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The article presents an electron microscopic study of changes in the microcirculatory bed of the hippocampus
in white rats under conditions of induced colon adenocarcinoma and following correction with Au/Ag/Fe nanoma-
terials. The obtained results made it possible to assess the nature of hemocapillary alterations during a systemic
pathological process as well as the protective effect of nanoparticles. It was determined that prolonged exposure to
the carcinogen N,N-dimethylhydrazine was accompanied by pronounced destructive changes in the hemocapillaries
of the hippocampus. These changes manifested as uneven blood filling, stasis and erythrocyte sludge, narrowing or
collapse of the vascular lumen, endothelial cell swelling, a decrease in the number of micropinocytotic vesicles, dis-
ruption of intercellular contacts, and deformation of endothelial cell nuclei. The observed alterations indicate the de-
velopment of endothelial dysfunction, impaired microcirculation, and disturbances in transcapillary water exchange,
which are manifestations of the response to systemic inflammation and oxidative stress typical of DMH-induced
carcinogenesis. Following the administration of the Au/Ag/Fe nanoparticle composition, a partial restoration of
the ultrastructure of hippocampal hemocapillaries was observed. A reduction in perivascular edema, more uniform
blood filling of vessels, restoration of capillary lumens, and a decreased frequency of stasis were noted. In endothe-
lial cells, cytoplasmic swelling decreased, the number of micropinocytotic vesicles increased, organelles acquired a
more orderly arrangement, and euchromatin predominated in the nuclei, indicating partial normalization of cellular
metabolic activity. Greater preservation of mitochondria and stabilization of the basement membrane structure
were also observed.

Thus, the obtained electron microscopic data of the hippocampus may indicate the endothelioprotective and
microcirculatory effects of gold, silver, and iron nanoparticles, contributing to the restoration of the ultrastructural
organization of hippocampal hemocapillaries under conditions of DMH-induced colon carcinogenesis. These findings
confirm the potential of nanomaterials to reduce the degree of vascular alterations in the hippocampus and may

positively influence the structural and functional stability of nervous tissue.

Key words: hippocampus, ultrastructural changes, brain, hemocapillaries, carcinogenesis, adenocarcinoma,

nanoparticles, electron microscopy.

Connection of the publication with planned re-
search work.

The study was carried out within the framework
of the research project “Morphological and Metabolic
Aspects of Carcinogenesis” (state registration number
0123U100070).

Introduction.

The hippocampus is a structure of the brain that en-
sures the consolidation of signals from the external envi-
ronment and the formation of an integral perception of
space and time. The proper functioning of the hippocam-
pus is possible with the preservation of cellular homeo-
stasis, neurotransmitter exchange, receptor apparatus
surface area, and effective blood supply [1]. The vascu-
lar reserve of the hippocampus is currently considered
a key factor contributing to cognitive activity; therefore,
understanding the vascular function of the hippocampus
is central to the protection of neurocognitive health [2].
A number of studies have demonstrated impairments
of cognitive functions under conditions of hippocampal
dysfunction and dysfunction of its individual parts, par-
ticularly in cerebral ischemia. Hippocampal perfusion
is provided by two arterial systems, namely the middle
cerebral artery, which arises from the internal carotid
artery and supplies the head of the hippocampus, and
the posterior cerebral artery, which is a branch of the
basilar artery of the subclavian artery system and sup-
plies the other parts of the hippocampus and adjacent

structures such as the entorhinal cortex and the dentate
gyrus [3, 4]. The multilevel blood supply system of the
hippocampus indicates its high functional and metabolic
activity, as well as its critical dependence on the condi-
tion of blood vessels, the nature of hemodynamics, and
the qualitative composition of blood.

The state of the hippocampal vascular bed changes
in the pathology of the central nervous system and pe-
ripheral organs. For example, acute lung injury provokes
activation of the endothelium of hippocampal vessels
and migration of neutrophils to this region [5]. In an
experimental model of febrile seizures, an almost com-
plete occlusion of the lumen of hippocampal capillaries
was observed, caused by damage to the endothelial lin-
ing and external pressure from swollen perivascular as-
trocytic processes. Ultrastructural changes were mainly
observed in the mitochondria of endothelial cells [6].

Against the background of systemic inflammation,
ultrastructural remodeling of endothelial cells is also
observed, including wave-like protrusions of the plasma
membrane, an increased number of extracellular mi-
crovesicles, the formation of small exosomes, aberrant
mitochondria, and enhanced endothelial transcytosis,
while tight junctions remain unchanged [7].

Compared with cortical brain regions such as the so-
matosensory cortex, much less is known about the func-
tion of hippocampal vessels, which is crucial for main-
taining neurocognitive health. In particular, there is a
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lack of reliable data regarding changes in the hippocam-
pal vascular bed under conditions of induced colon car-
cinogenesis. In addition, the role of silver, gold, and iron
nanomaterials in influencing the state of hippocampal
hemocapillaries during carcinogenesis remains unclear.

The aim of the study.

To investigate the ultrastructural changes in the
hemocapillaries of the rat hippocampus under condi-
tions of induced colorectal cancer and following correc-
tion with nanomaterials.

Object and research methods.

The experiment was conducted at the |. Hor-
bachevsky Ternopil National Medical University on 35
white laboratory rats kept under standard vivarium
conditions in accordance with the requirements of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986) and in compliance with the
ethical principles of animal experiments (Kyiv, 2013).
The animals were divided into three groups: group |
— control; group Il — rats with induced carcinogenesis;
group Il — correction group, in which rats were admin-
istered a composition of Au/Ag/Fe nanomaterials. Colon
adenocarcinoma was modeled in rats by subcutaneous
administration of 7.2 mg/kg of N,N-dimethylhydrazine
(DMH) into the interscapular region for 30 weeks. The
nanomaterial composition was administered intragastri-
cally for 21 days in the form of an aqueous dispersion.
The daily dose of nanoparticles was 0.842 mg of silver,
0.0526 mg of iron, and 1.625 g of gold per 1 kg of rat
body weight.

At the end of the experiment, the animals were eu-
thanized by decapitation after preliminary administra-
tion of a 10% solution of Sodium thiopental (Arterium,
Ukraine) at a dose of 50 mg/kg. For electron microscopy;,
ultrathin sections were prepared using an LKB 4801 A
ultramicrotome. To increase electron contrast, the spec-
imens were treated with uranyl acetate and lead citrate
according to Reynolds’ method, after which they were
examined using a PEM-125 K transmission electron mi-
croscope.

Research results and their discussion.

The electron microscopic examination of the hemo-
capillaries of the hippocampus in the intact animal
group showed that they were of the somatic type and
consisted of a continuous layer of endothelial cells with
a flattened shape, cytoplasmic processes containing
numerous micropinocytotic vesicles, vesicles, and mi-
crovilli on the luminal surface of the cells. Intercellular
junctions were preserved and clearly delineated. Their
nuclei had a flattened shape; euchromatin predominat-
ed in the karyoplasm, and the karyolemma was smooth,
without invaginations and with a moderately narrow,
non-dilated perinuclear space. The basal membrane was
thin, uniform, and without stratification. Astrocytic pro-
cesses were closely apposed to the basal membrane of
the vessels. The capillaries were characterized by a nar-
row lumen and the presence of blood cells inside (fig. 1).

Submicroscopic examination of the state of hippo-
campal hemocapillaries in animals that received DMH
for 30 weeks showed pronounced alteration character-
ized by uneven blood filling. In the dilated lumens of
some capillaries, congestion, marked erythrocyte stasis,
and sludge formation were observed. The cytoplasm
contained electron-lucent, swollen areas, and the num-

ber of micropinocytotic vesicles and vesicles was mark-
edly reduced. The luminal surface of the cells was often
blurred and poorly delineated, and microvilli were not
observed. Intercellular junctions lost their integrity and
appeared indistinct. Other capillaries were collapsed
with a narrow, slit-like lumen, mainly due to perivascular
and intracellular endothelial edema. The nuclei of such
cells had an irregular shape with invaginations of the
karyolemma. In the karyoplasm, condensed chromatin
with marginal localization predominated (fig. 2).

After administration of the Au/Ag/Fe nanomateri-
al composition, restorative and regenerative changes
were observed in the structure of hippocampal hemo-
capillaries in animals with DMH-induced carcinogenesis.
In most fields, the hemocapillaries of the hippocampus
had a preserved or moderately dilated lumen without
signs of massive collapse. Blood filling of the vessels
was moderate, with occasional blood stasis observed. A
decrease in perivascular edema was noted; it acquired
a focal character and no longer caused significant nar-
rowing of the capillary lumen. The contours of the ves-
sels were mostly clear and uniform, without marked
deformation compared with the group of animals with
induced carcinogenesis without correction. In endothe-
lial cells, cytoplasmic swelling significantly decreased,

w

Figure 1 — Submicroscopic organization of a hemocapillary of the
hippocampus in an animal of the intact group. Magnification:
x12000. Designations: 1 — capillary lumen with an erythrocyte,
2 — cytoplasm with microvilli, 3 — basement membrane, 4 — neuropil.

Figure 2 — Submicroscopic changes of a hemocapillary in the
hippocampus of the brain in an animal with DMH-induced
carcinogenesis. Magnification: x10000. Designations: 1 — narrow
capillary lumen, 2 — endothelium, 3 — nucleus with nucleolus, 4 —
karyolemma invaginations, 5 — basement membrane, 6 — neuropil.
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Figure 3 — Submicroscopic changes of a hemocapillary in the
hippocampus of the brain in an animal with DMH-induced
carcinogenesis after administration of the Au/Ag/Fe nanomaterial
composition. Maghnification: x10000. Designations: 1 — capillary
lumen, 2 — cytoplasm of the endothelial cell, 3 — basement
membrane, 4 — neuropil.

organelles were arranged more orderly, and the number
of micropinocytotic vesicles increased, which contribut-
ed to the restoration of transcapillary exchange. Mito-
chondria generally retained their matrix, and in some of
them the integrity of cristae was restored. The cisternae
of the granular endoplasmic reticulum were moderate-
ly dilated without massive fragmentation. The number
of deep invaginations and protrusions of the karyolem-
ma decreased. The nuclei had an oval shape, and the
proportion of euchromatin increased. The basement
membrane was slightly thickened; however, its structure
became more homogeneous, without pronounced strat-
ification or fragmentation (fig. 3).

Changes in the hemocapillaries of the hippocampus
that occurred during carcinogenesis induction, such as
vascular congestion and stasis, are consistent with func-
tional disturbances of hemodynamics. Under conditions
of induced carcinogenesis, persistent degenerative
changes manifested as narrowing and collapse of vas-
cular walls, corresponding to progressive tissue hypoxia
and increased permeability of their walls. Such alter-
ations correspond to changes typical of chronic oxida-
tive stress, endothelial dysfunction, and inflammation,
which are characteristic of DMH-induced carcinogenesis
models [8, 9]. Ultrastructural alterations were associ-
ated with functional disturbances, including moderate
swelling of the endothelial cell cytoplasm, partial chro-
matin condensation, and thickening of the basement
membrane. With the progression of intestinal adeno-
carcinoma, the condition of hemocapillaries further de-
teriorated: the cisternae of the endoplasmic reticulum
in endothelial cells became dilated, mitochondria were
swollen with partial loss of cristae, and the number of
pinocytotic vesicles decreased. Deformation of the lumi-
nal membrane, stratification and fragmentation of the
basement membrane, nuclear pyknosis, and complete
chromatin condensation morphologically correspond
to severe damage to the blood-brain barrier. These are
typical endothelial alterations associated with endotox-
emia and systemic inflammation. These findings confirm

the existence of the “gut—blood—brain” axis, indicating
that intestinal systemic inflammatory responses and
metabolic imbalance can maintain endothelial dysfunc-
tion and impair the barrier properties of cerebral vessels
(10, 11].

After administration of the Au/Ag/Fe nanoparticle
composition, partial restoration of the state of the hip-
pocampal hemocapillaries was observed. There was a
reduction of perivascular edema, less frequent stasis,
and more regular vascular contours due to the absence
of vascular wall collapse. Edema and vacuolization of en-
dothelial cells decreased, and the contours of the lumi-
nal and basement membranes became more uniform.
The integrity of membrane-bound organelles was re-
stored. Euchromatin predominated in the nuclei. These
changes may be explained by the antioxidant, endothe-
lioprotective, and anti-exudative properties of gold, sil-
ver, and iron nanoparticles. Scientific sources indicate
that organic and inorganic nanoparticles are capable of
modulating the permeability of the blood—brain barrier,
stabilizing the ultrastructure of endothelial cells, and re-
ducing neuroinflammation and oxidative stress, thereby
promoting restoration of the barrier function and micro-
circulation in nervous tissue [12, 13, 14, 15].

Conclusions.

In rats with DMH-induced colon adenocarcinoma,
progressive destructive changes occurred in the ul-
trastructure of hemocapillaries. Pronounced submi-
croscopic alterations manifested as marked vascular
congestion, erythrocyte stasis and sludge formation,
swelling of endothelial cells, a decrease in the number
of pinocytotic vesicles, and disruption of intercellular
junctions, indicating endothelial damage and impaired
microcirculation. A 21-day administration of the Au/Ag/
Fe nanoparticle composition led to partial restoration
of the state of hippocampal hemocapillaries, manifest-
ed by a reduction of perivascular edema, restoration
of capillary lumens, a decrease in edema-destructive
changes of endothelial cells, and better preservation of
mitochondria. These changes demonstrate the protec-
tive properties of the silver, gold, and iron nanoparticle
composition on the state of hippocampal hemocapillar-
ies under conditions of DMH-induced carcinogenesis.

Prospects for further research.

In the future, a more in-depth study of both ultra-
structural and immunohistochemical changes in the
hippocampus under the action of N,N-dimethylhydra-
zine during experimental colorectal carcinogenesis is
planned. Particular attention should be paid to the iden-
tification and evaluation of early markers of damage to
the hippocampal fields and the dentate gyrus, as well as
to clarifying the mechanisms of pathological changes in
nervous tissue under conditions of tumor growth. A sep-
arate promising direction is the study of the influence of
nanomaterials on the structural and functional state of
the hippocampus under conditions of colorectal carcino-
genesis, which may serve as the basis for the develop-
ment of new methods for correcting neurodegenerative
changes caused by the neoplastic process.
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YNbTPACTPYKTYPHI 3MIHU TEMOKANINAPIB rNMOKAMMNA LLYPIB NPU
IHAYKOBAHOMY KOJIOPEKTA/ZIbHOMY PAKRY TA 3A YMOB KOPEKLIII
HAHOMATEPIAZIAMU

TepHONiNbCbKMIT HaLiOHaNbHUA MeaAnYHUA YHiBepcuTeT im. |. fl. TopbaueBcbKoro
MiHicTepcTBa oxopoHu 3g0poB’a YKpaiHu (m. TepHoninb, YKpaiHa)
chebernina_io@tdmu.edu.ua

Y cmammi npedcmasneHe eneKmMpoOHHOMIKPOCKOMiYHe OOCAiOMEeHHA 3MiH  MIKPOUUPKYAIMOPHO20
pycaa einokamna 6inux wypie Ha ¢hoHi iHOYKOBAHOI A0EHOKAPUUHOMU MOB8CMOI KUWKU ma 3d YMO8 KopeKkuyil
HaHomamepianamu Au/Ag/Fe. OmpumaHi pesynemamu 00360auUAU OYiHUMU Xapakmep 3MiH 2eMOKaninapie
fpu cUCMemMHOMy namoso2iyHOMy MPoyeci ma npPomexKkmMopHuUli epekm HAHOYACMUHOK. byno esusHayeHo, w0
mpusanuli enaue KaHyepozeHy N,N-OumemusnzidpasuHy cynposooditysanocs 8UPAHEHUMU OecmpyKmMuUeHUMU
3MIHAMU 2eMOKaninapie 2iNoKamna, AKi Nposaensanucs HepisHOMIPHUM KPOBOHAMOBHEHHAM, CMA30M i ciadxcem
epumpouyumis, 38yXeHHAM abo Koaarcom rnpocsimy cyOuH, HAbpAKoM eHOomesnioyumis, 3MeHWeHHAM KinbKocmi
MIKPOMIHOUUMO3HUX 8€3UKYs1, MOPYUEHHAM MIXCKAIMUHHUX KOHMaKkmie ma degopmauyiero sdep eHOomenianbHUX
KaimuH. OmpumaHi 3MiHU 8KA3yIOMb HA BUHUKHEHHS eHOomesniasnbHoi OUC@YHKii, MOPYyUWeHHS MIKpOUUpPKYAAUii
ma mpaHcKaninapHo2o 06MiHy 800U, AKi € Npossamu 8i0nosioi Ha cucmemHe 3ananeHHs Ma okcudamusHuli cmpec,
wo € munosum 0aa AMI-iHOykeaHo20 KaHuepozeHe3sy. licaa 3acmocysaHHa KoMno3uuil HaHoyacmuHok Au/Ag/
Fe 8i06yn0cb YyacmKose 8iOHOBAEHHA yAbMPACMPYKMYypU 2eMOoKaninapie 2inokamna. Bid3Ha4yanoca smeHWeHHsA
epusacKynapHo2o Habpsky, binbw pisBHOMipHe KpOBOHANOBHEHHS CyOUH, 8i0HOB/AEHHA npocsimie Kaninapie ma
3HUXEeHHA Yacmomu cmas3is. Y eHOomenianbHUX KAIMUHAX 3MeHWyeascsa HabpAK yumonaazmu, nidsuwysanacs
KinbKicmb MiKponiHOYUMO3HUX 8e3UKys, op2aHenu Habysanu 6inbw 8nopA0KO8aHO20 PO3MAWYB8AHHSA, d 8 A0PAX
nepesaxcas eyxpoMamuH, W0 c8i04YumMs rpo YacmkKosy HOPMAaizayito memaboniyHoi aKmusHoOCMi KAimuH. Takox
sid3Hauanacsa binbwa 36epexceHicms mimoxoHOpili i cmabinizayis cmpykmypu 6a3a16HOT MemMbpaHuU.

TaKUM YUHOM, OMPUMAHIi OQHI eneKmMpPoOHHOMIKPOCKOMIYHO20 O0C/IOHEeHHSA 2iMOKAMMA MOXYmb 8KA3ysamu
HaO eHOoMeNionpPoOMeKMOopPHi Ma MIKPOYUPKYAAMOPHI edhekmu HaGHOYACMUHOK 30710ma, cpibaa ma 3aai3a, wo
CMpUSAE BIOHOBMAEHHIO Y1bMPACMPYKMYPHOI opeaHi3ayii eemokanindapie einokamna 8 ymosax [AMI-iHOyKkosaHo20
KaHYyepozeHe3y moscmoi KUWKU. Lle nidmeepoxye nomeHyian 8UKOPUCMAHHA HAHOMamepianie 014 3MeHWeHHA
cmyneHAa CYOUHHUX 3MiH 2inoKamna ma MOXe [M03UMUBHO 8MaAu8amu Ha CMpPYKMypHO-YyHKUIOHAAbHY

cmabinbHicMmb HeP80BOTI MKAHUHU.

Knwouoei cnoea: zinokamn, ynempacmpykmypHi 3MiHU, 20a108HULU MO30K, 2eMOKamninApu, KaHyepo2eHes,
a0eHOKapYUHOMA, HAHOYACMUHKU, e1EeKMPOHHA MIiKPOCKOTIA.

3B’A30K ny6nikauii 3 nnraHOBMMM HayKOBO-AOCAIA-
HUMM poboTamu.

JocnifrKeHHA BUKOHaHO B pamkax HAP «Mopdono-
riYHi Ta MeTaboniyHi acnekTU KaHueporeHesy», Homep
AepaBHoi peectpauii 0123U100070.

Bctyn.

FnoKamn € CTPYKTYpPOIO roJIOBHOTO MO3KY, Lo 3abes-
neyvyye KOHCONiJALit0 CUrHaNiB 30BHILIHBOMO cCepeaoBu-
Wwa Ta GopMyBaHHA LiNICHOrO CNPUMHATTA NPOCTOPY Ta
yacy. BUKOHaHHs GyHKLi rinokamna mokimBee npwu 36e-
peXKeHHi KNiTUHHOI cTanocTi, 06MiHy HelMpoTpaHcmiTTe-
piB, N/OLLi peuenTopHOro anapaTy Ta epeKTUBHOrO Kpo-
BonocTayaHHs [1]. CyamMHHMIA pe3epB rinokamny 3apas
BBAKAETbCSA OCHOBHMM (HAKTOPOM, LLO CMPUAE KOTHITUB-
Hi A4isnbHOCTI, TOMY PO3yMiHHA CyANHHOT GYHKLIT rino-
Kamna € LLeHTPasibHUM A1 3aXMCTY HEMPOKOTHITUBHOTO
3p0poB’a [2]. HU3Ka gocniarKeHb NoKasana nopyLleHHs
KOTHITUBHUX OYHKLiA B ymoBax AUCPYHKLIT rinokamna
Ta OKPEMMX MOro YaCTWH, 30KpeMa, Npu LepebpasbHNUi
iwemii. Mepdysia rinokamna 3abe3nevyyeTbca ABOMA
apTepiasbHUMKU CUCTEMAMM, @ Came cepefHA MO3KOBa
apTepia, Wo BiAXo4MTb Bif, BHYTPIWHbLOI COHHOI Ta XU-
BWTb rO/IOBKY FinOKamna, Ta 3aAHA MO3KOBa apTepia, Wo
€ rinkowo 6asunsapHoi apTepii cuctemu MiAKAOUYNYHOIT
apTepii, AKa *KMBITb iHLWIi YaCTUHM rinOKamna Ta npuaerni
YTBOPEHHSA, TaKi AK EHTOPMHAbHA KOopa Ta 3ybyacTa 38M-

BMHa [3, 4]. baraTopiBHeBa cMcTeMa KpOBOMOCTa4YaHHA
rinokamna cBifuYUTb NPO MOro BUCOKY GYHKLiOHaNAbHY
N MeTaboniyHy aKTMBHICTb, @ TAKOX MPO KPUTUYHY 3a-
NEXHICTb Bif, CTaHy CyAMH, XapaKTepy reMmoguMHamiKuM Ta
AKICHOro CKNaay KpoBi.

CTaH CyAMHHOro pycna rinokamna 3MiHKETbCA Npu
natonorii UHC Ta nepudepiiHux opraHis. Hanpuknag,
rocTpe yparkeHHs fiereHb NPOBOKYE aKTUBALil0 eHAo-
TeNito CyAMH rinoKamna Ta mirpauito Tyam HelTpodinis
[5]. Y ekcnepumeHTanbHin moaeni ¢bebpunbHUX cygom
crocTepiranaca malxe MoBHa OK/O3iA NPOCBITY Kani-
NApIB TiNOKamna, CNpPUYMHEHA MOLUKOAMKEHHAM €eHAOo-
TeniafbHOI BUCTUIKM Ta 30BHILLHIM TUCKOM 3 B6OKY Ha-
6PAKANX NEPUBACKYNAPHUX aCTPOLMUTAPHMX BiLPOCTKIB.
YNbTPaACTYKTYpPHi 3MiHM CnocTepiraiM B OCHOBHOMY B
MITOXOHAPIAX eHAoTeNiaNbHUX KAITUH [6].

Ha ¢oHi cuctemHoro 3ananeHHs TakoX criocrepira-
€TbCA YNbTPACTPYKTYPHE pPEeMOAEeNtOBaHHA eHaoTeni-
aNbHUX KNITUH, LLO BKAOYAE XBUIENOAibHI BUNUHAHHSA
naasmaTMyHoi membpaHu, 36inbleHHA KibKoCTi no3a-
KNITUHHUX MIKPOBE3WKY/, YTBOPEHHA Masnx eK30CoM,
abepaHTHi MITOXOHAPIT, NOCUIEHUI TPAHCLMTO3 eHAOTe-
NiaNbHUX KNITUH, TOAi AK WiNbHI KOHTAKTU 3aAuMLLaNnCA
He3MiHHUMM [7].

MOpiBHAHO 3 KOPTUKANbHUMMU AiNAHKAMM MO3KY,
TaKMMM AK COMATOCEHCOPHA KOpa, MeHLe BigOMO Npo
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bYHKUiO CyauH rinoKamna, AKa Ma€ BUpillasibHe 3Ha-
YeHHs ANA NiATPUMKM HEMpPOKOrHITUBHOrO 340pO0B’SA,
0c0611BO € BpaK AOCTOBIPHUX AAHUX LLOAO 3MiH CYyAUH-
HOro pyc/a rinokamna B yMOBaXx iHAYKOBAHOTO KaHLepo-
reHesy TOBCTOI KMLWKW. TaKOXK HE3PO3YMIiNIOH NNLLAETHCA
ponb BNAMBY HaHOMaTepianis cpibna, 30n10Ta Ta 3ani3a
Ha CTaH remoKaninAapiB rinokamna B yMOBax KaHLepore-
Hesy.

MeTa gocnigeHHs.

Br3HauyeHHA ynbTpacTPYKTYPHUX 3MiH rinokaninAapis
rinokamna LypiB Npu iHAYKOBAaHOMY KO/IOPEKTa/IbHOMY
pPaKy Ta 3a YMOB KOpeKLLii HAHOMaTepianamm.

O6’eKT i meTOAM AOCNIAXKEHHA.

Jocnig npoBoameca Ha 6asi TepHONiNbCbKOro Hali-
OHa/NbHOTO MeAnYHOro yHisepcuTeTy im I. fl. Topbaues-
cbkoro MO3 YKkpaiHu Ha 35 6inmx n1abopaTopHUX LypaXx,
AKi YTPMMYBaANMCb B CTAaHAAPTHUX YMOBAX BiBapito 3ria-
HO 3 BMMOramu «EBPONENCbKOT KOHBEHL,i MPO 3axucT
XpebeTHMX TBapWH, WO BMKOPUCTOBYIOTLCA ANA eKcre-
PUMEHTA/IbHUX Ta iHLIMX HAyKoBMX Uinei» (CTpacbypr,
1986) Ta BiAMNOBIAHO A0 €TUYHUX MPUHLMMIB eKcnepu-
MEHTIB Ha TBapuHax (Kuis, 2013). TBapuH po3ainnam Ha
Tpu rpynu: | rpyna — KOHTpob, Il rpyna — wypwu 3 iHAy-
KOBaHMM KaHueporeHe3om, Il rpyna — Kopekuii, Lwypam
AKOI BBOAWAM KOMMNO3WULiO HaHomaTepianis Au/Ag/Fe.
AZLeHOKApUMHOMY TOBCTOI KULLIKM LLypaM MOAEN0BaAu
BBEAEHHAM NiALIKIPHO Y MisK10NaTKOBY AinAHKY 7,2 mr/
Kr N,N-gumeTunrigpasuny (AMT) npotarom 30 TUMKHIB.
YBeaeHHA KOMMNO3WLi HaHOoMaTepianis mMr/Kr 3aiicHio-
Ba/In NPOTArom 21 AHA BHYTPILWHbOL/YHKOBO Y BUMNALI
BOAHOI aucnepcii. JoboBa A03a HAaHOYACTUHOK Bigno-
BigHO cKknana 0,842 mr cpibna, 0,0526 mr 3anisa i 1,625
MiKporpama 3010T7a Ha 1 Kr macu Tina wypa.

B KiHUi eKkcnepMmeHTy TBapuH 3 HbOrO BUBOAWAU
LWAAXOM AeKaniTay,ii, nonepeaHbo Besoaman 10% posumH
TioneHTany Hatpito (Arterium, YkpaiHa) B 0o3i 50mr/Kr.
[na npoBefeHHA eNeKTPOHHOI MiKpOCKoMii rotysanu
Y/IbTPATOHKI 3pi3M 3 BUKOPUCTAHHAM YyAbTpamikpoToMa
LKB 4801 A. nA niaBULLEHHA eNeKTPOHHOI KOHTPACTHO-
cTi npenapaTtn 06pobaanu ypaHin auetatom i uMTpaToOM
CBMHUIO BiAMNOBIAHO A0 MeToaMKu PeliHonbpaca, micna
Yyoro ix AOCNiAXKYBasW 3a AOMNOMOFOK TPAHCMICIMHOro
€NeKTPOHHOro mikpockona NEM-125 K.

Pe3ynbTatu aocnigxeHHs Ta ix 06roBopeHHs.

MNpoBegeHe eNneKTPOHHOMIKPOCKOMiIYHE BMBYEHHA
reMoKaninApis rinokamna rpynu iHTaKTHMX TBApWUH MNo-
Kasano, Lo BOHM BYNM COMATUYHOTO TUNY, CKAaLaAUCh
3 CYLi/IbHOTO Wapy eHAoTeNiabHUX KAITUH, WO Manu
naocky dopmy, UUTONAA3MATUYHI BMPOCTU 3 YUCeNb-
HUMW MIKPOMIHOLMUTO3HUMM MiXypLAMMU, BE3UKYIAMU
Ta MIKPOBOPCMHKAMM NHOMEHANbHOI MOBEPXHi KAITUH.
MiXKKNITUHHI KOHTaKTK 36epeKeHi, YiTKO KOHTypyoTb-
ca. Ix agpa manu cnnoweHy ¢opmy, B Kapionnasmi
npeBasoBaB eyxpoMaTWH, Kapionema 6yna piBHOLO,
6e3 iHBariHaL,i Ta 3 NOMIPHMM, HEPO3WUPEHUM Nepu-
HyK1eapHMM npocTtopom. BasanbHa membpaHa TOHKa,
piBHOMipHa, 6e3 po3wapyBaHb. o 6a3anbHOI Memb-
PaHU CYAWH LWiNbHO NiAXOAUIN BiAPOCTKM acTPOLUTIB.
Kaninapu Big3Havyanumca By3abKMM NPOCBITOM i HAfIBHICTHO
dbopmeHnx enemeHTIB KpoBi BcepeauHi (puc. 1).

CybmikocKoniyHe BMBYEHHSI CTaHy remokKaninsApis
rinokamna TBapuH AKMM BNpogoBxK 30 TUMKHIB BBOAM-
av AMI nokasano, Wwo A4A HUX XapaKTepHa BMPaXKeHa
anbTepalia, fKa XxapaKTepulyBanacA HepPiBHOMIPHUM
KPOBOHAMNOBHEHHHAM. B po3LlWnpeHnx npocsiTax 4actu-

HW Kaninapis cnocTepiranoca NoBHOKPOB'A, BUPAXKEHU
CTas Ta cnagx eputpouuntis. Liutonnasma mictmna npo-
CBiTNEHI, HABPAKNI 30HK, PiI3KO 3HMMKYBABCA BMICT MiK-
PONIHOUMMTO3HMX MIXypLiB Ta Be3uKya. JllomeHanbHa
NOBEPXHA KAITMH YacTo Byna po3mumTa, HEYITKO KOHTYpPO-
BaHa, MIKPOBOPCMHKMN He cnocTepiranmnca. MiXKKAITUHHI
KOHTaKTW BTPayanun CBO LiNICHICTb BynM HediTkumu.
IHWi Kaninapu 6yan konabosaHi, i3 By3bKUM, LLiAMHOMNO-
Ai6HMM NPOCBITOM, NepeBaXKHO 3a PaxyHOK NepuBacKy-
NAPHOTO HabpAKy Ta IHTpPaLEeNtoNApPHOro, eHAoTeNiaNb-
Horo. flapa Takux KAITUH Manu HenpasuabHYy dopmy 3
iHBariHaUiaAMK Kapionemun. B Kapionnasmi npesantoBas
KOHZLEHCOBAHWUM, MapriHa/bHO NOKaNi30BaHUIN Xpoma-
TUH (puc. 2).

Micnha ysedeHHs KOMMo3uuii HaHomaTepianis Au/
Ag/Fe B CTPYKTypi remoKaninApis rinokamna TBapuH 3
OMrl-iHAyKOBaHMM  KaHUEeporeHe3om CnocTepiraancb
BilHOBHI, pereHepaTopHi 3MiHW. femokaninAapu rinokam-
na B 6inbwocTi nonis mann 36eperkeHuit abo nomipHo
PO3LWMpPEHNI NPOCBIT, 6e3 ABMLL MaCUMBHOMO CMadaHHs.
KpoBoHanoBHeHHA cyauH 6yn0 NOMipHMM, TPanaAaUCh
NOOAMHOKI cTa3n KpoBi. CnocTepirasoca 3MeHLLEeHHs ne-
PUBACKYNAPHOTrO HAaBPAKY, AKMIA TeNep MaB BOrHULLEBUIA
XapaKTep i He NpPM3BOAUB A0 3HAYHOTO 3BYXKEHHSA MPO-
CBiTY Kaninspis. KoHTypu cyamH y 6inbliocTi BUNaaKis

Y

PucyHok 1 — CybmikpocKoniyHa opraHisauis remoKkaninapa rinokam-
na TBapUHM iHTaKTHOI rpynu. 36inbweHHA: x12000. Mo3HaYeHHsA:
1 - npocBiT KaninApa 3 epuTPOLUTOM, 2 — LUTONIAa3Ma 3 MiKPOBOP-
cuMHKamu, 3 — 6asanbHa membpaHa, 4 — Heliponinb.

A4

PUcyHOK 2 — Cy6mikpocKoniyHi 3MiHU remoKaninsapa rinokamna
rOI0BHOrO MO3KY TBapuHU npu AMrl-iHAyKOBaHOMY KaHUeporeHesi.
36inbweHHs: x10000. Mo3HayeHHA: 1 — By3bKKUi1 NPOCBIT Kaninapa,
2 - eHpoTenii, 3 — aapo 3 agepuem, 4 — iHBariHauii kapionemu, 5 -
6asanbHa membpaHa, 6 — Helponinb.
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YiTKi, piBHOMIipHI, 6e3 pi3Koi gedopmalii y NOPiBHAHHI
3 rpynoto TBapuH 3 iHAYKOBAHMM KaHLeporeHesom 6e3
KOpeKuii. B eHAoTenianbHUX KAITUHAX 3HAYHO 3MeH-
LYBABCA HabpAK UWUTONNA3MW, OPraHes I PO3TaLLIOBY-
Basnca Binbl ynopsAKOBaHO, 3pOCTaB BMICT MiKpo-
NiIHOLMTO3HMX MIXypLiB, WO CNpPUANO BIAHOBAEHHIO
TpaHCcKanifapHoro obmiHy. MiToxoHApii Mann nepeBax-
HO 36epeXeHnt MaTPUKC, Y YaCTUHI 3 HUX BigHOBNIOBA-
naca yinicHicTb KpucT. KaHanbui rpaHynapHoi eHgonnas-
MaTUYHOI CiTKM Bynn nomipHO po3wnpeHi, 6e3 macnsHoI
dparmeHTayji. 3meHLWyBanacb KiNbKiCTb MMUOOKUX iH-
BariHauii i BUNMHaAHb KapiosieMu. A4pa mManv OBanbHY
dopmy, 36inbluyBanach YacTKa eyxpomaTuHy. basasbHa
membpaHa 6yna He3Ha4YHO NOTOBLLEHO, OAHAK il CTPYK-
Typa cTaBana binbl ogHOPIAHOMW, 6€3 BUpaXKeHUX po3-
lwapyBaHb Ta dpparmeHTauin (puc. 3).

3MiHM reMoKaninApiB rinokamna, Lo BUHMKaAM Npu
iHOYKUIT KaHLeporeHesy, TaKi AK NMOBHOKPIB'A Ta CTasy,
Y3roAKyoTbcA 3 GYHKLUiOHAIbHUMKW PO3/i1afgamMmu remo-
OVHaMIiKM. 32 YMOB 3MOAEeNbOBaHOro KaHueporeHesy
NPOSBAANNCH CTiliKi AereHepaTUBHI 3MiHUM Yy BUTNAAj 3BY-
YK€Hb, CNaAiHb CTIHKM CyAMH, WO BiAMNOBiAa€E nporpecy-
oYl TKAHWHHIW TiNOKCiT Ta NOPYLIEHHIO NPOHUKHOCTI iX
CTiHKKM. MoAibHi 3MiHK BiANOBIAAOTL 3MiHaM, TUMNOBUM
ONA XPOHIYHOTO OKCWAATMBHOMO CTpecy, eHgoTeniab-
HOT AMCOYHKLIT Ta 3ananeHHs, AKi XxapaKTepHi gnsa mo-
aenen OAMrl-kaHueporeHesy [8, 9]. YnbTpacTpyKTypHi
3MiHU 0byMoBeHi (YHKLiIOHAaNbHUMK MOPYLUEHHSMM
(momipHWIM HabpAK LUMTONNAA3MKU eHAOoTEeNioUMTIB, YacT-
KOBA KOHAEHCALA XPOMATUHY, CTOBLLEHHA 6a3asnbHOI
membpaHun). 3 nNporpecyBaHHAM afeHOKapLUHOMM
KULLKX 3MiHIOBABCA CTaH reMoKaninApis, B eHpoTenio-
LMTax PO3LIMPIOBANNCL KaHanbLi eHAonaasmaTUyHol
CiTKM, HabpAKann MITOXOHAPIT Ta YaCTKOBO BTpayanmcs
KPUCTW, BMICT MiHOLUMTO3HMX BE3UKYN 3MEeHLUYyBaBCA.
Jedopmauia ntomiHanbHOi membpaHu, po3LwapyBaHHSA
Ta ¢parmeHTauji 6asanbHOi membpaHu, NiKHO3 Adep,
noBHa KOHAEHcaLis XxpoMaTUHY MopdONoriYyHO BigNoBi-
[at0Tb INTMBOKOMY YLLIKOAKEHHIO remaTtoeHuedaniyHoro
6ap’epy. Lle TMNOBI 3MiHW eHAO0TEeN 0 Ha EHAOTOKCEMIIO
Ta CUCTEMHe 3ananeHHA. [aHi 3MiHW niaTBepaKyTb
HafABHICTb BiCi «KULWEYHUK—KPOB—MO30K» Mpo Te, WO
KMLUKOBa CUCTEMHa 3ananbHa Bignosiab i AucbanaHc
meTabonitTiB  MOXKyTb MiATPUMYBATU eHAOoTeNia/IbHy
ancoyHKLUito Ta nopyweHHA 6ap’epHOi 34aTHOCTI cyanH
mo3ky [10, 11].

Micna BBeAeHHA KOMNO3WLLT HaHo4YacTUHOK Au/Ag/
Fe BigbyBaeTbcA YacTKOBE BiAHOBAEHHA CTAHY remoka-
ninapis rinokamna. CnocTepiraeTbCA 3MeHLEeHHs Nepu-
BaCKy/NAPHOro HabpAKy, pigLwi cTasn, cTatoTb Hibl pPiBHI
KOHTYPW CYAMH 32 PaxXyHOK BigCYyTHOCTI CNaAiHHA CTIHKM.
3MeHLWYeTbCA HabpsAK Ta BaKyoi3aLia eHAoTeniounTis,
6iNbLU BUPIBHIOOTHCA KOHTYPW /IlOMiHAIbHOT Ta 6a3anb-
HoT membpaH. LlinicHicTb membpaHHUX opraHen BigHOB-
noetbea. B Agpax nepesarkae eyxpomatuH. Lii 3miHu
MOACHIOIOTLCA  @HTUOKCUMAAHTHUMM,  eHAoTeninnpo-
TEKTUBHMMU Ta aHTU EKCYAATUBHMMM BAACTUBOCTAMM
YacCTMHOK 30/10Ta, 3pibna Ta 3anisa. Haykosi gkepena
CTBEPAKYIOTb, WO OPraHiyHi Ta HeopraHiyHi HaHo4vac-
TUHKW 304aTHIi MOAYNtOBATM MPOHMKHICTb remaTtoeHLie-

PucyHok 3 — Cy6mikpocKoniuHi 3miHu remokaninapa rinokamna
rONOBHOrO MO3KYy TBapuHU Npu AIMr-iHAyKOBaHOMY KaHLeporeHesi
Ta 3aCTOCyBaHHi KOMNo3uuii HaHomarepianis Au/Ag/Fe. 36inblueH-

HA: x10000. Mo3HauyeHHA: 1 — npocsiT Kaninapa, 2 — yuTonnasma

eHpoTenioyuTa, 3 — 6a3anbHa membpaHa, 4 — Heliponinb.

daniyHoro 6ap’epy, cTabinisyBaTn ynbTPacTPyKTypy €H-
[oTenianbHUX KNITUH, 3MEHLLYBATM Helpo3anasieHHsa Ta
OKCUAATUBHUI CTPeC, WO Cnpuse BigHOBNEHHIO bap’ep-
HOT QYHKLIT Ta MIKPOUMPKYANALIT Yy HEpBOBIM TKaHUHI
[12, 13, 14, 15].

BucHOBKM.

Y wypis 3 OMIl-iHAYKOBAHOO aZ4eHOKapLUMHOMOO
TOBCTOI KULLUKM BigbyBasiMCb Nporpecytoyi 4eCcTpyKTUBHI
3MiHW B yIbTPACTPYKTYpi remokaninapis. BuparkeHi cyb-
MiKPOCKOMIYHi 3MiHW NPOABAANCA 3HAYHMM KPOBOHA-
NOBHEHHAM, CTAa30M i C/TaZKEM epPUTPOLLUTIB, HAbpAKOM
eHAOoTeniounTiB, 3MEHLWEHHAM MiHOLWTO3HUX BE3UKYN
Ta PYMHYBAHHAM MiXKKJITUHHUX KOHTAKTIB, WO CBiAYUTb
NPO YLWKOAMKEHHA €HA0TENII0 | NOPYLIEHHA MIKPOLMPKY-
nayii. 21-AeHHUI BNMB KOMMNO3MLiTi HaHOYacTUHOK Au/
Ag/Fe npu3BoAMB 40 YaCTKOBOrO BiAHOBAEHHA CTaHy
reMoKaninApis rinokamna 3i 3MeHLWeHHAM NepuBacky-
NAPHOro HabpsaKy, BiAHOBAEHHSM MPOCBITIB Kaninspis,
3HUKEHHAM CTyMeHA HabpAKOBO-AECTPYKTUBHUX 3MiH
eHpgoTenioumnTis, Hinbloto 36epekeHiCcTIo MITOXOHAPIN.
[aHi 3MiHW 4EeMOHCTPYIOTb MPOTEKTMBHI BAACTMBOCTI
KOMMO3WLji HAHOYACTMHOK cpibna, 30/10Ta Ta 3ani3a Ha
CTaH reMoKaninApis rinokamna B yMoBax iHAYKOBAHOIO
OMrl-KaHueporeHesy.

MepcnekTMBM NOAANbLUNX AOCAIAMKEHD.

B nepcnekTMBi NAaHyeTbca bGinblw nornnbieHe Bu-
BYEHHA AK YNAbTPACTPYKTYPHUX, TaK i iIMYHOTICTOXIMIYHMX
3MiH rinokamna B ymoBax Aaii N,N-aumertuarigpasvHy
npu eKcnepMMeHTaZIbHOMY KaHLUeporeHesi TOBCTOI
KUWKK. OCHOBHY YyBary AOUiJIbHO MNPUAIANTA BU3Ha-
YEHHIO TA OUiHLI PaHHIX MapKepiB YLWKOAXEHHA Nonis
rinokamna Ta 3yb64acToi 3BMBMHM, @ TAaKOXK 3'ACYBaHHIO
MEeXaHi3MiB MaTONOrYHMX 3MiH HEpBOBOI TKAHWUHU B
YMOBAX MyXJMHHOTO pPoCTy. OKpeMum MepcrnekTUBHUM
HanpPAMKOM € BMBYEHHS BMNAMBY HaHOMaTepianiB Ha
CTPYKTYPHO-OYHKLIIOHANIbHUI CTaH Finokamna B yMOBax
KaHLLeporeHesy TOBCTOT KMLLUKM, LLLO MOKe ByTM OCHOBOHO
pO3pO6KM HOBUX METOAiB KOPEKLT HelpoaereHepaTmB-
HUX 3MiH, CMPUYMHEHUX HEOMNIACTUYHUM NPOLLECOM.
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YNbTPACTPYKTYPHI 3MIHU TNOKANINAPIB NNOKAMNA LLUYPIB NPU IHAYKOBAHOMY KOJIOPEKTA/IbHO-
MY PAKY TA 3A YMOB KOPEKL,IT HAHOMATEPIAIAMU

YebepHiHa I. O., HebecHa 3. M.

Pestome. MeToto aocnigskeHHAa Byno BUBYEHHA YNbTPACTPYKTYPHMX 3MiH FiNOKaninAapis rinokamna Liypis npwm
iHAYKOBAaHOMY KOJIOpEKTa/IbHOMY paKy Ta 3@ YMOB KOpeKLii HaHomaTepianamu Au/Ag/Fe. [locniasKeHHs BUKOHAHO
Ha 6innX NabopaTOPHMUX LLYPAX, AKMX NOAINNAN HA KOHTPOAbLHY rpyny, rpyny 3 iHAYKOBaHMM KaHLleporeHe3om Ta
rpyny KopekLii HaHomaTtepianamun. AgeHOKapLMHOMY TOBCTOI KULLIKM MOAENOBANM LUAAXOM MiALWKIPHOTO BBEAEHHA
N,N-gumeTtunrigpasmHy npotarom 30 TUXKHIB. KOMNO3uMLil0 HAHOYACTUHOK cpibna, 3010Ta Ta 3ani3a BBOAUAN BHY-
TPILWHbOLWAYHKOBO NPOTAroM 21 AHA. YABTPACTPYKTYPHI 3MiHM remoKaninAapis rinokamna A4oCAigKyBanu 3a 4ONOMO-
roto TPaHCMICIMHOT eNIeKTPOHHOT MiKpOCKomMil.

Y TBapuH 3 HEONACTUYHMUM MpPOoLECcOM 6y/10 BUABAEHO PAL YbTPACTPYKTYPHUX 3MiH Y FeMOoKaninApax rinokam-
na, a came HepiBHOMipHe KPOBOHAMNOBHEHHSA, CTa3W i CNafK epUTPOLMTIB, 3BY»KeHHA abo Konanc npocsiTy CyauH,
HabpAKM eHOoTeNiaIbHUX KNITUH Ta AedopmaLia ix aaep, SMEeHLEeHHA KiNbKOCTi MIKPOMiHOLMTO3HUX BE3UKYA Ta
NOPYLIEHHA Mi*KKNITUHHUX KOHTAKTIB. Taki 3MiHM CBiAYaTb NPO PO3BUTOK eHA0TeNiaNbHOT AMCPYHKLIT Ta NOpYLUEHHSA
MIKPOLMPKYAALi B rimokamni.

Micna BBeAeHHA Komno3uuii HaHomaTepianis Au/Ag/Fe cnoctepiranoca 4acTKOBe BiAHOBAEHHA Y/AbTPACTPYK-
TYpY remokaninapie rinokamna. Bia3HayanocAa 3MeHLWeHHA NepuBacKyIAPHOro HabpsAKy, BiAHOBMEHHA MPOCBITIB
Kaninapis, 6ifblW pPiBHOMiIpHE KPOBOHANOBHEHHA CYAMH, 3POCTAHHSA KiIbKOCTi MiKPOMiHOLMTO3HUX BE3UKY Y LK-
TonNa3Mi eHaoTeniounTis, Hinbla 36eperKeHiCTb MITOXOHAPIM Ta cTabinisauis cTpykTypu 6asanbHOi membpaHu. B
AApax eHaoTeNianbHUX KNITUH 36inbllyBanaca YacTka eyxpoMaTuHy, WO CBiAYUTb NPO BiAHOBAEHHA QYHKLiOHaNb-
HOT aKTUBHOCTI K/iITUH.

[JaHi 3MiHM AeMOHCTPYIOTb MPOTEKTUBHI BIAaCTMBOCTI KOMMO3MLiT HAHOYACTUHOK cpibna, 30/10Ta Ta 3ani3a Ha
CTaH remokKaninApis rinokamna B ymoBax iHAyKoBaHoro IMI-kaHueporeHesy. HaHomaTtepianm npoasBnatoTb eHAoTe-
NioNpOTEeKTOPHI BNACTUBOCTI, CPMAKYM YaCTKOBI HOpMani3aLil ybTPacTPYKTYpU CYAMH, NOKPALLEHHIO MiKpoLMp-
Kynauii Ta ctabinisauii KAITUHHUX CTPYKTYP.

Kntouosi cnoBa: rinokamn, yNbTPacTPYKTYPHi 3MiHUW, FTONOBHUI MO30K, reMOKaninspu, KaHueporeHes, ageHoKap-
LMHOMA, HAHOYACTUHKM, EeKTPOHHA MiKpOCKonis.

ULTRASTRUCTURAL CHANGES OF HIPPOCAMPAL HEMOCAPILLARIES IN RATS WITH INDUCED COLORECTAL
CANCER AND UNDER CORRECTION WITH NANOMATERIALS

Cheberninal. O., Nebesna Z. M.

Abstract. The aim of the study was to investigate the ultrastructural changes of hippocampal hemocapillaries in
rats with induced colorectal cancer and under correction with Au/Ag/Fe nanomaterials. The study was performed
on white laboratory rats divided into a control group, a group with induced carcinogenesis, and a group receiving
nanomaterial correction. Colon adenocarcinoma was modeled by subcutaneous administration of N,N-dimethylhy-
drazine for 30 weeks. A composition of silver, gold, and iron nanoparticles was administered intragastrically for 21
days. Ultrastructural changes of hippocampal hemocapillaries were examined using transmission electron micros-
copy.

In animals with a neoplastic process, a number of ultrastructural changes were detected in the hippocampal
hemocapillaries, including uneven blood filling, stasis and erythrocyte sludge, narrowing or collapse of the vascular
lumen, swelling of endothelial cells and deformation of their nuclei, a decrease in the number of micropinocytotic
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vesicles, and disruption of intercellular contacts. These changes indicate the development of endothelial dysfunc-
tion and impaired microcirculation in the hippocampus.

After administration of the Au/Ag/Fe nanomaterial composition, partial restoration of the ultrastructure of
hippocampal hemocapillaries was observed. A decrease in perivascular edema, restoration of capillary lumens,
more uniform blood filling of vessels, an increase in the number of micropinocytotic vesicles in the cytoplasm of
endothelial cells, greater preservation of mitochondria, and stabilization of the basement membrane structure were
noted. In the nuclei of endothelial cells, the proportion of euchromatin increased, indicating restoration of the
functional activity of the cells.

These changes demonstrate the protective properties of the silver, gold, and iron nanoparticle composition on
the state of hippocampal hemocapillaries under conditions of DMH-induced carcinogenesis. Nanomaterials exhibit
endothelioprotective properties, contributing to partial normalization of vascular ultrastructure, improvement of
microcirculation, and stabilization of cellular structures.

Key words: hippocampus, ultrastructural changes, brain, hemocapillaries, carcinogenesis, adenocarcinoma,
nanoparticles, electron microscopy.
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EXPERIMENTAL DETERMINATION OF CHANGES IN HEART MORPHOGENESIS UNDER
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This study is devoted to the investigation of structural transformations in the hearts of pregnant rats and their
fetuses under the influence of a toxic factor, the widespread environmental pollutant cadmium chloride. The re-
search focused on the analysis of morphological and morphometric parameters of cardiac structures in experimental
animals under conditions of prolonged exposure to cadmium chloride, as well as its combined administration with
copper or zinc succinates. For the analysis, hearts of adult females and embryos (on the 13th and 20th days of devel-
opment) were used. A comprehensive approach that included histological examination and statistical analysis of the
obtained data made it possible to trace in detail the features of cardiac morphogenesis under the influence of heavy
metals. Particular attention was paid to the ability of zinc and copper to act as bioantagonists of cadmium-induced
cardiotoxicity during prolonged exposure.

Chronic administration of cadmium chloride (2 mg/kg) caused significant pathological changes manifested not
only by an increase in embryonic mortality but also by specific alterations in cardiac development. The combina-
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