S AT
. . . July 2021. Vol 27. Issue 3
The Horizon of Medical Sciences

Research Paper a ‘ ‘i‘
The Effects of High-intensity Interval Training and Probiotic Consumption on Cromvink

Interleukin-10 and Interferon-gamma Gene Expression of Gut Tissue in an
Animal Model of Fatty Liver

Sharmin Rasheh! @, *Mozhgan Ahmadi

1. Department of Physical Education and Sport Science, Faculty of Human Sciences, Yadegar-e-lmam Khomeini (RAH) Shahre-rey Branch, Islamic Azad University,
Tehran, Iran.

Use your device to scan

and ead the artic onine [${ZTITT] Rasheh Sh, Ahmadi M. [The Effects of High-intensity Interval Training and Probiotic Consumption on Interleukin-10
and Interferon-gamma Gene Expression of Gut Tissue in an Animal Model of Fatty Liver (Persian)]. Quarterly of "The Horizon of
Medical Sciences". 2021; 27(3):342-357. https://doi.org/10.32598/hms.27.3.3067.2

https://doi.org/10.32598/hms.27.3.3067.2

ABSTRACT

Received: 16 Nov 2019 I8 Non-Alcoholic Fatty Liver Disease (NAFLD) is the most common chronic liver disease, often reported

Accepted: 01 Mar 2021 © in patients with inflammatory bowel disease. This study aimed to investigate the effects of High-Inten-
Available Online:01Jul2021 sty Interval Training (HIIT) and probiotic use on the expression of interleukin-10 and interferon-gamma
: genes in intestinal tissue in an animal model of fatty liver.

In this experimental study, 40 male Wistar rats (weighing 200-250 g) were selected.
The study rats were randomly divided into 5 groups, including healthy control, fatty liver, fatty liver + HIIT,
fatty liver + probiotic, and fatty liver + HIIT + Probiotics. Oral tetracycline was administered at a dose of
140 mg/kg of body weight (as a solution in 2 mL of water) for 7 days with fatty liver. HIIT was performed
on tape 5 times a week for 5 weeks. The obtained data were analyzed using One-way Analysis of Variance
(ANOVA) and Tukey post-hoc test at the significant level of P<0.05.

Key words: LML The present research results suggested that the expression of interleukin-10 and interferon-gamma
Fatty liver, High- : genes in the intestinal tissue of steatosis mice in the fatty liver group was significantly higher than in the
Intensity Interval healthy control group (P=0.001). HIIT and probiotic use significantly reduced the expression of interleukin-10
Training (HIIT), Probi- and interferon-gamma genes in the intestinal tissue, compared to the fatty liver group (P=0.001).
otics, Interleukin-10, i [&REIERT According to the obtained data, HIT and probiotic consumption can help modulate the ex-
Interferon-gamma : pression of genes involved in the innate immune system of intestinal tissue caused by fatty liver.
Extended Abstract is a serious and growing clinical problem due to the preva-
lence of obesity and overweight [1, 2]. The first damage to
1. Introduction the liver is the accumulation of fat in the liver cells (steato-

sis), i.e., associated with the development of inflammation,
on-Alcoholic Fatty Liver Disease leading to cirrhosis [3]. NAFLD is detected in 33.6% of

(NAFLD) is currently the most common patients with inflammatory bowel disease, often in the ab-
chronic liver disease that occurs in all sence of metabolic risk factors [4]. Besides, in patients with
age groups; this condition affects 17%- severe intestinal inflammation, often steatosis has been re-

46% of the general population. NAFLD ported on ultrasound [5].
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Studies revealed that intestinal inflammation is associated
with increased anti-inflammatory and pro-inflammatory
cytokines in fatty liver disease [8-6]. Interleukin-10?(IL-10)
is considered an anti-inflammatory cytokine that regulates
inflammation in several organs and tissues under patho-
physiological conditions [9]. IL-10 can significantly inhibit
gene expression and the synthesis of proinflammatory cyto-
kines [10]. IL-10, as a critical anti-inflammatory cytokine in
immune responses, also presents a physiological effect on
systemic inflammatory responses [11]. Furthermore, Inter-
feron-Gamma (IFN-y)? exhibits anti-proliferative, immune,
and pro-inflammatory activities; therefore, it is essential in
immune-related mechanisms [12, 13]. IFN-y also increases
donor T cells and may be required for donor T cell differ-
entiation. IFN-y receptor is structurally related to the IL-10
receptor in the intestinal epithelium [14].

Limited pharmacotherapies have been proposed for fatty
liver. Considering adverse effects, progressive weight gain
and high cost, their continuous and regular use is not rec-
ommended. The standard treatment recommended for fatty
liver consists of lifestyle modification, including diet modi-
fication and exercise [15]. Physical activity has been dem-
onstrated to reduce the pathogenesis of NAFLD. Besides,
aerobic exercise with and without weight loss reduces liver
fat content and improves metabolic function in obese indi-
viduals, indicating the treatment or prevention of fatty liver
disease [16]. Additionally, exercise, through its anti-inflam-
matory effects, plays beneficial roles in metabolic diseases
[17]. There is conflicting information about the role of exer-
cise in IL-10 as an inflammatory adipokine and its mecha-
nism of action. In some studies, an increase in IL-10 levels
has been reported after exercise [ 18, 19]; however, in some
other studies, no significant change has been observed in
IL-10 and IFN-y levels after a training period [20-22].

Studies considered using probiotics in treating fatty liver
[23, 24]. In a study by Endo et al. (2013) in rats, probiotic
administration could significantly stop or slow the progres-
sion of fatty liver [25]. Probiotics are living microorgan-
isms with beneficial effects on the host body by improving
the body’s microbial balance [26]. Among these beneficial
effects on human health are the following: Provide an en-
vironment to prevent the growth of pathogens, $trengthen
the immune system, affect the flora of the intestinal tract,
reduce and prevent intestinal tract infections, promote
health, and regulate bowel movements. The mechanism of
action of probiotics has been mentioned in 3 ways, includ-
ing direct antimicrobial effects, strengthening the integrity
of the mucosal defense barrier, and optimal changes in the
immune system [28]. Numerous studies have reported the
positive effects of exercise programs on the fatty liver; the
type, intensity, and volume of exercise to recommend to
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patients with fatty liver remain unaddressed. Most stud-
ies have used conventional training methods, such as low
to medium-intensity continuous training [16]. Few stud-
ies have examined the effects of other training, like High-
Intensity Interval Training (HIIT). HIIT seems to present
more beneficial effects on fatty liver treatment, compared
to moderate and low-intensity exercises [29]. Compared
to moderate physical activity, NAFLD patients who par-
ticipated in strenuous activity presented a lower prevalence
of liver fibrosis examined by biopsy, indicating the crucial
role of strenuous physical activity [16]. There exists a wide
prevalence of the fatty liver disease. It has interactions with
inflammatory indicators. Thus, it is important to pay atten-
tion to the role of lifestyle changes, especially new meth-
ods of physical activity, and identifying different aspects of
the treatment mechanism for this disease. Accordingly, we
could choose the most effective intervention in this respect.
Therefore, the present study intended to investigate the ef-
fects of intense HIIT and probiotic use on the expression
of interleukin-10 and interferon-gamma genes in intestinal
tissue in an animal model of fatty liver.

2. Materials and Methods

This was a fundamental and experimental study. The sta-
tistical population of this study consisted of all male Wistar
rats of Pasteur Institute; from which, 40 male Wistar rats in
the weight range of 200-200 g were randomly selected to
participate in the study. The selected male Wistar rats were
randomly divided into 5 groups of § subjects, including the
healthy control group, fatty liver (steatosis), fatty liver (ste-
atosis) + HIIT exercise, fatty liver (steatosis) + probiotics,
and fatty liver group (Steatosis) + HIIT Exercise + Probiot-
ics. The study rats were kept in the research laboratory of
Bagiyatallah University of Medical Sciences at a tempera-
ture of 20-23°C and a 12:12 light-dark cycle and relative
humidity of 50% with standard access to water and food.

Oral tetracycline at a dose of 140 mg/kg of body weight
(dissolved in 2 mL of water) was fed to the examined rats by
gavage for 7 days. The confirmation of fatty liver (Steatosis)
was established by measuring liver enzymes [30]. In the
present study, an increase in liver enzymes was observed in
the fatty liver groups. The advantages of using this model of
fatty liver development include exploring the similarities of
complications in animals with humans in a suitable time, as
well as the possibility of controlling the test conditions. To
prepare the serum, the obtained blood samples were centri-
fuged at 4°C and 5000 rpm for 10 minutes. Liver enzymes,
including AST and ALT, were measured by Pars Azmoun
diagnostic kits per the relevant protocols (Table 1).
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Lactobacillus ramensus GG (PTCC1637) was obtained as
lyophilized in standard vials from the Scientific and Indus-
trial Research Organization of Iran (Tehran, Iran). Bacteria
were cultured in MRS medium (Biogeya, Tehran, Iran), en-
riched with L-cysteine* HCL, and incubated for 24 hours in
an incubator at 37°C. To evaluate the effects of probiotics,
the relevant groups received 10° CFU/mL of Lactobacillus
ramensus GG by gavage daily for 5 weeks and 5 days a
week (there was no difference between the sample rats re-
specting receiving this substance) [31].

Initially, the examined rats were placed on a treadmill for
5-10 minutes for 3 to 5 weekly sessions for one week to get
acquainted with the main exercise at a speed of 7-10 m/min
and were forced to exercise. Then, an intense intermittent
exercise program (5 sessions per week) and running on a
treadmill for 5 weeks was performed according to the gener-
al principles of HIIT [31]. In this protocol, the HIIT program
included warm-up and cool-down steps for 4-8 minutes with
a running intensity of 40% of maximum speed. The protocol
for performing training sessions is outlined in Table 2.

Accordingly, 48 hours after the last training session (10-12
hours fasting), the study rats per group were intraperitone-
ally injected with a mixture of ketamine 10% at a dose of 50
mg/kg and xylazine 2% at a dose of 10 mg/kg. The end of
the small intestinal tissue (ilium) of rats was then sampled,
after washing in physiological serum, it was immersed in
1.8 microtubes, containing RNAlaterTM"! fluid with a ratio
of 20% and transferred to the laboratory for genetic test-
ing. The gene expression of the desired factors was mea-
sured from intestinal tissue by Real-time-PCR technique.
After quantification, gene expression values were analyzed
by the formula 2-AA ct. The PCR reaction was performed
using (Applied Biosystems) PCR master mix and SYBR
Green in the device (Applied Biosystems, Sequence Detec-
tion Systems. Foster City, CA) ABI Step One according to
the manufacturer’s protocol. The sequence of used primers
is listed in Table 3.

After the normality of the data was established by the Sha-
piro-Wilk test, a One-way Analysis of Variance (ANOVA)
was used for analyzing intergroup changes. Moreover, the
Tukey post-hoc test was applied to examine the between-
group differences. The obtained data were analyzed using
SPSS at a significant level of P<0.05.

3. Results
Data analysis indicated a difference concerning the mean
expression of the IL-10 gene in intestinal tissue in the ani-

mal model of steatosis between different research groups
(P=0.001). The results of the Tukey post-hoc test suggested
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that the expression of the IL-10 gene in intestinal tissue in
the HIIT(P=0.001), probiotic (P=0.036), and HIIT - probiot-
ic (P=0.001) groups were significantly lower than that in the
fatty liver group. Furthermore, the expression of the IL-10
gene in intestinal tissue in the HIIT-probiotic group was sig-
nificantly lower than that in the probiotic group (P=0.041);
however, the expression of the IL-10 gene in intestinal tis-
sue in the HIIT group, compared to the HII T-probiotic group
was not significantly different (P=0.934) (Figure 1).

Data analysis indicated a difference between the mean
expression of the IFN-y gene in intestinal tissue in the ani-
mal model of steatosis between different research groups
(P=0.001). The Tukey’s post-hoc test data revealed that the
expression of the IFN-y gene in intestinal tissue was sig-
nificantly lower in HIIT (P=0.001), probiotic (P=0.002),
and HIIT-probiotic (P=0.001) groups, compared to the fatty
liver group. There were no significant differences in the
expression of the IFN-y gene in intestinal tissue in HIIT,
probiotic, and HIIT-probiotic groups (P<0.05) (Figure 2).

4. Discussion

The present study results indicated that the expression of
IL-10 and IFN-y genes in the intestinal tissue of rats with
steatosis in the fatty liver group was significantly higher
than those in the other groups. Accordingly, fatty liver is as-
sociated with increased inflammation and high secretion of
anti-inflammatory agents in intestinal tissue; it can increase
the production of proinflammatory and anti-inflammatory
cytokines, such as IFN-y and IL-10 in intestinal tissue.
HIIT also reduced IFN-y and IL-10 gene expression in the
intestinal tissue of the explored rats with steatosis. These
findings highlight the effectiveness of HIIT in regulating
IFN-y and IL-10 gene expression in the intestinal tissue of
rats with steatosis, i.e., consistent with some previous stud-
ies [32]. HIIT may be a time-consuming approach to re-
duce liver fat. Accordingly, several studies in animals and
humans revealed that HIIT reduces the fat content of the
liver and helps treat patients with fatty liver [33, 34]. Kistler
et al. (2011) argued that patients who performed HIIT ex-
perienced a greater effect on reducing the risk of NAFLD
and liver fibrosis, compared to moderate-intensity [29]. In
the present study, HIIT significantly impacted changes in
inflammatory factors, such as [FN-y and IL-10. Exercise
directly reduces pro-inflammatory factors by declining
the production of cytokines in adipose tissue, muscle, and
mononuclear cells, and indirectly, by increasing insulin
sensitivity, increasing endothelial function, and weight loss.
However, these effects on intestinal tissue remain unclear.
Jahromi et al. (2014) examined endurance training effects
on serum levels of interferon-gamma and TNF-a in inactive
men. They presented a significant decrease in [FN-y in the
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Table 1. The mean and standard deviation scores of the serum levels of liver enzymes in different study groups

MeantSD
Group
Variable
Healthy Control Fatty Liver Probiotic HIIT HIIT - Probiotics
AST (U/ml) 1.45+12.41 341.104£35.21* 132.12+17.6 14223+19.15 145.28+20.12
ALT (U/ml) 113.45+9.45 220.82+27.80* 93.55+142.23 95.16+14.18 92.81.48.75
uarterly of

The significant difference with the healthy control group at P<0.05.

training group [35]. Intense intermittent exercise seems to
play a significant role in reducing inflammation in fatty liver
samples. IL-10 can inhibit the production of multiple cyto-
kines, such as TNF-q, IL-1p, and IL-6 and reactive oxygen
species [36]. According to molecular mechanisms, exer-
cise, by negatively regulating the activity of NF-xB factor,
regulates IL-10 secretion by monocytes and T cells through
the Th2 pathway [37]. Another possible mechanism for
regulating IL-10 secretion following regular exercise is the
balance between Thl and Th2-secreted cytokines; regular
exercise can increase the production of cytokines secreted
by Th2 cells and regulate the relative decrease in cytokines
secreted by Thl cells. Ultimately, this process leads to the
modulation of inflammatory cytokines, including IL-10
[36]. The anti-inflammatory effects of exercise also depend
on the duration and intensity of exercise. Therefore, it is
possible that the intensity of exercise in the present study
could induce anti-inflammatory properties in the exercise
groups, and alter IL-10 gene expression in this group. The
intensity of exercise may be among the influential factors;
however, due to the anti-inflammatory role of IL-10, the
most vulnerable environment might affect its changes [36].

Contrary to the present study findings, Vahdat et al.
(2018) stated that a 6-week periodic exercise significant-
ly increased serum interleukin-10 levels in overweight
men [38]. Chou et al. (2018) documented that 12 weeks

Table 2. HIIT program
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of low-intensity training provided no significant effect on
IFN-y levels in splenic tissue among rats [39]. Ranjbar et al.
(2016) signified that after 8 weeks of periodic training, the
serum levels of interleukin-10 did not significantly change
in women with type 2 diabetes [21]. The differences in the
results of the studies can be attributed to the type of train-
ing interventions (duration, intensity, & the training period).
Dornels et al. (2016) stated that inflammatory responses
depend on the intensity of exercise. Their results reflected
that IL-10 levels were found in overweight subjects imme-
diately and 30 minutes after two intense training methods
in overweight and obese individuals [40]. According to the
present study data, the inconsistency of research results
concerning the effect of exercise on cytokines can be re-
lated to the study population (healthy, sick, obese, etc.), dif-
ferent exercise protocols respecting duration, intensity, and
type of activity, as well as the sampling tissue (plasma, gene
expression, fat tissue, nerve tissue, etc.).

The beneficial effects of probiotics were reported on re-
ducing the degree of fatty liver and other biochemical indi-
cators in improving fatty liver [41, 42]. The present study
results also confirmed the beneficial effects of probiotics
on intestinal tissue in NAFLD disease. Consistent with
these results, Savchenyuk et al. (2014), in the rat model,
indicated that administrating various probiotics during the
life of neonatal rats can significantly reduce the risk of fatty

Warm-up Speed Fast Rotation Speed Slow Rotation Speed

s (Meters Per Minute) i (Meters Per Minute) LB G oy 3 (Meters Per Minute)
First 4 5 2-minute intervals 16-20 5 1 minute intervals 10
Second 5 5 2-minute intervals 21-25 5 1 minute intervals 11
Third 6 5 2-minute intervals 26-30 5 1 minute intervals 12
Fourth 7 5 2-minute intervals 31-35 5 1 minute intervals 13
Fifth 8 5 2-minute intervals 36-40 5 1 minute intervals 14
uarterly of
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Table 3. The sequence of used primers for the studied variables
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Amplicon Length Sequence Primers Gene Name

CTGCTCTTACTGGCTGGAGT Forward

104bp TGGGAAGTGGGTGCAGTTAT Reverse Il-10

123b CCCACAGATCCAGCACAAAG Forward IEN range

P TCTACCCCAGAATCAGCACC Reverse e

CAAGTTCAAGGGCACAGTCA Forward

104bp CCCCATTTGATGTTAGCGGG Reverse GAPDH

uarterly of

liver and obesity [41]. In another study by Ritz et al. (2014)
in a fatty liver model of rats, the effects of probiotic ad-
ministration were evaluated for 8 weeks. This treatment
eventually led to a reduction in inflammation and liver en-
zymes [42]. As mentioned in our study, the improvement
in IFN-y and IL-10 gene expression in the intestinal tissue
of steatosis mice was evident at the end of the intervention
in the probiotic group. However, future studies consider-
ing the probiotic effects on inflammation seem necessary. A
study on a mouse model concluded that probiotic adminis-
tration can positively impact fat profile, insulin resistance,
weight, and hepatic steatosis [43]. The exact mechanism of
these effects remains unknown. It has been suggested that
the positive effects observed due to using probiotics are re-
lated to increased intestinal wall integrity, reduced hepati-
tis, and reduced effects of pathogenic bacteria involved in
NAFLD by their excretion or inhibition and production of
short-chain fatty acids as antimicrobial agents. These fac-
tors prevent the damage of liver cells and the release of their
enzymatic content into the blood [44]. However, in several
studies, the intake of probiotics presented no beneficial ef-
fects on liver tissue [45, 46].

A potential reason for the difference in findings related to
the effects of probiotics on the metabolic status of patients
with NAFLD is the difference in the type of probiotics and
the applied dose. Moreover, not all probiotics provide the
same effect; there may be major differences in the desired
effect on health and the associated possible adverse effects.
Additionally, the status of the host is critical in terms of how it
provides the conditions for the relationship between probiotic
factors and intrinsic factors of the body, including the intesti-
nal microbial flora [42]. Furthermore, the collected findings
indicated that severe periodic exercises with probiotic con-
sumption were more beneficial than probiotic consumption
alone. Accordingly, these results suggested that synergistic
periodic exercises to probiotics can be useful for intestinal
tissue in fatty liver samples and present better results.

Overall, studies emphasize the positive role of probiot-
ics in improving the immune system. In the present study,

he Horizon of Medical Sciences

intense intermittent exercise and probiotic use led to the
modulation of the expression of genes involved in the in-
nate immune system of fatty liver-induced intestinal tissue.
However, due to the limited related studies, research on the
effects of exercise and probiotic consumption on the factors
involved in the immune system of intestinal tissue caused
by fatty liver requires further studies. In the present study,
other levels of proinflammatory cytokines (e.g., TNF-o)
and inflammatory factors (e.g., CRP & IL-6) were not mea-
sured, i.e., a limitation of the present study. To evaluate the
effects of tetracycline, it is suggested that the sham group
be considered in future studies. Furthermore, a suitable
solution for future studies is to compare different types of
probiotics with variable doses. Further studies are required
to understand the molecular mechanisms of the anti-inflam-
matory effect of exercise and the tissue or area where the
action occurs.

5. Conclusion

According to the obtained results, HIIT and probiotic con-
sumption can modulate the expression of genes involved
in the innate immune system of intestinal tissue caused by
fatty liver. Therefore, HIIT and taking probiotics can prob-
ably help in the treatment of fatty liver.
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Figure 1. Mean changes in /L-10 gene expression in intestinal tissue in an animal model of steatosis in different research groups

*Significant difference with a fatty liver group; ¥ Significant difference with fatty liver + probiotic group (P<0.05).
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Figure 2. The mean expression of /FN-y gene in intestinal tissue in an animal model of steatosis between different study groups

*Significant difference with the fatty liver group (P<0.05).
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