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To date, it has been established that hyperhomocysteinemia plays a significant role in
the development and progression of many diseases. The accumulation of homocysteine
occurs due to a violation of the relationship between its production and excretion from
the body. The liver plays an important role in the metabolism of homocysteine, because
it undergoes most of the reactions of its transmethylation, and, therefore, it is the first
to be adversely affected. The aim of the study is to identify the features of electron
microscopic changes in the liver structure of young rats with hyperhomocysteinemia.
The experimental study was performed on 22 white nonlinear young (1-2 months) male
rats, which were divided into a control group and an experimental group. A model of
persistent hyperhomocysteinemia was created by administering to rats the experimental
group of thiolactone homocysteine at a dose of 200 mg/kg body weight intragastrically
for 60 days. The study of ultrastructural changes in the liver of rats was performed using
an electron microscope PEM-125K. It was found that the introduction of thiolactone
homocysteine at a dose of 200 mg/kg in rats led to the development of degenerative
changes in hepatocytes. Changes in the structure of liver cells manifested themselves
in the form of edema of the cytoplasm and mitochondria, destruction of mitochondrial
cristae, dilation of the tubules of the granular endoplasmic reticulum and tanks of the
Golgi complex. The activity of fat-accumulating liver cells and stellate macrophages is
characteristically. In the lumens of the sinusoidal capillaries found sweeter shaped
blood elements, the cytoplasm of endothelial cells had signs of edema. Thus, in
experimental hyperhomocysteinemia revealed changes at the ultrastructural level in
all structural components of the liver of young rats. The identified changes are
compensatory-adaptive in nature and are reversible.

Keywords: hyperhomocysteinemia, hepatocytes, mitochondria, macrophages,
sinusoidal capillaries.

Introduction

In the last few years, the amino acid homocysteine has
attracted a lot of attention from researchers. This
phenomenon is associated with the emergence of new
research, which shows the extremely negative impact of
elevated levels on the body and participation in the
pathogenesis of many diseases. Homocysteine is a non-
protein sulfhydryl amino acid formed during the metabolism
of the essential amino acid methionine [16, 18, 19].
Intracellular homocysteine metabolism is carried out in
several stages. S-adenosylmethionine is synthesized from
methionine with the participation of the enzyme methionine
adenosyltransferase. The latter, losing the methyl group, is
converted to S-adenosylhomocysteine. Subsequently,
adenosine and homocysteine are formed due to S-

adenosylhomocysteine hydrolase. The process of
elimination of excess homocysteine in the body is provided
by three ways - remethylation, transsulfation, desulfurization
[9, 15]. The mechanism of remethylation is based on the
process of resynthesis of methionine from homocysteine
with the obligatory participation of vitamin B12 and
methionine synthase. In the process of transsulfation,
homocysteine is converted to cystathionine under the action
of the enzyme cystathionine-B-synthetase. Subsequently, the
formed cystathionine, already under the influence of vitamin
B6-dependent enzyme y-cystathionase decomposes into
cysteine, ammonia and a-ketobutyrate [7]. Due to the
transsulfation process, the excretion of up to 70-80% of
excess homocysteine levels is ensured, the rest is
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accounted for by remethylation and desulfation
mechanisms. As a result of the latter, homocysteine is
converted to hydrogen sulfide.

Many studies have been assigned to the study of the
pathogenetic effects of elevated plasma homocysteine
levels, but to this day this issue remains incomplete. Most
researchers identify several mechanisms of adverse effects
of hyperhomocysteinemia. These include: activation of
oxidative stress, expression of mediators of inflammation
and fibrosis, inhibition of methylation processes,
homocysteine protein synthesis [9, 14, 16].

Scientists around the world have begun to actively study
the effects of hyperhomocysteinemia on the structure and
function of the liver. Being an important organ for life, it takes
an active part in the processes of metabolism and utilization
of homocysteine, which is due to the considerable interest
of researchers. The pathogenesis of liver cell damage today
remains poorly understood. It is established that the damage
is based on endothelial dysfunction caused by
hyperhomocysteinemia, lipid and protein peroxidation. There
are also hypotheses about the direct toxic effects of
homocysteine on the mitochondria of hepatocytes [4, 8].

Thus, the study of the features of electron microscopic
changes in the structure of the liver is an important and
urgent task that will expand the understanding of the
pathogenesis of its lesions in hyperhomocysteinemia.

The aim of the study is to identify the features of electron
microscopic changes in the liver structure of young rats with
hyperhomocysteinemia.

Materials and methods

The experiments were performed on 22 white nonlinear
young (1-2 months) male rats, which were divided into a
control group and an experimental group. A model of
persistent hyperhomocysteinemia was created by
administering to rats the experimental group of thiolactone
homocysteine at a dose of 200 mg/kg body weight
intragastrically for 60 days. Animals were decontaminated
by decapitation under thiopental anesthesia. Committee on
Bioethics of National Pirogov Memorial Medical University,
Vinnytsya found that the experimental study was conducted
considering the recommendations of the European
Commission for medical and biological research using
animals, medical recommendations of the State
Pharmacological Center of the Ministry of Health of Ukraine
and "Rules for clinical safety assessment of pharmacological
agents (GLP)".

For morphological examination, pieces of liver 0.5-1.0
mm in size were taken and fixed in a 2.5% solution of
glutaraldehyde with an active reaction medium pH 7.2-7.4,
prepared on phosphate buffer. Next, the material was
postfixed in a 1% solution of osmium tetroxide according to
Caulfield. Dehydrated in alcohols of increasing concentration
(70%, 80%, 90%, 100%) and acetone [6]. Poured into a
mixture of epon-araldite. Semi-thin sections were made from
the obtained blocks, which were stained with toluidine blue

and Hyatt. After aiming at semi-thin sections, ultrathin
sections contrast with 2% uranyl acetate solution and lead
citrate were made on LKB Ill (Sweden) and Reihart (Austria)
ultratomas. The preparations were examined and
photographed under an electron microscope PEM-125K.

Results

Electron microscopic studies of the liver of young rats
under conditions of hyperhomocysteinemia caused by the
introduction of thiolactone homocysteine at a dose of 200
mg/kg, found the presence of moderate dystrophic changes
in hepatocytes. The latter manifested as accumulations of
heterochromatin in the marginal and central parts of the
nucleus. The nuclear membrane was characterized by the
presence of intussusception, compared with the control
group (Fig. 1).

In the cytoplasm of hepatocytes there is a significant
number of mitochondria, the size of which is larger than that
of intact young rats. They are characterized by the presence
of a fine-grained matrix and numerous cristae. It should be
noted that in some places hepatocytes were found, in which
mitochondria formed buds, were swollen, with signs of
disorganization and destruction of the cristae. The cisterns
of the granular endoplasmic reticulum are dilated, and a
large number of ribosomes are present on its membranes.
Hyperplasia of the membranes of the endoplasmic reticulum
was detected in some hepatocytes. Their cytoplasm
contained numerous ribosomes, polysomes and granules
of glycogen (Fig. 2).

Cells with hypertrophied Golgi complex and high content
of autophagosome and fat droplets were also detected. The
lumens of the bile ducts are dilated, they have few microvilli.
However, the destruction of hepatocyte microvilli in the bile
capillaries and perisinusoidal spaces was not detected (Fig. 3).

Fig. 1. Electronogram of the liver of young rats with
hyperhomocysteinemia: 1 - hepatocyte nucleus, 2 - nucleolus, 3 -
lumps of heterochromatin, 4 - intussusception of karyolemma, 5 -
cytoplasm of hepatocyte, 6 - destruction of cristae and edema of
the matrix of mitochondria, 7 - tanks of granular endoplasmic
reticulum, 8 - fat droplets, 9 - glycogen granules. x4800.
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Fig. 2. Electronogram of the liver of young rats with
hyperhomocysteinemia: 1 - hepatocyte nucleus, 2 - nucleolus, 3 -
karyolemma intussusception, 4 - hepatocyte cytoplasm, 5 -
mitochondria, 6 - granular endoplasmic reticulum tanks, 7 -
lysosomes, 8 - the inclusion of glycogen, 9 - fat droplets. x4800.
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Fig. 3. Electronogram of the liver of a young rat with
hyperhomocysteinemia: 1 - hepatocyte cytoplasm, 2 - mitochondria,
3 - granular endoplasmic reticulum tanks, 4 - lysosomes, 5 -

glycogen lumps, 6 - bile duct lumen. x6400.

The nuclear envelope of endothelial cells in the walls of
sinusoidal capillaries was moderately fluffy, had different
depths of intussusception. In the cytoplasm of
endotheliocytes, a small number of swollen mitochondria
and electron-transparent tanks of the granular endoplasmic
reticulum were found. It should be noted the increased
number of cristae in mitochondria, as well as ribosomes on
the membranes of the granular endoplasmic reticulum
compared to those in intact young rats. Increased number
of freely located in the cytoplasm of secondary lysosomes.
The plasma membrane of endothelial cells formed
numerous outgrowths in the lumen of the sinusoids. In the
cytoplasm of stellate macrophages there are significantly
more heterophagosomes and autophagosomes than in
intact young rats, which indicates increased functional activity
of these cells (Fig. 4).

Fig. 4. Electronogram of the liver of young rat with
hyperhomocysteinemia: 1 - vascular part of the cytoplasm of the
hepatocyte, 2 - a drop of fat, 3 - the nucleus of the stellate
macrophagocyte, 4 - the cytoplasm of the stellate macrophagocyte,
5 - sludge of erythrocytes in the lumen of sinusoid, 6 - platelets in
the lumen of the sinusoid, 7 - swelling of the cytoplasm of the
endothelial cell in the sinusoidal wall. x4800.

Discussion

The results of electron microscopic examination of the
liver structure under conditions of hyperhomocysteinemia
are consistent with the available data in the literature. It is
established that hyperhomocysteinemia causes
enhancement of biosynthetic processes in hepatocytes and
is characterized by the development of dystrophic changes
in them. The latter will cover in most cases the nuclear
apparatus and mitochondria. Hyperhomocysteinemia also
causes the appearance of so-called mitochondrial spheroids
and concentric orientation of granular endoplasmic reticulum
tanks. In addition, there is damage to the microcirculatory
tract of the liver and the development of fibrogenesis [12].

High concentrations of homocysteine in blood plasma
are associated with the development of hydropic and fatty
liver disease. In addition, histological examination also
reveals histio-leukocyte infiltration of the portal areas,
hyperplasia of stellate cells, necrosis of hepatocytes, fibrosis
in the portal areas and around the central veins [3, 11].

Hyperhomocysteinemia leads to increased energy
metabolism in the mitochondria of hepatocytes, which is
manifested by increased activity of lactate dehydrogenase,
succinate dehydrogenase and H+-ATPase. This condition
is characterized by impaired calcium deposition, increased
carbonylation of mitochondrial proteins, a significant
decrease in reserve-adaptation potential and increased
superoxide dismutase activity [10, 20].

It is established that one of the reasons for the
development and progression of non-alcoholic fatty liver
disease may be high levels of homocysteine in the blood.
Hyperhomocysteinemia is the basis for the occurrence of
steatohepatitis, an increase in the lipid spectrum of the
blood, and subsequently - the growth of the process into
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fibrosis and cirrhosis of the liver [1, 2]. The development of
fibrosis is more likely to occur due to inhibition of hepatocyte
regeneration and increased proliferation of fibroblasts [5].

There are data on the negative effects of homocysteine
on protein, carbohydrate and fat metabolism in liver cells
[21]. At the optical level, these disorders are manifested in
the form of steatosis, multilobular fibrosis with signs of
parenchymal and  stromal reactions [17].
Hyperhomocysteinemia also has a toxic effect on the
endothelium of the hepatic vessels due to the production
of significant amounts of free radicals and stress of the
endoplasmic reticulum [13].

Conclusions
Experimental hyperhomocysteinemia revealed changes
at the ultrastructural level in all structural components of
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CYBMIKPOCKOMIYHI 3MIHW B NEYIHLI LLYPIB MONIOA0IO BIKY NPU MNMEPFOMOLMCTEIHEMIT

lanazaH 10.B.

Ha cbo200HiwHIl OeHb 8CMaHOo8eHo, Wo einepaomoyucmeiHemii 6i0800UMbCS 3Ha4Ha porib y pO38UMKY ma npoepecysaHHi bazambox
3axeoprogaHb. HakonuyeHHs1 2omoyucmeiHy 8UHUKaE 8HACTiOOK MOPYWEeHHS Crlig8iOHOWEHHSI MiX Uio2o npodyKyieto ma eueedeHHsIM
3 opeaHiamy. [NediHka eidiepac sazoMe 3Ha4eHHs1 8 ObMIHI 2oMoyucmeiHy, OCKinbKu 8 Hili 8i0bysaembcs binbla YyacmuHa peakuyil toeo
mpaHcMemurlysaHHs, a, onke, 80Ha Halnepuworo niddaemscs HeeamusHoMy erinusy. Memoro docridxeHHs € susisrieHHs1 ocobnusocmel
€/1eKMPOHHO-MIKPOCKOMIYHUX 3MIH CMPyKmypu neyviHKu wypie Mor00020 8iKy npu 2inepaeomouyucmeiHemii. EkcriepumeHmarbHe
docnidxeHHs1 nposedeHe Ha 22 binux HeniHilHUX Monodux (1-2 micayj) wypax-camusix, sskux 6yrno nodineHo Ha epyrny KOHmMPOs ma
docnidHy epyny. Modenb cmilikoi ginepeomoyucmeiHemii cmeoprosanu winsixom e8e0eHHs1 wypam O00CidOHOI epyrnu mionakmoHy
eomouucmeidy 8 0o3i 200 me/ke macu mina iHmpazacmparnbHo rnpomszom 60 OHig. BusyeHHs yribmpacmpyKmypHUX 3MiH 8 MeviHyi
wypie npoeodusnu 3a AornomMoz20t0 efieKmpoHHo20 Mikpockony MEM-125K. BcmaHo8neHo, wo 88e0eHHs wypam miofakmoHy
eomouyucmeiHy 8 003i 200 ma/ke npuseesio 00 po3sumKy OucmpoghiyHUX 3MiH eenamouyumie. 3MiHU CmpyKmypu KnimuH neyviHKu
nposiensnuck y suensadi Habpsiky yumonnasmu ma MimoxoHApil, decmpyKuii MimoxoHOpianbHUX KpUCM, PO3WUPEHHSIM KaHarnbyig
epaHynsapHoi eHOonmasmamuy4yHoi cimku ma yucmepH Kommnnekcy lonbdxi. XapakmepHum € nid8uujeHHs akmueHocmi
JKUPOHaKomnuyysanbHUX KTimuH neviHku ma 3ipdacmux makpoghazie. Y npoceimax CUHyCOIOHUX Karinsipie eusiensnu cnadxi ¢popmeHux
enneMeHmis Kpoei, yumonna3ma eHoomersnioyumie mana o03Haku Habpsky. Takum YUHOM, Npu eKcriepuMeHmarnbHil
einepeomoyucmeiHemii 8cmaHo8MeHi 3MiHU Ha yrbmpacmpyKmypHOMY Pi6Hi 8 yCiX CMPyKmMypHUX KOMIMOHEHmMax MeqyiHKUu Momooux
wypis. BcmaHoerneHi 3miHU Maromb KoMeHcamopHo-adanmauiiHull xapakmep ma € 380POMHIMU.

KnrouoBi cnoBa: zinepzomoyucmeiHemis, 2enamoyumu, MimoxoHOpii, Makpoghaau, CUHYCOIOHI Karinspu.

CYBMUKPOCKOIMNWYECKUE USBMEHEHWA B NEYEHU KPbIC MOJTOAOIO BO3PACTA NMPU TMNEPTOMOLIUCTEUMHEMUN
lanaeaH 10.B.

Ha ce2odHAwWHUU OeHb ycmaHOo8neHo, Ymo aunepaomMoyucmeuHeMuu omeodumcsa 3HayumenbHas pofb 8 pa3sumuu u
rpozpeccuposaHuu MHoeux 3abonegaHull. HakonneHue somoyucmeuHa 803HUKaem ecriedcmeue HapyweHUsi COOMHOWEHUST MexOy
e20 npodykyuel u ebieedeHueM U3 opeaHusma. [ledeHb uespaem 60nbwoe 3HayeHUe 8 0OMeHe 20MOUUCMmeUHa, MOCKObKy 8 Hel
npoucxodum 6osibwas Yacmb peakyuli e2o mpaHCMemuuposaHusi, a, criedosamersibHO, OHa nepeoll nodeepaaemcsi HeeamueHoOMy
so3deticmeuro. Lenbio uccrnedosarus sensaemcs ebiseneHue ocobeHHocmet 31eKmMpOHHO-MUKPOCKOMUYECKUX U3MeHEeHUU CmpyKmypb!
reyeHu KpbiCc Mori0do20 8o3pacma rpu aunepeoMoyucmeuHemMuu. SKcrnepuMmeHmarnbHoe uccriedogaHue nposedeHo Ha 22 bernbix
HenuHeUHbIX Monodbix (1-2 mecsiya) Kpbicax-camyax, Komopbie bbiiu pa3desieHbl Ha 2pyrnny KOHmMPOons u uccredosamerbCKyto
epynny. Modenb cmolkoul aunepeomoyucmeuHemuu co3dasasnu rnymem egedeHusi KpbicaMm uccriedosameribCKol epyrnrbl MUOnakmoHy
eomouyucmeuHa 8 doze 200 me/ke macckbl merna uHmpaaacmparnsHo 8 medyeHuu 60 OHel. U3yyeHue yrbmpacmpyKmypHbIX USMEHeHUU
8 MeYeHU KpbIC Mpoeoousu ¢ MOMOWbIO 3[IEKMPOHHO20 Mukpockora MTOM-125K. YemaHoeneHo, ymo egedeHue KpbicaM muoakmoHa
eomoyucmeuHa 8 0o3e 200 me/ka Mpuseso K pa3sumuro OuCmpoguUHeCcKUX U3MeHeHUU eenamoyumos. VI3meHeHUs1 CmpyKmypbl KIemok
reyeHuU nposenanuck 8 gude omeka yumorna3mbl U MUmMoxXoHOpul, 0ecmpyKuyuu MUmoxoHopuarbHbIX KpUCm, paclupeHueM KaHanbues
epaHynsapHoU sHOoMIasMamuy4yeckol cemu u yucmepH Kommnnekca [onb0xu. XapakmepHO rMoebiWeHuUe akmugHocmu
JKUPOHaKonumesnbHbIX KemokK fne4yeHu u 3se304ambiX Makpogazo8. B rpoceemax CuHycoudarbHbIX Kanusispos 8bisensisiu crnadx
OPMEHHBIX 351IeMEHMO8 KposU, yumoriasma 3H00menuoyumos umena npu3Haku omeka. Takum obpasom, npu 3KcrepuMeHmarsHoU
2unepaoMoyUCMeuHeMUU yCmaHOo8/1eHbl USMEHEHUS Ha ybmpacmpyKmypHOM YPOBHE 80 8CEX CIMPYKMYPHbIX KOMITOHEHMax rneYyeHu
MOs00bIX KpbIC. BbiseneHHble UsMeHeHus uMerom KoMeHcamopHo-adanmayuoHHbIU Xxapakmep U Aefsiomces obpamumbsiMu.
KnroueBble cnoBa: 2unepeoMoyucmeuHeMusi, eeramoyumal, MUMOXOHOPpUU, Makpoghazu, cuHycoudarbHble Kanusmspbl.
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