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MARKERS OF INFLAMMATION IN THE VIOLATION OF THE PROCESSES OF REGULATION OF BONE RE-
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Abstract. Inflammation is a pathological symptom of a wide spectrum of chronic diseases and has a significant
impact on bone remodeling, causing osteoporosis. Glucocorticoids also have a significant negative impact on the
bones, which are difficult to separate from the effects of the inflammation. Glucocorticoids decrease the produc-
tion of proinflammatory cytokines, is associated with bone resorption by increasing the expression of RANKL and
decrease osteoprotegerin expression by osteoblasts. They have a direct effect on osteoclasts by activating intra-
cellular signaling pathways related to inflammation.

Aim. Studied cell-like and molecular mechanisms of disorders of bone remodeling, at the experimental os-
teoporosis caused by glucocorticoids. Assessment of the role of inflammation in these processes was carried out
through analysis of serum C-reactive protein (CRP) and galectin-3.

Material and methods. In an experiment 2 groups of white rats of females were investigated. Violation of bone
remodeling was verified by measurement of bone density. Levels of serum CRP and galectin-3 were studied by
ELISA in blood serum of the animals.

Results. The mineral density of a bone in animals from group with violation of bone remodeling by glucocorti-
coids, was lower, than in animals of control group. Decrease in content of C-reactive protein (0,664 + 0,032 mg/I)
and galectin-3 (1,117 = 0,069 ng/ml) in blood serum of animals with violation of bone remodeling by glucocorticoids,
compared with the control, was revealed (1,036 = 0,05 mg/I, 1,151 £ 0,072 ng/ml respectively). The decrease of
the level of CRP in the group of animals with the glucocorticoid model of disorders of bone metabolism likely occurs
because of reduced production of proinflammatory cytokines. What is the result of the action of glucocorticoids. In
the later stages of experimental osteoporosis increases the apoptosis induced by the glucocorticoids. This is ac-
companied by reduced expression of galectin-3. Effect of glucocorticoids in experimental osteoporosis shifts the
balance between pro- and anti-inflammatory cytokines towards anti-inflammatory cytokines. This is manifested as
a reduction in the level of CRP. Increasing levels of anti-inflammatory cytokines, apparently, leads to a feedback
increase the production of pro-inflammatory cytokines, stimulating osteoclastogenesis. This leads to a reduction of
bone mineral density in the group of animals with the glucocorticoid model of disorders of bone metabolism.

Conclusions. The use of glucocorticoids led to lower levels of CRP and galectin-3 in the group of animals with
impaired bone remodeling. This affects the violation of the processes of regulation of bone remodeling and may be
one link in the mechanisms of development of pathological process. There was an inverse relationship between the
level of C-reactive protein and bone mineral density. For galectin-3, this interaction is not detected. This indicates
the important role of the features of inflammation in the mechanisms of disorders of bone remodeling. We assume
that it is possible to use CRP as a marker of disorders of bone remodeling under the influence of glucocorticoids.
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BcTtyn. XXI cTONITTA — LEe Yac HAaHOTEXHOMOrIN, Ha-
HOMeOuUMHKM, HaHobionorii, HaHodapmakonorii [2,7].
B ymoBax mMacoBOro ekoJioriYyHoro HaBaHTaXeHHHA Ha-
Homarepianis Ha HaBKOJINLLIHE CepefoBMLLE BOHU MO-
XYTb BMANBATU HA OPraHi3M JII0ANHU HE i30/1b0BaAHO, a i
B NMOEOHAHHI 3 BEJIMKUM YUCIIOM Pi3HMX PEYOBUH XiMiy-
HOro Ta 6ioNIOriYHOro MOXOAXKEHHS, LLLO € KOHTaMiHTamMu
00’€eKTiB HABKONULLIHBLOIO cepenoBuLla. Lle ctaHoBUTb

ocobnmBy Hebe3neky, OCKiflbkM iCHY€E BipOriaHiCTb No-
CUJIEHHSA TOKCUYHUX e@EKTIB XiMIYHUX PEeYOoBUH Nif,
L€ HAHOYACTUHOK, L0 MOB’A3aHO 3 MOXIMBICTIO aa-
copbuji TPaaMUiIMHNX TOKCMKaHTIB Ha HaHO4YaCTMHKax
i, 9K pesynbraT, NONEreHHs iX TPaHCNOPTY B KNITUHN
opraHiamy. ToMy BUHMKAE MUTAHHSA NPO HEOOXIOHICTb
dyHOaMEHTaIbHOro PO3YMiHHA TOKCUKOJIOTIYHMX Blac-
TUBOCTEW HAHOYACTUHOK MPW iX NoNagaHHi B OpraHiam
pPa30M 3 «KNACUYHUMM» XIMIYHUMU TOKCUKAHTaAMW.
MeTa pocnigxeHHda. MeTolo naHoi pobotn 6yno
OuiHUTY iHTerpanbHui edekT dynepeHis (Cy,) i XiMiYHO-
rO TOKCMKaHTa TOMTyoy Ha CTYNiHb YTBOPEHHS aKTUBHUX
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dOpPM KNCHIO Ta NPOLLECKU anonTo3y | HEKPO3Y HENTPO-
®inis KPOBI.

006’ekT i MmeToan pocnipxeHHa. Jocnian BUKO-
HaHi Ha 104 6e3nopoaHux Lypax-camusax macoto 150-
180 r, kKX yTpUMyBaNn Ha CTaHAAPTHINM OjeTi. Beix TBa-
PWH noainuan Ha 4 rpynu: |-a — KOHTPOJIbHA (IHTaKTHI
LLypK), SKUM iHTpanepmuToHeanbHO BBOAUAM Qi3pO34nH
(0,5 mn/kr); ll-a — wypwn, SKUM iHTpanepuToHeanbHO
BBOAMAN 60 Mr/Kr KONoiAHOro posyrHy dynepeHy Cg ..
AvcnepryBaHHs HaHo4acTUHOK C vy isionoriyHomy
PO34MHI MPOBOAMAN 3a AONOMOIOK YILTPA3BYKOBOrO
aucnepratopa Y3OH-M750T (25 «kl'u, 750 BT) npoTts-
rom 5 xB; lll-a — TBapuHKU, GKUM iHTPaANepUTOHEabHO
BBoaman Tonyon B go3i 0,5 mn/kr; IV-a — wypun, akmum
BBOAMNN ynepeH (60 Mr/kr), po3seneHuin B TONyoni
(0,5 mn/xr). TBapuH BMBOAMAN 3 EKCMIEPUMEHTY nif, Ti-
OneHTanoBUM HapKo30M Yepead 3, 6, 24 i 72 rog,. Heit-
TPO®INM BUAINANN 3 BEHO3HOI KPOBIi METOLOM MPafiEHT-
HOro ueHTpudyrysanHs [5]. [ns BUMIpIOBaHHS PIiBHSA
aKTUBHUX HGOPM KUCHIO Y HENTPOdiNax KpoBi BUKOPUC-
ToByBann auxnopdnyopecueivy avauetar (OAXD-OA)
(«Sigma Aldrich», USA), akuii € 6apBHMKOM i3 3abno-
KoBaHo ¢nyopecugeHuijeto [9]. MNicna nacMBHOro npo-
HUKHEHHS B KNITUHY i BiALLENIEHHS aueTaTHOI rpynu nig,
nieto ectepas X®d-[A nepexoamnTb y NOASPHY CrOJyKY,
qKa He 3paTHa 00 amdysii 3 KNiTnuHW. Y pesynbstaTi B3a-
€MOJii 3 NepekmMcoM BOAHIO Ta IHLWMMW BilbHUMW paav-
kanamu OXP-OA ctae (pyopecLiiooyoo CrosyKolo.
PiBeHb npopaykuii AOK aHanizyBann 3a iHTEHCUBHICTIO
CBIiTIHHA GapBHMKa. OuiHlOBaNM napameTpu 3eneHoi
dnyopecueHuii B KNiTUHaX, BuaBneHnx Ha FL1-kaHani
3a A0NOMOrot0 NPOTO4HOI umuTodnyopmumeTpii Epics XL
(Beckman Coulter, CLLUA). 3HayeHHs OOChioKyBaHOro
napameTpa BMpaxanu y BifcoTkax (KinbKicTb Nenkoumn-
TiB i3 NiABULLIEHMM BHYTPILLIHbOKITUHHMM BMicTOM ADK
(ADK*-KniTMHM) [0 KiNbKOCTI KNITWUH i3 HOpMasbHUM
BMicTOM ADK).

Ong  ouiHkn anonTto3dy HeuTpoodiniB KpPoBi BU-
kopuctoyBanu FITC-miveHnn anekcuH V (AN), wo
3B’A3yeTbCA 3 pochaTnanicepnHOM Ha 30BHILLHIN MO-
BEPXHi Nna3manemu, Ta nponigito nogna (Pl) 3 Habo-
py pearenTiB <ANNEXIN V FITC» («Beckman Coulter»,
CLUA) [11]. AHaniz npo® NpoBOAMIM HA NMPOTOYHOMY
umtomeTpi Epics XL («Beckman Coulter», CLLA) 3 ap-
rOHOBMM 1a3epOM, BU3HaYatoun AeKisibka napameTpiB:
mMane KyToBe cBiTioposcitoBaHHs (FSC), wo xapak-
TEpPU3ye pPoO3Mip KiTUHW, OBi4HE CBITNIOPO3CilOBaHHSA
(SSC), wo xapakTepudye OMTUYHY HEOAHOPIOHICTb
UMTONAa3MU KAITUH, XapakTep KAITUHHUX BKIIIOYEHD i
rPaHyNspHICTb KNITUH, a TaKOX MeMOpaHHi 0cobmBoC-
Ti KNITWUHKY, | NOKa3HWK 3eneHoi dnopecueHuii (dnio-
opecueiHizoTiouiaHaT-FITC — 530 HMm). JocniopxyBaHy
nonynsiLilo KNiITUH rertyBann B koopamHatax FSC (Bicb
abcumc) i SSC (Bicb opamHat), NoTiM aHanizyBanm Ha
HasiBHICTb (ryopecLeHLji B KoopaMHatax Ha OCHOBI
Dot Plot (nBonapameTtpuyHa rictorpama). Bukopucro-
BYBa/IM aBTOMATU4YHE MPOrpamMHe 3abe3neyvyeHHs i Me-
Toau 360py Ta aHanisy gaHmx 3 BUCOKOIO PO3isbHO
3paTHicTio (1024 kaHanu). OTpuMaHi pesynstaTi Npen-
CTaBNA/IN Y BiACOTKaAX.

AnckpumiHauinHnia aHanis Tuny KNiTMHHOI CMepPTi
Bk/tO4aB (puc.): 1-1n kBagpaHT — KNITUHM, HEraTMBHI 3a
aHekCcnHOM V i No3uTMBHI 3a Pl — HEKPO3; 2-11 kKBagpaHT

— HenTtpodinu, no3utmeHi 3a Pl i aHekcnHom V-FITC
— ni3Ha cTagis anonTtody abo Hekpos; 3-ii KBagpaHT
— HenTpodinu, HeratmeHi 3a Pl i aHekcuHom V-FITC
— XUTTE3[ATHI KNITUHW; 4-1 KBaOpaHT — HenTpodinu,
no3mTmeHi 3a aHekcuHom V-FITC i HeraTuBHi 3a Pl —
paHHs cTafis anonToay.

YTpUMaHHS TBAPUH Ta EKCMEPUMEHTU MPOBOANINCH
Y BiANOBIAHOCTI 4,0 NONOXEHb «EBPONENCHKOI KOHBEHLLiT
NpPO 3axUCT XpebeTHNX TBAPWH, SKi BUKOPUCTOBYIOTLCS
B €KCNEPUMEHTASIbHNX T IHLLUMX HAYKOBUX LLISAX>.

CratucTtnyHy 06pobky pes3ynbTaTiB BUKOHYBanu y
BiOOiNI CTATUCTUYHUX AOCNioXeHb TepHOMiINbCbKOro
[ep>XaBHOro MeamyHoro yHisepcutety im. I. 4. Top-
0a4eBCbKOro 3 BUKOPMUCTAHHAM CTaTUCTUYHUX MNpPU-
knagHux nporpam Microsoft Excel 2007 i Statsoft
STATISTICA. Pe3ynbratu BUpaxanu gk cepegHe + SEM
3 8 ekcnepuMeHTiB. NopiBHIOBANM OTPMMaHi BEANYNHA
3 BUKOPUCTaHHAM HenapamMeTpuyHOro kputepito MaH-
Ha-YiTHi. 3MiHM BBaXann CTaTUCTUYHO AOCTOBIPHUMU
npu p<0,05.

PesynbtaT gocnigXXeHHs Ta X 0OroBopeHHs.
Ha paHuin yac Habinbl BiLOMI ABA MexaHi3aMu 3aru-
6eni KNiTMH — Hekpo3 i anonTo3. ANoNTo3 — Le reHe-
TUYHO 3anporpamMoBaHUii NPoLEC, NPU KOMY KNiTUHA
cama akTMBHO Crnpuse cBoin 3arnbeni [6,10]. Anonto3
3anyCcKaeTbCs YEpPes cneLianbHi peuenTopu CMepTi Ha
NMOBEPXHi KNITUHM ab0 HEPELENTOPHUM LUASXOM, L0
Bee 00 aKTuBaLii perynaTopHux BinkiB, ski 3ynuHsI0TL
MITOTUYHY aKTUBHICTb KNiTUHM (6inok p53), BuKMKa-
10Tb dparmenTauito JHK (eHooHykneaswu), perpaga-
L0 XNTTEBOBAXIMBUX OiNKiB (Kackamg NpoTeoniTUYHNX
depMeHTIiB kKacnas), NopyLUYTb 3B’ A30K KNITUHU 3 NO-
3aKNiTUHHUM MaTpukcoM i T. A. [1,4]. OCHOBHMMU eTa-
namun HeKpo3y € MOLUKOOXKEHHSs nia3mMaTuyHoi Mem6-
paHu, HabyxaHHs MITOXOHAPIN i BCiei kKNiTUHK, BTpaTa
BHYTPILUHLOKNITUHHUX ~ KOMMOHEHTIB, Ae3iHTerpawis
aapa 3 noganblunmM GaroumMTo30oM 3arndnamx KniTuH.

3a yMOB BBEEHHS LLIypaM YNCTOr 0 KOMOiAHOIo po3-
unHy dynepeHis C,, y 003i 60 Mr/kr 6yno BCTaHOBNEHO,
WO [ocnigxXyBaHa KIiTMHHA Nonynsauia HenTpodinis
XapakTepmnayBasnacs NepeBaxHO XMBUMU i HEBENNKOIO
KiNbKICTIO @anoONTUYHUX | HEKPOTUYHUX KNITUH. BMICT y
uii rpyni AMOK* He 3miHIOBaBCS OOCTOBIPHO MOPIBHAHO
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Puc. Po3noain anonTUYHUX i XUTTE3AATHUX KNITUH B
pexwumi Dot Plot.
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3 aHaNorivYHUMM NOKa3HMKaMW Y iIHTAKTHUX TBAPWUH Y BCi
TEpPMiHW gocnigxeHHs (Tadn. 1).

HaTtomicTb, sk cBig4aTb AaHi Tabnuui 2, y TBapuH,
aKMM BBOAMNM Tonyon B 0o3i 0,5 mn/kr, BMmicT ANV*i PI*
- HeNTpo®iniB nepndepinHoi KPOBi 4OCTOBIPHO NiOBU-
LLIyBaBCS MOPIBHAHO 3 KOHTponem. Tak, Bxe Ha 3 rof.
ekcrnepumeHTy nokasHuk ANV HenTpodinis (9kui Big-
MoBiJA€E 3a paHHin anonTo3) nepesuLLyBaB HopMy y 1,3
pasu i gocaraB MakCMMyMy Ha 6 rof. CroCTEpPEeXeHHs
(194% nopiBHAHO 3 KOHTpoOneMm). MakcumanbHe (Ha
174%) 36inblweHHa nokadHuka Pl B 3-i1 rpyni TBapuH
TakOX BUSBIEHO HA 6 rof. excnepuMeHTy. B noganbLuo-
MY OAHWIM MOKa3HUK 3HUXYBABCS. YTBOPEHHS akTUBHUX
bOPM KUCHIO Y HETPOGIinax KpoBi Micnst BBELEHHSA TO-
JlyoNly CYTTEBO 3POCTAE Ta Nepesu-
Lye NOKa3HUKM KOHTpono B 1,4, 2,
1,9 Ta 1,6 pasu BignoBigHO 4epes 3,
6, 24 Ta 72 ropn. nicnga iHToKcukaLlji.

Y HalbinblOMy CTyneHi yTBO-

MO>XHa BUKJIIOHATK, LLLO A0 NPUYNH, SKi aKTUBYOTb anomn-
TO3, MOXYTb BIiZHOCUTUCH PAL, iHLLUNX 30BHILLUHIX T BHY-
TPiWHiX pakTopiB, 30KpeEMA, NiABULLEHHS KOHLLEHTPaLLi
B KPOBi Mpo3anasibH1UX UUTOKIHIB. Bigomo, wo ®HIM-a
30aTHWUIA 3B’A3yBaTUCA 3 MeMOpaHHUM peLenTopom
TNF-R2 Ta aktmByBatn depmeHTn kacnas-nporeasu
FLICE i enpoHykneasn (OHKaawu | i ll), aki 3anyckaoTb
anonTuyHui kackapg, [8]. PaHiwe y Hawmx gocnigxkeH-
HSX MM NoKa3anu, WO piBeHb B CMPOBATLL KPOBI Npo3a-
nasibHUX UMTOKIHIB, B TOMY Ynchii @HIM-a, niasuLyBas-
CSl B 3HAYHO BiNbLLOMY CTYMEHI B LLYpPIB, KM BBOAUN
TONYOJN pa3oM 3 KapOOHOBUMK HaHOYACTUHKaMN dyne-
peHamu, y MOpPIiBHAHHI 3 TBapuHamu, Aki niggasanmcs
BMIMBY TiNlbky TONyony [3].

TabGnuuga 1.

Bnaue ¢pynepeHis C,, Ha Noka3HMKM anonTo3y HelTpodinie Ta
BMICT B HUX aKTUBHUX (pOpPM KMUCHIO (MEm, n=8)

PEHHS aKTUBHUX GOPM KUCHIO Ta

IHTEHCWBHICTb NPOLLECIB anonToay i
HEKPO3Y HenTpodiniB KPOBi MigBu-
LyBanmcsa B LLYPIB, SKUM BBOAUIN
dynepeHn, posBefeHi B TOyoni

(tabn. 3). 9k BMAHO 3 OaHuX Ta-

6nuui 3, B TBapuH IV rpynu, no-

PIBHAHO 3 IHTAKTHUMW LLypamu,

nokasHukn BiacoTkis ANV* i PI*-
KJITUH 3pOoCTanu y BCi TEPMiHW O0-
CNiIXXEeHHs Jocdaralym MakCumymy
(B 2,5Ta 2,3 pa3un) Ha 6 rog. ekcre-
PUMEHTY. |HTEHCUBHICTb PaHHLOrO

pynn TBapuH
C
Moka3Huk . - -
IHTaKkTHI Yac nicnsa BBeoeHHS (ron)
3 6 24 72

ANV*-knituHm, % | 3,90+0,21 | 3,97+0,19 | 3,88+0,22 | 3,95%0,18 | 3,86+0,20
PI*-kniTuHu, % 1,59+0,10 | 1,63+0,11 | 1,55+0,09 | 1,62+0,08 | 1,67%0,13
ADK!-kniTUHKU, % | 16,48+1,07 | 15,81+1,16 | 17,10+1,20 | 16,95%1,03 | 15,67%1,12

MpumiTka. * — 3MiHN OCTOBIPHI NOPIBHSAHO 3 KOHTposiem (p<0,05).

Tabnuug 2.

Bnaue Tonyosly Ha NOKa3HMKW anonTto3y HeUTpodinis Ta BMiCT
B HUX aKTUBHUX POpPM KUCHIO (M+m, n=8)

anonto3dy (ANV*-Hentpodinu) ne-

peBMLLYyBana aHaNoriyHi 3HaYEeHHS Ipynu TBApUH
y llI-i1 ekcnepumeHTanbHin rpyni Tonyon
- - ; MokasHuk
ng41 E(?p,l L?;?oi?rliiﬁgge:)emp;:f IHTaKTHI Yac nicns BBegeHHs (roa)
Ty. Mpwn BMBYEHHI piBHA Pl*-KkniTuH, 8 6 24 2
IKi XapakTepuayloTb iHTEHCUBHICTb Kni’i’:;/m' o |390%0,21 | 5,16+0,30* | 7,60+0,45* | 6,27+0,33* | 5,50%0,40*
HEKPOTUYHMX MPOLECIB, CMNOCTEPi- 2
ranoch ioro nigeuwerHs Ha 133 i | P! 'K’(]/'OT"'“"" 1,59+0,10 | 1,93+0,12 | 2,77+0,19* | 2,30+0,15* | 2,03%0,16
130% (6, 24 rop.) NOpiBHSAHO 3 rpy-
Moo TBAPWH, KM BBOﬂMﬂVgTiﬂbKV‘ Knﬁff;% 16,48+1,07 | 23,66+1,65* | 34,52+2,88* | 31,96+2,57* | 27,10+2,08*
;222?;}40'3:38;&;qulf_';;:_gﬁcbz_;f'?\; MpumiTka. * — 3MiH1 OCTOBIPHI NOPIBHSAHO 3 KOHTPosiem (p<0,05).
rpynu LypiB MOPIBHAHO 3 TakUM Yy Ta6nuusg 3.

TBapuH Il rpynu y BCi TepMiHn fo-
CNioKEHHS.
TakMmMm 4YMHOM, OTpPUMaHI AaHi

Bname noegHaHoro 3acrocyeaHHs C i TOnyony Ha NOKa3HUKN
anonTto3y HeiTpodinie Ta BMICT B HUX aKTUBHUX (POPM KUCHIO

cBigyaTb Mpo Te, WO HaHo4vac- (M+m, n=8)

TUHKMN cbyneE)eHm Cq noCUnIoTL Foyr TeapiH

MPOOKCUAHUA  edekT  XiMiYHOro

TOKCMKaHTa TONYONly Ha HeNTPO- | Mokasmunk Tonyon + Cq

®inn KpoBi, a TakoX npoanonTuy- IHTaKTHI Hac nicns BBeAeHHs (rof)

HUM | NPOHEKPOTUYHUIN edekTun 3 6 24 72
ocTaHHboro. O4yeBMgHO, WO came ANV--

OKMCHIOBANILHWIA CTPEC, KU MPO- | knituhn, % 3,90+0,21 | 7,09+0,46** | 9,83+0,50** | 8,36%0,74** | 7,21+0,55*
SIBNABCS 3aiKCOBAHMM HAMW 3POC- [ b+ nitnm

TaHHSAM B HEMTPOdINAax KPOBi BMICTY % | 1,59+0,10 | 2,36%0,20* | 3,69+0,24** | 2,99+0,16** | 2,52+0,17*
aKTUBHUX POPM KUCHIO, IKMM Bnac- ADK"-

TUBa MOLUKOOXYBasibHa -D-IH Ha KJi- KJ'IiTVIHI/I,% 16,481’1,07 32,80i2,21*’$ 50,764—'3,10*“ 46,14i2,70*# 38,60i2,18*“
TUHHI CTPYKTYpPW, NPUCKOPIOE NPO- Mpumitka. * — 3MiHM [OOCTOBIPHI MOPIBHAHO 3 KOHTposem (p<0,05); # — 3MiHM AOCTOBIpHI

LLecn anonTosy i HEKPO3y. TakoXx He

MOPIBHSAHO 3 rpyrnoio TBapWH, SKMM BBOAMAN Tonyon (p<0,05).
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BucHoBok. KapOOHOBiI HaHOYaCTUHKW dynepeHn MepcnekTuBM noganbwuvx pocnimxeHb. [ns
C,, MOCUNIOIOTH 3AATHICTb XiMIYHOrO TOKCMKAHTa ToNyo-  6€3MeYHOro BUKOPUCTAHHS HAHOTEXHOJIOrIA HeOoOXiaHi
Ny MigBuLLYBaTK NPOAYKLiI0 BHYTPILUHBbOKMITUHHUX ADK  noganblui 6GioxiMidHi 4OCNIOXEHHS, CNPSAMOBaHi Ha BU-
Ta piBEHb anONTUYHO Ta HEKPOTUYHO 3MIHEHNX HEMTPO-  BYEHHSI MEXAHI3MIB CUHEPriYHOro BMVMBY HAHOMATEPIi-
®inis KPOBI. aniB i KCeHOBIOTUKIB XiMIYHOT MPUPOAM HA OPraHi3M.
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O®YJIEPEHU C, NIABULLYIOTb BUKJINKAHUMA TOJIYOJIOM PIBEHb AMOMTUYHO TA HEKPOTUYHO
SMIHEHUX HEUTPO®UJ1IB KPOBI

Manuuga J1. M., Kopaa M. M.

Pesiome. HaHomaTepiann HabyBaloTb XapakTepy HOBOIro r106a5bHOr0 aHTPOMOreHHOIrO YNHHMKA, SKUIN MOXE
XapakTepunayBaTUCb NOTEHLIiIHO Hebe3neKoto A5t 3A0P0B’ HACeNeHHs.

MeToto naHoi po6oTu 6yno ouiHUTK iHTerpanbHuii edekT dyneperis (Cy,) | XiMIYHOTO TOKCUKAHTa TOJyo 1y Ha
CTYNiHb YTBOPEHHSA aKTUBHUX POPM KMCHIO Ta NPOLLECH anonTo3y i HEKPO3Y B HEMTPOodinax KpoBi ekcnepuMeHTasb-
HUX LWypiB. TBApUHaM iHTpanepuTOHeanbLHO BBOAWM CycneHsito dynepeHis (60 mr/kr), Tonyon (0,5 mn/kr) i Tonyon
3 PO3YNHEHUMN B HbOMY dynepeHamun. B anHamiui (3-72 rog.) B HeiTpodinax Kposi uMTopyopuMeTpuiyHM Me-
TOLOM BU3HAYaNM YTBOPEHHSA akTUBHUX HOPM KMUCHIO 32 JOMNOMOro amxnopdnyopecueidy anaueTtaTy Ta iHTeH-
CMBHICTb anonTo3y i HEKPO3y 3a PiBHEM KNITUH MiYeHUX aHekCcMHOM V i nponigito noanoom. MakcmmMainbHi 3MiHN
BCiX MOKa3HWKIB Y BCi TEPMIiHWN A0CAIAXKEHHS 3apEECTPOBAHO Y rpyni TBApUH, SKMM BBOAUAN DYNEPEHN, PO3YNHEHI B
TOKcukaHTi Tonyoni. Mpu uboMy npoaykuis ADK Ta piBeHb anonTUYHO Ta HEKPOTUYHO 3MiHEHNX HEMTPODINIB KPOBI
TBAPVIH, SIKUM BBOAWIN HAHOYACTUHKW i TONyON, 3pOCTann AOCTOBIPHO MOPIBHSAHO 3 TBapUHaMu, SKUM BBOOWIIU
TifIbKN TOKCUKAHT. 3p06/1EHO BUCHOBOK, LLIO KAPOOHOBI HAHOYACTUHKM dynepeHn C,; 3aaTHI NOTEHLLIoBATM TOKCKY-
HUIN edekT KCeHODIOTUKIB XiMiYHOI Npupoau.

Kniouogi cnoBa: dynepenu, Tonyos, akTueHi GOPMM KUCHIO, HEMTPO®Iinu, anonTo3, HEKPO3.

YOK617.155.34-002.4/826:547.533-06

PYJUIEPEHbI C  MOBbILLAIOT BbI3BAHHbIN TOJIYOJIOM YPOBEHb ANMONTUYECKU U HEKPOTUYE-
CKV UBMEHEHHBIX HEUTPODUJIOB KPOBU

Manuua J1. M., Koppa M. M.

Pesiome. HaHomaTepuanbl NprobpeTatoT xapakTep HOBOro rnobasibHOro aHTPONOreHHoro gaktopa, KOToPbIiA
MOXET XapakTepmn3oBaTbCH NOTEHLMAbHOM ONACHOCTLIO 151 340P0BbS HACENEHNS.

Llenbio maHHO paboTbl ObIIO OLEHUTb UHTErpasbHbI apheKT dynnepeHos (Cgp) ¥ XMMUYECKOTO TOKCHKAHTa
ToJlyona Ha cTerneHb 06pa3oBaHNs akTUBHbIX GOPM KMCNopo4a 1 MPOLECChl arnonTo3a 1 Hekpo3a B HernTpodunax
KPOBU 9KCMEPUMEHTasbHbLIX KPbIC. XXMBOTHBIM MHTPANepuToOHeabHO BBOAMAN CyCneH3nto dynnepeHos (60 mr/
kr), Tonyona (0,5 Mmn/kr) n Tonyon ¢ pacTBOPEHHbIMY B HEM dynnepeHamMmn. B auHamumke (3-72 4.) B HenTpodumnax
KpPOBU UMTODIIyOPUMETPUYECKUM METOOOM ONpeaensnm obpa3oBaHne akTMBHbIX GOPM KMCIopoaa C NoMOLLbIO
anxnopdnyopecuenHa guaueTtata U UHTEHCMBHOCTb anonTo3a U HEKPO3a MO YPOBHIO KNETOK MEYEHbIX aHEKCU-
HOM V 1 nponunanga noanaom. MakcmmarnbHble N3MEHEHNS BCEX NOKasaTesier BO BCe CPOKM UCCiefoBaHMA 3a-
PEerucTprpoBaHoO B rpymnne X1UBOTHbIX, KOTOPbIM BBOAWIN DYyIIePeHbl, PACTBOPEHHbIE B TOKCMKAHTE Tonyorne. [Mpu
aToM npoaykums ADK 1 ypoBeHb anonTUYecKn U HEKPOTUYECKU U3MEHEHHbLIX HEMTPODUNIOB KPOBWN XMBOTHbIX,
KOTOPbIM BBOOW/IN HAHOYACTULLbI U TOYOJ1, LOCTOBEPHO YBENNYNBANINCHL MO CPABHEHUIO C XUBOTHLIMU, KOTOPbIM
BBOAW/IM TOJIbKO TOKCKKaHT. CaenaH BblBOL, 4TO KapOOHOBLIE HaHOYaCTULLI dyninepeHbl C,, CNOCOBHbI ycunvsaThb
TOKCUYECKN 3P PEKT KCEHOONOTUKOB XMMUNYECKOWN NPUPOAbLI.

Kniouesble cnoBa: ¢ynnepeHbl, TONyos, akTMBHble GOPMbl KUCOPO4a, HENTPOdUIbI, anONTO3, HEKPO3.
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FULLERENE C_, INCREASES TOLUENE INDUCED LEVELS OF APOPTOTIC AND NECROTIC NEUTRO-
PHILS

Palytsia L. M., Korda M. M.

Abstract. When widespread in the environment, nanomaterials can affect the human body not only by them-
selves but in combination with a large number of other chemical and biological substances and contaminants. This
poses an increased danger, since toxic effects of chemical substances are likely to be multiplied in the presence
of nanoparticles. One of the possible mechanisms of this adverse action is the adsorption of previously descry bed
toxins onto nanoparticles facilitating their transport inside the cells.

The aim of this study is to evaluate the combined effect of fullerenes (C,) and a chemical toxicant toluene on the
magnitude of formation of reactive oxygen species as well as apoptosis and necrosis of neutrophils.

Laboratory ratsreceived intraperitoneal injections of fullerene suspension (60 mg/kg), toluene (0.5 ml/kg) or tol-
uene with dissolved fullerenes. We measured changes in formation of reactive oxygen species in neutrophils using
flow cytofluorometry with dichlorofluorescein diacetate and the intensity of apoptosis and necrosis using annexin V
and propidium iodideprobes as a time series starting in hour 3 of the experiment and up to hour 72.

Statistical analysis of the results was performed in the Department of Statistical Research of Ternopil State
Medical University using applications Microsoft Excel 2007 and Statsoft STATISTICA. The results are presented as
a mean = SEM of eight experiments. The obtained values were compared using Mann-Whitney U test. Statistical
significance was set at p <0.05.

In rats that received only colloidal solution of fullerene C,, at a dose of 60 mg/kg, the cell population of neutro-
phils consisted mainly of alive cells with a small number of apoptotic and necrotic ones. In rats of this group ROS did
not change significantly compared to the levels in intact animals for the entirety of the experiment.

In contrast, the animals injected with toluene at a dose of 0.5 ml/kg, ANV* and PI* markers in peripheral blood
neutrophils significantly increased compared to the controls. For instance, in hour 3 of the experiment ANV* value in
neutrophils (indicating premature apoptosis) was 1.3 times higher than normal, reaching the maximum in hour 6 of
the study (194% of control). Maximum increase (174%) in PI* in the group Ill of experimental animals was also de-
tected in hour 6 of the study, declining after wards. After injecting the rats with toluene, formation of reactive oxygen
species in neutrophils significantly increased and was higher than control by 1.4, 2, 1.9 and 1.6 times respectively
in 3, 6, 24 and 72 hours after toxin introduction.

The maximum changes of all parameters and at all time points were detected in the group of animals that were
injected with fullerenes dissolved in toluene. In this group, production of ROS and the levels of apoptotic and ne-
crotic neutrophils significantly increased compared to animals injected only with the toxin.

Conclusion: carbon nanoparticles fullerene C,, increase the capacity of chemical toxicant toluene to increase
production of intracellular ROS and induce apoptotic and necrotic changes in neutrophils.

Keywords: fullerenes, toluene, apoptos, necros, neutrophils.

PeueHseHT — npog. Henopapa K. C.
Crartra Haginwna 02.02.2017 poky

© ManyeHko M. C.
YAK 616.33-002.44:616.61-002.3
ManyeHko M. C.
KOrHITUBHO-BIXEBIOPAJIbHA KOPEKLUIA
KAPAIOBACKYNAPHOIO PU3SUKY: OLIHKA E®PEKTUBHOCTI Y

NAUIEHTIB 3 HEBPOTUYHUMU PO3JIALAMU
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JocnigXXeHHS BUKOHAHO Y MeXxax HaykoBO-O0Chi4-
HUX poBIT kKadenpu ncmxotepanii (3aB. — Npod. Mu-
xarnnos b.B.), kadenpu ciMmenHoi MmegmumHmn, HapoaHOI
Ta HETPAOMUINHOT MeaLUMHW, CaHONOrIi (3aB. — Npod.
LWknap C.M.) «O6rpyHTyBaHHS, po3pobka Ta OLjiHKa
edeKTMBHOCTI MEeTOAIB HEMeLNKAMEHTO3HOI KOpekL,i
NCUXOCOMATUYHUX PO3NafiB Ta MCUXOrEHHUX 3axBo-
ploBaHb Ha MEPBUHHOMY PiBHI HAOAHHA MeOuyHOI A0-
nomoru HaceneHHo» (2014-2016 p.) Ta € pparMeHTOM
HayKkoBOi kBanidikaujiiHoi po6oTn aBTOpA.

BeTyn. JocnioxeHHs, CnNpAMOBaHi Ha YyA0CKOHa-
JNIEHHSA MeMKO-NCUXONIOMNYHOr0 MOHITOPUHIY, PaHHbLOI
[iarHOCTUKW, iHOMBIQyanisauilo pUsnKOMETPUYHUX Nia-

xoaiB € aktyanbHumn [1-3, 10,13], ockinbkn 3rigHO Ao
iICHYIOUMX YSIBNEHb, LKA ouiHKM pn3unky «SCORE» npu-
3HavyeHa AN NPOrHO3yBaHHA CMePTESNbHOMO (KopoHap-
HOrO Y41 HEKOPOHAPHOI0) 3aXBOPIOBAHHSI B HaMOMMXKYi
10 pokiB. Toai K B MONOAOMY BiLli TEXHOMNOTIS OLiHKN
KBP HOCKTb NpOCNEeKTUBHUIA XxapakTep. |, He AnBASYUCH
Ha MEHLLY TOYHICTb, HiX Y CTapLUnX BIKOBUX rpynax, Tex-
HOJIOrisi JO3BOJISE HA PiBHI NEPBUHHOI JTAHKN HAaLaHHSA
MeaMYHOI A0NOMOru iHAWBIAyanisyBaTn 3acobu Ljinbo-
BOI Npo@dinakTukm kapaioBackynspHux nogin [10-13].
MeTta pocnipkeHHs nondrana y BMBYEHHI edek-
TUBHOCTI KOFHITUBHO-6ixeBiopanbHOi KopekLii cepen
naujeHTiB 3 nigsueHnm KBP 3a HassBHOCTi rOCTPUX He-
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