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DYNAMICS OF THE CYTOKINE BLOOD PROFILE UNDER
THE EFFECT OF WOUND HEALING MEDICINAL PRODUCTS WITH
DIFFERENT MECHANISMS OF ACTION IN THE EXPERIMENT

Wound healing depends significantly on the level of proinflammatory cytokines in the lesion. Exactly expression of IL-13,
IL-8, TNF-a retains the course of the wound process in the stage of persistent inflammation. By affecting the mecha-
nisms of cytokine regulation of the reparative tissue regeneration it is possible to correct the wound healing process.
The use of topical agents when treating burns is an important component of the complex therapy.

Aim. To study the effect of 10 % methyluracil ointment and 2 % thiotriazoline ointment on the level of proinflammatory
cytokines in the blood serum of rats in the dynamics of the thermal burn development.

Materials and methods. The thermal burn was modeled by the method of Yakovleva L. V. (1999), Fenchin K. M. (1979).
Ointments with different mechanisms of action, 10 % methyluracil ointment and 2 % thiotriazoline ointment were
used as wound-healing agents.

Results. It has been determined experimentally that the level of IL-1f3, IL-8, TNF-a cytokines in the rat blood correlates
with the severity of the wound process and the response to the treatment applied. The application of ointments with
the wound healing activity has led to the significant decrease in the level of proinflammatory cytokines in the blood of
rats and healing of the burn wound in shorter terms. Moreover, thiotriazoline ointment reveals a marked reparative
activity than methyluracil ointment.

Conclusions. The use of 10 % methyluracil ointment and 2 % thiotriazoline ointment with a different wound healing
effect in the treatment of burn wound leads to the change in the cytokine profile, and it is accompanied with a positive
dynamics of healing processes. By the reparative activity 2 % thiotriazoline ointment exceeds the action of methyluracil
ointment.
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Xapkiscbkuill HayioHa1bHUT MeduYHUll yHigepcumem

JuHaMiKka BMTOKiHOBOro npo@dis KpoBi niJ BIVINBOM paH0O3arolBa/JIbHUX JiKapCbKHX 3aC006iB
3 pi3HMMHU MeXaHi3MaMH Aii B eKCllepUMeHTI

3aroeHHs paH 3HaYHOIO MipOI0 3a/1eXKUTh BiJ| piBHSA NMpo3analbHUX IUTOKiHIB y Boruuii. Came excnpecis IJI-1f3, 171-8,
OHO-a yTpuMyE Teyito paHOBOT0 NPOLEeCy y CTaii IepCUCTYI0YO0ro 3anaseHHs. BriiiBaoyu Ha MexaHi3MU LIUTOKIHOBOI
perynanii penapaTUBHOI pereHepalii TKaHWH, MO’KHA KOPUTYBaTH NPOLeC 3ar0€HHSA paH. 3aCTOCYBaHHA JiKapCbKUX
npemnapariB MicLieBoI il B JIiIKyBaHHI OIIKIB € BaX/IMBUM KOMIIOHEHTOM KOMILJIEKCHOI Tepartii.

MeTa po60TH. BuBunTH BrsiMB Masi MeTuiypanunoBoi 10 % i Masi TiorpuasosiHoBoi 2 % Ha piBeHb Ipo3anajJbHUX
LIMTOKIHIB y CHpOBATLi KPOBI I1ypiB y AMHaMILl pO3BUTKY TePMI4YHOI0 OIIKY.

Marepianu Ta MmeToau. TepMiuHUE omik Mo/iesitoBasu 3a MeTozioM fkoBieBoi JI. B. (1999), ®enunna K. M. (1979), B
SIKOCTi paHO3aroBaJbHUX 3aC06iB BUKOPUCTOBYBa/IN Ma3i 3 pisHUM MexaHi3MoM Jii, Ma3b MeTuaypanuioBy 10 % i
Masb TioTpuaszoiny 2 %.

Pe3yabTaTH Ta iX 06roBopeHHs. EKclieprMeHTaIbHO BCTAHOBJIEHO, 1110 piBeHb uTOKiHIB [JI-1f, 1JI-8, PHO-a B kpoBi
11ypiB KOPEJIIOE 3 TSHKKICTI0O PAHOBOTO NPOoLecy i BiZIMOBI/(10 HA TPOBeieHe JiKyBaHHS. 3aCTOCyBaHHS Ma3el 3 paHo3a-
rOIOBaJIbHOK aKTHUBHICTIO NPUBOAUJIO 10 JOCTOBIPHOTO 3HMXKEHHS PiBHSA Npo3ala/ibHUX LUTOKIHIB y KPOBI LypiB i
3aro€HHs OMiKOBOi paHH B KopoTiui TepMiHu. [IpyyoMy Masb TioTpra3osiHOBa MposiBJsiIa 6ibII BUpaXKeHY penapa-
TUBHY aKTHUBHICTb, HDK Ma3b MeTHUJIypaLiMIOBa.

BHCHOBKH. 3acTocyBaHHSA Ma3el MeTuypanuaoBoi 10 % Ta TioTpraszosiHoBoi 2 % 3 pi3HHUM 3a MexaHi3MOM paHoO3a-
rooBaJbHUM ePeKTOM NPH JIIKyBaHHI OMiKOBOi paHU MPUBOJUTH [JI0 3MiHH [UTOKIHOBOTO POGIJII0, 110 CYTIPOBOJKY-
€ThCS NIO3UTUBHOIO IMHAMIKOIO IPOLLeCiB 3aroeHHs. 3a perapaTUBHOI aKTUBHICTIO Ma3b TioTpua3oJiny 2 % nepeBu-
L1yE Ai10 MeTUJIypaLuIoBol Masi.

Kawuosi cao0ea: TepMivHUN ONIK WIKipY; Ipo3anaibHi LIUTOKIHY; METU/IyPALMIOBa Ma3b; Ma3b TIOTPUA30JIiHY; 3arOEHHS

T. U. Epmosaenko, A. B. Kpusowanka, E. H. [laymuHa
Xapvkosckull HQYUOHA/NbHbIIT MeOUYUHCKUL yHU8epcumem

I,[[lfll-laMl/IK:il IUTOKHMHOBOTO l'lpO(l)l/IJ'lil KpOBHU nNOA BJIMAHUEM PAHO3AKUBJIAKIINX JIEKAPCTBEHHbIX
CpeACTB C pa3HbIMM MeXaHU3MaMH JeHCTBMS B IKCTIEPUMEHTE

3akMBJIEHHe PaH B 3HAUUTEJbHON CTeleHU 3aBUCUT OT YPOBHSI IPOBOCNAJIUTENbHBIX IUTOKUHOB B ouare. UMeHHO
akcnpeccus WUJI-1f, UJ1-8, PHO-a yaepkuBaeT TedeHHe paHEBOTO NpoLiecca B CTaJMU IEPCUCTUPYIOLIEro BOCIaIeHHUS.
Bivsis Ha MeXaHU3MbI LUTOKMHOBOM Pery/faLyu pellapaTUBHOM pereHepalyy TKaHel, MOXXHO KOPPEeKTUPOBAaThb NPOL,ecc
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3aXKMBJIEHUA PaAH. l'[pumeHel-me JIEKapCTBEHHBIX IPEeNnapaToB MECTHOI'O AeﬁCTBHH B JIEHEHHUH O0KOI'0OB ABJIAETCA BaX-

HbIM KOMIIOHEHTOM KOMIIJIEKCHOH Tepalunu.

Ileab pa6oThl. U3yyuTh BiAMAHME Ma3u MeTUaypanuaoBoi 10 % u Ma3u THOTPUA30JMHOBOM 2 % Ha YpOBEHb NPO-
BOCIIAJIMTEJIbHBIX [IMTOKUHOB B CHIBOPOTKE KPOBH KPBIC B IMHAMUKE PAa3BUTHS TEPMHUUECKOTO 0XOra.

MarepuaJjibl U MeTOAbI. TepMHUUeCKUH 0KOT MOZIeIMpoBasy o MeToAy SlkossieBoii JI. B. (1999), ®enunn K. M. (1979),
B Ka4eCTBe PaHO3XKUBJISIOIUX CPE/CTB UCI0JIb30Ba/IM Ma3H C pa3HbIM MEXaHU3MOM /IeHCTBUS, Ma3b MeTUJIypaliH-

J0By10 10 % 1 Ma3b THOTPHa30JMHOBYIO 2 %.

Pe3y/ibTaThl M UX 06CYKAEHUeE. DKCIIePUMEeHTAIbHO YCTAaHOBJIEHO, YTO ypoBeHb IUTOKUHOB UJI-1(3, UJI-8, PHO-a B
KPOBH KPBIC KOppeJIUpyeT C TSXKeCTbI0 paHeBOTO0 Npoliecca U OTBETOM Ha pUMeHsieMoe JiedeHue. [I[pumeHeHHe Ma-
3el € PaHO3AXUBJIAOIEH aKTUBHOCTBIO MPUBOAMIIO K IOCTOBEPHOMY CHWXKEHHIO YPOBHSA NPOBOCHATUTENbHBIX IIH-
TOKHMHOB B KPOBH KPBIC U 3aKMBJIEHHUIO 0XKOI'OBOM paHbI B 60Jiee KOPOTKHe CPOKHU. [I[pudyeM Ma3b THOTPHUA30JIHHOBAs
NposiBJIsi/Ia BbIpQXKEHHYI0 pelapaTUBHY0 aKTUBHOCTb, YeM Ma3b MeTUJ/Iypalu/ioBasl.

BeIBOABI. [IpMeHeHne Masel MeTuypanuaoBoi 10 % u TMoTpuasosimHoBoU 2 % ¢ pa3/IMYHbIM 10 MEXaHU3MY pa-
HO3QXHUBJIAOUM 3QPeKTOM NpHU JiIedeHUH 0XKOTOBOM paHbl MIPUBOAUT K U3MEHEHHUI0 [UTOKMHOBOTO NPOGUIs, UTO
CONPOBOXAAETCA NMOJIOKUTEJbHON JUHAMUKON POLLeccoB 3aXkUBJeHUs. [lo penapaTUBHON aKTUBHOCTH Masb THO-
Tpuaso/vHa 2 % npeBbllaeT AelCTBUE MeTUIYyPaLUI0BOY MasH.

Kawueswle caosa: TepMI/I'{eCKI/Iﬁ O2KOT KOXXU; NNPOBOCHaJUTE/IbHbIe IUTOKWUHbI; METUJIYpaliUJIOBasd Ma3b; Ma3b THO-

TPHA30JIMHA; 3aKUBJIEHHUE

he problem of burn wounds is always pres-

sing since most burns occur within the do-
mestic conditions that dramatically change the victim’s
life. As a result of burn injury, functional and meta-
bolic nutritional disorders develop. The frequency
and duration of these disorders depend on the se-
verity of the burn and the methods of pharmaco-
logical correction. Despite the numerous studies of
the pathogenesis and methods of pharmacological
correction of the wound process the problem of
effective treatment of burn wounds has not been
solved yet [1, 2], especially in respect of chroniza-
tion of the wound process [3, 4].

Solution of the problem of effective treatment
of long-term non-healing wounds is associated with
detection of the key mechanisms of the wound pro-
cess; disorders of intercellular interactions play an
important role among these mechanisms.

It has been found that healing depends signifi-
cantly on the level of proinflammatory cytokines in
the lesion [5, 6]. According to the data [7] delayed
healing is caused by the expression of IL-1f3 and TNF-c.
These cytokines retain the course of the wound pro-
cess at the stage of persistent inflammation. IL-8 has
the pronounced proinflammatory properties, induc-
ing the expression of intercellular adhesion molecu-
les and enhancing adhesion of neutrophils to en-
dothelial cells and subendothelial matrix proteins.
This indicates its primary role in mediating the in-
flammatory response. Another important pathoge-
netic mechanism of developing a chronic wound,
according to many authors, is hypoxia in the lesion,
and the key to successful healing is adequate neo-
vascularization. IL-1f3, TNF-a, IL-8 promote chemo-
taxis of endothelial cells to the site of inflammation,
and it leads to initiation of angiogenesis at the site
of injury, promoting the processes of returning the
blood circulation in the lesion and the reparation
processes [7]. By affecting the mechanisms of cytokine
regulation of the reparative tissue regeneration it is
possible to correct the wound healing process.

The challenge of treating thermal skin injuries
requires both development of new methods and im-
provement of the existing methods of burn treat-
ment. In this case, the use of topical agents when
treating burns is an important component of the
complex therapy.

Thus, the aim of the current studies was to de-
termine the levels of proinflammatory cytokines in
the dynamics of the experimental burn develop-
ment, as well as in the treatment with wound heal-
ing topical agents having different mechanisms of
action.

Materials and methods

The wound healing activity was studied in the
experiment on 24 male rats of the WAG population
weighing 200-250 g. All studies were conducted in
accordance with the legislation of Ukraine (Law of
Ukraine No.3447-1V “On the protection of animals
against ill treatment”/ Verkhovna Rada of Ukraine
Vidomosti. - 2006. - No. 26 - P. 230), the rules of
the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes. - Strasbourg, 1986. - 53 p.).
Prior to the modeling of the thermal burn wound,
the hair on the outer surface of the animal’s thigh
was shaved, then the skin was treated with the solu-
tion of 70 % ethanol, and the second-degree burn
was caused under thiopental anesthesia subjected
to conservative treatment [8]. Ointments with dif-
ferent mechanisms of action, 10 % methyluracil oint-
ment and 2 % thiotriazoline ointment were applied
as treatment for a thermal burn.

All animals were divided into four groups con-
sisted of 6 rats each: group 1 - intact animals;
group 2 - control animals with a thermal burn
without treatment; group 3 - animals with a burn
and 10 % methyluracil ointment as a treatment;
group 4 - animals with a burn and 2 % thiotriazo-
line ointment as a treatment. The agents were ap-
plied in the treatment regimen. They were applied
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once a day with a thin layer on the burnt surface
immediately after the thermal treatment and dur-
ing the whole experiment (28 days). Observations
of the healing processes of burn wounds were con-
ducted on days 3, 7, 14, 21 and 28. Within these terms
the state of the wound was recorded, its size was
measured [9], and the level of cytokines IL-1f3, IL-8,
TNF-a in the rats’ peripheral blood was studied.

The level of cytokines IL-1f, IL-8, TNF-a in the
peripheral blood - the key markers of the wound
process - was evaluated by enzyme immunoassay
on a “Libline-90” analyzer (Austria) using “eBiosci-
ence” reagents (USA).

The results obtained were processed by a “Sta-
tistica-6” software package for statistical analysis.
Differences were considered to be reliable at a sig-
nificance level not higher than p <0.05 (Lapach S. N.
etal,, 2001).

Results and discussion

When observing visually in animals of groups
2, 3 and 4 after the thermal exposure, there was a
wound filled with a dry light-brown scab, the edg-
es of the wound were swollen and hyperemic.

The animals of the control group, starting from
the third day, had a tendency to softening of the
central part of the thick scab. When pressing it a se-
rous-purulent exudate was under the scab. On day 7
the wound was a zone of deep necrosis filled with a
serous-purulent exudate. Over the next two weeks
of observation (up to day 21) there was a decrease
in the necrosis zone in the center of the burn wound
and epithelization of the wound defect. By day 28
the burn wound was partially epithelialized with for-
mation of a fine tender scar. There was a decrease
in the size of the wound: day 3 - by 8 %, day 7 - by
30 %, day 14 - by 59 %, day 21 - by 85 % and day
28 - by 99 % compared to the baseline size.

Animals from group 3 were treated with methyl-
uracil ointment. Starting from the third day the cen-
tral part of the thick scab was also softened, how-
ever, when pressing it, a serous exudate was pre-
dominantly under it. On day 7, the necrosis zone in
the wound area was filled with a serous exudate.
During the following two weeks of observation (up
to day 21) the decrease in the necrosis zone in the
center of the burn wound and epithelization of the
wound defect occurred faster than in the control
group. By day 28 the burn wound was almost com-
pletely epithelialized with formation of a tender
scar. The size of the wound defect decreased more
rapidly than in the group without treatment: day 3 -
by 9 %, day 7 - by 39 %, day 14 - by 70 % and
day 21 - by 92 %. By day 28 the wound defect was
completely closed.

Group 4 was treated with thiotriazoline ointment.
Softening of the central part of the scab occurred
on the third day, a moderate amount of a serous ex-

udate discharged from it, the swelling and hyper-
emia of the wound were less pronounced, indicat-
ing reduction in the period of wet desquamation.
The necrotic zone in the center of the burn wound
during the following two weeks (up to day 21) de-
creased more rapidly, epithelization of the wound
defect occurred faster, edema and hyperemia were
less pronounced than in the group without treat-
ment. By day 28 the burn wound was almost com-
pletely epithelialized, the tender scar was more
durable. The animals of this group had the fastest
closure of the wound defect: by day 3 the wound
size decreased by 10 %, day 7 - by 40 %, day 14 -
by 71 %, day 21 by 93 % and day 28 - by 100 %.

Thus, healing of the wound defect in groups 3
and 4 was more favorable than in the group without
treatment. The most active healing occurred when
using thiotriazoline ointment. This may be not only
due to the broad spectrum of the pharmacological
activity of thiotriazoline, but also due to the hydro-
philic base of the ointment. This ointment base, un-
like the baseline base of methyluracil ointment, in-
creases thiotriazoline absorption and, consequent-
ly, its therapeutic properties.

Cytokines have a regulatory effect on all processes
associated with inflammation and post-inflammatory
regeneration. A relatively moderate concentration
of cytokines, especially IL-1, IL-8, is a necessary
condition for the reparative effects of cytokines in
the focus of inflammation.

The study of IL-1f3 level in the blood serum of
animals in the control group showed its increase
during the first three weeks of observation com-
pared to intact animals with the maximum level by
2.5 times on day 14 (Fig. 1).

The use of methyluracil ointment led to a de-
crease in IL-1f level compared to the control group.
Compared to intact animals cytokine production was
increased only during the first week.

By day 14 of the treatment this indicator de-
creased to the normal value and was 2.5 times
lower than in the group of animals without treat-
ment. On day 21 of the experiment the IL-1f3 level
in the blood was significantly lower: by 1.3 times
in relation to the control group. The dynamics of
changes in the concentration of IL-1f in group 4
of the study was similar to group 3: the increase
during the first week by 1.4 times compared to in-
tact animals, but by 1.3 times lower compared to
the animals of the control group. Further a stable
decrease was observed in IL-1f3 values in group 4
before up to the normal value during days 14-28.
During all these terms the cytokine concentration
in the blood was significantly lower than in the group
without treatment.

According to the study results it has been found
that the IL-8 level in the blood of rats with a ther-
mal burn correlates with the severity of the wound
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The dynamics of changes in IL-1p values in the blood serum of animals with a thermal burn without freatment

and with the use of wound healing agents: 1 —intact animals; 2 — control pathology; 3 - freatment with
methyluracil ointment; 4 — treatment with thiotriazoline ointment
Nofte. * significant in relation to the control group of animals (p <0.05); # significant in relation to the intact

group of animals (p <0.05).

process and the response to the treatment applied
(Fig. 2).

The use of methyluracil and thiotriazoline oint-
ments led to a significant decrease in chemokine to
the normal value by day 14, remaining as it was till
the end of the observation.

The study of the TNF-a level in the blood of
animals of the control pathology group showed its
significant increase in relation to the intact group:
by 2.1 times on day 3 and by 2.3 times on day 7.
The increase in TNF-a values was also observed
throughout the study (Fig. 3).

According to Fig. 3 the application of methyl-
uracyl and thiotriazoline ointments as a treatment
of a burn wound in both groups reduced the TNF-«a
level to the normal value on day 21 and day 28 of
the observation. In the early periods (days 3-14),
TNF-a levels in the blood of animals of the both

pg/mL

groups were significantly higher than those of in-
tact rats, but lower than in rats of the pathology
control group.

The inflammatory reaction developing in the
response to a thermal injury creates conditions for
elimination of necrotic cells and conditions for re-
parative processes. Therefore, regulatory process-
es at the initial stage of posttraumatic regeneration
are aimed at development of inflammation in the
lesion. Immunoregulatory processes at the next stage
are aimed at creation of the conditions for restora-
tion of damaged tissues [9, 10]. According to the
studies conducted it has been determined that the
course of a burn injury in rats is accompanied with
a significant and prolonged production of proinflam-
matory cytokines - IL-1f3, IL-8, TNF-a. This may be
an important mechanism, which keeps the burn
wound in the state of persistent inflammation and
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Fig. 2. The dynamics of changes in IL-8 values in the blood serum of animals with a thermal burn without freatment
and with the use of wound healing agents. The legend is the same as in Fig. 1
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Fig. 3. The TNF-a level in the blood serum of animails with a thermal burn without tfreatment and with the use
of wound healing agents. The legend is the same as in Fig. 1

prevents from normal healing. The application of
methyluracyl and thiotriazoline ointments for the
treatment of burn wounds provides healing of the
wound defect in shorter terms.

CONCLUSIONS

1. The course of the wound process in rats with
a thermal burn is characterized by a prolonged in-
crease of the level of proinflammatory cytokines
(IL-1B within 3 weeks of observation, IL-8, TNF-a
throughout the whole period of observation) in the
blood serum. These cytokines regulate the inflam-

2. The use of 10 % methyluracil ointment and
2 % thiotriazoline ointment with a different wound
healing effect in the treatment of burn wound leads
to the change in the cytokine profile, i.e. to the de-
crease to the normal value of IL-1f3 and IL-8 by day
14, TNF-a - by day 21, and it is accompanied with
a positive dynamics of healing processes.

3. By the reparative activity 2 % thiotriazoline
ointment exceeds the action of methyluracil oint-
ment.

Conflict of Interests: authors have no conflict

matory process development in the lesion.
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