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Introduction

Non-alcoholic fatty liver disease (NAFLD)is the
mostcommon chronicliver disease worldwide, affecting
nearly 25% of adults. Despite its high prevalence, only
a small number of patients develop inflammation, and
then fibrosis and chronic inflammation of the liver, while
many of them are dominated by simple steatosis [1]. In
this context, itis extremely important to fully understand
the mechanisms underlying the development of
NAFLD and non-alcoholic steatohepatitis (NASH).
Despite advances in this area, knowledge about the
pathogenesis of NAFLD is stillincomplete. The multiple
shock hypotheses consider various influences such
as insulin resistance, hormones secreted by adipose
tissue, nutritional factors, gut microbiota, genetic, and
epigenetic factors [1]. Most acute and chronic liver
diseases are characterized by inflammatory processes
with increased expression of various pro- and anti-
inflammatory cytokines in the liver. These cytokines are
the main causes of inflammatory liver diseases, often
leading to fibrosis and cirrhosis. Under physiological

Abstract

AIM: The aim of the study was to study the level of pro- and anti-inflammatory cytokines, tumor necrosis factor-alpha
(TNF-a), and interleukin 4 (IL-4), on a model of non-alcoholic fatty liver disease (NAFLD) in experimental animals
under conditions of low mountains and hypobaric hypoxia.

METHODS: The study was carried out on 180 male Wistar rats, which were divided into control and experimental
groups. The rats of the control group were on a standard diet. NAFLD was modeled by keeping animals on a diet
(Ackermann et al., 2005) rich in fructose and fat in conditions of low mountains and hypobaric hypoxia (in a pressure
chamber 6000 m above sea level) for 35 and 70 days. Total cholesterol (TC) and lipid spectrum, pro- and anti-
inflammatory cytokines were determined in all groups of animals.

RESULTS: The activity of pro- and anti-inflammatory cytokines in the main group during the rise of animals in the
pressure chamber increased statistically significantly on the 35" day in comparison with the low-altitude group by
more than 2 times, and on the 70" day of staying at the high-altitude did not have convincing differences from the low-
altitude group. The cytokine index (TNF-a/IL-4) of animals in conditions of hypobaric hypoxia on a fructose enriched
diet increased by more than 1.5 times after 5 weeks, staying at an altitude for 10 weeks led to a decrease of TNF-o/IL-4
in relation to the low-mountain group, in which the opposite picture was observed - a tendency towards an increase in
TNF-o/IL-4. IL-4 and TNF-a levels were statistically significantly correlated with lipid metabolism disorders.

CONCLUSION: NAFLD in animals on a special diet enriched with fructose under conditions of hypobaric hypoxia
leads to deeper disturbances in the system of pro- and anti-inflammatory cytokines and the lipid spectrum.

conditions, the generation of constitutive cytokines in
the liver is absent or minimal. However, pathological
stimuli, such as lipid accumulation, prompt liver cells
to produce these inflammatory molecules. Cytokines
may play an active role in the development and
potential progression of NAFLD by stimulating liver
inflammation, cell necrosis and apoptosis, and the
progression of fibrosis. However, they are also
required for liver regeneration after injury [2], [3]. Pro-
inflammatory cytokines such as interleukin 1 (IL-1),
IL-6 and tumor necrosis factor-alpha (TNF-a) play an
important role in the pathogenesis of NAFLD. These
cytokines play a crucial role in the development
of insulin resistance, which is a key factor in the
pathogenesis of NAFLD. TNF-a was first described
pro-inflammatory cytokine associated with obesity and
insulin resistance [3]. Koca et al. consider that adipose
tissue is an important source of inflammation caused
by obesity, in particular due to the expression of TNF-q,
which can cause inflammation and insulin resistance.
Moreover, the use of antibodies against TNF-a in an
experimental model of NASH reduced inflammation,
necrosis, and fibrosis in rats [4], [5]. Some studies
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Figure 1: Concentrations of IL-4 (a) and TNF-a (b) in the experimental
groups
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describe a pronounced increase in the activity of the
pro-inflammatory cytokine TNF-oo with a significant
suppression of the body’s protective potential in the
form of a decrease in the activity of anti-inflammatory
cytokines (IL-2 and IL-4) [6], and it was revealed that
inflammation underlies the development of metabolic
disorders and their complications [7]. The state of
anti-inflammatory ILs has also been studied from
the standpoint of the combination of type 2 diabetes
mellitus with NAFLD. Another study describes changes
in the level of cytokines and subpopulation composition
of lymphocytes, which play a role in the intensity and
direction of immunopathological reactions (increase in
INF-y, decrease in IL-4, and change in the content of
NK cells), the intensity of proliferation of connective
tissue and the degree of fibrosis (increase in IL-10)
[8]. There is little data in the literature on the course
of NAFLD in high altitude conditions. In high altitude
conditions, in addition to the action of the main factor —
a decrease in the partial pressure of oxygen, a number
of other factors affect the body: Daily temperature
fluctuations, increased radiation of the ultraviolet
part of the spectrum, etc. The study of changes in
the body under the influence of these factors is of
great importance. There are no publications on the
association of IL-4 and TNF-a with NAFLD developed
in high altitude conditions. Therefore, the study of
violations directly caused by the lack of oxygen in the
experiment, it was decided to carry out on the model of
hypoxia caused in a ventilated pressure chamber at a
constant temperature. It is known that liver cells are in
second place after brain cells in sensitivity to hypoxia.
New publications showing the protective effect of
chronic high-altitude hypoxia on the progression of
NAFLD began to arrive from China only in July 2020
[9]. Thus, the aim of the study was to study the levels of
pro- and anti-inflammatory cytokines (IL-4 and TNF-a)
in a model of experimental animals with NAFLD under
conditions of low mountains and hypobaric hypoxia. In
the course of the experiment, the following tasks were
solved: To model fatty hepatosis in low- and high-
mountain groups of animals; to study the correlation of
the level of cytokines with the lipid spectrum.

Methods

The study was carried out on 180 male Wistar
rats weighing 150-200 g at the time of inclusion in
the experiment. Before the start of the experiment,
the research plan, standardized procedures and
accompanying documentation were ethically reviewed
and approved by the Ethics Committee of the
Research and Production Association “Preventive
Medicine” of the Ministry of Health of the Kyrgyz
Republic (extract No. 6 dated October 8, 2019).
The rats were randomly assigned to three control
(20 animals in each group) and four experimental
groups (30 animals in each group). The rats of the
control group were kept on a standard diet (food
“Eshka,” Russia, total caloric content of 3000 kcal/ kg).
NAFLD was modeled by the formation of metabolic
syndrome in the experimental group (Ackermann
et al. 2005). During the study period, the animals
received food containing 20.7% proteins (casein), 5%
fats (beef lard), 60% carbohydrates (fructose), 8%
cages, 5% minerals, and 1% vitamins [10]. Feeding
was carried out 2 times a day. This model allows in
the shortest possible time to reproduce NAFLD with
all pathogenetic aspects: Hypercholesterolemia,
triglyceridemia, and insulin resistance. The role of
a fructose-rich diet in inflammation is well-known
[1], [11]. Ectopic fat accumulation increases the
vulnerability of hepatocytes to cellular stress, which
initiates the inflammatory process [12]. In parallel,
cellular stress can be exacerbated by inflammation
caused by the activation of toll-like receptor 4 (TLR4) in
Kupffer cells, since fructose promotes the synthesis of
saturated fatty acids such as palmitate, which are able
to activate TLR4 receptors in liver Kupffer cells [13].
Activation of the TLR4/inducible nitric oxide synthase/
NF«B pathway induces oxidative stress in hepatocytes
through the production of pro-inflammatory cytokines
such as TNF-a by Kupffer cells. These phenomena are
supported by lipid-induced increase in the proportion of
“normal” pro-inflammatory M1 macrophages compared
to “alternative” anti-inflammatory M2 macrophages
[14].

Animals were divided into three control groups
of 20 animals each (CG) and 4 main groups of 30 animals
each (MG): Control 1 “(n = 20) - intact, healthy rats kept
in low mountains (Bishkek, 800 m above sea level) on
a standard diet; “Control 2” (n = 20) - hypobaric hypoxia
(6000 m above sea level in a pressure chamber, daily
exposure for 6 h for 5 weeks) on a standard diet [15];
“Control 3" (n = 20) - hypobaric hypoxia (6000 m above
sea level in a pressure chamber, 6 h - 10 weeks) on
a standard diet; “Main group 1” (n = 30) - low-mountain
group of rats for 5 weeks on a diet enriched with fructose
(FED) [9]; “Main group 2" (n = 30) - low-mountain
group of rats on FED for 10 weeks; “Main group 3”
(n = 30) - a group of rats on FED under conditions of
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hypobaric hypoxia for 5 weeks; and “Main group 4”
(n = 30) - a group of rats on FED under conditions of
hypobaric hypoxia for 10 weeks. Blood sampling for
analysis in groups of animals MG-1 and MG-3 groups
was carried out on the 35" day, and in the MG-2 and
MG-4 groups on the 70" day from the beginning of
observations. In all groups of animals, the following
parameters were determined: Total cholesterol (TC),
Low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, triglycerides (TG), and
pro- and anti- inflammatory cytokines (TNF-a and IL-4).
After clotting, the blood samples were centrifuged at
approximately 1000 rpm for 10 min and the serum was
separated. Serum samples for IL-4 and TNF-a were
aliquoted (250-500 plL) to avoid repeated freeze-thaw
cycles and stored frozen at —=70°C. Cytokine levels were
determined using an enzyme-linked immunosorbent
assay kit based on a solid-phase “sandwich” variant
using mono- and polyclonal antibodies to TNF-a
and IL-4 in the laboratory of the Research Institute
of Molecular Biology and Medicine at the Research
Center of Cardiology and Therapy named after M.
Mirrakhimov. The results were analyzed using the
SPSS 16.0 statistical software package for Windows.
To assess the probabilities that the analyzed samples
belong to general populations with a normal distribution,
the Kolmogorov—Smirnov test was used. Taking
into account the normal distribution of sample data
(p > 0.05), Student’s t-test was used for comparison.
The significance of differences between the groups was
determined by nonparametric statistical methods, the
results of descriptive processing were presented as the
mean and the error of the mean (M £ m). The Pearson
correlation test was used to see the relationship between
variables. A p < 0.05 was considered statistically
significant at the 95% confidence level.

Results and Discussion

Data on the content of cytokines in the blood
in the studied groups are presented in Table 1. It
should be noted that the control pressure chamber
group (“CG- 2”) had high levels of IL-4 and TNF-a
compared to the control low-mountain group (“CG-1”)
with p < 0.05. The activity of cytokines in animals with
rise significantly increased after 5 weeks. Thus, on the
35" day of stay at altitude, the content of IL-4 increased

(from 27.5 £ 5.5 to 34.5 £ 2.8 pg/ml and TNF-a from
495 + 2.5 to 72.3 £ 3.2) against the low-mountain
group by a diet rich in fructose and fat -9, 9 + 0.6 and
17.8 £ 1.1, respectively. After 10 weeks of staying at
an altitude in animals (“MG-4"), the levels of pro- and
anti-inflammatory cytokines did not have statistically
significant differences from the low-altitude group,
which were also on FED (“MG-2") (p > 0.05) (Figure 1).

The balance between pro- and anti-
inflammatory cytokines plays a key role in the
development of NAFLD [2]. In this context, the ratio of
pro- and anti-inflammatory cytokines was investigated
in all studied groups. There was a tendency towards
higher levels of TNF-a/IlL-4 in the blood in high-
altitude animals on FED for 35 days (2.2 + 0.2 pg/ml)
compared with the low-altitude group on an identical
diet (1.8 £ 0.1 pg/ml). After 10 weeks of staying at an
altitude in the main group (MG-4), a decrease in the
cytokine index was observed in relation to the low
mountain group — MG-2 (1.8 £ 0.1 vs. 2.0 £ 0.1 pg/ml).

Here, MG-1 and MG-2 groups - groups on a
special diet on the 35" and 70" days; MG 3 and MG
4 - pressure chamber groups on a special diet on the
35" and 70" days.

As shownin Table 2, the TC and LDL cholesterol
of the main group of animals (MG-3) in the pressure
chamber increased statistically significantly at 5 weeks.
Thus, on the 35" day of stay at altitude, the content
of TC increased from 3.7 £ 0.1 to 6.6 £ 0.8 mmol/L
compared with the low-mountain group (MG-1)
(1.2 £ 0.1 and 1.7 £ 0.2 mmol/L, respectively). The
same tendency in the level of LDL is observed at
5 weeks, an increase from 2.5 + 0.1 t0 4.0 £ 0.5 mmol/L
in MG-3 versus MG-1 0.2 + 0.1 and 0.2 £ 0.1 mmol/L,
respectively, with p < 0.001. At week 10 in the pressure
chamber in the MG-4 group, the levels of TC and LDL
remained statistically significantly high, although there
was a downward trend. On the contrary, in the low-
mountain group, there was a positive trend in both
indicators. It should be noted that the initial levels of TC
and LDL in the high mountain group were high compared
to the low mountain group. The mean values of TG
and HDL were higher in the MG-3 group (3.1 [0.6-6.2]
and 1.2 £ 0.1, respectively) compared with the control
(0.74 [0.72— 0.76] and 0.9 % 0.1, respectively) with
p < 0.05. The values of the coefficient of atherogenicity
in all groups consistently demonstrated a similar trend.

Taking into account the important role of

immune inflammation and cholesterol metabolism

Table 1: Content of pro- and anti-inflammatory cytokines in experimental animals with non-alcoholic fatty liver disease, pg/ml, M+ m

Indicator CG-1(n=20) CG-2 (n = 20) CG-3 (n=20) MG-1 (n = 30) MG-2 (n = 30) MG-3 (n = 30) MG-4 (n = 30) p-value
1 2 3 4 5 6 7
IL-4 pg/ml 44+04 275+55 19.0+£1.0 9.9+0.6 19.8+1.6 345+28 22617 P,,<0.05
P,¢<0.001
TNF-a pg/ml 6.9+£0.7 495+25 36.5+25 17.8+1.1 40658 723+3.2 405+29 P,,<0.05
P,¢<0.001
TNF-o/IL-4 1.6+0.2 1.8+0.3 1.9+0.1 1.8+£0.1 2.0+£01 22+0.2 1.8+0.1 P,,>0.05
P,¢>0.05
P.,>0.05
TNF: Tumor necrosis factor, IL: Interleukin.
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Table 2: Lipid spectrum in experimental animals with NAFLD, M £ m

Indicator CG-1 (n = 20) CG-2 (n = 20) CG-3 (n = 20)

MG-1 (n = 30)

MG-2 (n = 30) MG-3 (n = 30) MG-4 (n = 30) p-value

1 2 3 4

5 6 7

TC mmol/l 1.2+01 3.7+0.1 32+0.1 1.7+£0.2

TG mmol/l 0.59+0.1 0.74+0.1 0.59+0.1 1.4£0.3

HDL mmol/I 06x0.1 09x0.1 08+0.1 0.8+0.1

LDL mmol/l 02+0.1 25101 20+0.1 02+0.1

CA 1.1£01 3.1x0.1 2601 1.2£01

21£0.1 6.610.8 53+ 0.4 P, p0s< 0.05
P,,<0.001
P,,<0.001

0.7+£0.2 3.1x0.8 1.1£01 P,

06+0.1 1.2+0.1 1.1£01 P,

1.2+01 4.0£0.5 3.5+0.2 P,

2503 4.6£0.7 4003 P

NAFLD: Non-alcoholic fatty liver disease, TC: Total cholesterol, CA: Coefficient of atherogenicity, TG: Triglyceride, LDL: Low-density lipoprotein, HDL: High-density lipoprotein.

disorders in the development of fatty liver, the
correlation of pro- and anti-inflammatory cytokines
and cytokine index with the levels of TC, TG, LDL,
and HDL was carried out. There was a statistically
significant direct strong relationship between both
cytokines and TC and LDL levels (r = 0.712 and 0.744,
respectively, p < 0.001). A direct moderate relationship
was demonstrated by IL-4 and TNF with TG (r = 0.402
and 0.356, respectively, p < 0.01). The levels of IL-4
and TNF correlate statistically significantly with HDL (r
=0.536 and 0.580, respectively, p < 0.001).

Thus, a statistically significant positive
correlation was found between hypercholesterolemia,
TG, HDL, and LDL with TNF-a and IL-4 values in NAFLD
developing under conditions of hypobaric hypoxia.
In high altitude conditions, the role of both pro- and
anti-inflammatory cytokines in the pathogenesis of
fatty hepatosis increases, which should be taken into
account in the management of such patients. Liver
lipogenesis induced by fructose and hypoxia can
cause liver inflammation and insulin resistance, with a
tendency to decrease cytokines and lipid spectrum at
10 weeks at altitude in a pressure chamber.

Conclusion

In animals on a diet enriched with fructose
under conditions of hypobaric hypoxia for 5 weeks,
against the background of changes in the lipid
spectrum (hypercholesterolemia, hypertriglyceridemia
and dyslipidemia), the levels of both pro and anti-
inflammatory cytokines significantly increase, with a
subsequent tendency to decrease at 10 weeks.

The cytokine index, which shows the ratio of
pro-inflammatory to anti-inflammatory cytokines, in
animals under hypobaric hypoxia on a diet enriched
with fructose for 5 weeks is characterized by a higher
value than in the low-mountain group on an identical
diet, and at 10 weeks it is characterized by a decrease
in relation to the low-mountain group.

Disorders of lipid metabolism (TC, TG, HDL,
and LDL) in animals on a diet enriched with fructose are
statistically significantly correlated with levels of TNF-a
and IL-4.
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