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Violation of amino acids metabolism in the human body is the cause of changes in the
structure and functions of almost all vital organs and systems. During the last tens of
years, significant efforts of scientists have been directed to the in-depth study of such
compound as homocysteine (Hcys), which is a thiol-containing amino acid and is
produced endogenously during the exchange of methionine and cysteine. Under the
conditions of its normal concentration (5-15 umol/l), it does not pose a threat to the life
and health of living organisms. However, in a number of pathological conditions, a
pronounced increase of Hcys in blood plasma and inside cells is registered, which
leads to the appearance or progression of diseases, including damage of liver tissue.
The aim of the research is to study the microscopic and histochemical changes in the
liver of adult rats with hyperhomocysteinemia (HHcys). The experiment was conducted
on 22 white non-linear adult male rats aged 6-8 months. During the study, the animals
were divided into two groups - control and experimental. Chronic resistance to HHcys
was modeled by administering thiolactone Hcys in a dose of 200 mg/kg of body weight
intragastrically for 60 days to the rats of the experimental group. Histological
preparations were studied using a SEO SCAN light microscope and photo-documented
using a Vision CCD Camera with a system of image output from histological preparations.
Succinate dehydrogenase was detected histochemically according to the Nakhlas
method. These studies were carried out on sections made in a cryostat microtome from
unfixed tissue using nitro blue tetrazole. To study the specifics of glycogen accumulation
in hepatocytes, sections were stained using Schiff's reagent, after preliminary treatment
with iodic acid (PAS reaction) in the Shabadash modification. It was established that
the administration of thiolactone Hcys to young rats at a dose of 200 mg/kg led to an
increase in the volume of connective tissue elements around the lobules and in the
portal tracts of the liver. Thus, it was established that in the liver of adult rats with
HHcys, there is a noticeable thickening of the fibrous connective tissue around the
lobules and in the portal tracts, trabeculae dissociation, and the appearance of foci of
necrosis of the parenchyma of the organ. Hypertrophy and hyperplasia of smooth
myocytes in the middle layer and fibrosis of the outer layer of the wall of interlobular
arteries, leukocyte infiltration in the portal tracts are observed. A significant decrease
in succinate dehydrogenase activity was established histochemically.

Keywords: hyperhomocysteinemia, liver, liver plates, fatty dystrophy, succinate
dehydrogenase, rats.

Introduction

Violation of amino acids metabolism in the human body;,
as established, is the cause of changes in the structure
and functions of almost all vital organs and systems. For
tens of years, significant efforts of scientists have been
directed to the in-depth study of such a compound as Hcys,
which is a thiol-containing amino acid and is produced
endogenously during the exchange of methionine and

cysteine. Hcys in blood plasma is able to be in protein-
bound (99 %) and free (1 %) forms. Under the conditions of
its normal concentration (5-15 pymol/l), it does not pose a
threat to the life and health of living organisms. However, in
a number of pathological conditions, a pronounced
increase of Hcys is registered in blood plasma and inside
cells. This condition is called HHcys and is often used as
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a prognostic factor for the risk of cardiovascular diseases,
diseases of the respiratory, excretory, and digestive systems,
as well as screening for congenital defects of methionine
metabolism, miscarriage, vitamin deficiency [4, 8, 9, 18].

The liver and kidneys are the key organs where
processes of Hcys metabolism take place. In the presence
of any structural and functional changes in the specified
organs, deficiency of enzymes of Hcys metabolism
(congenital or acquired) or insufficiency of vitamins that play
the role of cofactors in these biochemical transformations
(B, By B,,), the concentration of Hcys begins to increase
[20, 21]. The negative effects of HHcys are now largely
established. They consist in homocysteinilation of blood
plasma proteins, disruption of methylation processes,
stimulation of NMDA receptors, Toll-like receptors (mainly
TLR,), dysregulation of Ca**-channels, and increased activity
of NADPH oxidase. The latter fact is associated with
excessive production of reactive oxygen species (ROS).
ROS, in turn, trigger signaling pathways and the production
of pro-inflammatory mediators - IL-1, IL-6, TNF-q, etc. In
addition, HHcys leads to impaired synthesis and reduced
bioavailability of NO in endothelial cells of vessel walls [18,
22]. The result of the effect of Hcys on the body is the
development of myocardial infarction, disorders of cerebral
blood circulation, neurodegenerative diseases [6, 10, 12,
13].

Research conducted on animals, as well as clinical
observations, indicate the fact that HHcys serves as the
basis for the development of not only the above-mentioned
diseases, but in one way or another is a trigger of pathological
processes in other body systems. In particular, there is
increasing evidence that Hcys disrupts intracellular lipid
metabolism, leading to their accumulation in hepatocytes
[18]. This leads to the appearance of fatty hepatosis and
changes in the morpho-functional parameters of the organ.
A change in the structure of the liver leads to disturbances in
the mechanisms of utilization of Hcys, and, therefore,
becomes the cause of an even greater increase of it in the
blood plasma and the progression of existing diseases.
Separate literature sources also demonstrate the
participation of the specified amino acid in the occurrence of
cirrhosis and liver fibrosis. Thus, an urgent task is to study
the peculiarities of histological changes in the organ against
the background of a long-term increase in the level of Hcys
in the blood plasma [2, 16, 17, 19].

The aim of the research is to study of microscopic and
histochemical changes in the liver of adult rats with HHcys.

Materials and methods

The study was carried out in compliance with
international recommendations on conducting medical
and biological research using animals (Kyiv, Ukraine, 2001)
and agreed with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
France, 1986) [3]. The experiment was conducted on 22

white non-linear adult male rats aged 6-8 months. During
the study, the animals were divided into two groups - control
and experimental. Chronic resistance HHcys was modeled
by administering thiolactone Hcys in a dose of 200 mg/kg
of body weight intragastrically for 60 days to the rats of the
experimental group. Animals were anesthetized by
decapitation using thiopental anesthesia. For histological
examination, pieces of liver were taken from pre-weighed
animals of all groups. The pieces were fixed in a 10 %
formalin solution, not exceeding the exposure duration of
1-2 days. Next, the pieces were dehydrated in alcohols of
increasing concentration and embedded in paraffin blocks.
The prepared sections, 4-5 um thick, were stained with
hematoxylin and eosin and methylene blue [1]. Histological
preparations were studied using a SEO SCAN light
microscope and photo-documented using a Vision CCD
Camera with a system of image output from histological
preparations.

To study the dynamics of compensatory and adaptive
processes of the liver under conditions of HHcys, the study
of the key enzyme of the tricarboxylic acid cycle - succinate
dehydrogenase - is of particular interest. This mitochondrial
enzyme was detected histochemically by the method of
Nakhlas [5]. These studies were carried out on sections
made in a cryostat microtome from unfixed tissue using
nitro blue tetrazole. The sediment in the form of blue
granules of diformazan testified to the presence and
localization of the enzyme.

To study the specifics of glycogen accumulation in
hepatocytes, sections were stained using Schiff's reagent,
after pre-treatment with iodic acid (PAS reaction) in
Shabadash's modification [5].

Results

Studies of the microscopic organization of the liver of
mature animals with hyperhomocysteinemia revealed
more pronounced structural changes in the organ
compared to young animals. A noticeable thickening of the
fibrous connective tissue around the lobules and in the
portal tracts was established. Dyscompletion of liver plates
was revealed. In hepatocytes, the nuclei were
hyperchromic, pyknotically altered. Signs of hydropic and
fatty dystrophy were observed in the cytoplasm of
hepatocytes. In some places, foci of necrosis of the liver
parenchyma were found. Significant changes are also
present in the vascular bed of the liver of mature animals.
In the vast majority of central, sublobular and interlobular
veins, full blood was found, their walls were expanded and
thinned (Fig.1).

The thickness of the wall of interlobular arteries
increased due to hypertrophy and hyperplasia of smooth
myocytes in the tunica media and fibrosis of the tunica
adventitia. There is leukocyte infiltration in the portal tracts.
Significant changes were found in the microcirculatory bed
of the liver. The lumens of the sinusoids were expanded,
often filled with formal elements. Endothelial cells were
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Fig. 1. Histological changes in the liver of mature animal after
simulated hyperhomocysteinemia. 1 - violation of the hepatocyte
plates organization of the organ, 2 - dystrophically changed
hepatocytes, 3 - enlarged central vein. Staining with hematoxylin

and eosin. x200.

Fig. 2. Low activity of succinate dehydrogenase in the liver of a
mature animal under conditions of simulated hyperhomocysteinemia.
1 - in the cytoplasm of most hepatocytes, there were few clumps
of diformazan. Nakhlas method. x 200.
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Fig. 3. The presence of glycogen in the liver of a mature animal
under conditions of simulated hyperhomocysteinemia. 1 - low
content of glycogen lumps in the cytoplasm of hepatocytes.
Shabadash method. x400.

partially damaged, their nuclei were hyperchromic,
pyknotically altered, and the cytoplasm was swollen and
uneven. Perisinusoidal spaces are expanded, infiltrated
by leukocytes and macrophages.

A significant decrease in succinate dehydrogenase
activity was established histochemically. There were few
lumps of diformazan in hepatocytes, they were weakly
basophilic (Fig. 2).

Histochemical study of the presence of glycogen in the
hepatocytes of the liver of mature animals under the
conditions of simulated hyperhomocysteinemia showed a
decrease in the content of the indicated trophic compound
in the cytoplasm of cells, in some cells the cytoplasm is
practically devoid of this trophic compound (Fig. 3).

Discussion

Related studies conducted on experimental animals
accompanied by simulation of chronic HHcys showed a
negative effect of this amino acid on the structural and
functional indicators of various body systems.

It was established that in adult rats with persistent
HHcys, the organs of the respiratory system underwent
changes in the form of the development of dyscirculatory
disorders, remodeling of bronchiole walls, and
inflammatory processes. The lumens of the bronchi were
narrowed, spasmodic, filled with serous-mucous contents.
Desquamation of the epithelial lining in their lumen was
found in some places. The bronchial walls were swollen,
infiltrated with histiocytic cells, neutrophils, and
lymphocytes. Zones of dysatelectases and atelectasis in
the respiratory department were a characteristic finding.
Zones of emphysematous-changed areas of lung tissue
were also detected. Under these conditions, HHcys was
associated with an increase in the activity of fibroblasts
and thickening of the walls of the alveoli, which led to a
violation of normal gas exchange. This process was
complicated by damage of the vessel walls, and, therefore,
to the components of the air-blood barrier [15].

R. F. Kaminsky et al. [7] studying the structure of the
heart of laboratory animals under conditions of HHcys at
the submicroscopic level revealed damage of the organ in
the form of its dystrophic and destructive changes.
Endocardium and myocardium were involved in the
pathological process. The first was characterized by
thickening of collagen fibers and significant swelling of the
components of the main substance. In the myocardium,
cardiomyocytes underwent pronounced changes. They lost
myofibrils, sarcomeres were disorganized. Mitochondria
of the cells were swollen, their matrix was illuminated, and
the crystals showed signs of destruction. The tubules of
smooth ER expanded significantly. The components of the
connective tissue also actively increased their volume in
the myocardium, in particular, the thickening of collagen
fibers was recorded. Violation of the structural organization
of vessels of the microcirculatory bed of the myocardium
was observed.
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Recent studies [14] have shown the presence of a
relationship between biochemical changes in thyroid tissue
and the level of Hcys in the blood plasma of experimental
rats. HHcys in animals was accompanied by the
development of catabolic processes, which were
characterized by the accumulation of low-molecular-weight
compounds in the blood and homogenates of the thyroid
gland. Biochemical studies also revealed the activation of
proteolytic processes in the organ, which was evidenced
by an increase in the levels of matrix metalloproteinases
(MMP-2). Also, proteolysis in the tissue of the thyroid gland
was confirmed by a significant shift in the protein profile.
The accumulation of proteins with a molecular weight <30
kDa and a decrease in high molecular weight proteins
were recorded. The activation of inflammatory processes
was characteristic and confirmed by the increase of the
corresponding cytokines [14].

Ultramicroscopic studies of liver tissue under conditions
of HHcys against the background of hypo- and
hyperthyroidism demonstrated the presence of significant
disturbances in microcirculation and transcapillary
exchange in the organ. At the same time, hepatocytes were
characterized by damage of the nuclei and cytoplasm
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MIKPOCKOMIYHI TA MCTOXIMIYHI 3MIHX NEYIHKXA OOPOCNUX LWYPIB 3 MNMNEPFOMOLUCTEIHEMIEIO

Maeecbkui O. €., lanazan 0. B.

lNopyweHHs1 Memaboniamy amiHOKUC/IOm 8 opeaaHi3Mi /IIOUHU € MPUYUHOK 3MIHU cmpykmypu ma QyHKUil mal>e 8cix eimarnbHUX
opeaaHig i cucmeM. Brnpodoex ocmaHHix Oecsimkie poKie 3Ha4yHi 3ycuris Haykoeuyig cripsmMosaHi Ha roeanubrieHe 8ug8deHHs makoi
crionyku siKk eomoyucmeid (I'y), wo € mionemicHo amiHOKUCIIOMOK ma rnpodyKyembCsi eHO02eHHO 8 X00i 0bMiHy MemioHiHy U yucmeidy.
3a ymos lioeo HopmarnbHOI KoHUeHmpauii (5-15 mMkmonb/n) eiH He cmaHo8umb 3a2po3u O Xummsi ma 300P08'si KUBUX Op2aHi3mis.
OO0Hak, 3a yMOBU BUHUKHEHHST HU3KU 1amosioeidHUX CmaHie peecmpytoms gipoeioHe 3b6inbweHHs1 KoHueHmpaui 'y y nna3smi kposi ma
8cepeduHi KnimuH, wo npu3sodums 00 088U YU MpoepecysaHHs Xgopob, 8 MOMYy YUCI ypaxeHHS MKaHUHU nediHku. Memoto
docnidxeHHs1 cmarno 8CMaHOBMeHHST MIKDOCKOMIYHUX ma 2icmoXiMiYHUX 3MiH rediHKu Aopociux wlypie 3 zinepeomoyucmeiHemiero
(I'Tu). EkcnepumeHm nposedeHuli Ha 22 binux HeniHiliHUX GOPOCAUX wypax-camusix, eikom 6-8 micsauis. Mpu docnidxeHHi meapuH
po3nodinsnu Ha 08i epynu - KOHMPOrbHY i docnioHy. XpoHiyHy cmitiky Ty modentosanu egedeHHsIM wypam O0C/IiOHOT 2pynu mioiakmoHy
'y 8 003i 200 me/ke macu mina iHmpazacmpanbHo 8rnpodoex 60 0i6. icmonoeidHi npenapamu eugyanu 3a 0MOMO20I0 C8imn108020
mikpockorna SEO SCAN ma ¢pomodokymeHmysarnu 3a doriomoeoto gideokamepu Vision CCD Camera 3 cucmemoro 8ugody 306paxeHHs
3 eicmonoeidHux npenapamig. [icmoximiyHo eusiensinu cykyuHamoezidpozeHa3dy 3a memodom Haxnaca. Lli docnidxeHHsi 30iticHiosanu
Ha 3pi3ax, 8u2omoesieHuUx 8 MiKpomoM-Kpiocmami 3 Hegikco8aHOi MKaHUHU 3 8UKOPUCMAaHHSM HIMpO-CUHb020 mempa3somnto. [ns
docnidxeHHs1 ocobnueocmell HaKOMUYEHHS 2/1iko2eHy 8 eenamoyumax npoeoousniu 3abapeneHHsi 3pisie 3a 00IOMO20K peakmusy
Llugpgha, nicnsi nonepedHboi 06pobku tiodHoro kucriomoro (PAS-peakuis) 8 modudpikauji LLlabadawa. BeedeHHsi mionakmoHy 'y, monodum
wypam 8 0o3i 200 me/ke npussodunio 0o 36inbuwieHHs1 06'emy eneMeHmig8 Criofy4YHOI MKaHUHU HaBKOJI0 Yacmo4YoK ma 6 rnopmarbHUX
mpakmax rneyiHku. TakuM YUHOM, 8CMaHOBMEHO, WO y fediHyi dopocux wlypie 3 einepaomouyucmeiHemicto 8idbysaembcsi MoMimHe
1OMOBUWEeHHSI 80/I0OKHUCMOI CMOMYyYHOI MKaHUHU HaBKOJI0 4acmo4YyoK ma y cknadi mopmarnbHUX mpakmig, OUCKOMIIIeKmauisi neviHkogux
barnok, rnosisa ocepedkie HEKPO3y napeHximu opzaHy. Criocmepicalombcsi 2inepmpocbiss ma 2inepnnasis enadkux mioyumie y cepedHil
060710HUi ma ¢hibpo3 308HIWHLOI 0OOIOHKU CMIHKU MiPK4acmoyYkosux apmepit, nelkoyumapHa iHginbsmpauisi 8 nopmarnbHUX mpakmax.
FicmoximiyHO ecmaHoerneHe 3Ha4YHe 3HUXEHHSI akmueHocmi cykyuHamoezidpozeHasu.

KnrouoBi cnoBa: zinepeomoyucmeiHemisi, nediHka, neviHKosi nnacmuHKu, xuposa ducmpodpis, cykuyuHamoeziopoeeHasa, wypu.
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