction of Training & Cinnamon 

0.711 0.001 113.05 1 6.64 Training 

 Liver tissue weight(gram) 
0.806 0.001 191.18 1 11.23 Cinnamon  

0.202 0.001 11.65 1 0.623 Interaction of Training & Cinnamon 

 

 
Figure 1. Changes in the relative expression of the leptin gene in fat tissue 

 
 

 

Figure 2. Changes in the relative expression of the leptin gene in liver tissue. 

 

Aerobic exercise has had a significant effect on the weight 

of fat tissue in male rats fed with a high-fat diet (P=0.001) 

and caused a decrease in fat tissue weight of male rats fed 

with a high-fat diet compared to the high-fat diet group. 

Consumption of cinnamon extract has not had a significant 

effect on the fat tissue weight of male rats fed with a high-
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fat diet compared to the high-fat diet group (p=0.112). The 

interactive effect of performing aerobic exercise along with 

consumption of cinnamon extract was significant on weight 

changes of fat tissue in male rats fed with a high-fat diet 

(P=0.001) and caused a decrease in fat tissue weight 

compared to the high-fat diet group (Figure 3). 

Both performing aerobic exercise alone (P=0.001) and the 

consumption of cinnamon extract alone (P=0.001) have a 

significant effect on changes in liver tissue weight in male 

rats fed with a high-fat diet and caused a decrease in liver 

tissue weight compared to the high-fat diet group. The 

interactive effect of performing aerobic exercise along with 

the consumption of cinnamon extract was significant on 

changes in liver tissue weight in male rats fed with high-fat 

diet (P=0.001) and caused a decrease in the weight of the 

liver tissue compared to the high-fat diet group (Figure 4). 
 

 

Figure 3. Changes in fat tissue weight 

 

Figure 4. Changes in liver tissue weigh.t 

                                   DISCUSSION 

The pattern of changes in leptin gene expression in fat 

tissue showed that consuming high-fat food causes an 

increase of 54% and unfavorable changes in the expression 

of this gene compared to the control group. Performing six 

weeks of aerobic exercise along with a high-fat diet 

moderates the unfavorable effects of a high-fat diet, and 

reduced the expression of this gene by 58.44 % compared 

to the high-fat diet group. Consumption of cinnamon 

extract for six weeks along with a high-fat diet also 

moderates the unfavorable effects of a high-fat diet and 

reduced the expression of this gene by 38.31% in the diet 

group. The interaction of performing aerobic exercise and 

consumption of cinnamon extract for six weeks along with 

the high-fat diet also moderates the unfavorable effects of 

the high-fat diet and decreased the expression of this gene 

by 69.48 % compared to the high-fat diet group (Figure 1.) 

How leptin gene expression changes in fat tissue is relevant 

to the pattern of changes in fat mass. Consumption of high-

fat food, because of an increase and an unfavorable change 

in fat tissue mass by 27.27 % compared to the control 

group. Performing aerobic exercise for six weeks along 

with a high-fat diet moderates the unfavorable effects of a 

high-fat diet and reduces the mass of fat tissue by 44.64 % 

in comparison to the high-fat diet group. Consumption of 
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cinnamon extract for six weeks along with a high-fat diet 

also moderates the unfavorable effects of a high-fat diet and 

reduces fat tissue mass by 8.21 % compared to the high-fat 

diet group. Interaction of performing aerobic exercise and 

consumption of cinnamon extract for six weeks along with 

the high-fat diet also moderates the unfavorable effects of a 

high-fat diet and increases fat tissue mass by 53.92 % 

compared to the high-fat diet group. (Figure 3). With this 

description, it can be seen that the interactive effects of 

performing aerobic exercise for six weeks and consumption 

of cinnamon extract along with a high-fat diet moderates 

the unfavorable effect of a high-fat diet better and more 

effectively on leptin gene expression and fat tissue mass 

and these two with better and more effective and these two 

variables (exercise and cinnamon) could strengthen each 

other's effects. The pattern of leptin gene expression 

changes in the liver tissue showed that consumption of 

high-fat food caused an increase by 70% and unfavorable 

changes expression of this gene were compared to the 

control group. Performing aerobic exercise for six weeks 

along with a high-fat diet moderates the unfavorable effects 

of a high-fat diet and decreased the expression of this gene 

by 47.65% in comparison to the high-fat diet group. 

Consumption of cinnamon extract for six weeks along with 

a high-fat diet also moderates the unfavorable effects of a 

high-fat diet and decreased the expression of this gene by 

23.53% compared to the high-fat diet group. The interaction 

of performing aerobic exercise for six weeks and 

consumption of cinnamon extract along with a high-fat diet 

also moderates the unfavorable effects of a high-fat diet and 

decreased the expression of this gene by 44.70% compared 

to the high-fat diet group. (Figure 2) how leptin gene 

expression changes in liver tissue is relevant to the pattern 

of liver tissue mass changes. Eating high-fat food causes an 

increase and unfavorable change in liver tissue mass by 

7.73 %compared to the control group. Performing aerobic 

exercise for six weeks along with a high-fat diet moderates 

the unfavorable effects of a high-fat diet and reduces liver 

tissue mass by 8.92% in the high-fat diet group.  

Consumption of cinnamon extract along with a high-fat diet 

also moderates the unfavorable effects of the high-fat diet 

and reduced the liver tissue mass by 11.07 % compared to 

the high-fat diet group. Interaction of performing aerobic 

exercise for six weeks and consumption of cinnamon 

extract along with the high-fat diet also moderates the 

unfavorable effects of a high-fat diet and reduces the liver 

tissue mass by 21.53% compared to the high-fat diet group 

(Figure 4). With this description, it can be seen that the 

interactive effects of six weeks of aerobic exercise and 

cinnamon extract along with a high-fat diet moderate the 

unfavorable effects of a high-fat diet better and more 

effectively on leptin gene expression and liver fat mass and 

these two variables (exercise and cinnamon)  could 

strengthen each other's effects. 

 Rostami et al in a research titled the relationship between 

dietary fat intake from different sources with leptin gene 

expression in Visceral and subcutaneous fat tissue in 

Tehrani Adults stated that there is a significant difference 

between leptin gene expression in visceral and 

subcutaneous fat tissues. Also, no significant difference was 

observed between leptin gene expression levels in obese 

and non-obese people. In addition, a significant correlation 

was observed between fat intake in a diet with the 

percentage of fat and leptin gene expression in visceral and 

subcutaneous fat tissues. So changing and increasing fat 

intake especially from animal sources can increase the mass 

of fat tissue and increase leptin gene expression. It seems 

that the serum level of leptin in obese people is more 

influenced by diet than in non-obese people [37]. Many 

studies have been done on the relationship between fatty 

acid intake in diets and serum concentration and leptin gene 

expression [38-42].  The results of some of them showed 

that the type of fat received, did not affect on serum 

concentration and leptin gene expression level [39, 40, and 

43]. However, the results of other research show that the 

type of fat received affected serum concentration and leptin 

gene expression level. This difference can be controlled by 

different human and animal research populations, by using 

different nutritional evaluations and control by considering 

all kinds of confounding variables, which shows the 

importance of conducting more studies in this field [44-49]  

The existing compounds in cinnamon may control and 

reduce obesity by affecting the expression of various genes 

expressions. Due to its polyphenols, cinnamon has useful 
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insulin-like effects in controlling blood sugar and fats and 

can regulate appetite. In addition, by increasing the body's 

metabolism, it can cause the breakdown of fats and excess 

tissue energy consumption. Cinnamon, due to its 

flavonoids, has high antioxidant activity, anti-cancer 

effects, and anti-microbial and anti-bacterial effect due to 

having 65 to 80 percent cinnamaldehyde and 5 to 10 

percent eugenol and its inhibitory effects on nitric oxide 

production have anti-inflammatory effects and protection 

against myocardial ischemia and cardiovascular diseases 

[19]. Anderson et al showed that cinnamon decreased the 

negative effects of high-fructose and high-fat diets on 

insulin signaling and improves overall improvement of 

insulin sensitivity [50]. Kim et al showed the effects of 

cinnamon polyphenols on the up-regulation of vital cell 

proteins and the activation of adenosine monophosphate 

kinase pathways, which reduces pro-inflammatory 

cytokines and cell protection [51]. Haidari et al stated that 

daily consumption of cinnamon in the amount of 250 and 

500 mg per kg of body weight for 28 days can moderate 

and reduce inflammation and oxidative stress of toxic 

compounds in the diet. The existing toxic compound found 

in diets such as acrylamide increases malondialdehyde 

factors, alpha tumor necrosis factor, C-reactive protein, 

leptin, and alanine transaminase and finally reduce the 

capacity of anti-oxidation.  The consumption of cinnamon 

was able to adjust and reduce the mentioned variables; 

Although it did not affect liver enzymes and adiponectin 

[52]. Ahmadi et al stated that injection of cinnamon plant 

extract with a dose of 25 mg kg-1 of body weight twice a 

day, can increase leptin levels and body weight can 

compensate for the lipid profile in rats and cause a 

moderation and a significant reduction in the level of these 

variables [53]. Ashrafy et al stated that cinnamon is a plant 

that by reduction of the level of oxidative stress probably, 

causes the correction of oxidative indices. High-fat diets 

probably, cause tissue damage in the liver, through the 

creation of oxidative stress. By having strong anti-oxidant 

properties, cinnamon extract also prevents harmful effects 

of high-fat diet damage on the tissue structure of the liver. 

A high-fat diet causes microscopic lesions in the tissue 

structure of the liver. Cinnamon extract has strong 

antioxidant properties and through increasing the power of 

anti-oxidant, leads to the improvement of liver damage 

caused by consumption of a high-fat diet [33]. 

Adaptation in the energy system not only enables the body 

to be more efficient in energy production; rather, the use of 

the type of fuel (such as fat) causes more efficiency in 

energy production during endurance training in comparison 

to other training. Energy stored in the form of fat is used 

more, which causes visible changes in the physical 

composition. for this transfer from the fat tissue to its 

consumption in the muscles, there are changes in the 

secretory glands which are primarily responsible for the 

release of hormones to allow the body to be more efficient 

in energy production. Increasing available substrates for 

use, increase endurance activity time. Depending on the 

intensity of endurance training, training substrates change. 

People who trained for endurance for a longer period, time 

consume more fat as fuel than people who did not train. As 

a result of endurance training, the key enzymes involved in 

the Krebs cycle and the electron transport device contribute 

significantly to increasing the capacity of muscle tissues for 

fat oxidation compared to carbohydrate oxidation increase. 

The number, size, and surface area of the mitochondrial 

membrane in filaments muscles increase. Glucose release is 

facilitated with the help of glucose transporters, and people 

can use available fatty acids more, all of which lead to 

increased efficiency and better oxidation of fat sources to 

produce energy. several reasons can be used to explain the 

behavior of leptin towards muscle training physical activity 

and sports training; reduces fat mass, plays a decisive role 

in energy consumption,[54] is effective on the 

concentrations of different hormones effective on regulating 

metabolism and appetite such as ghrelin, resistin, 

adiponectin, [31,55] and metabolites such as fatty acids,  

lactic acid, and triglycerides. Rohner, and Alavizadeh et al 

stated that performing eight weeks of aerobic exercise 

decreased plasma levels of leptin [56, 57]. Aerobic training 

three sessions a week, including 10 minutes of warm-up, 30 

minutes of aerobic exercises (a two-minute increase in 

aerobic exercise time up to 44 minutes per week), and 10 

minutes of cooling, which started with 55% of the 

maximum heart rate in the first week and to comply with 
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the principle of load adds up to 75% of the maximum heart 

rate continued in the last week. Reduction of weight 

variables, body mass index, and fat percentage resulting 

from aerobic exercise was also significant [56].  

Gokbel et al showed that in long-term aerobic training, 

immediately after training, 24 hours after training, and 

during the recovery period, the concentration of leptin 

decreases significantly [58]. Okazaki et al also investigated 

the effect of moderate-intensity aerobic exercise and diet 

for one week on reducing fat and leptin concentration in 

inactive obese and non-obese middle-aged women. Based 

on these findings, leptin concentration and fat mass 

decreased, but the decrease in leptin concentration was not 

related to weight loss [59]. Based on these reasons it seems 

that the change in leptin behavior in response to exercise is 

dependent on several factors. These factors include 

intensity and duration of exercise, nutritional status of 

subjects, day and night rhythm of leptin, time of blood 

sampling and, degree of caloric imbalance due to training. 

It comes from practice. Finally, it is observed that the 

interactive effects of performing six weeks of aerobic 

exercise and consuming cinnamon extract along with the 

high-fat food cause better and more effective adjustment of 

the unfavorable effects of a high-fat diet on leptin gene 

expression and fat tissue mass and these two variables 

(exercise and cinnamon) have been able to strengthen each 

other's effects, while they could not strengthen each other’s 

effect in the liver tissue and consuming cinnamon extract 

for six weeks along with high-fat diet has had better and 

more favorable effects on leptin gene expression and liver 

tissue mass. Therefore, apart from the desired and accepted 

effects of physical activities and sports exercises on fat 

tissue and the liver; recommended taking cinnamon extract 

can also have desirable and useful effects.  

Research limitation 

Failure to control the activity level of rats in the cage. 

Failure to control the amount of water and food consumed 

by rats in the cage. 
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