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ABSTRACT

Background and Objectives: The purpose of this research was to determine
effects of vitamin D supplementation during a course of endurance (raining on
anthropometrical parameters of Wistar rats exposed to a high-fat diet.
Methods: In this experimental study, 38 Wistar rals aged 5-6 weeks were assigned to five
groups: 1. Control with normal diet (n=5), 2. Control with high-fat diet (n=>5), 3. Hligh-fat
diet and vitamin D supplementation (n=10), 4. High-fat diet and endurance training (n=10),
and 5. High-fat diet, endurance training and vitamin D supplementation (n=10). The animals
were subjected 1o a high-fat diet (40%) for 13 weeks, followed by 12 weeks of exercise and
vitamin D supplementation.
Results: Weight (P=0.02), BMI (P=0.001), Lee index (P=0.01) and energy efficiency
(P=0.001) diifered significantly between groups 1 and 2. Feed efficiency (P=0.03) and
energy efficiency (P=0.01) of groups 2, 3 and 4 were significanily different from that of the
control group.
Conclusion: The results of the present study indicate that endurance training and vitamin D
supplementation could significantly decrease some anthropometric indices.
Keywords: Endurance Training, Vitamin D, High Fat Diet, Anthropometric Indices.
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INTRODUCTION

Over weightiness and obesity are
serious health matters throughout the world.
According to WHO released in 2015,
approximately 2.3 billion people over the age
of 15 suffer from over weightiness and 700
million adults are fat (1). Studies shows that
obese individuals are at 20 to 80 percent
higher risk of affliction to cardiovascular
disease, diabetes, cerebrovascular accidents
and sudden death (2, 3). Therefore, more
research about how to control weight increases
and factors associated with it to prevent the
incidents of obesity and reduce the number of
diseases associated with it is needed.
The result of some studies indicates that
vitamin D plays a significant role in secretion
and sensitivity to insulin, treatment of diabetes
type 2, glucose intolerance, hyperinsulinemia
and obesity (4). In addition, metanalysis
review results indicate that the increase in
vitamin D level of blood serum is associated
with a 43 percent decrease in cardiovascular
and metabolic diseases (5). A low level of
vitamin D in the obese individual may cause
this condition (6, 7).
However, the new evidence shows the
inadequacy of physical activity or sedentary
lifestyle as the more important factor (6).
There is no convincing evidence that fat
content in diet is the causing of diseases such
as strokes, inflammation, total mass and
harmful cholesterol (7), body composition and
consumed calories and absorption (8).
In regard to the problem of obesity and its
prevention, physical activity has a significant
role (9), weight reduction and body fat and
hyperglycemia control in human and animal
models have been confirmed by scientists as
an effective means (10, 11). The reduction of
weight and visceral fat (12), a decrease of food
absorption in rats by manipulating diet and
reducing fat mass in the animal model (13), a
decrease of obesity effect in high-fat diet (14)
as the result of participation in physical
activity has been confirmed. For instance,
endurance physical activity has always been an
effective strategy to reduce weight and fat
mass. The result of studies indicates that
aerobic exercises have been proposed as a
non-drug method for the treatment of obesity
and related diseases (15, 16).
Shen and associates (2015) demonstrated that
intensive endurance exercise resulted in a
decrease In fat mass, decrease in weight
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increase in the high-fat content diet (17).
Another  research  result showed that
consuming fruit and vegetables and dairy
product rich in vitamin D results in a decrease
in cardiovascular and metabolic impairment
(3).

Vitamin D deficiency may have an undesirable
effect on other functions of the body in
addition to the skeletal system; on the other
hand, the effect of injection of vitamin D on
morphology alteration has not been studied.
Therefore, this research was designed to
determine the interaction effect of vitamin D
in a high-fat diet following an endurance
exercise on anthropometric indices of Win star
rats. Considering the scarcity of research in
this regard, endurance exercise and vitamin D
supplementation may have a synergic effect
different than the introduction of each factor
separately on anthropometric indices when a
high-fat diet is adopted.

MATERIALS AND METHODS
Thirty-eight-Wistar rats were purchased
from the Shahid Mirghani Research institute.
This study has been reviewed in the research
ethics committee of the sports science research
institute and was approved with the code
IR.SSRI.REC.1395.115. These animals were
kept in lab conditions including 12 hours day-
night cycle and a mean temperature of
221+3°C. This research was conducted in two
stages: first, 13 weeks of the fattening stage;
second, 12 weeks of endurance exercise. For
the purpose of adaptation with the
environment, all the animals with the mean
age of 5-6 weeks old and weight of 128.32
grams were divided into five groups: (1)
control with normal diet(n=5), (2) control with
high-fat-diet (n=5), (3) high-fat-diet and
vitamin D injection (n=10) (4) high-fat-diet
and endurance exercise (n=10), (5) high-fat-
diet, endurance exercise and vitamin D
injection (n=10). The research project was
approved by the ethics committee of the Sport
Sciences Center of Iran. General characteristic
of the rats has shown in table 1.
The full details of the methodology of this
study are presented in full (18). The exercise
program was performed on a rodent treadmill.
The rats in the exercise conditions were placed
on a one-week adaptation to the exercise
program in which every animal ran on the
treadmill with different speeds of 6-8-10



meters per minute. In order to determine the
maximum speed of running for every rat, the
Vmax was used (19). According to this
criterion, the maximum speed per rat up to the
point of exhaustion was determined.  Since
the rats were fat, the treadmill slope was set to
zero throughout the protocol. After
determining the maximum speed up to the
point of exhaustion (the agreed speed on this
research protocol), two days of rest interval
was introduced when the mean speed was
calculated and individual exercise program per
rat was obtained. Then, the animals started the
moderate-intensity training (MIT) with the
60%-65% V max that is equal to the speed of
20 meters per minute and the meantime of
15:21 minutes in the first week. Gradually,
the speed was increased to 25 m/min and 31
minutes running time in the 12" week. The
start of every session included 3 minutes of
warm-up at 10 m/min followed by 2 minutes
of running at the speed of 15m/min. the cool
down period included 1 minute of running at
15 m/min speed followed by 2 minutes of
running 10 m/min. The exercise program was
performed 5 times per week with two days of
rest interval for 12 weeks.

Body length was measured from the tip of
nose to the rectum in centimeter by flexible
tap, Lee index was calculated by obtaining the
ratio of nose to rectum to the cubic root of
weight (gr.). The calorie expenditure, the
amount of food consumed to the weight gain
(gr.) as the efficiency of consumed food and
the ratio of weight to total calorie expenditure
as the energetic was calculated for per rat
during the 13 weeks of diet and 12 weeks of
exercise in 4 different stages: 1, prior to the
start of interventions; 2, following the 13
weeks of diets; 3, after 6 weeks of 40% high-
fat-diet and endurance exercise ; 4, after two
weeks of endurance exercise and 40% high-
fat-diet and vitamin D injection.  The
characteristic of animals is presented in table
1.

The components of the high-fat-diet included
40 % fat, (20% soya bean oil, 20% animal fat),
14.1% protein, 36.58% carbohydrate, 8.4%
mitral, and 0.72% vitamin (18).

Statistical tests including analysis of variance
repeated measure were employed to test the
hypothesis of interest. SPSS: pc 16 was used
to perform the analysis. Shapiro-Wilk test was
applied to test the normality of data and the
Tukey post hoc test was used to locate the
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differences. All hypotheses were tested at the
significant level set to 0.05.

RESULTS

The result of an analysis indicated that
there were significant differences between the
group 1 and 2 in weight(p=0.02), BMI (0.001),
Lee index (p=0.01) and energy efficiency
(p=0.001) and between group 4 and group 2
(p<0.05). In addition, there were significant
differences between groups 2 and 3 compared
to group 1 in Lee index (p=0.002) and between
the Feed efficiency (p=0.03) and Energy
Efficiency (0.01) of group 2, 3, and 4
compared to group control.
There were also significant differences
between the Lee index of groups 4, and 5
compared to group 3 (p=0.03) and Energy
Efficiency (p=0.001) (Table 2).
The result of analysis also showed that there
was a significant difference of the groups in
weight (p=0.04) in stage 4 and between the
four stages of the protocol (p<0.05), while,
there were not significantly different in the
fourth stage compared with the third stage in
groups 1,2, 3 (p=0.06) and also, the first stage
compares with the second stage in group
4(p=0.28).
There were also significant differences among
the groups in BMI of stage 4 (p=0.001) and 3
(p=0.04) while, there was a significant
difference in BMI of all groups at all stages
(p=0.001. In this regard, there were no
significant differences between groups 1 and 5
in the fourth stage compared to the 3rd stage
(p>0.05). In addition, in the third stage, in
group 1, the fourth stage in group 2, the third
and fourth stage in group 5, no significant
difference was found when they were
compared to the second stage (p>0.05) (Table
3).
In regard to the Lee index, there was a
significant difference between the index in
fourth (p=0.001) and the second stage
(p=0.002). While there was a significant
difference between the index in every 4 stages
(p=0.001), however, there was no significant
difference between the Lee index in fourth and
fifth stage in group 4 and 5 compared to the
third stage, fourth and third stage in group 1,
third stage in group 3 in contrast with the
second stage (p>0.05). Also, there was no
significant difference among the fourth, third
and second stage in contrast to the first stage
(p>0.05) (table 3).
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Tablel- Specifications of rats at the beginning of the study

Groups Control group Control group Vitamin D & Endurance Endurance P.value
(standard diet) (High fat diet) High fat diet training & High training /Vitamin
Variables fat diet D& High Fat diet
Weight(gr) 134.64+22.74 133.33+23.34 131.78+25.69 128.79+27.46 120.09+19.15 0.98
Height (cm) 17.90+1.59 17.37£2.17 18.20+1.89 18.20+2.16 16.67+1.74 0.55
BMI 0.41+0.08 0.42+0.17 0.39+0.03 0.37£0.10 0.43+0.08 0.76
LEE 0.28+0.01 0.28+0.03 0.27+0.01 0.27+0.02 0.25+0.01 0.16
Table 2- Specifications of rats at the end of the study
Groups Control group Control group Vitamin D & High- Endurance Endurance training P.value
(standard diet) (High-fat diet) fat diet training & High /Vitamin D& High
Variables Group-1 Group-2 Group-3 fat diet Fat diet
Group-4 Group-5
Weight(gr) 386.05+15.36 438.55+25.34 411. 87£17.67 391.15+33.97 351.19+26.65% 0.02
Height (cm) 24.10+0.30 23.20+1.58 23.00+0.58 23.10+0.95 22.84+1.41 0.28
BMI 0.68+0.04 0.78+0.04° 0.80:£0.02° 0.72+0.05 0.51+0.01° <0.001
LEE Index 0.30+0.005 0.32+0.013° 0.32+0.005" 0.3120.005"¢ 0.30+0.009°° 0.01
Feed efficiency 0.07:£0.007 0.10+0.011° 0.10+0.008° 0.092:£0.013° 0.098+0.016" 0.003
Energy efficiency 0.03+0.003° 0.05+0.005° 0.05+0.004° 0.0420.006*°° 0.0420.0072°¢ 0.001

#The effect of the intervention was statistically significant (p<0.05) Compared to the control group (High-fat diet)

® The significant difference (p<0.05) was seen in comparison with the control group (Standard diet)

¢This group showed a significant difference (p<0.05) compared to Vitamin D & High-fat diet group

There was a significant difference between the
Feed efficiency value of the groups in the fourth
(p=0.003) and third (p=0.007) stages. In addition,
there were significant differences in all four stages
(p<0.05) except for the second group (p=0.52).
However, no significant difference was found
between the 3rd, 4th and 5th groups in the third
stage compared to the second stage (p>0.05) (table
3).
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There were also significant differences between the
Energy efficiency value of the groups in the fourth
(p=0.003) and third (p=0.007) stages. In addition,
there was a significant difference between groups
1, 3 and 5 (p=0.001) whereas there was no such
difference between the means of group 2 (0.52) and
4 (0.24). In addition, in the third stage, there was no
significant difference between group 3 and 5
compared to the second stage (p>0.05) (table 3).
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TABLE 3- Comparison between and within groups

Step 1 Step 2 Step 3 Step 4 P.value
weight
Group- 1 134.64+22.74 352.63+22.88 370.96:16.86 386.05+15.36° <0.001
Group- 2 133.33+23.34 336.72+34.96 377.01£33.44 438.55+25.34° 0.002
Group- 3 131.78+25.69 355.98+26.17 388.61:27.51 411, 87+17.67° <0.001
Group- 4 128.79+27.46 329.59+35.43 384.61+22.28° 391.15+23.97 <0.001
Group-5 120.09+19.15 312.48+32.71¢ 324.66+33.79° 351.19+26.65% <0.001
P.value 0.98 0.28 0.06 0.04
BMI
Group- 1 0.410.08 0.71+0.04 0.71+0.05° 0.68+0.04 2 <0.001
Group- 2 0.410.17 0.66+0.04 0.730.02 0.78+0.04" ¢ 0.03
Group- 3 0.39+0.03 0.72+0.01 0.75+0.01 0.80:£0.02° <0.001
Group- 4 0.37+0.10 0.75+0.07 0.69:+0.08° 0.72:0.05° <0.001
Group-5 0.43+0.08 0.710.07 0.64+0.05* 0.67+0.05 P& "0 <0.001
P.value 0.76 0.30 0.05 <0.001
Lee Index
Group- 1 0.28+0.01 0.31:0.009 0.31+0.01° 0.30+0.005" <0.001
Group- 2 0.28+0.03 0.310.01° 0.31::0.008° 0.32+0.01%¢ <0.001
Group- 3 0.27+0.008 0.32+0.002 0.32:0.003" 0.32+0.005° <0.001
Group- 4 0.27+0.021 0.32+0.012%° 0.310.012 0.31+0.005**f <0.001
Group- 5 0.25+0.01 0.32+0.01 0.30:£0.009 0.300.009 > <0.001
P.value 0.16 0.02 0.14 0.001
Feed efficiency
Group- 1 - 0.0520.01 0.009::0.009 0.07+0.007 <0.001
Group- 2 - 0.710.03 0.08+0.07° 0.10+0.01¢ 0.52
Group- 3 - 0.05+0.007 0.040.01 ¢ 0.10+0.008° 0.001
Group- 4 - 0.030.06 0.040.01 > ¢ 0.09+0.01% 0.02
Group-5 - 0.02:0.02 0.02+0.01°° 0.09+0.01¢ <0.001
P.value - 0.38 0.007 0.003
Energy efficiency
Group- 1 - 0.02+0.007 0.004:£0.004 0.03+0.003 <0.001
Group- 2 - 0.03+0.01 0.04+0.03 0.050.005° 0.52
Group-3 - 0.02:£0.003 0.02:0.008° 0.05+0.004° 0.001
Group- 4 - 0.010.03 0.02+0.006 0.04+0.006* 0.24
Group-5 - 0.01=0.01 0.010.006" 0.04+0.007° <0.001
P.value 0.38 0.007 0.003

2The mean difference was not significant compared to step 3

® The mean difference was not significant compared to step 2

¢ The mean difference was not significant compared to step 1

9significant difference (p<0.05) was seen in comparison with the control group (Standard diet)

*The effect of the intervention was statistically significant (p<0.05) Compared to the control group (High-fat diet)
"This group showed a significant difference (p<0.05) compared to Vitamin D & High-fat diet group

9Isignificant difference (p<0.05) was seen in comparison with the group-3 (Endurance Exercise)
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DISCUSSION

The results of the present study showed
that the body weight gain in the high-fat diet
groups non-significantly increased compared
to standard diet group, whiles endurance
training with vitamin D
supplementation reversed high fat diet-induced
weight gain and decreased BMI and LEE.
Also, vitamin D and endurance training
separately suppressed to some extent this
effect.
These findings are in agreement with the study
Haghshenas et al. which showed a decrease in
weight gain after eight weeks of endurance
training and high-fat diet in male Wistar rats
(20). Elj NE et al. investigated the effect of
30 days of two different diets (high protein and
high-fat diet) and exercise training on weight
loss enhancement. Significant reductions in
weight gain and in food intake were reported
with training (21). In another study, high-fat
diet/endurance exercise, high-fat diet/interval
exercise, and high-fat diet/concurrent exercise
reduced body weight and adiposity (17).
One of the risk factors for the development of
obesity is physical inactivity and a sedentary
lifestyle. It seems endurance training can
increase fat oxidation and therefore, lower
body weight in trained rats may be due to the
modified body composition by reducing fat
mass as a result of exercise training (22-24).
Also, energy expenditure increases during the
exercise and causes a negative energy balance
(25).
The results of this study presented that weight
gain relation to total food intake (feed
efficiency) and total energy intake (energy
efficiency) decreased compared to high-fat
diet groups without endurance training. This
proposed that this effect perhaps is due to
the increase in energy expenditure caused by
exercise.
In Chaolu and colleges' study that
exercise suppressed weight gain resulted in a
high-fat diet and visceral fat did not increase in
the exercise groups. The high-fat diet
diminished plasma adiponectin and nesfatin
levels, but this decrease is suppressed by
exercise (26). Rocha-Rodrigues, et al.
analyzed the effect of physical exercise
against high-fat diet-induced adipokine and
ghrelin alterations. 8-
week endurance training program  decreased
plasma insulin and leptin levels in the high-fat-
diet endurance training group (27).
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Based on the results of previous studies; it
seems vitamin D deficiency has a predominant
role in the pathogenesis of a number of
disorders, such as obesity (28,29) and obesity
is associated with vitamin D deficiency and
also, vitamin D metabolism, storage, and
action are changed by adiposity (30,31).
Kayaniyil et al. showed that 25-hydroxy
vitamin D was inversely associated with
abdominal adiposity (32). A meta-analysis
study revealed a positive association between
BMI and vitamin D deficiency among the 23
articles included (33). In other meta-analysis
based on 15 articles was indicated that the
prevalence of vitamin D deficiency was
associated with obesity (34). Polymorphisms
in vitamin D receptor (VDR) may be
associated  with  obesity (35). Several
experimental studies have proposed that
vitamin D deficiency can induce greater
adiposity by promoting parathyroid hormone
levels and overflow of calcium into
adipocytes, thereby increasing lipogenesis
(36). Based on these results, oral vitamin D
larger than usual doses may be able to modify
weight gain in obese patients. The efficacy of
vitamin D consumption on weight loss in
obese or overweight persons has provided
inconsistent results (37,38).  Vitamin D
supplementation  during weight  loss in
overweight/obese women did not
increase weight loss (39).

Higher calcium and vitamin D intake increased
thermogenesis, fat oxidation and food intake
(38). Supplementation with 25 pg/day vitamin
D3 significantly decreased body fat mass,
however, body weight and waist
circumference did not change statistically
significant. Data also shows that vitamin D
can enhance lean body mass and inhibit the
development of adipocytes (40). In vitro study
in rats indicated that large doses of vitamin
D, result in an increase in energy expenditure
due to the uncoupling of oxidative
phosphorylation in adipose tissues (41).

In conclusion, as regards an increased
prevalence in obesity, effective prevention
strategies are needed to slow the current
epidemic. Exercise as one of the first-line
preventive treatment for obesity is a low-cost
lifestyle intervention that increases fat
oxidation and can prevent obesity-associated
pathologies (17). On the other hand, as
respects obesity and vitamin D deficiency have


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kayaniyil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20980431
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haghshenas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24904715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaolu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22977512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rocha-Rodrigues%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29478123

concomitantly  reached epidemic levels
worldwide, the existence of a relationship
between vitamin D status and BMI has been
proposed (42).

CONCLUSION

Our findings suggest that endurance
training and vitamin D supplementation may
synergistically change weight gain due to
high-fat diets; however, further studies that
investigate the effects vitamin D and exercise
on metabolic, biochemical and anthropometric
factors are needed for exact conclusions. The
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