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Annotation. Homocysteine (Hz) is a naturally occurring amino acid formed during methionine metabolism, involving numerous
cofactors and enzymes. While homocysteine plays a crucial role in keeping the essential amino acid methionine stable in the body,
elevated homocysteine levels can have detrimental effects. An increase in the concentration of homocysteine in the blood serum is
considered an independent marker of risk for cardiovascular diseases and pathologies of the respiratory system. This study aims to
study ultrastructural organisation in old rats with persistent hyperhomocysteinemia. The experiment involved 22 male white rats aged
24-26 months, divided into control and experimental groups of 11 individuals. To simulate persistent hyperhomocysteinemia, the
experimental group was administered D, L-thiolactone homocysteine hydrochloride at a dose of 200 mg/kg body weight intragastrically
ina 1% starch gel solution once a day for eight weeks. At the end of the experimental period, the animals were humanely removed from
the experiment by decapitation under thiopental anaesthesia for further analysis. Pieces of spleen 0.5-1 mm were fixed in a 2.5%
glutaraldehyde solution on a phosphate buffer pH of 7.2-7.4. Subsequently, they were introduced into an epon-araldite mixture
according to the generally accepted technique. Sections were made from the resulting blocks and stained with toluidine blue and
Hayat. After precision microscopy of thin sections, ultrathin sections were made, which were contrasted with a 2% solution of urany!|
acetate and lead citrate. The sections were examined and photographed under an electron microscope PEM125K with a magnification
of 6-20 thousands of times. In the modelling of hyperhomocysteinemia in old rats, the stroma of the organ was characterised by the
growth of connective tissue elements. Foci of lymphocyte apoptosis was noted in the spleen's white pulp. In the macrophages of the
white pulp, lysis and fragmentation of nuclei, as well as accumulation of large amounts of residue in the cytoplasm, were observed.
Plasma cells were numerous, and some of them showed signs of destruction. In the red pulp of the spleen, due to hemolysis of
erythrocytes, the cytoplasm of macrophages was overflowing with hemosiderin and lipofuscin granules. The latter's presence is also

evidence of active lipid peroxidation processes.
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Introduction

Homocysteine (Hz) is an amino acid formed during the
metabolism of methionine, which occurs with the
participation of many enzymes and cofactors [6, 9]. During
the biochemical transformations of methionine, two
essential intermediates are formed: S-
adenosylmethionine (SAM) and S-adenosylhomocysteine
(SAH) [7]. Usually, the ratio of SAM to SAH should be
balanced. This balance is disturbed under certain
circumstances (deficiency of vitamins B6, B9, B12, bad
habits, the action of certain drugs). The imbalance can be
associated with some diseases, such as inflammatory
bowel disease, type Il diabetes mellitus, coronary heart
disease, stroke, etc. [5, 8].

In plasma, homocysteine exists in four forms: protein-
bound homocysteine, the disulfide form of homocysteine,
free homocysteine and the thiol form of this compound. Its
average level in the body ranges from 5 to 15 pymol/L.
Homocysteine plays a vital role in keeping the content of
the essential amino acid methionine at a constant level.
However, a significant increase in its concentration can
have negative consequences [14]. With a Hz content above
15 umol/L, hyperhomocysteinemia (GHz) is diagnosed.
Scientists distinguish the following degrees: mild, in which
Hz ranges from 15-30 pymol/l, moderate - 30-100 ymol/l
and severe - 100 ymol/l or more. Moderate GHz before the

age of 40 is usually asymptomatic. However, the results of
studies conducted in recent years have shown that even
the level of Hz of 10-12 pymol/l, which is the norm for people
over 50 years of age, in the presence of concomitant
diseases (cardiovascular pathology, kidney disease) and
some other risk factors, should be considered as moderate
GHz [13, 17].

The concentration of serum Hz is considered an
independent marker of the risk of cardiovascular diseases
and pathologies of the respiratory system. It is known that
elevated levels of Hz in the blood can cause endothelial
dysfunction, increase vascular production of reactive oxygen
species (ROS), and decrease the bioavailability of
endothelial nitric oxide (NO). As a rule, these processes
become triggers for atherosclerosis development. In
addition, the activation of the immune system may also
play a vital role in the onset and progression of
cardiovascular disease. Numerous immune defence cells,
such as macrophages, dendritic cells, T lymphocytes, and
B lymphocytes, are activated in this process. At the same
time, the secretion of complement proteins, interleukins,
tumour necrosis factor, and pro-inflammatory mediators is
induced [3, 11]. In addition, recent experimental studies
also confirm that certain factors, such as C-reactive protein,
adhesion molecules, and metalloproteinases, are
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positively correlated with Hz concentration [10]. However,
the association between serum Hz levels and
inflammatory/immune factors in healthy populations has
not been systematically investigated. The sources of
scientific literature also do not contain data on ultrastructural
changes in the immune defence organs, particularly the
spleen, at GHz, which actualises the chosen topic of study.

The study aimed to investigate the ultrastructural
organisation of the spleen in rats aged 24-26 months with
chronic hyperhomocysteinemia. The potential implications
of our findings could significantly advance our
understanding of the effects of hyperhomocysteinemia on
the immune system and potentially lead to new strategies
for managing related health conditions.

Materials and methods

We studied chronic hyperhomocysteinemia by
experimenting on white male rats according to international
guidelines for biomedical studies involving animals. The
study adhered to the "General Principles of Work with
Animals" approved by the First National Congress on
Bioethics (Kyiv, Ukraine, 2001). It complied with the European
Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
France, 1986) [2]. The Committee approved it on Bioethics
of VNMU. The scientific research complied with ethical
principles (Protocol No. 3, dated 10/17/2019).

The experiment involved 22 white male rats aged 24-26
months, selected from the vivarium of National Pirogov
Memorial Medical University, Vinnytsya. Laboratory rats were
kept under standard vivarium conditions with a 12-hour night/
day cycle and provided, by generally accepted norms, with
water and balanced granulated feed ad libitum. The animals
were carefully divided into control and experimental groups
of 11 individuals during the experiment. Chronic
hyperhomocysteinemia was induced by administering to
experimental group D L-thiolactone homocysteine
hydrochloride (Acros Organics, Italy) at a dose of 200 mg/kg
body weight intragastrically using a 1% starch gel solution
(2 ml/100 g rat weight), once daily for eight weeks. Upon
completion of experimental simulations of chronic
hyperhomocysteinemia, the animals were subjected to
humane euthanasia using decapitation under thiopental
anaesthesia (thiopental sodium 100 mg/kg).

Pieces of spleen 0.5-1 mm in size were fixed in a 2.5%
glutaraldehyde solution on phosphate buffer pH 7.2-7.4.
Subsequently, they were introduced into the epone-araldite
mixture according to the generally accepted method [1, 4].
Sections were made from the resulting blocks and dyed
with toluidine blue and Hayat. After precision microscopy of
thin sections, ultrathin sections were made using
ultramicrotomes LKB Ill (Sweden) and Reihart (Austria),
which were contrasted with a 2% solution of uranyl acetate
and lead citrate. The sections were examined and
photographed under an electron microscope PEM125K with
a magnification of 6-20 thousand times.

Results. Discussion

Administration of homocysteine to old rats was
accompanied by the most pronounced changes in the
ultrastructural components of the spleen. Compared to
young and adult rats, significant destructive manifestations
of hyperhomocysteinemia were observed in old animals.
The spleen's stroma noted connective tissue components,
particularly reticular cells. They had an elongated shape
and hyperchromic nuclei. They were characterised by
perinuclear oedema. The cytoplasm has a granular
endoplasmic reticulum and the Golgi complex. In the white
pulp of the spleen, under these conditions, as in previous
groups of experimental animals, areas of death of T-
lymphocytes were determined. This picture was especially
pronounced in periarterial lymphoid sheaths. Lymphocytes
that underwent apoptosis had dark, bizarre-shaped pycnotic
nuclei. Their cytoplasm was pronouncedly enlightened,
containing mainly mitochondria. The latter increased
significantly in size due to oedema. Their cristas underwent
lysis. According to Q. Zhang et al. (2002), GHz significantly
potentiates the proliferation of T lymphocytes in the spleen
of mice by partially inhibiting their apoptosis [16]. Increased
IL-2 levels and ROS production accompanied t-cell
proliferation. It was also established to increase B-
lymphocyte proliferation by activating the signalling
pathways - protein kinase C, p38 MARC and NF-kB
transcription factor [14, 15].

Macrophages were numerous and located near plasma
cells in the white spleen pulp of old rats. In macrophages,
the nucleus shifted mainly towards the poles of cells due
to the accumulation of excessive detritus in the cytoplasm.
In some cells, nuclear lysis and fragmentation were clearly
defined (Figs. 1, 2).
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Fig. 1. Ultrastructure of the spleen of an old rat with
hyperhomocysteinemia. Macrophage nucleus lysis (1), nuclear
fragmentation (2), macrophage cytoplasm (3), and erythrocyte
(4). Magnification: x 9000.
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Ultrastructural organisation of the spleen of old rats in persistent hyperhomocysteinemia

Fig.KZ. Ultrastructural cﬁéngeé in ‘the‘spleenNo old ré\t with
hyperhomocysteinemia. Pycnosis of the lymphocyte nucleus (1),
macrophage (2), lymphaoblast (3), and plasma cell (4). Magnification:
X 9000.
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Fig. 3. Electronogram of an old rat's
hyperhomocysteinemia conditions. Plasma cytoplasm (1), plasmocyte
nucleus (2), macrophage fragment (3). Magnification. x 9000.

Plasma cells, in turn, increased quantitatively due to
increased proliferation of B-lymphocytes. Plasma cells
varied considerably since those with a preserved
morphological structure and signs of pronounced
submicroscopic shifts in organisation were observed. The
preserved macrophages had a large nucleus with
invaginations of the karyolemma. Heterochromatin was

located under the karyolemma, predominating over the
euchromatin. The nucleolar was continuous, and the
nuclear pores were pronounced. The cytoplasm of such
plasma cells contained dilated tubules of the granular
endoplasmic reticulum, mitochondria, and free ribosomes.
A significant part of the cytoplasm was occupied by swollen,
dilated tubules of the granular endoplasmic reticulum (Fig.
3).

Studies of the effect of elevated homocysteine levels on
the respiratory system of old rats have found that under
such conditions, there is an increase in the number of
active forms of plasma cells surrounded by cellular detritus,
destroyed erythrocytes and collagen fibres in the
interalveolar space. It was found that the cytoplasm of
plasma cells is filled with dilated tubules of the granular
endoplasmic reticulum containing gamma globulins. In
addition, macrophages containing clusters of cytoplasmic
lysosomes, auto- and phagosomes were found in the
alveolar wall [12].

The sinusoidal vessels of the spleen of old rats were
dilated, and erythrocytes, leukocytes, and platelets were
found in them. In the red pulp of the spleen of rats of this
group with hyperhomocysteinemia, numerous platelets and
their fragments were observed. Erythrocytes underwent
hemolysis. Granular leukocytes, mainly neutrophils, were
also noted. The defining feature of this group of
experimental animals was the significant number of
macrophages in the red pulp. They had hyperchromic nuclei,
sometimes elongated in shape. Large phagosomes,
remnants of destructively altered erythrocytes, granulocytes
and platelets were found in their cytoplasm. In addition,
they had accumulations of hemosiderin and lipofuscin
granules. The latter facts are characteristic not only of old
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ture of the spleen of an old rat in
hyperhomocysteinemia. Macrophage nucleus (1), phagocytosed
erythrocyte (2), phagocytosed platelet (3), macrophage cytoplasm
(4), lymphocyte apoptosis (5). Magnification. x 9000.
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age but also of the development of oxidative stress and
peroxidation of lipids (Fig. 4).

Conclusions and prospects for further
development

1. In modelling hyperhomocysteinemia in old rats, the
organ's stroma was characterised by the growth of
connective tissue elements.

2. In the white pulp of the spleen, foci of lymphocyte
apoptosis were noted. In the macrophages of the white
pulp, lysis and fragmentation of nuclei and the
accumulation of large amounts of detritus in the cytoplasm
were observed. Plasma cells were numerous; some of
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YNbTPACTPYKTYPHA OPFAHI3ALISI CENE3IHKU CTAPUX LWYPIB NMPU CTIMAKIA MNNEPrOMOLUUCTEIHEMIT

Ipuyerko A. C.

AHoTauin. fomoyucmein (l'y) - ye npupodHa amiHoKucrioma, sika ymeoptoembcsi ni0 yac memaborniamy MemioHiHy, npouecy 3a
ydacmio yucreHHUX Koghakmopie ma ¢hepmeHmig. Y mol yac sik 2omoyucmeid gidiepae eupiwanbHy posb y nidmpumui He3amiHHOI
aMiHOKUC/Iomu MemiOHIHy 8 opaaHismi Ha cmabinbHOMY pigHi, nidsuw,eHull pieeHb 2omoyucmeiHy moxe mamu 32y6Hul ennus.
[idsuweHHs KOHUeHmpauii 2omoyucmeiHy 8 cuposamuj Kposi 88axkaembCsi He3anexHuUM MapKepoM PU3UKy cepueso-CyOUHHUX 3ax-
8oprosaHb i namoroeiti duxarnbHoi cucmemu. Memoro 00CHIOKEHHSI € 8UBHEHHST yIbMmpPacmpyKmypHOI opaaHizauii cenesiHku y cmapux
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wypis i3 cmitikoro einepeomoyucmeiHemiero. B ekcnepumeHmi 6panu yyacme 22 6inux wypu-camui gikom 24-26 micsyig, po3dineHux
Ha KoHmponbHy ma 0ocnidHy epynu rno 11 ocobuH y KoxHil. [na modenioeaHHs cmilikoi 2inepeomoyucmeidemii ujypam OocnidHoi
2pynu eeodunu D,L-mionakmoHy 2omouyucmeiny eidpoxnopud y do3i 200 ma/ke macu mina 8HympiluHbOWIIYHKO80 Ha 1% po34yuHi
KpoxmarsbHo20 2ento 1 pa3 Ha 0oby npomsicom 8 muiHig. [10 3aKiHYEHHIO eKcriepuMeHmarnbHO20 nepiody meapuH 2yMaHHO eusodusu
3 ekcriepumeHmy wiisixom Oekanimauii nid mioneHManogow aHecmesicto 0nsi Nodanbwo20 aHanisy. Llmamoyku cenesiHku po3mipom
0,5-1 mm gpikcysanu 6 2,5% posyuHi enymapansbOezidy Ha ¢pocchamHomy bygpepi pH 7,2-7,4. 32000M ix 8800unu 8 Cymiul €rnoH-
apanbOumy 3a 3a2anbHorpuliHIMow MemoduKkow. 3 ompumaHux 6r10kie aueomoenanu 3pisu, siki gpapbysanu monyiduHo8UM CUHIM |
Hayat. [licna npuyinbHOI MIKPOCKOMIi MOHKUX 3pi3ie, 8U20mOensu ynbmpamoHKi 3pi3u, siki KoHmpacmyseanu 2% po34UHOM ypaHina-
uemamy ma yumpamy C8UHUt0. 3pi3u docnidxysanu ma ¢homoepacghysanu nid enekmpoHHUM mikpockoriom PEM125K 3i 36inbweHHsam
8 6-20 mucsay pasis. lMpu modentosaHHi 2inepzomoyucmeiHemii y cmapux wypie cmpoma opaaHy xapakmepu3yeanacb 3pOCmaHHAM
erieMeHmig cromny4YHoi mkaHuHu. Y 6init nynbni cenesiHku gidmidanu eozHuUWa anonmo3sy nimgoyumis. Y makpocpazax 6inoi nynbnu
criocmepizanu nizuc ma ¢ghpaemeHmauiio s10ep, HaKoMUYEeHHs1 8erTUKOI Kinbkocmi dempumy 6 yumonna3smi. [lnasmamuyHi KnimuHu
bynu qucenbHUMU, OKpeMi 3 HUX Marnu o3Haku decmpyKuii. B 4epeoHili nynbni cenesiHku, Hacniook eemornisy epumpoyumie, yumor-
nasma makpoghazie byna nepernogHeHa 2paHysfamu 2eMocud0epuHy ma ninogycyuHy. HasieHicmb ocmaHHb020 € MaKoX C8IOYEeHHAM
aKmueHUX rnpouecie NepekucHoO20 OKUCMEHHS Jinidie.

KnrouyoBi cnoBa: zinepzomouyucmeiHemisi, cenesiHka, Makpoghazu, ninogycyuH, nnasmoyumu, wypu.
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