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Abstract

Aim: Prediabetes is a high-risk condition for type2diabetes and has a effect on fat and glucose
metabolism. The aim of this study was to determine the effect of aerobic exercise and green
coffee on the expression of thermogenic genes of uncoupling protein1(UCP1) and iodothyronine
deiodinase2(DIO2) in the adipose tissue of prediabetic mice. Methods: Out of 25 male C57bl-6
mice aged 4 weeks, 5 were considered as control group and 20 were considered as prediabetes
group. In the first stage, the control group was given a normal diet and the prediabetic group was
given a high-fat diet for 12 weeks. After induction of prediabetes, in the second phase of the
study, mice were randomly divided into groups: control(Ctrl), prediabetes(PD), prediabetes-
aerobic exercise(EX), prediabetes-green coffee(GC) and prediabetes-green coffee-aerobic
exercise(EX/GC). Mice of EX and EX/GC groups ran on a treadmill for 10 weeks. Also, mice
in EX/GC and GC groups were subjected to green coffee gavage for 10 weeks. The expression
of UCP1 and DIO2 genes in subcutaneous fat tissue was measured by real time PCR method
and after quantification, gene expression values were analyzed using AACt-2 formula and then
t-test, ANOVA and Tukey's post hoc test. Results: The results showed that12weeks of high-fat
diet increased fasting blood sugar and exposed mice to prediabetes. Also, the relative expression
of UCP1 and DIO2 in adipose tissue of EX group was significantly increased compared to other
groups(P=0/000). Conclusion: The results showed that aerobic exercise and green coffee can
have beneficial effects on the expression of UCP1 and DIO2 genes in the subcutaneous adipose
tissue of prediabetic mice and may activate thermogenesis in this tissue and thereby reducing
the risks of prediabetes.
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Extended abstract

Background

Prediabetes is a high-risk disease for infection type 2 diabetes. One of the most important causes of pre-diabetes and type
2 diabetes is consuming a high-fat diet, obesity and lack of physical activity. In pre-diabetes, insulin resistance occurs in
muscle, liver and fat tissues. Consuming a high-fat diet leads to insulin resistance, which insulin resistance disrupts the
metabolism of lipids, followed by a decrease in mitochondrial function, as a result of thermogenesis and browning of
adipose tissue (which is one of the coping strategies with metabolic diseases) is disrupted and inhibits the genes involved
in the browning of white adipose tissue.

Endurance exercises and herbal supplements such as green coffee are suitable solutions to improve pre-diabetes
conditions. Therefore, in the present study, we intend to create pre-diabetic model mice by applying a high-fat diet, and
then to investigate the effect of green coffee and endurance training separately and together on the expression of
thermogenic markers in the subcutaneous fat tissue.

Materials and Methods

This research was real experimental in terms of method. The statistical sample of this study was 25 C57bl/6 mice with an
average weight of 14 gr at the age of 4 weeks, which were purchased from the Royan Institute of Biotechnology in Isfahan
and transferred to the animal laboratory.

Experimental design

5 were considered as control group and 20 were considered as pre-diabetes group. In the first stage, the control group was
given a normal diet and the pre-diabetic group was given a high-fat diet for 12 weeks. After induction of pre-diabetes, in
the second phase of the study, mice were randomly divided into groups: control(Ctrl), prediabetes(PD), prediabetes-
aerobic exercise(EX), prediabetes-green coffee(GC) and prediabetes-green coffee-aerobic exercise(EX/GC). The
protocol of this study was approved by the ethics committee of Zahedan University of Medical Sciences and Health
Services with code IR.USB.REC.1399.040.

Training protocol

Aerobic exercise protocol: Aerobic exercise was done incrementally including alternating warm-up and cool-down on
a treadmill for rodents (without incline) as follows: Mice started their aerobic exercise with an intensity of 7 meters per
minute and for 15 minutes per day on a treadmill, and during 1 week, the activity time gradually increased to 45 minutes
per day and the intensity of activity increased to 15 meters per minute. One week of initial training was designed for this
purpose, so that the mice can run on the treadmill for 45 minutes daily at an intensity of 15 meters per minute at the
beginning of the training protocol. From this stage onwards, according to an increasing training protocol, the mice of the
group trained, ran on the treadmill for 5 consecutive days, one session each day and each session lasted 45 minutes. The
groups that were not subjected to physical training were also placed on the silent treadmill for 10 weeks, 5 sessions a
week and each session for 15 minutes, so that all the conditions, including the manipulation of the mice by the researcher,
were the same for all groups, and the only difference between the groups control and experiment in their training program.

Supplemental program: The supplementation program was as follows: prediabetes-green coffee and prediabetes-green
coffee-aerobic exercise groups received 220 mg/kg of green coffee supplements through gavage 3 times a week.

Sacrifice mice and extract adipose tissue: 24 hours after the last training session, the mice were anesthetized after 14
hours of fasting by intraperitoneal injection of anesthetic (a combination of ketamine (30-50 mg/kg) and xylazine (3-5
mg/kg)). After the anesthesia was confirmed, the mice were sacrificed and then the subcutaneous fat tissue was quickly
separated and kept at -80°C and then transferred to the laboratory.

The method of measuring biochemical variables: RNA extraction was performed using a silica membrane-based spin
column method, and after reading the concentration with a nanodrop device, DNase treatment and cDNA synthesis were
performed using the Biotech Rabbit kit. After designing the primer, studies on the expression of thermogenic genes UCP1
and DIO2 in subcutaneous fat tissue were measured by real time PCR method and after quantification, the gene expression
values were analyzed using the AACt-2 formula.

Statistical analysis

After collecting data and calculating the mean and standard deviation of data using descriptive statistics, Shapiro Wilk
test was used to determine the normal distribution of data. In the related variables, one-way ANOVA test was used for
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comparison between groups and control group and then Tukey's post hoc test was used to compare the differences between
groups.

Results

The results showed that12weeks of high-fat diet increased fasting blood sugar and exposed mice to prediabetes. Also, the
relative expression of UCP1 and DIO2 in adipose tissue of EX group was significantly increased compared to other
groups(P=0/000). Therefore, it seems that a high-fat diet leads to an increase in fasting blood sugar and also causes a
decrease in the relative expression of the UCP1 gene and an increase in the relative expression of the DIO2 gene. In
addition, aerobic training and green coffee lead to a significant increase in the expression of thermogenic genes UCP1
and DIO2 in the subcutaneous fat tissue of the groin of prediabetic model mice.

Discussion

High-fat diet reduces UCP1 gene expression, with defects in insulin signaling. Aerobic exercise and green coffee
supplementation seem to increase the UCP1 gene by affecting the central nervous system, releasing catecholamines and
releasing more lipids. In addition, exercise with DIO2 gene expression increases thermogenesis in adipose tissue. DIO2
catalyzes the conversion of T4 to T3, resulting in increased thermogenesis. More studies are needed on how green coffee
affects DIO2 expression. In general, aerobic exercise and green coffee may have an effect on the activation of thermogenic
genes, and this is a therapeutic solution to deal with metabolic syndrome.

Article message

Our results showed that aerobic exercise and green coffee supplementation can reduce fasting blood sugar in prediabetic
mice. Also, the expression of the thermogenic genes UCP1 and DIO2 in the subcutaneous fat tissue of prediabetic mice

is increased, and it may increase thermogenesis in the subcutaneous fat tissue, so it causes the white fat tissue to become
beige, and it is possible in this way Reduce the risk of prediabetes.
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