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ABSTRACT

BACKGROUND: One of the priority areas of modern medicine, which unites the interests of various specialists (therapists,
cardiologists, gastroenterologists, endocrinologists), is the study of the pathogenesis and clinical manifestations of non-
alcoholic fatty liver disease, which is widespread and of unconditional social significance. A search for non-alcoholic
fatty liver disease adequate experimental model is of utmost importance for the studies of its etiology and pathogenesis.
To understand all pathogenetic peculiarities of this pathology elaboration of hypercaloric hepatopathogenic diet rich in
carbohydrates model is of utmost interest.

AIM: The aim of the study was to assess biochemical profile changes including antioxidant system significant markers
in rat fructose-induced non-alcoholic fatty liver disease model.

MATERIALS AND METHODS: Two non-alcoholic fatty liver disease model versions were used: a light one — non-alco-
holic steatosis and a severe variant — non-alcoholic steatohepatitis.

RESULTS: Both were characteristic of hilirubinemia, cholesterolemia, lipid peroxidation activation and antioxidation
mechanisms suppression, cytolitic and cholestatic syndromes.

CONCLUSIONS: The extent of metabolic disorders proved to depend on non-alcoholic fatty liver disease model severity.
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AHHOTALMUA

0O6ocHoBaHue. OOHMM M3 MPUOPUTETHBIX HaNpaBfiEHWA COBPEMEHHON MefMLMHbI, 00bEeAVHAIOWNM MHTEPEeChl Pa3fUyHbIX
cneuuan1cToB (TepaneBToB, KapaMooroB, raCTPO3HTEPOSIOroB, 3HAOKPUHOMIONOB), ABSETCA U3y4eHUe NaToreHesa U KIUHK-
YeCKUX NPOSIBNEHNN HeaIKoro/IbHOM JKMPOBOM DOe3HM NeYeHH, KOTOpas LUMPOKO pacrpocTpaHeHa U uMeeT 6e3ycnoBHYI0 co-
LManbHY0 3HAYMMOCTb. [TOUCK afieKBaTHBIX 3KCMEPUMEHTasbHBIX MOZENEN HeaIKorosibHOM MpoBO H0Ne3HN NeyeHn UMeeT
Ba)KHEMLLEe 3HAYeHMe AN U3yYeHWUs ee ITUOSIOTUM U naToreHesa. [l NOHWMaHUs BCeX NaTOreHeTUYECKUX 0COOEHHOCTEV
[aHHOW NaTonoruv nNpeLcTaBnsaeT UHTepec pa3paboTka MOLENW rMNepKanopyUinHON renaTtonaToreHHon aueTsl, boraToi yrie-
BOJIaMMU.

Lenb — oueHKa M3MeHEHUN BMOXMMUYECKOr0 Npoduns, B TOM YMCIE 3HAYMMBIX MApPKEPOB aHTMOKCWIAHTHOW CUCTEMBI,
Ha MOZIeJIN HeaNKOoroJ1bHOM KMPOBOM D0IE3HM NEeYeHH, HAYLIMPOBAHHON (PYKTO30M Y KpbIC.

Matepuanbl U MeTogbl. Vcnonb3oBanu gBa BapuMaHTa MOAESM HeanKoroflbHOM UPOBOW OONE3HW neyeHu: Nerkuin —
HeasIKorosibHbli CTeaTo3 U TAMENbI — HeasnKoroJlbHbli CTeaTorenaTur.

Pesynbtathl. [Ina 0benx Mogeneii bbinn xapakTepHbl BunmpybuHeMms, xonectTepuHeMus, akTMBaLMM NEPEKUCHOTO OKWUCTIe-
HWS IUNWULOB M NOJLAB/IEHNE AHTMOKCUIAHTHBIX MeXaHU3MOB, Pa3BUTUE LUTOSIMTUHECKOrO W X0NeCcTaTUHECKOr0 CUHAPOMOB.
3akntoueHue. CteneHb MeTaboMYECKMX HApYLLIEHWIA 3aBMUCENA OT TAKECTM MOJENN HeaNIKOroJIbHOM MPOBOM bonesHn neye-
HY 1 BbiNa MaKCUManbHO BbIPAXKEHHOM Y JKMBOTHbIX C HEAJIKOTOMIbHbLIM CTeaTorenaTuToM.

KnioueBble cnoBa: HeanKorosbHas Xunposad Done3Hb neyeHu; renaTuT; cTeaTos neyeHu; MeTabonnsm.
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ORIGINAL STUDIES

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a clinical
and laboratory syndrome characteristic of profound lipid
metabolism disorders, morphologically apparent by storage
of lipids within hepatocytes [1]. Nowadays NAFLD besides
being a prevailing hepatic pathology in the world is also a
component of metabolic syndrome [2-4]. Contemporary
classification of NAFLD includes three stages: non-alcoholic
steatosis (NAS), non-alcoholic steatohepatitis (NASH), and
cirrhosis. Excessive lipid accumulation within hepatocytes
occurs due to decreased free fatty acids (FFA) oxidation in
mitochondria as well as increased delivery of FFA into the
liver. Progressive buildup of FFA causes direct damage of
cell membranes, lipid peroxidation (LP) activation, oxidative
stress, chronic inflammation (NASH), collagenogenesis and
progressive fibrosis.

Recently screening studies in Russia have yielded 27% of
people with NAFLD; 80% of these patients had NAS, 17% —
NASH and in 3% cirrhosis was revealed [5]. Up to 80% of all
cirrhosis cases in Russia are directly caused by NAFLD [6].
Manifestations of NAFLD and metabolic syndrome are found in
30% of all therapeutic patients in Russia [7]. Increased NAFLD
rates directly correlate with elevated cardiovascular and en-
docrine pathology [8—10]. NAFLD rates constantly grow due to
current tendencies in diet and sedentary lifestyle [11].

Lack of effective methods of NAFLD treatment and pro-
phylaxis results from inadequate understanding of its eti-
ology and pathogenesis. Although liver biopsy can produce
evidence of NAFLD progress it's impossible to use it in all
patients [12]. Hence the test-systems reproducing various
components of NAFLD pathogenesis in in vivo experiment
model should focus at profound studies of laboratory blood
parameters.

Aim — to study biochemical blood parameters and the
antioxidant system changes in two most popular fructose-
induced NAFLD model in rats.

MATERIALS AND METHODS

Prior to the experiment, the study plan, standardized op-
erating procedures and accompanying documentation were
subjected for ethical review and subsequently approved by
the Local Ethical Committee of the Ministry of Health of Rus-
sian Federation.

The study involved 100 male albino rats with body mass
220-240 g divided into 3 groups:

1. Controls (n=12), intact healthy animals tested for ref-
erence blood parameters. They were fed with standard food
rations and had free access to drinking water;

2. “Liver steatosis” (n=44), rats that were fed with stan-
dard rations identical to those of the controls but received
10% fructose solution instead of drinking water.

3. “Steatohepatitis” (n=44), rats that throughout the
entire study were fed with food briquettes consisting of
21% protein, 5% animal fat, 60% fructose, 8% cellulose,
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5% minerals and 1% vitamins. This routine was shown in our
previous morphologic studies to cause in 3—4 weeks severe
hepatic fibrosis [13].

Blood samples (6 ml) were collected into vacutainers
through a transcutaneous heart puncture the animals be-
ing subsequently euthanized. Samples from control animals
were taken on the first day of the experiment and from the
rats of “Liver steatosis” and “Steatohepatitis” groups — on
the 21st, 28th and 37th day of the experiment.

Blood biochemical studies were performed by conven-
tional methods and included glucose concentration (Glu),
total plasma proteins (TProtein), total bilirubin (TB) and di-
rect bilirubin (DB), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDG), base
phosphatase (BP), homocysteine (HC), total cholesterol (TC),
triacylglycerides (TAG) levels. LP intensity and the state of
antioxidant system was evaluated by blood catalase, super-
oxide dismutase (SOD) and malonic aldehyde (MDA) levels.

Histological examination was carried out by light mi-
croscopy, hematoxylin-eosin staining, magnification 20x.
A different degree of severity of morphological changes in the
experimental groups was revealed. All experimental groups
share signs of fatty degeneration of hepatocytes.

All the results were statistically processed with the help
of SPSS for Windows 13.0 package. All the resulting data
are presented as mean + mean error (M+SE). Cholmogorov—
Smirnov criterion was used to determine the character of
data distribution. Student t-criterion was used to compare
the mean values of independent samples in case of normal
distribution and Mann—-Whitney U-criterion — in case of dis-
tribution different from normal. Dispersion ANOVA analysis
was used to compare mean values of dependent samples
(in case of normal distribution); p <0.05 (95% or higher prob-
ability) was considered to be valid difference level which is
standard for biomedical experiments.

RESULTS AND DISCUSSION

The lethality rate can be used as an integral parameter
for the assessment of pathologic process severity and the
intensity of the studied models. The high-carb diet (60% of
fructose by mass) saturated with lipids caused fast develop-
ment of pathologic processes in cardiovascular system yield-
ing 32% lethality rate by the end of the experiment (37th day).
The exact cause of death (acute cardiovascular insufficiency)
with minimum changes of internal organs was substantiated
only in two out of 14 deceased animals from “Steatohepatitis”
group. “Drinking” model of NAFLD causes slower moderate
changes of liver functioning (NAS). Therefore, two deaths in
this group must rather be due to individual peculiarities than
directly associated with hepatic lesion.

The assessment of biochemical blood parameters of ex-
perimental animals characterizing the state of the liver also
confirms the validity of fructose-induced NAFLD model. Con-
siderable discrepancy in the dynamics of these parameters
between groups with different severity of the process was
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revealed. Hepatic functions in “Steatohepatitis” group were
much deeper impaired than in “Liver Steatosis” one: pigment
and lipid metabolism disorders as well as cytolytic and cho-
lestatic syndrome and hyperhomocysteinemia in the former
group were much more severe than in the latter.

Starting from day 21st the animals from “Steatohepatitis
group displayed total bilirubin blood plasma concentration
increase due to direct bilirubin fraction that demonstrated
a valid constant increment during the entire experiment
(p <0.01). This increment to appears to reflect a progressive
hepatic dysfunction alongside steatohepatitis development.
The absence of statistically valid parallel increase of total
bilirubin blood concentration during the entire experiment in
comparison to control group (p=0.363) confirms this thesis.

Liver steatosis unlike steatohepatitis had caused moder-
ate impairment of pigment metabolism with slow but reliable
total bilirubin blood concentration increase (p=0.045) without
substantial fluctuations of direct bilirubin concentration testi-
fying to mild hepatocytes dysfunction development.

BP blood levels in “Steatohepatitis” group demonstrated
a reliable moderate increase in comparison with the control
group (p <0,001) which is a cholestatic syndrome biochemical
marker. Glucose levels in “Steatohepatitis” group grew slow-
ly during the experiment and demonstrated a valid difference
with control (p=0.015), while Glu levels in “Liver Steatosis”
group did not differ statistically from those in the control
group. (Fig. 1). Homocysteine blood concentration increase,
an important hepatic and endothelial dysfunction marker was
statistically valid in “Steatohepatitis” group (p=0.001) but not
in “Liver steatosis” one.

Fatty liver dystrophy in both experimental models as-
sessed in the present study is based on profound metabolic
disorder with hypercholesterolemia and hypertriglyceridemia.
(Fig. 2) Total cholesterol blood concentration in “Steatohepa-
titis” group increased considerably in comparison to control
from the very beginning of the experiment (p <0.001) with
a parallel even more substantial rise of TAG blood levels
(p<0.001); TAG/TC ratio increasing from 0.53 on day 21 up to
9.79 on the 37th day (TAG/TC ratio in control group was 0.52).

= Control = Liver steatosis = Steatohepatitis

&

Ik

1C TAG 6lu HC

Fig. 1. Total cholesterol (TC), triacylglycerides (TAG), glucose (Glu) and
homocysteine (HC) level changes (mmol/L) in rats with liver steatosis
and steatohepatitis.

Puc. 1. [IuHamuka ypoBHeii oblwero xonectepuHa (0X), Tpurnuuepu-
noB (TT), rntoKosbl M roMoumuctenHa (Hcy) y Kpbic ¢ HeanKorosbHbIM
CTeaTo30M W cTeatorenatuToM (MMosb/n)
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The rats in “Liver steatosis” group also demonstrated an
increase of TC and TAG blood levels. (Fig. 2) However, the
increase was slower and not as high as in “Steatohepatitis”
group (TC: p=0,003; TAG: p=0.002). TAG/TC ratio in this group
changed from 0.46 on day 21 to 0.67 on the 37th day of the
experiment.

The analysis of data on the activity of cellular enzymes
characterizing cytolytic liver impairment in blood of animals
with steatohepatitis (ALT and AST) had revealed a synchro-
nous reliable increase reaching a statistically valid level of
difference in comparison to the control group from the very
beginning of the experiment (ALT: p <0.01; AST: p <0.01), with
a continuous increment during the entire experiment. (Fig. 2)

Hepatic transaminases activity in “Liver steatosis” group
demonstrated a slow increase. It was only on the 37th day
that they have reached statistically valid difference from the
control group (ALT: p=0.001; AST: p=0.002). Cytolytic syn-
drome intensity in case of steatosis was much lower which
was confirmed by a lower ALT and AST level in the animals
of this group in comparison with “Steatohepatitis” group
(AST level lower by 8,5 IU/l (p=0.011), ALT level — 13,4 1U/L
(p=0.004)). (Fig. 1) This fact confirms validity of two chosen
NAFLD models of varying severity.

LDG blood levels in “Steatohepatitis” group demonstrated
a reliable moderate increase (p <0.001). LDG blood levels in
“Liver steatosis” group did not substantially differ from those
of the control animals. Comparison of mean LDG blood lev-
els in “Steatohepatitis” and “Liver steatosis” groups revealed
that LDG values in rats with liver steatosis were reliably
lower by 13.4 IU/l than in the animals with steatohepatitis
(p=0.026).

Serious metabolic disorders accompanying the develop-
ment of NAFLD in experimental animals were reflected by
biochemical blood plasma changes causing lipid peroxidation
and considerable antioxidant system depression. These dis-
orders were represented by a progressive increase of MDA
blood concentration in both NAS and NASH models with a
parallel decrease of basic antioxidant system enzymes acti-
vity (catalase, SOD). (Table 1)

= Control Liver steatosis = Steatohepatitis 1887
0 154 1748
==
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Fig. 2. Alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and lactate dehydrogenase (LDG) level changes (IU/l) in rats with liver
steatosis and steatohepatitis.

Puc. 2. [luHaMuKa ypoBHel anaHuHaMuHoTpaHchepassl (AJT), acnapTa-
TaMuHoTpaHcdepasbl (ACT) u naktataernaporenassl (JIAI) y Kpebic ¢ He-
anKoroNbHbIM cTeaTo3oM U cTeatorenatutoM (ME/n)
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Table 1. Antioxidant system enzymes activity and peroxidation intensity in rats with two NAFLD models (M+SE)

Tabnuua 1. AHTMOKCUAAHTHas CCTEMA M aKTMBHOCTb NEPEKUCHOMO OKMUCIEHIS IMMEOB Y KpbIC Npy MoaennpoBaHu HAMBI pasnnyHoit ctenenm TsikecTn (M+SE)

Groups Day O'f the ) Biochemical parameters

experiment S0D, IU/ml Catalase, mmol/L MDA, mmol/L

Control 0 12 6,8:0,10 0,18+0,01 10,30,14

21 12 5,9+0,191 0,150,01 16,6+1,441

“Steatohepatitis” 28 10 5,740,151 0,110,011 23,1+2,081

37 12 4,90,231 0,090,011 31,843,631

21 15 6,2+0,26 0,1510,01 14,5£0,74

“Liver steatosis” 28 15 5,9+0,071 0,15+0,01 17,9+0,901
37 16 5,50,101 0,130,011 19,9+0,281,2

Note. *Difference from control is valid (p <0.05); **difference from “Steatohepatitis” is valid (p <0.05).
[Mpumeyarue. Pa3Huua ¢ KoHTponeM aoctoepHa (p <0,05); **pasHuua co «cTeatorenatutoM» goctosepHa (p <0,05).

MDA blood concentration in “Steatohepatitis” group grew
quickly and reliably (p<0,001) from the very beginning of the
experiment reflecting increased lipid peroxidation (table 1).
The intensity of LP in the rats from “Liver steatosis” group
was way lower than in the animals with NASH: MDA blood
concentrations in rats with NAS grew slowly but by the end
of the study (day 37) MDA mean value statistically higher
by 9,6 mmol/l than in the control group (p=0.001) although
lower by 11,9 mmol/l than in rats with NASH (p=0.001).

Parallel to lipid peroxidation activation in both experimen-
tal groups basic antioxidant system enzymes (SOD and cata-
lase) considerably decreased their activity. SOD blood activity
in “Steatohepatitis” group demonstrated a precipitous drop
(p <0.001) with a synchronous decrease of blood catalase
concentration from the very beginning of the experiment
(p=0.001).

The same enzymes' blood activity in “Liver steatosis”
group decreased slower (SOD: at 28th day (p=0.002); cata-
lase: at day 37th (p=0.009)) and not as substantial.

In the experimental group “Liver steatosis”, large drop-
let fatty degeneration is observed, which is characterized
by the presence of large lipid droplets in the cytoplasm of
hepatocytes with a displacement of the nucleus to the cell
periphery. (Fig. 3)

Signs of liver tissue degeneration are most pronounced
in the “Steatohepatitis”. (Fig. 4) Signs of balloon dystrophy,
apoptosis of hepatocytes are noticeable in comparison with
the control (Fig. 5) and the “Liver steatosis” group. Small
droplet fatty degeneration was revealed: there are a lot of
small lipid droplets in hepatocytes, the nucleus is located
in the center of the cell. Hepatocytes are also found in a
state of balloon dystrophy. Focal centrilobular necrosis often

NN AR e

b, hematoxylin-eosin 40x.
Puc. 3. Tuctonornyeckne nsMeHenus B rpynne «Creatos», oKpacka re-
MaTOKCUIIMHOM M 303uHOM: @ — x10; b — x40,

Fig. 4. Histological changes in “Steatohepa

10x; b, hematoxylin-eosin, 40x.

Puc. 4. Tvctonornyeckve usMeHenus B rpynne «Creatorenatut», okpa-
CKa reMaToOKCUIIMHOM M 303UHOM: @ — x10; b — x40.

Fig. 5. Histological changes in Control group: a, hematoxylin-eosin, 10x; b, hematoxylin-eosin, 40x.
Puc. 5. Tuctonornyeckve uameHeHus B rpynne «KoHTponib», OKpacka reMaToKCUIMHOM U 303UHOM: @ — x10; b — x40.
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develops with small droplet steatosis. Hyaline bodies of Mal-
lory are detected with different frequency. The inflammatory
infiltrate inside the lobules contains neutrophils, lympho-
cytes, and histiocytes.

The used models of steatosis and steatohepatitis were
characterized by the development of fatty liver in experimen-
tal animals, bilirubinemia, cholesterolemia, activation lipid
peroxidation and suppression of antioxidant mechanisms,
cytolytic and cholestatic syndromes. The severity of meta-
bolic disorders depended on the severity of the disease being
modeled.

The applied high-carbohydrate (60% fructose of the to-
tal feed mass — the “Steatohepatitis” group) and lipid-rich
diet leads to the rapid formation of pathological processes
(5 weeks) compared to other models used [14—16]. However,
there is a formation of serious pathological conditions of the
cardiovascular system and liver of rats, which is confirmed
by 30% lethality of animals at the time of completion of the
study (day 37). No mortality has been reported in studies by
other authors [17-19].

Analysis of the activity of markers of the cytolytic syn-
drome in the blood of experimental animals (ALT and AST)
revealed the fact of a simultaneous, moderate increase
in their activity, which was significantly pronounced in
groups with steatohepatitis (by 34.3% and 27.3%, respec-
tively). In studies by other authors, high levels of ALT and
AST in the experimental groups were similar to our data
[20-23].

It is believed that the pathogenesis of NAFLD is based on
a severe imbalance of lipid metabolism with the formation
of hypercholesterolemia and hypertriglyceridemia [24, 25].
In our studies, on the 37th day of observation, the level of TG
in the Steatohepatitis group became 300% higher than in the
Control group. This is somewhat higher than in the experi-
ment by Ackerman Z. [17]: on the 35th day of observations,
the indicator increased by 223%. The TC level increased by
167% by the end of the experiment, while in the studies of the
same author this indicator increased by 89% [17].

Metabolic disorders of the animal body accompanying the
development of NAFLD in our studies lead to a decrease in
the activity of the antioxidant system of the body and activa-
tion of LPO [26]. This is reflected in a progressive increase in
the level of MDA in the blood of rats in both models of NAFLD
and a decrease in the content of the main antioxidant en-
zymes (catalase, SOD), which is comparable with the results
of studies by other authors [27]. Pereira et al. and Mendez et
al. a significant decrease in the level of antioxidant enzymes
SOD and catalase was also observed against the background
of NAFLD [28].

CONCLUSIONS

Both of the studied NAFLD models caused disorders
of hepatobiliary, endocrine and cardiovascular systems.
The intensity of these disorders proved to depend on the
severity of the model utilized and was maximum in case
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of the toughest one (60% of fructose in diet — “Stea-
tohepatitis”) and less grave in case of a lighter model
(10% fructose solution instead of drinking water —
“Liver steatosis”).

High enough lethality rates in both NAFLD models con-
firm adequate severity of both as well as direct correlation
of dysmetabolic changes and compensatory mechanisms’
disorders.

Hepatic functions proved to be impaired in rat steatohep-
atitis model to a much greater extent than in case of liver
steatosis; this difference was manifested in more serious
symptoms of pigment and lipid metabolism disorders, cyto-
lytic and cholestatic syndromes, substantial lipid peroxidation
activation and antioxidant system depression.

The results of the study confirm the validity of choice
of NAFLD models varying in severity. The data yielded by
these experiments can be adequately extrapolated on hu-
man pathology for they reflect all components of NAFLD
(hypercholesterolemia, insulin-resistance, metabolic
syndrome).

The present study also demonstrates appropriate-
ness of NAFLD biochemical markers (ALT, AST, TProtein,
TAG, MDA, SOD) for determination of the disease severity
(NAS or NASH) and timely diagnostics and treatment of
metabolic disorders.
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AOMO/JHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN BRI, B pa3pabot-
Ky KOHLienumu, npoBejeHne ucciefoBaHus 1 NOLATOTOBKY CTaTby, MPoUu
¥ ofobpunn GuHanbHyto Bepcuio neper, nydaMKaLmen.

WcTouHuk mHaHcupoBaHus. ABTOpbI 3asiBNAKOT 06 OTCYTCTBUM BHELLHEro
(VMHaHCMPOBaHMs NPY NPOBEAEHUM UCCNe[0BaHUA.

KoHdnuKT nHTepecoB. ABTOpbI LieKNapyupyHOT OTCYTCTBUE ABHBIX U MOTEH-
LiManbHbIX KOHDIMKTOB MHTEPECOB, CBA3aHHBIX C NybAnKaLmeli HacTosLL el
CcTaTbu.

Jtnyeckuin Kommrer. [poToKon uccnefoBaHus bbin 0400peH noKanb-
HbIM 3TU4eckuM KommuTeToM OIBOY BO «CaHkT-leTepbyprekuii rocynap-
CTBEHHbI NeaMaTpUYecKuii MeaMLMHCKMIA yHuBepcuTeT» (N 09/04 ot
11.02.2022).
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