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Xaprkiscvkuil Hauionaavruil ynieepcumem im. B.H. Kapasina

AmocTaTHUYHUM TUI BigmoBigi ¢hepMeHTHOrO CKIamy
KPOBi TBAPMHHOTO OPraHi3My Ha XpPOHIYHMI BILJIUB
YMHHHUKIB cTpecy

KarouoBum esemMeHTOM yUeHHSI IIPO I'OMEOCTa3 € IIPUHIINI 3BOPOTHOTO
3B A3KY, AKUU 3a0e3meuye IMiATPUMaHHSA I'OMEOCTA30BAHUX CTaJMX Opra-
HismMy. OgHAK KJacuUUYHA MOJeJb, SKa MiATBEPAKY€E MiATPUMAHHSA YCTAHOB-
YuxX IIapaMeTpiB roMeocTady 3a MeXaHi3MOM 3BOPOTHOTO 3B’fA3KY, He A€
3MOTY IMOACHUTH CKJIQLHI IpoIlecu amalTallii opraHismy mo mii 30BHIIITHiX
yuHHUKIB cTpecy [12]. Il mMomens He BpaXoOBye NMHAMIUHHX XapaKTepuc-
TUK i Bapiabe/IbHOCTI eJIeMeHTiB PeryasiiiiHuX CHCcTeM opraHismy. Bimbi
KOPEKTHUM MO’Ke OyTu ysaBJeHHs Ipo retepocrtas [11], To6To mepebymoBy
peryJATOpPHUX PiBHIB opraHiamy mij nmiero eksoreHHmX BmiuBiB. 1988 p.
II. Crepainar ta H:x. Eilep 3anpomoHyBaJIu TepMiH anocmas, 3a AKUM pe-
TyJIATOPHI piBHI He € pikcoBaHUMU, & MOKYTh TOCUTH THYUKO IepedyIoBYy-
BaTHUCs IJis 3a0e3meueHHA 3MiH mapaMerpiB ¢isiomoriunoi perymsarii [13].

3BOpPOTHA peaKIlid Ha HOCTiTOBHUN MHOMKUHHUU BILINUB CTPEC-UMHHUKIB
3aJIe;KUTh BijJf HAKOONWUYEHHS OpPraHisMoM IIif uyac agamTariii merabosiuHol
mam’ari [1]. ¥V mbomy ceHci BMHMKAae moTpeda MOCHIAUTU IIpoIlecHu, AKi
BiOyBalOTLCA B :KUBOMY OPraHisMi ITif Ai€io eK30TreHHUX CTPecopiB i mpu-
3BOJIATH [0 €HAOTeHHUX 3MiH CTPYKTYpP i QyHKILii [6].

Taxum uyrnHOM, (POPMYETHCA CTPECOBUM CTaH B OpraHisMi, AKUNA MOIYJIIOE
(disiosoriuni QyHKIiI 3 orasaAy Ha HOBiI peasbHi yMOBHU icHyBaHHS [7].

TpnBannﬁ 9ac JIO/CTBO JKUBE B HECHPUATINBOMY HABKOIUIIHBOMY Ce-
pe;[om/um a oT)Ke, HeoOXiJHO BUBUATU UMHHUKU, IO JilOTH ZIOBrOTPUBATIO
i B Masqux mosax. Cepe;[ OCHOBHUX UMHHUKIB, IIT0 BIJIMBAIOTH Ha 340POB’d
JIIOMWHYT, BUOKPEMJIIOIOTh XiMiuHi, 30KpeMa, ITOBepPXHEeBO-aKTUBHI PeUOBUHU
(ITAP), aAKi MOXKYTh UMHUTU HeTaTUBHUI BILINB Ha (isiosoriumi GyHKITIT
oprauismy [8].

Marepiaau i meTomu mociaigskeHHd. [locaigKyBanu TUI BiAmoBiAi TBApUH-
HOT'0 OPraHidMy Ha BILINB XiMiuHOTO CTpecopa, 30KpeMa, BUBUAIU TUHAMIKY
reMaToJIOTIUHIX NOKa3HUKiB, (pepMeHTHHUN CKJIaL KpoBi. TpuBaicTh eKciie-
PUMEHTIB CTaHOBMJIA IIiBTOpa MicAIA. ¥ MOCIITHMX i KOHTPOJBHUX IpPymax
HajgiuyBajgoca mo 15 tBapun (6imi mrypu-camri) siuii Bicrap. Bunmpo6yBani
nosu 1/10 DL,,, 1/100 DL,,, 1/1000 DL;,. PeyoBunu y Burisagi BOJHUX
POSUYUHIB BBOAMJIMU B ILIYHOK BPAHI[I HATINE 3a AOIOMOTOIO 30HIA IIPOT-
rom 45 xi6 BimmoBimHO mo MerommuHux pexomenpaiiiii O.H. €xisaposoi [3].

© Haxomeuna C.A., 2016
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ITporsarom mobu cmocTepiraiu 3a IMOBEAIHKOIO i cTaHOM TBapuH. KOHTPOJIb-
Ha rpyla TBapUH OTPUMYyBaJja AucTuaboBaHy Boxy (1mu ma 100 r macwm).

ExcnepumenTanbHi MaHimyadaiii 3 JadopaTOpHUMH TBapMHAMU IPOBO-
IUJINCS BiAMOBIZHO M0 “3araJbHUX eTUYHUX NPUHIIUIIB eKCIIePUMEHTiB Ha
rapunax” (Kuis, 2001) i BignmoBimanu HopMaMm “€BpomneiicbKoi KOHBEHITil
Ipo 3aXUCT XpebeTHUX TBAPUH, AKUX BUKOPUCTOBYIOTH y €KCIEPHMEHTaX
Ta 3 iHIIOI0 HayKoBoio mero” (CrpacOypr, 1986) Ax CTpecopy BHKODH-
CTaHO /Bl II0BEPXHEBO-aKTHBHI PEYOBMHN: OKCieTHIBOBAHUIL AIKII(PEHOJT Ha
OCHOBI TPUMEpPY nponmeHy (BarambHa dbopmya: C,H,;-C,H,0-(C,H,0) n,
e n — CTYIiHBb OKcieTmoBaHHA 12); HanleBa cinp RapﬁoKCI/IMeTI/IJIbOBa-
HOT'0 €TOKCHUJIATy Ha OCHOBi i30HOHiJI()eHOY 3i CTymeHeM OKCieTUJIIOBAHHS
6 (sarampma ¢opmyna: CH,(CH,),-C,H,0-(CH,CH,0); CH,COOH) [2]. ¥V
mo0yTi JIOAWHA CTHKAETHCA 3 UMK PEYOBUHAMYU B CKJIa[l MUMHUX 3ac00iB.
ITIAP BOJIO,I[lIOTB IOCUTh HU3BKOIO OTPYHHOIO i€l AJIA JIFOANHH i TBapuH.
Cepe,u; a"ionHux ITAP BuIy aito MarTh CIOJIYKHU, AKi MiCTATHL apoMaTHUHEe
Kinblle, IOPIBHAHO 3 PEYOBUHAMU, ¥ AKUX rifpoo6HA YACTHHA MOJIEKYIH
IpeJCcTaBIeHa KUPHUMI PaSUKaIaMU. OrpyiiHa misg HeioHoreHHuxX ITAP Ha
3pal3oK OKCieTMJIbOBAaHUX (DEHOJIIB 3SMIiHIOETHCA 3aJ€KHO Bij Umcia OKcie-
TUJIBOBAHUX T'PYH, IO MiCTATHCA B HilA.

KaraniTuuny KOHIIEHTpAIliIO IePyJI0NIa3MiHy CUPOBATKH KPOBi BU3HA-
yajau crekrpodoromerpuuHo 3a metonoMm Pasina [9], akTuBHiCcTH cupoBar-
KoBoi Jakraraerigporenasu (JIIII') — cumekTpodoromerpuuno [4], mamaTae-
rinporenasy (M) ab6ayunoi KucioTm — cueKTpodoToMeTpuyHO Impu 340
HM [5], akTuBHiCTH, ajlaHiHOBOI ¥ acmapariHoBoi amiHoTpancdepas — Ko-
JOPUMETPUYHO 34 YTBOPEHHAM TifpasoHy MipOBUHOTPALHOI KMCJIOTH HiCJsd
IomaBaHHA 2,4-guHiTpodeHinrinpasuny [4]. AminoTpaHchepasHy aKTUBHICTh
CHPOBATKM PO3PaXOBYBaIX 32 KaJIiOpyBalbHUMU KpUBUMU. PesyapraTu Bu-
paxkanu y MiKpoMoJIsIX Ha MijgimiTp 6inka 3a roguHy (MKMOJII:/MJI Oinka/
ToJ), BUMipIOBaHHS IPOBOAMIN Ha doromerpi (moB:kuua xBuai 340 HM).

Pe3yasTaTu mociimskeHHs Ta X OOrOBOPEHHA. Bmcopnc'ram CTpecopu
OHAKOBO BILIMBANIK Ha (DEPMEHTH CHPOBATKM KPOBi: MaiarjerigporeHa-
8M, JaKTaTAeriAporeHasy, SHUIKYIOYH B YCix BUNaAKax IXx aKTHBHICTBH
(trabm. 1). 3minn HI/IHaMlKI/I uermporenas KpoBi Oyam MeHIII BI/Ipa)ReHl B
rpymax TBapuH, ki orpumyBaimu ioHorenny IIAP A®C 9-6 KM, mix y
rpynax TBapuH, IO 3a3HaBaju BIIuBY Heiomuoi ITAP A® 9-12. Ha HaITy
IYMKY, Ile TIOB’sA3aHO 3 Jimmum MeTabosismom iommoi ITAP mopiBusHo 3
HeiOHOTeHHO0I0, SKa MeHIIe BKJIIUYAEThCA B MeTab0isM i OinbIlie BuCTymae
AK uysKopimma peuoBmHa. KiaiTuHm KpoBi pearyioTh Ha Hei OinbIe, HixK
Ha iomorenny. [losza 1/1000 me Oysa mitouoro.

Tabnuma 1

AxTUBHICTH (hepMeHTIiB cHPOBATKM KpPOBi 0ifux mypiB y aumHamini eKcrmepuMeHTy

3a BILIUBY cTpecopiB AD 9-12 ii A®C 9-6 KM

Hob6a Peuo- JAT, MKEMOJIB /X MAT', MKEMOJIB/JX AcT, mmoab/a AaT, Mmmoab/
eKcIe- BHHA 0inka/rox 0iaka/ron 0inka/rox 0inka/rox
PHUMeH-

Ty n03a 1/10 | 17100 | 1/10 | 1/100 | 1/10 | 1/100 | 1/10 | 1/100

30 AP |0,47 =|0,51 =] 0,21 0,26 =| 0,89 =| 0,79 = 0,98 = 0,93 =
9-12 0,02% | 0,02% 0,04 0,04 0,02*% | 0,02%* | 0,04*% | 0,04*

ADC9- | 0,49 =| 0,55 =| 0,22 =| 0,26 =| 0,77 = | 0,67 =] 0,99 =| 0,95 =
6KM | 0,04* | 0,04%* 0,03 0,03 0,02* | 0,02* | 0,04* | 0,04*

K-1p Bopa 0,88 = 0,05 0,34 = 0,03 0,45 + 0,03 0,75 = 0,06

45 A® (0,49 =]0,69 =£|0,22 0,29 =|1,85 =| 1,65 =| 0,96 =| 0,95 =
9-12 0,02* | 0,02% 0,04 0,04 0,02* | 0,02*% | 0,06* | 0,06%*

APCY- | 0,51 =| 0,61 =|0,21 =| 0,31 =| 1,39 =|1,19 = 0,98 =| 0,96 =
6KM | 0,06* | 0,06%* 0,02 0,02 0,02*% | 0,02%* | 0,07*% | 0,07*

K-1p Bona 0,98 = 0,03 0,35 = 0,02 0,95 = 0,08 0,77 = 0,07

IIpumiTka: * — BigmMiHHOCTI JOCTOBipHI 1O0J0 KOHTpOJLHOI rpymu, p < 0,05.
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HocroBipHe sum:keHHA aktuBHOCTi JIIII' B cupoBarii kposi ma 30-Ty
1 Ha 45-Ty 100y eKCIIepUMEHTY MHiATBepAsKYy€, I0o Ieil (epMeHT 3a3Hae
CTPECOBOT0 HaBaHTaKeHHA Ha IIboMy erami ekcmepumenty [10]. 3 mboro
CIIOCTepeKeHHA MU 3POOMJIN BUCHOBOK ITPO ITPOJIOHTOBAHE ITOCUJIEHHSA KJIi-
TUHHOTO MeTaboaisMmy.

HocToBipHe migBUIleHHA aKTUBHOCTI acrnapraraminorpancdepasu (AcT)
KpoBi B 1,7 pasy (AP 9-12) i B 1,3 pasy (ADPC 9-6 KM) i amaninami-
"Horpauchepasu (AnT) kposi B 1,2 pasy (AD 9-12) i B 1,3 pasy (ADPC
9-6 KM) BiamoBimHO cBimumMTh mpo aKTUBAILI0 peaKIliil TpaHcaMiHyBaHHSA
BIIPOJOBJK TAKOI'0 TPHBAJIOTO 4acCy, a OTiKe, V KIITHHM HAIXOAATH aMiHO-
KHUCJIOTH, HeoOXimHi AT mo0ymoBU KJITHMHHUX OpraHes. 3a mii CTpecoplB
SHIIKYBalacAd aKTUBHICTH KYNPYMBMICHOTO ()epMEHTY — IepyJIOIIasMiHy
Ha 50 % B3a TaKuWil jKe IMPOMIiKOK uacy (Tabi. 2).

Tabauma 2

AKTUBHICTH LepyJIOIJIa3MiHy CHPOBATKH KPOBi 0iMX IMypiB 3a BILIMBY CTpPECOpiB
AD 9-12 it A®C 9-6 KM y nuHamini eKcriepuMeHTy

PeuoBuna Hdosa Bix DL, IlepysronaasMin, MKMOJIb/JI
30-Ta moba 45-Ta moba
AdD 9-12 1/10 1,68 = 0,12% 1,76 = 0,13%
1/100 2,60 = 0,16%* 2,82 = 0,18%*
ADC 9-6 KM 1/10 1,58 = 0,11* 1,81 = 0,12*
1/100 2,48 = 0,15% 2,75 = 0,13%
Kourpoas Boga 3,29 = 0,2 3,52 = 0,21

IIpumitka: * — BigmiHHOCTI KOCTOBipHI 1080 KOHTpOJBHOI rpynu, p < 0,05.

IlepynmomiasMin — MigbTpaHCHOPTYBaJbHUII 0iTOK KpoBi. fAKIo ioro
KimbkicTe Ha 30-Ty mo0y excmepuMeHTy OyJja MeHINIA, TO W TPaHCIOPT
Mmini B opramismi mopyrryBaBcA. @PYHKI[IA BKJIIOUEHHSA MiJi ¥ MOJEKYJIY
IepyJIoIaasMiHy BimOyBaeThCcs Iif yac MOro CUHTE3y B IEUiHIl, maji Bim
Mirpye y TkanuHU. BuaBjeHa HaMU HeJOCTATHA KiJbKICTh IepPyJIOMIa3Mi-
HY JIae 3MOT'y poOMTH BHCHOBOK IIPO HecTadyy Miai y TKaHwWHaX, aki ii Bu-
KOPHUCTOBYIOTh. llepyJ/omiasMiH € Tako:K KaTajJisaTopoM IIPU OKHCHEHHi
dbepymy, Gepe yuyacTb y OKHMCHEHHI KaTexXoJIaMiHiB i cepoTOHiIHYy, BIIJIMBaE
Ha aHTHOKCHUAAHTHY Ta IIPOTHU3AIaJbHY mifo. Hecraua mepyJsiomiasMiHy Ha
50 % spuBae xix mux nporecis Ha 30-Ty 100y eKCIIepUMEHTy, ajge Ha 45-Ty
o0y BUABJEHO MOMiOHY HecTauy, IO MOKEe CBIIUUTU HPO aJOCTATHUUHUHA
TUI BigmoBimi Ha cTpec.

Excnepumentu morkasanu, 1o gosu IIAP 1/10, 1/100 DL, 3ymoB-
JIIOBaJIM MUHAMiuHiI 3MiHUM aKTUBHOCTI (DepMEHTIB y opraHax i TKaHMHAX.
Binpmr swmauyrni sminm 3adikcoBaHO y rpynax TBapuH, AKi oTpuMyBaau
1/10 DL;, kcenobioTukriB. Bnyiue peuyoBuH Ha aKTUBHICTH €H3WMIiB IIOKa-
s3aB, mo ITAP smarHi 3sMiHIOBaTH POOOTY (pepMeHTIB y opraHismi mpors-
TOM TPUBAJIOTO YaCy i, TAKMM YMHOM, IIOCUJIIOBATU IIPOIIECH CUHTE3Y Ta
posmnajny, BUKJMWKAIUYM 3MiHU B MopdoJoriuniii (moBrorpusaiiit) cramii
ajgamrarii.

PesyisbraTu 3MiH aKTHBHOCTI (DEpMEHTIB IOJaHiI B AWHAMII eKCIepu-
MeHTY (muB. pucyHok). Ha rpa(pifcax JiHii, axi BizoOpaskarmTh aKTHUBHICTD
(pepMeHTlB, BUXOAATE HA ILIATO mixk 30-10 Ta 45-10 ,ao60fo Hiamason Biz-
MiHHOCTEH NOKAa3HWKIiB Majgmii, IO ru/::TBepmicye HAarri IPUIYIEHHA IIPO
ajJocTaTUYHi 3MiHM, AKi BigOyamcsa B opraHismi migmocaigHux TBapuH.
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Hob6a crocTepeskeHb

PesyabraTty 3MiHM aKTHBHOCTI (DEPMEHTHOTO CKJIAAy KPOBi 6ifuX IypiB y AuHaMII
excrnepuMeHTy (gosa 1/100 DL).

Y nuuamini nposonropanoro BriuBy IIAP ma TBapuHHUII OpraHisaM Mu
OpocTe:XKuan (popMyBaHHA KJIITHHHOI BiAmoBigi Ha mito Maamx m0o3 cTpecopa
W mgifinmiam BUCHOBKY, IO OPraHi3M TBapWH BKJIIOUAE aJalTalliiHy aHTU-
cTpec-peakiiiro Ha 45-ty mo0y. Ilix yac excmepuMeHTyY *KOAHA TBapuHAa He
nomepaa. Ile#r paxT migKpecsroe, IO OPraHi3M CIpPaBIAETHCSA 3 HaBaHTA-
JKeHHSIM eK30TeHHOT0 YMHHUKA HAaBKOJUIIHBOTO CepemoBUIIA.

BucunoBku. Y pesysbTaTi TpuBaJIoro eKkcunepuMeHTy (45 mi0) BusBieHa
cTifika cTabinisalisa iHTerpaJbHUX IMOKA3HUKIB (DEPMEHTHOTO CKJIANY KPOBi
micad xpoHiuHOl Aiil moximHux (enosy. [loBegeHo, 110 HU3BKI 703U AOCJIi-
I)KYBaHUX KCEHOOIOTHMKIB MOMKYTbh aKTHBYBATH AIAIlITUBHI cTpec-peakrilii,
AKi GOpPMYIOTH CTiMiKicTh OopraHiamMy 3a iX XPOHIUHOTO BIJIMBY Ha 45-Ty
o0y ekcrepuMeHTy. HeraTuBHi 3MiHM (DepMEeHTHUX MOKA3HUKIB KPOBi 10
15-1 mobu Ta criika ix crabinmizamia mo 30-1 mobm ¥ mani mo 45-1 mobu
€KCIIEPUMEHTY TPaKTYIOThCA AK aJIOCTATUYHUN THUII BiAIIOBiZi TBAPHMHHOTO
opradiaMy Ha JOBroTpuBaJie BBeIeHHS KCeHOOiOTUKiB.

Pexomendosano 0o Opyky komiciero 3 6ioemuru
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Allostatic Response Type of Enzyme Composition of Blood
of Animal Organism to the Chronic Exposure of Stress Factors

S. NAKONECHNAYA

V. Karazin Kharkiv National University

We have researched the response of the animal organism to the exposure of chemi-
cal stress factors, which included the study of the hematological dynamics index, the
enzyme composition of blood; an assessment of the regulatory systems of the content of
catecholamine in the liver of white Wistar rats after oral priming aqueous solutions of
surfactants was carried out. Tested doses were 1/1000, 1/100, 1/10 DL,,. As modulators of
stress two surfactants with specific properties were used: ethoxylated alkylphenol derived
from propylene trimer. General Formula: S,N;;-S;N,O- (C,H,O)n, wherein N — degree of
ethoxylation 12; sodium salt of carboxymethylated ethoxylate based izononilfenola with
a degree of ethoxylation 6. general formula: CH, (CH,) 8-S;N,O- (CH,CH,0);SN,SOON.

As a result of the long-term experiment (45 days) the launch of the primary adapta-
tion mechanisms of animals to harmful factors connected with the compensation of the
damaging effect of preserving and maintaining homeostasis. Long-term experiment used
in the stress modulators have similar effect on serum enzyme: malate dehydrogenase,
lactate dehydrogenase, changing dynamics dehydrogenase levels were less pronounced
in groups of animals poisoned by the cation ionic xenobiotics. The increase in activity
of the aspartate aminotransferase in blood ALT and 1.7 times 1.3 times in blood of the
mentioned catalyzed transamination reactions, and hence cell essential amino acids sup-
plied for construction of cellular organelles. The action of modulators of stress decreased
activity of copper-containing enzymes — ceruloplasmin 50 %.
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Experiments have shown that surfactant doses 1/10, 1/100 DL, led to dynamic
changes in enzyme activity in organs and tissues. More significant changes were found
in groups of animals treated with 1/10 DL;, xenobiotics. Influence of substances on en-
zyme activity indicated that the surfactants are able to modify the operation of enzymes
in the body. The results of these studies suggest that xenobiotics are continuously acting
on the body, causing changes in the morphological stages of the adaptation process. A
wide range of changes and their variability could be observed.

It was found that prolonged influence of stress modulators in the existing doses 1/10
and 1/100 DL;, causes allostatic response type in the form of the sustainable stabiliza-
tion of the functional state of the organism, starting from the 30th day. Changes can
be localized in any organ or encompass many organs and systems, which emphasizes the
concept of allostasis, including the provision of a large number of regulatory dimen-
sions, which are controlled by multiple interacting mechanisms appropriate wide range
of modulation effects. The results of changes in the activity of enzymes in the dynamics
of the experiment reach a plateau between the 30-th and 45-th study day.

In the dynamics of the prolonged effects of surfactants on the animal organism, we
have traced the formation of the enzyme response to the action of small doses of stress
factor and concluded that the body includes adaptive stress response up to the 45th day.
During the experiment, none of the animals died. This indicates that the body copes with
this type of load factor exogenous environment.

The long-term effects of stress in the existing modulators doses 1/10 and 1/100 DL,
cause allostatic response type in a sustainable stabilization of the functional state of the
body, starting from 30 days.

Key words: allostasis, homeostasis adaptive mechanisms, regulatory systems of the
organism, modulators of stress, surfactants, Wistar rats.



