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Introduction: The present study investigated the effect of six weeks of 

interval training and consumption of Prosopis farcta root extract (PFRE) on  

Glucagon-like peptide-1 (GLP-1) gene expression in the intestine of diabetic 

male rats. 

Materials and Methods: In this study, 50 male Wistar rats were randomly 

divided into 5 groups (control, diabetes, diabetes + intermittent exercise, 

diabetes + PFRE, diabetes + exercise and PFRE). Diabetes was induced by 

intraperitoneal injection of streptozotocin (50 mg/kg). Interval training 

includes 5 to 12 repetitions at an intensity of 24 to 34 m/min (75-100% 

maximum speed) of 60 seconds with active rest intervals of 75 seconds, six 

days a week for six weeks. PFRE was given to the animals at a dose of 300 

mg/kg by the gavage method. After six weeks, the animals were 

anesthetized, and blood samples were taken directly from the hearts of the 

animals, and the duodenal part of their intestines was removed to evaluate the 

GLP-1 gene expression. 

Results: Diabetes induction significantly increased plasma glucose 

concentration and GLP-1 gene expression (about 16 times the control group). 

Also, the concentration of plasma glucose decreased significantly after 6 

weeks of intermittent training, consumption of PFRE, and the combination of 

exercise and PFRE. (P=0.0001) But no significant difference was observed 

between the intervention groups. Intermittent training (32.3%), PFRE 

(72.8%), and the combination of exercise and PFRE (92.6%) decreased GLP-

1 gene expression compared to the diabetes group. 

Conclusion: The results of the present study showed that interval training, 

PFRE, and the combination of two interventions reduce blood glucose. Also, 

GLP-1 gene expression was significantly reduced in the consumption of 

PFRE and the combination of exercise and PFRE ,but interval training alone 

had no significant effect on GLP-1 gene expression. 
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Introduction 

diabetes mellitus is a metabolic disorder, and its 

prevalence has reached an alarming level with 

the increase in obesity worldwide, particularly 

in developing countries [1]. The prevalence of 

diabetes in the world was 4% in 1995, and it 

will reach 5% by 2025, so that the number of 

people with diabetes will reach 300 million in 

2025, from 135 million in 1995 [2]. Diabetes 

mellitus is characterized by impaired insulin 

secretion, insulin resistance, and excessive 

production of glucose by the liver [3]. The 

elevation of blood glucose levels in diabetic 

patients leads to serious complications such 

as nephropathy, retinopathy, neuropathy, 

cardiovascular disease, and even death [4]. 

Diabetes mellitus is a multifactorial syndrome, 

and various factors play a role in the onset and 

progression of this disease. Gene mutations, 

aging, some environmental factors, and 

underlying diseases are the most determining 

factors [5]. Among these factors, the role of the 

incretin hormone Glucagon-like peptide-1 

(GLP-1) and its receptors (GLP-1R) is 

important in insulin secretion from pancreatic 

cells. Incretins are digestive hormones that 

generally increase the secretion of insulin, 

decrease the secretion, and the rate of gastric 

emptying, and create a feeling of satiety [6]. 

GLP-1 is secreted from the intestinal L cells 

after food enters the intestine and blood glucose 

increases. This hormone increases insulin levels 

and decreases blood sugar in direct and indirect 

ways. GLP-1 increases insulin gene expression 

and its synthesis directly through activation of 

GLP-1 receptors on pancreatic cells, and on the 

other hand, indirectly through the vagus nerve 

system and hepatic portal vein, increases insulin 

secretion. Research shows that in type 2 

diabetes, GLP-1 secretion is disrupted, so 

improving blood GLP-1 levels can increase 

insulin levels and regulate blood glucose [7, 8]. 

In the presence of increased blood glucose 

concentration, rapid and higher cAMP 

production is mediated by stimulation of 

GLP-1R-dependent plasma membrane-

bound adenylyl cyclase, increasing insulin 

secretion from β-cells [9]. Although plasma 

membrane-bound adenylyl cyclase activity is 

also increased in response to other high 

glucose-dependent pathways, it is affected to a 

much lesser extent than GLP-1R [10]. 

Streptozotocin induced diabetes is one of the 

chemical models of experimental diabetes in 

which Streptozotocin is used to destroy beta 

cells [11]. Streptozotocin was extracted from a 

species of Streptomyces (Streptomyces 

achromogenes) in 1956 by the researchers of 

Upjohn Pharmaceutical Company as an 

antibiotic and has a wide antimicrobial 

spectrum. Streptozotocin is used clinically in 

the treatment of beta-cell malignancy and also 

as a laboratory agent to induce diabetes. 

Structurally, this substance is a nitrous urea 

glucosamine, and due to its structural similarity 

to glucose, it enters beta cells and selectively 

destroys them [11, 12]. The availability and 

relatively low cost of medicinal plants, as well 

as fewer side effects than chemical drugs, have 

caused them to be widely considered all over 

the world. Prosopis farcta root extract (PFRE) 
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belongs to the Leguminosae family and the 

Mimosoideae subfamily, which is native to dry 

and semi-arid regions of America, Asia, and 

Africa [13]. The effective compounds found in 

this plant are: 5-hydroxyl tryptamine (alkaloid), 

L-arabinose, lectin, quercetin, tryptamine, and 

apigenin [14]. Literature review showed that 

this plant has anti-diabetic, antioxidant, anti-

inflammatory, anti-apoptotic, anti-spasm, 

and soothing properties [14, 15]. According 

to previous research, prescribing the 

hydroalcoholic extract of the fruit and the root 

of the PFRE plant has been able to reduce blood 

glucose by changing the expression level of the 

pyruvate kinase gene [16]. 

In 2019, an experimental study was conducted 

to investigate the effect of Prosopis farcta 

extract on the gene expression of some of the 

main genes of the glycolysogen pathway 

involved in insulin signaling pyruvate kinase, 

phosphofructokinase, glucokinase and insulin 

signaling phosphotidylinositol 3 kinase, insulin 

receptor substrate, glucose transporter2 (GluT2) 

in HePG2 cells. In this study, HePG2 cells were 

cultured and treated with Prosopis farcta extract 

(leaves, roots, fruits). 

The results showed that the expression of 

glucokinase, phosphofructo, and pyruvate 

kinase was upregulated, and the expression of 

GluT2, PI3-kinase, and insulin receptor 

substrate genes was upregulated compared to 

control cells. It seems that the effect on 

diabetes of  Prosopis farcta on diabetes is not 

more than the glycolysis pathway. This 

mechanism acts by increasing gene 

expression in the insulin signaling pathway 

[17]. 

Several studies have investigated the effect of 

exercise interventions on blood glucose levels, 

serum insulin, insulin resistance, hormonal or 

genetic factors in patients with type 2 diabetes 

and healthy people. But the findings are slightly 

contradictory; nevertheless, all studies have 

reported a significant reduction in blood 

glucose levels as a result of sports activities [18, 

19]. Moreover, exercise training may be 

somewhat effective as a physiological regulator 

of GLP-1 function or secretion [20]. In the 

study of Lee et al., 12 weeks of low-intensity 

aerobic training led to a decrease in glucose and 

serum leptin levels, as well as a significant 

increase in GLP-1 in adolescent boys with type 

2 diabetes [21]. But in the study of Ueda et al, 

serum GLP-1 levels did not change 

significantly after 12 weeks of exercise 

compared to before the exercise program [22]. 

So, this study was designed to investigate the 

effect of six weeks of interval training and 

consumption of PFRE and the combination of 

the two interventions on gene expression of 

GLP-1 in the intestine of diabetic male rats.. 

Materials and Methods 

Drugs and chemicals 

Streptozotocin, with a purity greater than 99%, 

was purchased from Sigma-Aldrich Co. (St. 

Louis, MO, USA). All of the Assay Kits were 

purchased from ZellBio (Germany). All other 

chemicals used were of analytical grade. 

Animals 

Fifty male Wistar rats (10 weeks old and 

weighing between 220 -250 g) were obtained 

from the laboratory animal reproduction and 

breeding center of Ahvaz Jundishapur 
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University of Medical Sciences . Before starting 

the experiment, the rats were placed in a new 

housing space for seven days, with free access 

to water and standard animal food. During the 

experiment, the rats were kept in polycarbonate 

cages with dimensions of 25 x 50 cm (5 mice in 

one cage) with a temperature of 22 ± 2 °C and a 

relative humidity of 50 ± 5%. The dark and 

light cycle was 12:12 with light starting at 7 

am. Animals had free access to standard 

food and water. 

Plant extraction 

The Prosopis farcta plant was harvested in the 

winter of 2018, from its natural habitats in 

Shushtar city, Khuzestan province, Iran, and the 

plant species was confirmed by the Faculty of 

Botany of Shahid Chamran University of Ahvaz . 

The plant was dried at room temperature (25-26 

°C), away from direct sunlight, then the root of the 

dried plant was ground and used for the next 

steps. Then the extract was prepared by the 

maceration method. First, the ground roots were 

soaked in 70% ethanol in a dark environment for 

72 hours with occasional shaking. The solution 

was filtered using filter paper (Whatman No. 2) 

and then concentrated under vacuum in a rotary 

evaporator. The concentrated extract was 

completely dried in Pyrex plates for 24 hours in 

an oven at 40 °C. The harvested extract was 

stored at 4 °C . Then the extract was dissolved in 

distilled water at a concentration of 10%  and fed 

orally to the animals at a dose of 300 mg /kg of 

body weight. For other groups, a similar volume 

of distilled water was gavage so that the stress 

caused by gavage was similar in all animals. 

Study design 

In this experimental study, fifty male Wistar 

rats were randomly divided into five groups, 

including: 1) control group, 2) diabetic group, 

3) diabetic + intermittent exercise group, 4) 

diabetic PFRE group, 5) diabetic + combination 

of intermittent exercise and PFRE consumption 

group. After the end of the intervention, 

sampling was done. The timing of 

measurements, interventions, and sampling is 

presented in Table 1.  

Diabetes Induction 

In order to induce diabetes mellitus in rats, a 

single dose of 50 mg/kg of Streptozotocin 

(dissolved in sodium citrate solvent and citric 

acid) was injected intraperitoneally after an 

overnight fast (without food). 48 hours after 

Streptozotocin injection, and after 12 hours of 

fasting, a blood sample was taken by creating a 

scratch at the end of the rat’s tail, and the fasting 

blood sugar was measured using a glucometer 

(Accu-Chek Active, Roche, Germany). The 

animals receiving Streptozotocin with a glucose 

concentration higher than 250 mg/dL were 

considered diabetic rats. To equalize the stress in 

non-diabetic rats, only the sodium citrate solvent 

was injected for them. Also, to ensure the 

diabetes status, blood sugar was measured every 

week using tail vein blood. 

Measurement of the maximum running speed  

First, the rats were adapted to training on the 

treadmill for three days. To perform the 

maximum speed test, the rats were fasted for 4 

hours before the test, and the test was performed 

between 9 and 11 am. 
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The animals performed the warm-up program at 

a speed of 5 meters/min for 5 minutes and then 

started the test at a speed of 9 meters/min (5 

minutes). In the continuation of the test, the 

speed of the rotating tape was increased by 2 

meters/min every 2 minutes until the animals 

became exhausted. The criterion of animal 

retardation was the inability to return to running 

on the treadmill within 10 seconds [23]. 

Interval training protocol  

Intermittent training, including running on the 

rodent treadmill at a speed of 24 to 34 m/min, 

equivalent to 75 to 100% of the maximum 

oxygen consumption, was performed six days a 

week for six weeks [24]. Due to the obesity of 

the animals, the training started with a lower 

intensity than the original protocol. Before 

starting the training period, the animals first ran 

on the treadmill for a week to familiarize 

themselves with the training. Overall, during the 

six weeks, the animals performed 5-12 

repetitions of 60 seconds at an intensity of 24-34 

m/min with active rest intervals of 75 seconds 

(Table 2). All training sessions started with a 5-

minute warm-up (at a speed of 5 m/min) and 

ended with a 5-minute cool-down. 

 

 

Table 1. Procedure of treating animals in different groups 

Obtaining 

animals  

Acquaintance Examination Induction of 

diabetes 

Groups Duration and type of 

intervention 

Sampling 

50 male 

Wistar 

rats 

Determining 

and isolating 

Untrainable 

rats 

Performing 

the maximum 

running speed 

test 

Intraperitoneal 

injection of  

50 mg/kg 

Streptozotocin  

Control group (standard regime) 

without activity 

End of the 

6th week 

Diabetes group Diabetes induction 

Diabetes + interval 

training group 

Diabetes induction: 6 

weeks of interval 

training 

Diabetes + PFRE 

group 

Diabetes induction: 6 

weeks of PFRE 

consumption 

Diabetes group + 

combination of 

exercise and PFRE 

Diabetes induction: 

Six weeks of training 

along with the use of 

PFRE 

PFRE= Prosopis farcta root extract 

 

Table 2. Interval training protocol 

 
 

Repetition × Light duration (light intensity) × Heavy duration (heavy intensity)  Weak 

5×1min(24m/min) ×75sec(5m/min) First week 

8×1min(24m/min) ×75sec(5m/min) Second week 

10×1min(28m/min) ×75sec (5m/min) Third week 

10×1min(30m/min) ×75sec (5m/min) Fourth week 

12×1min(30m/min) ×75sec (5m/min) Fifth week 

12×1min(34m/min) ×75sec (5m/min) Sixth week 
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Sample collection 

48 hours after the last training session and after 

12 hours of fasting, the animals were 

anesthetized using a combination of ketamine 

(100 mg/kg/ip) & xylazine (50 mg/kg/ip). To 

minimize the effect of the circadian rhythm, all 

samplings were done between 9 and 11 am. 

Blood samples were taken directly from the 

heart. Then the abdomen of the animals was 

opened, and the duodenal part of the rats' 

intestine was removed, and the extra tissues were 

washed with distilled water and immediately 

frozen in liquid nitrogen and stored at -80°C 

until analysis. 

Serum biochemical assays 

The blood specimens were collected in a gel-

filled clot tube. After blood clotting, the samples 

were centrifuged for 15 minutes at 3,000 rpm, 

and the serum was separated and stored at -20 °C 

until use for the biochemical assays. Fasting 

blood sugar (FBS) was measured using the Auto 

Analyzer (Alpha Classic AT Plus, IRAN). 

Measurement of GLP-1 gene expression by 

the real-time polymerase chain reaction (RT-

PCR) method  

RT-PCR technique was used to 

quantitatively measure GLP-1 gene 

expression in intestinal tissue. Briefly, first, 

the primer design was done, and then the 

total RNA was extracted from the tissues 

and converted into cDNA using reverse 

transcriptase enzyme. The resulting cDNA 

was treated with the DNase I enzyme to 

remove genomic DNA. Then the cDNA was 

amplified by PCR and analyzed for the 

expression of the mentioned gene. 

Extraction of total RNA 

RNA extraction from intestinal tissue was 

performed using Kyazol solution according to 

the manufacturer's protocol (Qiagen, Germany). 

To ensure no contamination with genomic DNA, 

it was exposed to DNase I (Fermentas). The 

purity of the extracted RNA was checked using a 

spectrophotometer (DPI-1, Kiagen) at a 

wavelength of 260 nm. The extracted RNA was 

kept at -80 °C until use. 

cDNA synthesis 

After extracting RNA with high purity and 

concentration, cDNA synthesis steps were 

performed according to the manufacturer's 

protocol (Fermentas, USA). Oligo dT primer 

(MWG-Biotech, Germany) and reverse 

transcription enzyme (Fermentas) were used for 

single-stranded cDNA synthesis.  

Polymerase chain reaction  

First, all designed primers were examined, and 

then gene expression was measured using the q-

RT PCR method. For each test, the materials and 

primers used were poured into 48-well 

containers in the proportions mentioned in the 

manufacturer's instructions and mixed. 

PCR reaction was performed using PCR master 

mix (Applied Biosystems) and SYBR Green in 

an ABI Step One thermocycler (Applied 

Biosystems, Sequences Detection Systems, 

Foster City, CA) according to the manufacturer's 

protocol. 40 cycles were considered for each 

Real-Time PCR cycle, and the temperatures of 

each cycle were set at 94°C for 20 seconds, 58-

60°C for 30 seconds, and 72°C for 30 seconds. 

The melting curve and negative control curve 

were evaluated to check the accuracy of PCR 
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reactions and the presence of contamination in 

each reaction. The expression ratio of the studied 

gene was evaluated by the comparative method 

of threshold cycle (CT) using the following 

formula. The expression level of the target 

gene was normalized with the reference gene, 

and the expression of the genes of the healthy 

group was considered as a calibrator. E stands 

for efficiency and was obtained by drawing a 

standard curve for the gene. For specific 

amplification of the GLP-1 gene in real time PCR, 

specific primers were designed and used. The 

sequence of the forward primer GLP-1R was 5′-

TGATGTGAGTTCTTAGTTGGAGGG-3′ and 

the reverse primer sequence r-glp1 was 5′-

TGTGAGGATGGTTGTGAATGGTGA-3′. 

 

ΔΔCT = (CT Target− CT Reference) Time X − (CT Target− CT Reference) Time 0 

 

(ΔCT Reference= CT Control – CT Treatment, ΔCT Target= Ct Control– Ct Treatment) 

 

Statistical analysis 

Statistical analyses were performed using 

SPSS software version 22. The results were 

presented as mean ± standard deviation. First, 

the normality of data distribution was analyzed 

using the Kolmogorov-Smirnov test. One-way 

ANOVA was used to compare the means of 

groups, and Bonferroni's test was used as a 

post hoc test. The significance level for all 

tests was considered at p <  0.05. 

Results  

The effect of intermittent training and PFRE 

administration on body weight 

ANOVA test results showed that the induction of 

diabetes caused a significant decrease in the 

weight of rats compared to healthy animals (p = 

0.0001; F(4) = 30.175 ). Also, the weight of the 

group subjected to the combination of PFRE 

consumption and exercise showed a significant 

increase compared to the diabetic group, but no 

significant difference was observed between 

the groups of exercise, PFRE, and the 

combination of PFRE and exercise (Fig. 1). 

The effect of intermittent training and PFRE 

administration on the blood glucose level 

Induction of diabetes caused a significant 

increase in plasma glucose concentration. 

Also, the concentration of plasma glucose 

decreased significantly after six weeks of 

intermittent exercise, consumption of PFRE, 

and the combination of exercise and PFRE 

(p= 0.0001; F(4) = 72.542), but no significant 

difference was observed between the 

intervention groups. (Fig. 2). 

The effect of intermittent training and PFRE 

administration on the GLP-1 gene expression 

Current results showed that the induction of 

diabetes has increased the expression of GLP-1 

by about 16 times compared to the control group. 

Intermittent training, PFRE consumption, and 

the combination of exercise and PFRE decreased 

the expression of GLP-1 by 32.3, 72.8, and 

92.6%, respectively, compared to the diabetes 

group (Fig. 3). Table 3 displays the effect of 

intermittent training and PFRE administration 

on the measured parameters. 
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Fig. 1. The effect of intermittent training and PFRE administration on the body 

weight in the studied groups (* significant difference was seen in the weight of the 

animals at the final level) 

Data are expressed as mean ± standard deviation 

NS= Streptozotocin-induced diabetic rats; IT= Intermittent training; PFRE= 

Prosopis farcta root extract 

 

 

 
 

Fig. 2. The effect of intermittent training and PFRE administration on the blood 

glucose changes in the studied groups 

Data are expressed as mean ± standard deviation 

NS= Streptozotocin-induced diabetic rats; IT= Intermittent training; PFRE= 

Prosopis farcta root extract 
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Fig. 3. The effect of intermittent training and PFRE administration on the GLP-1  

gene expression level in the studied groups  

Data are expressed as mean ± standard deviation 

NS= Streptozotocin-induced diabetic rats; IT= Intermittent training; PFRE= 

Prosopis farcta root extract 

 

 

Table 3. The effect of intermittent training and PFRE administration on the measured parameters 

Variabls 
Groups 

Control Diabetic Diabetic+IT Diabetic+PFRE Diabetic+IT+PFRE 

Initial weight (gr)* 217.4 ± 4.2 212.8 ±7.7 216.6 ± 3.6 215.8 ± 1.81 213.4 ± 6.7 

Final weight # 401.2 ± 32.05  256.4± 26.5 290.4 ± 56.5 280.8 ± 15.5 3020 ± 22.6 

Initial plasma glucose (mg/dl) & 88.6 ± 10.5 82.8 ± 11.4 83.0 ± 12.6 89.8 ± 7.7 94.0 ± 11.6 

Glucose after injection (mg/dl) $ 82.4 ± 11.00 400.8± 71.4 409.8 ± 91.1 395.6 ± 71.6 455.4 ± 54.9 

Final plasma glucose # 96.6 ± 7.2 434.6± 82.5 290.4 ± 56.5 293.4 ± 11.2 259.8 ± 30.6 

GLP-1 
0.00000034± 

0.00000023 

0.0000055± 

0.0000015 

0.0000037± 

0.0000023 

0.0000015± 

0.0000014 

0.000000405± 

0.0000002 

 

* Before starting the study 

& After eight weeks of a high-fat diet and before starting to exercise and consume PFRE  

# At the end of six weeks of intervention  

$ 48 hours after streptozotocin injection  

Data are expressed as mean ± standard deviation 

IT= Intermittent training; PFRE= Prosopis farcta root extract; GLP-1= Glucagon-like peptide-1 
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Discussion 

GLP-1 is a peptide hormone consisting of 30 

amino acids. GLP-1 plays a crucial role in 

glucose homeostasis and insulin secretion. It is 

produced by the L cells in the small intestine 

and released into the bloodstream in response 

to food intake [7].  

GLP-1 binds to the GLP-1 receptor, which is 

expressed on various tissues, including the 

pancreas, brain, and gastrointestinal tract. It 

increases insulin secretion directly by affecting 

its receptors on pancreatic beta cells and 

indirectly through the vagus nerve system and 

hepatic portal vein. When GLP-1 binds to its 

receptor on pancreatic beta cells, it activates a 

signaling cascade that leads to increased 

insulin secretion and decreased glucagon 

secretion. This helps to lower blood glucose 

levels by promoting glucose uptake and 

storage in tissues. 

In addition to direct effects on insulin 

secretion, GLP-1 stimulates glucose 

consumption and is also able to increase the 

proliferation of pancreatic beta cells [25]. 

GLP-1 also slows down gastric emptying and 

reduces appetite by acting on receptors in the 

brain. This helps to control food intake and 

promote weight loss. In addition to its effects 

on glucose regulation and appetite, GLP-1 has 

been shown to have cardiovascular benefits. It 

can improve endothelial function, reduce 

inflammation, and lower blood pressure [7]. 

Type 2 diabetes results from a decrease in 

beta-cell function and an increase in insulin 

resistance. Moreover, in type 2 diabetes, GLP-

1 secretion is disturbed, so the increase and 

improvement of blood GLP-1 level can cause 

an increase in insulin and blood glucose 

regulation [26]. Therefore, the present study 

was conducted to investigate the potential 

effect of intermittent exercise and 

consumption of PFRE on GLP-1 gene 

expression in an experimental model of 

diabetes.  

The findings of the present study showed that 

induction of diabetes caused a significant 

increase in plasma glucose concentration and 

an increase in GLP-1 gene expression about 16 

times in the control group.  

The authors concluded that due to the 

significant increase in blood sugar levels in the 

diabetic group (positive control), the level of 

GLP-1 hormone has increased in response to 

increased blood glucose to stimulate more 

insulin secretion. Exercise improves glucose 

metabolism and insulin sensitivity, but its 

effect on GLP-1 gene expression depends on 

several factors, including the duration, 

intensity, and frequency of exercise [27]. So, 

more research is needed to understand the 

relationship between intermittent exercise and 

GLP-1 expression. Our findings showed that 

six weeks of intermittent training caused a 

significant decrease in plasma glucose 

concentration and no significant change in 

GLP-1 gene expression. 

Several studies have investigated the effect of 

exercise interventions on blood glucose levels, 

serum insulin, insulin resistance, hormonal or 

genetic factors in patients with type 2 diabetes 

and healthy people. But the findings are 
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slightly contradictory; nevertheless, all studies 

have reported a significant reduction in blood 

glucose levels as a result of sports activities 

[18, 19]. In addition, various results have been 

reported regarding the effect of exercise on 

GLP levels. For example, in the study of Ueda 

et al, serum GLP-1 levels did not change 

significantly after 12 weeks of exercise 

compared to before the exercise program [22]. 

In the study of Abdolfathi et al, performing 

acute aerobic activity with moderate intensity 

to the point of exhaustion immediately and 24 

hours after the activity did not affect serum 

GLP-1, glucose, and insulin levels in women 

with T2D [28], which are in line with the 

results of the present study. However, in the 

study of Lee et al., 12 weeks of low-intensity 

aerobic training led to a decrease in glucose 

and serum leptin levels, as well as a significant 

increase in GLP-1 in adolescent boys with 

type 2 diabetes [21]. By examining and 

comparing these studies more closely, some 

possible reasons for this difference in results 

can be attributed to the intensity, duration, 

volume, and type of exercise. 

In addition, previous research has shown that 

the intensity and duration of exercise are 

effective in the changes of inflammatory 

indices in type 2 diabetic patients [29]. The 

authors concluded that in the present study, 

insufficient duration, intensity, and volume of 

exercise may play a role in the lack of effect of 

exercise on GLP-1 gene expression. 

Currently, the direct role of the herbal product 

on GLP-1 gene expression is not clear. 

However, some studies have suggested that 

certain flavonoids and other herbal ingredients 

may indirectly affect GLP-1 levels and 

activity. For example, some studies have 

shown that flavonoids found in fruits and 

vegetables, such as quercetin and catechins, 

may improve glucose regulation by increasing 

GLP-1 secretion and enhancing its effects on 

insulin secretion and glucose uptake [30]. 

Similarly, natural antioxidants such as 

resveratrol have been shown to improve 

insulin sensitivity and glucose metabolism, 

possibly by increasing GLP-1 activity [31]. 

Overall, while there is no direct relationship 

between herbal ingredients and GLP-1 gene 

expression, these compounds may have 

beneficial effects on glucose regulation and 

metabolic health through their interactions 

with GLP-1 signaling pathways. 

The findings of the present study indicated that 

six weeks of consumption of PFRE caused a 

significant decrease in plasma glucose 

concentration and a decrease in GLP-1 gene 

expression.  

In a similar study, Heidar Lashkari et al. 

investigated the effects of the metabolic 

extract of Prosopis farcta seed on blood 

glucose levels in diabetic rats [32]. They 

reported that this extract had a significant 

effect in reducing blood glucose levels in the 

diabetic rats, which was consistent with the 

results of the present study. 

Different mechanisms have been mentioned 

regarding the anti-diabetic effects of the 

Prosopis farcta extract. Some researchers 

suggested that the anti-diabetic activity might 

be attributed to the presence of flavonoids, 

tannins, and other polyphenolic compounds in 

the extract [33]. It has also been suggested that 
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this extract increases insulin secretion, protects 

pancreatic beta cells from damage, improves 

insulin sensitivity, and enhances insulin 

signaling and glucose uptake. Additionally, the 

extract may have antioxidant properties that 

contribute to its anti-diabetic effects [34-36]. 

There is limited research on the specific 

effects of combining exercise and natural 

products on diabetic control and GLP-1 gene 

expression. However, recent studies have 

suggested that the combination of interval 

exercise and herbal products may have a 

synergistic effect on diabetes complications. 

For example, in a study conducted by 

Ghalavand et al, the effects of interval training 

and nettle supplementation on glycemic 

control and blood pressure in men with type 2 

diabetes were investigated. Their findings 

showed that interval training and nettle 

supplementation were effective strategies for 

managing type 2 diabetes symptoms, and 

combining them provided even greater 

benefits [37]. 

In another study, Nouri et al investigated the 

effects of resveratrol supplementation and 

exercise on diabetic biomarkers in the liver of 

diabetic rats. The results showed that both 

interventions reduced apoptosis, improved 

lipid profile, and increased the expression of 

genes related to the regulation of glucose and 

lipid metabolism. In addition, combining 

resveratrol supplementation with exercise 

showed better results [38]. 

The results of the present study showed that 

the combination of six weeks of interval 

training with the use of PFRE at the same time 

decreased blood sugar, and with a decrease in 

blood sugar, the expression of the GLP-1 gene 

decreased significantly. 

Fujiwara et al believe that combining drug 

therapy with lifestyle interventions such as diet 

and exercise can lead to greater improvements 

in blood glucose control, GLP-1 levels, and 

other health outcomes in people with type 2 

diabetes [39]. Overall, while more research is 

needed to fully understand the effects of 

combining exercise and herbal supplements on 

GLP-1 gene expression, these interventions 

may have synergistic benefits for improving 

glucose regulation and metabolic health. The 

authors of this study conclude that exercise, 

along with the consumption of the extract, has 

reduced blood sugar in diabetic animals, and 

this itself has reduced the expression of the 

GLP-1 gene through a feedback mechanism. 

The literature review showed that the 

combination of intermittent exercise and herbal 

products may work through multiple 

mechanisms to improve glucose regulation and 

reduce blood sugar levels, including: Increased 

insulin sensitivity, enhanced glucose uptake, 

increased GLP-1 activity, reduced 

inflammation, and Improved mitochondrial 

function. Exercise can increase insulin 

sensitivity, allowing the body to use insulin 

more effectively to lower blood sugar levels. 

Herbal products such as cinnamon and 

fenugreek have also been shown to improve 

insulin sensitivity [40, 41]. Exercise can 

increase glucose uptake by muscle cells, which 

can help to lower blood sugar levels. Some 

herbal products, such as berberine, have also 

been shown to enhance glucose uptake [42]. 

Exercise has been shown to increase GLP-1 
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activity, and some herbal products, such as 

bitter melon and ginseng, have also been shown 

to stimulate GLP-1 secretion [39, 43]. Chronic 

inflammation can contribute to insulin 

resistance and impaired glucose metabolism. 

Exercise has anti-inflammatory effects, and 

some herbal products, such as turmeric and 

ginger, have also been shown to have anti-

inflammatory properties [44, 45]. Mitochondria 

are the energy-producing organelles in cells, 

and impaired mitochondrial function can 

contribute to insulin resistance and impaired 

glucose metabolism. Exercise has been shown 

to improve mitochondrial function, and some 

herbal products, such as ashwagandha, have 

also been shown to enhance mitochondrial 

function [46, 47]. 

The anti-diabetic effect of PFRE can be 

attributed to the effective compounds of this 

plant, including quercetin and apigenin. 

Quercetin, a natural flavonoid, stimulates 

GLP-1 release through TAS2R38-mediated 

PLC signaling from enteroendocrine NCI-

H716 cells. Quercetin significantly enhanced 

GLP-1 secretion, which was attenuated by 

TAS2R38 siRNA and PLC inhibitors [48]. 

Quercetin decreases blood glucose levels, 

improves glucose tolerance, and enhances 

pancreatic β-cell function via various 

mechanistic pathways, such as AMPK, which 

regulates GLUT4 expression in adipose tissue 

and muscles. It also regulates glycaemia by 

reducing GLUT2 expression and sodium-

dependent glucose uptake in the gut, as well as 

lowering glucose absorption. It also inhibits 

the release of pro-inflammatory mediators, 

such as interleukin-1β, interleukin-4, 

interleukin-6, and tumor necrosis factor-α., 

preventing pancreatic β-cell damage. 

Quercetin has been shown to improve insulin 

sensitivity, glucose metabolism, and insulin 

secretion in diabetic animal models by 

promoting pancreatic β-cell proliferation. It 

inhibits the α-glucosidase and dipeptidyl 

peptidase-IV enzymes, which prolong the half-

life of GLP-1 and glucose-dependent 

insulinotropic polypeptide [49]. 

Apigenin, a natural bioflavonoid, possesses 

the ability to inhibit α-glucosidase activity, 

cause stimulation of insulin action and 

secretion, Amplifies glucose-stimulated 

insulin secretion through the PKA-MEK 

signaling cascade without directly affecting 

K-ATP channels [50]. It can be concluded 

that each of the effective compounds of PFRE 

in lowering blood sugar can affect lowering 

blood sugar through one or more pathways, of 

which GLP-1 gene expression is one of these 

pathways .Therefore, PFRE can be effective in 

lowering blood sugar by increasing GLP-1 

gene expression. 

Despite the efforts to control disturbing and 

interfering factors, some things were out of the 

researcher's control. One of these factors was 

the stress caused by the treadmill and the 

nature of the animals' activity on the treadmill, 

which may have affected the results of the 

present study. Another factor was the injury 

caused by the friction between the animal's 

foot and the conveyor belt, as well as the tail 

injury of the animals in the training group, 

which probably caused inflammation in the 

body of these animals and may have affected 

the results of the present study. Gavage of 
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animals is another thing that causes stress to 

animals. 

It is suggested that to better investigate the 

mechanism of blood sugar reduction and the 

effect of GLP-1 gene expression on it, the 

expression of other genes, including TCF7L2, 

which affect regulating GLP-1 activity, should 

be used. Also, given that the differences in the 

results of studies investigating the effect of 

exercise on GLP-1 gene expression can be 

attributed to the intensity, duration, volume, and 

type of exercise, it is suggested that exercise 

training be performed with different intensities 

and durations, because in this study, due to the 

obesity of the animals, the training started with a 

lower intensity than the original protocol. 

Conclusion  

In general, the results of the present study 

showed that intermittent exercise, PFRE 

consumption, and the combination of 2 

interventions reduce blood sugar. Also, this 

decrease in blood sugar decreased the expression 

of GLP-1 through a feedback mechanism. 

However, further research is needed to fully 

understand the mechanisms underlying this 

effect and to determine the optimal 

combination of exercise and herbal products 

for maximizing GLP-1  expression . 
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