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Effects of Endurance Training and Isocaloric High
Intensity Interval Training on Anthropometric Indices
and Insulin Resistance in High Fat Diet-Fed Wistar Rats

Seyed Javad Mirghani (PhD ABSTRACT

Candidate) ) _ ) Lo R ) . .
Department of Exercise Physiology, Background and Objectives: Obesily is a global health problem that could lead to
Faculty of Physical Education and cardiovascular disease, diabetes and cancer. Polygenic obesity is caused by multiple factors,
Sports Science, Islamic Azad . areien o C - ; . -
University, Central Tehran Branch, such as lacl.< of. exeu’lse flnd excess .fo.od intake. In lh.lS stu@y, we evalutlted eF[eLts 9[ .12
Tehran, Iran weeks of high-intensity interval training (HIIT) and isocratic moderate-intensity training
Mohammad Ali Azarbayjani (PhD) (MIT) on anthropometric indices and insulin resistance in rals fed with a high-fat diet (IFD).
Professor of Exercise Physiology, Methods: Twenty-ive male Wistar rals (mean age of 5-6 weeks) were divided into three
Department of Exercise Physiology, X
Faculty of Physical Education and groups: control group (HFD, N=5), IFD+ MIT (N=10) and HFD+ HIT (N = 10). After
Sports Science, Islamic Azad placing the subjects on a HFD for 13 weeks, the exercise groups performed trainings for 12
University, Central Tehran Branch,

Tehran, Iran weeks.

Maghsoud Peeri (PhD) Results: Body mass index and Lee index decreased significanily in both training groups
Professor of Exercise Physiology, (P<0.05). There was no significant difference in insulin resistance between the three groups
Department of Exercise Physiology,

Faculty of Physical Education and (P>0'05)~

Sports Science, Islamic Azad Conclusion: Based on the results, it can be concluded that HIIT is more effective than MIT

?Qr']‘r';;s'l?gncemral Tehran Branch, in reducing some of the obesity markers in obese rats fed with a HFD. However, this type of

Corresponding author: training has no significant impact on insulin resistance.

m_azarbayjani@iauctb.ac.ir Keywords: Obesity, High Intensity Interval Training, High-Fat Diet, Body composition
Email: m_azarbayjani@iauctb.ac.ir Indexes.

Tel: +989120747177

Address: Artesh high highway
Sohanak, Islamic Azad University
Central Tehran Branch Tehran Iran.

Received: 08 May 2018
Revised: 02 Aug 2018
Accepted: 29 Aug 2018

This paper should be cited as: Mirghani SJ, Azarbayjani MA, Peeri M[Effects of Endurance Training and Isocaloric High
Intensity Interval Training on Anthropometric Indices and Insulin Resistance in High Fat Diet-Fed Wistar Rats].
mljgoums. 2018; 12(6):12-18


http://www.tandfonline.com/author/Peeri%2C+Maghsoud
mailto:m_azarbayjani@iauctb.ac.ir
mailto:m_azarbayjani@iauctb.ac.ir

13/ Mirghani and colleagues

INTRODUCTION

The prevalence of obesity is increasing
rapidly in both developing and developed
countries. According to the latest statistics,
more than 35% of the world’s population has a
body mass index (BMI) higher than the normal
value (18 to 25 Kg/cm? and this trend is
increasing every year (1, 2). Polygenic obesity
and the subsequent excess weight gain has
various  psychosocial consequences  (3).
Obesity and its complications such as type 2
diabetes, hypertension, coronary artery disease
and cancer may eventually cause morbidity
and mortality (4, 5). Furthermore, several
factors such as increased calorie intake,
reduced energy expenditure (6), food intake
(7), environmental changes and genetic
factors have a significant correlation with the
prevalence of polygenic obesity and general
obesity (8). However, there is no compelling
evidence to confirm a correlation between
obesity and dietary fat types in body
composition changes (9). Obesity may cause
various diseases such as stroke, inflammation
and hypercholesterolemia (10). Factors such as
time constraints and increasing consumption
of fast food contribute to change in body
weight and body composition (11). Lack of
activity (12), excessive caloric intake, a high-
fat and high-sugar diet and reduced physical
activity are risk factors for insulin resistance
and weight gain (13). Different strategies such
as medications and calorie restriction have
been used to control weight and reduce
anthropometric indices (14). On the other
hand, the importance of physical activity for
preventing weight gain, increased body fat
and hyperglycemia has been well documented
in animal and human studies (15, 16).
Moreover, studies on HFD fed rats showed
that exercise also reduce visceral fat, body
weight, food intake (17) and fat mass (18).
Some studies suggest that intense exercise may
be more effective in improving body
composition and weight loss (19). Metabolic
indicators are associated with type 2 diabetes
and obesity (20). Meanwhile, high-intensity
training (HIT) and continues exercise training
along with a HFD decreased fat mass and
slowed down weight gain (21). Rocha et al.
observed that high-intensity  endurance
swimming in rats on a HFD can reduce food
intake, food consumption and nutritional
and energy efficiency (22). According to
some studies, high-intensity interval training
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(HIT)has a more profound effect than
endurance training on weight loss, glucose
control and insulin resistance (23, 24).
However, a study claimed that glucose control,
insulin resistance and weight gain are not
affected by HIIT (25). In the present study, we
evaluate the effect of 12 weeks of HIIT and
isocratic endurance training on anthropometric
indices and insulin resistance in HFD fed rats.

MATERIAL AND METHODS

Twenty-five Wistar rats aged 5-6 weeks
with mean weight of 128.32 g were purchased
from the Pastor Institute, Iran. The animals
were kept under suitable laboratory conditions
and a 12:12 light:dark cycle, at 22 + 3 °C. The
study was carried out in two stages: placing
rats under a diet with 40% fat (including 20%
soybean oil and 20% animal fat) for 13 weeks
and 12 weeks of training . After the animals
became adopted to the environment for one
week, they were divided into three weight-
matched groups: control group (HFD, N=5),
moderate-intensity training (MIT) with HFD
group (MIT+HFD, N=10) and HIIT group
(N=10). The study received approval from the
Ethics Committee of the Institute of Physical
Education and Sport Sciences Research of
Iran.
Exercise training was performed on a treadmill
(20 line with 0.1-3.1 MA shocker, made in
Iran). The training group became familiar with
the trainings for a week and then performed
the exercise program by running at speeds of
6, 8, 10 m/min. The Bedford method was used
to determine the maximal oxygen consumption
(26). According to the protocol, the maximum
speed at which each rat ran at 0% inclination
until exhaustion was recorded (27). Since this
study shows a significant correlation between
the velocity of the treadmill and the VO, max
of rats (r= 0.94-0.984, P<0.0005) (28). After
taking two days of rest, the average speed was
evaluated and all subjects in the training
groups were scored by the above-mentioned
test. The designed exercise program included
HIIT with 85-90% of V., Which is equivalent
to 7 interval bouts of one-minute at intensity of
31 m/min and 6 interval bouts of active rest
with intensity of 15 m/min in the first week.
The training intensity increased gradually by
increasing the speed of treadmill by 2 m/min
per week, until the intensity reached 55 m/min.



In week 12, the exercise training consisted of
10 interval bouts of one-minute, and the speed
of active rest between the intervals reached 25
m/min. Endurance training with a moderate
intensity (55% of Viax) was performed at 20
m/min for 15 min and 21 sec in the first week,
and the training intensity was gradually
increased to 25 m/min for 31 minutes in week
12. Warm up included 3 minutes of running at
intensity of 10 m/min, followed by 2 minutes
of running at intensity of 15 m/min. Cool
down consisted of one-minute running at
intensity of 15 m/min, followed by 2 minutes
of running at 10 m/min. In order to study the
effects of each exercise mode, the exercise
volume (in terms of calorie expenditure) for
both training exercises (HIT, MIT) was
matched in terms of distance travelled (m/min)
to mimic weekly isocaloric exercise. The rats
in the exercise groups performed trainings five
sessions a week for 12 weeks, with two days
of rest per week. In fact, the covered running
distance has been used primarily to match the
exercise volume across sessions, disregarding
of differences in energy expenditure. During
the exercise program, three rats were excluded
due to sudden death.

After the end of the training, the rats rested for
18 hours based on the recommendations (29).
After 24 hours of rest and 6-8 hours of fasting
to prevent the acute effects of exercise, the rats
were anesthetized by infusion of pentobarbital
sodium (40 mg/Kg; ip). Then, blood samples
(2 ml) were taken directly from the heart of
each rat. To separate the serum, each sample
was centrifuged at 3,000 rpm for 30 minutes at
4 °C. Glucose and insulin (with rat-specific
ELISA Kkit, Cat No: 10-1250-01) levels were
measured by an automated analyzer (Alpha
Classic) and using rat-specific ELISA kits (Cat
No: 10-1250-01, Lot N0.25692). Homeostasis
model assessment-insulin resistance was used
to evaluate insulin resistance (fasting serum
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insulin  (uU/ml)xfasting plasma glucose
(mmol I-1)/22.5). The HFD contained the
followings: 40% fat, 14.1% protein, 36.58%,
carbohydrate, 8.4% minerals and 0.72%
vitamin. Food intake was calculated by
recording the difference in diet and the amount
of food left overnight during the 13-week
study period. Anthropometrics including
bodyweight (g), body length (cm, from the tip
of the nose to the anus), the Lee index (the
third root of the weight (g)/nasal tip to the
anus) and BMI (Kg/m?) were measured for all
subjects. The proportion of food consumption
to weight gain (g) was recorded as the feed
efficiency, while the weight gain (g) to total
calorie intake (Kcal) ratio was calculated as
the energy efficiency.

Data were analyzed by SPSS software (version
16) using ANOVA. The Tukey's post hoc test
was used to determine the inter-group
differences based on the equality of variances.
The statistical significance level was set at
0.05.

RESULTS

The level of glucose, insulin and insulin
resistance did not differ significantly between
the study groups (Figures 1-3). The results also
showed that weight (P=0.16, F=2.018), weight
gain/total food intake ratio (P=0.448, F=0.833)
and total weight gain/total calorie intake ratio
(P=0.448, F=0.833) did not change
significantly after the exercise training
program in the study groups. However, BMI
and the Lee index were significantly lower in
the HIIT and MIT groups compared with the
control group. In addition, total food
consumption and total calorie intake decreased
significantly in the HIIT group compared to
the control group (Table 1). There was no
significant difference in feed efficiency and
energy efficiency between the study groups
(P>0.05).

Figure 1- Effects of exercise type on serum level of glucose in rats on a HFD. Data are reported as mean £SD. The
results of ANOVA showed no significant difference between the three groups (P>0.05).
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Table 1- Anthropometric indices and mean intragroup differences between the pretest and posttest stages

Variables Groups N Mean difference + P
standard deviation
(SD)
HFD+Control 5 80.4+29.49
Weight HFD+HIIT 7 4579+ 13.47 0.16
HFD+MIT 10 61.56+36.4
HFD+Control 5 0.94+0.43 _
Height HFD+HIIT 7 2.6+0.55
HFD+MIT 10 2.2+0.85
HFD+Control 5 0.107+0.079 i
BMI HFD+HIT 7 -0.107+0.042 0.002
HFD+MIT 10 -0.022+0.095
HFD+Control 5 0.0115+0.0123 i
Lee Index HFD+HIT 7 -0.024+0.008 0.001
HFD+MIT 10 -0.014.£0.017
Total food HFD+Control 5 517.68+524.15 by
consumption HFD+HIIT 7 -141.57+£213.99 0.032
HFD+MIT 10 274.57+497.71
HFD+Control 5 3009.9+3053.3 b
Total energy HFD+HIT 7 -823.13+1244.2 0.032
expenditure HFD+MIT 10 1596.4+2893.7
Weight gain/Total food HFD+Control 5 -0.056+0.109
consumption ratio HFD+HIT 7 -0.073+0.027 0.448
HFD+MIT 10 0.004+0.058
Weight gain/Total HFD+Control 5 -0.0096+0.0188
energy consumption HFD+HIT 7 -0.0126+0.005 0.448
ratio HFD+MIT 10 0.0007+0.009

Data are presented as mean differences between baseline and posttest data.
I indicates statisticallv significant difference.

Figure 2- Effects of exercise type on serum level of insulin in rats on a HFD. Data are reported as mean =+ SD. The results of ANOVA
showed no significant difference between the three groups (P>0.05).
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Figure 3- Effects of exercise type on insulin resistance in rats on a HFD. Data are reported as mean + SD. The results of ANOVA
showed no siagnificant difference between the three aroups (P>0.05).
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DISCUSSION

The most important finding of this
study was the significant change in the BMI
and Lee index in the HIIT and MIT groups
compared with the control group. In this
regard, the positive effects of HIIT and low
intensity interval training on fat accumulation
following HFD have been reported (30).
Furthermore, weight gain was prevented after
250 to 300 minutes of weekly endurance
training. The exercise program also had a
significant effect on weight of rats in the
training groups. On the other hand, another
study showed that exercise and unsaturated fat
consumption had significant effects on the
treatment group (7). Anthropometrical indices,
such as nutritional homeostasis can be used for
maintaining health by coordinating daily
activities, patterns of food intake, energy
consumption and energy storage (31). In a
study, eight weeks of swimming in subjects on
a HFD reduced the Lee index (16), which is
consistent with the results obtained in our
study. The results of this study indicate that
the decrease in BMI and the Lee index is a
synergic impact of HIIT and isocaloric MIT.
In line with this finding, Carter et al. showed
that reduction of the Lee index and triglyceride
level was related to exercise-induced energy
expenditure (32). The effect of HIIT on these
indices is more profound compared to that of
MIT. Therefore, one can conclude that
physical activity and its volume influence
energy expenditure. Regarding the weight-
related indices, we observed a reduction in
calorie consumption and total food intake in
the HIT and the MIT+HFD groups compared
with the control group. However, this
reduction was less evident in the MIT group.
Results of most previous studies on exercise-
induced changes in calorie consumption and
energy expenditure are inconclusive and
contradictory. A study suggested that
significant reductions in resting metabolic rate
are due to weight loss (33). Decreased food
and calorie intake and the subsequent
reduction in body weight are resulted from
increased level of leptin. Conversely, lowering
this hormone increases leptin resistance and
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obesity in 12-week-old rats. In addition,
calorie and food intake increase in response to
reduced leptin level, which results in weight
gain and fat mass increase associated with
glucose tolerance (34). Regarding the
stimulatory effect of exercise on leptin level,
the significant reduction in the calorie intake
in the HIIT group compared to the endurance-
training group can be attributed to the higher
increase of leptin in response to HIIT. On the
other hand, food is metabolized to preserve the
basal metabolic rate, warmth and muscle
activity (energy expenditure). In addition,
some neurotransmitters, such as orexin can
have a great role in regulation of food intake
and appetite (35). The exercise intensity could
be another factor involved in body fat and
body weight changes and further reduction of
food intake and other anthropometric indices
in the HIT group. On the other hand, weight
loss and decreased insulin resistance following
HIIT have been reported (28, 36). However, in
the present study, some of the body
composition indices reduced in the training
groups without a notable change in insulin
resistance. It has been demonstrated that HIIT
stimulates muscle glycogen while moderate
exercise for less than an hour does not. In
addition, consuming a HFD, calorie
imbalance, increased insulin resistance and
decreased insulin sensitivity are other factors
that can have a big impact on body fat indices.

CONCLUSION

Based on our findings, it can be
concluded that HIIT could be more effective
than isolcaloric MIT for weight loss and
reduction of BMI, the Lee index and calorie
intake in subjects on a HFD.
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