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Abstract

Background and Obijective: Today the positive energy balance is a major cause of
obesity and ultimately leads to insulin resistance and type 2 diabetes. The aim of
this study was to investigate the response of lipid profile, insulin resistance, and
mitochondrial biogenesis index of obese rats to various exercise training.

Material and Methods: 24 rats were randomly divided into four groups: 1) obese-
interval training (HIIT); 2) obese-continuous training (CT); 3) obese control (OB)
and 4) control (Cont). During the study period, (from 16 to 24 weeks) rats in groups
1, 2, and 3 were given high-fat foods (from 16 to 24 weeks). After being
familiarized, rats in groups 1 and 2 performed HIIT and continuous training three
times a week for eight weeks, respectively. Data were analyzed with one-way
ANOVA and Bonferroni posthoc test (p<0.05).

Results: Western blotting results showed that the amount of muscle PGCla in HIIT
and CT groups was significantly higher than OB and Cont groups. Also, despite the
more reduction in visceral fat and other factors in the CT group, the HIIT group's
PGCla content was higher than the CT group, which was not significant. Levels of
insulin, glucose, and insulin resistance in HIIT and CT groups (At 24 weeks) were
significantly lower than the OB group (p<0.05); However, these glycemic indices
weren’t significantly different from the control group (P>0.05). There was a
significant difference in TG, TC, LDL, and HDL values between the exercise
groups with the OB group. In addition, the increase in visceral fat was 27% in the
OB group, while a decrease of 30% and 43% was observed in the HIIT and CT
groups, respectively (P<0.05).

Conclusion: It seems that the use of HIIT can be as effective as continuous training
on lipid profile, insulin resistance, and mitochondrial function of muscle tissue in
obese people.

Keywords: Obesity [MeSH], Organelle Biogenesis [MeSH], Exercise [MeSH],
Insulin resistance [MeSH]
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Highlights

o Interpretation and diagnosis of the underlying
molecular mechanisms of obesity and metabolic
syndrome has been one of the most widely
performed activities in modern medicine.

e Exercise training has been suggested as a healthy
and promising intervention for obese and
overweight people.

Introduction

Over the past 50 years, obesity has increased
worldwide and reached pandemic proportions
(1). Obesity is associated with various
diseases and is known as a multifactorial
disease. Although the rate of obesity is higher
in women and the elderly, the prevalence of
obesity has increased in both sexes and all
ages, regardless of ethnicity, geographical
location, or socioeconomic status (2). Obese
people are more at risk for diseases such as
obstructive sleep apnea, multiple cancers,
hypertension, heart attack, osteoarthritis, fatty
liver disease, dementia, stroke, and type 2
diabetes, so obesity is an important health
challenge (1). Research has shown that
increasing the accumulation of fat in the body
can increase insulin resistance, which is a
disorder of insulin signaling by increasing the
accumulation of oxygen free radicals,
inflammatory cytokines, and mitochondrial
dysfunction of various tissues in the body
such as muscle and adipose tissues (3-5). In
fact, it has been shown that increased adipose
tissue accumulation is primarily associated
with insulin resistance (6, 7). Studies have
also shown that in addition to white and
brown adipose tissue, other adipose tissue
known as beige adipose tissue can also play
an important role in insulin resistance (8, 9).
It is important to note that peripheral insulin
resistance usually occurs following obesity
(10). In these pathological conditions, body
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tissues cannot respond to insulin and lead to
hyperinsulinemia, which is one of the main
symptoms of diabetes mellitus. Following
hyperinsulinemia and impaired insulin
signaling, the physiological function of
various organs is impaired. In this regard,
mitochondria are a vital intracellular organ
that is both a source of cellular energy and a
source of oxygen free radicals and plays an
important role in insulin signaling (11).
Therefore, dysfunction of cellular organs such
as mitochondria can be related to the
development of insulin resistance in various
tissues of the body (12, 13).

Interpretation and diagnosis of the underlying
molecular mechanisms of obesity and
metabolic syndrome has been one of the most
widely performed activities in modern
medicine. Various studies have cited the
importance of cell mitochondria as the core of
many of these changes. For example, there is
a close relationship  between insulin
sensitivity and mitochondrial function in
obesity (14), type 2 diabetes (15), aging (16,
17) and also in the origin of people with type
2 diabetes (18) and it reinforces the
hypothesis that the decrease in insulin
sensitivity is due to a muscular mitochondrial
disorder (18) or vice versa (11). Various
protein factors have been observed in relation
to mitochondrial function and biogenesis, the
most important of which are PGCla (19).
PGCLa! is a nuclear receptor coactivator that
plays several roles in metabolic regulation
(20, 21). PGCLa stimulates mitochondrial
biogenesis (19) and alteration of muscle
fibers, increasing oxidative capacity in
skeletal muscle (22). Given the apparent link
between  mitochondrial  disorders  and
metabolic syndrome, researchers are widely

1. Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a)
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seeking to examine the effects of various
interventions on mitochondrial status in obese
individuals and reduce its complications and
ultimately increase life expectancy.

Today, exercise training has been suggested
as a healthy and promising intervention for
obese and overweight people (23). In this
regard, research shows that gain aerobic
fitness and muscle strength through exercise
training can improve metabolic disorders and
prevent chronic diseases. These benefits are
partially mediated by extensive molecular and
metabolic remodeling in skeletal muscle
resulting from exercise (24). For example,
Spina et al., in a study examined the effect of
cycle ergometer training on mitochondrial
enzymes in human skeletal muscle. Twelve
non-athletes underwent a training period of 7
or 10 days on a cycle ergometer for 2 hours a
day with 60-70% of peak VO2. The results
show that the activities of beta-hydroxyacyl-
CoA dehydrogenase, citrate  synthase,
carnitine acetyltransferase, and mitochondrial
thiolase were increased by approximately
30% in training group. Eventually they
reported that in humans, as in rats, the
adaptive increase in mitochondrial enzymes in
skeletal muscle occurs in response to exercise
training (25). Exercise adaptations can
include changes in the structure and function
of contractile proteins (26), mitochondrial
function (25), metabolic regulation (27),
intracellular messaging (28), and
transcriptional responses (29). Therefore, it is
necessary to build efficient and shorter
training methods that have beneficial effects
like traditional training methods. Hence, the
present study seeks to answer the question of
whether there is a difference between the
effect of eight weeks of continuous training
and intense interval training on lipid profile,
insulin resistance, serum glucose, visceral fat,
and PGCLa levels of muscle tissue.

57| Jorjani Biomedicine Journal. 2021; 9(2): P 55-67.

Materials and Methods

Animals. Male Wistar rats were randomly
assigned to six groups (n=5/group), treated
with either regular chow diet or high-fat diet
and with or without exercise training for a
total of 16 wk. AIll rats were housed in
individual cages, and exercise training
consisted of forced continuous and high
intensity interval running. The animals were
kept in a room with a controlled (temperature
22+1/4 °C, humidity 55+4%, 12:12 h light—
dark cycle) and completely quiet
environment, and had free access to water. All
experiments were approved by the Animal
Care and Use Committee of Shahid Beheshti
University, Tehran, Iran.

e Study Design

Of these animals, 24 were fed a high-fat diet
over an 8-week period. Then, to evaluate the
effect of time and obesity intervention, 6 rats
were randomly selected and sacrificed. Then,
after one week of familiarity with the
treadmill and the laboratory environment, the
remaining animals (i.e., 18 obese 16-week-old
rats) were randomly divided into three
groups: obese control (OB), continuous
aerobic training (CT), and high-intensity
interval training (HIIT) (based on equal in
terms of average fatigue rate). All three
groups (OB, CT, HIIT) continued to eat high-
fat foods for eight weeks, and except for the
OB group, the CT and HIIT groups performed
their specific training.

After 48 hours of rest from the last
familiarization  session, the rats were
subjected to a fatigue test to measure the
maximum speed and the maximum oxygen
consumption was predicted using the
maximum speed at the time of exhaustion
(30). Then, for eight weeks, the CT and HIIT
groups performed their specific training three
times a week. 48 hours after the last training
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session, the rats were anesthetized with
pentobarbital sodium for surgery and
molecular cell tests.

e Obesity

In most studies, obesity in small animals is
determined based on weight gain (or
increased body fat content) in the
experimental group compared to the control
group (31-33). If the weight gains in the
experimental group reaches 10 to 25% more
than the control group, it is considered
moderate obesity and if it reaches more than
40%, it is considered severe obesity (33).
Another index used to determine obesity in
rats is the Lee obesity index, which is
calculated by dividing the third root of weight
(grams) by the nose-rectal height (cm) and
multiplying by 1000 (34). In the present
study, obesity was determined by comparing
the weights of the experimental groups (HIIT,
CT and OB) with the non-obese control group
(Cont).

e \Vo2max

The standard Bedford et al. (1979)
incremental test was used to determine the
maximum oxygen consumption. The test
consists of 10 three-minute steps. The speed
in the first stage is 0.3 km / h and in the next
stages 0.3 km / h must be added to the speed
of the treadmill (35).

e HIIT and Continuous Aerobic Training
Protocols

The high-intensity interval training protocol
consisted of three parts: warm-up (5 minutes),
exercise consisting of 2-minute (2*2) interval
repetitions (with a 2-minute active recovery
period between each interval), and cool down
(5 minutes) (36). High-intensity interval
course includes 2 minutes with 80%
maximum intensity in the first week; 90% of
the maximum was in the second week, 100%
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of the maximum in the third week and 110%
of the maximum speed from the beginning of
the fourth week to the end of the workout.

In the endurance training group, rats
performed continuous training after 5 minutes
of running (warm-up), with an intensity of
65% of maximum speed in the first week,
70% of maximum speed in the second week,
and 75% of maximum speed from the third
week onwards. The running time of the rats
was equal to the training time of the HIIT
group. Finally, the rats were cooled for 5
minutes at 50 to 60% of maximum speed.

e Sample Preparation

At the end of the study period and 48 h after
the last training session, rats were
anaesthetized with ketamine (50-65 mg/kQ)
and xylazine (10-15 mg/kg), and after blood
and tissue (soleus muscle) sampling, samples
were transferred to the laboratory to measure
PGCla protein, glycemic indices and lipid
profile. Fasting insulin was measured by
sandwich and competitive enzyme
immunoassay (Crystal Chem, Downers
Grove, IL) and fasting glucose was measured
by biochemical kit and enzymatic method
(glucose oxidase method- Pars Azmun Co).
The HOMA-IR formula [HOMA-IR Y
[glucose (nmol/L) % insulin (mU/mL)/22.5]
(37) was used to measure insulin resistance.
Lipid profiles were measured enzymatically
using commercial biochemistry kits (Pars
Azmun Co, Iran). The level of PGCla protein
were quantified by western blotting (Anti-
PGCla antibody ab54481- Abcam Co; Anti-
rabbit 1gG, HRP-linked Antibody #7074).

e \Western Blot for PGCla

Tissue collection, homogenization and protein
electrophoresis were performed as previously
described (38). Protein (50 pg) or 40 ul of
medium supernatant from each sample was
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subjected to 4-20% pre-cast polyacrylamide
gel electrophoresis (Bio-Rad). PGCla was
detected with 1:1000 dilution of antibody,
followed by 1:2000 dilution of anti-rabbit
labeled antibody (Rabbit polyclonal to PGC1
alpha - BSA and Azide free-ab54481). ECL
substrate kit (Amersham) was used for the
chemiluminscent detection of the signals with
autoradiography film (Amersham).

e Statistical Analysis

All data were expressed as mean * SD.
Shapiro—Wilk test was used for investigate
the normal distribution of data and one-way
ANOVA along with Bonferroni’s post-hoc
test were used for analyses the research
findings (p< .05).

Results

Weight, visceral fat, serum levels of lipid
profiles, and glycemic indices are present in
Figures 1-9. The results showed that visceral
fat, serum levels of lipid profiles (LDL, HDL,
TC, and TG), and glycemic indices (glucose,
insulin, insulin resistance) in the HIIT and CT
groups (exercise groups) at the end of the
study period (24 weeks) were significantly
different from the OB group (P=0.000).

The results also showed that body weight at
the end of the study period was significantly
different between exercise groups and obese
control group (OB) and body weight was
lower in exercise groups (p =0.000) (Figure
1). Weight gain was 27% in the OB group and
about 7% in the exercise group.

At the end of the study period, the exercise
groups had significantly lower visceral fat
than the OB group, although it was still
significantly higher than the control group
(P< 0.05) (Figure 2). The increase in visceral
fat was 27% in the OB group, while a
decrease of 30% and 43% was observed in the
HIIT and CT groups, respectively.
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Serum levels of glucose, insulin, and insulin
resistance in HIIT and CT groups (At 24
weeks) were significantly lower than the OB
group (p<0.05); However, these glycemic
indices weren’t significantly different from

the control group (P>0.05) (Figures 3-5).

600
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Figure 1. Weights in research groups.
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Figure 2. Visceral fat in research groups. Data
are means = SE. *P<0.05 vs. OB. #P< 0.05 vs.

control
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Figure 5. Insulin resistance in research groups.
Data are means = SE. *P<0.05 vs. OB.
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Figure 7. Serum levels of LDL in research
groups. Data are means + SE. *P<0.05 vs.
OB.
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Figure 8. Serum levels of TG in research
groups. Data are means + SE. *P<0.05 vs. OB.
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Figure 9. Serum levels of TC in research groups. HIIT: high-intensity interval
training group. CT: continuous training group. OB: obesity group. Cont.: control
group. Data are means = SE. *P<0.05 vs. OB.

The results also showed that serum levels of
HDL of exercise groups and even control
group were significantly higher than OB
group (p<0.05); However, serum levels of
LDL, TC, and TG of control and exercise
groups were significantly lower than OB

group (p<0.05) (Figures 6-9).

The results of one-way analysis of variance
showed that the level of PGCla protein of

soleus muscle (SOL) in the HIT and CT
groups at the end of the study period were
significantly different from the OB group
(P=0.000). The results of the Bonferroni post
hoc test showed that the amount of PGCla
protein in exercise groups was significantly
higher than in control and obese groups

(p<0.05) (Figures 10).
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Figure 10. Levels of PGCla in research groups. HIIT: high-intensity interval training group. CT: continuous training group. OB: obesity
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group. Cont: control group. Data are means + SE. *P<0.05 vs. OB.
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Discussion

One of the most common metabolic disorders
in obese people is insulin resistance, which is
known to increase the risk of developing type
2 diabetes and other chronic diseases (39, 40).
Therefore, any interventions that help
improve insulin sensitivity can be considered
as an important treatment strategy; In this
regard, it has been found that proper exercise
can improve and increase insulin sensitivity
and therefore can be considered as a useful
way to control body weight (40, 41). One of
the points to consider is that despite the lack
of weight change, the mechanisms that
improve exercise-induced insulin sensitivity
in obese people remain largely unknown.

The present study showed that the forced
exercise protocols, i.e. continuous and high
intensity interval training (HIT & CT),
reduced lipid profiles despite rats continued
consumption of high-fat diet (HFD).
Moreover, exercise training normalized
insulin resistance in obese rats. Visceral fat
was significantly increased in rats fed a high-
fat diet (HFD) (HIIT, CT, and OB groups)
compared with control (chow) animals.
However, exercise training (HIT & CT)
significantly reduced the level of visceral fat.
Also, although weight and visceral fat
decreased in HFD-exercise rats compared to
HFD-no exercise animals (OB group), it still
remained higher than in chow-no exercise
rats. Thus, although exercise training has been
shown to modulate the metabolic phenotype
of obese rats, it has not been able to return
their increased fat to its normal level.

However, the results showed that in the
exercise groups, decrease in weight and
visceral fat were associated with a complete
reversal of insulin resistance due to obesity.
In addition, insulin resistance in the exercise
group reached normal levels similar to those
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in the non-obese control group, although it
was significantly lower than in the obese
control group. As well as in HFD rats the
levels of insulin and fasting plasma glucose
were higher compared with chow rats
nevertheless decreased via exercise in both
groups (HIIT & CT). It has been reported that
forced exercise improved visceral fat and
weight in HFD-exercise rats (HIIT & CT) and
despite continued consumption of HFD,
normalization of insulin sensitivity persisted
also in HFD-exercise rats reduction in LDL,
TC and TG was seen compared with HFD-no
exercise rats but HDL levels in plasma raised
only in the HIIT and CT groups. Exercises
can improve the lipid profile by
phosphorylation of hormone-sensitive lipase
in adipose tissue and muscle via increasing
Catecholamines and cAMP and also increase
insulin sensitivity, glucose uptake and the
number of GLUT-4 in the cell membrane
surface (42, 43). It has been reported that
exercise with intensity of 27-44% of
VO2max enhanced oxygen consumption,
HbAlc and FBS in elderly diabetic patients
(44). For improving lipid profile, the intensity
of exercise seems to be a main factor.
Researchers reported that HIIT and MICT
enhanced HbAlc, FBS and weight as well as
the effect of HIIT was more desirable than
MICT (45). In line with noted data four weeks
exercise improved LDL/HDL ratio, TC/HDL
ratio, and HDL (46). PGCla levels in parallel
with lipid and glycemic indices changed so
that PGClo levels increased in training
groups but decreased in OB group. Various
studies have highlighted the importance of
cell mitochondria as the core of many of these
changes. For example, a close association has
been observed between insulin sensitivity and
mitochondrial function in obesity (47), type 2
diabetes (48), and old age (49, 50).
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In response to exercise, PGC-1a expression is
regulated by increased oxygen free species
(ROS), AMP to ATP ratio, and changes in
calcium concentration (51). Activation of
Ca2+/calmodulin dependent protein kinase 1V
and Calcineurin A has been shown to
contribute to PGC-la expression through
binding of CREB and MEF2 to general
binding sites (52). In addition, activation of
p38MAPK during exercise can induce
phosphorylation of MEF2 and ATF2, both of
which bind to the PGCl-o promoter and
increase its expression. It has also been
observed that p38 can phosphorylate PGC1-a
and lead to the stability of the PGC1-a protein

(53).

Also, with exercise, the ratio of AMP to ATP
increases, which changes the energy state of
the cell and thus activates AMPK. Activation
of AMPK leads to direct phosphorylation of
PGC-1-a.

Therefore, due to the high intensity of HIIT
training, it is likely to have a greater effect on
PGCla upstream signals (ie, oxygen free
species, AMP to ATP ratio, and changes in
calcium concentration) and lead to more
changes in PGCla; This was consistent with
the results of the present study because the
concentration of PGCla in the HIIT group
was higher than the CT group.

Conclusion

In conclusion, our study provides relatively
identical responses of lipid profile (TG, TC,
LDL, and HDL), insulin resistance, visceral
fat to the high-intensity interval, and
continuous training. Also, we show that the
amount of muscle PGCla in HIIT and CT
groups was significantly higher than OB and
Cont groups. Moreover, serum levels of
glucose, insulin, and insulin resistance in
HIIT and CT groups were significantly lower
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than the OB group; However, these glycemic
indices weren’t significantly different from
the control group.
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