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BILJIUB YJIBTPA3BYKY HA BMICT IHTEPJIEMKIHIB Y KPOBI
IHIYPIB 3 EKCIIEPUMEHTAJIbHUM 3AITAJIEHHAM

MeToto po60Tn Gyno BM3HaYeHHS eheKTMBHOCTI NPOTKU3ananbHOT fii yNbTpa3ByKy 3a BMiCTOM iHTepeiKiHy-6, iHTep-
nemnKiny-8 Ta aKkTopy HEKPO3y NyXNUH anbda B KPOBi WypiB 3 eKCNepuMEHTaNbHUM 3ananeHHsAM.
Marepianu i metoau. [locnigKeHHA NpPOBOAMAN 3 BUKOPUCTAHHAM 3aranbHOMPUIAHATOT MOAeNi 3ananeHHa — Kap-
pariHaH-iHayKOBaHOro HabpsAKy KiHUiBKK wypie. BmicT iHTepneitkinis IL-6 Ta IL-8 Bu3Havyanu 3a meTogom imyHodep-
MeHTHOro aHanisy (ELISA) BignosigHo o ctaHpapTHoro npotokony Immunoassay kit, Biosourse (CLUA). Bmict TNF-o
BM3HAYANM 33 LUTOTOKCMYHOL Ai€l0 HA YyTNUBY NiHilo Muwaynx dibpobnacris L-929.
Pe3ynbrati i BUCHOBKM. [10Ka3aHo, Wo B rpyni WypiB 3 KappariHiH-iHAyKOBaHMM HAabpsKOM cnocTepiranock 36inb-
weHHs Bmicty IL-6 y 2,8 pa3u, IL-8 — y 5,6 pa3u, a TNF-a. — B 3 pa3u nopisHaHO 3 KoHTposiem. KypcoBa fis Y3 cnpu-
ANa 3HUXKEHHIO BMiCTy AOCNiAKEHUX Noka3Hukie. Bmict IL-6 3HuxyBaBca B 1,7 pasu, IL-8 Ta TNF-o. — B 1,6 pasu
NOPiBHAHO 3 3ananeHHaM. 3BaXKaluu Ha L, 3aCTOCYBaHHA Y3 Npu 3ananbHUX CTaHax BUAAETHCA aOCONIOTHO AOLiNb-
HUM Ta NEPCNEKTUBHUM.
KniouoBi cnoBa: ynbTpasBykK, 3ananeHHs, iHTepneikin-6, iHTepnenkin-8, pakTop HeKpo3y nyxauH anbda.
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Effect of ultrasound on the interleukin content in blood of rats with

experimental inflammation

The aim was to determine the effectiveness of anti-inflammatory action of ultrasound by the interleukin-6, inter-
leukin-8 and tumor necrosis factor alpha content in the blood of rats with experimental inflammation.
Materials and methods: the study was performed using conventional models of inflammation - carrageenan-
induced edema of the limbs of rats. Content interleukins IL-6 and IL-8 were determined by enzyme immunoassay
(ELISA) according to a standard protocol Immunoassay kit, Biosourse (USA). The content of TNF-o. was determined
by cytotoxic effect on sensitive mouse fibroblast line L-929.
Results and discussion: it was shown that in the group of rats with carrageenan-induced edema contents of IL-6
increase in 2.8 times, IL-8 —in 5.6 times, and TNF-o — in 3 times compared to the control. Course influence of ultra-
sound contributed to reduction of the studied parameters. The content of IL-6 decreased in 1.7 times, IL-8 and
TNF-ot — in 1.6 times in comparison with inflammation.
Key words: ultrasound, inflammation, interleukin-6, interleukin-8, tumor necrosis factor alpha.
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EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

BCTYII

VnbrpasByk (¥Y3) HanexXuThb 10 PizuuHUX (haKTOPiB, 3ac-
TOCYBaHHS SIKWX CIIPUYNHSIE YNCIeHHI Pi3nuHi, XiMidHi
Ta 0ioJIOTiyHiI e(eKTH B OpraHax Ta CUCTeMax >KMBOTO
opraHiamy [1, 2]. YapTpa3BykoBa Teparisi IIMPOKO 3ac-
TOCOBYEThCSI TP JIiIKyBaHHI 3aXBOPIOBaHb, B ITaTOreHeE3i
SIKMX BasXKJIMBa POJIb HAJIEKUTD 3alTaIbHUM TIporiecaM [3].
Ane oOMeXeHiCTb 3HaHb ITPO MeXaHi3MU TepareBTUYHO-
ro BIUIMBY YJIBTPa3BYKy CTPUMYE HOTro KiIiHiuHE 3aCTO-
cyBaHHs. BaximmBuMu MapKepaMy PO3BUTKY 3aIlalbHO-
ro mouecy € Taki MeaiaTopu 3amajieHHs SIK iHTep-
JIeKiHM, 30KpeMa iHTepeiikin-6 (IL-6), iHTepiaeiikiH-8
(IL-8) ta (pakTop Hekpo3y myxiauH-o (TNF-o). B nanuii
yac JOCTOBIpHO BcTaHOBJEeHO, 110 TNF-o 6epe 6e3mo-
CepeaHIO YYacTh y peryJisiiii BCiX JaHOK 3arnajeHHs. Bin
BUKJIMKAE EKCITPECilo MOJIEKY aare3ii IK Ha (harolurax,
TaK i Ha KJIiTMHAX €HOOTesil0, CTUMYJIIOIOUN aares3ito
HeuTpodiniB, MOHOLUMTIB, JiIM(POLIUTIB i €03UHOMLIIB 10
SHIOTeMadbHUX KIITUH CYOWH, 110 € O00OB’SI3KOBOIO
YMOBOIO TIpollecy iHBa3ii JIEHKOILIUTIB B OCEpeOK 3ara-
JeHHsa. TNF-a pazom 3 IL-1 CTUMyJIIOIOTH CUHTE3 i
BUIIJIEHHS JIEHKOLMTAMU Ta €HAOTENialbHUMU KIiTH-
HaMM iHIIMX Tpo3anajbHux uuTokiHiB (1L-8, IL-6 Ta
iH.). OcTaHHi aKTUBYIOTh KJIITUHU Ha MPOAYKIIiO iHIINX
MeiaTopiB 3amajleHHs (JIEMKOTpi€eHiB, TicTaMiHy, ITpoc-
TarJlaHJuHIB, OKCUAY a30Ty Ta iH.).

ITocuneHa npoaykilisi HUTOKIHIB CIIPUSIE 3aXUCTY OP-
raHiamy i 0axkaHa Ha IMo4yaTKOBMX ha3ax 3arlajJieHHs,
MpoTe MO3UTHMBHA POJIb IILOTO MPOIIECY CTA€E MpodIeMa-
TUYHOIO B TOl MOMEHT, KOJIM CTyMiHb aKTHBALlii mepec-
Tae OyTU aJeKBaTHMUM i MEPBICHO 3aXUCHUI MeXaHi3M
MepepocTae B MATONOTIYHUN Tpoliec Ta MOTpedye dap-
MAaKOJIOTIYHOI KOpeKIlii. 3BaKarouu Ha MobiuHi eheKTr
3aCTOCYBaHHSI ICHYIOUMX ITPOTU3AIIaIbHUX JIiKAPCHKMX
mperaparTiB, IMOCTA€ TMUTAHHS TIOIIYKY €(PeKTUBHUX i
Oe3reuHnx MeTOMiB JIiKyBaHHs 3amnaneHHs. Ilepcrnek-
TUBHUM B IIbOMY IIJIaHi MOXe OyTH 3aCTOCYBaHHSI YJIbT-
pa3BYKy HU3bKO1 iHTEHCUBHOCTI.

META

MeTtoto poboTH Oy10 BU3HAYEHHS €(PEKTUBHOCTI MPO-
TU3anajbHOI il yJbTPa3BYKy 3a BMICTOM iHTepJieii-
KiHYy-6, iHTepyieliKiHy-8 Ta (hakTopy HEKPO3y MYyXJIMH
anbda B KpOBi LIypiB 3 €eKCIIEPUMEHTAIbHUM 3aIajleH-
HSIM.

MATEPIAJIN I METOJIN

JocnimxeHHs TPOBOAMIM 3 BUKOPUCTAHHSIM 3arallb-
HOMPUNHATOI MoAdei, 10 BUKOPUCTOBYETHCS JJIsI
CKPMHIHTY MpOTH3anajbHUX JiKapChbKUX 3aC00iB — Kap-
pariHaH-iHIyKOBaHOro HaOpsiKy KiHLiBKU 11ypiB. Kap-

INTRODUCTION

Ultrasound (US) refers to physical factors, the use of
which causes numerous physical, chemical and bio-
logical effects in organs and systems of the living
organism [1, 2]. Ultrasound therapy is widely used in
the treatment of diseases, in the pathogenesis of
which inflammation play an important role [3]. But
the limited knowledge about the mechanisms of
therapeutic effects of ultrasound inhibits its clinical
application. Important markers of inflammation is
the content of inflammatory mediators such as inter-
leukins including interleukin-6 (IL-6), interleukin-8
(IL-8) and tumor necrosis factor-o. (TNF-o). Today
it is known that TNF-ouis directly involved in all parts
of the regulation of inflammation. It causes expres-
sion of adhesion molecules on phagocytes and
endothelial cells and stimulates adhesion of neu-
trophils, monocytes, lymphocytes and eosinophils to
endothelial cells of blood vessels, which is a prerequi-
site for the process of leukocytes invasion in the site
of inflammation. TNF-a, together with IL-1 stimu-
lates the synthesis and release of other inflammatory
cytokines (IL-8, IL-6, etc.) by leukocytes and
endothelial cells. Last activate other cells to produce
inflammatory mediators (leukotrienes, histamine,
prostaglandins, nitric oxide, etc.).

The increased production of cytokines promotes
the protection of the organism in the initial phases
of inflammation. But the positive role of this
process becomes problematic at a time when the
degree of activation ceases to be adequate and ini-
tially defense mechanism develops to the patho-
logical process and requires pharmacological cor-
rection. Considering the side effects of the existing
anti-inflammatory drugs raises the question of
finding the effective and safe treatments for
inflammation. The low-intensity ultrasound may
be promising in this regard.

OBJECTIVE

The aim was to determine the effectiveness of anti-
inflammatory action of ultrasound by the inter-
leukin-6, interleukin-8 and tumor necrosis factor
alpha content in the blood of rats with experimen-
tal inflammation.

MATERIALS AND METHODS

The study was conducted using the conventional
model used for the screening of anti-inflammato-
ry action of drugs — carrageenan-induced edema
of the limbs of rats. Carrageenan-induced edema

527 ‘=&



EKCINEPUMEHTAJIbHI

AOCNIAXEHHSA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

pariHaH-iHIYKOBaHWIA HAOPSIK BiATBOPIOBAJM BiAIoO-
BinHO 10 Metoay C.A. Winter 3i criiBaBT. [4]. 0,1 M 1%
pO3UMHY KappariHaHy BBOAWJIM B IpaBy 3aHIO KiHI1IiBKY
1ypiB. KoHTpoJjieM ciiyryBajiu TBapuHU, SIKUM BBOJIUIN
0,1 M gizionoriuHoro po3urHy. [1pu BUBYEHHI TPOTH-
3anajbHOI Aii yJIbTpa3ByKy MPOBOAUIN S5-KpaTHE O3BY-
YyBaHHS$ TBApUH 3 iHTepBajioM y 100y. Yepes 1 roa micis
OCTaHHBOTO O3BYYYBaHHS BiITBOPIOBAJIM KappariHaHO-
BUIT HAOpsK. SIK qKepesio yIbTpa3ByKy BUKOPUCTOBYBa-
Jm nipunan Y3T-3.04. YacToTa yjIbTpa3ByKOBOTO CUTHA-
ny craHosmia 0,88 MIi, intencuBHicts — 0,2 Br/cm?,
yac o3ByuyBaHHs ckiagaB 10 xB. Yepe3 3 rom micis
BiITBOpPEHHSI 3alajieHHsI (Ha IiKy ioro po3BUTKY) KPOB
30Upany I MOJATBIIOTO JOCHTIIKEHHS.

B ycix cepisix gociiiiB B SIKOCTi KOHTPOJbHOI BUKO-
PUCTOBYBAJIM TPYITy TBApUH, SIKUM ITPOBOAMIN TaK 3Ba-
He “BHaBaHe O3BYYEHHS”, IO SBJSUIO COOOIO iMiTallito
MPOLEAYPHU O3BYUYEHHS, aJie TIPU BiIKJTIOUEHOMY TeHepa-
TOPi YIBTPa3ByKOBOTO CUTHAILY.

Bci excrieprMeHTH 30ilICHEHO Y BiIMOBIAHOCTI O KOH-
BeHIlii Pagu €Bponu 111010 3aXUCTy XPEOETHUX TBapUH,
SIKNX BUKOPHUCTOBYIOTh Y HAYKOBUX IILJISIX.

Bwmict inTepieiikinis IL-6 ta IL-8 BusHayanu 3a MeTO-
noM imyHodepMmeHTHoro aHanizy (ELISA) BinnosigHo
JIO CTaHAAapTHOTO MpoToKoJy Immunoassay kit, Biosourse
(CIIA) [3].

Bwmict TNF-o BU3Hava/M 3a UIUTOTOKCUYHOIO [Ii€0 Ha
YyTJIMBY JIiHiI0 MuIadux ¢iopoodaacrtiB L-929 [6].

EkcriepyMeHTaIbHI AaHi 0OpoOasiM MeTodaMu Bapia-
LiITHOI CTATUCTUKU 3 BUKOpUCTaHHSIM TTporpamu OriginPro
8. ITepeBipKy BUOIpOK Ha iX TIPUHAJIEKHICTH 0 HOPMaJIHHO
PO3MOIIEHUX TeHepaJIbHUX CYKYITHOCTE! 3MiliCHIOBAIM 3a
gJoromororo kpurepito Iamipo-VYinka. JIjisi BU3HaYeHHS
3HAUYIIMX BiAMiHHOCTE MIX CepeaHiMU BeIMYMHAMU
JIBOX BMOiIpOK BUKOPUCTOBYBAIM t-KpuTepiii CThioneHTa. Y
BCiX BUMNAaIKax 3HAYYIIIMMU BBaXKaJIM pe3yJIbTaTh IIPU 3Ha-
YeHHI piBHs 3HauyIIocTi p meHie 5 % (p < 0.05).

PE3VIJIBTATU JOCJIILIZKEHDb TA OBI'OBOPEHHA
B pesynbrati mpoBeaeHUX JOCTiIKEeHb BCTAHOBJIEHO, 1110
yabTpa3ByK 3 iHTeHcuBHicTIo 0,2 BT/CM? mocToBipHO
3HUXKYBaAB BMICT po3anajJbHUX MeIiaTOpiB Ha iKY pO3-
BUTKY €KCIIEPUMEHTAIbHOTO 3aIlajleHHS.

Bwmict 1L-6 B rpymi TBapuH i3 KappariHaH-iHIyKoBa-
HUM HaOpSIKOM Ha iKYy 3aIajleHHs 30i1blryBaBcs B 2,8
pa3a NOPiBHSHO 3 KOHTPOJIEM, a Mif Ji€l0 Y3 — 3HUXY-
BaBcs B 1,7 pa3za BiTHOCHO I'pyIy TBApUH 3 €EKCIIEPUMEH -
TanbHUM 3anajeHHsaM. Bwict IL-8 3a po3BuTKy Kap-
pariHaHOBOIO 3alajieHHs1 30iJbluyBaBcs B 5,6 pasa
BiTHOCHO KOHTpoJibHOI rpynu. Kypcosa aisg Y3 cnpusiia
3HMXKeHHIO BMicTy IL-8 B 1,6 pa3a rmopiBHSIHO 3 ITOKa3-
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in the manner depicted SA Winter et al [4]. 0.1 ml
of 1% carrageenan solution was injected into the
right hind limbs of rats. Control animals were
injected 0.1 ml saline. In the study of anti-inflam-
matory action of ultrasound was performed 5
ultrasonic sessions at intervals of a day. After 1 h
after the last session carrageenan-induced edema
was reproduced. As the source of the ultrasound
signal the device UST-3.04 was used. The fre-
quency of the ultrasonic signal was 0.88 MHz,
intensity — 0.2 W/cm?, exposure time was 10 min-
utes. After 3 h after inflammation (at the peak of
its development) blood was collected for further
study.

In all series of experiments was used as a control
group of animals who underwent the so-called
“sound false,” that was the imitation sound pro-
cedure, but disconnected ultrasonic signal gener-
ator.

All experiments were performed in accordance to
European Union convention on protection of verte-
bral animals which are used for scientific purposes.

Content of interleukins IL-6 and 1L-8 were
determined by enzyme immunoassay (ELISA)
according to a standard protocol Immunoassay Kkit,
Biosourse (USA) [5].

The content of TNF-o was determined be cytotox-
ic effect on sensitive mouse fibroblast line 1.-929 [6].

Experimental data processed by methods of vari-
ation statistics using the program OriginPro 8. The
test samples of their affiliation to the general pop-
ulations normally distributed was carried out using
test Shapiro-Wilkie. To determine significant dif-
ferences between the averages of two samples using
t-Student test. In all cases results considered sig-
nificant at the value level of significance was less
than 5% (p <0.05).

RESULTS AND DISCUSSION

It was shown that ultrasound with 0.2 W/ cm?
intensity significantly reduce the contents of
proinflammatory mediators at the peak of inflam-
mation. The content of interleukin-6 in the group
of animals with carrageenan-induced edema at the
peak of inflammation was increased in 2.8 times
compared with control, but under US — was
decreased in 1.7 times relative to a group of ani-
mals with experimental inflammation. The con-
tent of IL-8 was increased in 5.6 times relative to
the control group under inflammation, ultrasound
contributed to reduction of IL-8 in 1,6 times com-
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Bmict TNF-o, IL-6, IL-8 B KpoBi WypiB 3a po3BMTKY 3ananeHHA Ta nif BNAMBOM ynbTpassyKy (M + m)

Table 1

The content of TNF-0,, IL-6, IL-8 in the blood of rats under the influence of inflammation and ultrasound (M + m)

Moka3Huk / parameter Kontponsb / control 3ananeHHs / Inflammation Y3 + 3ananenHns / US + inflammation
(n=9) (n=11) (n=11)
TNF-ot, nr/mr Ginky 14,60 £+ 1,52 4421 + 4 85* 26,82 + 3,44* #
TNF-0., pg/mg protein
IL-6, nr/mr Ginky 58,16 = 4,45 162,84 + 15,64* 95,79 + 8,36™#
IL-6, pg/mg protein
IL-8, nr/mr Ginky 45,85 £ 5,07 256,76 + 25,78* 160,76 + 23,65 #

IL-8, pg/mg protein

Mpumitka. * — p < 0,05 nopisHsHO 3 koHTponeM; * — p < 0,05 NOPiBHSIHO 3 3ananeHHsIM.
Note. * — p < 0.05 compared with control; # — p < 0.05 compared with inflammation.

HUKaMM B TPpYIi TBapuH i3 3anajeHHsaM. [1pu 3ananeHHi
Takox 360iblryBaBcs BMicT TNF-o B 3 pa3u mopiBHSIHO
3 KOHTPOJIEM. Y3 CIPUSIB 3MEHILEHHIO TMTOPiBHSIHO 3 3a-
MaJIEHHSIM BMICTY i 1IbOr0 LIMTOKIHY B 1,6 pa3a nmopiBHsI-
HO 3 3amajieHHsaM (Tab. 1).

Bimomo, 1110 nepiiunii eTan peakiiii opraHiamy Ha Jito
MOIIKOKYIOYOTO areHTa MOYMHAETHCS 3 y4aCTi B HHOMY
HENTpO@INbHUX JICHKOIUTIB, anresii ix 10 eHIOTEIiio
CYyIMH, Mirpailii B ocepenok 3amnajacHHs, (arouurosy i
BUBUIBHEHHS psily 0iOJIOTiYHO aKTUBHMX PEYOBUH, SIKi
peryjioloTh 3anajbHuii mpouec. CiaigoM 3a HEUT-
podimaM aKTUBYIOTHCSI MOHOHYKJIEApHi (aroumntu
(MOHOLMTHU i TKAHWHHI Makpodaru), sKi He Julile Oe-
pPyTh y4yacTb y (parouuTosi, ajge i MpoayKyloTh Oe3Jid
0iOJIOTiYHO aKTMBHUX PEYOBMH, IO CTUMYJIIOIOTH BCi
JIAHKW 3axXMCcHOTO MexaHizmy. OcoOnnBe 3HAYEHHS Y
PO3BUTKY 3aIlajJibHOI Ta iMyHHOI BiAIOBiAi MalOTh CUH-
Te30BaHi MOHOLIUTaMU/MaKpodaraMu pedoBUHU, IKUM
NpuTaMaHHI XapaKTepUCTUKN TKAaHMHHUX TOpMOHiB. Lle
TNF-o, inTepieiikinu-1,6,8, anbga- i 6era-iHTepde-
poHU, MakpodarajibHO-TpaHyJIOUMTApHUI, Makpoda-
TaJJbHUM 1 TpaHYJOUMTApHUU KOJOHiECTUMYIIOIOUi
¢daktopu Ta iH. Mix HelTpodisaMu i MOHOLUTA-
Mu/Makpodaramu, sIKi € OCHOBHUMU KJIITMHAMHU (paro-
LUTaApHOI CUCTEMHU, iCHYE TIEBHE pO3MeKyBaHHS (PyHK-
11ili TIpM 3AiACHEHHI 3aXUCTy OpraHi3My BiJ Ail maToreH-
Hux areHTiB. CnoyaTky 3 LMPKYJII0I04Y0i KPOBi B ocepe-
JIOK 3aMaJieHHsI NOTPaIuIsIOTh HeHTpodinu, siKi 3anyyda-
1oTbest 1L-8, 110 BuAiisaeThcss TKAHUHHUMU Makpodara-
MU (caMeé BOHM KOHCTUTYTMBHO IEpIIMMHU 3yCTpida-
I0TbCcA 31 30ynHUKOM). I[HTepisielikiH-8 € HaOinbIIn
paHHIM MenmiaTopoM 3anajieHHs. OCHOBHA pPOJb iHTEp-
JIeiKiHy-8 moJisira€ B XeMOTaKCMYHOMY i aKTUBYIOUOMY
BIUIMBI HAa HEWUTpOGiU: B AETPaHYNISALil i CTUMYJISLII
JIEMKOLIUTIB, a TAKOX Y MOCUJIEHHI Mirpallii (parouuTiB B
Miclle 3amnajeHHs i akTuBalil HUMU CUHTE3Y MOJIEKYJ

pared to the group of animals with inflammation.
Inflammation also increased the content of TNF-a
a 3-fold compared to control. US reduce the con-
tents of this monokine in 1.6 times in comparison
with inflammation (Table 1).

It is known that the first stage of the body's
response to damage begins with neutrophils adhe-
sion to endothelium, their migration to site of
inflammation, phagocytosis and release of biolog-
ically active substances that regulate inflamma-
tion. Nextly, mononuclear phagocytes (monocytes
and tissue macrophages) are activated. These cells
are not only involved in the phagocytosis, but also
produce a lot of biologically active substances that
stimulate all parts of the protective mechanism.
Particular importance in the development of
inflammatory and immune response belongs to
substances that synthesized by monocytes/macro-
phages and have characteristics of tissue hor-
mones: TNF-o, IL-1, 6, 8, alpha- and beta-inter-
ferons, granulocyte-macrophage, macrophage and
granulocyte colony stimulating factor and others.
Between neutrophils and monocytes/macro-
phages, which are the basic cells of the phagocytic
system, there is a certain separation of functions in
the implementation of defense against the action
of pathogenic agents. First neutrophils entering
from blood to the inflammatory site, involved by
IL-8, which is released by tissue macrophages
(they first constitutively meet with the agent).
Interleukin-8 is the earliest mediator of inflamma-
tion. The main role of interleukin-8 is chemotac-
tic and activating effect on neutrophils — in leuko-
cytes degranulation and stimulation as well as in
enhancing migration of phagocytes to the site of
inflammation and activation of the adhesion mol-
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aaresii. Beauka yactuHa “pekpyToBaHUX’ MOHOHYKJIE-
apiB AU(EepeHLII0ETHCS B TKAHUHHI Makpodaru, a iHiii
nponykyiotrk 1L-8, akuii cTuMysioe HOBY XBUIIIO €Mi-
rpatii HelTpoiiB.

TNF-o 6epe 6e3mocepeiHIO yUyacTh Y peTyJsilii BCix
JIJAHOK 3amnajieHHs. BiH BUKIMKA€E eKCnpecito MOJIEKYI
anresii 9K Ha arourTax, Tak i Ha KIIITUHAX EHI0TEi 0
CTUMYJIIOIOUM aAre3iro HEUTpodiniB, MOHOLIUTIB, JIiM-
(ouuTiB i €03MHOMIIIB 10 €eHIOTeMiaTbHUX KIITUH CY-
JUH, 110 € 00O0B’SI3KOBOI0 YMOBOIO TIpoliecy iHBa3ii
JIEMKOLIMTIB B OCepedoK 3amnajieHHs. BriuBawouu Ha
eHgoTtemianbHi kKiniTuHu, TNF-0 30inb11ye excrnpeciio
antureHiB HLA A, B, C kjacy I rojloBHOTO KOMILIEK-
CYy TiCTOCYMICHOCTi TKaAHWH, CTUMYJIOE OiOCHHTE3
MPOCTAIIMKITIHY, (paKTOpiB 3ropTaHHS KpOBi i MpO-
aykiio IL-1, akuit TaKoxX BUKIMKAE Mirpaiilo moJi-
MOpPGHOSAIEPHUX JEHKOLUUTIB B OCEPEaOK 3araaeHHs.
TNF-o € iHmyKTOpoM CHHTe3y i cekpelii iHTep-
JIEWKiHY-8, IO ITICHITIOE XeMOTAaKCHUC JIEMKOILIUTIB B
ocepeloK 3arajieHHs Ta CIIPUSE IX Mirpaiii yepes cy-
JUHHY CTiHKY.

IHTepneiikiH-6 € oOgHUM 3 HAWOLIbII aKTMBHMX IIU-
TOKIiHiB y pealizalii sIK iMyHHOI BilIlOBi/i, TaK i 3amajib-
Hoi peakuii. Jxxepesiom 1L-6 € 6arato TumiB KiituH: T-
XeJNrnepu, MOHOLIMTU-MaKpodaru, ¢idpodiaacTu, eHa0-
TeJlialibHi KJIITMHM, KepaTMHOUUTU. B sKocti mude-
peHuioiodyoro ¢gakropa 1L-6 BuzHayae mepexia morie-
pPEeNHUKIB aHTUTeHCIeUU(PIiYHUX LUUTOTOKCUUYHMUX T-
KJIITAH y 3pili epeKTopM peakilil KJIITUHHOTO Ji3UCYy.
HNudepeHiiooya akTUBHICTh 1L-6 mposBisieThes i 1o
BigHOWEeHHI A0 B-knituH. He Oyayuyu iHOYKTOpOM
npoJiicdepaliii, BiH 3a0e3neuye TpaHc(opmallilo KIiTUH
B aKTUBHI ITPOAYLIEHTU aHTHUTIJ.

TakuM 4uMHOM, CYKyIHicTh BiaactuBocteit TNF-a,
1L-6, IL-8 ctaBuTh iX B OAMH psij 3 HAOLIbII BaXKJIMBH-
MU €HIOTeHHMMM peryysiTopaMy iMyHHMX i 3aIajib-
HUX TIPOLIECIiB B OpraHi3Mi. A BU3HAYEHHS IX BMICTY
HaJa€ 3MOTY CyIUTH HE TIJIBKU ITPO HASIBHICTH 3allaib-
HOTO TIPOLIeCy, ajle¢ M OLiHUTU CTYIliHb AOr0 BUpaxke-
HocTi [7, 8].

V pocnigkeHHsX in vitro mMoka3aHO 3MaTHICTb YJIbT-
Pa3BYKy TepaleBTUIHMX iIHTEHCUBHOCTE! 10 MOIYJIIO-
BaHHS ceKpellii MexiaTopiB 3amaneHHs [9, 10] Ta ctu-
MYJIOBaHHS eKcrpecii ¢aktopiB pocty [11]. OmHak
pe3yabTaTh AOCHiAXeHb in Vvivo MEHII OJHO3HAYHi.
OpaHi aBTOopu [12, 13] BBaxaloTbh, 11O 3aCTOCYBaHHS
YJIBTPa3BYKy He BILIMBAa€ Ha IPOILECHM 3amajeHHs Ta
BiZHOBJIEHHSI TKaHWHM. [HIII MiATBEpPIXKYIOTH HasIB-
HicTh npoTusananbHoi aii Y3 [14, 15]. Hamu nmokasa-
HO, IO YJABTPa3BYKOBUI curHai 3 yactororw 0,88 MIix
i inTeHcuBHicTio 0,2 Br/CcM? 3HMXY€E BMICT MpOTH3a-
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ecules synthesis. The most part of attracted
mononuclear cells differentiate to tissue macro-
phages, and other — produce IL-8, which stimu-
lates new wave of neutrophils emigration.

TNF-a is directly involved in all parts of the reg-
ulation of inflammation. It causes the expression of
adhesion molecules on phagocytes and on
endothelial cells and stimulates adhesion of neu-
trophils, monocytes, lymphocytes and eosinophils
to endothelial cells of blood vessels, which is a nec-
essary condition for the process of leukocytes inva-
sion in inflammation. Acting on endothelial cells,
TNF-a increases expression of antigens HLA A, B,
C of tissues histocompatibility complex, stimulates
the biosynthesis of prostacyclin, clotting factors
and production of IL-1, which also causes the
migration of polymorphonuclear leukocytes in site
of inflammation. TNF-o is an inductor of inter-
leukin-8 synthesis and secretion, which amplify
leukocytes chemotaxis in site of inflammation and
promotes their migration through the vascular wall.

Interleukin-6 is one of the most active cytokine
in the realization of immune response and inflam-
matory reaction. The many types of cells are the
source of IL-6: T-helper cells, monocytes,
macrophages, fibroblasts, endothelial cells, ker-
atinocytes. As a differentiating factor 1L-6 defines
the transition of antigen specific cytotoxic T-cell
precursors to the mature effectors of cells lysis.
Differentiating activity of IL-6 is manifested also
in the relation to B-cells. Not being an inducer of
proliferation, it provides the transformation of
cells into active producers of antibodies.

Thus, the set of properties of TNF-a, I1L-6, 1L-
8 puts them into one range with the most impor-
tant endogenous regulators of immune and inflam-
matory processes in the body. And definition of
their content allows us not only suppose the pres-
ence of inflammation, but also to estimate the
degree of its severity [7, 8].

The ability of ultrasound with therapeutic intensi-
ty to modulate the secretion of inflammatory medi-
ators [9, 10] and stimulate the expression of growth
factors [11] was shown in in vitro studies. However,
results of in vivo studies are less clear. Some authors
[12, 13] believe that the application of ultrasound
does not affect the inflammation and tissue repair.
Other authors confirm the anti-inflammatory
action of ultrasound [14, 15]. We have shown that
the ultrasonic signal with a frequency of 0.88 MHz
and intensity of 0.2 W/cm? reduces the content of
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EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

NajJbHUX MeIiaTOpiB 3a PO3BUTKY 3amnajeHHs1. ToOTo,
V3 3azHaueHMX NapaMeTpiB Moxke Oe3nocepeaHbo
BIUTUBATH HA CUTHAJbHI IIISXU, 110 OEpPyTh Y4acTh Y
KOHTpOJIi 3arajieHHs Ta pereHepallii TKAHUHU, MOAY-
JIIOIOUM CeKpellilo psiay 3anajbHUX MediaTopiB. 3Ba-
»Kalouu Ha lie, 3aCTOCYBaHHS Y3 mpu 3amnaJibHUX cTa-
Hax BUOAETHCS aOCOJIIOTHO AOLIAbHUM Ta IEpCHeK-
TUBHUM.

BUCHOBKU

1. ¥V rpymni mypiB 3 KappariHiH-iHAYKOBaHUM HaOpsIKOM
crniocrepirajoch 30iblIeHHS BMicTy IL-6 y 2,8 pa3sa,
IL-8 — y 5,6 paza, a TNF-oo — B 3 pa3u nopiBHSHO 3
KOHTPOJIEM.

2. KypcoBa mis Y3 crmpustia 3HMKEHHIO BMICTY [O-
cimKeHnx nokasHukiB. Tak, BMmicT 1L-6 3HMXKyBaBCs B
1,7 paza, IL-8 ta TNF-o. — B 1,6 pa3a mopiBHSIHO 3 3a-
TaJICHHSIM.
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9. Li J. K. Cytokine release from osteoblasts in response to ultrasound stim-
ulation / J. K. Li, W. H. Chang, J. C. Lin // Biomaterials. — 2003. — Vol. 24,
No. 13. — P. 2379-2385.

10. Early gene response to low-intensity pulsed ultrasound in rat osteoblastic
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2005. — Vol. 31, No. 5. — P. 703-708.

11. Johns L. D. Nonthermal Effects of Therapeutic Ultrasound: The
Frequency Resonance Hypothesis / L. D. Johns // Journal of Athletic
Training. — 2002. — Vol. 37, No. 3. — P. 293-299.

inflammatory mediators under inflammation.
Thus, ultrasound of these parameters can directly
affect the signaling pathways involved in the control
of inflammation and tissue regeneration, thereby
modulate the secretion of a number of inflammato-
ry mediators and growth factors. Therefore, the use
of ultrasound in inflammatory conditions is
absolutely reasonable and promising.

CONCLUSIONS

1. In the group of rats with carrageenan-induced
edema the increasing of IL-6 in 2.8 times, 1L-8 -
in 5.6 times, and TNF-o — in 3 times compared to
the control was observed.

2. Course influence of ultrasound contributed to re-
duction of the studied parameters. Thus, the content
of 1L-6 decreased in 1.7 times, IL-8 and TNF-o —
in 1.6 times in comparison with inflammation.
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