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Metabolic syndrome (MS) is a complex of disorders closely associated with developing the non-alcoholic fatty liver
disease (NAFLD) accompanied by a violation of the intestinal microbiota. An assessment of morphological changes in the
liver and intestines during the development of experimental metabolic syndrome in rats was carried out. The study was
performed on 32 Wistar white rats aged 10-12 months using a 60 % fructose feeding pattern for 16 weeks as the MS model.
It has been established that the fructose feeding model in rats causes the development of NAFLD with the result of a violation
of the bar structure of the lobules, moderate intralobular inflammation, and the formation of hepatocellular granular dystrophy
and perisinusoidal fibrosis. In the intestinal villi, destruction of apical epithelial cells and changes in cell nuclei are observed.
Thus, the development of MS in rats is accompanied by the formation of signs of non-alcoholic steatohepatosis and damage
to intestinal cells, which confirms the involvement of these organs as the primary target organs in MS, and contributes to the
development of metabolic, dysbiotic, and inflammatory disorders.
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MeTtabonudeckuin cungpom (MC) npencrtaBnsieT coboii KOMMNIEKC HapyLeHW, TECHO CBSAI3aHHbIX C pa3BUTMEM Hean-
KOrosbHOW X1poBoK 6one3HbM neveHn (HAXKEI), conpoBoxaatouweiica HapyLlieHMemMm MUkpooburoTel kueyHuka. MNMposeae-
Ha oueHka MoOpPdONOrMYeCKX UBMEHEHWNI B MEYEHU U KULLEYHUKE NPU Pa3BUTUM SKCNEPUMEHTANIbHOrO METAb0INYECKOrO
cuHapoma y kpbic. MiccnepgoBaHue BbiNoNHEHO Ha 32 Genbix Kpbicax nuHun Wistar Bo3pactom 10-12 mecsues ¢ UCnosb-
30BaHneM 60 % dpyKTO3HOM MOAENM KOPMIIEHUS HA NPOTsxXeHnn 16 Hepenb B kayecTse mogenu MC. YCTaHOBNEHO, YTO
bpYKTO3HAA MOAENb KOPMIIEHUS Y KPbIC Bbi3biBAET pa3sutne HAXBI ¢ passutnem HapyLeHns 6ano4yHon CTPYKTYpPbl J0NeK,
YMEPEHHbIM BHYTPUAObLKOBLIM BOCMNANEHNEM, a Takke GOpMUPOBAHNEM renaToLENIONAPHON 3ePHUCTON ANcTpodun n
nepucuHycomnpansHoro ¢pubposa. B BopcuHKax KulweyHrKa HabnoaaeTcs AeCTPYKUMSA anuKanbHbIX aNUTeNNoUnToB, U3-
MeHeHUs aaep knetok. Takum obpasom, passutrne MC y kpbiC conpoBoxaaeTcs GopMMpPOBaHNEM NPU3HAKOB HEANTKOTOJlb-
HOro cTeaTtorenaro3a 1 NopaxeHneMm KEeTOK KULLeYyHMKa, YTO NOATBEPXAaeT BOBeYEHME AAaHHbIX OPraHOB Kak OCHOBHbIX
opraHoB-muLeHel npn MC, a Takxxe BHOCUT BKJ1af, B pa3BuTe MeTabonmyecknx, AMCONOTMHECKNX U BOCNANIUTESbHbIX Ha-
PYyLUEHUIA.

KntoyeBble coBa: MeTa60ﬂl/lquKVlﬁ CUHAPOM, lNne4dYeHb, KNLLIe4YHUK, HeaJlIkOroJibHas XunpoBas 601763Hb rned4eHui, MMKpPo-
6uvoTa
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ER - endoplasmic reticulum

FA - fatty acid

HDL - high density lipoproteins

IDF - International Diabetes Federation
MS - metabolic syndrome

NAFLD - non-alcoholic fatty liver disease

TC - total cholesterol
TG - triglycerides
WHO - World Health Organization

cardiovascular diseases, the problem of meta-

bolic syndrome (MS) is one of the highest priori-
ties and relevant in modern fundamental and clinical
medicine [1]. This is due to the fact that MS contains
several metabolic, inflammatory, hormonal and vas-
cular disorders, which significantly increase the risk
of developing second-type diabetes mellitus and va-
rious cardiovascular complications [2].

Of particular interest is the study of morphological
changes in the histological structure of the liver and intes-
tines during the development of MS. Non-alcoholic fatty
liver disease (NAFLD) affecting about 25 % of the world’s
population. According to various studies, the increase in
the prevalence of NAFLD occurs in parallel with the epi-
demic of obesity and MS [3]. The liver gradually passes
through the stages of non-alcoholic steatosis, which pro-
gresses to alcoholic steatohepatitis and non-alcoholic
cirrhosis or hepatocellular carcinoma [4].

In the study of MS, microbiota plays a significant role
in determining the effective absorption of nutrients in the
gastrointestinal tract. In this case, there are changes in
the number of bacteria, both increasing and decreasing,
depending on the type of bacteria [5]. At the moment,
scientists are conducting research on the relationship
between the problem of constipation with the develop-
ment of metabolic syndrome. Constipation-induced en-
dogenous intoxication is recognized as one of the prov-
en risk factors for many diseases, including metabolic
syndrome and colorectal cancer. Endotoxemia can also
form in liver lesions, resulting in increased production of
proinflammatory cytokines and expression of their re-
ceptors (tumor necrosis factor-a, interleukin-6 and inter-
leukin-8), inhibition of antioxidant liver function, increase
in altered forms of lipoproteins in the blood [6].

This study aims to evaluate morphological changes in
the liver and intestines during the development of experi-
mental fructose-induced metabolic syndrome in rats.

Material and Methods. The experimental study was
carried out on 32 white Wistar rats of the SPF category,
aged 10-12 months, with body weights of 400-440 g.
The animals were divided into two groups equally —
the control group and the comparison group with the
experimental MS.

The MS uses a fructose-based model with 60 % fruc-
tose content based on standard solid feed (Research
Diet, USA) [7]. The duration of the feeding was 16 weeks.

The development of the International Diabetes
Federation (IDF, 2005). Central obesity was used as a
critical attribute, as well as additional features such as
hyperglycemia, hypertriglyceridemia, and the reduction
of high-density lipoproteins (HDL). According to the WHO
criteria system, hyperuricemia is a distinct MS trait, so
the level of uric acid in the blood of experimental animals
was also assessed.

All measurements were made using instrumentation
equipment that had passed metrological verification.

Biochemical methods were used in the study — the
levels of glucose, total cholesterol (TC), triglycerides
(TG), HDL and uric acid (mmol/l) in blood plasma were
assessed using an automatic biochemical analyzer ERBA
XL-180 (Erba Lachema, Czech Republic) in beginning
and end of the experiment. The blood was taken from the
tail vein. To obtain serum, the unstable blood was pre-

As a critical risk factor for the development of
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cooled and then centrifuged for 15 minutes at 3000 rpm
(604g). The analysis of biochemical markers was carried
out according to the standard methodology. Blood plas-
ma was frozen in liquid nitrogen and stored at —80°C for
further analysis.

The presence of visceral obesity was confirmed by
weighing visceral fat (VLTE 500) after autopsy. Euthana-
sia was performed at the end of the experiment by inha-
lation of 96 % diethyl ether to study the histological struc-
ture of the liver and intestine.

The material for light microscopy was fixed in forma-
lin and then embedded in paraffin blocks. Sections were
stained with hematoxylin-eosin. For electron microsco-
py, the material was fixed with osmium oxide, followed by
poured into epoxy resin. Fixation, and pouring, for light
and electron microscopy, was carried out according to
the generally accepted method. Ultrathin sections were
studied using a FEM-125K electron microscope (Indus-
trial Union LLC, Moscow). In morphometric counting
was performed using the Aperio Image Scope program
(Aperio Technologies Inc, USA), followed by statistical
processing using the MedStat and Statistica 10.0 (Stat-
Soft, USA) The study a parametric Student’s t-test, the
distribution does not differ from regular was used. Values
above 0.05 were considered reliable.

Results and Discussion. The development of MS
characteristic features accompanied experimental mo-
deling of MS by feeding rats with 60 % fructose feed.
A significant increase in visceral fat mass was found in-
the group of rats with experimental MS by 2.5 times
(11.31£0.28 g, p<0.001). Biochemical studies of rat
blood showed that by the 24th week of the experiment,
the average blood glucose level in rats with induced MS
was significantly higher by 12.5 % (p<0.01) than the
average glucose level in the group of intact animals.
Changes in the lipid profile accompanied experimental
modeling of MS in rats: an increase in total cholesterol
by 15.8 % (p<0.01), an increase in TG levels by 39.2 %
(p<0.001), and a decrease in HDL by 36.9 % (p<0.001).
There was also a significant increase in the level of uric
acid by 44.8 % (p<0.001) in the blood plasma of rats with
experimental MS (174.44+16.89 mmol/l) compared with
the control group (120.48+15.12 mmol /I).

Morphology of the liver of rats in the control group
and the simulation of MS. The histological structure of
the liver of rats in the control group corresponds to the
normal (Fig. 1 A). Modeling of experimental MS revealed
the typical characteristics of NAFLD in the liver. Liver
cells slightly increase in size, binuclear cells are found
both in the central and peripheral zones, and the cellular
composition is heterogeneous. In the central zone of the
lobules, lipid inclusions in the cytoplasm of hepatocytes
are more significant and tend to merge, while on the
periphery, they are smaller, dust-like in areas (Fig. 1 B).
A violation of the beam structure of the lobules with a
chaotic, random arrangement of cells was also revealed.
Moderately pronounced intralobular inflammation, cell
edema, hepatocellular granular degeneration, there is
perisinusoidal fibrosis (Fig. 1 C).

In the peripheral parts of the cytoplasm, the ER cis-
terns undergo fragmentation agrER predominates. The
number of free ribosomes is sharply reduced compared
to the control. Mitochondria react most acutely: the integ-
rity of the inner and outer membranes is violated, cristae
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are not visualized, and lipid inclusions are found in the cy-
toplasm near mitochondria. Accumulation of chromatin in
the nuclei is characteristic, which may be a sign of poly-
ploidy as a compensatory tissue reaction aimed at activat-

ing regenerative processes. The cytoplasm is filled with
fine-grained contents; the ER is poorly developed with
signs of dystrophy. Mitochondria decrease in size, and
the electron density of the matrix increases (Fig. 1 C, D).

Fig. 1. Fragments of the liver of male rats of the control and experimental groups at the age of 10-12 months: light microscopy,
stained with hematoxylin and eosin (A, B); electronic micrographs (C, D). A — Peripheral part of the lobule, triad, control group;
x400; B — Central zone of the hepatic lobule, MS group. Violation of the histotopographic structure of the lobules,
narrowing of the lumen of the sinusoidal capillaries, perisinusoidal fibrosis; x400; C — A fragment of a hepatocyte
in the initial stage of necrosis, MS group; x6400; D — Hepatocyte fragment, MS group; x8000

The accumulation of lipids is associated with their
excessive synthesis, impaired TG secretion, and im-
paired protein metabolism during a carbohydrate diet.
An essential factor in such a biochemical transforma-
tion of cells is the disruption of redox processes, which
is confirmed by ultramicroscopic examination. This may
also be associated with damage to mitochondrial mem-
branes and increased oxidation of fatty acids (FA) due to
excessive accumulation in intact mitochondria and pe-
roxisomes. At the same time, the emerging toxic forms of
oxidizing agents, in this case, hepatotropic (due to their
localization and specific action) link. This triggers necro-
sis, the release of cytokines that activate a nonspecific
aseptic inflammatory response and fibrosis involving Ito
stellate and Kupffer cells [8, 9]. This pathogenetic chain
is realized when the compensatory processes develo-
ping in the tissue are turned on as opposed to damage.
Attention is drawn to the narrowing of the lumen of the

sinusoidal capillaries, expressed over the entire area of
the lobule on the cut; only in the central vein region do the
final segments of the sinusoids have a visible lumen. Such
a violation of the cytoarchitectonics of the liver affects its
function, which is reflected in the results of biochemical
studies.

According to the results of morphometric analysis
of liver sections, the area of the parenchyma on liver
preparations in rats of the experimental group is 2.97 %
(p=0.002) higher than in rats of the control group. How-
ever, the average values of the diameter and area of ves-
sels and ducts in the hepatic lobules in rats of the control
group are significantly higher (p<0.001) than in the group
of rats with MS: central vein — by 49.47 % and 72.93 %;
interlobular vein — by 15.94 % and 59.13 %; interlobular
bile duct — by 29.65 % and 55.18 %, and interlobular ar-
tery — by 65.37 % and 87.77 % for the diameter and area,
respectively (Fig. 2).
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Fig. 2. Parameters of liver vessels and bile duct.
* — p<0,001

This confirms the descriptive characteristics of mi-
cropreparations that narrow the perisinusoidal space
and the development of perisinusoidal fibrosis described
in the experimental MS group. This indicates the devel-
opment of initial fibrotic changes in the liver against the
background of prolonged inflammation and damage.

Even though the human and white rat livers are sig-
nificantly similar in some morphological and functional
parameters (poor contouring of the lobules, moderate
development of the perilobular stroma, the presence
of border plates, many binuclear cells and pronounced
polyploidy, weak accumulation of lipids in the norm), the
reaction to damage has its characteristics. So, talking
about our experiment, an increase in the number of bi-
nuclear cells characteristic of a person as a compensa-
tion for a damaging alimentary factor was not revealed
(Fig. 3). On the contrary, the number of binuclear cells
in rats became less; there was hypertrophy of mononu-
clear hepatocytes with the development of dystrophic
processes.

Morphology of the intestines of rats in the control
group and MS group.

The histological structure of the intestinal villi of rats
in the control group corresponds to the normal. In the
intestinal villi of rats with fructose-induced metabolic
syndrome, the following morphological changes were
revealed: at low magnification, the destruction of the api-
cal part of the villus epithelial cells and the release of the
contents into the intestinal lumen were noticeable.

On a large increase, the lymphatic capillaries along
the long axis of the villi, epitheliocytes and their nuclei
become more elongated in shape, their cytoplasm, and
the connective base more eosinophilic (Fig. 1 B). The cy-
toplasm of the goblet cells is still transparent and slightly
eosinophilic.

In the crypts, goblet cells are practically not ex-
pressed; the severity of Paneth cells and undifferentiated
epitheliocytes does not change.

Synthesis organelles (EPS, Golgi complex, ribo-
somes) are developed in the Panet cell, and secretory
granules are arranged in the apical part (Fig. 1 B). It is
known that the epithelial stratum of the small intestine is
completely renewed in 3 days, the epitheliocytes of the
crypt — in 5 days, except for Pantet cells [10]. The lym-
phatic system was only found on the intestinal wall slices
of the control group. Identified as solitary follicles with an
area of 582 739.1 nm2 to 322 278.201 nm? and grouped
lymphoid formations with an area of 1 252 639 nm?Z.

Morphometry showed that the mean thickness of the
villus epithelium in the experimental rat group was 4.48 %
higher than the control group (p=0.784), as well as the
thickness of the mucous membranewas 7.76 % (p=0.621),
but these changes were not statistically reliable. The
muscle layer of the intestinal wall of the control group is
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6.18 % thicker than the experimental group (p=0.782).
There is a clear separation of the vividly eosinophilic lymph
capillaries. The percentage of capillaries is 38 % higher in
the control group (p=0.529). Control group rats’ villi are
thicker than rat vortices experienced at 4.73 % (p=0.577).
Some cases of blood circulation disorders in the form of
full-blooded red blood capillaries.

When the membranes are damaged, mitochondria
initiate necrosis and fibrosis with increasing liver size
and histoarchitectonic impairment, moderate intralo-
bular inflammation, hepatocellular grainy dystrophy, cell
edema, contraction of sinusoid capillaries, chromatin
build-up in nuclei. However, in our experiment, we have
found an unnatural reduction in the number of bi-nuclear
cells. These changes have developed against the back-
ground of disturbances in protein and lipid exchange
during a fructose diet. Liver dystrophy is caused by ac-
cumulation in hepatocytes of TH due to an increase in the
intrahepatic pool of free LCD released from adipose tissue
as a result of insulin resistance resulting from a fructose
diet, as well as an excessive synthesis of TH and violation
of their disposal from hepatocytes [11]. This is based on
the disruption of intracellular biochemical processes. Due
to membrane damage, mitochondria in the surviving orga-
nelles (mitochondria and peroxisomes) compensate for
increased oxidation of the LCD, resulting in hepatotoxic
oxidant forms, which induce the initiation of necrosis, and
release of cytokines and fibrosis involving perisinusoidal
Ito and Kupfer cells [11, 12]. This indicates the develop-
ment of compensatory-adaptive reactions under patho-
biochemically altered protein-lipid metabolism [13, 14].

Morphometric measurements of the intestine were not
reliable. However, it has been shown that the form of epi-
theliocytes of villi of the intestine of rats and the nuclei of
these cells becomes more elongated, and the cytoplasm of
epitheliocytes becomes more elongated. The connective
detached base is more eosinophilic. There is a destruction
of apical epitheliocytes of villi and the exit of part of them
into the lumen of the intestine. Zhou X. and so on. have re-
ceived similar morphological changes in their experiment
in studying the gut structure of high carbohydrate and high
lipid rats. Still, their results were also unreliable [15-17].

Conclusions. Thus, histological examination of the
liver of rats with simulated MS showed signs of NAFLD
and steatosis. However, the above changes indicate that
the intestinal wall has been damaged, resulting in the de-
velopment of intestinal autoendogenous toxaemia, which
exacerbates the endogenous endotoxemia characteris-
tic of MS. Since the mechanisms of MS development and
organ damage due to its development are not yet fully
disclosed by researchers, this topic represents a wide
field for further study and discovery.

Informed consent. The basic rules for the mainte-
nance and care of experimental animals corresponded to



MEDICAL NEWS OF NORTH CAUCASUS

2022. Vol. 17. Iss. 2

MEAULUHCKUA BECTHUK CEBEPHOTO KABKA3A

2022.T.17.Ne 2

violation of metabolism and
balance in the "intestine-
mieroflora" system

Fructose diet

dyslipidemia
dysproteinemia

violation of the
integrity of the
intestinal wall

hyperglycemia

Z

autointoendotoxemia

maintenance of
generalized
inflammation

~

INTESTINES
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POSSIBILITIES FOR ASSESSING STIMULATION OF BONE TISSUE
REGENERATION IN THE BACKGROUND OF EXPERIMENTAL STRESS

Sirak S. V., Shchetinin E. V., Romanenko R. G.

Stavropol State Medical University, Russian Federation

BO3IMOXHOCTU OLLEEHKU CTUMYASLLUU PETEHEPALLUN
KOCTHOU TKAHU HA POHE SKCNEPUMEHTAAbBHOIO CTPECCA

C. B. Cupak, E. B. LLeTnHuH, P. I. PomaHeHKoO

CTABPONOALCKUMU rOCYAQPCTBEHHbIN MEAULLUHCKMU YHUBEPCUTET, Poccumnckas
Pepepaums

The results of an X-ray assessment of the dynamics of bone regeneration of postoperative defects in an experiment on
rats using a stress-inducing device to form non-physiological occlusion of the jaws are presented. More effective and com-
plete restoration of the alveolar ridge after tooth extraction was shown in animals treated intraperitoneally with ethylmethyl-
hydroxypyridine succinate under chronic stress conditions. X-ray analysis of the bone regeneration confirmed the stimula-
tion of bone healing by the drug in terms of 30 and 60 days in the form of filling the defect with trabecular bone, which, in
terms of quantitative and qualitative composition, can provide the function of a scaffold for newly formed vessels and nerves.

Keywords: radiography, experiment, osseointegration, chronic stress

MpencTaBneHbl pes3ynbTaTbl PEHTIEHOJIOMMYECKOM OLEHKU AUHAMWUKM KOCTHOW pereHepaumm nocneonepaumoHHbIX
nedeKToB B 9KCNEPUMEHTE Ha KpblCax C MCMONb30BaHNEM CTPECC-UHAYLIMPYIOLLErO YCTPONCTBa AN GOPMMPOBAHUSA He-
dU3NONOrnyeckom okkN3um YentocTel. NokazaHo 6onee adpdOEKTUBHOE U NOSHOLEHHOE BOCCTAaHOB/IEHME allbBEONSPHO-
ro rpebHsi nocne yganeHns 3y60B Y XMBOTHbIX, MOJyHaBLUNX BHYTPUOPIOLWWHHO 3TUAMETUATMOPOKCUNNPUAMHA CYKLMHAT
B YC/IOBUSAX XPOHUYECKOr0 CTpecca. PEHTreHoNorM4ecknii aHannsa KOCTHOro pereHepara noaTBepau CTUMYISLUNIO Npe-
napaTom 3axunsneHuns koctn B cpokn 30 n 60 cyTok B BUAE 3anonHeHus gedekta TpabekynspHoO KOCTbio, CHOCOBHOM No
KONMMYecTBEHHOMY M Ka4eCTBEHHOMY COCTaBy o6ecneyunTb GYHKLMIO Kapkaca s HOBOOOpa30BaHHbIX COCY0B M HEPBOB.
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SID - stress-inducing device

clinical and experimental practice has signifi- mation of postoperative jaw defects, including mo-
cantly expanded the possibilities for studying deling of bone loss processes under conditions of
the mechanisms of osseointegration [1, 2]. At the chronic stress or osteoporosis, are far from being

The emergence of new imaging techniques in same time, the possibilities of reparative bone for-
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