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Abstract

Adipose dysfunction is the underlying cause of liver diseases. The main purpose of this
study was to compare the effect of an eight-week low-intensity endurance training (LIET)
and high-intensity interval training (HIIT) on the amount of HIG2 gene and triglyceride
(TG) content of visceral lipid tissue in Wistar male rats affected by non-alcohol fatty liver
(NAFLD). The present study was conducted on 40 NAFLD Wistar rats. The rats were
divided into four groups of 10: Healthy control (standard diet), Control, LIET and HIIT
(High-fat diet). After the 16-week special diet, alanine transaminase (ALT) enzyme serum
was taken from the mentioned groups. It became obvious, as the main symptom of fatty
liver, that consuming fatty foods could develop NAFLD disease in the experimental group.
Then, the experimental groups were randomly divided into: Control, HIIT, and LIET
groups, and they consumed fatty foods constantly until the end of the training period. The
HIIT training protocol consisted of a 2-min running session at 75, 85 and 90% of maximal
velocity (Vmax) in the first, second and fourth weeks (until the end of the training),
respectively. The LIET training protocol was composed of a run at 45% of Vmax. HIG2
gene expression was performed using real-time PCR technique and TG visceral adipose
tissue measurements using Auto-Analyzer (BT3000 model). Analysis of variance
(ANOVA) test was applied to compare the groups with a significance level of (p<0.05).
Analysis of the data revealed that there was no significant difference in HIG2 gene
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expression between the training groups compared to the control groups (p=0.05). Only in
the control group, an increasing significance of HIG2 gene expression was observed
(p=0.039), compared to the experimental group. There was a significant difference in the
amount of TG-content between the control and LIET groups (p=0.001) and between the
control and HIT groups (p=0.001). Moreover, a significant difference was found in the
amount of TG-content between the LIET and HIIT groups (p= 0.003). Thus, it can be
concluded that maintaining a high-fat diet during exercise and the influence of exercise on
the amount of TG and on the expression of the HIG2 gene show that each of the two
exercise regimens has an effect on visceral fat content in rats with NAFLD, independent
of the HIG2 gene.

Keywords: Intra-Abdominal Fat, High-Intensity Interval Training, Hypoxia-Inducible
protein 2, Triglyceride, Non-Alcoholic Fatty Liver Disease

Extended Abstract

Background and Purpose

Total body fat and visceral fat are closely linked to non-alcoholic fatty liver
diseases (NAFLD), diabetes, hypertension, increased blood lipids, and
cardiovascular disease (1). The NAFLD as the most common chronic liver disease
includes the full spectrum of this disease such as plain steatosis, non-alcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis (2). Over 600 million people
worldwide and 30% of the European population are overweight, directly leading
to the growth and accumulation of fat droplets and the progression of the NAFLD
disease (3). Adipose dysfunction is the underlying cause of liver diseases.
Adipocytes store the required energy in the form of triglyceride (TG) in fat
droplets (LDs) when they receive additional nutrients (4). The LDs have a single
layer of sterol and phospholipid. Their single-layer structure is such that certain
proteins such as perilipins. Physical activity is important through the reduction of
visceral fat mass, increased lipolysis, consequent decrease in the release of pro-
inflammatory cytokines and creation of an anti-inflammatory environment in the
control of inflammatory diseases such as NAFLD (5). So, the main purpose of this
study was to compare the effect of an eight-week low-intensity endurance training
(LIET) and high-intensity interval training (HIIT) on the amount of HIG2 gene
and TG-content of visceral lipid tissue in male NAFLD Wistar rats.

Materials and Methods

In the study, 40 male Wistar rats (age=5 weeks) with a weight of 14.4 + 24.6 kg
were purchased from Isfahan Royan Institute. Animals were kept under twelve
hours of darkness and twelve hours of brightness, 50% moisture, 20 to 23 degrees
Celsius (five rats per cage) and free access to water and food (6). After one week,
the rats familiarized with the laboratory environment, all 40 rats were randomly
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assigned into: a) sham groups (n = 10) with diet: 23% crude protein, 3-5.5% crude
protein, 4% -5.5% crude fiber, ash 10% maximum, calcium 1-95%, phosphorus
70-65%, salt 0.55-0.5%, moisture content up to 10%, lysine 1.5% Methionine
0.33%, methionine + cysteine 0.63%, threonine 0.72%, tryptophan 0.25%, energy
16-16.17%) and b) experimental groups (control group and training group) with
high fat diet: About 60% fat (90% fatty processed animal and 10% soybean oil
added to standard food), 20% carbohydrate and 20% protein). After the 16-week
special diet, alanine transaminase (ALT) enzyme serum was taken from the
groups as expected, and as one of the main syndrome of fatty liver, it was
determined that high-fat dietary supplementation could successfully treat NAFLD
in the experimental group. Then, the experimental group was randomly divided
into control, HIIT and LIET (control group) (n=30) and consumed high-fat foods.
The healthy control group consumed standard food throughout the study and did
not participate in any exercise program, as in the control group. The experimental
groups (HIT and LIET) individually participated in the exercise protocol for eight
weeks (five days a week). Before starting the training protocol, the animals
exercised daily for 10-15 min at a speed of 10 m/min for one week to become
familiar with the treadmill (7). In order to determine the maximum speed of the
rats, a 10-stage test was performed with a speed of 0.3 km / h (5 m / min) in the
first stage, and increasing the speed of the bar to 0.3 km / min in the next stages.
Then, to approach the maximum speed, the average speed of the rats of different
groups in close proximity to each other was determined. Both protocols included
three parts: Warm-up, cool-down (five minutes and 30% maximum speed) and
training. The HIIT training protocol consisted of a 2-min running session at 75,
85 and 90% of maximal velocity (Vmax) in the first, second and fourth weeks
(until the end of the training), respectively. The LIET training protocol was
composed of a run at 45% of Vmax. HIG2 gene expression was performed using
real-time PCR technique and TG visceral adipose tissue measurements using
Auto-Analyzer (BT3000 model). Analysis of variance (ANOVA) test was applied
to compare the groups with a significance level of (p<0.05).

Results

Analysis of the data revealed that there was no significant difference in HIG2 gene
expression between the training groups compared to the control groups (p=0.05).
Only in the control group, an increasing significance of HIG2 gene expression
was observed (p=0.039), compared to the experimental group. There was a
significant difference in the amount of TG-content between the control and LIET
groups (p=0.001) and between the control and HIIT groups (p=0.001). Moreover,
a significant difference was found in the amount of TG-content between the LIET
and HIIT groups (p= 0.003).
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Conclusion

Findings suggested that maintaining a high-fat diet during exercise and the
influence of exercise on the amount of TG and on the expression of the HIG2 gene
indicated that each of the two exercise regimens had an effect on visceral fat
content in rats with NAFLD, independent of the HIG2 gene. The eight-week LIET
and HIIT protocols along with a high-fat diet had no effect on the reduction of
HIG2 expression in visceral adipose tissue. However, both LIET and HIT
protocols reduced TG of visceral adipose tissue and body mass. The use of HIT
exercise protocol in hepatotoxic diseases such as NAFLD, decreasing TG in
visceral adipose tissue and body mass seems to be the best-recommended method
for dietary control; therefore, the characteristics of HIIT protocols such as low
time consumption, fewer types of exercise and low energy consumption. These
exercises to improve NAFLD patients can be an important factor to motivate these
patients.

Keywords: Intra-Abdominal Fat, High-Intensity Interval Training, Hypoxia-
Inducible Protein 2, Triglyceride, Non-Alcoholic fatty Liver Disease

Achievement Message

The HIT and LIET training protocols can reduce the triglyceride levels of visceral
adipose tissue and body mass in rats with NAFLD, independent of the HIG2
pathway and, consequently, improve fatty liver disease. Also, it seems that the
HIIT training protocol being more valuable than LIET, according to the objectives
of this study.
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Pt df MenzsDs o S 095
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o g
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High-fat diet

(P <0.05) ,lobzo woglis *
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Table 2 - Training Protocol of HIIT and LIET Groups
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(ye) (djfja) o2 (ks poa) [Ora g | L_;f HM og5 asks
Distance Exerc.lse Num.bzlar of Speed Rest time inﬁ:::;i Group Week
covered per dura.tlon training (m/min) intensity 3
. (min) bouts
session (m)

246 - 2 30 30% 75% HIIT 1
246 17 - 18 - 45% LIET 1
445 - 4 32 30% 80% HIIT 2
445 28 - 18 - 45% LIET 2
588 - 6 34 30% 85% HIIT 3
588 36 - 18 - 45% LIET 3
748 - 8 36 20% 90% HIIT 4
748 45 - 18 - 45% LIET 4
748 - 8 36 20% 90% HIIT 5
748 45 - 18 - 45% LIET 5
748 - 8 36 20% 90% HIIT 6
748 45 - 18 - 45% LIET 6
748 - 8 36 20% 90% HIIT 7
748 45 - 18 - 45% LIET 7
748 - 8 36 20% 90% HIIT 8
748 45 - 18 - 45% LIET 8
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Table 3 - RT-PCR Reaction Conditions
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Primary denaturation
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54 ) 40 2
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Table 4. Sequence of Primers for HIG2 and TBP Genes
Name Sequence
F:5-CATGTTGACCCTGCTTTCCAT-3
R: 5-GCTCTCCAGTAAGCCTCCCA-3
F: CAGCCTTCCACCTTATGCTC
R: TTGCTGCTGCTGTCTTTGTT

HIG2

TBP

03931 3 e uilly (1Kem (g2 sl g Shigmg s (9031 5l aosls g5e5 (SigSz a6l
5 oells JsyS bbb slogsasl 5l ool s (o5 smnb a4 azgi L o solinul )
e ol ol gl 8l 5 L Woosls o oolitul imgh sloars b ge)l lp (ug=cre 00
ad Judos (P <0.05) (5, lsbins laws ;5 YY

3 SW lasjlbial b glbail oluly 5 (25559 pole (Slindod SIS AeS” o Ghaghy (0
b gl irssrirec.1397.331 oS b pole o)l59 liiss

P %)

095 L awslie ;o Juyed srog,S o HIG2 5 Lo ol 5o (s loline Dglas ols lis s
JysS 09,5 ;0 b0 HIG2 O ole ol 5 (5 lobire il olul fres psclilas 0g>g J oS
(S5 8,leds JS8) 0b saslive o 05,5 L anglie 5o (P=0039)
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Figure 1 - Mean Changes in the Expression of HIG2
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Figure 2 - Mean Changes in the Viceral Fat of TG
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Table 5 - Comparison of Rat Weight Before and After Training

Mean+SD
o yed 5 laog 5
p t df 305 3 e [CP e Bl
o Before Groups
After training L
training
0.001* -10.60 9 418.00+8.76 391.90+8.73 o
Sham
0.001* -12.58 9 455.11+15.97 420.00+14.88 JAs
Control
IR soliiwl s pod
0.001* 4091 9 376.67+29.36  383.8030.79 < irt el
HIET
0054  -2.25 9 404.78+11.07 401.00+12.76 ﬁflT“’”‘“

(P <0.05) (05 5l J3 b anglin ;o (g lobine®
* Significant Difference Compared to Before Training (P <0.05)
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