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PE3IOME

AkTyanbHicTb. 3axBoptoBaHHsi wwuTonodibHoi 3ano3n (LU3) € HannowmpeHiwmnmm
€HIOKPMHHUMW po3najamu, ski ypaxywTb noHag 10% [0OpOCnoro HaceneHHs.
HavnowwupeHiwnmn cdopmamm ayToiMyHHuUx 3axBoptoBaHb (Al3) LLU3 e xBopoba
lpenBca Ta Tupeoigut Xawwumoto. CTaHOapToM nikyBaHHS TiNOTMPeo3y € BiOHOB-
Hawy yBary npvBepHyno BMBYEHHsSI e(EKTUBHOCTI 3acTOCyBaHHsi BioTeXHOMOorivYHmMx
npenapariB, SiKi He MICTATb KMiTWUH, NigAaHWX Aii HU3bKUX TemnepaTyp npu ix oTpu-
MaHHi abo npu TpuBanomy 36epiraHHsi.

Meta po6oTu — oxapakTepusyBaTu BNNMB kpioekcTpakTie nnaueHTn (KEM) Ta
cenesiHkm (KEC), a TakoX KOHAMLIOHOBAHOIrO cepefoBulla Me3eHXiMarnbHUX cToBby-
poBux knitnH (KC-MCK) Ha cuHTE3 TUpeoigHMX FOPMOHIB MpU eKcrepuMeHTanbHoOMy
ayToiMmyHHOMY TupeoiguTi (AIT).

Matepianun Ta metoam. AIT mMopenioBanu LUNSXOM BBEOEHHS LlypaMm TUPeOoigHOI
aHTUreHHOI CyMilli, sika cknaganacb 3 MOBHOTO af'loBaHTy dpenHga Ta PO3YMHY
aHTUreHy, OTpMMaHoro 3 romoreHaty anoreHHoi L3 y cnissigHoweHrHi 1:1. JocnigkeHHs
nposedeHi Ha 42 wypax-camuax macoto 200-220 r, paHOoMmisoBaHuX Ha 6 rpyn.
Bmict T3 Ta T4 BU3Ha4anu Ha 28-1 AeHb eKCnepuMeHTY iMyHO(EPMEHTHUM METOAOM
3a 0MNOMOroK cTaHAapTHUX HabopiB Ans iMyHOepMEHTHOroO aHaniay.

Pesynbratn Ta ix obroBopeHHs. [ocnigxeHHs BnnuBy L-TupokcuHy, KEM, KEC
Ta KC-MCK Ha piBeHb TMpeoifHWx ropmoHiB y wypiB 3 AlT nokasano 3HayHi 3miHu
B piBHaAX T3 Ta T4 y cuposaTui kpoBi. BctaHoBneHo, wo Ha Tni po3suTKy AlT y KOHT-
ponbHi rpyni Bigbynocsi ctatuctnyHo 3Hadywe (p < 0,001) nigBuLieHHS piBHSA
3aranbHoro T3 Ha 72,0% nopiBHSHO 3 iHTakTHUMK wypamu. [icns Tepanii pi3Hi
npenapatn nokasanu Pi3HWN piBEHb BMNMMBY Ha FOPMOHarnbHWUM (POH. L-TMPOKCUH
edekT1BHO HopMmani3yBaB piBeHb BinbHoro T3 Ta T4, 3Huxatoum ix Ha 30,3% (p < 0,001)
Ta 30,8% (p < 0,001) BignosigHo. BeepeHHs KEIM, KEC ta KC-MCK pisHoto Mipoto
CNPUAN0 3HWXKEHHIO PiBHIB TOPMOHIB.

BucHoBku. Po3sutok AIT y LypiB CNpUYMHSIE NOPYLUEHHST MeTaboniaMy TUPeOoiaHMX
FOPMOHIB, IO NPOSIBASAETLCHA Y MiABULLEHHI PiBHIB 3aranbHoro Ta BinbHoro T3 i T4.
Yci gocnigxysaHi 6ionoriyHi npenapat NpUBOASATL A0 BMPA3HILWIOI, HiXXK L-TUPOKCUH,
HopManisauii piBHsi 3aranbHoro T3. ligBueHUn piBeHb 3aranbHoro T4 Hanbinblie
3HM3MBCS Ha Tni BBeaeHHst KEM, a piBeHb BinbHoro T4 Haibinblle 3HM3MBCA Ha Thi
BBeaeHHs KC-MCK.
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ABSTRACT

Background. Thyroid diseases (TD) are the most common endocrine disorders,
affecting more than 10% of the adult population. The most prevalent forms of
autoimmune thyroid diseases (AITD) are Graves’ disease and Hashimoto’s thyroiditis.
The standard treatment for hypothyroidism involves restoring thyroid hormone
levels to normalize their concentration in tissues. Our attention was drawn to the
study of the efficacy of biotechnology drugs that do not contain cells subjected
to low-temperature treatment during their production or prolonged storage.

Purpose — the aim of the study was to characterize the impact of placental
cryoextract (CEP), spleen cryoextract (CES), and conditioned medium of mesen-
chymal stem cells (MSC-CM), on thyroid hormone synthesis in experimental
autoimmune thyroiditis (AIT).

Materials and Methods. AIT was modeled by injecting rats with a thyroid antigenic
mixture consisting of Freund’s complete adjuvant and an antigen solution derived
from the homogenate of allogeneic thyroid tissue in a 1:1 ratio. The study was con-
ducted on 42 male rats weighing 200-220 g, randomly assigned to 6 groups. The levels
of T3 and T4 were determined on day 28 of the experiment using an enzyme
immunoassay (ELISA) method with standard ELISA kits.

Results. The study of the impact of L-thyroxine, CEP, CES, and MSC-CM on thyroid
hormone levels in rats with AIT showed significant changes in T3 and T4 levels
in serum. It was found that in the AIT group, there was a statistically significant
(p < 0.001) increase in total T3 levels by 72.0% compared to the intact rats. After
treatment, different drugs showed varying levels of effect on the hormonal profile.
L-thyroxine effectively normalized the levels of free T3 and T4, reducing them
by 30.3% (p < 0.001) and 30.8% (p < 0.001), respectively. The introduction of CEP, CES,
and MSC-CM contributed to a reduction in hormone levels to varying degrees.
Conclusions. The development of AIT in rats causes disturbances in thyroid
hormone metabolism, manifesting as an increase in total and free T3 and T4 levels.
All studied biological preparations led to a more pronounced normalization
of total T3 levels than L-thyroxine. The highest reduction in total T4 levels occurred
with the introduction of CEP, while the greatest reduction in free T4 levels occurred
with the administration of MSC-CM.

Hladkykh FV, Liadova TI. Evaluation of the effect of placental and spleen cryoextracts, and conditioned
medium of mesenchymal stem cells, on thyroid hormone synthesis in experimental autoimmune thyroiditis.
The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2024;32(4(51)):521-534. DOI:
https://doi.org/10.26565/2313-6693-2024-51-07

BCTYN

INTRODUCTION

3axBoptoBaHHA WmTonodibHoi 3ano3m (WLU3) € Han-
NOLUMPEHILLMMMW EHOOKPUHHUMM pO3Nnagamu, SKi ypaxKyrTb
noHag 10% popocnoro HaceneHnHs [1]. Tupeoignt €
KNiHIYHMM CTaHOM, LLIO BUKITUKAE 0COBMMBE 3aHEMOKOEHHSA
Yepe3 MHOXMHHICTb 1ioro popm. OCHOBOIO MOro PO3BUTKY
MOXYTb OyTW ayTOiMyHHi chakTopu, 3ananbHi YMHHWKW,
MeanKaMeHTO3Hi siBwa abo gibpo3Hui npouec [2].

[o ayTtoimyHHux 3axBoptoBaHb (Al3) L3 HanexaTb
iMyHOOMoOCepeaKOBaHi po3naau, Lo BNAMBaTb Ha yHK-
uito WS, i piarHocTyloTbCa 3a HasIBHICTIO ayToOaHTWTIN
NpOTWN TUPEOIAHNX aHTUMEHIB, TaKNX K aHTUTiNa 4o TUpeo-
rmobyniHy Ta TUpeoigHi MikpocomanbHi aHTuUTINGg [2, 4].
HarnowwupeHiwunmmn Tunamm Al3 L3 € xBopoba Mpelieca
Ta TMpeoignT XawmmoTo, ayToiMyHHi peakuii npu AI3 L3
ABMATL cobOl0 ABa NPOTMMEXHI NaToreHeTU4Hi npo-
uecu Ta KniHiYHi pesynstatn. lMpu xBopobi [periBca

Diseases of the thyroid gland (TG) are the most
common endocrine disorders, affecting more than 10%
of the adult population [1]. Thyroiditis is a clinical condi-
tion that causes particular concern due to the variety of
its forms. Its development may be based on autoimmune
factors, inflammatory causes, medication-related
phenomena, or a fibrotic process [2].

Autoimmune thyroid diseases (AITD) include
immune-mediated disorders that affect the function
of the thyroid gland and are diagnosed by the presence
of autoantibodies against thyroid antigens, such as anti-
bodies to thyroglobulin and thyroid microsomal anti-
bodies [2, 4]. The most common types of AITD are
Graves’ disease and Hashimoto’s thyroiditis, with auto-
immune reactions in AITD representing two opposing
pathogenic processes and clinical outcomes. In Graves’
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aktuBoBaHi T-knitTuHm CD4+ cnoHykatoTb B-kniTuHu BUAi-
NATW TUPEOTPOMHi  iIMyHOrnobyniHA NpoTK peuenTopa
TMPEOTPOMHOrO FOPMOHY, LIO NPMU3BOAWUTL OO Heobme-
XeHoro BupobneHHs ropmoHiB W3 Ta rineptupeoasy.
Y Bunagky TMpeoianTy XawmmoTo camopeakTuBHi CD4+
T-nimdpoumnTn pekpyTytoTe B-knituHn Ta CD8+ T-kniTuHM
y WS3. lMporpecyBaHHsA 3axBOpHOBaHHA MNpPU3BOAUTL A0
3arnbeni knitnH W3 Ta rinotupeosy. Ak aytoaHTuTina,
TaK i TMpeoigHi cneundiyHi LMTOTOKCUYHI T-nimdountn
BBaXaloTbCsl BiAMNOBiAANbHUMKU 3a ayTOIMyHHE BWUCHa-
KEHHSA TupouuTis [4, 5].

Tupeoignt XawunmoTto € HawnnowupeHriwmm Al3 L3
Ta MNPOBIAHOK MPUYMHOK FNOTMPEO3y B perioHax, Ae
poctatHeo 1ogy. MpubnusHo 20-30% nauieHTiB cTpax-
[alTb Ha TUPEOoIaUT XaluMMOoTO, NMPUYMHOK SIKOro BBa-
XKAETbCA MNOEAHAHHS TEHETUYHOI CMNPUNHATAMBOCTI Ta
hakToOpiB HABKONMULLHBLOIO CEPENOBMLLA, WO CNPUYMHSIE
BTpaTy iMYHOMOrYHOT TONEPaHTHOCTI 3 NOAanbLLOK ayTo-
iMyHHOIO arpecieto Ha TkaHuHy L3 [6].

TupeoigHi ropmMoHM, a came BiNbHUA TPUMOLTUPO-
HiH (T3) Ta BiNbHWI TpOKcKH (T4), BigirpalTb BaXnmBy
ponb Yy romeocTasi IAMHWU, OCKINbKM HeobXigHi ans
pOCTy, PO3BWUTKY HEWpOHIB, BIATBOPEHHA Ta perynauil
eHepreTMyHoro 0o6MiHY, noYMHa4M 3 BHYTPILIHLO-
YTPOBHOrO XUTTS, a peLenTopu A0 TUPEOiAHUX TOPMOHIB
€ Bcrogucywmumu [1].

OcHOBHVMMMK cekpeTopHMMM npogykTamu U3, sk Bi-
[OMO, € HEAKTUBHWUIA TUPOKCUH (T4), TpuitoaTupoHiH (T3)
Ta PEBEPCUBHUIN TPUNOATUPOHIH. AKWO T4 € ropMOHOM,
AKUA BUpobnsie BuknodHo L3, To KinbkicTb GionoriyHo
aKTuBHiWoOro ropmoHy T3 BupobnseTtecs y L3 nuwe
B Mexax 20%, pewTta 80% — B eKCTpaTMpeOoigHWX
TKaHWHax. AKTUBHWA T3 YTBOPIOETLCA LUMNSXOM BuAa-
nNeHHs aToMa Mofy B 30BHILLHLOMY KinbLi T4, a peBepcus-
HUI T3 — Yyepes BUAaneHHa atoma nogy y BHYTPILLHbOMY
kKineui T4. Lle gerogyBaHHS onocepenkoByeTbecs hep-
MeHTamu genoguHasn. Tak, T4 nepeTBoptoeTbCa Ha T3
nepudepuyHo nig gieto genognHasn tuny 1y TkaHWHaXx
3 iHTEHCUMBHUM KPOBOTOKOM, TaKMX SIK NedviHKka Ta HUPKK.
Y mo3ky T4 nepeTBOpHOETLCA Ha akTUBHUIM T3 3a gono-
MOrol0 AeroauHasu Tuny 2, Lo BUPOONSiETbCS rmianb-
HUMK KNiTUHamK [7]. TpeTin NOOTUPOHIH — PEBEPCUBHUN
T3 (3,3',5-TpuiAoaTMPOHIH) € GionoriYyHo HeakTUBHUM
meTabonitom T4 Ta yTBOPIOETLCHA 3a OOMOMOIOK AeWo-
avHasm tuny 3. Takum 4mHoMm, AeroamHasu (1-3 Tunis)
€ OCHOBHUMM (pi3ioNnoriYHMMM akTBaTopamm ropMOHIB
3. Le Takox onocepenkoBye iHakTuBauito T3 y T2.
TeopeTuyHo iHakTMBaUia T4 3 yTBOPEHHAM peBepcuB-
Horo T3 abo T2 Bigirpae romeocTaTuyHy posb, 3axu-
LYY TKaHWHM Big HagnuLWwKy ropmoHis L3 [7-9].

3pebinbloro crtaHgapTom  NiKyBaHHSA  FiNOTMPEO3y
€ BIiHOBNEHHS pIiBHA TUPEOIAHUX TOPMOHIB 3 METOH
Hopmani3zauii X BMICTY Yy TKaHuHax. JleBOTUPOKCUH
(L-TMpoOKCKH) edpekTMBHUIA Ans BinbliocTi  nauieHTiB
3 rinoTMPEeo30M, OJHaK HEpPIgKO CMMMTOMWU 3anuLialTb-
Csl, He3BaXalwuyyM Ha Hopmanisauilo piBHSA TUPEOTPOMiHYy
B cupoBartui kposi [10]. Hapasi AmepukaHcbka, bputaH-
cbka Ta €Bponeicbka TUPeOigHi acouiauii, a Takox
ToBapuCTBO €HOOKPMHOMOTrT, MOroaXyloTbCs, WO Tepanis
L-TMpPOKCMHOM MOXe 3anuLLIMTK 3Ha4HYy KinbkicTb nai-
eHTiB (10-20%) i3 3anuLIKOBMMW CUMMATOMaMM Fino-
Tupeosy [11]. BoHM Takox MoOroaxytTbes, WO piBeHb T3
y cupoBaTuUi KpOBi MOXe He BigHOBMNIOBaATUCH Yy BCiX

disease, activated CD4+ T cells stimulate B cells to
secrete thyroid-stimulating immunoglobulins against
the thyroid-stimulating hormone receptor, leading to
excessive hormone production by the thyroid and
hyperthyroidism. In Hashimoto’s thyroiditis, self-reactive
CD4+ T lymphocytes recruit B cells and CD8+ T cells
into the thyroid. Disease progression leads to thyroid
cell death and hypothyroidism. Both autoantibodies
and thyroid-specific cytotoxic T Iymphocytes are
considered responsible for the autoimmune depletion
of thyrocytes [4, 5].

Hashimoto’s thyroiditis is the most common AITD
and a leading cause of hypothyroidism in regions with
adequate iodine levels. Approximately 20-30% of patients
suffer from Hashimoto’s thyroiditis, which is believed
to be caused by a combination of genetic susceptibility
and environmental factors leading to a loss of immuno-
logical tolerance and subsequent autoimmune aggre-
ssion on thyroid tissue [6].

Thyroid hormones, namely free triiodothyronine (T3)
and free thyroxine (T4), play a critical role in human
homeostasis, as they are essential for growth, neuronal
development, reproduction, and energy regulation,
starting from intrauterine life. Thyroid hormone receptors
are ubiquitous [1].

The primary secretory products of the thyroid are,
as is well known, the inactive thyroxine (T4), triiodothy-
ronine (T3), and reverse triiodothyronine. While T4 is
a hormone exclusively produced by the thyroid, only
about 20% of the biologically active T3 is produced
in the thyroid, with the remaining 80% produced in
extrathyroidal tissues. Active T3 is formed by the removal
of an iodine atom from the outer ring of T4, while reverse
T3 is formed by the removal of an iodine atom from
the inner ring of T4. This deiodination is mediated by
deiodinase enzymes. Thus, T4 is converted to T3 peri-
pherally by type 1 deiodinase in tissues with high blood
flow, such as the liver and kidneys. In the brain, T4 is
converted to active T3 through type 2 deiodinase, which
is produced by glial cells [7]. The third iodothyronine,
reverse T3 (3,3',5-triiodothyronine), is a biologically
inactive metabolite of T4 and is formed through type 3
deiodinase. Therefore, deiodinases (types 1-3) are the
main physiological activators of thyroid hormones.
This also mediates the inactivation of T3 to T2.
Theoretically, the inactivation of T4 to form reverse T3
or T2 plays a homeostatic role in protecting tissues
from excess thyroid hormones [7-9].

Generally, the standard treatment for hypothyroidism
involves restoring thyroid hormone levels to normalize
their content in tissues. Levothyroxine (L-thyroxine)
is effective for most patients with hypothyroidism;
however, symptoms often persist despite normalizing
serum thyroid-stimulating hormone levels [10]. Currently,
the American, British, and European Thyroid Asso-
ciations, as well as the Endocrine Society, agree that
L-thyroxine therapy may leave a significant number
of patients (10-20%) with residual hypothyroid symp-
toms [11]. They also agree that serum T3 levels may not
normalize in all patients, even when thyroid-stimulating
hormone and free T4 levels are normalized [11, 12].
Given this, the development of new treatment approaches
for thyroid diseases is highly relevant.
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nauieHTiB, HaBiTb SAKLWO pPiBHi TMPEOTPOMHOro FOPMOHY
i BinbHoro T4 y cuposaTui HopmanisytoTecs [11, 12].
3 ornsigy Ha ue, € akTyanbHO po3pobka HOBUX MiAXoAiB
[0 nikyBaHHs xBopux Ha LL3.

Hawy yBary npuBepHyno BWBYEHHS e(eKTUBHOCTI
3acTocyBaHHA GioTexHOMoriYHNX npenapartis, ki He Mic-
TATb KMITWH, NigaaHux Ail HU3bKUX TemnepaTtyp npu ix
OTpuMaHHi (KpioekcTpaktn) abo npu Tpuanomy 36epi-
raHHi. O6’ekTom gocnigkeHHst 6yno o6paHo 6e3kMiTUHHI
KpiokoHcepBoBaHi 6ionoriyHi 3acobu BiTYUN3HAHOIO BUPOO-
HuLTBa — KpioekcTpakT nnaueHTn (KEM) [13], kpioekcTpakT
cenesiHkn (KEC) Ta koHAOMLUiIOHOBaHe cepefoBulle Bif
Me3seHximanbHux cToBbypoBux knituH (KC-MCK). Y none-
peaHix AocnigKeHHAX nokasaHa eeKTUBHICTb 3acTocCy-
BaHHA 0e3kNiTMHHMX npenapatie npu Hu3di Al3 —
ayToiMyHHOMY eHuedanoMmieniTi, ayToiMyHHOMY Miokap-
OuTi, ayToiMyHHOMY apTpuTi, ayTOIMyHHOMY renatuTi Ta
MeMO6paHo3Hin HedponarTii Ta iH. [14—18].

MeTta po6oTu — oxapakTepusyBaTu BMMMB Kpio-
€KCTpaKTiB MMnaleHTU Ta CenesiHkM, a TakoX KOHOW-
LiOHOBaHOro cepefoBuLla Me3eHXiManbHUX CcToBOypo-
BUX KMITUH Ha CUHTE3 TUPEOIOHWX TOPMOHIB npwm
eKkcnepuMeHTanbHOMy ayToiMyHHOMY TUPEOIAMTI.

MATEPIAAU TA METOAU AOCAIAXEHHSA

AIT mMogentoBanu LUASXOM BBEAEHHS Lypam TUPEo-
iAHOT aHTUreHHoT cymili, Aka cknaganacs 3 NA® (Thermo
Fisher Scientific, CLLA) Ta po34nHy aHTUreHy, OTpMMaHoro
3 romoreHarty anoreHHoi L3 y cniseigHowwerHi 1:1 [19].

LLI3 romorenisysanu y 0,9% posunHi NaCl 3 pospaxyH-
Ky 1 Mn/100 wmr, cbinbTpyBanu Yyepes KanpoHOBU insTp
Ta ueHTpudyrysanu Brnpogosx 5 xB npu 1000 06./xB.
Bigbupanu cynepHataHT, WO BMiwyBaB aHTureH L3,
i cTaHgapTu3dyBanu 3a BMICTOM 3aranbHoro 6inka
(1-1,5 mr/mn) BU3Ha4yeHum biypeToBmum metopom [20, 21].

OTpvMaHy TWpeoidHy aHTUreHHy CyMill BBOAWIU
Lypam nigwkipHo B oCHOBY XBocTa y Ao3i 1,0 mn/kr macu
Tina gBivi 3 iHTepsanom y 7 gHis [20, 21].

Possutok AIT BepudikyBann 3a piBHEM aHTUTIN
[0 TupeornobyniHy Ha 14- [OeHb eKCMepUMEHTY.
Y akocTi pedepeHc-npenapaTy BUKOPUCTAHO CUHTETUYHY
dopmy T4 — L-TUPOKCWH, SKMA BBOAMNWN BHYTPILUHLO-
wnyHkoBo (B/wn) B posi 0,01 mr/kr woaeHHo 3 17-ro no
26-n peHb ekcnepumeHTy (ycboro 10 BBeaeHs) [20-22].
Y nepudpepnyHmx TKaHuHax L-TMPOKCUH nepeTBopio-
eTbcst y T3 Ta 3abe3nevye apgekBaTHe BiAHOBMEHHS
dyHkuii W3 [22].

DocnigpkeHHst edheKTUBHOCTI GE3KNITUHHUX KPIOKOH-
cepBoBaHux bGionoriyHmx 3acobiB npu AIT npoBegeHi
Ha 42 wypax-camuax macoto 200-220 r, paHOomiso-
BaHWX Ha 6 rpyn:

| (HeraTMBHWI KOHTPONb) — iHTaKTHI wypu (n = 7),
akum Ha 14-n, 17-1, 20-n, 23-11 Ta 26-1 AHI eKCNepUMEHTY
B/M BBognnu 0,9% posumH NaCl y gosi 1,0 mn/kr macu
Tina wypa;

Il — wypw 3i 3mogensoBaHum AIT (n = 7) 6e3 nikyBaHHs
(koHTponbHa rpyna), skum Ha 14-n, 17-n, 20-n, 23-n
Ta 26-n gHi ekcnepmmeHTy B/M BBOAMMM 0,9% po3unH
NaCl y gosi 1,0 mn/kr;

Il — wypwn 3i 3mopgenvoBaHum AlIT (n = 7), akum
woaeHHo 3 17-n no 26-n OHi eKkcnepuMeHTy B/wn

Our attention was drawn to studying the effective-
ness of biotechnological products that do not contain
cells exposed to low temperatures during their pro-
duction (cryosupernatants) or during long-term storage.
The object of study was selected cell-free cryopreserved
biological agents produced domestically — cryosuper-
natant of placenta (CEP) [13], cryosupernatant of
spleen (CES), and conditioned medium from mesen-
chymal stem cells (MSC-CM). Previous studies have
demonstrated the effectiveness of cell-free preparations
in a range of AITDs, including autoimmune encephalo-
myelitis, autoimmune myocarditis, autoimmune
arthritis, autoimmune hepatitis, and membranous
nephropathy et al. [14-18].

Objective — to characterize the effect of cryosuper-
natants of placenta and spleen, as well as conditioned
medium from mesenchymal stem cells, on thyroid hor-
mone synthesis in experimental autoimmune thyroiditis.

MATERIALS AND METHODS

AIT was modeled by administering to rats a thyroid
antigen mixture consisting of PAF (Thermo Fisher
Scientific, USA) and an antigen solution derived
from an allogeneic thyroid gland homogenate in
a 1:1 ratio [19].

The thyroid gland was homogenized in a 0.9% NaCl
solution at a ratio of 1 ml/100 mg, filtered through
a nylon filter, and centrifuged for 5 minutes at 1000 rpm.
The supernatant containing the thyroid antigen was
collected and standardized for total protein content
(1-1.5 mg/ml) using the Biuret method [20, 21].

The resulting thyroid antigen mixture was injec-
ted subcutaneously into the base of the tail of rats at
a dose of 1.0 ml’kg body weight twice, with a 7-day
interval [20, 21].

The development of AIT was verified by measuring
anti-thyroglobulin antibody levels on the 14th day of the
experiment. As a reference, synthetic T4 — L-thyroxine
was used, administered intragastrically (i.g.) at a dose
of 0.01 mg/kg daily from the 17th to the 26th day of the
experiment (a total of 10 administrations) [20-22].
In peripheral tissues, L-thyroxine is converted to T3 and
ensures adequate restoration of thyroid function [22].

The efficacy of cell-free cryopreserved biological
agents in AIT was studied on 42 male rats weighing
200-220 g, randomized into 6 groups:

| (negative control) — intact rats (n = 7) who were
administered 0.9% NaCl solution at a dose of 1.0 ml/kg
body weight intramuscularly on days 14, 17, 20, 23, and
26 of the experiment;

Il — rats with modeled AIT (n = 7) with no treatment
(control group), who were administered 0.9% NaCl
solution at a dose of 1.0 ml/kg intramuscularly on days
14, 17, 20, 23, and 26 of the experiment;

Il — rats with modeled AIT (n = 7), who received
L-thyroxine (reference agent) intragastrically at a dose
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BBOAMNN  pedpepeHc-npenapaT  L-TUpoKcuH
0,01 mr/kr (ycboro 14 BeegeHb) [20];

IV — wypu 3i a3mogenscoBavum AIT (n = 7), akum
Ha 14-i, 17-n, 20-n, 23- Ta 26-n OHIi eKkcnepuMeHTy
8/M BBogunu KEIM y posi 2,5 mn/kr [23];

V — wypu 3i 3mogensoBaHuMm AT (n = 7), skum
Ha 14-, 17-n, 20-n, 23-in Ta 26-n OHIi eKkcnepuMmeHTy
8/M BBogunu KEC y nosi 5,0 mn/kr [24];

VI — wypun 3i 3amogensoBaHum AIT (n = 7), skum
Ha 14-, 17-n, 20-n, 23-in Ta 26-n OHIi eKcnepuMeHTy
B/M BBogunu KC-MCK y nosi 0,6 mn/kr [25, 26].

Ha 14-n peHb ekcnepumeHTy Bigbupanu 3pasku
BEHO3HOI KpoBi, @ Ha 28-My 000y ekcnepumeHTy TBapuH
BMBOOMMM 3 €KCMEPUMEHTY LUMSIXOM LiepBikanbHoi guc-
nokauii nig iHransuinHnm CHCI3  «payLi-Hapko3om»
Ta Bigbupanu 3pasku 3MillaHoi (BEHO3HOi Ta apTe-
pianbHoi) KpoBi.

Bwmict T3 (3aranbHui Ta BinbHUI) Ta T4 (3aranbHuii
Ta BIiMbHUIA) BU3Ha4YanNM iMyHO(PEPMEHTHUM METOLOM
3a [JOMOMOrow CcTaHAapTHMX HabopiB Anst  iMyHo-
depmeHTHOro aHanizy (Human GmbH, HimeuunHa) Ta
BMpaxanu y HMofb /n (3aranbHui), NkMonb/n (BiNbHWNR).

CraTtucTnyHy o6pobKy opepaHux pesynbsraTiB npo-
BEEHO 3 BWKOPUCTAHHAM MpPUKNagHOi mporpamu ans
poboTn 3 enekTpoHHMMM Tabnuusamm «Microsoft Office
Excel» 2010. OuiHky xapakTepy po3noginy BenuuuH
Yy KOXHi rpyni BWBIpKOBOI CyKymHOCTI MNpoBOAWMMU
3 BukopuctaHHsam W-kputepito Lanipo—Binka (Shapiro—
Wilk test, n < 50). OgHopigHicTb gucnepcin BU3Ha4Yanm
3a kputepiem JleBeHa (Levene’s test). Ona ouiHKM
3HaYyLWOCTi BUSABNEHUX BiOMIHHOCTEN OOCHIAXYBaHUX
NoKasHWKIB 3a Pi3HUX YMOB EKCMEePMMEHTY NpOoBOAUNU
CTaTUCTUYHUI aHani3 3 BUKOPUCTAHHSIM napameTpuyHUX
abo HenapamMeTpUYHUX KpUTEpIiB.

[Mpy HopmanbHOMY pO3NOAini He3aneXHUX BenuyuH
BIOMIHHOCTI MiX rpynamu Bu3Ha4yanu nonapHo 3a t-kpu-
Tepiem CtblogeHTa. OTpuMMaHi 3Ha4YeHHs1 nopiBHIOBaNM
3 KpUTMYHUMWM npu  piBHI BiporigHocTi Buwe 95,0%
(p <0,05), Buwe 99,0% (p < 0,01), BuLe 99,5% (p < 0,005)
Ta Buwe 99,9% (p < 0,001) Ta pobunu BMCHOBOK NpO
MMOBIpHICTb Moxunbku. Lindposi aaHi y pasi Hopmanb-
HOro po3noAiny BenuuuH HasedeHi y sumagi «M £ m»
(M = SE), ne M — cepenHe apuMeTU4He 3HaYEeHHs,
m (SE) — craHpapTHa noxubka cepegHboro apud-
meTuyHoro abo M (95% [Al: 5% — 95%), ne 95% [Al: —
95% posipuuii iHTepean (Confidence interval — CI).
[Ona rpadgiyHoro nogaHHs pAaHux obpaHo Jiarpamu
po3maxy (box-and-whiskers diagram - «wyxnsgosi»
Jiarpamu 3 «Bycamm») [27].

y posi

PE3YABTATU TA TX OBFOBOPEHHS

MpoBegeHe pocnigkeHHA nokas3ano, WO Ha Thi
po3suTKy AIT y wwypiB Ha 28-1 OeHb EeKCMepuMeHTYy
crnocTepiranocst cratnctnyHo BiporigHe (p < 0,001) 3poc-
TaHHSA piBHA 3aranbHOro T3 Ha 72,0% y KOHTPOMbHIW rpyni
(wypn 3 AIT 6e3 nikyBaHHS), MOPIBHAHO 3 iHTAKTHUMMU
wypamu (tabn. 1). PiBeHb 3aranbHOro T3 y KOHTPOMbHIl
rpyni craHosuB 3,1 + 0,15 (95% Al: 2,8-3,4) Hmonb/n,
WO 3HAYHO NnepeBuLLYE piBEHb T3 B iHTAKTHWUX LLypiB
(1,8 £ 0,11 (95% [AI: 1,6-2,0) Hmonb/n).

Ha Ttni npoBegeHHs Tepanii cnocTtepiranacb pisHa
BMPAa3HICTb BNAMBY AOCHiIAXYyBaHWX NpenaparTiB Ha piBeHb

of 0.01 mg/kg daily from the 17th to the 26th day of the
experiment (a total of 14 administrations) [20];

IV — rats with modeled AIT (n = 7), who received
cryosupernatant of placenta (CEP) intramuscularly at
a dose of 2.5 ml/kg on days 14, 17, 20, 23, and 26
of the experiment [23];

V — rats with modeled AIT (n = 7), who received
cryosupernatant of spleen (CES) intramuscularly
at a dose of 5.0 ml/kg on days 14, 17, 20, 23, and 26
of the experiment [24];

VI — rats with modeled AIT (n = 7), who received
conditioned medium from mesenchymal stem cells
(MSC-CM) intramuscularly at a dose of 0.6 mi/kg on
days 14, 17, 20, 23, and 26 of the experiment [25, 26].

On the 14th day of the experiment, venous blood
samples were collected, and on the 28th day, the
animals were euthanized via cervical dislocation under
inhalation anesthesia with CHCI3 «Raush-narcosis» and
mixed (venous and arterial) blood samples were taken.

The levels of T3 (total and free) and T4 (total and free)
were measured using an enzyme-linked immunosorbent
assay (ELISA) with standard kits for immunoassay
(Human GmbH, Germany), and the results were
expressed in nmol/l (total) and pmol/l (free).

Statistical processing of the obtained results was
performed using the applied software for working with
electronic spreadsheets «Microsoft Office Excel» 2010.
The distribution of values in each group was evaluated
using the Shapiro-Wilk test (for n < 50). Homogeneity of
variances was assessed using Levene’s test. To evaluate
the significance of differences in the investigated
parameters under different experimental conditions,
statistical analysis was conducted using parametric or
non-parametric tests. For normally distributed inde-
pendent values, differences between groups were
determined pairwise using the Student's t-test.
The obtained values were compared with critical values
at significance levels above 95.0% (p < 0.05), above
99.0% (p < 0.01), above 99.5% (p < 0.005), and above
99.9% (p < 0.001), and conclusions were drawn about
the probability of error. Numerical data for normally
distributed values are presented as «M + m» (M  SE),
where M is the arithmetic mean, m (SE) is the standard
error of the mean, or M (95% CI: 5% — 95%), where
95% CIl represents the 95% confidence interval.
For graphical representation of the data, box-and-
whiskers diagrams were chosen [27].

RESULTS AND DISCUSSION

The study showed that by the 28th day of the
experiment, during the development of AIT in rats, there
was a statistically significant (p < 0.001) increase in total
T3 levels by 72.0% in the control group (rats with AIT
without treatment) compared to the intact rats (Table 1).
The total T3 level in the control group was 3.1 + 0.15
(95% CI: 2.8-3.4) nmol/l, which was significantly higher
than the level in the intact rats (1.8 + 0.11 (95% ClI:
1.6—2.0) nmolll).

During therapy, the effect of the studied agents
on total T3 levels varied. In the group of rats receiving
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3araneHoro T3. Tak, y rpyni wypiB, €Ki oTpumyBanu
L-TnpokcuH, piBeHb 3aranbHoro T3 crtaHosus 3,2 + 0,13
(95% Al: 3,0-3,5) HMonb/n, Wo He Bigpi3Hanocs craTuc-
TUYHO Bif KOHTponbHOI rpynu (p = 0,5). MNpoTe Ha Tni BBe-
neHHs KEM piBeHb 3aranbHoro T3 3Hu3auBes Ha 19,1%
(p=0,01)icraHoBuB 2,5+ 0,14 (95% [I: 2,2—2,8) HMonb/nN,
LLIO € CTAaTUCTMYHO BIipOriAHMM MOPIBHSIHO 3 NOKa3HUKaMu
TBApWH KOHTPOMbHOI rpynu. Y LWwypiB, SIKUM BBOAMMM
KEC ta KC-MCK Takox cnocrepiranocsi 3H/MXeHHs1 piBHS
3araneHoro T3: Ha Tni BBeaeHHs KEC piBeHb T3 3HM3NBCS
Ha13,5%(p=0,06),002,7%0,14(95%[l:2,4—2,9)Hmonb/n,
a Ha Tni BBegeHHsa KC-MCK uei nokasHuK 3HM3UBCS Ha
36,6% (p<0,001)—p02,0+0,14 (95% AI: 1,7-2,2) Hmonb/n.

L-thyroxine, the total T3 level was 3.2 + 0.13 (95% ClI:
3.0-3.5) nmol/l, which did not statistically differ from
the control group (p = 0.5). However, after administering
CEP, the total T3 level decreased by 19.1% (p = 0.01)
to 2.5 £ 0.14 (95% CI: 2.2-2.8) nmol/l, which was statisti-
cally significantly lower compared to the control group.
In rats receiving CES and MSC-CM, a decrease in total
T3 levels was also observed: with CES administration,
the T3 level decreased by 13.5% (p = 0.06) to 2.7 £ 0.14
(95% ClI: 2.4-2.9) nmol/l, while with MSC-CM adminis-
tration, this level decreased by 36.6% (p < 0.001) to
2.0£0.14 (95% CI: 1.7-2.2) nmol/l.

Ta6nuus 1. Bnnue kpioekctpakTy nnaueHTn (KEIM), kpioekcTtpakty cenesiHku (KEC),
KOHAWLOHOBAHOIO cepeoBuLLa Me3eHxiManbHux ctoBOypoBux knituH (KC-MCK) Ta neBoTUpPOKCUHY Ha piBeHb TpUAOATUPHIHY (T3)
y CMpOBATLi KPOBI LLypiB 3 ayToiMyHHUM TupeoigmuTom (AIT) Ha 28 aeHb ekcnepumenTy (M £ m (95% [), n = 42)

Table 1. The effect of cryoextract of placenta (CEP), cryoextract of spleen (CES), conditioned medium

of mesenchymal stem cells (MSC-CM), and levothyroxine on the level of triiodothyronine (T3)

in the serum of rats with autoimmune thyroiditis (AIT) on the 28th day of the experiment (M + m (95% CI), n = 42)

Jocnimxysanui YmoBu ekcrnepumeHTy / Conditions of the experiment
NOKa3HUK, I (1) rpyna Il (2) rpyna I (3) rpyna IV (4) rpyna V (5) rpyna VI (6) rpyna
oavHML Group | (1) Group Il (2) Group Il (3) Group IV (4) Group V (5) Group VI (6)
B/MIpPIOBaHHS KoHTponb (AIT
The studied IuTakTHi wypn | 6es nikysaHHs) | AIT+ L-TMpokcuH AlT+ KEN ﬁgi EE(I'I: AIXTTE(}Z’;/IHC S
parameter, units Intact rats Control (AIT | AIT + L-thyroxine AIT + CEP AIT + CES AIT + MSC-CM
of measurement without treatment)

n 7 7 7 7 7 7
3aranbHun 1,8+0,11 3,1+0,15 3,2+0,13 2,5+0,14 2,7+0,14 2,0£0,14
TpuioaTUpoHiH, | (95% AI/Cl: (95% Al/Cl: (95% Al/Cl: (95% Ol/Cl: (95% Al/Cl: (95% [l/Cl:
HMOMb/N 1,6-2,0) 2,8-3,4) 3,0-3,5) 2,2-2,8) 2,4-2,9) 1,7-2,2)

Total triiodo- p,<0,001 [72,0%] | p,=0,5 [4,7%] p,=0,01[19,1%] [p,=0,06[13,5%] [p,<0,001 [36,6%]
thyronine, nmol/L p,=0,002 [22,7%] | p,=0,012 [19,2%] | p.<0,001 [39,1%]
BinbHuin 3,3+0,16 7,7+0,22 5,4+0,14 4,0£0,19 5,0+0,15 4,7+0,22
TPUMOATUPOHIH, | (95% AI/CI: (95% Al/ClI: (95% Al/Cl: (95% Al/CI: (95% Jl/ClI: (95% Ll/Cl:
NKMonb/n 3,0-3,6) 7,3-8,2) 5,1-5,7) 3,6-4.,4) 4,8-5,3) 4,3-5,2)

Free triiodo- p,<0,001 p,<0,001 [30,3%] | p,<0,001 [48,5%] | p,<0,001 [34,9%] | p,<0,001 [38,7%]
thyronine, pmol/L [133,6%] p.<0,001 [26,2%] | p,=0,1 [6,6%] p,=0,028 [12,2%]

lMpumimku:

p1 — piBeHb CTAaTUCTUYHOI BiPOriAHOCTI PO3BIKHOCTI MOKA3HWKIB;

[%] — 3Ha4YeHHs1 pO3BiKHOCTEN NOKa3HMKIB Yy BiACOTKaX;

IHoekcamu 1, 2, 3 BKazaHO HOMEP rpynu, 3 MOKa3HWKaMM sIKOi NPOBEAEHO MOPIBHSAHHS.

Notes:

p1 — the level of statistical significance of the differences in indicators;

[%] — the percentage value of the differences in the indicators;

The indices 1, 2, 3 indicate the group number with which the comparison of indicators was made.

3rigHO 3 oTpuMaHMMK pesyrnsTatamu, Hanbinbw Bu-
pasHe 3HWKEHHS piBHA 3aranbHoro T3 Bigbynock y rpyni
wypiB, ski orpumyBanm KC-MCK, wo cBiguntb npo
MOXTIMBUIA MOTYXXHUA KOpUryBanbHUN edekT Lboro npe-
naparty Ha ropMoHanbHuUn oH y wypis 3 AlT.

Lllono piBHA BinbHOro T3, TO BiH TakoX 3a3HaB
CYTTEBMX 3MiH B aHarsoriyHMX yMOBax €EKCMEpPUMEHTY.
Y WypiB KOHTPOSbHOI rpynu piBeHb BinbHoro T3 gocsr
7,7 £ 0,22 (95% Al: 7,3-8,2) nkmonk/n, wo Ha 133,6%
nepeBuLLyBasno piBeHb BINbHOTO T3 B iHTAKTHUX LWypiB
(3,3 £ 0,16 (95% [Al: 3,0-3,6) nkmonb/n). MNpn uboMy
BBeAeHHA L-TupokcuHy wwypam 3 AIT npusseno Ao
3HWKEHHs piBHA BinbHoro T3 Ha 30,3% (p < 0,001), go
5,4 £ 0,14 (95% [l: 5,1-5,7) nkmonb/n. Y rpynax TBapwH,
skum Beogunu KEIM ta KEC, piBeHb BinbHoro T3 Takox
3HU3MBCSA, X04a uen edekT OyB MEHLU BUPA3HUM, HiX Y
rpyni TBapuH 3 AlT, skum BBOAWAM L-TUPOKCKH (Tabn. 1).

3okpema, Ha Tni BBeaeHHsA KEIM piBeHb BinbHOro T3
3Hu3MBCA Ha 48,5% (p < 0,001) Ta crtaHoBuB 4,0 £ 0,19

According to the obtained results, the most significant
decrease in total T3 levels occurred in the group of
rats receiving MSC-CM, which suggests a potentially
powerful corrective effect of this agent on the hormonal
background in rats with AIT.

Regarding free T3 levels, significant changes were
also observed under similar experimental conditions.
In the control group, the free T3 level reached 7.7 + 0.22
(95% CI: 7.3-8.2) pmol/l, which was 133.6% higher
than the level of free T3 in intact rats (3.3 £ 0.16 (95% CI:
3.0-3.6) pmol/l). Administration of L-thyroxine to rats with
AIT led to a 30.3% reduction in free T3 levels (p < 0.001)
to 5.4 + 0.14 (95% CI: 5.1-5.7) pmol/l. In the groups
of rats receiving CEP and CES, free T3 levels also
decreased, although this effect was less pronounced
than in the group receiving L-thyroxine (see Table 1).

In particular, after administering CEP, the free T3
level decreased by 48.5% (p < 0.001) to 4.0 £ 0.19
(95% CI: 3.6—4.4) pmol/l, while after CES administration,
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(95% [Al: 3,6-4,4) nkmonb/n, a Ha Tni BBeaeHHss KEC
piBeHb BinbHoro T3 craHoBuB 5,0 + 0,15 (95% Ql:
4,8-5,3) nkmonb/n, wo 6yno Hwk4ye Ha 34,9% (p < 0,001)
BiJHOCHO MOKa3HUKIB LLypiB KOHTponbHoi rpynu (AIT 6e3
nikyBaHHs). BeegeHHa KC-MCK Texx npu3sBeno o 3Hu-
XEHHs1 piBHS BinbHOro T3 go 4,7 + 0,22 (95% AOl: 4,3—
5,2) nkmonb/n, wo Ha 38,7% cTaTUCTMYHO BiporigHO
(p < 0,001) 6yno HWx4e 3a MOKa3HWKM LLYPIB KOHTPOMbHOT
rpynu (gue. Tabn. 1).

TakMMm 4nHOM, OaHi OOChigpKEeHHs cBigYaTb npo Te,
Lo BBeAEHHSN sk pedbepeHc-npenapaty L-TUpokcuHy, Tak
i KEM, KEC Ta KC-MCK, mae cyTTeBuiA BNNNB Ha pPiBEHb
T3 y cupoBatui kposi wypie 3 AlT, 3okpema BuUSIBNEHO
BMpaA3HE 3HWMXKEHHSI PiBHA 3arafibHOro Ta BiflbHOro T3
Ha Tni NikyBaHHsl. 3HWXKEHHs1 piBHA T3 Ha Tni BBeOEHHSA
KC-MCK BusiBunocs HanbinbLl 3Ha4vyLLyMM, IO CBiOYUTb
Npo MOXMKMBI MeXaHiaMu KOoro nikyBasnbHOI edekTuB-
HocTi y TBapuH 3 AlT.

3a pesynbratamu LOCNIMKEHHS PiBHSA 3aranbHOro
Ta BiNbHOro T3 BCTAaHOBNEHO, WO Ha 28-11 AeHb ekcnepu-
MeHTy y wypiB 3 AlT BigMiYeHO CTaTUCTUYHO BiporigHe
(p = 0,03) 3HWXEHHSA CNIBBIOHOLUEHHSI 3aranbHOro A0
BinbHOro T3 Ha 27,4% y KoHTponbHin rpyni (AIT 6e3 niky-
BaHHS), MOPIBHAHO 3 iHTAKTHUMKM wWypamu. Lle cBigunTb
npo nopyLueHHs dyHkuii L3 B ymosax AT, sike nposie-
NAETLCA B 3HWKEHHI JOCTYMHOCTI BinbHoro T3 (puc. 1).

the free T3 level was 5.0 £ 0.15 (95% CI: 4.8-5.3) pmol/l,
which was 34.9% lower (p < 0.001) compared to the
control group (AIT without treatment). Administration
of MSC-CM also led to a decrease in free T3 levels
to 4.7 + 0.22 (95% CI: 4.3-5.2) pmol/l, which was
statistically significantly (p < 0.001) 38.7% lower than
the levels in the control group (see Table 1).

Thus, the study results confirm that the administra-
tion of L-thyroxine, as well as CEP, CES, and MSC-CM,
has a significant impact on the levels of T3 in the serum
of rats with AIT, leading to a noticeable decrease in
both total and free T3 levels. The most pronounced
decrease in T3 levels was observed in the MSC-CM
group, suggesting its potential therapeutic effectiveness
in animals with AIT.

Additionally, it was established that by the 28th day
of the experiment, in the control group of rats with AlT,
there was a statistically significant (p = 0.03) reduction
of 27.4% in the ratio of total to free T3 compared to
intact rats. This indicates a dysfunction of the
thyroid gland under AIT conditions, manifested in the r
educed availability of free T3 (Fig. 1).
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rats thyroxine CM

Puc. 1. Kpioekctpakty nnauenTn (KE), kpioekcTpakTy cenesiHkn (KEC), kOHAMLIOHOBAHOrO cepeaoBULLLa Me3eHXiManbHMX
ctoBbyposux knitnH (KC-MCK) Ta neBOTMPOKCMHY Ha CMiBBIAHOLLEHHS 3aranbHOro Ta BiflbHOTO TPUMOATUPOHIHY Y Lypis 3 AlT
Fig. 1. Effect of cryoextract of placenta (CEP), cryoextract of spleen (CES), conditioned medium
of mesenchymal stem cells (MSC-CM), and levothyroxine on the ratio of total to free triiodothyronine in rats with AIT

lMpumimku:
1. Po3nogin BenuyrH KoxHOI rpynu BUBIpKOBOT CyKymHOCTI
HOpPMarbHUNA.
2. Bokcu BknoYaoTb 3HAYEHHs1 CTaHAapPTHOT NOXUBKK
cepeaHboro apnMETUHHOro, BepTUKanbHi MNiHii
3a Mexxamu 6okciB — 95% [oBipyMiA iHTepBarn.
3. lopu3oHTanbHa niHis BcepeauHi 6okey —
cepefHe apudMeTUYHE 3HAYEHHS.
e — p < 0,05 BiAHOCHO NOKA3HUKIB IHTAKTHUX LLYPIB;
m — p < 0,05 BigHOCHO nokasHukiB Wwypis 3 AIT
(koHTpOnbHa rpyna);
A — p < 0,05 BigHOCHO nokasHukiB Lwypis 3 AlT,
AKUM BBOAUIMN L-TUPOKCUH.

Notes:
1. The distribution of values within each group follows
a normal distribution.
2. The boxes include the values for the standard error
of the mean, and the vertical lines outside the boxes
represent the 95% confidence interval.
3. The horizontal line inside the box represents
the mean value.
e —p < 0.05 compared to intact rats.
m — p < 0.05 compared to rats with AIT (control group).
A —p <0.05 compared to rats with AIT treated
with L-thyroxine.
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Y rpyni wypiB, Skum OyB BBeOEHWMA L-TUPOKCUH,
cniBBiAHOLWEHHA 3aranbHoro T3 go BinbHoro T3 nigsu-
wmnocb Ha 49,7% (p < 0,001) BiZHOCHO NOKa3HMKIB TBa-
PUH KOHTPOSbHOI rpynu, WO CBig4YMTL NPO HOopMani3adito
piBHs ropmoHiB L3 npu BMKOPUCTAHHI CUHTETMYHOIO
aHanora TMPeOoiAHOro rOPMOHY.

Ha Tni 3actocyBaHHs KEI cnoctepiranocs nigsu-
LLeHHs cniBBigHOLWEHHA 3aranbHoro T3 ao BinbHoro T3
Ha 57,2% (p = 0,03) BigHOCHO MOKa3HWKIB LUYPIB KOHT-
ponbHoi rpynu. 3acTtocyBaHHa KEC Takox npueeno go
3pOCTaHHSA aHanoriYHoro nokasHuka Ha 32,2% (p = 0,007),
ane edekt OyB 3HAYHO MEHLU BUPAXKEHWI, NOPIBHAHO 3
L-tnpokcmHom Ta KEI.

Lypi, siki oTpumyBanu KC-MCK, nokasanu TeHaeHLUito
[0 nNigBULLEHHS CniBBiAHOLWEHHA 3aranbHoro T3 Ao
BinbHoro T3 nuwe Ha 5,5% (p = 0,7), WO € HaMeHLWNM
pesynstatoM cepen AOCHifKXyBaHUX GioTeXHOMOorivYHnX
npenapatis Ta Ha 32,9% CTAaTUCTUYHO BIpOrigHO
(p = 0,007) noctynanucb 3a 34aTHICTIO BigHOBMNOBATU
CniBBIgHOLIEHHS 3aranbHOro Ao BinbHoro T3 pedepeHc-
npenapary L-TupokcuHy (ams. puc. 1).

OocnipxenHss Bnnuy KEIM, KEC, KC-MCK Ta
L-TupokcuHy Ha piBeHb T4 y cupoBartui kposi wypis 3 AlT
Ha 28- OeHb eKcnepuMeHTy mnokasano CTaTUCTUYHO
3Hauyli 3MiHW B piBHi 3aranbHOro Ta BifnbHOro T4.
Tak, Ha Tni po3suTky AlT y WypiB cnoctepiranocs nigsu-
LLeHHs piBHA 3aranbHoro T4 Ha 51,7% (p < 0,001), wo
CBigYMTb Mpo po3BUTOK AaucbanaHcy B poboti LS.
Y wypis, Wo oTpumyBanu L-TUPOKCWUH, piBeHb 3aranb-
Horo T4 6yB 98,0 + 2,2 (95% [l: 93,6-102,4) Hmonb/n
(Tabn. 2).

In the rats treated with L-thyroxine, the ratio of total
to free T3 increased by 49.7% (p < 0.001), indicating
the normalization of thyroid hormone levels with the use
of the synthetic thyroid hormone analogue.

In the CEP-treated group, the ratio of total to free T3
increased by 57.2% (p = 0.03) compared to the control
group, while CES administration resulted in a 32.2%
(p = 0.007) increase in this ratio, though the effect was
less pronounced than with L-thyroxine and CEP.
Rats treated with MSC-CM showed only a modest
increase in this ratio of 5.5% (p = 0.7), which was the
smallest result among the tested biological products,
and they were 32.9% statistically significantly (p = 0.007)
less effective in restoring the total to free T3 ratio
compared to the L-thyroxine group.

These results highlight the importance of selecting
the appropriate treatment for correcting thyroid dys-
function in AIT, particularly the potential use of CEP
and CES in the therapy of this condition.

The study on the effects of CEP, CES, MSC-CM,
and L-thyroxine on the T4 levels in the serum of rats
with AIT on the 28th day of the experiment revealed
statistically significant changes in both total and free
T4 levels. In particular, the development of AIT in rats
was associated with a 51.7% increase (p < 0.001)
in total T4 levels, indicating the development of thyroid
gland dysfunction. In rats receiving L-thyroxine, the
total T4 level was 98.0 + 2.2 (95% CI: 93.6—-102.4) nmol/L
(Table 2).

Ta6nuus 2. Bnnue KEM, KEC, KC-MCK Ta L-TMpOKCWHY Ha CriBBiAHOLLEHHS 3aranbHoro Ao BinlbHOro TUPOKCUHY (T4)
y CMpOBAaTLi KPOBI LWypiB 3 ayToiMyHHUM TupeoiguToM (AIT) Ha 28 aeHb ekcnepumenTty (M = m (95% [l), n = 42)
Table 2. The effect of cryoextract of placenta (CEP), cryoextract of spleen (CES), conditioned medium
of mesenchymal stem cells (CMS-CM), and levothyroxine on the ratio of total to free thyroxine (T4)
in the serum of rats with autoimmune thyroiditis (AIT) on the 28th day of the experiment (M £ m (95% CI), n = 42)

HocnigxysaHumn YmoBu ekcnepumeHTy / Conditions of the experiment
NoKasHWK, I (1) rpyna Il (2) rpyna Il (3) rpyna IV (4) rpyna V (5) rpyna VI (6) rpyna
oauHuL Group | (1) Group Il (2) Group Il (3) Group IV (4) Group V (5) Group VI (6)
BUMIpIOBaHHS KoHTponb (AIT
The studied IHTakTHi Wypyn | 6es nikysaHHsa) | AlIT+ L-TMpoKcuH AT+ KEM Q:Lt Egﬁ AIXFI.EC;ZEAI_CI:K
parameter, units Intact rats Control (AIT | AIT + L-thyroxine AIT + CEP AIT + CES AIT + MSC-CM
of measurement without treatment)

n 7 7 7 7 7 7
BaranbHui 66,3+1,6 100,6+2,4 98,0+2,2 78,4+2,0 99,6+2,3 81,7+2,3
TUPOKCWH, (95% Al/Cl: (95% [l/ClI: (95% Al/Cl: (95% Al/CI: (95% Jl/ClI: (95% Al/Cl:
HMOMb/N 63,2-69,4) 95,9-105,3) 93,6-102,4) 74,5-82,3) 95,0-104,1) 77,2-86,2)

Total thyroxine, p,<0,001 [51,7%] | p,=0,4 [2,6%] p,<0,001 [22,0%] | p,=0,7 [1,0%] p,<0,001 [18,8%]
nmol/L p.<0,001 [20,0%] | p.=0,6 [1,5%] p.<0,001 [16,6%]
BinbHuii 8,7+0,6 24,6+1,2 17,021,1 16,7+1,3 19,940,5 12,4+0,8
TUPOKCWH, (95% Ll/Cl: (95% Al/ClI: (95% Ll/Cl: (95% [l/Cl: (95% [l/CI: (95% Al/CI:
MKMOMb/N 7,5-9,9) 22,2-26,9) 14,9-19,1) 14,2-19,3) 18,9-20,9) 11,0-13,9)

Free thyroxine, p,<0,001[182,0%] | p,<0,001 [30,8%] | p,<0,001 [32,0%] | p,=0,003 [19,2%] | p,<0,001 [49,4%]
pmol/L p.<0,9 [1,7%] p,=0,03 [16,8%] [p.=0,004 [26,9%]

lMpumimku:

p1 — piBeHb CTAaTUCTUYHOI BIPOriAHOCTI PO3BIKHOCTI MOKA3HWKIB;
[%] — 3Ha4YeHHs1 pO3BiXHOCTEN NOKa3HMKIB Yy BiACOTKaX;
IHaekcamu 1, 2, 3 BKazaHO HOMePp rpynu, 3 NOKasHWKaMM sIKOi NPOBEAEHO MOPIBHSHHS.

Notes:

p1 — the level of statistical significance of the differences in indicators;
[%] — the percentage value of the differences in the indicators;
The indices 1, 2, 3 indicate the group number with which the comparison of indicators was made.

Y rpynax, wo otpumysanu KEI, KEC ta KC-MCK,
BiJ3HA4YaBCsa 3HAYHO HWXKYMI piBEHb 3aranbHoOro T4, Hixk

In the groups treated with CEP, CES, and MSC-CM,
the total T4 levels were significantly lower than in the

OpuwuriHanbHi 4oCnigpKeHHSs

528

Original research




BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepis Megmumna. 2024. T. 32. Ne 4(51). C. 521-534
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(4(51)):521-534

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

y rpyni wypis 3 AlT 6e3 nikyBaHHsi, ogHak 6yB BULLMM,
HiXX y IHTaKTHUX TBapuH. Tak, Ha Tni BBeaeHHs KEI piBeHb
T4 crtaHoBuB 78,4 + 2,0 (95% [l: 74,5-82,3) Hmonb/m,
WO BKasye Ha MOMIpHe KopuryBaHHs piBHA T4, ogHak
3anuwanocs aesike nopyleHHs dyHkuii LL3.

LLlogo BinbHOro T4, TO BCTAHOBNEHO, LU0 Ha TNi po3-
BuUTKY AlT cnocTtepiranocs 3HavyHe nigBULLEHHS NOTO PiBHA
Ha 182,0% (p < 0,001), y MOpiBHSAHHI 3 aHanoriYHummn
nokasHvkamm B iHTaKTHUX WypiB. BinbHuin T4 y cuposarui
kpoBi wypiB 3 AIT 6e3 nikyBaHHsi cknagas 24,6 + 1,2
(95% [Al: 22,2-26,9) nkmonb/n, WO CBiAYNTbL NPO Mopy-
WeHHA MeTaboniaMy TMPEeoiAHUX rOpMOHIB. 3acTocyBaH-
Hsi L-TMpOKCWHY Npu3Beno A0 CTaTUCTMYHO BipOrigHOro
3HWXKEHHA piBHs BinbHoro T4 Ha 30,8% (p < 0,001)
BiJHOCHO MOKa3HMWKiB HenikoBaHuMX LWypiB 3 AlT, Wwo Bkasye
Ha 3g0aTHICTb 40 HopMani3adii piBHA BKa3aHOro ropMOHY.

Y wypis, wo otpumysanu KEI, piBeHb BinbHoro T4
ctaHoBuB 16,7+1,3 (95% [Al: 14,2—-19,3) nkmone/n, wo
BKa3ye Ha 4acTKOBY HOpmarisauilo LbOro MoKasHuka,
OfHaK 3anuuanocb BIiAXWMNEHHA Big HopMu. Y rpyni,
wo otpumysana KEC, piseHb BinbHoro T4 6ys 19,9 + 0,5
(95% Al: 18,9—20,9) nkmonb/n, Lo TakoX Nokadye MeHLU
BMpa3Hy TEHAEHUIl0 [0 3HWKEHHS LbOro MOoKa3HuKa,
MOPIBHSAHO 3 IPYMo TBapWH, SIKUM BBOAWMU L-TUPOKCUH.
Ha tni BBegeHHss KC-MCK piBeHb BinbHoro T4 y wypis
3 AIT cknapas 12,4 + 0,8 (95% Al: 11,0-13,9) nkmonb/n,
WO BKa3ye Ha HanBUpasHille 3HWXEHHA piBHA T4,
NOPIBHSAHO 3 iHWMMM Nigxogamu 4o NikyBaHHSA (Tabn. 2).

TakvM YMHOM, pe3ynbTaTh OOCNIMKEHHS NiATBEPAXY-
I0Tb, WO BMKOPUCTaHHS GionoriyHnx npenapartiB, Takux
sk KEIN, KEC ta KC-MCK, npvBogutb 40 KOpUryBaHHS p
iBHA T4. Tak, HaMBMpasHile 3HWKEHHSA PiBHA 3ararb-
Horo T4 y wypis 3 AlT BigmivyeHe Ha Tni BBegeHHs KEIT,
a HanBMpa3sHille 3HMKEHHS pPiBHS BinNbHOro T4 BigMivyeHo
Ha Tni BBegeHHA KC-MCK - BignosigHo Ha 22,0%
(p < 0,001) Ta 494% (p < 0,001), wo Ha 20,0%
(p < 0,001) Ta Ha 26,9% (p = 0,004) 6yno Hux4e
3a nigBULLEHI aHanoriyHi MnokasHuvku Yy rpyni LWwypis,
SIKUM BBOAMUNMU L-TMPOKCHUH.

Ouinka Bnnuey KEM, KEC, KC-MCK Ta L-TMpOKCuHy
Ha cniBBIAHOLUIEHHS 3aranbHOro 4o BinbHOro T4 y cupo-
BaTui kpoBi wWypiB 3 AIT Ha 28- OeHb ekcnepumeHTy
BMSIBUNO 3HaYHi 3MiHWM y [OCHiIAXYBaHUX MOKa3HMKaXx.
CniBBigHOLWeEHHA 3aranbHOro Ao BinbHOro T4 € Baxnu-
BMM MOKA3HMKOM, L0 Bijobpaxae epeKkTUBHICTb NepeTBo-
peHHs T4 B opraHiami Ta Moro 4OCTYMHICTb ANSA TKaHWH.

Y wypie 3 AIT 6e3 nikyBaHHs CMiBBiAHOLUEHHS 3a-
ranbHoro Ao BinbHoro T4 ctaHosuno 4,2 + 0,3 (95% [Al:
3,6—4,7) Hmonb/nkMonb, Wo Ha 47,3% 6yno meHLue nopis-
HAHO 3 MOKasHMKaMW iHTaKTHUX wWwypis (p < 0,001).
Lle cBigunTb Npo 3HayHe nopyllieHHs meTaboniamy T4
B ymoBax AlT, wo Moxe GyTn NoB’si3aHO 3 NOPYLUEHHAM
3B’A3KY MiX 3aranbHuUM i BinbHUM T4 (puc. 2).

3acTocyBaHHs L-TupokcuHy y wypis 3 AlT npusseno
[0 CTaTUCTMYHO BIpOrigHOro MigBULLEHHST CMiBBIOHOLLEH-
Hs1 3aranbHoro Ao BinbHoro T4 Ha 42,1% (p = 0,005), wo
BKa3ye Ha e(peKTUBHICTb LbOro npenapary y BiaAHOBMEHHi
dyHkuii W3 Ta Hopmanisauii ropMoHanbHUX NMOKa3HUKIB.
CniBBigHOLWEHHA 3aranbHOro Ao BinbHoro T4 Ha Tni
BBeAeHHs L-TupokcuHy cknano 5,9 + 0,4 (95% Ql:
5,1-6,8) HMonb/NkmMonb, WO Habnuaunocs A0 PiBHSA iH-
TakTHMX Wwypis (7,910,7 (95% Al: 6,4-9,4) HMonb/NKMorb).
Lli pesynbTat BKa3dytoTb Ha Te, WO L-TUPOKCUH He TinbKu

untreated AIT group but still higher than in the intact
rats. Specifically, following CEP administration, the
T4 level was 78.4 + 2.0 (95% CI: 74.5-82.3) nmol/L,
indicating moderate correction of T4 levels, though
thyroid function remained partially impaired.

Regarding free T4, it was found that in the course
of AIT development, there was a significant increase of
182.0% (p < 0.001) compared to the levels in intact rats.
The free T4 in the serum of untreated AIT rats was
24.6 £ 1.2 (95% CI: 22.2-26.9) pmol/L, indicating thyroid
hormone metabolism disruption. The administration of
L-thyroxine resulted in a statistically significant decrease
in free T4 levels by 30.8% (p < 0.001) compared to
untreated AIT rats, indicating the potential for normalizing
this hormone level.

In rats receiving CEP, the free T4 level was 16.7 + 1.3
(95% CI: 14.2-19.3) pmol/L, indicating partial normali-
zation of this parameter, although some deviation from
the norm persisted. In the CES group, the free T4
level was 19.9 + 0.5 (95% CI: 18.9-20.9) pmolL,
showing a less pronounced trend of reduction compared
to the L-thyroxine-treated group. In rats receiving
MSC-CM, the free T4 level was 12.4 + 0.8 (95% CI:
11.0-13.9) pmol/L, demonstrating the most pronoun-
ced decrease in free T4 levels compared to other treat-
ments (Table 2).

Thus, the results of the study confirm that the use
of biological agents such as CEP, CES, and MSC-CM
leads to the correction of T4 levels. Notably, the most
significant decrease in total T4 levels in rats with AIT
was observed with CEP administration, and the most
pronounced decrease in free T4 levels was seen
with MSC-CM administration, with reductions of 22.0%
(p < 0.001) and 49.4% (p < 0.001), respectively. These
values were 20.0% (p < 0.001) and 26.9% (p = 0.004)
lower than the elevated similar values observed in the
L-thyroxine group.

The assessment of the effects of CEP, CES,
MSC-CM, and L-thyroxine on the ratio of total to free T4
in the serum of rats with AIT on the 28th day of the
experiment showed significant changes in the studied
parameters. The ratio of total to free T4 is an important
indicator reflecting the efficiency of T4 conversion in the
body and its availability to tissues.

In untreated AIT rats, the ratio of total to free T4 was
4.2 £ 0.3 (95% CI: 3.6—4.7) nmol/pmol, which was 47.3%
lower compared to intact rats (p < 0.001). This indicates
a significant disruption in T4 metabolism in the context
of AIT, which may be related to a disruption in the
relationship between total and free T4 (Fig. 2).

Administration of L-thyroxine in rats with AIT resulted
in a statistically significant increase in the ratio of total
to free T4 by 42.1% (p = 0.005), indicating the effec-
tiveness of this treatment in restoring thyroid function
and normalizing hormonal levels. The ratio of total to
free T4 in the L-thyroxine group was 5.9 + 0.4 (95% CI:
5.1-6.8) nmol/pmol, which approached the levels in
intact rats (7.9 = 0.7 (95% CI: 6.4-9.4) nmol/pmol). T
hese results suggest that L-thyroxine not only normalizes
T4 levels in the blood but also restores its optimal ratio.

Regarding the groups of animals that received the
investigated cryoextracts, some changes were observed,
although less pronounced compared to the group that
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Hopmani3sye piBeHb T4 B KpoBi, ane 1 BigHOBMOE MOro
onTuMarnbHe CrniBBigHOLIEHHS.

LWogo rpyn TBapwH, Siki oTpumyBanu AOCRiAXYyBaHi
KpioekcTpaKkTu, TO TyT cnocTepiranucs geski 3MmiHu, ogHak
MEHLLI BWUpa3sHi, NMOPIBHSAHO 3 rpynot, WO OoTpuMyBana
L-TMpOKCUH.

T4 3araneHWi | T4 BINbHWA

received L-thyroxine. Administration of CEP resulted in
a 15.8% increase in the ratio of total to free T4 (p <0.001),
indicating a partial correction of thyroid hormone meta-
bolism disturbances. The total to free T4 ratio in the
CEP group was 4.8 + 0.3 (95% CI: 4.2-5.4) nmol/pmol,
suggesting moderate recovery of thyroid function,
though still lower than the values in the intact rat group.

Total T4/ Free T4
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IHTaKTH Kowrpons | AlT=L- AIT+KEMN! AIT+KEC/! AIT +KC-
WypH / Intact Control (AIT) TWpoKcHM | L-  CEP CES MCK | MSC-
rats thyroxine CM

Puc. 2. Bnnue kpioekcTpakty nnaueHtu (KE), kpioekcTpakTy cenesiHku (KEC), KOHAMLIOHOBaHOIro cepeaoBuLla Me3eHXiManbHUX
ctoBbypoBux knitnH (KC-MCK) Ta neBoTMPOKCUHY Ha CMiBBiAHOLLEHHS 3aranbHOro Ta BiflbHOTO TUPOKCUHY Y wwypis 3 AlT
Fig. 2. Effect of cryoextract of placenta (CEP), cryoextract of spleen (CES), conditioned medium
of mesenchymal stem cells (CMSC), and levothyroxine on the ratio of total to free thyroxine in rats with AIT

TMpumimku:
1. Posnogin BenunyvH KOXHOI rpynu BUBIPKOBOi CYyKYMHOCTI
HOpMarnbHUN.
2. Bokcu BKNOYAOTb 3HAYEHHSA CTaHAAPTHOI NOXMOKM
cepenHbOro apudMETUYHOTO, BEpPTUKanbHi NiHii
3a Mexamu 6okciB — 95% fJoBipunii iHTepBarn.
3. Nlopu3soHTanbHa niHis BcepeauHi 6okey —
cepegHe apudMeTNYHE 3HAYEHHS.
e — p < 0,05 BiAHOCHO NOKA3HUKIB IHTAKTHUX LLYPIB;
m — p < 0,05 BigHOCHO MokasHukiB Lypis 3 AlT
(koHTpoOnbHa rpyna).

3actocyBaHHa KEI npueeno oo nigBuLleHHs cniB-
BiAHOLLUEHHSA 3aranbHoro Ao BinbHoro T4 Ha 15,8%
(p < 0,001), wo BinoGpaxae NeBHy KOPEKLi NopyLleHb
meTaboniamy TupokcuHy. CniBBiOHOLWEHHS 3aranbHoro
0o BinbHoro T4 y rpyni wypis, wo otpumysanu KEI,
ctaHoBuno 4,8 + 0,3 (95% [l: 4,2-5,4) HMonb/NKMOnb.
Lle cBiguntb npo nomipHe BigHOBNEHHS dyHkuii L3,
arne Bce Le HUXYe Bif MOKa3HWKIB rpynu iHTaKTHUX LLYPIB.

Y wypis, wo otpumyBann KEC, cniBBigHOLWEHHS
3aranbHoro Ao BinbHoro T4 craHosuno 5,0 £ 0,1 (95% Al:
4,7-5,3) HMonb/nkmonb, Wwo Ha 20,7% 6inbLue, NopiBHAHO
3 rpynoto AlT 6e3 nikyBaHHS, ane 3anuiianocsi MeHLUMM
32 MOKa3HWKM iHTaKTHUX TBapuH. PisHnusa Gyna cratuc-
TnyHO BiporigHoto (p = 0,016), ogHak edekT nikyBaHHS
OyB MEHLL BUPaXXEHUM, NOPIBHSHO 3 rpynoto L-TpoKcuHy.

LWlono BBegeHHa KC-MCK, To Ha Tni 3actocyBaHHs
UbOro npenaparty piBeHb ChiBBIOHOLUEHHSI 3ararnbHOro
po BinbHoro T4 craHoBuB 6,8 = 0,6 (95% Al
5,7-7,8) Hmonb/nKMonb, Wo Ha 62,3% 6inbLue, NOpPiBHAHO
3 nokasHukamu wypis 3 AIT 6e3 nikyBaHHs (p = 0,001).

Notes:
1. The distribution of values within each group of the
sample population is normal.
2. The boxes include the values of the standard error of the
mean, and the vertical lines outside the boxes represent
the 95% confidence interval.
3. The horizontal line inside the box represents
the arithmetic mean.
e — p < 0.05 compared to the values of intact rats.
m — p < 0.05 compared to the values of rats with AIT
(control group).

In the group of rats that received CES, the total to
free T4 ratio was 5.0 £ 0.1 (95% CI: 4.7-5.3) nmol/pmol,
which was 20.7% higher compared to the AIT untreated
group but still lower than the values in the intact animals.
The difference was statistically significant (p = 0.016),
although the treatment effect was less pronounced
compared to the L-thyroxine group.

Regarding the administration of MSC-CM, the total to
free T4 ratio was 6.8 + 0.6 (95% CI: 5.7-7.8) nmol/pmol,
which was 62.3% higher compared to the values in
the untreated AIT rats (p = 0.001).

Overall, these results suggest that the development
of AIT leads to a disturbance in the ratio of total to
free T4, an important indicator of thyroid dysfunction.
The use of MSC-CM in rats with AIT proved to be the
most effective in restoring the normal ratio of total
to free T4.
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3aranom, ui pesynsratv cBigyaTb, WO Ha Trni pos-
BUTKY AIT BinOyBaeTbCcsi MOpYLUEHHSI CRiBBiIgHOLIEHHS
3aranbHOro A0 BinbHOro T4, WO € BaXNUBUM NOKa3HUKOM
nopyLeHb y poborTi LLI3. 3actocyBaHHs KC-MCK y wypis
3 AIT BusiBANOCb Hambinbw egeKTUBHUM Yy BigHOB-
NEeHHi  HOpMamnbHOrO  CNIBBIGHOLIEHHSA  3aranbHOro
Ta BinbHoro T4.

BUCHOBKHU

Y npoBegeHOMYy AocCnifxeHHi Ha Tni po3sutky AlT
y LWypiB crnocTepiranocs CTaTUCTUYHO 3Hauylle nigBu-
LWeHHA piBHA 3aranbHoro T3 Ha 72,0% Yy KOHTPOMbHIN
rpyni, MNOPiBHAHO 3 iHTakTHUMK Wwypamn (p < 0,001).
JlikyBaHHS1 L-TUPOKCUMHOM He NpK3BEro A0 3HaYHMX 3MiH
y piBHi T3 (p = 0,5), Tomi gk BBegeHHa KEI, KEC
i KC-MCK cnpuunHMno 3HWXeHHS piBHS 3aranbHoro T3:
Ha 19,1%, 13,5% Ta 36,6% BignosigHO, 3 HaNGinbL
BUpasHumM edektom y rpyni 3 KC-MCK (p < 0,001).

Ha tni AIT y wypis Biabynocs 3HWXeEHHS cniBBigHO-
LeHHSA 3aranbHoro Ao BinbHoro T3 Ha 27,4% (p < 0,001),
o cBiguMTb nNpo nopyleHHsa dyHkuii LW3. JlikyBaHHA
L-tupokcmHom i KEM cnpusino 3HayHOMY NiABULLIEHHIO
uboro cniesigHolleHHs, Toai 9k KEC ta KC-MCK noka-
3anu MeHLi pesynsTaTy.

PiBeHb 3aranbHoro T4 y wypis 3 AlT 36inbwmBcs
Ha 51,7% (p < 0,001), wo Bkasye Ha MNOpPYLUEHHS
dyHkuii W3. MigBuweHnn piBeHb BinbHoro T4 y rpynax
3 AIT Ha 182,0% (p < 0,001) 6yB kopurosaHuit L-tupo-
kcnHom Ha 30,8% (p < 0,001). HamBupasHille 3HWKeHHS
piBHs 3aranbHoro T4 y wypis 3 AlT BigmiyeHe Ha Tni BBe-
aerHsa KEM, a HanBupasHile 3HWXKEHHS PiBHA BiNbHOMO
T4 BigmideHo Ha Tni BBegeHHs KC-MCK — BignosigHo
Ha 22,0% (p < 0,001) Ta 49,4% (p < 0,001), wo Ha 20,0%
(p < 0,001) Ta Ha 26,9% (p = 0,004) Gyno Hwux4e
3a NigBWLEHI aHanoriyHi NoKasHUKK y rpyni Wypis, SKUm
BBOAWMUN L-TUPOKCUH.

CniBBigHOLLEHHs1 3aranbHOro Ao BinbHoro T4 y wypis
3 AIT 6e3 nikyBaHHsi 3HM3unocs Ha 47,3% (p < 0,001),
WO niaATBEPAXYE MOpYLUEHHs MeTaboniamy. JlikyBaHHS
L-TupokcrMHOM NprBeno A0 NiABULLEHHS LbOro CriBBigHO-
WweHHa Ha 42,1% (p = 0,005), Habnwxatoun oro Ao
piBHS iHTakTHUX LWypiB. BeegeHHsa KEI, ta KEC Takox
NoKpaLLMno CniBBiOHOLLIEHHS, Xxo4a edekTn Bynu MeHL
BupaxeHumn. Ha Ttni BBegeHHa KC-MCK cnisBigHO-
LEeHHA 3aranbHoro o BinbHoro T4 y wypis 3 AlT ctaHo-
Buno 6,8 + 0,6 (95% [Al: 5,7-7,8) HMonb/nkmonb, Lo
Ha 62,3% O6yno Oinble, MOPIBHAHO 3 MOKa3HUKaMU
wypis 3 AIT 6e3 nikyBaHHs (p = 0,001).
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CONCLUSIONS

The study revealed that in rats with AIT, there was
a statistically significant increase in the total T3 level
by 72.0% in the control group compared to intact rats
(p < 0.001). Treatment with L-thyroxine did not cause
significant changes in T3 levels (p = 0.5), whereas the
administration of CEP, CES, and MSC-CM led to
a reduction in total T3 levels: by 19.1%, 13.5%, and
36.6%, respectively, with the most pronounced effect
observed in the MSC-CM group (p < 0.001).

In rats with AIT, the total to free T3 ratio decreased
by 27.4% (p < 0.001), indicating thyroid dysfunction.
Treatment with L-thyroxine and CEP led to a significant
increase in this ratio, whereas CES and MSC-CM
produced less pronounced results.

The total T4 level in rats with AIT increased by 51.7%
(p < 0.001), indicating thyroid dysfunction. The elevated
free T4 level in the AIT groups (by 182.0%, p < 0.001)
was corrected by L-thyroxine by 30.8% (p < 0.001).
The most pronounced decrease in total T4 levels in rats
with AIT was observed with CEP administration, while the
most significant reduction in free T4 was observed with
MSC-CM - by 22.0% (p < 0.001) and 49.4% (p < 0.001),
respectively. These reductions were 20.0% (p < 0.001)
and 26.9% (p = 0.004) lower than the elevated
corresponding levels in the L-thyroxine-treated group.

The total to free T4 ratio in rats with AIT without
treatment decreased by 47.3% (p < 0.001), confirming
metabolic disturbances. L-thyroxine treatment led to
a 42.1% increase in this ratio (p = 0.005), bringing
it closer to the levels in intact rats. Administration
of CEP and CES also improved the ratio, although the
effects were less pronounced. The ratio of total to free
T4 in rats with AIT on MSC-CM treatment was 6.8 + 0.6
(95% CI: 5.7-7.8) nmol/pmol, which was 62.3% higher
compared to untreated AIT rats (p = 0.001).
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nepCﬂeKTMBM MOAQABLUUX AOCAIAXEHD

[ouinbHo pocniantn MoxnueicTb kombiHauii KEM, KEC Ta
KC-MCK 3 L-TMpOKCMHOM Ans OOCSrHEHHsT Ginbll BUPaXXeHOro
TepaneBTM4HOrO edpekty. Kpim TOro, HeobxigHO oOUIHWUTK
[OBroTpMBani pesynsTaTv NiKyBaHHA Ta WOro BMMMB Ha iHLWi
meTaboniyHi npouecu B opraHiami. Baxnueo Takox gocnigntu
noTeHUian uMx npenapariB Ans nikyBaHHS iHLLIMX 3aXBOPIOBaHb
lwmTonoAibHOT 3amo3n, Lo BiOKPUBAE HOBI MOXIMBOCTI Ans
Tepanii Ta NpodiNakTUKM Takux NopyLUEHb.

KoHdAikT iHTEepecis

ABTOpPM pyKOnucy CBiAOMO 3acBig4vyOTh BiACYTHICTb (DaKTUYHOIO
abo NOTEHLINHOrO KOHMNIKTY iHTepeciB LWOAO pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMU KOMMAHIMKU, BUPOOHMKaMU
B6iomMeanYHMX MPUCTPOIB, IHLUMMW OpraHi3auisMu, Yni NPoayKTH,
nocnyru, piHaHcoBa niATPUMKa MOXYTb OyTu noB’A3aHi
3 MpegMeToM HagaHux Matepianis abo fki cnoHcopysanu
npoBeaeHi AOCHiIXEHHS.
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Prospects for further research

It would be valuable to investigate the possibility of combining
CEP, CES, and MSC-CM with L-thyroxine to achieve a more
pronounced therapeutic effect. Furthermore, it is important to
assess the long-term results of treatment and its impact on
other metabolic processes in the body. Additionally, exploring
the potential of these drugs for treating other thyroid disorders
could open up new opportunities for therapy and prevention
of such conditions.
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