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Pesome. PacripocTpaHeHHOCTh TEPMUUECKOI TPaBMBI, BEICOKUI PUCK MHMEKIIMOHHBIX U HEMH(MEKII-
OHHBIX KPaTKOCPOUHBIX U JOJTOBPEMEHHBIX OCJIOXHEHUI, orpaHnuyeHHast 3(p(GEKTUBHOCTb MPUMEHSIEMbIX
TepareBTUYECKUX TMTOAX0I0B SIBASIOTCS MPEANOChUTIKOM JJIsI TTOMCKa U ITaTOreHETUYeCKOTro 000CHOBAHMS HO-
BBIX CPEACTB Teparuu, Cpear KOTOPhIX BHUMaHUe MPUBJIEKAET 9HAOTEHHbIN PEryJsiTOp roMeocTasa ¢ Ijieii-
OTPOITHBIMU CBOMCTBAMU MEJIATOHUH.

Llens paboThl — MCCAEAOBATH UMMYHOJIOTUUECKUE aCTIEKThl 3(P(HEKTUBHOCTU BHYTPUOPIOIIMHHOTO MPU-
MeHeHusa meiatoHnHa (MT) ripu akcnepuMeHTaabHOM TepMuueckoit TpaBme (TT).

PaGora BeirmostHeHa Ha 158 kpeicax nmuann Wistar, TT I1IA cTerneHu M oTHOCUTEIBHOM mtomansio 3,5%
MOJIEJIMPOBAJIN TTOTPYKeHNeM Koxu B Boay Tipu 98-99 °C Ha 12 ¢. MT npumeHsM BHYTPUOPIOIIMHHO eKe-
THEBHO B mo3e 10 MT/Kr B TeueHUE 5 cyTOK. KOIMYeCcTBEeHHBIN COCTaB KICTOK KPOBU OLICHUBAIM Ha TeMa-
TosiornyeckoM aHanuzarope. Konnenrpauuio B razme I1L-4, TNFa, IFNy, CPb onpenensiiin Ha aBTomMa-
TUYECKOM UMMYHOMEPMEHTHOM aHaM3aTOpPe ¢ UCIOJb30BaHUEM CITELIU(PUUECKUX AJIsI KPbIC TeCT-CUCTEM,
MT — MeToaoM KalmJLISIPHOTO 3JIeKTpodopesa.

IIpu skcnepumenTanbHoii TT Ha ¢oHe mporpeccuBHOTO OT 5 K 20 cyTKaM yBeJIMUYEHUSI KOJMYECTBA B
KPOBHM JICUKOILIUTOB 3a CUCT HEUTPO(DUIOB, MOHOIIMTOB, 06a30(DMIIOB, CHIXXKACTCS KOIUYECTBO TUMGMOIIMTOB.
ITpu TT B ceiBopoTKe Ha 5 n 10 cyTku Bo3pacTtaeT KoHIeHTpanus CPb, Ha 5-¢, 10-e u 20-e cyTkr Bo3pacTaeTr
conepxanne TNF-o, IL-4 ipu orcyTcTBUM 3HAUYMMBIX n3MeHeHuit KoHueHTpaimu [FNy. Konnenrpauus
cpiBOpoToyHOTO MT 3HauuMMo He usMeHsietcs. BHyrpuOpommHHoe npuMeHeHrue MT nipu TT npuBoaut
K YaCTUYHOMY BOCCTAaHOBJICHUIO B KPOBU KOJIMYECTBA JUMMOLUTOB Ha 5-€¢ cyTKU. OlleHKa LIUTOKMHOBOTO
npoduis B CbIBOPOTKE BbIsiBUJIa cHUXKeHUEe KoHLeHTpaluu TNFo Ha 10-e u 20-e cyTKU, 3HAUYUMBIX W3-
MmeHeHul koHueHTpauuu [L-4 u IFNy He 3apukcupoBaHo, KoHlleHTpauusi CPb cHukaetcst Ha 5-€ CyTKU.
Konuenrtpanus ceiBoporouHoro MT yBenuuuBaeTcs Ha 5-€ CyTKHU.

IIpu TT Ha 5-¢, 10-¢, 20-e cyTKM 3KCIIEpUMEHTA B KPOBU YBETNYMBACTCSI KOJTUYECTBO HEUTPODUIIOB, MO-
HOIIUTOB, 6a30(bMJIOB, CHIKACTCS — TUMQOIIMTOB, B CBIBOPOTKE Bo3pacTaeT conepxkanne CPb, TNFa, 1L-4,
conepxanue [IFNy u MenatoHnHa He usmMeHsercad. BuyrpuoprommHuoe npumenenue MT npu TT ywactuuHo
BOCCTaHaBJIMBAaET B KPOBU KOJINYECTBO JIMM@po1nuToB, KoHLeHTpauuio CPBb, TNFa. CH1xXeHue KoHLIeHTpa-
1uu B ceiBopoTke TNFo 1 CPB nipu TT B ycioBusix npuMeHeHuss MT Mo3BOJISIIOT TOBOPUTH 00 OrpaHUye-
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HUN OCTpO(l)a3OBOFO OTBETAa KakK CJICACTBUC aHTHMOKCHUIAAHTHOI'O, IMTPOTUBOBOCITAIIMTCIIbHOTO JNEUCTBUS MT,
4TO MOXKET CIOCOOCTBOBATH YCKOPCHMUIO 3a’KMBJICHUA N YMCHBILICHUIO IJIOIIAAM o4dara ITOBPCKACHUA TT.

Karouesvie cnosa: mepmuueckas mpasema, meaamonur, CPb, TNFa, IL-4, IFNy

IMMUNOLOGICAL ASPECTS OF THE USE OF MELATONIN IN
EXPERIMENTAL THERMAL TRAUMA
Osikov M.V.»* Ageeva A.A.%, Boyko M.S.?, Ageev Yu.l.?

@ South Ural State Medical University, Chelyabinsk, Russian Federation
b Chelyabinsk Regional Clinical Hospital, Chelyabinsk, Russian Federation

Abstract. The prevalence of thermal trauma, the high risk of infectious and non-infectious short- and long-
term complications, and the limited effectiveness of the therapeutic approaches used are prerequisites for the
search and pathogenetic justification of new therapies, among which the endogenous homeostasis regulator
with pleiotropic properties melatonin attracts attention.

The aim of the work is to investigate the immunological aspects of intraperitoneal use of melatonin (MT) in
experimental thermal trauma (TT).

The work was performed on 158 rats of the Wistar line, grade III TT and a relative area of 3.5% were
simulated by skin immersion in water at 98-99 °C for 12 s. MT was administered intraperitoneally daily at
a dose of 10 mg/kg for 5 days. The quantitative composition of blood cells was evaluated on a hematological
analyzer. Plasma concentrations of IL-4, TNFa, IFNy, and CRP were determined on an automatic enzyme
immunoassay using rat-specific test systems, and MT by capillary electrophoresis.

With experimental TT, against the background of a progressive increase in the number of leukocytes in the
blood from 5 to 20 days due to neutrophils, monocytes, basophils, the number of lymphocytes decreases. With
TT, the concentration of CRP increases in serum on days 5 and 10. The content of TNFa, IL-4 increases on
days 5, 10 and 20 in the absence of significant changes in the concentration of IFNy. The concentration of
serum MT does not change significantly. Intraperitoneal use of MT in TT leads to a partial restoration of the
number of lymphocytes in the blood on day 5. Evaluation of the cytokine profile in serum revealed a decrease
in the concentration of TNFa on days 10 and 20, no significant changes in the concentration of IL-4 and IFNy
were recorded, the concentration of CRP decreased on day 5. The concentration of serum MT increases by 5
days.

With TT on the 5", 10", 20" day of the experiment, the number of neutrophils, monocytes, basophils in
the blood increases, decreases — lymphocytes, the serum content of CRP, TNFa, IL-4 increases, the content
of IFNy and melatonin does not change. Intraperitoneal use of MT in TT partially restores the number of
lymphocytes in the blood, the concentration of CRP, TNFa. A decrease in serum concentrations of TNFo and
CRP in TT under the conditions of MT use suggests a limitation of the acute phase response as a consequence
of the antioxidant, anti-inflammatory effect of MT, which can accelerate healing and reduce the area of the
lesion of TT.

Keywords: thermal injury, melatonin, CRP, TNFa., IL-4, IFNy

the TT pathogenesis and its complications at each
stage. Understanding of the burn’s pathophysiology
is a precondition for the pathogenetically reasonable
therapies development, as also methods of wound
suturing and safe necrectomy [3]. In this attitude,

Introduction

Burns are one of the important medical and
social issues. Notwithstanding significant progress
in kombustiology, slow healing and attachment
of infection are major problems in patients with

burns, which cause emotional distresses, prolonged
hospitalization, decreased quality of life [1]. Thermal
trauma (TT) obstacles are mostly associated with
infections, primarily urinary tract infections and
pneumonia. The infectious complication (sepsis) after
TT is connected with immunosuppressive reactions
as compensation of lasting stable proinflammatory
response, especially in connection with excessive
synthesis of overproduction of TGF-p, IL-10,
IL-4 [2]. Immune reactions play a pivotal role in

endogenous homeostasis controllers are of specific
interest. They can influence the increasing immune
reaction to TT and be involved as immunocorrect
agents.

In previous studies, we have demonstrated
the healing-accelerating effects of the wuse of
erythropoietin (locally and systemically), just as
the local administration of EGF at TT expedite the
burns healing and the immune status reconstruction
in experimental and clinical stipulations [4, 5]. It is
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known that melatonin (MT) is a homeostasis adjuster.
At the same time, it has pleiotropic effects: regulation
of the sleep-wake cycle, changing the redox factor
due to the realization of the antioxidant effect,
modulation of immunity and inflammation with its
suppression and stimulation, influence on cellular
differentiation, proliferation and apoptosis [7]. One
of the sources of MT is epidermocytes. Also, in the
study of keratinocytes, melanocytes, skin fibroblasts,
MT metabolites were found in them [8]. According
to research data, receptors for MT (MTI1, MT2,
RORa) are found in skin fibroblasts, keratinocytes,
hair follicle cells and dermal blood vessels, as well as
in melanocytes [9].

It is known that pharmaceutical forms of MT for
topical use in case of skin damage are not accessible
in the Russian Federation. There are no indications in
the official reccommendations for the use of oral forms
of MTinTT.

The aim of the study is to explore the impact of
the effect of intraperitoneal use of melatonin in
experimental thermal trauma on some indicators of
immune status.

Materials and methods

Experimental studies were performed on 158
Wistar rats weighing 240-250 g in the vivarium of the
Federal State Budgetary Educational Institution of
the Southern State Medical University of the Ministry
of Health of Russia. The experiment was conducted
in strict accordance with the experimental animals’
care and maintenance requirements, as also their
elimination from the experiment with subsequent
utilization in accordance with the requirements of the
European Convention for the Protection of Vertebrate
Animals Used for Experiments or for Other Scientific
Purposes (ETS No. 123 of 03/18/1986, Strasbourg),
Recommendations of the European Commission
2007/526/EC of June 18, 2007, Directive 2010/63/
EU of the European Parliament and of the Council
of the European Union of 22 September 2010 on the
protection of animals used for scientific purposes.
The study organization was confirmed by the
ethics commission of the Federal State Budgetary
Educational Institution of the Ministry of Health
of the Russian Federation (Protocol No. 10 of
15.11.2019, Protocol No. 13 of 12/28/2020).

Experimental rats were randomly separated into
groups: group 1 (n = 33) — intact control, group
2 (n = 67) — animals with TT and daily aseptic
dressing, group 3 (n = 58) — animals with TT with
aseptic dressing and intraperitoneal administration
of melatonin (“Flamma Sp”, Italy) in a daily single
dose of 10 mg/kg for 5 days. To simulate grade III TT
and a relative area of 3.5%, an isolated interscapular
area of rat skin was immersed in purified water at 98-
99 °From to 12 s. The depth of the burn was verified
by morphological methods. For anesthesia, the drug
“Zoletil-100” (“Virbac SanteAnimale”, France) was

used at a dose of 20 mg/kg. On the 5%, 10* and 20"
days from the moment of TT induction in groups
2 and 3, blood was taken under anesthesia after
thoracotomy by heart puncture in the left ventricle
into vacuum tubes “Vacuette” (“Greiner BioOne”,
Austria). The absolute number of leukocytes was
evaluated on an automatic hematological analyzer for
veterinary medicine, calibrated for rats, “VS-2800Vet”
(“Mindray”, China). The leukocyte formula was
calculated in blood smears stained with azur II-eosin
(Gemstandart-R, Russia). Plasma concentrations
of IL-4, TNFa, IFNy, CRP were determined on an
automatic enzyme immunoassay analyzer “Personal
LAB” (Italy) using rat-specific test systems “Cloud-
Clone Corp.” (China) the results were expressed
in pg/ml. The concentration of MT in plasma was
determined by capillary electrophoresis on the device
“Kapel-105M” (Lumex, St. Petersburg), the results
were expressed in pg/ml (Kim Y.O. et al., 1999).
Statistical processing of the results was carried out
using the IBM SPSS Statistics 19 program. The
characteristics of the samples are presented in the
format “Me (Q,,5-Q,+5)”, where Me is the median, Q1
and Q3 are the values of the lower and upper quartile,
respectively. The significance of the differences
between the groups was assessed using the criteria of
Kruskal—Wallis, Mann—Whitney.

Results and discussion

Primary and secondary alteration of the skin in the
lesion of TT leads to systemic changes in homeostasis,
among which the key position is occupied by the
reactions of the immunobiological surveillance sys-
tem aimed at ensuring the inflammatory process in
the lesion, maintaining its sterility, repair, but can lead
to excessive tissue damage in situ and at removal with
hyperergia. On the 5" day of TT, the total number of
leukocytes in the blood increases due to rod-shaped
and segmented neutrophils, monocytes, the absolute
number of lymphocytes decreases (Table 1). On the
10t day of TT, the total number of leukocytes in the
blood does not change, the absolute number of rod-
shaped and segmented neutrophils increases, the
absolute number of lymphocytes decreases. On the
20" day of TT, no significant changes in the number
of leukocytes were detected. In the dynamics of
observation on day 10, the number of rod-shaped
and segmented neutrophils, the total number of
neutrophils, the number of monocytes was less than
on day 5 TT (Table 1). On the 20" day, the total
number of leukocytes, neutrophils, and rod—shaped
neutrophils in the blood was less than on the 5t day of
TT, the number of monocytes was less than on the 5"
and 10" days of TT (Table 1).

On the 5™ day of TT, the concentration of CRP
in serum increases by about 10 times in the median
relative to the values in the group of intact animals,
and by about 2 times on the 10™ day (Table 2). On
day 20, there were no significant changes in the
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concentration of CRP in serum, since it belongs to
the reactants of the acute phase of the first echelon,
the concentration of which reaches a maximum on
the first day after tissue damage. In the dynamics of
TT, the concentration of CRP in serum on the 10"
day is significantly lower than on the 5" day, on the
20" day — lower than on the 5" and 10" days. Note
that when studying the concentration of serum MT,
we found no significant changes on the 5™, 10" and
20" days of the experimental TT. On the 5™, 10" and
20" days of TT, an increase in the concentration of
TNFa, IL-4 was found in the absence of significant
changes in [FNy (Table 2). In the dynamics of TT, the
concentration of TNFa and IL-4 on the 10" day of
TT was higher than on the 5" day and did not differ
from the values on the 20" day, which allows us to talk
about the maximum level of TNFa and 1L-4 on the
10™ day.

With intraperitoneal administration of melatonin
in TT, it was found that the quantitative composition
of leukocytes in the blood on the 10™ and 20" days
of observation did not significantly change relative
to the comparison group (Table 1). In dynamics,
the total number of leukocytes, the total number of
neutrophils, rod-shaped neutrophils, monocytes on

the 10" and 20" days are less than on the 5 day, the
total number of neutrophils on the 20™ day is less than
on the 10™ day, the number of lymphocytes on the 10"
day is more than on the 5" day, and on the 20" day
is more than 10 a day. Relative to the group of intact
animals, significant differences remain on day 5 with
the total number of leukocytes, the total number of
neutrophils, rod-shaped neutrophils, segmented
neutrophils, lymphocytes, monocytes; on day 10 —
with the total number of neutrophils, segmented
neutrophils, lymphocytes, monocytes; on day 20,
there were no significant differences with the group of
intact animals.

Evaluation of the cytokine profile in serum
revealed a decrease in the concentration of TNFa
on days 10 and 20; no significant changes in the
concentration of IL-4 and IFNy were recorded
(Table 2). At all follow-up periods, the concentration
of TNFa and IL-4 in serum was higher than in the
group of intact animals. The use of MT in TT leads
to an increase in the concentration of MT in serum
on day 5, without significant changes in this indicator
on days 10 and 20; the concentration of MT in serum
on day 5 is significantly higher than in the group of
intact animals (Table 2). The concentration of CRP

TABLE 1. EFFECT OF SYSTEMIC USE OF MT ON THE QUANTITATIVE COMPOSITION OF LEUKOCYTES IN THE BLOOD

DURING TT, Me (Q, Qg 75)

Group 1 Group 2 Tl + AsD Group 3 Tl + MT
Indicator Intact 5 days 10 days 20 days 5 days 10 days 20 days
(n=33) (n=22) (n=26) (n=19) (n=25) (n=15) (n=18)

. 6.30 4.60 6.70 5.40 5.70
White blood 5.70 5.50
cells, x 10°/L (4.00-6.70) (5.10;8.50) (4.30-7.20) (4.30/—\6.20) (6.40;7.30) (4.90;6.00) (4.30;5.90)
Basophils 0 0 0 0
x 10°/L 0 (0.00-0.31) | (0.00-0.10) 0 (0.00-0.06) | (0.00-0.05) 0

. . 0.12
Eosinophils, 0.22 0.15 0.22 0.16 0.12 0.12 (0.06-0.12)
x 10°/L (0.04-0.39) | (0.05-0.25) | (0.09-0.30) | (0.06-0.17) | (0.06-0.24) | (0.09-0.23) R
Rod - shaped 0 0.27 0.04 0.27 0 0.04
neutrophils, (0.00-0.04) (0.00-0.58) | (0.00-0.29) 0 (0.10-0.32) | (0.04-0.05) | (0.00-0.06)
X 109”_ * N * A * & &
Segmented neu- 165 2.78 2.48 2.05 2.92 2.59 1.99
trophils, : (2.05-4.55) | (1.31-3.65) | (1.27-2.94) | (2.52-3.32) | (2.34-2.90) | (1.89-2.56)
% 109/ (1.09-1.88) . o n N . . .
Neutrophils 170 2.98 2.58 2.05 3.15 2.59 2.02
% 10°/L. (1.09-1.88) (2.43;5.39) (1.31-/?.88) (1.27;2.94) (2.77;3.57) (2.35*-&2.93) (1.9&4-&%.71)

2.49 2.27 2.71 2.1 2.69

Lymphocytes, 3.40 ) ) 2.79 ) ) y
x 109IL (232.3.77) (2.00*2.86) (2.00*3.69) (2.05.3.92) (2.51* #2.96) (1.91* &2.34) (2.26& &2.94)
Monocytes 0.28 0.71 0.33 0.22 0.67 0.54 0.35
x 1001 (0.21-0.41) (0.29;0.83) (0.22/-\0.60) (0.1 A7-AoA,29) (0.53;0.76) (0.341-354) (0.24;0.57)

Note. *, significant (p < 0.01) differences with group 1; *, with group 2 on day 5; **, with group 2 on day 10; #, with group 2 on the
corresponding day; &, with group 3 on day 5, &, with group 3 on day 10.
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TABLE 2. EFFECT OF SYSTEMIC USE OF MT ON SERUM CONCENTRATIONS OF MELATONIN AND CRP IN

EXPERIMENTAL TT, Me (Q,55"Qq 75)

Group 1 Group 2 Tl + AsD Group 3 Tl + MT
Indicator Intact 5 days 10 days 20 days 5 days 10 days 20 days
(n=33) (n=10) (n=12) (n=10) (n=10) (n=8) (n=8)
MT, 24.08 26.32 22.35 21.57 23 i;;;g 08) 2461 23.78
pg/mL (11.56-28.00) |(13.36-33.88) |(13.70-28.81) |(15.27-28.15) [*“~7" 7% (18.31-27.98) ((15.26-27.79)
CRP 129 12.14 2.37 1.46 9.23 1.98 1.29
’ ' 11.67-15.32) | (1.42-5.32 1.38-1.73 7.02-10.05) | (1.98-2.31 1.18-1.35
pg/mL (0.89-1.66) ( - )| ( > ) | ( -7 ) | ( 0 )| ( 2 ) | ( - )
TNEa 118 2.25 3.42 3.48 2.33 2.69 1.91
pglmL. (0.84.1.96) (2.02;2.92) (2.72;6A.1 4) | (1 .77;5.05) (1 .85;3.03) (2.1 9;3;.03) “ .35;?;.03)
1.06
IFNy, 0.83 0.73 0.98 (0.65-1.74) 0.84 0.76 1.08
pg/mL (0.29-1.24) | (0.12-1.15) | (0.59-1.35) DA (0.51-1.49) | (0.52-1.08) | (0.66-1.22)
L4 0.79 1.93 3.26 2.97 2.11 2.79 2.18
pglmL (0.50-1.75) “ .36;2.51) (2.58;5/;65) “ .57;4A.97) (1 .79;2.86) (2.43;3&.36) “ .79;3.01)

Note. As for Table 1.

in serum decreases on day 5 and does not change on
days 10 and 20 relative to the group of rats without
the use of MT, on days 5 and 10, the concentration
of CRP in serum is higher than in intact animals.
In the dynamics of TT under the conditions of MT
application, the concentration of CRP in serum on
days 10 and 20 is less than on day 5, and on day 20 is
less than on day 10 of observation.

We believe that the changes in hematological
parameters detected by us during experimental TT are
a reflection of tissue alteration and the development
of the inflammatory process in the skin. In response to
thermal damage, inflammatory mediators (including
proinflammatory cytokines, arachidic acid cascade
products, catecholamines, etc.) are released in the
TT focus, which stimulate the myeloid bone marrow
sprout, including CFU-HME, cause demargination
of the parietal neutrophil pool and are associated with
an increase in the number of neutrophils, monocytes,
platelets in the blood, infiltration foci of neutrophils
and monocytes. Lymphocytopenia in TT is registered
after 48 hours and persists for up to 4 weeks, mainly
due to the effects of TNFa mediated by the TIPE-
2 protein (part of the TNFa-induced protein
family) and an increase in the activity of caspase-3,
caspase-8, caspase-9, cytochrome C, a decrease in the
membrane potential of mitochondria, which initiates
cell death by apoptosis [6]. A decrease in the number
of lymphocytes in the blood and the focus of TT limits
their participation in wound repair: secretion of growth
factors, restriction of vascular exudative reactions,
activation of angiogenesis, etc. In TT, a decrease in
the number of lymphocytes in the blood, among other
things, is associated with the activation of their death in
conditions of increased TNFa production, changes in
the acid-base state, and other factors [6].

Changes in gene expression, synthesis and secre-
tion of cytokines in the focus of TT have been recorded
by many researchers in relation to pro-inflammatory
and anti-inflammatory cytokines depending on the
depth, areaandlocalization of burns, age, concomitant
pathology, and other factors [7, 10]. The source of cy-
tokines are activated neutrophils, macrophages, den-
dritic cells, lymphocytes, endotheliocytes, etc. The
entry of cytokines from the TT focus into the systemic
circulation leads to the activation of circulating
leukocytes, platelets, endotheliocytes — additional
sources of cytokines. Dysfunction of these cells,
violation of the change of their phenotype leads to
contradictory results in different researchers on the
concentration of cytokines in serum and in the lesion
of TT.

A decrease in serum concentrations of TNFa and
CRP suggests a decrease in the severity of the acute
phase response due to a decrease in destructive events
in the focus of TT with intraperitoneal administration
of MT. With accelerated healing and a decrease in the
area of the TT focus, less lymphocytes enter it from
the bloodstream. The suppressive effect of TNFa on
lymphopoiesis decreases. An increased number of
lymphocytes in the blood can result in an increase in
the Ig concentration in the blood serum.

These changes make it possible to state to a certain
extent a decrease in the severity of the acute phase
response in TT in the conditions of systemic use of
MT. This fact is a reflection of the events in the TT
focus aimed at limiting the oxidative destruction of
lipids and proteins, reducing the zone of secondary
alteration, infiltration of the focus by neutrophils
and lymphocytes, accelerating the burn healing. MT
receptors are found in skin fibroblasts, keratinocytes,
cells of hair follicle, eccrine glands, skin vessels,
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melanocytes [7]. In vitro, MT has a protective effect
on skin cells damaged by ultraviolet radiation due
to the regulation of redox status and bioenergetic
homeostasis, activation of DNA repair, NRF2-
dependent pathways [10]. The MT anti-inflammatory
effect is associated with limiting restriction of NF-
kB-dependent pathways and the expression of
pro-inflammatory factors (TNFa, COX-2, iNOS,
etc.) [10].

Conclusions

Primary and secondary skin alteration in the lesion
of TT leads to changes in the immunobiological
surveillance system aimed at ensuring the inflamma-
tory process in the lesion. During experimental TT, we
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