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Abstract 
 
Introduction: The present study was conducted to determine the effect of 10 weeks of 

interval training on the expression of G6Paseo PEPCK genes, which are related to 

gluconeogenesis in liver tissue in type 2 obese rats.  

Methods: The statistical population of the present study consisted of obese type 2 diabetic 

rats. For this purpose, twenty-one 10-week-old Wistar rats were randomly divided into 3 

groups (7 rats in each group): 1) healthy control 2) interval training 3) obese control group. 

At the beginning of the protocol, all rats were fed a high-fat diet for 8 weeks. Then, except for 

the obese control group, three other groups were made diabetic by intraperitoneal injection 

of STZ and then participated in a period of interval training. The intense interval training 

program was performed for 10 weeks, 5 sessions per week, in the form of treadmill running 

with intervals of 60 seconds of running and 120 seconds of rest, at a speed of 16 to 36 meters 

per minute. 48 hours after the last activity session, rats were anesthetized with a 

combination of xylazine and ketamine. After removing the tissue, the preparation steps were 

performed to examine the expression of the desired gene. The expression of the G6Pase and 

PEPCK genes was measured using the Realtime PCR method. Central and dispersion indices 

were used to describe the data statistically. The Shapiro-Wilk test was used to examine the 

data status and to examine the research hypotheses, the one-way analysis of variance 

(ANOVA) test was used and, if significant, the Tukey post hoc test was used to show the 

difference between the groups. The significance level was considered to be P≥0.05. 

Results:  The results of the present study showed that diabetes led to increased expression 

of G6Pase and PEPCK in the diabetic group compared to the healthy obese control 

group(p=.001). In addition, interval training was able to change these indices towards the 

values of the control group. 

Conclusion: Based on the findings of the present study, improvement in the response of 

G6Pase and PEPCK to interval training as genes effective in the gluconeogenesis process 

leads to a decrease in the rate of gluconeogenesis and possibly an improvement in glycemic 

status in type 2 diabetic rats. 
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1. Introduction 

Type 2 diabetes is the most common chronic 

metabolic disease that occurs due to glucose 

intolerance due to an imbalance between 

insulin stores and insulin requirements. Urban 

development and a sedentary lifestyle have 

caused this disease to increase rapidly. Many 

factors contribute to the occurrence of this 

disease, insulin resistance caused by obesity 

and increased blood glucose are known to be 

factors that accelerate this disease (1). Blood 

glucose regulation in diabetes is one of the 

important goals of controlling and treating this 

disease. One of the most important pathological 

mechanisms affecting diabetes is impaired 

hepatic glucose metabolism, which can lead to 

the development of the disease (2). 

The liver is a key organ in maintaining glucose 

homeostasis and balance in the body, regulating 

glucose synthesis through pathways such as 

glycogenolysis and gluconeogenesis from non-

carbohydrate precursors such as pyruvate, 

glycerol, lactate, and amino acids such as 

alanine (3). The rate of gluconeogenesis is 

controlled and regulated by the activity of 

enzymes such as PEPCK (phosphoenolpyruvate 

carboxykinase) and glucose-6-phosphatase (G-

6-pase) (4). 

A hallmark of type 2 diabetes is increased 

endogenous glucose production, primarily due 

to increased hepatic glucose production (HGP) 

(5). The two rate-limiting enzymes of hepatic 

glucose production are HGP, the catalytic 

subunit of glucose 6-phosphatase (encoded by 

G6PC) and phosphoenolpyruvate 

carboxykinase (encoded by PCK1 and PCK2). 

Because the expression of these enzymes is 

suppressed by insulin, it is widely believed that 

patients with type 2 diabetes (T2D) have 

increased expression of G6PC and PCK due to 

hepatic insulin resistance. 

However, correlating the expression of these 

enzymes with diabetes or glycemia in humans 

has been challenging (6). 

PEPCK is one of the key enzymes involved in 

gluconeogenesis. The enzyme pyruvate 

carboxylase converts pyruvate to oxaloacetate 

in the mitochondria, and then the conversion of 

oxaloacetate to phosphoenolpyruvate is carried 

out by PEPCK. PEPCK expression is also 

controlled by insulin. After a meal, pancreatic 

beta cells produce and secrete insulin, which 

binds to its receptor and phosphorylates AKT, 

which inhibits its activity through PGC1a, and 

ultimately inhibits gluconeogenesis (7). The 

physiological significance of dysregulation of 

hepatic gluconeogenesis genes suggests that 

overexpression of PEPCK in the liver causes 

glucose intolerance. In a study by Pastik et al. 

(8), increased expression of PEPCK in the liver 

led to fasting hyperglycemia and peripheral 

insulin resistance. Increased glucose through 

gluconeogenesis or through overexpression of 

PEPCK is responsible for the development of 

metabolic disorders in type 2 diabetes (8). 

Glucose-6-phosphatase is a rate-limiting 

enzyme in gluconeogenesis, which is mainly 

expressed in the liver and plays an important 

role in the production of glucose to other organs. 

The activity of this enzyme is stimulated by the 

cAMP signaling pathway and inhibited by 

insulin. In insulin-deficient diabetic model rat, 

G6P-ase activity is increased (9). 

The importance of diabetes is such that many 

studies and interventions have been conducted 

in this regard with the aim of controlling or 

reducing the severity of the disease in affected 

individuals. One of these interventions is 

exercise (6.7 Shokrollahi). One of the 

approaches to studying the effect of exercise on 

enzymes affecting the gluconeogenesis process 

(10) 
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2. Materials and Methods 

In the study of Shokrollahi et al. (2019), 

resistance training significantly reduced the 

expression of G6Pase in liver cells, which led to a 

decrease in the expression of G-6-pase and 

improved beta cell function (11). Jakob et al. 

(2015) also reported an increase in the 

expression of G6Pase in liver cells following one 

hour of running exercise in obese rats (12). In the 

study of Yarmohammadi et al. (2018), 12 weeks 

of aerobic exercise also led to a decrease in the 

expression of G6Pase in the liver tissue of 

diabetic rats (13). Also, in a 10-week study, 

aerobic exercise significantly reduced PEPCK 

expression in nicotinamide-streptozotocin-

induced diabetic male rats (14). 

In general, it can be said that understanding the 

molecular cellular regulators in the 

gluconeogenesis pathway can greatly help in the 

treatment of diabetes. Although some studies 

have been conducted in this field, there is less 

research evidence on changes in G6Pase and 

PEPCK in liver tissue. Therefore, the present 

study aims to investigate the role of resistance 

training on the expression of PEPCK, 

phosphoenolpyruvate carboxykinase, and 

glucose-6-phosphatase (G-6-pase) genes in the 

liver tissue of type 2 diabetic rats. 

 

Exercise Protocol: 

 One week after familiarization with the 

laboratory environment, familiarization 

exercises were performed to climb a ladder for 

resistance training and a treadmill for rodents. 

After that, the animals were divided into four 

groups: healthy (7 animals), diabetic control (7 

animals), resistance training (7 animals), and 

interval training (7 animals).Interval training 

was performed for 10 weeks, 5 sessions per 

week, in the form of treadmill running. Running 

speed increased from 16 m/min in the first week 

of training to 36 m/min in the tenth week of 

training. The activity time was 60 seconds and 

the rest time was 120 seconds, which was 

performed 10 times per sessionThe healthy and 

diabetic control groups did not participate in any 

training program (15). 

Biochemical Analysis of Variables: 48 hours 

after the last training session and after a 12-hour 

fast, the rats were anesthetized with a 

combination of xylazine (3-5 mg/kg) and 

ketamine (30-50 mg/kg). Then, their liver tissue 

was removed, washed in physiological saline, 

and immediately frozen in liquid nitrogen and 

transferred to a -80 freezer for measuring 

variables. All ethical standards for working with 

laboratory animals were observed according to 

the instructions. PCR was used to measure the 

expression of the genes of interest, with GAPDH 

as the control gene. To determine the quality and 

quantity of the extracted RNAs, the OD of all 

samples was measured with a Nano Drop device. 

Then, cDNA synthesis was performed using a 

Takara kit (TAKARA cat NO. 6130) and according 

to the manufacturer's instructions. For RNA 

extraction, 50 mg of frozen mouse liver tissue 

was homogenized and, 

The statistical population of the present study 

consists of all male Wistar rats of the Pasteur 

Institute of Iran, from which 21 10-week-old rats 

weighing 220±20 grams (initially) were 

purchased and divided into healthy groups and 

after induction of type 2 diabetes, they were 

randomly divided into 2 diabetic control groups 

and an interval training group. The method of 

induction of type 2 diabetes was through 8 weeks 

of high-fat diet followed by intraperitoneal 

injection of STZ. 
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Table 1. Primer Sequence Specifications for Each Gene 

Gene Forward Reverse 

G6Pase GGTTGGGATACTGGGCTGTG TTGTAGATGCCCCGGATGTG 

PEPC TGCCCCAGGAAGTGAGGAAG CAGTGAGAGCCAGCCAACAG 

 

The Shapiro-Wilk test was used to determine the normality of the data, the one-way analysis of variance statistical 

model was used to determine the significance of the difference between the variables, and if significant, the 

Tukey post hoc test was used to determine the location of the difference. Statistical operations were performed 

at a significance level of P≥0.05 and using Spss software version 26. 

 

according to the manufacturer's instructions, 

RNA solution was extracted from it and purified 

from any DNA contamination and RNA degrading 

enzymes with DNase enzyme. 2 μg of mRNA from 

each sample was used to synthesize the first 

strand of DNA. The relative expression of the 

studied genes in the liver was measured with the 

help of their specific primers (Table 1). Primers 

were designed using Oligo 7 software, and all 

primers were blasted on the NCBI website for 

specificity and accuracy. The absorbance ratio of 

260 to 280 ng for all extracted samples was 1.8 

to 2. To check the quality of extracted RNA, 

electrophoresis and 1% agarose gel were used. 

Quantitative analysis was performed using a 

real-time PCR device, Step One Plus. The average 

Ct values of replicates were measured for each 

sample, and the comparative Ct method was used 

to determine the relative expression level of 

target genes.  

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2026;1 (19): 46-56                                                                                    

50 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of one-way analysis of variance showed 
that the expression of G-6-Pase in the diabetic 
control group and the interval training group was 
significantly different from the obese control group 
(p=0.001). In other words, the values of this index 
increased significantly compared to the control 
group. Also, a significant difference was observed 
between the exercise group and the diabetic group 
(p=0.001). In such a way that the expression values 
of the G-6-Pase index in the exercise group were 
lower than the diabetic group.(figure1) 

The results also showed that the expression of 
PEPCK in the diabetic control group and the 
interval training group was significantly different 
from the obese control group (p=0.001). In other 
words, the values of this index increased 
significantly compared to the control group. Also, a 
significant difference was observed between the 
exercise group and the diabetic group (p=0.001). 
In such a way that the expression values of the G-
6-Pase index in the exercise group were lower than 
the diabetic group.(figure2) 

 

3. Results 
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Figure 1:  Mean G6Pase expression in study groups 

 

*. Significant change compared to obese control group. 

† Significant change compared to diabetic control 

 

Figure 2:  Mean PEPC expression in study groups 

 

*. Significant change compared to obese control group. 

† Significant change compared to diabetic control 
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The results of the present study on the 

expression of PECK and G-6-pase genes showed 

that diabetes led to an increase in these genes in 

the diabetic group compared to the obese control 

group. Also, interval training led to a decrease in 

the expression of G-6-pase and PECK genes 

compared to the diabetic group. 

In this regard, in line with the present study, in 

the study of Kazemi Nasab et al. (2019) the effect 

of eight weeks of aerobic training on the 

expression of PEPCK and G6Pase in the liver 

tissue of obese prediabetic rats showed that the 

relative expression of key genes in 

gluconeogenesis, including G6Pase and PEPCK, 

was significantly reduced in the liver of trained 

rats compared to untrained rats (16). 

Shokrollahi Ardakani also points out in his study 

that 12 weeks of resistance training significantly 

reduced glucose 6-phosphatase (G6Pase) 

expression in liver cells, as well as glucose levels 

and beta cell function in type 2 diabetic rats 

compared to the control group, leading to a 

significant decrease in glucose, beta cell function, 

and G6Pase expression in liver cells (11). 

Increased hepatic glucose release due to 

impaired function of enzymes effective in the 

hepatic gluconeogenesis process is one of the 

main characteristics of type 2 diabetes (16). The 

results of the present study seem to confirm the 

role of interval training in improving changes in 

glucose levels and beta cell function, as well as 

the expression of hepatic gluconeogenic genes 

compared to the control group.  

Ghahramani et al. (2019) studied the effect of 

aerobic exercise on the expression of HNF-4α 

and G6Pase genes in the liver tissue of male rats 

with type 2 diabetes induced by nicotinamide-

streptozotocin (17). 

Changes in G6Pase protein expression between the 

two aerobic diabetic and diabetic control groups did 

not show a significant difference, which is not 

consistent with the results of the present study. 

Other inconsistent studies include the study by Nik 

Seresht et al. (2022), which aimed to determine the 

effect of 6 weeks of high-intensity interval training 

(HIIT) on G6Pase expression in liver tissue in obese 

type 2 diabetic rats and compared with the non-

diabetic obese group. It was shown that interval 

training in the diabetic group did not cause a change 

in G6Pase expression compared to the diabetic 

control group (18). It is possible that the duration of 

the training period (6 weeks versus 10 weeks in the 

present study) is the reason for the difference in the 

results.  

In the study by Shojaei et al. (2023), examining the 

effect of aerobic exercise on the function of the local 

renin-angiotensin system and the gluconeogenesis 

pathway in the liver tissue of type 2 diabetic rats, 

eight weeks of aerobic exercise significantly 

reduced the expression of PEPCK genes and blood 

glucose levels compared to the diabetic-non-

exercising group (19). In the study by Ghahremani 

et al. (2019), the effect of 10 weeks of aerobic 

exercise significantly reduced the expression of 

PEPCK protein in the aerobic diabetic group 

compared to the control group. Aerobic exercise 

also reduced insulin resistance (14). The effects of 

endurance exercise on phosphoenolpyruvate 

carboxykinase (PEPCK) in obese Zucker rats by 

Chang also showed that exercise training 

significantly reduced PEPCK (20). 

 

4. Discussion 
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 Studies show that insulin, by binding to hepatic 

receptors, regulates signaling cascades that 

activate enzymes involved in the uptake and 

release of glucose from the liver in the processes 

of gluconeogenesis, glycolysis, and glycogen 

metabolism (13). The presence of insulin in the 

liver stimulates GCK and reduces the expression 

of G6Pase, which leads to long-term changes in 

GCK and G6Pase proteins that facilitate the 

release and uptake of glucose. It has been shown 

that the genetic regulation of liver GCK and 

G6Pase changes rapidly in response to changes in 

hepatic insulin in dogs (21), and since changes in 

glucose levels in response to exercise are also 

dependent on other hormonal and genetic 

changes, PEPCK and G6Pase could be effective as 

other transcription factors in this context (20). 

 Clinical studies, especially in the last decade, 

have shown that type 2 diabetes (T2D) is not only 

the result of insulin resistance or impaired 

insulin signaling pathways in target tissues such 

as adipose tissue or muscle, but also involves 

defects in several mechanisms, the prevalence or 

severity of the disease (22). On the other hand, 

increased blood glucose levels are also the result 

of excessive hepatic glucose release. In this 

context, in addition to gluconeogenic enzymes 

such as fructose 1,6-diphosphatase (FDPase), 

phosphoenolpyruvate carboxykinase (PEPCK), 

and glucose-6-phosphatase (G6Pase), which 

regulate the rate of the G6Pase process (23), also 

strongly affect hepatic glucose release, which is 

primarily controlled and regulated by insulin 

(24). 

The decreased expression of genes involved in 

hepatic gluconeogenesis can also be attributed to 

changes in the signaling pathways of other 

transcription factors. In the study by Lima et al. 

(2009), 

the researchers attributed the decreased 

expression of PEPCK to the decreased expression 

of TRB3 after a prolonged recovery period after 

prolonged exercise. Thus, in the aforementioned 

study, TRB3 expression was significantly 

reduced in the liver tissue of obese diabetic rats 

at 8 h after a prolonged swimming session 

compared to the control group, and the 

researchers noted that the decreased expression 

of TRB3 would lead to a decrease in hepatic 

glucose release due to the effect on protein levels 

and PEPCK expression. These researchers also 

suggested that the hepatic glucose production 

after a prolonged recovery period after 

prolonged exercise is rooted in the improvement 

of insulin signaling pathways (25). 

Despite some contradictory findings mentioned 

above, since the increase in blood glucose or 

hyperglycemia in type 2 diabetes is due to 

various factors such as insulin secretion, 

membrane glucose uptake in target tissues, or 

hepatic glucose release, the decrease in glucose 

can be attributed to stimuli such as drug use, diet, 

and exercise (26, 27). In the present study, it 

seems that interval training, by reducing the 

expression of PECPCK and G6Pase as enzymes 

effective in the gluconeogenesis process, reduces 

the rate of gluconeogenesis and hepatic glucose 

release in type 2 diabetic rats. 

 
5. Conclusion  

 

 

The present study aimed to determine the effect 

of 10 weeks of interval training on some 

gluconeogenic genes in liver tissue and diabetic 

obese rats, and showed that diabetes led to 

increased expression of G6p and PECK genes. In 

addition, interval training, as an effective factor 

on the gluconeogenesis process, was able to 

change these indices towards the values of the 

diabetic control group. 
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