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ABSTRACT

BACKGROUND: Thermal skin injuries are among the most common traumatic lesions in humans; however, overall treat-
ment outcomes for deep burns remain unsatisfactory. Thyroid hormones are key regulators of cellular processes, in-
cluding cell proliferation and angiogenesis, which makes them potential stimulators of regeneration in skin injuries.
AIM: The work aimed to investigate systemic and topical effects of L-thyroxine on the wound healing process in an ex-
perimental model of deep burn wounds.

METHODS: The effect of pharmacologically altered thyroid status and 10 pg/mL thyroxine-containing hydrogel on an
experimental third-degree (IlIB) skin burn was studied in 74 white non-linear male rats weighing 220-257 g. A third-
degree (IlIB) burn was induced in the proximal dorsal region. Seventy-two hours after burn induction, the eschar was
completely excised along the border with intact skin, and a splinting ring was applied; subsequently, in groups Ib and llla,
the investigational drugs were applied topically. On day 10 after burn induction, levels of interferon gamma (IFN-y),
alpha-defensin 1 (DEFat1), transforming growth factor 1 (TGF-B1), and fibroblast growth factor 2 (FGF2) were measured
in wound exudate using enzyme-linked immunosorbent assay. Changes in burn wound area were assessed over time
using the Universal Desktop Ruler software.

RESULTS: Median time to 50% epithelialization in systemic and local hyperthyroidism groups was 20 (19; 21.5) and
21 (18; 22) days, respectively, significantly shorter than in the intact control group. Median time to 75% epithelialization
in all experimental groups differed significantly from both control groups: in systemic and local hyperthyroidism groups,
it was 29.5 (28; 32), 30.2+0.9, and 33.3 + 0.45 days, respectively; in propylthiouracil-induced hypothyroidism
group, median time to 75% epithelialization was not reached. In systemic hyperthyroidism group, IFN-y, DEFa1, TGFp1,
and FGF2 levels in wound exudate, and in local hyperthyroidism group, FGF2 and IFN-y levels, were significantly higher
than in both control groups. In contrast, in propylthiouracil-induced hypothyroidism group, FGF2 and IFN-y levels were
significantly lower compared with control groups.

CONCLUSION: Systemic hyperthyroidism and application of thyroxine-containing gel to wound surface accelerate natural
wound healing. Thyroid hormones exhibit dose-dependent effects on FGF2 and IFN-y secretion.
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AHHOTALUA

O6ocHoBaHMe. TepMUYECKUE MOBPEXAEHUS KOXM OTHOCATCA K OAHUM U3 CaMblX PacrpoCTpaHeHHbIX TPaBMaTMYeCKUX Mo-
BPEXIEHWUN YeNOBEKaA, NPW 3TOM COBOKYMHbIE Pe3ynbTaThl IeYEHUs TYOOKMX 0XKOTOB OCTAIOTCS HEYL0BJIETBOPUTENTbHBIMM.
TvpeonaHble ropMoHbI ABNSIOTCS OLHUMM U3 KITKOYEBbIX PErYNATOPOB KIIETOYHbIX MPOLECCOB, BKIOYas KIeToUHY0 nponnde-
PaLMI0 M aHTMOreHe3, YTo AeNaeT UX NOTEHLMaNbHBIMU CTUMYNISATOPaMU pereHepaLyn npu NopaxeHUsX KOXMU.

Lienb — uccnepoBath CMCTEMHOE M TOMMYECKOE BAMSIHWE L-TMPOKCMHA Ha TeYeHWe paHEBOro MPOLEcca Ha SKCNepPUMEHTab-
HOI MOZENM FNyBOKNX 0XKOroBbIX PaH.

MeToabl. B onbitax Ha 74 6enbix HeMHENHbIX Kpbicax-camuax Maccoi 220-257 r uccnefoBany BAMSHUE MeMKAMEHTO3HO
W3MEHEHHOr0 TMPEOUAHOrO CTaTyca M rMaporens ¢ TMPOKCMHOM B KOHLEHTpauuu 10 MKr/MN Ha TeyeHWe aKCnepuMeHTaNb-
HOro TepMuyeckoro oxora Koxu IlIB crenenn. TepMuyeckuii oxor, cootBeTcTBytowMi IIIB ctenenn, HaHocunm B obnactu
NPOKCUManNbHOM YacT CrivHbl. Yepe3 72 4 nocne HaHeceHUs 0XKOora paHy 0CBODOXAanu OT CTpyna MOSHbIM ero Mcceve-
HWEM MO TPaHMLEe C HEMOBPEXAEHHON KOXE C HaNOXKEHWEM LUMHUPYHOLLEro Konblia, nocne yero B Ib u llla rpynnax npo-
BOAMIM anmnjMKaLMI0 UCCNeAYeMbIX NleKapcTBeHHbIX cpeacts. Ha 10-e cyTKu mocne HaHeceHWs 0XKora B paHeBOM OTAeNs-
€MOM OMnpefensnm ypoBHU ramMMa-uHtepdepoHa (MH®-y), pedensuHa anbda 1 (DEFal), TpaHchopmupytowero daktopa
pocTa B-1 (TGFB1), paxTopa pocTa ¢pubpobnactoB 2 (FGF2) ¢ ucnonb3oBaHMeM UMMYHHO(EPMEHTHOMO aHanM3a. [uHaMuKy
M3MeHEeHMs NJIOLLALM 0XKOroBOW paHbl OLEHMBaM B IMHAMUKeE C ucnonib3oBaHueM nporpammel Universal Desktop Ruler.
Pesynbrarbl. MeauaHbl BpeMenu 50% anuTenu3aumm B rpynnax CUCTEMHOTO U NOKanbHOro runeptupeosa coctasunm 20 (19; 21,5)
u 21 (18; 22) aHeli W BbINM AOCTOBEPHO MEHbLLE MHTAKTHOMO KOHTPONSs. MeauaHbl BpeMeHn 75% anuTenusaumn paH Bo BCex
3KCMEPUMEHTASIbHBIX FpYMnax CTaTUCTMYECKW 3HAYMMO OT/IMYANMCh OT 006eMX KOHTPOSIbHBLIX Fpyrn: B Fpynmax CUCTEMHOrO
M JIOKanbHOro runepTupeosa coctasuna 29,5 (28; 32), 30,2+0,9 n 33,3+0,45 AHeit COOTBETCTBEHHO, NP 3TOM MeAnaHa Bpe-
MeHu [0 75% anuTenn3aumuu B rpynne MHAYLMPOBAHHOIO NPONMITUOYPALMIIOM MMNOTUPEe03a He AOCTUrHyTa. YpoBHM MHO-y,
DEFal, TGF1, FGF2 B paHeBOM 0TAeNseMOM B rpymnmne CUCTEMHOTO runepTMpeosa u ypoHu FGF2 n MH®-y B rpynne nokanb-
HOro runepTMpeo3a Obin CTaTUCTUYECKM 3HAUMMO MOBbILLEHbI B CPABHEHUM C 00EMMM KOHTPOSIbHBIMK rpynnamu. B rpynne
rMNoTMpeo3a, MHAYLMPOBAHHOMO MPONUITMOYPALIMIIOM, HanpoTuB, ypoBHU FGF2 n MH®-y neMoHCTpMpoBanu cTaTMcTUYECKM
3HauMMOE CHUMEHME B CPABHEHWM C KOHTPOJIbHBIMU FpyRnamy.

3aksitoyeHne. CuCTEMHBIN TMMEPTUPEO3 U anmaMKaLuMu TUPOKCMH-COAEPXaLlero refsl Ha paHeByl MOBEPXHOCTb MPUBO-
IVMT K YCKOPEHWMIO «ECTECTBEHHOMO TEYEHMS PaHEBOro MPOoLeccax». TMPeoMaHbIE TOPMOHbI AEMOHCTPUPYIOT [10303aBUCHMble
3ddeKTbl B OTHOLLEHNUN cerpeumnn FGF2 n MHO-y.

KnioueBble cnoBa: TMPEOMAHbIE FTOPMOHbI; TEPMUYECKOE NOBpPeXAeHWe Koxu; oxor |l cTeneHu; paHeBow npouecc; runep-
TUpeo3; AedeH3NHbI.
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BACKGROUND

Thyroid hormones (THs) are essential regulators of
cellular processes, including proliferation, differentiation,
and metabolism, acting through both genomic and nonge-
nomic mechanisms [1]. Nuclear receptor stimulation al-
ters the expression profiles of more than 100 genes, more
than half of which are tissue-specific [2]. Nongenomic
mechanisms are activated by stimulation with L-thyrox-
ine (T4) or, to a lesser extent, via direct (T3) and reverse
(rT3) triiodothyronine. The latter are specific binding sites
on integrin (CD51/CD61), resulting in dose-dependent ac-
tivation of the mitogen-activated protein kinase (MAPK)
signaling pathway, which involves the RAS/RAF/MEK/ERK
pathway. Furthermore, phosphatidylinositol-3-kinases
(PI3K) and serine/threonine protein kinase (STK) can be
involved [3]. In malignant neoplasms, excessive TH le-
vels cause tumor progression as a result of nongenomic
effects that activate cell proliferation, angiogenesis, and
immunomodulatory effects associated with modified pro-
and anti-inflammatory cytokine secretion [4, 5]. However,
the role of THs in regeneration and proliferation of both
unaffected and affected tissues is poorly understood [6].
The available theoretical data on intracellular and tissue
effects of iodothyronines support their potential use as
universal proliferation and angiogenesis regulators in the
treatment of various skin injuries [7]. However, the use
of thyroid hormones, including topical iodothyronines,
is still insufficiently studied.

This study aimed to investigate systemic and topical
effects of L-thyroxine on the wound healing process in an
experimental model of deep burn wounds.

METHODS

Overall Experimental Study Design

This experimental study assessed the impact of drug-
induced changes in thyroid status and the topical effect
of L-thyroxine on wound healing. The experiment used
male nonlinear white rats weighing 184-246 g (n = 65).
The animals were obtained from the Rappolovo hus-
bandry (Leningrad region, Russia). Upon receipt, the ani-
mals were quarantined for at least 14 days. During the
quarantine, all animals were examined twice daily (in the
morning and evening) to assess their overall condition
and behavior. Animals with suspected diseases and/or
behavioral changes were excluded from the study during
the quarantine.

Animal Housing, Study Group Formation, and
Randomization

Animals (n = 74) were kept under standard vivarium
conditions, with four rats per cage. Each rat was separat-
ed from others by a perforated partition, which facilitated
communication and minimized isolation stress. Water and
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feed were provided ad libitum to all animals. Following
an experimentally induced burn, rats were randomized
into five study groups, with a treatment to control ra-
tio of 1.8:1.0. In group la, systemic hyperthyroidism was
experimentally induced. Group Ib (local hyperthyroidism)
received thyroxine-based gel applications. In group II,
systemic propylthiouracil-induced hyperthyroidism was
modeled by substituting water with 0.1% propylthioura-
cil (PTU) solution. Group Illa served as a positive control
and received dioxomethyltetrahydropyrimidine + chlor-
amphenicol applications. Group lllb served as an intact
control (Table 1).

Drug Substances

The study used levothyroxine and PTU (Table 2);
thyroxine solution was administered intraperitoneally,
following a daily weighing. To make the thyroxine-based
gel, thyroxine solution was mixed with sodium carboxy-
methyl cellulose (Na-CMC) up to 10 pg/mL. Positive con-
trols received dioxomethyltetrahydropyrimidine + chlor-
amphenicol applications. To ensure testing integrity and
comparable stress levels, all groups except the systemic
hyperthyroidism group received daily injections with
0.2 mL of 0.9% sodium chloride solution.

Thermal Burn Modeling

A thermal burn was induced using the previously
described procedure [8] in the proximal back region to
prevent animal snouts and paws from contacting the
wound surface. Four days before the experimentally in-
duced injury, this region was shaved and dehaired using
a special cream for 15 min. After 15 min, the cream and
hair were removed, the skin was rinsed with warm wa-
ter, wiped dry with a paper towel, and allowed to dry.
The skin at the future burn site was then marked to des-
ignate the center of thermal applicator placement. Ther-
mal burns were induced under general anesthesia with
tiletamine + zolazepam in combination with 0.01%
clonidine solution (2:1) when the deep sleep phase
was reached. Thermal burns were induced using a cy-
lindrical applicator made of steel, weighing 835 g, with
a flat, circular working section with a diameter of 20 mm,
providing a wound surface area of 100 m (314 + 5 mm?).
To induce burns, the applicator was heated to a constant
temperature by immersing in boiling water (98-100 °C)
for 2 min. The applicator was then used on the animal’s
skin for 30 s. Following that, the applicator was removed.
After 72 h, the scab was removed by complete dissection
along the edge of unaffected skin. Following that, the
skin around the wound was sutured, with the surgical
suture ends left loose. A ring splint (height 4 mm, inner
diameter 25 mm, outer diameter 26.5 mm) was placed
along the perimeter of the wound and fixed by sutu-
ring. The ring splint was covered with a patch that was
fixed along its edges to minimize wound contamination

7



OP/MHATIBHBIE MCCIEIOBAHMA

Table 1. Study group characteristics
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Group Group name N“”.‘ber Group description Method description Administration
No. of animals frequency
la Systemic 18 Inducing moderate drug-induced Intraperitoneal administration at a dose Once dail

hyperthyroidism hyperthyroidism of 100 pg/100 g body weight y
Local Creating |ncr_eased levothyroxine Applying 1 mL of levothyroxine-based Once daily to
lb hvoerthvroidism 18 concentrations at the wound el (10 ug/mL) the wound
ypertny! site g Mg surface
. : i H i I 0,
I System_lc_ 18 Inducing moderate _d_rug induced Substltutmg watgr W|th_[].1 % ad libidum
hyperthyroidism hyperthyroidism propylthiouracil solution
lla Positive control 10 Topical application of a standard Applymg].[} g of d|oxomethyltetrahydropy- Once daly
drug rimidine + chloramphenicol
I1lb Intact control 10 Opeq wound management - -
without drug therapy
Table 2. Drug substances used in the study
Substance name Chemical name Manufacturer Country

L-thyroxine (levathyroxine

sodium) diiodophenyl]propionic acid

Propylthiouracil

2-amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5-

2,3-dihydro-6-propyl-2-thioxo 4(1H)-pyrimidinone

Republican Unitary Production

Enterprise Belmedpreparaty Republic of Belarus

Wuhan Hezhong Bio-Chemical

Manufacture Co., Ltd China

and reduce topical drug loss. The splint prevented wound
contraction and kept its size constant, allowing for more
objective assessment of the test and control products.

Laboratory Animal Monitoring

To ensure objective assessment during all stages
of the experiment, wounds were photographed using
a scale ruler for subsequent wound area calculation.
Wound areas were calculated in the Universal Desktop
Ruler software, which uses photographs to assess wound
geometry, with a preliminary calibration based on the
scale ruler on the photograph. Changes in wound sur-
face epithelization were used as complete wound healing
criteria.

Enzyme-Linked Immunosorbent Assay

Resorption and thyroid status in drug-induced sys-
temic hyperthyroidism with iodothyronine-based hy-
drogel application were assessed based on serum
thyroid-stimulating hormone (TSH) levels. For this pur-
pose, blood samples were collected during decapitation.
The Vector-Best test system (Vector-Best, Russia)
was used. Interferon gamma (IFN-y), alpha defen-
sin 1 (DEFA1), transforming growth factor p-1 (TGF-$1),
and fibroblast growth factor 2 (FGF2) levels in wound
discharge were assessed by enzyme-linked immuno-
sorbent assay (ELISA) with Cloud-Clone Corporation
reagents (USA), according to the manufacturer’s in-
structions. Samples were collected on day 10 after in-
ducing burns, by wound discharge absorption with sterile
paper points that were applied to the wound for 60 s.

DOl https://doiorg/1017816/RCF642593

The samples were then placed in sterile tubes with 0.9%
sodium chloride solution for 45 min. A multifunctional
plate reader Victor X5 (PerkinElmer Inc., USA) was used.

Ethics Approval

The study followed the ethical principles of the Eu-
ropean Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific Purposes
(adopted in Strasbourg on March 18, 1986, and updated
in Strasbourg on June 15, 2006).

Statistical Analysis

Data analysis was performed using Statistica for Win-
dows (USA), version 10.0, with generally accepted de-
scriptive statistics procedures, taking into account the
small sample size. The data are presented as a mean
with standard error (SE) and standard deviation (SD),
as well as a median (Me) with upper and lower quar-
tiles [@;; @], with normality testing of each variable.
The Anderson—Darling test was used for normality testing
in groups. The groups were compared using the Mann-
Whitney U test, based on the distribution of a variable
in each experiment. Kaplan—-Meier curves were used to
compare changes in wound epithelization. The curves
showed the mean remaining wound surface at each time
point, ranging from 100% at baseline to 0% for com-
plete epithelization. The median time to 25%, 50%, and
75% epithelization was calculated, with a standard er-
ror calculated using the Greenwood equation. Changes
in epithelization based on the distribution of the variable
were assessed using the Mantel-Cox logrank test or the
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Table 3. Changes in wound epithelization during the experiment (Me [Q;; G;])

Vol.23(2)2025
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Animal groups
Integral wound healing Hyperthyroidism Systemic Comparison groups
parameters hyperthyroidism
group la group Ib (Group 1) group llla group lllb
Time to 25% epithelization, days 10.0 [9.5; 11.0] 12903 15.0[13.0; 16.5] 132+04 14603
Time to 50% epithelization, days 20.0 [19.0; 21.51 21.0 [18.0; 22.01 29.5[26.0; 32.5] 235+ 06" 28107
Time to 75% epithelization, days 29.5[28.0; 32.01** 302+ 0.9 Not achieved** 325[29.0;35.01*  36.0 [34.0; 37.0]

Note. *Significant difference from intact control; **Significant difference from standard of care (group llla).

Gehan-Breslow—Wilcoxon test. The significance level for
the null hypothesis (no significant differences or factor
effects) was 0.05.

RESULTS

Experimentally induced hyperthyroidism and/or le-
vothyroxine-based hydrogel application (Table 3) sig-
nificantly reduced the epithelization time. In contrast,
drug-induced hyperthyroidism significantly increased the
epithelization time.

When assessing changes in burn wound epitheliza-
tion, the median time to 50% epithelization in groups
that received systemic or topical iodothyronines was
20 [19; 21.5] days and 21 [18; 22] days, respectively,
differing significantly from the intact control. The time
to 75% epithelization in all experimental groups dif-
fered significantly from both intact and positive controls.
In groups la and Ib, the time to 75% epithelization was
29.5 [28; 32] days and 30.2 + 0.9 days, respectively,
whereas in the induced hyperthyroidism group, this pa-
rameter was not achieved (Table 3).

When assessing the thyroid status by TSH and T4
levels, the findings accurately reflected systemic hypo-
and hyperthyroidism in accordance with modern hor-
monal regulation concepts. Blood TSH and T4 levels in
animals with topical application of thyroxine-based gels
corresponded to euthyroidism, with no significant differ-
ences from thyroid hormone levels in groups llla and Illb
(Table 4).

All assessed cytokine and DEFAT1 levels in wound
discharge on day 10 of the experiment were signifi-
cantly elevated in the systemic hyperthyroidism group
compared to both control groups. Topical application of
a thyroxine-based gel (10 pg/mL) resulted in a significant
increase in FGF2 and IFN-y levels only. In contrast, in
the PTU-induced hyperthyroidism group, there was a sig-
nificant decrease in FGF2 and IFN-y levels compared to
controls, indirectly indicating dose-dependent effects of
iodothyronines in FGF2 and IFN-y expression regulation
(Table 5).

DOl https://doiorg/1017816/RCF642593

DISCUSSION

The role of THs in tissue regeneration and wound pro-
cesses is still insufficiently studied. However, available
data suggest that iodothyronines have anti-inflammatory
and immunomodulatory effects [9] that reduce the cy-
totoxicity of immunocompetent cells while increasing
pro-inflammatory cytokine expression [10, 11]. This is
most relevant for IFN-y, TNF-q, and interleukin-6 (IL-6),
and to a lesser extent for CXCL9, CXCL10, CXCL11, IL-21,
IL-23, and IL-37 [12]. Cytokines and DEFA1 were se-
lected considering the role of these biologically active
substances in wound regeneration. Our study used IFN-y
as a reference parameter, because numerous studies
confirm its increased expression in systemic hyperthy-
roidism [9]. However, according to our findings, drug-
induced hyperthyroidism resulted in increased secretion
of all assessed cytokines and DEFA1, whereas topical
iodothyronines only resulted in increased IFN-y and
FGF2 levels.

Our study showed a shorter natural history of wound
healing with drug-induced systemic hyperthyroidism and
topical application of a thyroxine-based gel, whereas
PTU-induced hyperthyroidism resulted in prolonged epi-
thelization, supporting topical use of iodothyronine-based
drugs [7].

There are currently few experimental studies on
the use of iodothyronine-impregnated wound dressings
and sutures, primarily demonstrating the regenerative
and proangiogenic effects of natural iodothyronines.
T4-impregnated cotton wound dressings (1 pg/mL) have
demonstrated high efficacy in skin wound healing in labo-
ratory animals. Complete epithelization of superficial me-
chanical wounds with a diameter of 20 mm was achieved
within 23 days [13]. In an experimental study, combina-
tion hydrogels containing chitosan, carboxymethyl cel-
lulose, and hydroxyapatite, at various T4 concentrations
(0.1, 0.5, and 1 pg/mL), showed dose-dependent proan-
giogenic activity with increasing T4 concentrations in a
chicken embryo chorioallantoic membrane model [14].
A similar model demonstrated that T3-impregnated poly-
caprolactone fibers had a considerable proangiogenic
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Table 4. Thyroid hormone levels on the last day of the experiment

Tom23,Ne2,2025

(0030pbl N0 KNMHWYECKOM (hapMaKonormv
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Animal groups
Assessed hormones Hyperthyroidism Systemic Control
hyperthyroidism
group la group |b (group 1) group llla group lllb
mean 0.33 £0.07" 153 +£0.13" 6.09 £0.6 1.67 £0.29° 17402
TSH. miU/L Me 027 139 5.82 137 158
Q; Q) [0.14; 0.34] [1.13; 1.72]# [4.16; 6.92]## [1.13; 1.84] [132;2.12]
mean 97.98 + 2.86 75.19 + 2.51 56.19 +2.99 77.64 +0.2.81 7488 +2.77
T4, nmol/L Me 98.15 8193 64,26 79.24 7592
[@; @) [87.58; 108.83]***## [87.58; 108.83]*** [49.05; 64.26]**### [69.45; 86.5] [66.84; 82.8]

Note. "Normally distributed variable; *Significant difference from group Ib; **Significant difference from group llla; *Significant difference from intact control;

#Significant difference from systemic hyperthyroidism (group lla).

Table 5. Levels of assessed cytokines and alpha defensin 1 in animals

Animal groups
Assessed cytokines, pg/mL Hyperthyroidism Systemic Control
hyperthyroidism
group la group |b (group 1) group llla group lllb
mean 2924 +3.12 299+1.88 1551 +1.16 2157 £2.36 23.13 £ 2.07
FGF2 Me 2725 285 16.04 2086 21.93
Q; Q) [17.43; 40.45]**## [23.2; 36.2]*# [10.86; 18.54] [16.49; 24.37] [18.99; 28.49]
mean 576 +0.62 531 +0.66 L.64 +0.64 489 £0.73 433072
TGFpT Me 5.56 451 497 424 A
[Q; @) [3.59; 7.65]* [3.03; 8.15] [2.46; 6.48] [2.87;7.73] [2.46; 6.13]
mean 0.61+0.08 0.53 +0.08 041 +0.06 0.42 +0.09" 0.35+0.03
DEFal Me 067 048 042 035 037
[@; Q) [0.26; 0.85]*# [0.23; 0.83] [0.19; 0.63] [0.23; 0.69] [0.26; 0.4]
mean 60.58 +3.74 6138 +3.75 37.87 £3.99 4922 £576 49.25 + 454
IFN-y Me 61.16 6408 37.69 50.89 48.08
[Q; @) [55.49; 71.677%*##  [49.77; 71.23] ***# [30.67; 49.58] ** [33.25; 66.86] [42.85; 56.98]

Note. “Normally distributed variable; **Significant difference from group llla; *Significant difference from intact control; *Significant difference from

systemic hyperthyroidism (group Ila).

effect at the application site. When placed in aortic rings
in rats, this material enhanced the invasive potential of
endothelial cells and increased the total cross-sectional
area of capillaries [15].

CONCLUSION

Our study improves the understanding of the role of
THs in wound processes and their potential use to pro-
mote regeneration. Experimentally induced systemic hy-
perthyroidism and thyroxine-based gel (10 pg/mL) im-
prove wound healing in an experimental setting. Systemic
hyperthyroidism promotes secretion of all assessed cy-
tokines, whereas thyroxine-based gel applications only
increase FGF2 and IFN-y secretion.
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®uHaHcupoBaHue. Pabota BbiMOfHEHa B paMKax MpOeKTa
«[puropuTet-2030».

PackpbiTe HTepecoB. ABTOPbI 3asBNISOT 00 OTCYTCTBIM OTHOLLEHWIA,
BesTeNbHOCTY W VHTEPECOB 3a NOCNejH1e TPW roAa, CBA3aHHbIX C TPETbUMM
JmLaMK (KOMMEPYECKUMY 1 HEKOMMEPYECKVIMM), UHTEPECH! KOTOPbIX MOTYT
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