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TeTpaHI/IKJII/IH CHHZKACT IMOBPCIKACHUEC IT'IMIIINIOKAMIIA 1 MO3KCUYKAa
B MO/I€JIH JIETKOW YePEMHO-M0O3TOBOU TPABMbI Y KPBIC
IMOAPOCTKOBOI'O BO3pacra: KaHaAuaaT Ha HeperO(i)I/IJII/IpOBaHI/IE?
®.A. Abapubore, ®©.K. Hparop, I'.O. Oubeke, Y.A. Ofinua60
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AHHOTAIIUA

BBenaeHnwue. Jlerkas uepenHo-mosroBas TpaBMa (JIYMT) MoKeT cTaTh KPUTHUECKOU /IS HOPMAJIBHOTO Pa3BUTHUS
IIOJIPOCTKOBOTO OpraHMU3Ma BCJIEICTBHE TOPAXKeHUsI 00J1acTel rOJIOBHOTO MO3Ta, OTBETCTBEHHBIX 32 KOTHUTHBHBIE U IBH-
rarenpHble QyHKIUU. CoBpeMeHHbIe MeTozb! jeueHus JIYMT, ocHOBaHHBIE B OOJIBIIMHCTBE CBOEM HA OIBITE JIEUEHUS
STOTO COCTOSIHUS ¥ B3POCJIBIX, €J1a00 OPUEHTHPOBAHBI HA TIOAPOCTKOB, UTO BBI3HIBAET HEOOXOAMMOCTH Pa3paboOTKH CTpaTe-
T'UH Tepanuy JJ1s 5TOH IPYIIIBI HAI[EeHTOB.

Il e 1 b . JlaHHOE HWCCIEIOBAHUE H3yYaeT MOTEHIHAJIbHbIE HEHUPOIPOTEKTHBHBIE d(PGdEKTH TeTPAIUKINHA Y KpPBIC-
TOJIPOCTKOB cTOKa BucTap nocie JIUMT, yaensis oco60e BHIMaHUE MTOBPEKIEHUIO THITIOKaMIIAa B KOPBI MO3YKeuKa.
MaTepuainb U MeTOJBbl . [IATHaAUATH KpbIC ObUIH Pa3/iesIeHbl HA TPU IPYIIIBL: KOHTPOJIbHYIO, rpyiy ¢ JTYMT
u rpymiy ¢ JIUMT + TeTpanvKk/IvH B CyTOUHOMU 03€ 44,3 MT'/KT Macch Tesia. JIYMT 6pl1a MozieTMpoBaHa METO/IOM Ia/IAI0IIETO
Ipy3a, KOTHUTUBHBIE U MOTOPHbIE QYHKIIIH OLEeHUBAIUCH B TecTax T-00pa3HOro JJAOMPUHTA U CY:KUBAIOIIEHCsI IOPOXKKH.
PesynpTarTsl . I'umcrosornyeckuil aHaJIN3 C UCIOJIb30BAHHUEM OKDAIIWBAHUA I'eMATOKCHJIMHOM U 503WHOM H
OIIeHKA TIOBEIEHUECKUX PeaKIINi MoKas3asu, uto y Kpeic ¢ JIUMT 6e3 BBeZleHUS TETPAIUKINHA HAOTI0OIATUCh BhIPAKEH-
Hble HeraTuBHbIE U3MeHeHUA B GYHKIIMOHUPOBAHUH U CTPYKTYpPe FOJIOBHOTO MO3Ta, a TaKKe HapyllleHe KOTHUTUBHBIX 1
JIBUTATeJIbHBIX QYHKIUN. B TO jxe BpeMs y KpbIC, MTOJIyYaBUINX TETPAIIMKJINH, HETATUBHbIE U3MEHEHHS HeUPOHAJIbHON
CTPYKTYPBI U NOBE/IeHUs OBLIIN MeHee BBIPAXKEHBI, XOTS U IIOJIHOCTHIO HE BOCCTAHABIMBAJIUCH /10 YPOBHA KOHTPOJIBHOU
rpynnsl. [IpruMeHeHue TeTpaluKINHA TAKKe YMEHBIIIAI0 BOCIIAJIEHHE U OKUCIUTEIbHBIN CTPECC B TOJIOBHOM MO3TE.
3axknodeHUe . [lomyueHHble Pe3y/IbTAThI IOKA3BIBAIOT, YTO TETPALUKINH 00J1a1aeT HeHPOIIPOTEKTOPHBIM IIOTEH-
nuasoM npu JIYMT y KpbIC-ITOPOCTKOB, YTO ODOCHOBBIBAET €T0 U3yUYEHHE B KAUeCTBE KaHIUAATA /71 Iepenpo(IINpOBaHUS.
Knaoueenle c106a: 4epenHO-M0O3roBasi TpaBMa, HEHPOIIPOTEKINA, KOTHUTUBHBIE (PYHKI[UH, MOTOPHAs KOODAMHALIHA.
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BO3pacra: KaHauzaar Ha nepemnpodrimposanne? // Journal of Siberian Medical Sciences. 2025;9(4):105-120. DOI:
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Tetracycline attenuates hippocampal and cerebellar damage
in a weight-drop model of mild traumatic brain injury

in adolescent rats: A candidate for drug repurposing?

F.A. Abaribote, F.C. Nwagor, G.O. Onyeke, C.A. Oyinbo

Niger Delta University, Department of Human Anatomy, Faculty of Basic Medical Sciences, Bayelsa State, Wilberforce
Island, Nigeria

ABSTRACT
Introduction. Mildtraumatic brain injury (mTBI) represents a critical risk factor for disrupted neurodevelop-
ment during adolescence, particularly affecting brain regions involved in cognition and motor function. Current treat-

TocTymuia B peakiuio 28.10.2025 Received 28.10.2025

IIpomwna pereH3upoBaHue 13.11.2025 Revised 13.11.2025

ITpunsaATa K My6IMKanuu 01.12.2025 Accepted 01.12.2025

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Oiinu60o Yapiss Aiijiemaiis: Yauusepcurer fesbrbl Hurepa, mrar Baitaica, Charles A. Oyinbo: Niger Delta University, Bayelsa State, Wilberforce Is-
0-B Bunbepdopc, Hurepus land, Nigeria.

E-mail: charles.oyinbo@ndu.edu.ng E-mail: charles.oyinbo@ndu.edu.ng

Journal homepage: http://jsms.ngmu.ru 105



Abapubome @.A. u dp. / Journal of Siberian Medical Sciences T. 9, N 4 (2025)

ments, which are mostly derived from adult studies, highlight a gap in addressing adolescent needs, warranting the need
for targeted therapeutic strategies.

A i m . This study explores the potential neuroprotective effects of tetracycline in adolescent Wistar rats following mTBI,
focusing on damage to the hippocampus and cerebellar cortex. mTBI poses a significant risk to brain development in ado-
lescents.

Materials and methods. Fifteen rats were divided into three groups: a control group, an injury group
only, and an injury group treated with tetracycline at a daily dose of 44,3 mg/kg body weight. mTBI was induced using a
weight-drop method, and cognitive and motor functions were assessed through T-maze and beam-walking tests.

R esults. Histological analysis using hematoxylin and eosin staining revealed that untreated rats with mTBI showed
significant neural degeneration and disrupted brain architecture, alongside impaired cognitive and motor performance. In
contrast, rats treated with tetracycline exhibited reduced neuronal damage and improved performance, although not fully
restored to control levels. The treatment also appeared to lower inflammation and oxidative stress in the brain.
Conclusion. Thesefindings suggest that tetracycline has neuroprotective potential in adolescent rats with mTBI,
supporting its consideration as a therapeutic target for drug repurposing.

Keywords: traumatic brain injury, neuroprotection, cognition, motor coordination.
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BBEJAEHUE

YepenHo-mo3roBass TpaBma (UMT) sBisiercs
OJTHUM W3 HauboJiee PACIPOCTPAHEHHBIX HEBPOJIO-
THYECKUX HApYIIEHWH U TPeJCTaBIseT coboit
CEPBE3HYIO TJI00ATBbHYTO ITPOOJIEMY JJIsA 3IPaBOOXpPa-
HeHusd. [IpumepHo 90 % ciyuaeB UMT wnaccudu-
nupytores: Kak Jierkue (JIYMT): ¢ Takoii TpaBMOM
CTIKUBAETCS OKOJIO 42 MJIH Yes. eKeroJHO, YTO
YacTO IPUBOAUT K TOCIUTAIN3AIIUY, HHBAJIUIHOCTH
wu JietabHOMY ucxony [1—3]. [Tomumo Hemocpen-
cTBeHHBIX nociaezcteuii, JIYMT cBsi3aHa ¢ [0JTO-
CPOYHBIMU OCJIOXKHEHHSIMH, TAKUMU Kak 00Je3Hb
AspriretiMepa u 6osie3Hp IlapKWHCOHA, XpPOHMYe-
CKas TpaBMaTHuecKas 3HIedasonarus, a TakkKe ¢
MOBBIIIIEHHBIM PHUCKOM CyHIU/ia [4]. ITH nanHbE
TIO/TYEPKUBAIOT CEPbE3HOCTh mociencTBul JIYMT
JUIs1 ODIIIECTBEHHOTO 3/[pAaBOOXPAHEHHU .

B To BpeMs kak MoJiofible (15—24 T0/1a) ¥ IOXKU-
Jple (=75 JIeT) JIIOAW YacTO CYUTAIOTCSA TPyNIaMu
pucka o JIYMT, opraHusm jieTel u MoJpOCTKOB He
HMeeT IIOTeHINasa, KOTOPBIH Obl cMATrdas Mocies-
ctBust JIUMT [5, 6]. Y moipoCTKOB MaTO(hU3HOJIOTHs
u ucxonsl JIUMT cyliecTBeHHO OTJIMYAKOTCA OT
TaKOBBIX V¥ B3POCJBIX BCJIEICTBUE IIPOZOJIXKAOIIIEe-
rocsi (OPMHUDOBAHHs IEHTPAJIHLHOU HEPBHOU
cucrembl [7, 8]. XoTs KJIMHUYECKHUE CHMIITOMBI
MOTYT OBITh CXO’KMMH BO BCEX BO3PACTHBIX IPYIIIAX,
y TOJIPOCTKOB, KaK IpPaBWJIO, Habsrozmaercs Oosee
MeJ[JIEHHOEe BOCCTAHOBJIEHHWE U OOJIbIIast JJIUTENb-
HOCTb HapyIIEHUH KOTHUTUBHOU cdepsl, 0cOGEHHO

INTRODUCTION

Traumatic brain injury (TBI) is among the most
prevalent neurological conditions and constitutes a
major global health burden. Approximately 90% of TBIs
are classified as mild (mTBI), affecting about 42 mln
individuals annually and frequently resulting in hospi-
talization, disability, or death [1—3]. Beyond the immedi-
ate impact, mTBI has been linked to long-term compli-
cations such as Alzheimer’s and Parkinson’s diseases,
chronic traumatic encephalopathy, and an increased risk
of suicide [4]. These outcomes underscore the significant
public health implications of mTBI.

While young adults (15—24 years) and the elderly
(=75 years) are often regarded as the most vulnera-
ble groups, children and adolescents are not immune
to the effects of mTBI [5, 6]. In adolescents, the
pathophysiology and outcomes of mTBI differ sub-
stantially from those of adults due to the ongoing
maturation of the central nervous system [7, 8].
Although clinical symptoms may appear similar
across age groups, adolescents tend to experience
slower recovery and prolonged cognitive deficits,
particularly in memory, attention, and processing
speed [9, 10]. Anatomical and physiological differ-
ences, including heightened neuroplasticity and
incomplete myelination, contribute to their distinct
vulnerability. As Mayer et al. [11] aptly described, the
developing adolescent brain functions as a “double-
edged sword,” where the same mechanisms that
facilitate recovery may amplify injury severity.
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MaMsATH, BHUMAHUA U CKOPOCTH 00paboTku MHGMOP-
Maiuu [9, 10]. AHaToMUYecKHe U (PU3HOIOTHUECKHE
pasyinuusi, BKJIIOYasl MOBBIIIEHHYI HEHPOILIaCTHY-
HOCTb 1 HE3aBEPIIIEHHYIO MUEJIMHU3AIHI0, 00YCI0B-
JIUBAIOT WX 0cobyio  ysa3BuMocTh. CorsiacHo
A.R. Mayer et al. [11], dyHKIIMOHUpPOBaHKE Pa3BUBa-
IOIErocsi MO3Ta IOAPOCTKa IOJ00HO 000010~
OCTPOMY MeUy: MEXaHU3MbI, KOTOPBIE CITIOCOOCTBYIOT
BBI3JIOPOBJIEHUIO, MOTYT ¥ YCHJIUBAaTh TSKECTh
TPaBMBI.

Hecmotpst Ha 3TH ocobenHoctu, Tema JIUYMT y
ITOZI[POCTKOB OCTAeTCs JIOCTATOYHO ¢abo paspabo-
TaHHOH, a JieueOHbIe MOAX0/ bl YaCTO OCHOBAHBI HA
JIAHHBIX, TOJIyYeHHBIX B XO/€ HCCJIeIOBAHUH
B3POCJIBIX MAIUEHTOB [7, 8]. ATOT AepUIUT JaHHBIX,
crienuUYHBIX I JTAHHOH BO3PACTHOU TPYIIIIHI,
MPENnsATCTBYET pa3paboTke 3(pHEKTUBHBIX CTPATETUH
JIeYeHUsI, yIUTHIBAIOIINX HEHPOOHOJIOTHIO TIO/IPOCT-
KOBOTO BO3pacra.

JIOTIOJTHUTENIBHBIM ~ YCTIOKHSIIONUM  (paKTOpOM
SIBJISIETCS COXPAHSAOIIASCS TMPOTUBOPEUHBOCTh B
OIpeIeJIEHUsIX W JUATHOCTHYECKHX KPUTEPHAX
JIUMT. lleneBas rpynmna BcemupHO# opranusamnuu
3apaBooxpanenusi (BO3) BoisiBuiIa 6ojiee 30 ompe-
JIeJIeHUWA W JyOJTUPYIOIIUX JIPYT Jpyra TEPMHHOB,
Takux Kak «Jerkass UMT», «HezHaunTespHass YMT»
U «coTpsiceHue mosra» [10]. Illkana kombl I1azro
(LIKT"), crapmapTHBIA HHCTPYMEHT OIIEHKU TSKECTU
TpaBMBbI, OI€HUBAET MAIMEHTOB ¢ 3—15 Oa/tamu Ha
OCHOBE 3PUTEIbHBIX, BEpOAJIPHBIX U JBUTATEIBHBIX
PpeaxIuii, OJTHAKO ee HA/IEXKHOCTh IPUMEHHUTETBHO K
JIETSIM U TIOJIPOCTKAM OrpaHuueHa [12]. AMepukaH-
CKUII KOHTpecC MO0 peabMIMTAIlIOHHON MeIHITnHE
ompenenser JIYMT Kak cOCTOSHHUE C OIIEHKOH
13—15 Gawto mo IIIKI B TeueHwe 30 MUH IIOCJIE
TpaBMBbI, OJTHAKO BapruabeIbHOCTh CHUMIITOMOB OCTa-
eTcsi 3HAYUTEJIBHOU JJa’Ke B paMKaxX 3TOrO IIOf-
xozia [13]. D9Ta AuarHocTuyeckass HEOAHOPOIHOCTD
3aTpPy/IHSET COIOCTABJIEHWE PE3YJIbTATOB pa3Iny-
HBIX HCCJIEJIOBAHUU W IIPEMATCTBYET IIPOrpeccy B
paspaboTKe cTpaTeruii TEPATIHH.

C y4eToM 5THX CJIOKHOCTEN HaOJII0/]aeTcst pacTy-
WA THTEPEC K (papMaKOJIOTHYECKUM IIperaparam,
00J1a1a10IITUM HEHPOIIPOTEKTOPHBIM TOTEHITUAIOM.
TeTpallMKJIMH, IIHPOKO HKCIIOJIb3yeMbI aHTHOWO-
THK, 00J18/1aeT TPOTHBOBOCIAJTUTETHHBIMHE, AaHTHOK-
CUJAHTHBIMM ¥  AHTHAIIONTOTHYECKUMU CBOM-
CTBAMH, KOTOpbIE CIIOCOOCTBYIOT CHHIKEHHUIO BBIpa-
sK€HHOCTH HeraTUBHBIX rocaenctsuid YMT. B ogaom
U3 HCCAeOBAHUH IOKa3aHO, YTO TETPAIUKINH
MOZIABJISIET AKTUBAIIUI0 MUKPOTJIUM U YMEHBIIAEeT
OKHCJIUTEJIBHBIA CTpecc, TEM CaMbIM COXPaHsIs
[IeJIOCTHOCTh HeUPOHOB [13]. OCHOBBIBAsICh HA OIH-
CAaHHBIX BBIIIE MEXaHU3MaX, MbI IIPEIIOJIOKIIIH,

Despite these unique considerations, adolescents
remain underrepresented in mTBI research, and
treatment approaches are frequently extrapolated
from adult data [7, 8]. This lack of age-specific evi-
dence impedes the development of effective manage-
ment strategies tailored to adolescent neurobiology.

Adding to this complexity is the persistent incon-
sistency in mTBI definitions and diagnostic criteria.
The World Health Organization (WHO) Task Force
identified over 30 definitions and overlapping terms
such as “mild TBI,” “minor TBI,” and “concus-
sion” [10]. The Glasgow Coma Scale (GCS), a stan-
dard classification tool, rates patients from 3 to 15
based on eye, verbal, and motor responses, yet its
reliability in pediatric and adolescent populations is
limited [12]. The American Congress of Rehabilita-
tion Medicine (ACRM) defines mTBI as a GCS score
of 13—15 within 30 minutes post-injury; however,
symptom variability remains wide, even within these
parameters [13]. This diagnostic heterogeneity com-
plicates cross-study comparisons and impedes ther-
apeutic progress.

Given these challenges, there is a growing interest
in pharmacological agents with neuroprotective
potential. Tetracycline, a widely used antibiotic, pos-
sesses anti-inflammatory, antioxidant, and anti-
apoptotic properties that may mitigate secondary
injury processes following TBI. Study suggests it
inhibits microglia activation and reduces oxidative
stress, thereby preserving neuronal integrity [13].
Based on these reported mechanisms, we hypothe-
sized that tetracycline may confer neuroprotective
benefits in adolescents rats with induced mild trau-
matic brain injury (mTBI) in a novel drug repurpos-
ing experiment.

Rat-to-human age equivalents are compli-
cated [14]. Weight-based and chronological age com-
parisons have been used to estimate rat-to-human
age equivalence, but these methods have limitations.
Weight, for instance, can be influenced by external
factors such as feeding practices, and overfeeding
can lead to excess weight, further complicated by diet
quality and nature [15]. Chronological age, while
straightforward, may not accurately reflect develop-
mental stage [14]. In contrast, sexual maturity pro-
vides a more reliable benchmark for comparison.
Rats typically attain sexual maturity at about
6—8 weeks of age, which is analogous to human ado-
lescence, 11—17 years [16]. Study has used sexual
maturity in the rats (which corresponds to puberty in
human) for estimate of rat-to-human age equivalent.
A rat aged 1 month is equivalent to a 6 to 8 year old
human, while a 2-month-old rat equates a human of
12 to 17 year old. Rats aged 3—4 and 6 months cor-
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YTO TETPALMKJINH MOXKeT OKa3bIBaTh HEHPOIIPOTEK-
TOpDHOE JleliCTBHE Y KpPBIC-IIOJIPOCTKOB B MOJEIU
JIYMT B pamMkax HOBOTO 3KCIIEpUMEHTA IO Iepe-
npodWINPOBAHUIO  JAHHOTO  JIEKAPCTBEHHOTO
CpeJiCTBa.

CooTBeTCTBHE BO3PACTa Y KPBIC U YeJIOBEKa sIBJIsA-
eTCsI CJIOKHBIM BOMpPOcoM [14]. [Iisi OIeHKU BO3-
pacTHOM 3KBUBAJIEHTHOCTU HCIIOJIB30BAINCH CPaB-
HEHUs Ha OCHOBE MacChl TeJla ¥ XPOHOJIOTUYECKOTO
BO3PACTa, OJTHAKO 3TH METOABI HMEIOT OTPAaHUYEHUS.
Hampumep, macca Tesia MOXKeT 3aBHCETh OT BHeII-
HUX (HAKTOPOB, TAKUX KAK PEIKUM MUTAHUA, a IIepe-
eZlaHe MOXKET IMPUBOAUTH K H3OBITOYHON Macce
TeJIa, YTO JOTOJTHUTEIBHO OCIOXKHIETCS Ka4eCTBOM
U xapakTtepoMm paruoHa [15]. XoTs XpoHOJorHnYe-
CKHI BO3pAaCT ABJISETCA JOCTATOYHO IIPOCTBIM U
yI0OHBIM IIOKa3aTeseM, OH MOXKET He TOYHO OTpa-
JKaTh CTaIVIO Pa3BUTHUsA OpraHusMa [14]. B oTinuue
OT HUX, II0JIOBAsI 3PEJIOCTh SIBJIsieTCs OoJiee HazexK-
HBIM KpUTepUeM JJIs cpaBHeHHA. Kpbichl 0OBIYHO
JTOCTUTAIOT II0JIOBOH 3PEJIOCTU IPUMEPHO K 6—8 HeJl,
YTO AQHAJIOTUYHO IOAPOCTKOBOMY BO3PACTYy Yes0-
Beka 11—17 jer [16]. B ucciemoBaHuy IO OIlEHKE
SKBUBAJIEHTHOCTH BO3pacTa KPBICBI W UeJIOBeKa
HCIIOJIb30BAJICS KPUTEPUM II0JIOBOM 3peiocTu y
KpBIC (COOTBETCTBYIOIINI ITEPHOTY ITOJIOBOTO CO3Pe-
BaHUsA y yesjoBeKka). Kppica B Bo3pacTe 1 MeC COOT-
BETCTBYeT pebeHKy 6—8 JieT, Torza Kak 2-MecsaHast
KpbICa SKBUBAJIEHTHA IOJPOCTKY 12—17 jieT. KpbIchl
B BO3pacte 3—4 U 6 MeC COOTBETCTBYIOT UEJIOBEKY
18-20 u 30—40 JyeT. B Bo3pacre ogHOTO rofia Kpbica
COIIOCTaBUMA C YEeJIOBEKOM 50—60 JeT. XOTs Ipo-
IIeCC CTapeHUsI MOXKET Pa3INJaThCs Y Pa3HBIX OCO-
Oel, KaK W y JIIOJIEH, BTa OIleHKa IO-TIPEXKHEMY
IIMPOKO IPUMEHIETCs IIPU IIPOBEJIEHUH HCCIIeI0BA-
Hul [16].

IIEJIb NCCJIEAJOBAHUA

B HacrosieM ncciaef0BaHUM, IIPEJCTaBIIAOIIEM
€060l SKCIIEPUMEHT Ha KHUBOTHBIX I10 Iepenpodu-
JIMPOBAHUIO JIEKADCTBEHHOI'O CPEJCTBA, U3Yy4daJICHA
HEUPOMPOTEKTOPHBIN MOTEHIIHAJ TETPAIMKIFHA Ha
Mo/ziesu Kpblc-noApocTkoB ¢ JIUMT. B uwacrHOCTH,
MBI OLICHUBAJIY BJIMAHHUE TETPAIIUKINHA Ha IIUTOAP-
XUTEKTOHUKY THUIIIIOKaMIla U KOpPbl MO3)KedKa, a
TakKe Ha BOCCTAHOBJIEHHE IIaMATH U MOTOPHBIX
(yHKUIMI y KPBIC-IIOJPOCTKOB cTOKa Bucerap mocie
JIUMT.

MATEPUAJIBI 1 METO/1bI

Coomeemcemeue e@o3pacmy uenosexka u
Yx00 3a ¥cueommuuvimu. Bt 0TOOpaHbI IATHAI-
1aTh KPhIC B Bo3pacTe 6—8 Hex (Maccol 130—175 T),
YTO COOTBETCTBYET IOAPOCTKOBOMY BO3PACTy YeJIo-

respond to humans aged 18—20 and 30-40 years
respectively. At one year of age a rat is comparable to
a human aged 50—60 years. Though the actual age
process may vary between individuals, just as in
humans, this estimate still finds useful applications
in research [16].

AIM OF THE RESEARCH

The present study, a drug repurposing animal
experiment, investigated the neuroprotective poten-
tial of tetracycline in an adolescent rat model of
mTBI. Specifically, we examined the effects of tetra-
cycline on histopathological changes in the hippo-
campus and cerebellar cortex, as well as its impact
on memory and motor function recovery in adoles-
cent Wistar rats following mTBI.

MATERIALS AND METHODS

Human age matching and animal care.
Fifteen rats 6—8 weeks old (130 to 175 g) were
selected to cross-match with the human adolescent
period of ages 11—17 years old [17]. We emphasized
age in cross-matching rather than weight [16, 17].
The animals were obtained from a certified breeder
in Port Harcourt, Rivers State, Nigeria. They were
acclimatized for two weeks under standard labora-
tory conditions at a temperature of 24 + 2°C, humi-
dity of 68%, and a 12-hour light-dark cycle, with free
access to water and a balanced diet. Care and experi-
mentation were conducted according to the National
Research Council guidelines (USA) for the care and
use of laboratory animals [17].

Experimental design. The rats were divided
into three groups of five animals each. Group I served
as the control and received distilled water (1 ml)
orally for four consecutive days. Group II was sub-
jected to mTBI without any post-injury treatment.
Group III was subjected to mTBI and treated with
tetracycline at a dose of 44,3 mg/kg body weight per
day, administered orally via gavage. The dose was
derived using the body surface area normalization
method, based on a human equivalent dose of
500 mg/70 kg, multiplied by the conversion factor of
6,2 for rats [13]. Tetracycline treatment commenced
two days before injury induction and continued post-
injury for a total of four days.

Induction of mTBI. The mTBI model was
induced using a modified weight-drop technique [17].
A blunt metal rod weighing 150 g was dropped from
a height of 50 cm through a PVC guide tube (2,2 cm
diameter, 1,5 m length) onto the anesthetized rat’s
head. The animal was positioned chest-down on a
scored aluminum foil placed above a foam pad in a
PVC container (38x27x27 cm). Upon impact, the foil
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Beka 11—17 Jiet [17]. IIpu moucke 5KBUBAJIEHTHOCTH
BO3pacTa YeJI0BeKa U KPbIC IPUOPUTETHHIM MbI CUH-
TaJIK BO3PACT, a He Maccy Tesna [16, 17]. JKuBoTHbIe
OBLTN TOJIyYeHbI U3 CepTU(PUITTPOBAHHOTO IEHTPa
(ITopT-Xapkopr, mrat Pusepce, Hurepus). Kusot-
HbI€ aKKJIMMATU3UPOBAJINCH B TEUEHUE JIBYX HEZETh
B CTAH/IAPTHBIX J1A00PATOPHBIX YCJIIOBUAX: TEMIIEPA-
Typa Bo3ayxa 24 + 2 °C, BiaxkHoctb 68 %, 12-yaco-
BO€ OCBEIl[eHHEe B ITUKJE Je€Hb/HOUYb, CBOOOJIHBIN
JIOCTYTI K BoJle 1 cOasaHcupoBaHHOMY KopMy. Cojiep-
JKaHUE KUBOTHBIX U IIPOBEJEHUE SKCIEPUMEHTOB
OCYIIECTBJISJIOCh B COOTBETCTBUHU C TPUHITUIIAME
HanuoHa/JIbHOIO  HCCJIEIOBATEIBCKOIO  COBETa
(CIIIA) no coziepsxaHUIO U UCIIOJIH30BAaHUIO JJabopa-
TOPHBIX *KUBOTHBIX [17].

JTuzaitn axcnepumenma. Kpeicbl ObLIH pas-
JleJIEHbI Ha TPH TPYIIIBI 10 IATH KUBOTHBIX B KarK-
moi. I'pynma I — KOHTPOJIbHAS: KPBICHI MOJIyYaId
MUCTUUTUPOBAHHYI0O BOAy (1 MJI) HEPOpPaJbHO B
TeueHue YeTbIipex MHel mopsa. I'pynmna IT — mogens
JIUMT 6e3 mociesytoero jgedenus. I'pynma IIT —
mozenb JIUMT + TeTparnukIuH B JI03€ 44,3 MT/KT
MAcCCHI TeJIa B CYTKH, KOTOPBIH BBOJIMIN IIEPOPATTHHO
yepe3 30HZ. Jlo3a paccuMTaHa C HUCIOJIH30BAHUEM
METO/]Ja HOpPMHUPOBAHUs IO ILIOIIAN TOBEPXHOCTH
TeJla Ha OCHOBE SKBHUBAJIEHTHOMU JI03bI JIJI YeJIOBEKA
(500 Mr/70 Kr), yMHOXXeHHOH Ha K03(h(PUINEHT
repecueTa Jjisi KpbIc, paBHBIN 6,2 [13]. BBemenue
TeTpAIUKJINHA HAUWMHAJIH 32 J[BA JTHA JI0 MOJIEJTHPO-
BaHUs TPaBMbI M MPOJIOJIKAIU B TEUEHHUE 2 CYTOK
rocsie JIYMT; ob1ast mpoi0/IKUTETbHOCTD JIEUeHHU s
COCTaBMJIA YETHIPE JTHS.

Modeauposarue TYMT. TUMT mozenvuposa-
HHE C WCIOJIb30BAaHUEM MOAUMDUIITPOBAHHON METO-
JIUKY T13J1arorero rpysa [17]. Tymoi MeTayuinaecKui
CTep KeHb MacCcoi 150 T cOPachIBAIU C BHICOTHI 50 CM
yepe3 Hampasiomylo I[IBX-Tpybky (muamerp 2,2
CM, JUTMHA 1,5 M) Ha IIPeJIBAPUTEIBHO aHECTE3UPO-
BAaHHYIO IIOBEPXHOCTb TOJIOBBI KpPBICHL. KHUBOTHOE
(pUKCHPOBAIIH B MOJIOKEHUH JIeska Ha TPY/IA Ha JINCTE
ATFOMUHUEBOU (DOJIbIe, KOTOPHIA pA3MEIIaTH ITOBEPX
TIOPOJIOHOBOU TOAYIIKY, HAXOAWBIIEHCA B KOHTEH-
Hepe u3 [IBX (38x27x27 cm). B MmoMeHT ymapa aio-
MHUHUEBBIA JIUCT PAa3phIBAJICA, IIO3BOJISAS KpbICE
yIacTh Ha MIOPOJIOH, YTO MUHUMHU3UPOBAJIO PUCK BTO-
pUYHOU TpaBMBI IIpU I1aJIeHUH B KOHTelHep. IIpore-
Jlypy TPOBOJAWJIN IIO7] aHECTe3WeHd KeTaMHHOM BO
n3bekaHre peakIuu Ha 0oJIeBble Pa3APasKUTENIH.
KpbIChI KOHTPOJIBHOU TPYIIIBI TIO/IBEPTATTUCH TEM K€
MAaHUITYJISAIASAM, HO 6e3 majieHus rpy3a [18].

OuyeHxa NCUXOMOMOPHO20 PHYHKUUOHU-
poearuni. OILEHKY TIOBeJeHUs IPOBOJAWINA C
HCIIOJIb30BaHHEM TecTOB T-00pa3HOTro JJabupUHTA U
CY’KUBAIOIIEHcs TOPOKKU. JIJIsi OIEeHKH MPOCTpaH-

ruptured, allowing the rat to fall onto the foam to
minimize rebound injury. The procedure was per-
formed under ketamine anesthesia to ensure loss of
response to pain stimuli. Rats in the sham control
group underwent the same handling procedures
without weight impact [18].

Psychomotor assessments. Behavioral
assessments were performed using the T-maze and
Beam walking tests. The T-maze, consisting of a start
arm and two goal arms (each 50x10 ¢cm), was used to
evaluate spatial learning and working memory
through spontaneous alternation behavior across
10 trials per rat [19, 20]. The Beam walking test
assessed motor coordination and balance using
beams of decreasing widths (4, 3, and 2 cm). The
time taken to traverse the beam was recorded for
each animal [21, 22].

Brain isolation and microtomy. At the end
of the experiment, rats were sacrificed humanely
under urethane anesthesia (1,2 g/kg) followed by
decapitation. Brain tissues, including the hippocam-
pus and cerebellar cortex, were excised and fixed in
10% formaline saline for 72 hours. Standard histo-
logical techniques were employed for tissue process-
ing, including dehydration in graded ethanol, clear-
ing in xylene, paraffin embedding, and sectioning at
10 um thickness using a rotary microtome [23, 24].
Sections were stained with hematoxylin and eosin
for general morphology and examined under a digi-
tal microscope (ScopeTek DCM500, 5.0 MP). Photo-
micrographs were captured for analysis of neuronal
morphology, myelination patterns, and structural
integrity.

Statistical analysis. Data were analyzed using
GraphPad Prism version 9.0. Results were expressed
as mean + SEM. One-way analysis of variance was
performed, followed by Duncan’s multiple range
post hoc test to determine statistical significance
between groups. Differences were considered signifi-
cant at p < 0,05.

RESULTS

Outcomes from T-maze and Beam walk-
ing tests. To elucidate the functional impact of
mTBI and the potential therapeutic effects of tetra-
cycline, performance outcomes from cognitive and
motor assessments were systematically evaluated.
Table 1 and Fig. 1, 2 present the performance out-
comes of three experimental groups: Control, Injury
only, and Injury + Tetracycline on two behavioral
assessments: the T-maze test, which evaluates cog-
nitive and motor function, and the Beam walking
test, which assesses motor coordination and
balance.
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CTBEHHOTO OPUEHTHUPOBAHUS U pabouel mamsATHu c
IIOMOIIBIO CITOHTAHHOTO YepPeJIOBAHUS B 10 HCIBITA-
HUSAX Ul KaKAOW  KPBICHI  HCIIOJIB30BAJICS
T-o6pa3HbIi JTAOUPUHT, COCTOSIIUNA U3 CTAPTOBOTO
PyKaBa u JByX OOKOBBIX PYKaBOB (KaKJbId pazme-
poM 50%10 cm) [19, 20]. JIBUTaTeIbHYI0 KOOPAHMHA-
MO0 U PABHOBECHE OIIEHUBAJIM C ITOMOIIIBIO TECTA HA
MIPOXOXK/IEHUE CYKUBAIOIIENCSA JOPOKKHU, HCIIOJIb-
3ys JTOPOMKKHU TIOCJIEI0BATEIbHO YMEHbIIAOIIEHCs
IIUPHUHEIL (4, 3 U 2 cM). JJIsT KasK70ro >KHUBOTHOTO
PEerucTpUpOBAIIN BpEMS, 3aTpaYeHHOE Ha IIPE0/IoIe-
HUe BCeH JIJIMHBI IOPOXKKH [21, 22].

H3oasyusn Mmo032a U npuzomosneHue
Muxpocpe3o8. Ilo OKOHUAHUHM SKCIEPHUMEHTA
KpBIC IIO/IBEPTajid S5BTAHA3UU TYMAHHBIM CIIOCO-
0oM — TOJ ypeTaHOBOHW aHecte3wel (1,2 T/KTr) ¢
mocyIeAyIonmend aexkanuranued. TKaHH TOJOBHOTO
MO3Ta, BKJIIOUAs THUIIOKAMII U KOPY MO3KeuKa,
U3BJIEKATU U QUKCUPOBAJIH B 10% pacTBope ¢popma-
JMHA B (UBHOJIOTUUECKOM PACTBOPE B TeUeHHUE
72 4acoB. [[Jis MPOBOJKU TKaHEW HCIIOJIb30BATIUCH
CTaHJAPTHBIE THICTOJIOTHYECKHE METO/IbI, BKIIIOYAs
JIETUIPATAINIO B 3TAHOJIE BOCXOJIAIEN KOHIIEHTPA-
1Y, IPOCBETJIEHNE B KCUJIOJIE, 3AIMBKY B mapabuH
U U3TOTOBJIEHHE CPE30B TOJIIIMHON 10 MKM Ha pOTa-
IIMOHHOM MHKpOoTOMe [23, 24]. Cpe3bl OKpaIuBaIn
reMaTOKCUJIMHOM U 303WHOM JIJIsl OLIEHKH OOIIei
Mopdosioruu U u3ydaau noz HugpoBbIM MUKPOCKO-
oM (ScopeTek DCM500, 50 MP). Bbutr moJIy4deHbl
MuKpodoTorpaduu A1 aHaau3a MophoIorun Hell-
POHOB, XapakTepa MUEJINHU3AIUA U CTPYKTYPHOH
[[EJIOCTHOCTH.

Cmamucmuueckuit aHaau3. Jlauasie ObLIn
MIPOAHAIU3UPOBAHBI C TIOMOIIBIO ITPOTPAMMHOTO
obecrnieuenus GraphPad Prism Bepcuu 9.0. Pe3yib-
TaThl IPEICTaBJIEHbl B BHUJ/IE CPETHETO + CTAHAAPT-
Has omubka cpenHero. lcrmonap3oBasin omHOMAK-
TOPHBIA JTUCIEPCUOHHBIA aHAIU3 C IMOCIEAYIOIIIM
post hoc Tectom JlyHKaHa /ISl OIIPe/IeJIEHUs CTaTH-
CTUYeCKOU 3HAUMMOCTHU paznuuuil. Pazninmuua cuu-
TJIN CTATUCTUYECKU 3HAYUMBIMU IIPH P < 0,05.

PE3YJ/IBTATDBI

Pe3yavmamsbt mecmupogaHus no npo-
xodxcdenuro T-o6paznozo aabupuHma u
cyscusarouyeiics 0opodicku. C 1eybl0 U3ydeHUs
(yHKIIMOHATIBHBIX HapylleHuH, BpI3BaHHBIX JIUMT,
U TIOTEHITUAJIBHOTO JIEYeOHOTO JEHCTBUSA TETpaIlH-
KJIHA IIPOBe/IeHa cHucTeMaTudecKas OlleHKa Pe3yJsib-
TATOB KOTHUTHBHBIX W JIBUTATEJIbHBIX ((DYHKITHO-
HJIBHBIX) TECTOB. B Tabs1. 1 u Ha pwHC. 1, 2 PEJCTAB-
JIeHBI Pe3yJIbTAaThI OLIeHKH ITOBeJIEHNs B TpeX IPyIIax
JKMBOTHBIX: KOHTDOJIBHOH, TPYIIIBI C TPaBMOH U
TPYNIBI ¢ TPABMOM, MTOJIyJaBIIEN TETPAIMKINH, — B

The results from the T-maze and Beam walking
tests reveal significant differences between the
groups. In the T-maze test, the Control group outper-
formed the other two groups, scoring 88,00% with
minimal variability. The Injury-only Group showed a
noticeable decline, with a score of 56,00%, indicating
substantial impairments due to injury. The Injury +
Tetracycline group demonstrated some recovery,
achieving 72,00%, suggesting that tetracycline may
help mitigate injury-related cognitive and motor
deficits.

For the Beam walking test, the Control group
showed the best performance, completing the task
with minimal difficulty (7,80 + 0,39 s). In contrast,
the Injury-only group faced significant challenges,
with an average time of 35,07 + 1,30 s, indicating
marked difficulties in motor coordination and bal-
ance. The Injury + Tetracycline group showed mod-
erate improvement, taking 22,07 + 0,83 s, suggest-
ing that tetracycline has a beneficial impact on motor
coordination and balance, though their performance
still lagged behind the Control group.

Histological outcomes. The histological pro-
gression from Fig. 3 illustrates a trajectory from nor-
mal cerebellar architecture to increasingly severe
degeneration. In the Control group (Panel A), the
cerebellar cortex maintains its normal structure and
cellular organization. Subsequent figures demon-
strate progressive neurodegeneration, marked by
vacuolation, cellular hypertrophy, and disorganiza-
tion, which are hallmark features of neurotoxic or
neurodegenerative conditions. The presence of reac-
tive glial cells suggests an attempt at cellular repair
or clearance of damaged neurons.

In control rats (Panel A), the cerebellar cortex
exhibits well-delineated Purkinje cells within the
Purkinje cell layer between the molecular layer and
densely packed granule cells in the granular layer,
with prominent blood capillaries and preserved cor-
tical microarchitecture. In injured rats (Panel B),
hypertrophy and degenerative changes are evident in
Purkinje and granule cells, accompanied by support-
ing glial proliferation around the Purkinje layer and
marked disruption of normal cortical organization.
In tetracycline-treated rats (Panel C), increased neu-
roglial cellularity surrounds the Purkinje cells, and
multiple vacuoles are observed within the granular
layer, indicating mild distortion of the cortical micro-
architecture).

The hippocampal photomicrographs (Fig. 4) mir-
ror a degenerative progression similar to that
observed in the cerebellum. The transition from a
normal histological appearance in the control group
(Panel A) to pronounced cytoarchitectural disrup-

110

Journal homepage: http://jsms.ngmu.ru



Abaribote F.A. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 4 (2025)

Ta6suna 1. PesysbTaThl OlleHKH 0 TecTaM T-06pa3Horo JJabMpHHTA U CY>KUBAIOIENCS JOPOXKKHI
Table 1. Performance on T-maze and Beam walking tests across groups

I'pynna T-o6pa3HbIi 1a6UPHUHT (%) Cy>kMBaIasacs JopoxKKa (c)
Group T-maze test (%) Beam walking test (s)
KouTtposbhas (A) / Control (A) 88,00 + 2,00 7,80 + 0,39
Toabko TpaBma (C) / Injury only (C) 56,00 2,00 35,07 +1,30
TpaBma + TeTpayuk/iauH (B) 72,00 £ 3,74 22,07 £0,83
Injury + Tetracycline (B)
3HayuMocCThb pas3ianunii (p < 0,05) A cymecTBeHHO oT/in4aeTcs1 oT Bu C A # B # C (cyuiecTBeHHbIe pa3Inyus
Significance (p < 0,05) B cymecTBeHHO oTsin4aeTcs ot C MeX/ly BCEMU TPpeMsI IPyNIaMH)
A is significantly different from Band C A # B # C (all three groups are
B is significantly different from C significantly different from each other)

[l pumeuaHwue. /laHHble NpeAcCTaBJIeHbl B BUJe CPeJHEro * CTaHJApTHas olKOKa cpeAHero. Pesynbrar Tecta «T-06pasHbIi
JIaGUPUHT» OTPaXKaeT MPOLEHT IPaBUIbHBIX OTBETOB; Pe3yJIbTAT TeCTa Ha IPOXOXKAeHHe CYKUBAIOIEH sl JOPOXKKH — BpeMs (C), 3aTpadyeHHoe
Ha NpOXOX/eHHe (MeHblIHe 3HAUYeHHUs] COOTBETCTBYIOT JIydllel ABUraTelbHON QyHKuun). B Tecre «T-06pa3HbId JTAGUPUHT» KUBOTHbIE
KOHTPOJIbHOW T'PyNIbl MOKa3a/IH Jy4yllive pe3y/bTaThl 10 CPAaBHEHHUIO C IPYNIION TOJBLKO TPaBMBbI U PYNIOH TpaBMbI + TeTpaluK/IWH. Ha
¢$oHe BBe/leHUs TeTpPaLMKJIMHA HAa6JII04aJI0Ch ylydlleHe [ToKa3aTeseld 1o CpaBHEHUIO C TPYNION TosbKo TpaBMbl (p < 0,05). B Tecte Ha
MIPOXOXK/IEHNEe CY>KHBAIOIeN sl JOPOXKKY Pe3yJIbTaThI 10 BCeM TpeM IpyInaM 3Ha4YUTeJbHO OTJIHNYAINCh APYT OT gpyra (p < 0,05).

N o t e . Values are expressed as mean + SEM. T-maze test (%) represents the percentage of correct responses, and Beam walking test (s)
indicates the time taken to traverse the beam (lower values reflect better motor performance). Control animals performed significantly better
than both the injury-only and injury + tetracycline groups on the T-maze test. Tetracycline treatment improved performance relative to injury-
only animals (p < 0,05). For the Beam walking test, all groups differed significantly from one another (p < 0,05).

100
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T-nabupunr / T-maze test (%)
CyxwuBatomiasicsi topokka (c¢) / Beam walking test (s)

Kontpons TpaBma TpaBma + TeTpalMKINH KonTpons TpaBma TpaBma + TeTpauUKINH
Control Injury only Injury + Tetracycline Control Injury only Injury + Tetracycline
Puc. 1. PesynbraTsl TecTpoBaHus B T-o6pa3HoM y1abu- Puc. 2. Pe3ysbTathl TecTa Ha IPOXOXKIEHUE CY>KUBAIO-
puHTe 110 Tpynam (OyKBSI a, b, ¢ ykasbIBalOT Ha 3HAYH- IIelics IOPOXKKH B Pa3HBIX Ipymiax (OyKBSI a, b, ¢ ykasbI-
Mbl€e Pa3JINYHsI MEXK/LY IPYIIIAMU — MHOTOPAHTOBBII KPH- BAIOT HA 3HAYMMbIE PA3JIMYHUS MEK/LY IPYIIIaMHA — MHOTO-
tepuii Jlyukana (p < 0,05)) paHroBbIi KpuTepuii Jlyakana (p < 0,05))
Fig. 1. Chart showing performance on the T-maze test Fig. 2. Chart showing performance on the Beam walking
across groups (different letters (a, b, ¢) indicate test across groups (different letters (a, b, ¢) indicate
statistically significant differences between groups based statistically significant differences between groups based
on Duncan’s multiple range test (p < 0,05)) on Duncan’s multiple range test (p < 0,05))
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JIByX Tectax: T-oOpa3HOM JlabupUHTE (KOTHUTHBHbBIE
U IBUTaTe/IbHbIE (DYHKIIMHN) U TECTE CYKUBAIOIIENCS
JIOPOXKKY (KOOPAWHALIKS U pABHOBECHE).

PesysbTaThl TecTupoBanus B T-o6paszHOM j1a0u-
PUHTE U Cy:KMBAIOIIENCS JOPOJKKE BBIABUIU CYIIe-
CTBEHHBIE DPA3JIHYUA MeXAy TrpynnaMmu. B Tecre
T-obpa3zHoro JiabWpWHTA KOHTPOJIbHAS TPyIIa
IoKa3ajia JIy4diliie pe3yJbTaThl [0 CPaBHEHHIO C
JIByMs ApyruMu rpynnamMu —88,00 % npu MUHU-
MaJbHOUW BapuabesbHOCTH. ['pymma >KHUBOTHBIX C
TPaBMOM MPO/IEMOHCTPUPOBAJIA BHAUNUTEIHHOE CHU-
JKeHHe — 56,00 %, UTO yKa3bIBAET HA CYIeCTBEHHbBIE
HapylIeHUs, BbI3BaHHBIE TPaBMOU. I'pymmna »KuBot-
HBIX C TPAaBMOU U BBeJIeHUEM TETPAITUKINHA TTOKa-
3aj1a OIpe/ieJIEHHOe YIIydIllleHue — 72,00 %, 4TO
II03BOJISIET IIPEATIOJIOKUTH, UTO TETPALMKIUH CIIO-
cobeH B OTIpe/ie/IEHHON CTeNeH HUBEJIUPOBATDh KOT-
HUTHBHBIE U JBUTATeJIbHbIE HAPYIIEHUs, BBI3BAH-
HbIE TPABMOH.

B Tecre Ha TPOXOKAEHUE CYKUBAIOIIEHCS
JIOPOXKKH JIYUIITUN Pe3yJIbTaT IMOKa3aia KOHTPOJIb-
Hasl TPYIIA, KOTOpas IPOILIa JUCTAHIUIO C MUHU-
MaJIbHBIMU 3aTpyAHeHusmu (7,80 + 0,39 ¢). B oTiu-
Yre OT Hee, TPYIIA >KUBOTHBIX C TPAaBMOH Ipoje-
MOHCTPUPOBAJIA 3HAUUTEJIbHBIE TPYJHOCTH IIPU
MIPOXOKIEHUH JUCTAHITUU — 35,07 + 1,30 C, UTO CBHU-
JIETEIBCTBYET O BBHIPAYKEHHOM HApYIIEHUU KOOP/IU-
HAIlMU ¥ paBHOBecUs. B rpymie >KHBOTHBIX C TPaB-
MOU + TETPAIMKJINH HaOII0IAIOCh YMepeHHOe
yJIydllleHne B TPOXOXKAEHWU JUCTAHIIUUA  —
22,07 + 0,83 ¢, UYTO CBH/IETEJIbCTBYET O IIO3UTUBHOM
BJIMSTHUY TETPAITUKINHA HA KOOPIWHAIIAIO U PAaBHO-
Becre, XOTS IOKa3aTeJIu B OTOU TPYIINIe He JOCTHU-
TaJIy YPOBHS KOHTPOJIBHOM IPYIIIBIL.

Pe3yavmambsl 2ucmoao2uiecko20 uccae-
dosaHusA. Puc. 3 WUTIOCTPUPYET MEPEXO OT HOP-
MaJIBHOM CTPYKTYpPhl MO3KeUKa K BBIPAYKEHHBIM
JleTeHEPAaTUBHBIM HM3MeHEHUsM. B KOHTPOJIbHOM
rpymne (puc. 3, A) Kopa MO3KeUKa UMeeT HOpMaJslb-
HYIO CTPYKTYPY U KJIETOUHYIO OpraHusanuio. Puc. 3,
B u C qeMoHCTpUpYeET MPOTPECCUPYIOIIYIO HEHPOae-
TeHEPAIIO, BBIPAXKAIOUIYIOCA  BaKyOJIM3aITHEH,
runeptpouelr W Je30praHu3alvedl KJIETOK, UYTO
CIIY?KUT XapaKTEPHBIMHU NMPU3HAKAMU HEHPOTOKCHU-
YeCKUX WIH HeWpo/JereHepaTUBHBIX COCTOSHUU.
Haynurie peakTUBHBIX IVIHAJIBHBIX KJIETOK CBU7E-
TEJILCTBYET 00 HAyIEeM IPOIlecce BOCCTAHOBJIEHHUS
WIN yAAJIE€HUs IOBPEKAEHHBIX HEHPOHOB.

Y KpbIC KOHTPOJIBHOU Tpymsl (puc. 3, A) B KOpe
MO3KEUKa BBIABJIIOTCSA KJIETKHU [IypKUHbBE C YETKOHN
CTPYKTYPOHA B TAHTJIMO3HOM CJIOE MENKAY MOJIEKY-
JIIPDHBIM CJI0OEM U IUIOTHO YIAKOBAHHBIMU TPaHy-
JIIPHBIMU KJIETKAMU B TPAHYJIIPHOM CJIO€, C BhIpa-
JKEHHBIMU KPOBEHOCHBIMU KANWUIAPAMH U HOP-

tion in the injured group (Panel B) suggests a tar-
geted vulnerability of hippocampal subfields, partic-
ularly the CA2—CA4 regions. Interestingly, granule
cells in the dentate gyrus appear resilient, maintain-
ing structural integrity across all conditions. The
proliferation observed in CA3 neurons (Panel C)
might reflect a neuroadaptive or inflammatory
response to damage.

In control rats (Panel A), the hippocampus shows
normal cytoarchitecture with well-defined pyramidal
neurons and intact granule cells. In injured rats
(Panel B), pronounced neuronal degeneration and
distortion are observed in the CA2 and CA3 regions,
along with presubicular degeneration and disrupted
pyramidal alignment. These alterations are consis-
tent with extensive neuronal injury and disrupted
hippocampal architecture. In tetracycline-treated
rats (Panel C), proliferated CA3 neurons and mildly
distorted CA4 neurons are evident, indicating partial
restoration of hippocampal architecture.

DISCUSSION

The long-term consequences of mTBI on the
developing brain underscore the pressing need for
the identification of potentially effective therapeutic
interventions. Precise histological and behavioral
analyses were conducted to explore the neuroprotec-
tive efficacy of tetracycline treatment in adolescent
rats following mTBI. Results reveal that tetracycline
administration markedly mitigates mTBI-induced
neuropathology, preserving neuronal integrity
within the hippocampus and cerebellar cortex. Rats
subjected to mTBI displayed significant histopatho-
logical alterations, including neuronal pyknosis,
cytoplasmic vacuolation, and architectural disorga-
nization of the hippocampal CA1 region and cerebel-
lar Purkinje cell layer, consistent with previous find-
ings [25, 26]. These observations suggest that tetra-
cycline exerts strong neuroprotective effects,
potentially offering a viable strategy for mitigating
mTBI-related neurodegeneration.

The morphological disruptions observed high-
light two critical themes: first, the region-specific
vulnerability within the hippocampus, particularly
the CA1 subfield, which is known for its dense synap-
tic activity and glutamatergic transmission, render-
ing it susceptible to excitotoxicity following injury.
Second, the cerebellum displayed diffuse degenera-
tion, with widespread loss of Purkinje and granule
cells, supporting theories that cerebellar damage
after mTBI may arise not only from direct mechani-
cal strain but also from delayed secondary injury
sequences such as mitochondrial dysfunction,
inflammation, and oxidative stress [27].
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Kuetku ITypxunse / Purkinje cells

Croit rpanyisipHBIX KileTok / Granule cell layer

MoutekyisipHbiii ciioit / Molecular cell layer

TToBpexiennslit cioi xietok ITypkunbe / Distorted Purkinje cell layer

Jlerenepanus rpaHyIsIpHBIX KiIeTok / Degenerating granule cells

Jlerenepanus kiaerok Ilypkunbe / Degenerating Purkinje cells

T'uneprpodupopanusie xierku [lypkunse / Hypertrophied Purkinje cells

T — Timansaele (onopusele) kiretkn / Glial (supporting) cells

Jlerenepanus kiaerok Ilypkunse / Degenerating Purkinje cells

Puc. 3. MukpodoTorpaduu Kopbl MO3:keuka (A — rpyImna KOHTPOJIsI; B — JKMBOTHBIE ¢ TPAaBMOI;
C — *KHUBOTHBIE C TPABMOH + TeTpanukiInH). OKpacka reMaTOKCHIHOM U D03HHOM. YBeJIMUeHHE X400
Fig. 3. Representative photomicrographs of the cerebellar cortex (A — Control group; B — Injury-only group;
C — Injury + Tetracycline group). Hematoxylin and eosin staining. Magnification x400

MaJIbHOH MHKPOCTPYKTYPOU KOpPBI. Y KpBIC C
TpaBMmoii (puc. 3, B) Habmoga0TCsA TUIepTpOodUa U
JleTeHepaTUBHbIE U3MEHEHU B KIeTKax [lypkuHbe u
rpaHyJiaxX, COIPOBOXK/IAIOIIUECH [VIMAJIBHON IPOJIH-
(deparueli BOKPYT TaHTJIMO3HOTO CJIOSI U BhIPaXKeH-
HBIM HapyIIEeHHEM apXUTEKTOHUKH KODPBL. Y KpBIC,
MOJIyYaBIIUX TeTpanukiIuH (puc. 3, C), onpenesns-
€TCsl aKTUBAIUs HEHPOTJIUU BOKPYT KJIETKOK ITyp-
KUHbE W MHOXKECTBO BaKyoJIed B 3€PHUCTOM CJIOE,
YTO CBHJIETEJILCTBYET O HE3HAYUTEIHHOM Hapylle-
HUH [IUTOAPXUTEKTOHUKU KOPBI.
Muxkpodororpabun runmokamma (puc. 4)
JIEMOHCTPUPYIOT IPOTPECCUPOBAHUE JIETEHEPALIHH,
aHajoruyHOe HabiozaeMoMy B Mo3xkeuke. [lepe-
XOZl OT HOPMaJIbHON KJIETOUHOU CTPYKTYPBI B KOH-
TPOJILHOM TpyIIe (PHC. 4, A) K BBIpa?KEHHOMY Hapy-
[IEHUI0 [IUTOAPXUTEKTOHUKU B TPYIIE C TPABMOM

Interestingly, the administration of tetracycline
appeared to mitigate some of these histological aber-
rations. The neuroprotective potential of tetracycline
and its derivatives has been widely reported [28].
Tetracyclines exert anti-apoptotic and anti-inflam-
matory effects, in part by inhibiting microglial acti-
vation and reducing the production of pro-inflam-
matory cytokines. This aligns with the reduced histo-
pathological damage observed in the Injury +
Tetracycline group, suggesting that even standard
tetracycline may exert clinically relevant neuropro-
tective action.

However, some studies have failed to replicate
the beneficial effects of tetracycline derivatives [29,
30]. The timing and dosage of administration remain
crucial, as delayed treatment or excessively high
doses may fail to confer benefit or could exacerbate
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Kamwsap / Capillary

I'panyIsipHBIe KJICTKHU B 3y0UaTOi H3BHINHE
Granule cells in the dentate gyrus

Xwunyce / Hilum

I'paHyIsIpHBIE KICTKHU B 3y0UaTOi H3BHINHE
Granule cells in the dentate gyrus

IIpecyOukyispHas 30Ha ¢ JilereHepanyei HeHpoHOB
Presubicular area with degenerating neurons

TloBpexieHHbIe HelipoHsl B 30He CA3 / Distorted CA3 neurons

IToBpesxenusre Heiiponst B 3oue CA2 / Distorted CA2 neurons

I'panynspasie kietkn / Granule cells

TloBpexiennbIe HelipoHsl B 30He CA4 / Distorted CA4 neurons

TIponudeparms HeitpoHoB B 30He CA3 / Proliferated CA3 neurons

Puc. 4. Mukpodororpaduu rummnokamiia (A — rpyiina KOHTPOJst; B — JKUBOTHBIE C TPABMOH;
C — >KHBOTHBIE C TPABMOH + TeTpanuKINH). OKpacKa reMaTOKCHJINHOM U 903UHOM. YBeJIMUEHHE X200
Fig. 4. Representative photomicrographs of the hippocampus (A — Control group; B — Injury-only group;
C — Injury + Tetracycline group). Hematoxylin and eosin staining, magnification x200

(puc. 4, B) cBuzieTeIbCTBYET O 3HAUNUTEIPHOU YA3BU-
MOCTH OIIpeJIeJIEHHBIX 30H THIIIOKaMIIa, B YaCTHO-
ctu CA2-CA4. IlpumeuaTesibHO, YTO TpaHyJISpHbBIE
KJIETKU 3y0YaTON W3BWJIMHBI IIPOSIBIISAIOT YCTONIH-
BOCTb, TMOJJEPKUBAA CTPYKTYPHYIO II€JIOCTHOCTH
TKAHU B PAaBJIUYHBIX HKCIIEPUMEHTATbHBIX YCJIO-
Busix. HaGsomaemasi mpostudepanuss HEHPOHOB B
3oHe CA3 (puc. 4, C) MOXKeT CBUETETHCTBOBATD O
HEeHUpoaanTHBHOM WJIM BOCIIAJIUTEIBHOM OTBETE Ha
MIOBpEK/IEHUE.

injury [31]. Therefore, while the results of the pres-
ent investigation are promising, they must be con-
textualized within the broader literature.

In our behavioral assessments, rats subjected to
mTBI alone demonstrated marked deficits in motor
coordination and exploratory behavior, as evidenced
by poorer performance in Beam walking and T-maze
tests. These impairments are consistent with earlier
reports [32]. The cerebellar damage observed histo-
logically may underlie the deficits in motor coordina-
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¥ KpbIC KOHTPOJIBHOU TIpynIsl (pHUC. 4, A) TUIIIO-
KaMII JIEMOHCTPUPYeT HOPMAJIbHYIO ITUTOAPXUTEK-
TOHUKY C YeTKO OIpeJesseMbIMU ITHPAMU/IATIb-
HBIMH HEHPOHAMHU U COXPAHHBIMHU T'DAHYJIAPHBIMHI
KJIeTKaMHu. Y KpbIC ¢ TpaBMou (puc. 4, B) B 30Hax
CA2 u CA3 HabJozjaeTcsi BhIpaXKeHHasi HepOHaIb-
Has JleTeHepaIus U HapyllleHue CTPYKTYPHI, a TAKXKe
JleTeHepaTHBHBIE W3MEHEHUs B IPECYOUKYJISIPHOU
00J1aCTH 1 HapyIlIeHHe CTPYKTYPhI MUPaMUIATIbHOTO
cy1051. BeIsABIIEHHBIE U3MEHEHUS COOTBETCTBYIOT Kap-
THHE OOIIMPHOTO HEHPOHAJIIBHOTO MOBPEK/EHUSA U
HapyIIeHUs] [HUTOAPXUTEKTOHUKUA THUIIIOKAMIIA.
VY Kpblc, TOJIy4YaBIIUX TeTpanukiaud (puc. 4, C),
BU3YIN3UPYIOTCA Ipondepanus HEHPOHOB B 30HE
CA3 u cnabas medopmariius HeHpoHOB B 30He CA4,
YTO YyKa3blBa€T HA YACTHYHOE BOCCTAHOBJIEHUE
[UTOAPXUTEKTOHUKY TUIIIOKAMIIA.

OBCYXKJIEHUNE

Honrocpounsie mocaenctusa jerko UMT st
(opmuUpyOIIErocss MO3Ta OIPEAESISIIOT aKTyalb-
HOCTH TIOMCKA MOTEHIHAIBHO 3(P(PEKTUBHBIX METO-
JTOB Tepamnuu. /[y u3ydeHus1 HEHPOIPOTEKTOPHOTO
MMOTEHIINAJIA TETPANMKJINHA Yy KPBIC-TIOPOCTKOB
nocsie JIYMT ObLTu IPOBENIEHBI IETAIBHBIN THCTO-
JIOTUYECKUU U TIOBeJIeHUeCKU aHanusbl. Pe3ysib-
TaThl IMOKA3BIBAIOT, YTO BBEJIEHUE TETPAIUKINHA
CYIIIECTBEHHO CHIDKAET BBHIPAKEHHOCTh HEUPOIATO-
JIOTHYECKUX H3MeHeHUH, BhI3BaHHBIX JIUMT, cmo-
coOCTBYsI COXpAHEHHIO II€JIOCTHOCTH HEHUPOHOB B
TUNIIOKaMIle U Kope Mo3keuka. Kpwicer ¢ JIUMT
JIEMOHCTPUPOBAJIM  3HAYUTEJbHBIE  H3MEHEHMU
[UTOAPXUTEKTOHUKY, BKJII0Yasl MMUKHO3 HEHPOHOB,
BaKyOJIM3AIIUIO [IUTOIIa3Mbl M HapyIIIeHHE CTPYK-
Typel B 30He CA1 TUIIIIOKAMIIa U TAHTJINO3HOM CJI0€
MO3’KEUKa, UYTO COIJIACYeTCS C JIAHHBIMH IIPEbIIY-
IIUX HUCCIefOBaHUM [25, 26]. 9TH HAOIIOAEHUS CBU-
JIETETBCTBYIOT O TOM, UTO TETPAIUKIUH OKAa3bIBAET
MOIIHOE HEUPOIPOTEKTOPHOE JEHUCTBUE U UMEET
MOTEHINAJ /I pa3paboTku 3(PpPeKTUBHOU cTpaTe-
THU KOPPEKIUU HeUpOJ/ilereHEPATHUBHBIX H3MeHe-
HuM, BpI3BaHHbBIX JIUMT.

Hab6nronaembie MOpdOJIOTHUECKHE HAPYIIEHU
VKa3bIBAIOT HA J[BA BAXKHBIX ACIEKTA: BO-TIEPBBIX,
VSA3BUMOCTD OIIPEZIEJIEHHBIX 00J1acTel TUIIIOKAMIIA,
0co0eHHO 30HBI CAl, M3BECTHOM CBOEH BBICOKOM
CHHANTUYECKOU aKTHUBHOCTBIO U IJIyTamMaTepruye-
CKOU TIepeslavyeli, 4To JieJIaeT €€ BOCHPHUUMYUBOU
K 9KCAaUTOTOKCHYHOCTH, BBI3BAHHOU TpPaBMOW;
BO-BTOPBIX, B MO3:Keuke Habsoanack nuddysHast
JlereHeparys ¢ MAaCCUBHOU ToTepel KyieTok IIypku-
Hbe U TPAHYJISIPHBIX KJIETOK, YTO IIOJITBEPIKAAET
THUIIOTE3y O TOM, UYTO IIOBPEXKJEHHE MO3XKeuKa
Boesicteue JIUMT moskeT OBITH OOYCIOBJIEHO HE

tion, while hippocampal injury likely contributes to
disruptions in spatial memory and decision-making.

Tetracycline-treated animals showed partial res-
toration of function, suggesting behavioral recovery.
These results are consistent with prior findings
showing functional improvements following tetracy-
cline or minocycline treatment [30]. Yet, other
reports have shown a dissociation between histologi-
cal preservation and behavioral improvement [33].
Reports suggest that an increased presence of neuro-
glia in both the hippocampus and cerebellum post-
injury may reflect ongoing inflammatory responses
or endogenous attempts at repair [34]. Although this
study did not directly assess glial mechanisms, previ-
ous research has shown that tetracycline derivatives
enhance recovery after brain injury by modulating
glial activity [35]. The increased neuroglial presence
observed in the hippocampus and cerebellum may
reflect a similar effect, indicating that tetracycline’s
glial modulation could underlie the partial functional
restoration seen in treated animals.

CONCLUSION

Overall, this study provides evidence supporting
the hypothesis that tetracycline, with its anti-inflam-
matory, antioxidant, and anti-apoptotic properties,
may potentially offer neuroprotection in the rat con-
cussion model of brain injury. The treatment showed
promising improvements in histological and behav-
ioral outcomes, suggesting that tetracycline could
mitigate secondary injury processes associated with
concussion injury. These findings indicate that tetra-
cycline may be a potential therapeutic target for drug
repurposing in adolescent mTBI, warranting further
investigation. Perhaps our finding may be an hypoth-
esis generating study.
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TOJIBKO TIPSIMBIM MEXaHUUYECKUM BO3ZEHCTBUEM, HO
U OTCPOUEHHBIMH KOCBEHHBIMHU IIOCJIEZ[CTBHUSAMH,
TaKUMH KaK AUCHYHKIUSI MUTOXOHAPHH, BOCIIAIe-
HHE U OKUCIUTEIBHBIN cTpecc [27].

[TprMeuaTesbHO, YTO BBEAEHHE TETPAIUKINHA
CIIOCOOCTBOBAJIO CHUIKEHUIO BBIPAYKEHHOCTH HEKO-
TOPBIX HApYIIEHUH B KJIeTKaX. B smmTeparype ecthb
HEMaJIO JIaHHBIX O HEWPOIPOTEKTOPHOM ITOTEHIIH-
aJie TeTPAIUKJINHA U ero mpou3BoAHbIX [28]. TeTpa-
[UKJIMHBI OKa3hIBAIOT AHTHATIONITOTHYECKOE U IIPO-
TUBOBOCIIAJIUTEIPHOE JIeMCTBUE, YAaCTUYHO IIOJa-
BJISIA AaKTUBAIUI0 MUKPOTJIUK ¥ CHYKAsl BBIPAOOTKY
MIPOBOCIIAJIUTEIIBHBIX IUTOKUHOB. DTO COTJIACYETCS C
YMEHbIIIEHUEM TTOBPEK/IEHUN B KJIETKAX, HabJIr0/1ae-
MbIX B rpymnne JIUMT + TeTpallukjiIuH, 4TO IIO3BO-
JISIET TPEAIOJIOKUTh, UTO TETPAIUKINH, IIUPOKO
W3BECTHBI KaK IPOTHBOMUKDPOOHBIN IIpernapar,
MOXKET OKa3bIBaTh KJIMHUYECKU 3HAUUMOE HEHpo-
IIPOTEKTOPHOE JIelicTBIE.

Bmecre ¢ TeM B psifie UCCI€I0BaHUN HE YZaI0Ch
JTOKa3aTh HAJUYUE TEPANEBTUYECKOTO MMOTEHITHAsIa
y IPOM3BOJHBIX TeTparukiInHa [29, 30]. CBoeBpe-
MEHHOCTh IPUMEHEHUs U IpaBWIbHASA JO3UPOBKA
TETpPAIUKJINHA IIO-TIPE’KHEMY HMEIOT pellaoliee
3HaUYEeHUe, IOCKOJIbKY IO3HO HAYaTOE JIEYEHUE WIIH
Yype3MepPHO BBICOKHE /O3Bl IIpernapara MOIYT He
TOJIBKO He IPUHECTH II0JIb3bl, HO W YCYIyOUTb
tpaBmy [31]. ITo aT0# mpuYMHe, HECMOTPS HA TO, UYTO
pe3yabTaThl HACTOSIIETO HCC/IEIOBAHUSA IIPE/ICTaB-
JISIIOTCSL. MHOTOOOEIIAIONIUMU, OHHU JIOJKHBI OBIThH
paccMOTpeHbI B KOHTEKCTE 00JIee IMTUPOKOTO CIIEK-
Tpa UcCcae0BaHUH.

B xo/le IOBEIEHUECKOTO TECTUPOBAHUS KPBICHI C
JIYMT neMoOHCTPUPOBAIM BBIPAXXEHHBIE Hapyllle-
HUS IBUTATEIbHON KOOPIUHAIIUY U UCCIIe/I0BATEb-
CKOTO IMTOBEJIEHUs, O YeM CBHUJIETEILCTBOBAIHN O0JIee
HU3KUE TIOKa3aTeJlM B TeCTax Ha IIPOXOXKIEHHE
CY’KUBAIOINENcs JMOpoKKH W T-obpasHoro Jiabwu-
punTta. Hayinurie 5TUX HapyIIeHUH BIOJIHE COTJIACY-
eTcsl C UMEOIUMUCS JaHHBIMU [32]. BeIsBIEHHOE B
XO7Ie TUCTOJIOTUYECKOTO HCC/IeIOBAHUS HapyIleHue
[IUTOAPXUTEKTOHUKH MO3KE€UKa MOXKET OBITH IIPH-
YUHOHN HapylleHUH JIBUraTeJIbHOU KOOPAUHAIINY, B
TO BpeMs KaK TpaBMa TUIIOKAMIIa, BEPOSATHO, CIIO-
cOOCTByeT BOBHUKHOBEHUIO HAPYIIEHUH IPOCTpaH-
CTBEHHOU IaMATU U IIPOIECCOB IPUHATHA PelIeHUH.

Y  KUBOTHBIX, IIOJyYaBIIUX TEeTPAIUKINH,
Ha0JII0a/I0Ch YaCTUYHOE BOCCTAHOBJIEHHE (YHK-
[IUH, YTO CBUZETEJIBCTBYET 00 YIIyUIIIEeHUN TTOBEeIeH-
YeCKHX peaknuil. OTH Pe3yJsIbTaThl COIJIACYIOTCA C
MPEABIIYIAMY JAHHBIMU O BOCCTAHOBJIEHUH (DYHK-
[UH ToCsIe JIeYeHUsI TETPAIMKIMHOM WJIH MIHOITH-
KJIUHOM [30]. Mex/1y TeM B JPYTHX UCCIENOBAHUAX
CBsI3b MEXK/Y COXPAHHOCTBIO KJIETOK M BOCCTAHOBJIE-
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HHUEM IIOBEIEHUYECKUX PeakIui He ObLIa yCTaHOB-
snena [33]. CorsiacHO UMEIOIINMCS JAHHBIM, O0MIHe
HEHUPOIJIUM B THIINIOKAMIIE W MO3KEUYKE II0CsIe
TpaBMbI MOKET OTpa’kaTh HAJWYHE OTBETA Ha BOC-
MajieHue WM 3aIyCK DHOTEHHBIX MPOIIECCOB BOC-
craHoBJIeHUA [34]. XOTS B JaHHOM MCCJI€IOBAHUU
IJIHaJIbHbIE MEXaHU3Mbl HAMPSIMYIO HE U3yJayIucCh,
MpebIAYIIHE PAOOTHI MMOKA3aJIH, YTO ITPOU3BOTHBIE
TeTPAIUKJINHA YJIYUYIIAlT BOCCTAHOBJIEHUE IIOCTIE
TOBPEXKIEHUST MO3Ta 3a CUET MOAYJIAIUU TIhaTb-
HOW aKTHUBHOCTH [35]. AKTuUBanusi HEHpOTJINH,
HaOJII0/laeMas B TUIIIIOKAMIIE U MO3’KEUKe, MOKET
OTpakaTh aHAJOTUYHBINA 5ddeKT, yka3piBas Ha TO,
YTO MOAYJAIUS TJIMKH TETPAIMKJIMHOM MOMKET
JIeKaTh B OCHOBE YaCTUYHOTO BOCCTAHOBJIEHUS
GYHKIUH ¥ TOJyYaBIINX €T0 JKMBOTHBIX.

3AK/IIOYEHUVE

B mesoMm faHHOe uccileloBaHUe IIpeZCTaBiIfgeT
JloKa3aTesIbCTBA B MOAJEPXKKY I'MIIOTe3BI O TOM, YTO
TeTPAIUKINH, 6J1aro/iapsi CBOUM ITPOTHBOBOCIIAJIU-
TeJIbHBIM, aHTUOKCUJAHTHBIM U aHTHAIIONTOTHYe-
CKMM CBOMCTBaM, MOXKET OKa3bIBaTh HEHPOIIPOTEK-
TOopHOE JiericTBue B Mojiesin JIUYMT y kpsic. [Ipose-
JleHHOe  JledeHUe  II0Ka3ajo  OIIpe/esieHHOe
yJydllleHHe Kak [0 pe3yJbTaTaM T'HCTOJIOTUYeCKOTO
HCCJIeIOBAHNA, TaK U IIPU OLleHKe MOBEJEHUsl, YTO
II03BOJIAET IPEJIIOJIOKUTh, YTO TeTPALUKIUH
MOKeT KOPPEeKTUPOBaTb BTOPUYHBIE IIOCJIEZCTBUS,
Bei3BaHHBIEe JIUMT. IlosydeHHBbIe HaHHBIE yKa3bI-
BAIOT HA TO, YTO TETPAIUKJINH MOKeT ObITh KaHU-
JlaToM Ha nepenpodunuposanue npu JIYMT y noz-
POCTKOB, UTO TpebyeT nabHeNIIero nsydenus. Bos-
MOKHO, I1I0JIy4YeHHble HaMU JJaHHbIE ABJIAI0TCA JIUIIb
TUIIOTe30H, BO3HUKIIEH B CBA3U C IIPOBEIEHHBIM
HCCJIeIOBAHUEM.
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Bxiag aBTOpOB

Abapubore ®.A., Hparop @.K., Oubeke I'.0. u
Oiima60 Y.A. yyacTBOBIM B pa3pabOTKe KOHIIEN-
[, U3aHHA UCCIIe/IOBAaHUSA, MOJIEJIA SKCIIEPUMEH-
TOB, aHAJIN3€e/UHTEPIIPETAIINHN JAHHBIX, HAIMCAHUH
TEKCTa CTAThH U BHECJIU 3HAYUTEJIBHBIN BKJIAJT B pa3-
paboTKy nu3aiiHa HCCIIEOBAHUSA, MHTEPIIPETAIIHIO
JIAHHBIX U IOATOTOBKY PYKOIIHCH.

Otinn6o Y.A. u Abapubore ®.A. mpoBeIN HAYyU-
HO€ PeJJaKTUPOBAHUE PYKOIIUCH.

Bce aBTOpBI 07100pUIIM OKOHYATEIBHBIN BaDHAHT
PYKOIIHCH 15 TIyOJIMKAITIH.

Bce aBTOpBI HECYT TOJIHYIO OTBETCTBEHHOCTD 3a
JTOCTOBEPHOCTH ¥ TOYHOCTh BCEX MPEJICTABIEHHBIX B
paboTe cBe/IeHHUI.

Hexymapanmus 00 HMCKYCCTBEHHOM WHTEJI-
JieKTe. VICKyCcCTBEHHBIH MHTEJIEKT ObLT UCITOIB30-
BaH JIJIS WCIPaBJIEHUs IPaMMaTHUYECKHUX OIIHOOK;
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3asaB/IeHHE O JOCTYITHOCTU NAHHBIX. JlaH-
HbIE, JIeJKalllFe B OCHOBE 9TOH CTaThu, OYIyT Mpemo-
CTaBJIEHBI 110 0O0CHOBAHHOMY 3aIIPOCY COOTBETCTBY-
OII[EMY aBTODY.

dTnueckoe oxoopenue. IIpoTokos uccaeno-
BaHUSA 0I00PEH 3TUYECKUM KOMHUTETOM (haKyJIbTETA
6a30BOH MeAUITUMHBI YHUBEPCUTETA JeIbThl Hurepa
(Ne 01.2025.004.FBMS). Bce wMaHUIyJIAOIUUA C
JKUBOTHBIMU IIPOBOAUJIUCH B CTPOTOM COOTBETCTBUU
C MEeXAyHapOAHBIMHU PpPEKOMEHAAIUAMN Hauno—
HaJbHOTO wuccaenoBaTeabckoro cosera CIIIA mo
COJIEP’KAHUIO W HCIIOJIb30BAHUIO JIaOOPaTOPHBIX
JKHUBOTHBIX.

KoHdukT nHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUHU KOH(JIMKTA HHTEPECOB.
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