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the relative volumes of damaged endotheliocytes, the density of microvessels per 1 mm? of the tissue of the subject
were determined on the micropreparations of the prostate body Quantitative indicators were processed statistically.

Results and Discussion. It was established that the morphometric parameters of the venous vessels of the pros-
tate changed significantly during long-term ethanol intoxication. It was found that with long-term ethanol intoxica-
tion in laboratory sexually mature white male rats, a pronounced structural rearrangement of the venous vessels of
the prostate occurs, which is characterized by thinning of the vein walls, expansion of their lumen, venous conges-
tion, atrophic processes in the intima, apoptotic, dystrophic and necrobiotic changes of endotheliocytes, endothe-
lial dysfunction, hypoxia, dystrophic-necrotic changes in cells and stromal structures, infiltration and sclerosis. The
degree of structural rearrangement of the venous vessels of the prostate dominates in experimental animals of the
older age group.
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Traumatic peripheral nerve injury (PNI) significantly impacts patients’ quality of life, and its treatment necessi-
tates a multidisciplinary approach. Additionally, different non-traumatic factors such as environmental toxicants and
endocrine disorders can significantly affect the regenerative capacity of damaged nerves.

The aim of this study was to assess the morphological changes in the recovery of the damaged peripheral nerve,
considering the impact of environmental heavy metal intoxication (mercury) and hypothyroidism, including their
treatment.

The study involved a total of 90 white rats divided into three groups, each group further subdivided into subgroups
(a and b). All rats underwent surgical cutting of the sciatic nerve. Subgroup la underwent sciatic nerve injury alone,
while subgroups Ila and Illla were additionally subjected to experimental mercurialism and hypothyroidism, respec-
tively. Subgroups Ib, Ilb, and Ilib received treatments with Cerebrolysin, Thiotriazoline, and L-Thyroxine+Miacalcic,
respectively, in addition to the traumatic nerve injury and experimental influences. The damaged nerves were then
examined using both light and electron microscopy assessments.

The findings of the study suggest that there are general patterns of de — and regeneration of the damaged pe-
ripheral nerve in the context of nootropic administration, experimental mercury intoxication, hypothyroidism, and
their correction. In all groups, degeneration was observed, but a noteworthy delay in degenerative processes was
observed specifically in cases involving delayed surgical nerve connection, mercurialism, and hypothyroidism, pos-
sibly due to the inhibition of Schwann cells. This led to a delayed regeneration process. However, the regeneration
of the damaged nerve was significantly accelerated when the experimental pathological condition was corrected.

Key words: peripheral nerve, trauma, mercurialism, hypothyroidism, correction, regeneration.
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Connection of the publication with planned research
works.

The study is a fragment of scientific research conduct-
ed by the Bogomolets National Medical University “The
influence of congenital and acguired hipothyroidism in
the central and peripheral nervous status and the possi-
bility of its pharmaceutical correction” (state registration
Ne 0109U001804) and the lvano-Frankivsk National Med-
ical University “Ontogenetic peculiarities of the morpho-
functional state of organs and tissues under conditions of
iodine deficiency, hypothyroidism” (state registration Ne
0119U002847).

Introduction.

Traumatic peripheral nerve injury (PNI) is a prevalent
condition among military traumas, often occurring along-
side other injuries, which contributes to its high rates [1].
While diagnosing PNI may seem relatively straightfor-
ward, its treatment necessitates a multidisciplinary team
approach. The complexity of PNI can lead to severe com-
plications that significantly impact the patient’s quality of
life [2]. At the same time, PNl is commonly observed in ci-
vilian population, particularly as a result of sports trauma,
injuries during everyday activities [3, 4], or clinical proce-
dures [5]. The treatment of PNI remains challenging, as
such injuries often result in the reduction in functional
activities, require long-term rehabilitation, and increase
socio-economic burden [6].

Rapid industrial development and the increasing
impact of human activities on the environment require
considering the presence of various occupational factors.
It has been found that toxicants present in the environ-
ment can accumulate in different tissues and adversely
affect their condition [7, 8]. Different toxicants can signifi-
cantly influence the regeneration of damaged peripheral
nerves. Mercury is one of the widely spread environmen-
tal heavy metals that has a strong association with neural
damage and neurodegenerative diseases [9]. Therefore,
intoxication with mercury, with or without treatment, has
the potential to impair the regenerative capacity of pe-
ripheral nerves and delay functional recovery.

Endocrine disorders are another important factor
that has a significant influence on nervous tissue. Among
them, the prevalence of hypothyroidism and its strong
relations with geographic and socio-economic aspects
determine the significance of this pathology as a comor-
bidity of other diseases [10]. The association between
hypothyroidism, cognitive impairment [11], and impaired
nerve conduction velocity [12, 13] has been established.
Management of patients with PNI on the background of
hypothyroidism, with or without treatment of such co-
morbid endocrine pathology, should be also considered
as such condition may potentially affect the treatment
course.

The aim of the study.

This study aimed to investigate and compare the mor-
phological changes in peripheral nerve recovery after
trauma on the background of experimental mercury in-
toxication and hypothyroidism, including their treatment.
By addressing this research gap, it will enable us to recog-
nize the potential impact of occupational toxicants and
endocrine pathology on the regenerative capacity and
develop a sustainable background for developing effec-
tive treatment strategies and improving outcomes for
PNI.

Object and research methods.

The experimental study involved 90 white rats (150-
200 g) and was carried out in accordance with the “Euro-
pean Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 2005) and the “General Ethical Principles of
Animal Experiments” (Kyiv, 2013). The animals were kept
in standard laboratory conditions and received water ad
libitum.

The rats were divided into 3 groups:

e Group | (30 animals; divided into subgroup la (Con-
trol) and subgroup Ib (Control + Cerebrolysin), with 15
rats per subgroup). The left sciatic nerve was cut in the
middle third, followed by surgical hemostasis and wound
suturing. After 10 days, a repeated surgical procedure
was performed to connect the ends of the severed sci-
atic nerve using epineural suturing. Subgroup Ib received
intraperitoneal administration of Cerebrolysin (0.02 mg/
kg, for 21 consecutive days; Ebewe, Austria) starting from
the third day of surgical nerve reconstruction. Subgroup
la received no additional treatment.

e Group Il (30 animals; divided into subgroup lla (Hg-
Control) and subgroup Ilb (Hg + Thiotriazoline), with 15
rats per subgroup). The animals were initially subjected
to experimental mercurialism by intraperitoneal admin-
istration of HgCl2 (1/100 LD50) for a duration of 2 weeks
(Hg-Control). Then, the left sciatic nerve was surgically
cut, and its ends were fixed together by sutures, main-
taining a distance of 1-2 mm between the ends. Subgroup
lla received no additional treatment, while subgroup llb
received intraperitoneal administration of 100 mg/kg of
a 2.5% Thiotriazoline solution for a duration of 14 days.

e Group Il (30 animals; divided into subgroup llla (Hy-
pothyroidism-Control) and subgroup lllb (Hypothyroid-
ism + Thyroxine + Miacalcic), with 15 rats per subgroup).
In both subgroups, the animals underwent experimen-
tal hypothyroidism through thyroidectomy, followed by
laboratory control of serum thyroxine levels [14]. Starting
from day 3, the rats in subgroup Illb were administered
L-Thyroxine (10 pg/kg orally; Farmak, Ukraine) and Mia-
calcic (1.0 MU/kg intramuscularly, every other day; No-
vartis, Switzerland). Subgroup Illa received no additional
treatment. After 100 days of the experiment, the left sci-
atic nerve was cut, followed by surgical hemostasis and
wound suturing.

Tissue sample collection and microscopy assessment.

Six weeks after experimental nerve damage (surgical
cutting of the sciatic nerve), the rats in all groups were
euthanized using an overdose of sodium thiopental. The
damaged sciatic nerves were collected for further assess-
ment.

For light microscopy analysis, the routine silver im-
pregnation staining procedure was applied.

For electron microscopy analysis, the tissue sample
were fixed in 2.5% glutar-aldehyde with post-fixation in
1% osmium tetroxide. Semithin and ultrathin slides were
prepared according to routine procedures.

Research results and their discussion.

In subgroup Ib (Control+Cerebrolysin), hypo —and hy-
perimpregnation of single nerve fibers were observed in
the proximal ends of damaged nerves, that suggested the
possibility of retrograde regeneration. Axonal fragmen-
tation was preserved and visualized in different fields of
view. The axons were identifiable with wavy contours.
These characteristics were less pronounced as compared
to subgroup la (Control). Regenerative neuroma forma-
tion with connective tissue cells and blood vessels ar-
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Figure 1 — Distal segment of the sciatic nerve in subgroup
Ib (Control+Cerebrolysin). Micrograph. Silver impregnation.
Magnification: x400.
ranged in bundles was observed. Small amounts of newly
formed nerve fibers with stalled growth cones were
found; they showed organized growth along the axis of
the nerve, with only a few of them located deviantly,
obliquely, transversely, or recurrently. In addition, evenly
distributed, thin bundles of collagen fibers were identi-
fied, with numerous newly formed blood vessels found
between them. In the distal segment of the damaged pe-
ripheral nerve, the processes of ascending degeneration
were observed. Large numbers of collagen fiber bundles
and connective tissue cells were visualized. Single regen-
erated nerve fibers exhibiting a uniform arrangement
were identified. Thus, based on the findings, it could be
concluded that a homogeneous and delicate connective
tissue scar was formed, allowing newly formed nerve fi-
bers to grow out of the proximal segment of the damaged
nerve and extend into the distal one, showing mainly uni-

form distribution and direct linear growth (fig. 1).

An electron microscopic study of the distal segment of
the damaged peripheral nerve showed the regeneration
of nerve fibers. Most nerve fibers appeared undamaged,
showing round and oval appearance. No splitting or swell-
ing of the myelin lamellae was observed, with the myelin
sheath itself appearing continuous and homogeneously
osmiophilic. The basement membrane around the fibers
was found to be disorganized. The axons displayed a nor-
mal structural appearance, with their axolemma coming
into tight contact with myelin sheaths. Undamaged mi-
tochondria with cristae and vesicles were clearly visual-
ized in the axoplasm. The mitochondrial matrix appeared
transparent, lacking crystals and granules. Microtubules
and neurofilaments in most fibers were well-developed
and arranged in groups forming the exoskeleton (fig. 2).

The regeneration of endoneurium was clearly ob-
served around individual groups of nerve fibers and even
some Schwann cells. Several fibroblast processes were
observed to be in contact with each other, although
occasional gaps between them were also evident. The
processes of connective tissue cells, specifically fibro-
blasts, exhibited intact mitochondria and large numbers
of vesicles. Active Schwann cells were found around
nerve fibers. The nuclei of Schwann cells contained large
amounts of euchromatin, indicating a high synthetic ac-
tivity of the latter. Heterochromatin was also visualized
but beneath the nucleolemma, being dispersed close to
and around the nucleus pore complexes.

Figure 2 — Newly formed myelin fibers in subgroup Ib
(Control+Cerebrolysin). Electron micrograph.
Maghnification: x10000.

Thus, subgroup Ib (Control+Cerebrolysin) was charac-
terized by more extensive regenerative processes, specif-
ically the repair of stromal components and myelination.
A complete and overall regeneration of endoneurium was
observed, which led to the regeneration of newly formed
nerve fibers and accelerated the functional recovery of
tissues and organs that experienced denervation due to
modeling sciatic nerve injury [15]. Such morphological
changes indicating positive dynamics of regenerative pro-
cessed in the peripheral nerves when using nootropics
were also observed in other studies [16, 17].

In subgroup llb (Hg + Thiotriazoline), nerve fibers of
the proximal segment of the sciatic nerve exhibited slight
signs of irritation. Some nerve fibers were characterized
by a mild swelling and wavy contours. However, it should
be noted that fragmented axons were rare as compared
to subgroup lla (Hg-Control). The areas with poorly
impregnated tissue appeared less pronounced; visually,
the connective tissue of the regenerative neuroma
showed growth, accompanied by numerous blood vessels
and nerve fibers growing through the scar. Fibroblasts
were the most numerous connective tissue cells. Individ-
ual thick bundles of collagen fibers were visualized. The
axial cylinders showed a more organized arrangement as
compared to subgroup Ila (Hg-Control); although some of
them exhibited transverse motion. A few axons appeared
with growth cones at their tips. Thus, regenerative neu-
roma was characterized by a greater degree of connec-
tive tissue differentiation and an increase in the number
of nerve fibers growing through it and displaying a higher
level of organization and relatively orderly arrangement
(fig. 3).

In subgroup llb (Hg + Thiotriazoline), nerve fibers of
the distal segment of the damaged nerve also showed
minor signs of irritation, but an increase in their quan-
tity and diameter with preserved wavy contours was
visualized. Electron microscopy assessment revealed
numerous Schwann cells with no morphological signs of
damage. The morphology of the Golgi apparatus, endo-
plasmic reticulum, and lysosomes showed no significant
alterations. However, the cisterns of the endoplasmic re-
ticulum exhibited slight expansion. The number of struc-
turally intact nerve fibers increased due to the activation
of macrophages and Schwann cells [18]. Some Schwann
cells were involved in the formation of new nerve fibers.
Newly formed nerve fibers still exhibiting pathological
characteristics were mostly arranged in groups, exhibited
various shapes and sizes; however, signs of their regen-
eration were observed. Most of those fibers appeared
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Figure 3 — Regenerative neuroma in subgroup Ilb
(Hg + Thiotriazoline). Electron micrograph. Silver impregnation.
Magnification: x400.

with an axon containing large numbers of microtubules
and neurofilaments; additionally, mitochondria exhibit-
ing well-defined cristae were visualized. No splitting of
the myelin lamellae was observed in the myelin sheath,
although wavy contours of some fibers were preserved
(fig. 4). The number of collagen fibers with no signs of
depolymerization increased. The rough endoplasmic re-
ticulum showing no signs of irritation was well visualized
in fibroblasts indicating their functional activity. The num-
bers of blood capillaries with electron dense endothelium
increased.

It can be assumed that, on the background of mercury
intoxication and its correction by Thiotriazoline, the mor-
phological changes in the peripheral nerve were charac-
terized by slight dystrophic damage [19].

Therefore, positive changes were observed in the
proximal and distal segments and the area of regenerat-
ing neuroma of the sciatic nerve in animals of subgroup
Ilb (Hg + Thiotriazoline). A significant reduction in nerve
fiber swelling was seen, with a reduction in destruc-
tive processes. Both newly formed nerve fiber density
and myelin sheath thickness increased. At this stage of
study, some nerve fibers exhibiting signs of irritation
such as wavy contours and uneven impregnation were
still present; however, no axonal fragmentation was an
indicative of recovery. Thiotriazoline has a positive effect
on Schwann cells, thereby accelerating the processes of
myelination and promoting the recovery of the damaged
sciatic nerve [20].

In subgroup llla (Hypothyroidism-Control), significant
numbers of degenerative ovoids were observed in the
distal segment of the sciatic nerve at the light microscopic

-~ - .

Figure 5 — Site of nerve damage in subgroup llla (Hypothyroidism-
Control). Micrograph. Silver impregnation. Magnification: x400.

Figure 4 — Newly formed myelin fibers in subgroup Ilb
(Hg + Thiotriazoline). Electron micrograph. Magnification: x10000.
level. The interstitial space appeared noticeably enlarged
due to edema and cell debris. Some nerve fibers were
fragmented, with unclear wavy contours. Nerve fiber
density in this section of the nerve decreased significantly

(fig. 5).

Ultrastructural examination of the distal segment of
the sciatic nerve revealed vacuolated remnants of myelin
sheaths exhibiting different stages of degradation in the
cytoplasm of Schwann cells (fig. 6).

Active degenerative changes in the distal segment of
the nerve were accompanied by regenerative changes
manifested by the formation of non-myelinated fibers.
They were arranged in clusters, displayed variations in
their diameter, and contained a significant number of
lysosomes, secretory vesicles, electron dense inclusions
and a small quantity of neurofibrils and microtubules in
the axoplasm.

Ultrastructural examination of the distal segment of
the damaged sciatic nerve in subgroup lllb (Hypothyroi
dism+Thyroxine+Miacalcic) revealed an increase in the
number of nerve fibers alongside a reduction in the in-
terstitial volume (fig. 7) as compared to subgroup llla
(Hypothyroidism-Control).

Quality assessment of the sciatic nerve samples under
study revealed a higher regenerative activity character-
ized by the formation of new nerve fibers in rats with hy-
pothyroidism receiving correction as compared to animals
with untreated hypothyroidism. Ultrastructural examina-

Figure 6 — Fragments of the destroyed myelin sheath in the
cytoplasm of Schwann cells in the distal segment of the sciatic
nerve in subgroup llla (Hypothyroidism-Control). Electron
micrograph. Magnification: x12000.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)

377



MOP®O0ONO0rifa / MORPHOLOGY

Figure 7 - Site of nerve damage in subgroup lllb (Hypothyroi
dism+Thyroxine+Miacalcic). Micrograph. Silver impregnation.
Magnification: x400.
tion revealed a large number of clustered non-myelinated
fibers exhibiting uneven contours and containing a signifi-
cant number of vacuoles and electron dense inclusions in
the axoplasm. Newly formed myelin fibers exhibited an
incomplete myelin sheath, showing layering in localized
areas or being dense, occasionally swollen, with enlarged
periaxonal space and local invagination of myelin in axon
(fig. 8). Newly formed myelin fibers with an intact myelin
sheath and a normal axon, with no signs of pathological

alterations, were observed in the field of view.

The regeneration of the damaged sciatic nerve in hy-
pothyroidism (subgroup Illa) exhibited a wave-shaped
pattern similar to that observed in normal thyroid func-
tion (subgroup la). However, thyroid hormone deficiency
significantly hindered that process [21]. The destruction
and phagocytosis of primarily damaged nerve fibers al-
tered new fiber formation; larger nerve fibers appeared
predominantly aberrant and therefore, underwent simul-
taneous phagocytosis by Schwann cells, leading to the
next stage of nerve regeneration, specifically repeated
degeneration of newly formed atypical fibers. The sciatic
nerve, on the background of Hypothyroidism + Thyrox-
ine + Miacalcic (subgroup Illb), underwent the phases
of regeneration and degeneration faster, which was as-
sociated with no significant delay in the progression of
degenerative changes, characteristic of the morphologi-
cal alterations in the damaged nerve in hypothyroid rats
(subgroup Illa). The onset of regeneration was delayed
due to low phagocytic activity and the absence of apop-
tosis in Schwann cells [22, 23]. Further destruction of

Figure 8 — Newly formed myelin fibers: local layering of the myelin
sheath, enlargement of the periaxonal space in the distal segment
of the sciatic nerve in subgroup lllb (Hypothyroidism + Thyroxine +
Miacalcic). Electron micrograph. Magnification: x10000.
damaged myelin fibers took place at a slower pace and
had a distinct course which differed from the progression
of degeneration in rats of subgroup la and subgroup llla.

Conclusions.

Based on the results, it can be concluded that there
are common patterns of de — and regeneration of the
damaged peripheral nerve in the context of nootropic
administration, experimental mercury intoxication, hy-
pothyroidism, and their correction. Although degenera-
tion was evident in all groups, a noteworthy delay in de-
generative processes was observed specifically in cases
involving delayed surgical nerve connection, mercurial-
ism, and hypothyroidism, possibly due to the inhibition
of Schwann cells. As a result, regeneration was delayed,
exhibiting a wave-shaped pattern due to the transition of
Schwann cells from their phagocytic role to myelination.
However, it should be noted that initiation of regenera-
tion is significantly accelerated when the experimental
pathological condition is corrected, leading to the regen-
eration of the damaged nerve.

Prospects for further research.

The data obtained can serve as a basis for develop-
ing the methods to improve the processes of peripheral
nerve regeneration in clinical practice. The results of the
study on the regeneration of the damaged sciatic nerve
on the background of various complicating factors will
broaden the understanding of both researchers and prac-
ticing physicians regarding the regenerative properties of
nerve trunks and ways to influence these processes, thus
stimulating further investigations.
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OCOBJ/INBOCTI MOP®ONOTNYHUX 3MIH NEPUDGEPUYHUX HEPBIB B YMOBAX TPABMMU, IHTOKCUKALLIT PTYT-
TIO, MNMNOTUPEO3I TA IX KOPEKLIIT

Oemuauyk A. C., lWamano C. M., Kotuk T. /1., Packaneii T. 1., Packaneii B. b., MonaguHeub O. I, Tokapyk H. C.

Pestome. Bcmyn. TpaBMaTUUHI YWKOAKeHH:A nepudepuyHoro Hepsa (TYIMH) 3aiimatoTb Barome micue cepen
TPaBM AK B YMOBAxX BOEHHOIO Yacy, Tak i B NobyTi, Npn3BoAATb A0 3HAYHWUX YCKAAAHEHb i 3HUXKYIOTb AKICTb XUTTA Na-
uienTiB. JlikyBaHHA TYIH 3a3BMyYait KOMMJIEKCHE Ta NOTPebye MyAbTUANCLMNAIHAPHOO NiAX0Ay, CyNnPOBOAKYETHCA
TPUBAMMK OYHKLiOHAIbHUMUN 0OMENKEeHHAMM Ta HeobxigHicTio peabiniTauii. TOKCMKaHTM HAaBKOIULWHBOIO cepes-
OBULLA, TaKi AK PTYTb, MOXKYTb 34iMCHIOBATM BNIMB HA NPOLECU pereHepaL,ii nepudbepruyHUX HEPBIB, LLLO 3yMOBIOE
BaXK/INBICTb YpaxyBaHHA BN/NBY TaKMX GaKTOPiB Ha HEPBOBY TKAHUHY. EHAOKPMHHA NaToONOTriA, 30Kpema rinoTupeos,
TaKOX MA€E 3HAYHMIM BMN/IMB HAa HEPBOBY TKAHUHY, BNIMBAE Ha KOTHITUBHI GYyHKLiT, HEMPONpPOBIAHICTb Ta € AOAATKO-
BMM aprymeHTOM A/1A BpaxyBaHHA MOro BNAUBY Npw NikyBaHHi TYMH. Po3ymiHHA 38’A3Ky Mix TYIH, TOKCMKaHTamu
Ta eHAOKPUHHUMM PO31aJaMM MOKE CNPUATU POo3pobLi epeKTUBHUX CTPATEriM NiKYBaHHA Ta NOKPALLLEHHIO pe3y/b-
TaTiB BigHOBHOI Tepanii nepndepmnyHnx HepB.iB.

Memor 0aHo20 00C/iOHeHHS € BCTAHOBNEHHA MOPQONOriYHUX 0COBMBOCTEN pereHepaTopHUX MPOLLECIB Y
nepudepmnyHMX HepBax MNicnAa TPaBMKU Ha TAi eKCrnepuMeHTaIbHOI IHTOKCMKAaLLT PTYTTIO Ta rinoTUpeo3y, a TaKoXK 3a
YMOBM iX KOpekKLii. BcTaHOB/IEHHSA LnX 0cobAMBOCTEN A03BONNUTL iAeHTUDIKYBATU NOTEHLIAHWIA BNINUB TOKCUKAHTIB
i eHOOKPWMHHOI NaToNOrii Ha pereHepaTUBHY 34aTHICTb NepudepUUYHNX HepPBIB Ta PO3POBUTK MIArPYHTA CTpaTerii
NiIKyBaHHA TaKMX YLWKOAKEHb.

06’ekm i memodu docniorweHHA. [JocnigxeHHa BUKOHaHO Ha 90 binux wypax, aKki 6yau posnogineHi Ha Tpu
rPYnu, KOXHa 3 AKMX CKNaganaca 3 nigrpyn «a» i «6». TpaBMaTUUYHe YWKOAKEHHA CiAHMYOro HepBa MOAENOBANU
LINSXOM MOro nepepisaHHs 3 BiATEPMiIHOBAHMM YLUIMBAHHAM ycim wypam. Miarpynam lla Ta llla gogaTkoBo moge-
JIIOBA/IM eKCNepMMEHTasIbHY iIHTOKCMKaLLiO PTYTTIO Ta rinotMpeos, signosigHo. Miarpynu 16, 116 Ta 1116 gogaTkoBo
OTPMMYBANU NliKyBaHHA LepebponisnHom, TioTpMa3oniHoM Ta L-TMpOKCMHOM+MiaKanbLMKOM, BianosigHo. Mopdo-
JorivyHe AOoCAiAKEHHSA BKKOYAN0 CBITIOONTUYHUI Ta YbTPACTPYKTYPHUIN aHaNI3.

Pe3ynemamu. TpaBMaTUUYHE YpaXKeHHA CYNPOBOAMKYETLCA CTPYKTYPHOI NepebyaoBot0 NPOKCMMAnbHOro, AMUC-
Ta/IbHOTO BiAPi3KiB Ta 30HM TPaBMU HepBa. € BUpaXKeHe pPo3LlLapyBaHHA Ta HabpAk namen, AUCTPOdIYHI 3MiHK Y
AKCOHANbHUX LWUAIHAPaX, HEMPOAEMI T B CMONYYHOTKAHMHHOMY KapKaci HepBa. 3acTOCyBaHHA LepebponisnHy mae
NO3UTUBHUI BMN/IMB Ha CTPOMaJIbHI eleMeHTU HepBa Ta MieniHizauito. MepKypianiam 3yMoBAOE HEPIBHOMIPHICTb
imnperHauii npy mopdonoriyHoOMy AOCNIAKEHHI, BUPAXKeHY XBUAACTICTb KOHTYpiB. Mpu KopekKLuii TioTprMasoniHom
NOMITHi MO3UTMBHI 3MiHM B CTPYKTYPi HEMPONEMOUMTIB, LLLO, Y CBOO Yepry, MOKpaLLye npouecu mieniHisauii. Finotm-
peo3 CynpOBOAMKYETbCA 3ara/ibMyBaHHAM AereHepaTMBHUX 3MiH, LLO CMOBINbHIOE pereHepaToOpHi Npouecy B TPas-
MOBaHOMY HepBi. KopeKuia CMHTETUYHMMM popMaMM TUPEOTAHMX TOPMOHIB aKTUBYE HEMPONEMOLUTK, Y pe3y/bTaTi
Yoro YiTKille KOHTYpYye MieniHOBa 0600HKA, HEMPOIeMa Ta Bi3yasi3ytoTbCA OpraHen akconaasmu.

BucHogKu. BcTaHOBNEHO 3arasibHi 3aKOHOMIPHOCTI Ae — Ta pereHepalii ypa)keHoro nepudepuyHoro Hepsa 3a
YMOBW 3aCTOCYBaHHA HOOTPONIB, EKCNEePMMEHTANIbHOI IHTOKCMKaLLT PTYTTIO, FiNOTMPEO3y Ta ix KopekKuii. JereHepa-
TUBHI npouecy byan 3HaYHO CMOBiINIbHEHI B YMOBAX HAABHOCTI A0AATKOBUX MOLIKOAMKYOUMX PaKTOPIB, MMOBIpPHO,
yepes iHribyBaHHA WBAHHOLMTIB. Y CBOO Yepry, Le NpM3BOANTb 40 BiATEPMiHYBAHHS iHiLiani3auii pereHepaTopHUX
npouecis. OgHaK, KOpeKLuia NaToNorYHMX CTaHiB (HOOTPONAMM, aHTMOKCUAAHTAMM Ta LUTONPOTEKTOPAaMM, CUHTE-
TUYHUMKU GOPMAMM TUPEOIAHMX FOPMOHIB), SIKIi CYNPOBOAXKYBaIN pereHepaLlito NoWwKoAKeHOro Hepea, 6e3ymoBHO
NPUWBMALWYBANK ii HACTAHHA.

Kntouosi cnosa: nepudepunyHmnii Heps, TpPaBMa, MepPKypianiam, rinoTMpeos, KopekLia, pereHepaw,is.
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MORPHOLOGICAL CHANGES IN THE PERIPHERAL NERVES IN TRAUMA, MERCURY INTOXICATION,
HYPOTHYROIDISM, AND THEIR CORRECTION

Demydchuk A. S., Shamalo S. M., Kotyk T. L., Raskaliei T. Ya., Raskaliei V. B., Popadynets O. H., Tokaruk N. S.

Abstract. Introduction. Traumatic peripheral nerve injury (PNI) is a common occurrence in both military and
civilian populations, leading to significant complications and reducing patients’ quality of life. The treatment of PNI
requires a multidisciplinary approach due to its complex nature and the potential for long-term functional limitations
and rehabilitation needs. Environmental toxicants, such as mercury, have been implicated in the impairment
of peripheral nerve regeneration and delay in functional recovery, highlighting the importance of considering
occupational factors and their impact on nerve tissue. Endocrine disorders, particularly hypothyroidism, have
significant influence on nervous tissue and can affect cognitive function and nerve conduction, emphasizing the need
to address comorbidities in the management of PNI. Understanding the relationship between PNI, environmental
toxicants, and endocrine disorders can contribute to the development of effective treatment strategies and improve
outcomes for patients with PNI.

The aim of the study. This study aimed to investigate and compare the morphological changes in peripheral
nerve recovery after trauma on the background of experimental mercury intoxication and hypothyroidism, including
their treatment. By addressing this research gap, it will enable us to recognize the potential impact of occupational
toxicants and endocrine pathology on the regenerative capacity and develop a sustainable background for developing
effective treatment strategies and improving outcomes for PNI.

Object and research methods. The study involved a total of 90 white rats divided into three groups, each group
further subdivided into subgroups (a and b). Traumatic PNI was simulated by surgical cutting of the sciatic nerve and
delayed suturing in all rats. Subgroups Ila and llla were additionally subjected to experimental mercurialism and
hypothyroidism, respectively. Subgroups Ib, Ilb, and lllb were administered additional treatments with Cerebroly-
sin, Thiotriazoline, and L-Thyroxine+Miacalcic, respectively. The morphological study included light microscopy and
ultrastructural analysis.

Results. Traumatic injury was accompanied by structural remodeling of the proximal and distal segments and
the area of nerve injury. Significant splitting and swelling of the myelin lamellae, dystrophic changes in axons, neu-
rolemma, and connective tissue framework of the nerve were observed. Cerebrolysin had a positive effect on the
stromal components and myelination. Mercurialism caused uneven impregnation during morphological examina-
tion, leading to pronounced waviness of the contours. Correction with Thiotriazoline resulted in noticeable positive
changes in the structure of Schwann cells, which, in turn, improved the processes of myelination. Hypothyroidism
was accompanied by the inhibition of degenerative changes, which slowed down the regenerative processes in the
damaged nerve. Correction with synthetic forms of thyroid hormones activated Schwann cells, resulting in clearer
delineation of the myelin sheath, neurolemma and visualization of axoplasmic organelles.

Conclusions. General patterns of de — and regeneration of the damaged peripheral nerve in the context of
nootropic administration, experimental mercury intoxication, hypothyroidism, and their correction, were identified.
Degeneration was significantly postponed in all investigated factors, possibly due to the inhibition of Schwann cells.
Thus, it resulted in delayed regeneration. However, it should be noted that initiation of regeneration is significantly
accelerated when the experimental pathological condition is corrected (by nootropes, antioxidants and cytoprotec-
tors, synthetic forms of thyroid hormones).

Key words: peripheral nerve, trauma, mercurialism, hypothyroidism, correction, regeneration.
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