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Abstract

Background: Obesity is known as one of the major causes of epidemiologic diseases worldwide; therefore, the introduction of
treatment strategies by medical professionals, such as the use of various medicines and exercise programs to reduce fat or prevent
obesity, is on the rise. Recently, researchers have shown special interest in assessing the effect of lipolytic adenosine and vitamin
D deficiency, as well as the effect of exercise, on decreasing body fat percentage.

Objective: This study has been designed to examine the effect of adenosine and vitamin D3 injections, in conjunction with
high-intensity interval training and isocaloric moderate-intensity training, on the metabolic parameters of obesity induced by a
high-fat diet.

Methods: This is an experimental study using 92 Wistar rats. At 6 weeks of age, the rats' weights will be recorded, after which
they will have 1 week to adapt to their new environment before being divided into 12 groups. The rats will participate in a 2-stage
experimental intervention, including a 13-week fattening diet phase followed by a 12-week exercise training phase consisting of
an exercise program and the injection of adenosine and vitamin D3. Groups 1 and 2 will have a normal diet, and the other groups
will have a diet of 40% fat, with free access to food and water up to the second half of the second stage of the study (end of the
sixth week of training). After termination of the interventions, tissue collection and molecular assessments (blood for biochemical,
tissues for gene expression analyses, and anthropometrical indexes) will be performed.

Results: The project was initiated in April 2017 and completed in December 2017. Data analysis is under way, and the first
results are expected to be submitted for publication in November 2018.

Conclusions: We hypothesize that weight loss–induced molecular changes and upregulation will be observed in line with an
increase in lipolysis and beta oxidation in muscle and fat tissue as a result of performing isocaloric training in drug-receiving rats
and groups on a high-fat diet.
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Introduction

Background
Obesity is a main health risk factor [1,2] and the major cause
of diseases, including metabolic syndrome [3], type 2 diabetes,
high blood pressure, and cardiovascular incidence worldwide.
The high intake of energy within the body results in abnormal
accumulation of fat in adipose tissues [4], which has
deteriorating effects on health, life quality, and aging [5]. Thus,
the damage of glucose and fat metabolism pathways and the
disturbance in metabolic balance of these interrupted conditions
[6-8] result in the incidence or development of fat-related
diseases [9].

Plant-based substances [4,10,11] and medicines [12-16] have
been proposed as strategic treatment and preventive measures
for obesity. Presently, one of the most challenging issues in the
field of pharmacy is discovering the most effective antiobesity
intervention with the least negative side effects on humans.
Recently, researchers have focused on the effect of the most
active forms of vitamin D and have shown fatty acid oxidation
[17] and its controlling role in the incidence of obesity
[13,18-23]. On the other hand, while some studies have shown
that adipogenesis [24,25] continues through different
mechanisms, others have focused on identifying intervention
factors that can lead to weight loss, particularly, fat weight, with
the researchers revealing the undetected effects of adenosine
molecules driven from adenosine triphosphate (ATP) [26].

Depending on the type and dependency of adenosine on specific
G proteins, it has a link with one of the 4 receptors—A1, A2A,
A2B, and A3—in different tissues showing different functions
[27-31]. In contrast to the clinical findings, exercise science
training experts rely on the effective and preventive effects of
different types of exercise programs on obesity that are relatively
consistent without any harmful side effects. On the other hand,
considering the significance of intensity and duration of exercise
training programs [32-41], high-intensity interval training (HIIT)
programs have been identified as a fat controlling intervention
[33]. The control of weight increase due to the high-fat content
of diet [34] compared with stable aerobic activity, improvement
in fat distribution, and insulin with similar energy cost [35], has
an effect on obesity. Regardless of the benefits of physical
activity on the improvement of obesity, there are inconsistent
findings with regard to the decrease in fat indices through
participation in physical activity without calorie restriction. In
addition, there are a limited number of studies on the
significance of calorie consumption based on exercise training
volume in contrast to response to different types of training,
leading to the same changes in metabolic conditions of
obesity-induced high-fat diet with participation in HIIT and
isocaloric moderate-intensity training as observed earlier [36].

Thus, considering the significance of finding an antiobesity
medicine to reduce weight with less harmful side effects and
the undeniable effect of exercise as medicine [14,37] for health

and longevity, it seems necessary to examine and compare the
effect of medicine, exercise, and their interaction on health.
Therefore, due to the inadequate knowledge of introducing
harmless medicine to control the increase of the volume and
size of fat cells and enhance fat-burning activities in high-fat
diets, it seems adenosine (by activating adenosine receptors in
response to the density and release of adenosine within the cell
that leads to different processes of fat burning) and vitamin D
injections, in conjunction with isocaloric sport training, may
play a significant role in the reduction of fat accumulation,
lipolysis regulation, and insulin sensitivity in vital metabolic
organs including the liver, muscles, and different fat tissues,
which may eventually lead to weight loss.

Study Objective
The aim of this study is to examine the interaction of adenosine
and vitamin D3 alongside HIIT and isocaloric moderate-intensity
training on anthropometric, thermogenic, and metabolic gene
parameters in high-fat diet–induced obese rats.

Methods

Animals
In this experimental protocol, 92 male Wistar rats will be
prepared by the Shahid Mirghani Research Institute. This study
has been reviewed by the research ethics committee of Sports
Science Research Institute and was approved with the code
IR.SSRI.REC.1395.115. The rats will be kept in similar
laboratory environment conditions at 22°C±3°C in a 12-hour
day-night cycle. All rats will be fed a normal diet until 5 to 6
weeks to gain 182.32 grams of weight. After 1 week of
adaptation to a new environment, the 92 rats will be divided
into 12 groups to participate in the 2 stages of the experimental
intervention, including a 13-week fattening diet plan (they will
consume 40% fat) followed by a 12-week exercise program.
All the rats in the normal diet (except groups 1 and 2) will have
free access to food and water up to the second half of the second
stage (end of the sixth week of training). In the beginning of
the seventh week, the amount of food given to all the groups
will be prepared based on a gram scale (based on the mean value
of food in groups 3 and 6) for 6 weeks in an identical scale.
This process will continue until the end of the training stage.
Anthropometric measures will be assessed for all groups,
including weight per week, body mass index (BMI), waist and
chest size and ratio, height, Lee index, calories consumed, the
ratio of weight gain to the total amount of food consumed, the
ratio of weight gain to the total calories consumed monthly, and
the amount of food consumed daily by every rat.

Diet
Normal diet will contain 4.30 kcal per gram including 3.87%
fat (soy oil), 17.46% casein protein, 68.7% carbohydrates, 8.97%
minerals, and 1% vitamins. High-fat diet will contain 5.81 kcal
per gram with 40% fat (20% soy oil and 20% [animal fat]
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subcutaneous fat oil), 14.1% casein protein, 36.58%
carbohydrates, 8.4% minerals, and 0.72% vitamins.

Experimental Groups
Before any intervention, all 92 rats will be assigned randomly
to 12 groups while matched for their weights. Moreover, 2 of
these groups will serve as the control group and receive a normal
diet. The remaining groups will go through 2 treatment stages;
in the first stage, they will consume a 40% fat content diet for
13 weeks. In the second stage of the protocol (training phase),
1 of the control groups (n=5), Group 1, will be slaughtered. The
11 remaining groups will include Group 2, the second control
group (n=5), which will still be fed a normal diet; Group 3 will
continue on a high-fat diet (n=5); Group 4 will continue on a
high-fat diet and vitamin D3 injection (n=5); Group 5 will
continue on a high-fat diet and adenosine injection (n=8); Group
6 will continue on a high-fat diet and placebo injection (n=8);
Group 7 will continue on a high-fat diet and undergo HIIT
(n=11); Group 8 will continue on a high-fat diet and undergo
HIIT and placebo injection (n=10); Group 9 will continue on a
high-fat diet and undergo moderate-interval training (MIT) and
adenosine injection (n=11); Group 10 will continue on a high-fat
diet and undergo MIT and placebo injection (n=10); Group 11
will continue on a high-fat diet and undergo MIT with D3
injection (n=7); and Group 12 will continue on a high-fat diet
and undergo HIIT with D3 injection (n=7; Figures 1-4).

Anthropometric Assessments
The abdominal circumference (immediate anterior to the
forefoot), thoracic circumference (immediate behind the
foreleg), and body length (nose-to-anus or nose-anus length)
will be determined in all the rats every month. The
measurements will be done on anaesthetized rats (0.1 mL
intraperitoneally of 1% sodium barbiturate). The body weight
and body length will be determined with the following
anthropometrical parameters [42]:

BMI = body weight in g/length2 (cm2)

Lee index = cube root of body weight in
grams/nose-to-anus length (cm)

Specific rate of body mass gain will be determined by: g/kg =
dM/Mdt, where dM represents the gain of body weight during
dt = t2−t1, and M is the rat body weight at t1.

Body Mass and Food Intake
Body mass and food intake (difference between the feed offered
and the remaining feed) of each animal will be measured daily
throughout the experimental period by precision balance
(Gehaka, model BG 2000, Brazil). Feed efficiency and energy
efficiency will be calculated using the following formulas:

Feed efficiency = Body mass gain (g)/Total food
intake (g)

Energy efficiency = Body mass gain (g)/Total caloric
intake (kcal)

Drug Treatment
A total of 190 doses of 3mg/mL adenosine packs and vitamin
D3 with 300,000 IU/mL will be purchased from the College of
Pharmacy, Tehran University of Medical Sciences. The dosage
of adenosine drugs was calculated based on weight and will be
prepared in 1 cc of saline. During the first 6 weeks of the
training phase, every rat will be injected intraperitoneal (IP),
0.2 mg/mL/kg adenosine dose and vitamin D3 with 10,000-unit
dose per rat. After 6 weeks of training, to assess the rate of the
effectiveness of the drug, a crossover design will be employed
by introducing a dose of 0.4/mg/mL/kg adenosine injection per
day and increased unit dose of vitamin D3 to 20,000 IU/ml once
in the beginning of the second 6-weeks training period. These
doses will undergo no further changes up to the end of the
protocol.

Adenosine Intraperitoneal Injection Aspects
The adverse effects of adenosine, however, limit the usefulness
of this agent as a systemically (intravenously or intra-arterially)
administered drug. When so administered, adenosine can cause
heart block, asystole, arrhythmias, bradycardia, hypotension,
bronchoconstriction, and a stress reaction consisting of flushing,
headache, dyspnea, chest pressure, and nausea. This is done via
single application or intermittent or continuous peritoneal
lavage, which induces beneficial effects on the intestines of a
subject. This approach can achieve pharmacologically active
levels of adenosine in the intestinal wall of a mammal (including
humans) without producing significant levels of adenosine in
the systemic circulation of the subject.

However, there is a possibility that the metabolic barrier to
adenosine absorption by the gastrointestinal tract, that is,
intestinal adenosine deaminase [43] would be so effective in
limiting the bioavailability of peritoneally administered
adenosine that active levels of adenosine in the gastrointestinal
tract could only be achieved with concentrations of adenosine
in the peritoneal cavity so high that absorption at other sites in
the peritoneal cavity would result in overwhelming systemic
levels of adenosine. When administered to a subject by
peritoneal lavage, adenosine dilates the splanchnic circulation
and increases adenosine levels in the mesenteric vein, without
affecting systemic hemodynamics or increasing adenosine levels
in the arterial circulation. This invention, therefore, establishes
that therapeutically effective levels of adenosine can be achieved
in the peritoneal cavity in a subject without attaining
pharmacologically active levels in the subject’s systemic
circulation [44]. Thus, according to the side effects of
intravenous injection, the authors will use IP injection in this
study. Moreover, considering the high lethal dose (LD50) of
the adenosine and its half-life of 0.6 to 10 seconds and also
prolonged absorption through IP injection, we will select 0.2
and 0.4 mg/mL/kg.
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Figure 1. Experimental groups’ timeline and procedures: Part 1. Group 1 is the control group and will be slaughter after the first stage (n=5); Group 2
is the second control group (n=5), which will still be fed a normal diet; Group 3 will continue on a high-fat diet (n=5); Group 4 will continue on a
high-fat diet and vitamin D3 injection (n=5); Group 5 will continue on a high-fat diet and adenosine injection (n=8); Group 6 will continue on a high-fat
diet and placebo injection (n=8). ND: normal diet, FPh: fatten phase, ETPh: exercise training phase, HFD: high-fat diet.
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Figure 2. Experimental groups’ timeline and procedures: Part 2. Group 7 will continue on a high-fat diet and undergo HIIT (n=11); Group 8 will
continue on a high-fat diet and undergo HIIT and placebo injection (n=10); Group 9 will continue on a high-fat diet and undergo moderate-interval
training (MIT) and adenosine injection (n=11); Group 10 will continue on a high-fat diet and undergo MIT and placebo injection (n=10). HFD: high-fat
diet, FPh: fatten phase, HIIT: high intensity-interval training, ETPh: exercise training phase, MIT: moderate-intensity training.
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Figure 3. Experimental groups’ timeline and procedures: Part 3. Group 11 will continue on a high-fat diet and undergo MIT with D3 injection (n=7);
Group 12 will continue on a high-fat diet and undergo HIIT with D3 injection. HFD: high-fat diet, ETPh: exercise training phase, MIT: moderate-intensity
training, HIIT: high intensity-interval training.
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Figure 4. Experimental outline: Fatten Phase. IP: intraperitoneal.

Exercise Protocol
The rats in the training groups will be placed on an animal
treadmill to run at various speeds of 6, 8, and 10 m per min in
a trial period of a week before the main exercise protocol to
become acquainted with the procedures. Then, every rat will
be placed on the treadmill to continue running at maximum
speed up to the exhaustion point. Following the recording of
the maximum speed during exhaustion for every rat [38], the
mean value of speed of the exercising rats will be calculated.
Then, the exercise protocol will be designed [39] (Tables 1 and
2). The designed program will be based on the data obtained
through the pilot phase. The HIIT will include an 85% to 90%
Vmax intensity, whereas, the MIT will be set at 60% to 65%
Vmax level. The warm-up period included comprises 3 min of

running at a speed of 10 m per min and cool-down period of 2
min of running at a speed of 15 m per min. Both exercise
protocols will be matched for the training volume (consumed
calories) to determine the effect of types of exercise programs
(isocaloric exercise).

Outcomes
After selecting the rats based on inclusion criteria (weight, age,
and species of rats), we will record anthropometrical parameters
each week to monitor the changes and use of the dose of drugs
and exercise variables. Finally, metabolic, thermogenic, and
lipogenesis genes in metabolic tissue (adipose tissues, muscles,
liver, and heart, respectively) will be measured and compared
to understand the possibility of changes resulting from each
intervention in each group that can lead to weight loss, especially
fat.
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Table 1. High-intensity interval training (HIIT) protocols; 12 weeks high-intensity interval training and 12 weeks isocaloric moderate training; HIIT
will be performed 5 times a week with 1 min active/rest ratio.

Distance, meters/minuteLoad, meters/minuteBouts, nActive rest, minuteTime, minutesLoad, meters/minuteBouts, nWeek

402156113171

448157113182

494177113583

555178113694

616198114195

660208114596

7432291145107

7632291147108

7922391149109

81124911501010

83124911521011

87025911551012

Table 2. Isocaloric moderate-intensity training (MIT); 12 weeks high-intensity interval training (HIIT) and 12 weeks isocaloric moderate training; MIT
will be performed 5 times a week with same distance of HIIT as an isocaloric exercise training.

Distance, meters/minuteTime, minuteLoad, meters/minuteBouts, nWeek

40215:212011

44817:392012

494192113

55521:542114

61623:412215

66024:342316

743272417

76327:502418

79229:32419

81129:5024110

83130:3824111

8703125112

Tissue Collection
After 24 hours of rest and 8 hours of fasting, the rats will be
anesthetized by applying pentobarbital sodium (40 mg/kg; IP).
Then, after reaching a complete anesthetics condition, blood
samples will be drawn directly from the heart and transferred
into tubes for serum separation by centrifugation. The samples
will be frozen up to −80°C for fat and fat-burning marker
analysis. The white fat samples (kidney circumference and
visceral), mesenteric (visceral), thigh fat (subcutaneous),
interscapular (brown fat), epicardial fat, liver (from the inferior
right lobe), gastrocnemius and plantaris muscles, heart epics,
and superior part of the thigh will be isolated in 2×2 mm size.
All sample collection will be performed from 2 to 4 pm after 7
to 8 hours of fasting. After placing the samples in nitrogen for
RNA extraction and gene analysis, they will be transferred to
a temperature of −80°C.

Quantitative Polymerase Chain Reaction
Adipose tissue samples will be homogenized in TRIzol solution
using a tissue homogenizer (Tissue-Lyser LT; Qiagen, Valencia,
CA). Total RNA will be assayed using a NanoDrop
spectrophotometer (Thermo Scientific, Wilmington, DE) to
assess purity and concentration. First-strand complementary
DNA (cDNA) will be synthesized from total RNA using the
high-capacity cDNA reverse transcription kit (Applied system;
Applied Biosystems). Primer sequences (available upon request)
will be designed using the National Center for Biotechnology
Information primer design tool. All primers will be purchased
from Pishgam (Pishgam, Iran). A 20 µL reaction mixture
containing 10 µL SYBR Green Mastermix (Amplicon) and
appropriate concentrations of gene-specific primers plus 1000
ng/µL of cDNA template will be loaded in each well of a 96-well
plate. All polymerase chain reactions (PCRs) will be performed
in duplicates. PCR will be performed with thermal conditions
as follows: 95°C for 10 min, followed by 40 cycles of 95°C for
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15 seconds, and 60°C for 45 seconds. A dissociation melt curve
analysis will be performed to verify the specificity of the PCR
products. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
primers will be used to amplify the endogenous control product.
Messenger RNA expression values will be presented as
2_ΔΔCT. Data will be expressed as the fold difference relative
to GAPDH. Candidate variables include lipolytic, lipolysis, and
thermogenesis genes in the visceral, subcutaneous, and brown
adipose tissue (BAT), gastrocnemius and soleus muscles, heart
muscle, and liver tissues.

For examination of the gene expression in every group, real-time
PCR will be employed by ABI Applied Biosystems, Real-Time
PCR Systems, (StepOne, Hettich Centrifuges, UNIVERSAL
320, Capacity: 4×100 mL | 32×15 mL), Relative Centrifugal
Force/revolutions per minute (RPM/RCF): 15,000/21,382,
Temperature Control: −20 to +40°C, cDNA Synthesis Kits—
Thermo Scientific, Revert Aid First Strand cDNA Synthesis
Kit.

Western Blot Analysis
Radioimmunoprecipitation assay buffer cell lysates will be used
to produce western blot-ready samples. Samples will be
separated by sodium dodecyl sulfate-polyacrylamide gel analysis
transferred to polyvinylidene difluoride membranes, and will
be incubated with primary antibodies. Horseradish
peroxidase-conjugated mouse or rabbit secondary antibody will
be used to detect primary antibodies and will be stained with
3,3’-diaminobenzidine (Sigma-Aldrich, USA). Protein loading
will be measured by Bradford (Sigma) staining to determine
total protein concentration. The total protein will be loaded in
each lane and quantified. These values will be used to adjust
for any difference in protein loading or transfer of all band
densities. Individual protein bands will be quantified using
image J software (National Institutes of Health, USA), and data
will be expressed relative to rabbit polyclonal beta actin
antibody. Antibodies will be purchased from Abcam (Abcam,
Germany).

Biochemical Analysis
The concentrations of glucose, total triglyceride (TG), total
cholesterol, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol, and very low-density
lipoprotein cholesterol in serum will be determined by the
clinical pathology laboratory using an automated analyzer
(Alpha Classic–tajhizatsanjesh). Glycerol, insulin, and free fatty
acids will be measured respectively with rat-specific
enzyme-linked immunosorbent assay kits (cat No: ZB-GCL48A.
Lot.No: ZB-OC717210, cat No: 10-1250-01; Lot No. 25692
ZB-A1515818) according to the manufacturer’s instructions.
Quantitative insulin sensitivity check index (QUICKI) and
homeostatic model assessment for insulin resistance will be
calculated as described previously using the equation:
QUICKI51/(log [I0] 1 log [G0]), where I0 is fasting insulin
(lU/mL) and G0 is fasting glucose (mg/dL)2.

Statistical Analysis
The sample size for this research protocol will be estimated
based on the effect size that was effective in previous research,
and G*power software will be used to determine the required

number. For the descriptive results, mean and SD will be
calculated and reported in appropriate tables. For any variable
showing nonsymmetry or lack of normality, median, 25, and
75 percentiles will be calculated. For determination of the
interaction effect, the mean differences and CIs will be
calculated, and for estimation of the effect size, Cohen method
will be employed to calculate the standardized mean differences.
Each intervention will be evaluated by 2-way analysis of
variance.

Results

The project was founded in April 2017 and data collection is
expected to be conducted until December 2017. Data analysis
will start once the data collection is completed, and the first
results are expected to be submitted for publication in November
2018.

Discussion

Summary
The rise in obesity has contributed to increasing numbers of
people who need to and attempt to lose weight [45]. Thus, most
studies have focused on strategies such as caloric restriction
[46], intensity of exercise training, and diet combined with
exercise [47-49] and antiobesity drugs [50,51]. However, gene
expression profiling of subcutaneous adipose tissue (SAT),
visceral adipose tissue (VAT), BAT, and other tissues, including
the liver and skeletal muscle [52], in the same individual after
significant weight loss will allow us to delineate biological
processes most likely related to weight loss. Moreover, it is
observed that significant weight loss is associated with
significant changes in blood pressure, TGs, HDL-C, and
adiponectin. The multiple significant changes in glucose and
lipid metabolism, as well as adipose tissue function in response
to weight loss, are significant confounding factors, which may
confound the observed gene expression changes, either in a
concerted mode or as single factors [53]. To follow up the
lipolysis and metabolic statues in VAT, SAT, BAT, and
hepatocyte, biochemical variables related to metabolism will
be measured in blood samples. In addition, to control for the
energy expenditure, we will homogenize food intake for all
groups. However, it is necessary that scientists should introduce
beneficial interventions with high effectiveness and low side
effects. To our knowledge, adenosine is present in adipose tissue
after breakdown by ectoenzymes of ATP released as a
cotransmitter from sympathetic nerves and adipocytes [19].
Adenosine has been shown to regulate hamster BAT respiration
at an early metabolic step of the stimulus- thermogenesis
sequence [54]. Adenosine increased lipolysis and induced
thermogenesis in brown adipocytes via adenosine A2A
receptors, and A2A agonists were shown to counteract high-fat
diet–induced obesity in mice [55]. Thus, in this study, adenosine
as an exogenous intervention will be used in terms of
antiobesity-induced high-fat diet, and also synergistic impact
of adenosine will be evaluated with combination of the type of
exercise following high-fat diet. Moreover, lower serum
25-hydroxyvitamin D concentrations have been consistently
linked to increasing BMI [56]. Prior studies also demonstrated
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that the loss of adiposity is associated with a proportional
increase in circulating vitamin D levels [57]. Moreover, the
stimulation of whole-body fat oxidation and the increase in fecal
energy loss are 2 established mechanisms by which vitamin D
is changing energy balance and may affect weight loss [58]. In
this regard, another aspect of this study is the investigation of
vitamin D3 injection as an inhibitor of obesity-induced high-fat
diet. In addition, vitamin D3 injection will be evaluated along
with the combination of type of exercise related to the exercise
volume along with food and tap water ad libitum for the first 6
weeks of the exercise training phase, and after that, food will
be homogenized in the next 6 weeks of the exercise training
phase.

Expected Results
The researcher expects to observe a decrease in anthropometric
indices, such as weight of the rats, as apparent changes due to
the isocaloric exercise training, drug injection, and food intake
following the received high-fat diet. In addition, exercise related
to energy consumption, vitamin D3, and adenosine, separately
or interacting 2 interventions, may have effectiveness on
molecular and biochemical changes in each metabolic tissue,
which will result in weight loss. In addition, it is likely that
biochemical and molecular changes and upregulation will be
observed in line with the increase in lipolysis and beta oxidation
in muscle and fat tissue as a result of performing isocaloric
training in drug-receiving rats and groups on a high-fat diet.
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