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TepHoninvcoka 06n1acHa OUMA1A KIIHIYHA TIKAPHS

3MIHN MAKPO- 1 MIKPOEJIEMEHTHOTO CKJIALY ITEYIHKM IITYPIB
Y IMHAMILI PO3BUTKY CMHIOPOMY TPUBAJIOTIO CTMCHEHHAA

3MiHM MaKpo- i MiKpOeNeMeHTHOrO CK/1aay neuviHkn
WypiB y AUHaMILi PO3BUTKY CUHAPOMY TPUBANOro
CTUCHEHHSA

T. M. Muaunuyk
TepHoninbCcbka obiacHa oumsiya K/iHiqHa /likapHs

Pestome. Bpaxosyrouu BUCOKY /iemasibHiCmb Mpu Msix-
KUX ghopmax cuHOpoMy mpusasio2o cmucHeHHs1 (CTC), Ba-
2ome micye 3aliMae BUBYEHHSI MeExaHi3Mis, Wo nepebiza-
tomb y OuHamiyi 0aHo20 amosio2iyHo20 CUHOPOMY

MeTa gocnigpkeHHs — suB4UMU B QUHaMIyi MOKa3HUKU
Makpo- i MikpoesieMeHmHo20 ck/aady nediHku wypis Ha
Mooesii eHOOMOKCUKO3Y, W0 ¢hopMyeEMbCSI 3a YMOB CUHOPO-
My MpuUBasio20 CMUCHEHHS.

Marepianu i meTogu. [jocniou nposedeHri Ha 40 6e3ro-
POOHUX cmameso3pinux 6inux wypax-camysx. Ekcnepu-
MeHmMasIbHOK MOOE/III0 C/lyeyBas namoJsio2iyHull rnpoyec,
Wo po3BUBABCS Yy MBaPUH YHAC/IIOOK CMUCHEHHST M'SIKUX
MKaHUH J/1iB0i ma30B0I KiHYiBKU rpomsi2oM 4-x 200 y cre-
yiasibHomMy rpucmpol. Ilaowa cmuckaro4oi nosepxHi cma-
Hosusa 4 cM?, a cusna komnpecii — 4,25 ke/cm?. pu ybomy

yinicmb BE/IUKUX CYOUH | KICMKOBUX CMPYKMYypP HUXHLOI

KiHYiBku 36epizanackb. TakuM YUHOM, y mBapuH MOOe/Ito-
BaBCsl CUHOPOM MPUBa/I020 CMUCHEHHS CepedHb020 cmy-
neHsi. Y neyviHyi OOC/IIOHUX mBapuH BU3Ha4Yas/lu pPIiBEHb

Makpo- ma MikpoesieMeHmis MemoooM amoMHo-abcopbyitiHOT

crekmpoghomomempii Ha criekmpoghomomempi C-115 TK.
Pesynbratn. Tak, sMiCM Ka/ibyito y neyiHyi niosuwjy-
Bascsi Ha 3 006y ekcriepumeHmy Ha 18,2 % ma 3asuwascs
Bip0O2iOHO BUCOKUM 00 14 dobu. Pa3om 3 muM, piseHb Maa-
Hito 3MeHwyBaBscs Bxe Ha 1 006y Ha 19,2 %, Ko/usaryuchb
Y yux mexax 0o 7 0obu, a rnomim 3HOBY 3HUXYBaBCS Ha
106,7 % cmoCcoBHO KOHMPO/ILHOI 2pyru. BMicm YuHKY 8 rne-
4iHyi nocmynoso 3pocmas 3 1 0obu (Ha 12,8 %) do 14 dobu
(Ha 34,0 %) crnocmepexeHHs1 BIOHOCHO KOHMPO/IH. Taky
meHOeHyito BIOMIYEHO W 000 BMicMy Kyrpymy, npome (o2o
piBEHb BiIPO2IOHO MidBUWYBaBCS Ha 3 006y eKcriepuMeHmy.
BucHoBKW. B ymoBax 2ifokcii ma okcudamusHo20
cmpecy, Wo po3suUBaOMbLCS 8 MKaHUHaX opaaHiaMmy wypis 3
eKcrepumMeHmasisHUM CUHOPOMOM MpPUBAsIo20 CIMUCHEHHS,
BiOMiYaembCsi QucbasiaHC Makpo- ma MikpoesieMeHmis, skull
XapakmepusyembsCs NiOBUWEHHSIM BMICMY Ka/lbyito, YUHKY i
KYrNpyMy ma 3HUXEHHS BMiCMY MagzHito 8 MeYiHyi msapuH.

Knio4yoBi cnoBa: CMHAPOM TPYMBAIOrO CTUCHEHHS; KaulbLiiA;
MarHili; UWHK; KynpyM; NeviHKa; eKCnepuMeHT.
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Changes of macro- and microelement composition
of rat liver in the dynamics of crush-syndrome
development

T. P. Pylypchuk
Ternopil Regional Children's Clinical Hospital
e-mail: taraspulypchuk@gmail.com

Summary. Given the high lethality in severe forms of
crush-syndrome, the study of mechanisms in the dynamics
of a given pathological syndrome is of great importance.

The aim of the study — to investigate the dynamics of
macro- and micronutrient composition of rat liver in a model
of endotoxicosis, which is formed under conditions of crush-
syndrome.

Materials and Methods. Experiments were conducted
on 40 adult white male rats. The experimental model was
a pathological process that developed in animals as a
result of the compression of the soft tissues of the left
pelvic limb for 4 hours in a special device. The area of the
compressive surface was 4 cm? and the force of
compression was 4.25 kg/cm?. At the same time, the
integrity of large vessels and bone structures of the lower
limb was maintained. Thus, a moderate degree of crush-
syndrome was simulated. In the liver of experimental
animals, the level of macro- and microelements was
determined by atomic absorption spectrophotometry using
a C-115 PC spectrophotometer.

Results. Thus, calcium content in the liver increased in
3rd day of experiment by 18.2 % and remained high until 14
days. At the same time, magnesium levels decreased by
19.2 % at first day, fluctuating within these values to 7th day,
and then decreased again by 106.7 % relative to the control
group. Zinc content in the liver gradually increased from first
day (by 12.8 %) to 14th day (by 34.0 %) of the observation
relative to control. The same trend was observed for the
content of cuprum, but its level probably increased at 3rd
day of the experiment.

Conclusions. In conditions of hypoxia and oxidative
stress, which develop in the tissues of rats with experimental
crush-syndrome, there is an imbalance of macro- and
microelements, which is characterized by an increase in
calcium, zinc and cuprum content and a decrease in the
magnesium content in the liver of animals.

Key words: crush-syndrome; calcium; magnesium; zinc;
cuprum; liver; experiment.
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BCTYN

CuHgpowm TprBanoro ctucHeHHs (CTC) BUHMKAE Y
pe3ynbTaTti Pi3NYHOI TpaBMU Bif TPMBaIOTO CTUCHEH-
HA Tyny6a, KiHUIBOK ab0 iHLWMX YacTuH Tina Ta npo-
ABMAETLCA KOMMIEKCOM CreunuivyHnX naTonoriyHmx
MPOLECIB, LLO PO3BUBAIOTLCA MICNA 3BiSIbHEHHA TpaBs-
MOBaHOI AinsHkn [1]. 3a3HayaeTbCs, WO OTpMMaHe
YILIKOMKEHHS M'SKMX TKaHWH, M'A3iB Ta HEPBIB MOXe
ByTI HACNIAKOM NEPBUHHOIO NPSMOr0 BNANBY TPaBMu
4y iwemii, NOB’A3aHOI 3i CTUCHEHHAM [2]. Y pe3y/ib-
TaTi NopyLUeHHS LINOCTi CKeNeTHUX M'A3iB Y KPOoB i
NO3ak/MITUHHWIA NPOCTIP BUBI/IbHAKTLCA BHYTPILLHbO-
KMITUHHI M'I30Bi KOMMOHEHTW, BKKOYaKUN Miorno6iH,
KpeaTuHkiHa3y, asibaonasy Ta fnakrargerigporeHasy, a
TakoX enekTponit. Mpu LubOMy CTaH nauieHTa 3ase-
XWUTb Bif piBHA Uux MeTaboniTis [3].

CTC zalimae 15-24 % y CTpyKTypi TpaBMaTUYHUX
ypaxeHb, PO3BUBAETLCA NPUOGIN3HO B 2-5 % XepTB
CTUXINHNX NnX (Hanpukniag 3emnetpycy) Tay 10,5 %
XepTB oi3nyHOro Hacunisa [4]. BpaxoBytounm BUCOKY
NeTasbHICTb NpU TsXKkMX dpopmax CTC (MpubamsHo
85-90 %), Barome MicLie 3aliMa€e BMBYEHHST MEXaHi3-
MiB, LLO nepe6iratoTb y AUHaMILi aHOro naTosioriyHo-
ro cuHgpomy [5].

MeToto gocnigkeHHA Gyn0 BUBYMTU B AMHAMIL
NMOKa3HWKN Makpo- i MikpOeNIeMEHTHOTO CKNaay NeYiHkm
LLypiB HAa MoAeni eHA0TOKCUKO3Y, Lo DOPMYETLCA 3a
YMOB CUHAPOMY TPUB&JI0TO CTUCHEHHSA.

MATEPIANN | METOAU

[Jocnigyn nposBegeHo Ha 40 6e3nopofHUX cTaTeBo-
3pinux BinMx wWwypax-camuax macor Tina 180-200 r,
AKUX NOAIMAN Ha N'ATb TPyn: iHTakTHa rpyna (n=8),
ekcrepuMeHTanbHi rpynn (1; 3; 7 i 14 nobu cnoctepe-
YKEHHS) MO 8 TBAPVH Ha KOXEH TEPMIH CMOCTEPEXEHHS.

BunbpaHi TepMiHM JocnimpkeHHA Bignosiganu 3a-
ra/IbHOMPUAHATM NepiogamM PO3BUTKY CUHAPOMY Tpu-
BaJ/IOr0 CTUCHEHHS: Big 1 o 3 ai6 — paHHiin nepiog,;
BiA 3 40 7 Ai6 — NpoMKHWiIA nepiog; Big, 7 Ao 21 nobw
— Mi3Hin (BiAHOBHWIA nepioa) [6].

EkcrnepumeHTn npoBoAnANCA Mig HAPKO30M, LL/IA-
XOM BHYTPILUHbOYEPEBHOrO BBEAEHHS KeTaMiHy rif-
poxnopuay (3 pospaxyHky 100 mr/kr macu Tina). Ekc-
NEPUMEHTa/TLHOK MOZENI0 C/YryBaB NaTosoriYHNI
npoLec, WO po3BMBABCA Yy TBapWH YHACNiLOK CTUC-
HEHHS M'SIKMX TKaHWH NiBOT Ta30BOI KiHLIBOK NPOTAroM
4-x rof, y cneujasibHOMY MPUCTPOT, CKOHCTPYNOBaHO-
My Ha Kadbenpi hyHKLiOHaNbHOT Ta nabopaTtopHol
AiarHocTukm JBH3 «TepHONiNbCbKNA fepXXaBHUA Me-
OVMYHUIA yHiBepcuTeT iMeHi |. . Topbavescbkoro MO3
YkpaiHu». I1owa cTuckaryoi NnoBepxHi ctaHoBuAa 4
cM?, a cuna komnpecii — 4,25 kr/cm? [7]. Mpu ubomy
LiNliCTb BEIMKNX CYAVH i KICTKOBUX CTPYKTYP HUKHLOT
KiHLiBKM 36epiranacb. TakMm YMHOM, Y TBapuH Moae-
NOBABCA CUHAPOM TPUBASIOrO0 CTUCHEHHS CepefHbO-
ro ctyneHs. Bci maHinynaujii 3 ekcnepMmeHTaslbHUMM
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TBapvHamy NPOBOAMAN i3 4OTPUMaHHAM NpaBw/l Bif-
NoBiZHO 40 EBPONECHLKOI KOHBEHLT NPO 3aXMCT Xpe-
6eTHMX TBaPVH, L0 BMKOPUCTOBYHOTLCS A8 A0CAIA-
HMX Ta IHWKWX HayKOBUX Ljinien [8].

Y nediHUi gocnigHUX TBapWH BU3HA4YasiM PiBEHb
Makpo- Ta MiKpoenieMeHTiB MeETO,0M aTOMHO-abcopo6-
LiiHOi cnekTpodhoToMETPIT Ha CNeKkTpod)OTOMETPI
C-115 MK.

CratnctnyHy o6po6Ky LMPOBUX OaHWX 34il-
CHIOB&UIM 3a [0MNOMOIOK0 NPOrpamMHoro 3abesneyeHHs
Excel (Microsoft, CLLUA) Ta STATISTICA 6.0 (Statsoft,
CLUA) 3 BUKOPUCTaHHSIM HenapaMeTpuyHuX MeToAiB
OLiHKM ofiepXxaHuxX gaHux. Po3paxoByBasiv MefiaHy i
kBapTuni posnoginy Me [Q,.—Q,.]. JOCTOBIpHICTb pi3-
HULj 3HAYEHb MiXX HE3a/IEXXHUMM KiNIbKICHMUN BENNYK-
Hamun BM3Havanu 3a gonomorow U-kputepito MaHa—
YiTHi.

PE3Y/ILTAT 1 OBrOBOPEHHSA

Y natoreHesi CTC NOeAHYOTLCA Pi3Hi MexaHiamu,
BK/IlOYAKOYM iLLEMIO, €HOOTOKCMKO3, 3anasieHHs, ki
3yMOB/IKOKOTb MOMOPraHHi 3MiHU. He MeHLL BaXK/IMBUM
MYyCKOBMM MEXaHi3MOM PO3BUTKY MaToBioXiMiYHMX pe-
akLji, WO BMHUKAKTb 3a YMOB €KCMepUMEHTasIbHOIo
CTC, Ha Hawy aymky, € aucbasiaHC Makpo- Ta MiKpo-
efleMeHTIB. Tak, BMICT KasibLLit0 y neyiHui nigsuLLyBaB-
csl Ha 3 Jo06y ekcnepuMeHTy Ha 18,2 % Ta 3a/mwaBcs
BIPOrigHO BUCOKMM [0 14 fo6wu. Y ToW Xe 4vac, piBeHb
MarHit0 3mMeHLlyBaBCcs BXe Ha 1 goby Ha 19,2 %, ko-
NIMBaKUUCh Y LMX Mexax [0 7 obu, a noTtiM 3HOBY
3HMXKyBaBcA Ha 106,7 % CTOCOBHO KOHTPOJILHOI Ipy-
nu. BapTto BigMITUTK, WO 4Yepe3 14 fi6 ekcrneprMeH-
Ty piBEHb MarHito OyB BipOriAHO HMKYMA AaHUX Ha 1;
317 pobu. Bigomo, WO HeAOoCTaTHICTb MarHito cynpo-
BOMKYETHCA NiABULLEHHAM OKCUOATUBHOINO CTpecy 3
O[IHOYaCHVMM MoCNab/ieHHsAM aHTUOKCUAAHTHOro 3a-
XUCTy [9], WO nigTBEPKEHO pesy/bTatamy Halloro
nornepesHLOro AocnimpkeHHs [1]. OaHMM 3 MexaHi3MiB
Takol PI3HOCMPAMOBAHOI 3MiHWM UMX [OBOX Mikpoesne-
MEHTIB € PO3BUTOK 3anasieHHs [10], ke po3BUBAETLCS
npu CTC. BMICT UMHKY B MeYiHLi NOCTYNnOBO 3pOCTaB
31 po6bu (Ha 12,8 %) po 14 pobu (Ha 34,0 %) cro-
CTEePEXEHHS BIAHOCHO KOHTPO/. Taky X TeHAEHL
BiAMiYEHO OO0 BMICTY Kynpymy, NpoTe Moro piBeHb
BIPOrigHO MigBMLWYyBaBCcs Ha 3 [00y eKCrepumeHTy
(Ha 25,0 %), Toai sik yepe3 14 ai6 Moro BMIiCT 6yB BU-
Wi Ha 55,0 % NpoTK KOHTPO/bHMX 3HauYeHb (Tabn.)
Taki 3MIHW UUHKY | KynpymMy MOXYTb OyTV NoB’si3aHi 3
ekcnpecieto Zn-, Cu-BMIiCHUX cynepokcugaucmyTtas i
MeTaU10TIOHEHIB [11]. Mpn HagMIpHOMY HaAXO[KEeH-
Hi Kynpymy BiAOyBaeTbCA MNiABULLEHHS KOHLEHTpa-
Uil BisIbHUX (hopM MeTasly B TKaHMHax opraHismy, Lo
Befe A0 aKTuBauji NpoLeciB YTBOPEHHS peakuiiHnX
rigpoKCUNbHUX pajvkanis, AKi TOKCUYHO BNAVBAIOTb
Ha KNITUHHI MeMbpaHn, NPMBOASYN A0 iX PYyNHYBaHHS
[12]. AKTUBYHOUM TKAHWHHI MpoLiecK nepokcuaauii nini-
[iB, Kynpym Befie 40 (hopMyBaHHA CTPYKTYPHUX 3MiH
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Ta6bnuusa. 3MiHM €N1eMEHTHOTO CKMa/y NeyiHky LLypiB y AMHaMILi PO3BUTKY CUHAPOMY TPMBAIOro CTUCHeHH: (Me[Q,.—Q..])

pyna TBApUH
lNokasHwk KOHTPO/1b 1-wa goba 3-51 goba 7-ma poba 14-ta goba
(n=8) (n=8) (n=8) (n=8) (n=8)
Kanbuin, mr/r 0,27 0,29 0,33 0,35 0,34
30/1 [0,23;0,31] [0,28;0,31] [0,32;0,36] [0,33;0,35] [0,32;0,38]
p,<0,05 p,<0,05 p,<0,05
p,<0,05 p,<0,05 p,<0,05
MarHin, mr/r 301m 0,31 0,26 0,24 0,23 0,15
[0,25;0,39] [0,24;0,28] [0,21;0,24] [0,22;0,25] [0,14;0,16]
p,<0,05 p,<0,05 p,<0,05 p,<0,05
p,<0,05
p,<0,05
p,<0,05
LIMHK, mr/r 30nm 0,47 0,53 0,57 0,59 0,63
[0,45;0,51] [0,51;0,54] [0,56;0,58] [0,55;0,60] [0,62;0,65]
p,<0,05 p,<0,05 p,<0,05 p,<0,05
p,<0,05 p,<0,05 p,<0,05
p,<0,05
p,<0,05
Kynpym, mr/r 0,20 0,22 0,25 0,25 0,31
3071 [0,18;0,22] [0,21;0,23] [0,24;0,25] [0,24;0,26] [0,28;0,31]
p,<0,05 p,<0,05 p,<0,05
p,<0,05 p,<0,05 p,<0,05
p,<0,05
p,<0,05

MpumiTKa. p, — 3MiHM AOCTOBIPHI BiAHOCHO MOKA3HWKIB KOHTPOJIbHIX TBAPWH; P, — AOCTOBIPHICTb 3MiH MK TPYMO0 Ha nepLuy 406y CNoCTepeXeHHs
Ta Uypamu Ha TPETIo 00y CNOCTEPEXEHHS; P, — AOCTOBIPHICTL 3MiH MiX rPynot0 Ha TPETHO [0BY CMOCTEPEXEHHS Ta Lypamm Ha Cbomy Ao6y Cro-
CTEePEeXeHHs!; p, — [IOCTOBIPHICTb 3MiH MiX rpyrnoK Ha CboMy 06y CMOCTEPEXEHHS Ta Liypamu Ha YOTUPHaAUATY 06y CNOCTEPEKEHHS.

BHYTPILLHIX OpraHis, y ToMy umncai i nedidkm [13]. Bi-
[OMO, O METa/IOTIOHEIHN € TONOBHMMM Bifikamu, Lo
3a6e3neyytoTb roMeocTas LMHKY, 3B’A3YH0Tb 0 cemu
iOHIB LMHKY | TPAHCMOPTYIOTb iOHM A0 anobifkis 3 yTBO-
peHHAM meTanodepmeHnTiB [14]. 3a ymosu CTC y ne-
YiHLi criocTepiraeTbCsa HagMipHa NPOAYKLUIS aKTUBHMX
hopm OKCUreHy, SKi CNPUYNHAIOTb BUBITIBHEHHSA LUHKY
3 6inkiB, NPV3BOAAUN A0 IOro 3pOCTaHHS.
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