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Hncmumym 6uoxumuu 6uonocuiecku akmuguvlx coedunenuti Hayuonanvnou akademuu nayxk benapycu,
I'poono, Pecnybnuxa benapyco

OKHCJIMTEJBHBIA CTPECC B MUTOXOHIPUAX MO3TA ITPH AJJFIOMUHUEBOM
HEWPOTOKCHUKO3E Y BBEJEHUA MOAYJISATOPOB BUOCUHTE3A I'TYTATHOHA
N KO®EPMEHTA A

AnHoTanus. Ha skcriepuMeHTaabHOI MOAEIN alOMHUHHEBOIO HEHPOTOKCUKO3a YCTAHOBIICHO, YTO B YCIIOBHUSIX XPO-
HUYECKOI'O BBEACHUS XJIOpUJA AJIFOMUHHUS Y KPBIC PAa3BUBAIOTCS SIBJICHUSI OKUCIUTEIBHOIO CTpecca U YTHETEHHE BOCCTa-
HOBHUTEIBHOTO TOTEHIHaJa CHCTEMbI TIIyTaTHOHA B MHTOXOHAPHAIBHON M MOCTMUTOXOHAPHAJIEHON (pakIusx OOIBIINX
nonymapuil Mosra. IlokaszaHo, uTo BBeaeHUe N-alleTUIUCTEHHA, 4 TAK)KE COYETAHHOIO HA3HAYCHMS €r0 C MOAYJSATOpa-
Mu 6uocuHTe3a kodpepmenta A (D-nmantenosom nian D-manTeTHHOM) Ha (hOHE ATIOMHHUEBOTO HEHPOTOKCHKO3a IIPHBOMST
K BBIPOKCHHOMY CHIDKEHHUIO MPOIYKINH aKTUBHBIX ()OPM KHCIOPOJa MUTOXOHIAPHSIMH, CHIDKCHHIO HApaOOTKH THOOapOu-
TypaT-pearupyronux CoeIuHeHNH, HOpMaIH3alluu COJep)KaHus IITyTaTHOHA M ero OMocHHTe3a B TKaHM Mo3ra. [lomyden-
HBIE Pe3yJIbTaThl YKa3bIBAIOT HA BHICOKYIO () (EKTHBHOCTD IIPEANIECTBCHHUKA OMOCHHTEe3a IITyTaTHoHa N-aleTHIIIICTEnHA
B TIPEIYNPEXICHUN OKUCIUTEIBFHOTO CTPEcca B XPOHUYECKOM MOJENIN aIFOMIHHEBOTO HEHPOTOKCHKO3a, YTO MOXKET OBITH
000CHOBaHHEM JUJIS €70 IIPUMEHEHNS KaK MOYJISITOpa PeJOKC-CTaTyca MUTOXOHAPHI IPH Pa3BUTUHU HEHpOJereHepaTHBHOM
MaTOJIOTHH.
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Abstract. Using an experimental model of aluminum neurotoxicosis, it was established that under conditions of chron-
ic administration of aluminum chloride to rats, oxidative stress develops and inhibits the redox potential of the glutathione
system in the mitochondrial and postmitochondrial fractions of the cerebral hemispheres. It was shown that the ingestion of
N-acetylcysteine, as well as its combined use with coenzyme A biosynthesis precursors (D-panthenol or D-pantetin) against
the background of aluminum neurotoxicosis, leads to a marked decrease in the production of reactive oxygen species by mi-
tochondria, a decrease in the production of thiobarbituric acid reactive substances, and normalization of GSH content and its
biosynthesis in brain tissue. The results indicate a high efficiency of the biosynthesis precursor of glutathione N-acetylcyste-
ine in the prevention of oxidative stress in the chronic model of aluminum neurotoxicosis, which may be the rationale for its
use as a modulator of mitochondrial redox status in the development of neurodegenerative pathology.
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BBenenune. BaxHbIM 3BEHOM B TIATOTEHE3€¢ HEUPOMETCHEPATUBHEBIX 3a00JICBAHUHN SIBIISIOTCSI OKHC-
mutenbHBIN cTpece (OC) u HapymeHus (GyHKIIMI MATOXOHIPHI KJIETOK HEpBHOHM TkaHu [1]. Bnusaue
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MUTOXOHJIPHAJIBHBIX TOBPEXKACHUI Ha KJIETOUYHYIO (QYHKIHMIO Hambosiee BBIPAKCHHO MPOSBISCTCS
B HEpOHaX, HIOTOMY YTO MUTOXOHJPHH I€HEPUPYIOT OOJIBIIYIO YACTh MPOAYKTOB CBOOOAHOPATNKATb-
HOT'O OKHCIJIEHUS, (OPMUPYIOT BHY TPUKICTOUHbIN (poHx aneTnin-KoA, urparor BakHy10 pojib B HHULU-
WMPOBAHHH arloNTOo3a — 3aPOrPaMMHUPOBAHHON THOENN KJIETOK. DTH MPOIECCHl OTHOCSTCS K MaTOreHe-
THYECKUM MEXaHW3MaM MHOTHX HEeHpoJereHepaTuBHbIX 3a0oaeBanuii [2; 3].

HecmoTpst Ha To uTo cunTe3 raytatroHa (GSH) ocymiecTBIsieTCsl HCKIIOYUTENBHO B IIUTO301€, OH
NpEICTaBJICH U BO BHYTPUKJIETOUHBIX OpraHeijax, BKJIo4asi SHI0NIa3MaTHUECKHH PETUKYIYM, SApa
u mutoxoHpuu. Pacnpenenenne GSH B oTaenbHBIX CyOKJIETOUHBIX KOMIIAPTMEHTAaX UMEET KJlode-
BO€ 3HAUCHHE IJISl PETYJSIUN OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX IPOLECCOB BHYTPU KIJIETKH U €€
orBeta Ha OC. B mutoxonapusix GSH BcTpeyaeTcsi B OCHOBHOM B BOCCTaHOBJIGHHOW (opme u co-
crapiisieT HeOoubmIyto ot obmero nmyiga GSH (10-15 %). C ydyeToM o0beMa MUTOXOHIPHATBLHOTO
MaTpUKca KOHLUEHTpauus MUToxXoHapuansHoro GSH ananornyHa KOHIEHTpaUU B IIUTO301€ (OKOJIO
10 MM) [4].

OTKpBITHE TEHETHYECKH AETEPMHUHUPOBAHHBIX (OpPM HeilponereHepanuy, oOyCIOBJIEHHBIX Je-
dexToM cucteMbl OMocuHTE3a KodepmeHTa A, kiatoueBas poib KoA-cHUHTETa3bl B CUTHAJIBHOM IIYTH
mTOR, ompenensiromeM kaeTounbld oTBeT Ha OC M HelponereHepaTUBHOE TOpakeHue [5], a Takxke
MeTabonu4eckas CONpsKEHHOCTh mpouecca onocunTe3a KoA u rimyTaTnoHa onpeaensior 3ajgady uc-
CJIEJIOBaHMS B3aUMOCBSI3H ATUX CUCTEM IIPU aTIOMUHHUEBOM HEHPOTOKCUKO3E.

C nenbio YTOUYHEHMSI MEXaHM3MOB B3aMMOOTHOLIEHUH MPOLECCOB CBOOOAHOPAAMKAIBHOTO OKHC-
JICHUSI U TUOJ-AMCYIb(GUAHOro OajaHca B TKAHU I'OJIOBHOTO MO3Ira HaMH ObUIM M3y4€Hbl U3MEHEHHUS
3TUX CHCTEM B MUTOXOHIPHATHHON W IOCTMUTOXOHIPHATHHON (PPaKIUAX OOJIBITNX MOy IIapHil MO3Ta
B YCJIOBHSIX XPOHHUECKOTO JICHCTBHS XJIOpU/Ia aJIIOMUHUS U BBEIICHHS Ha ero (oHe MpeaiiecTBeHHUKa
ounocunTesa riyraTuona (AL[L]) vHaAuBUAYaTHHO M B KOMOMHAIIMY C IPE/IIECTBCHHUKAMHU OMOCHHTE3a
KoA (D-nantenon, I[1JI; D-nanterus, [1T; 4-pochomnanrorenosas kucinota, 1K) wim ero uHruouro-
pom (romonanTotreHoBas kuciora, [ TIK).

Marepuajbl U MeTOAbI MCCJIEIOBAHUS. DKCICPUMEHT BBINIOJIHEH Ha 48 caMKax KpbIC JTUHUHU
Wistar CRL: (WI) WUBR wmaccoi#i 180-200 1, comepikaBIIUXCsl B CTaHIAPTHBIX YCIOBHSIX BUBapHS.
JKuBoTHBIE OBLTH pa3ielieHbl Ha 7 IKCIEPUMEHTATBHBIX TPYII 10 8 ocoOelt B kaxoi. Bee akcnepn-
MEHTHI ¢ J1a00paTOPHBIMH >KHBOTHBIMH BBITIOTHSIJIUCH B COOTBETCTBHH C dTHUECKUMH HOPMaMH, a Tak-
JKe TIpaBUIIaMU MTPOBEACHUST HAYYHBIX Pa0OT C UCIOJIB30BAHUEM IKCIIEPUMEHTAIBHBIX )KUBOTHBIX B Ha-
YYHBIX HUCCIIEIOBAHUAX, COCTABICHHBIMU Ha OCHOBaHMH PEKOMEHJalui U TpeboBanuii «BceMupHoro
oOmecTBa 3amuThl )XKUBOTHBIX (WSPA)» 1 « EBpornelickoil KOHBEHLIMH 110 3a1IUTe IKCIEPUMEHTaIbHBIX
KUBOTHBIX» (CTpacOypr, 1986).

JUist pa3BUTHS y KPbIC aIFOMMHHEBOI'O0 HEHPOTOKCHKO3a B TeUEHUE O HENENb €KEAHEBHO BBOAMIIU
xjopu agroMuHus (200 Mr/kr, BHyTprokeay104Ho) [6; 7]. C mepBoro aHs 5-H HEIeNHu SKCHEPUMEHTA
Ha (oHE MPOIOIHKAIONIETOCs BBEACHHUS XJIOPH/IA AIFOMUHUS €KETHEBHO BBOAMIIHN MPOU3BOIHBIC TIAHTO-
teHoBo# kucioTsl — [1JL, IIT, I'TIK u ®IIK (200 mr/kr, BayTprxkenynouno), ALIL] (100 Mr/kr, BHyTpH-
KeIyJo4uHO). Bce pacTBOpbI HccineayeMbIX MpenapaToB TOTOBUJIM Ha AUCTUIUIMPOBaHHOW Boje. Kon-
TPOJIBHBIM KUBOTHBIM BBOAMJIN PAaBHBIH 00BbEM AMCTUIUIMPOBAHHON BOABI.

Kpbic nekanutupoBanu, Ha X0JI0/€ U3BJIEKAIN TOJOBHONW MO3T U BBLAEISIM OOJIBLINE [OTyIIApuUs.
TxaHb OONBIINX MMONYIIAPUN HCIIOTH30BAIIN JIIISI BBIJICIICHHS IPYOOH MUTOXOHIPUATBHON 1 TOCTMHUTO-
XOHApHAJIbHON (Qpakuuii [§].

Pazsutne OC OlEHHBANM 10 0a3albHOMY, CHOHTAHHOMY M Fe’'/ackopGaT-mHIyHHpPOBaHHOMY
ypoBHsM THOOapOuTypat-pearupyomux coenuHeHanit (TBKPC) ciekTpohoTOMETpHIECKUM METOAOM
coryacHo [9].

Conepxanue o011ero, BOCCTAHOBJICHHOI'O M OKHUCIEHHOTO ITyTaTHOHA OMpeAeisiii ()epMEHTATHB-
HBIM PEIUKINYECKHM METOJOM C MCIOJIb30BaHUEM TIyTaTHOHpenyKTa3sl [10]. AKTUBHOCTH IIyTaTH-
onmnepokcuiazsl (GPx, K® 1.11.1.9), rmyrarnon-S-tpancdepassr (GST, Kb 2.5.1.18) u royTraruoHpe-
nyktasel (GR, KO 1.6.4.2) onpenensuim KHHETUYECKUM CIIeKTpodoToMeTpudeckuM MetomgoM [11-13]
COOTBETCTBEHHO. AKTHUBHOCTh (PEPMEHTOB OMOCHHTE3a TJIYTATHOHA Y-TNIyTaMHJIIHCTEHHCHHTETA3hI
(GCS, K@ 6.3.2.2) u rnmyrarnoncunrerassl (GS, KO 6.3.2.3) onpenensin cnekTpohoTOMETPUISCKIM
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MeToaoM [14]. Coxeprkanue S-riyTaTHOHUIUPOBAHHBIX OCJIKOB ONPEACIISIN CIEKTPOIyOopuMeTpHYe-
ckum MetonioM [15]. Coneprxanue obmiero Oenka onpeaensiiu o MeToxy bpandopna.

CrarucTuueckyto 00pabOTKy SKCIICPUMEHTAIbHBIX JAaHHBIX BBIMOJIHSUIM C HUCIOJIB30BAHUEM IPO-
rpamm Microsoft Excel 2016, GraphPad Prism 6.0. DkciepiMeHTaIbHbIE JaHHBIE TIPEACTABISAIN B BUIE
M = SEM, rine M — cpennee 3Hauenue, SEM — crangapTHas ommoOka cpeaero. JlocToBepHOCTh MEKTPYII-
MOBBIX PAa3IU4Hid OIIEHUBAIN, HCIIONB3Yys OMHO(MAKTOPHEIHN nuciepcronHbii ananns (ANOVA) ¢ npume-
HeHreM Tecta Thioku. Bo Bcex cilydasx cTaTHCTHUECKH 3HAUMMBIMU CUMTAIH pasnuyus mpu p < 0,05.

Pe3yabTaThl 1 ux o0cy:kaenue. Mzyuenne 6a3anpHoro conepkanust TBKPC u mporieccos nx Hapa-
OOTKHM I10Ka3aJ10 3aMETHYIO aKTUBALMIO CBOOOAHOPAAMKAIBHBIX ITPOLECCOB KaK B MUTOXOHAPHSX, TaK
U B MOCTMUTOXOHAPHAJIBHON (hpakuy OONBIIMX MOTyIIapuil Mo3ra. Tak, oka3aJicsi HOBBILICHHBIM Oa-
3aJ1bHbIHI, CHOHTAHHBIA 1 F62+/aCKOp6aT—HH,[[yqu0BaHHBIﬁ ypoBerb TEKPC y kpbic Ha ¢one xmopuna
amomuHus (tabn. 1). Koppurupytomee neiicrsue AI[LL 6bu10 HemocTaTouHO 3(h(heKTUBHBIM, TOTAA KaK
kombOuHanuu AL ¢ T, IIT unu OIIK B 3HAYUTENBHON Mepe CIOCOOCTBOBANIN YMEHBIIIEHUIO WHTEH-
cuBHoctH oOpa3oBanuss TBKPC. Komounanus AILL ¢ I'TIK Takke oka3aiia KOppUTHPYIOIIEE BIUSHUE,
HO MeHee d((EKTUBHO.

Ta6nunal. Conep:kanne TBKPC (HiMoan/Mr 6eika) B MUTOXOHAPHAJIBHOI H MOCTMUTOXOHAPHAJIBLHON (pakmun
00JIbIIKX MOJYLIAPHUIA TOJIOBHOT'O MO3Ta KPbIC NPH AJJIOMHHHEBOM HelPOTOKCHKO3e U BBeAeHUH N-aleTH/JIIuCcTenHA
€ MPOU3BOAHBIMU MAHTOTEHOBOI KHCJI0THI

Table 1. TBARS level (nmol/mg protein) in the mitochondrial and post-mitochondrial fractions of the rat brain
hemispheres in aluminum neurotoxicosis and the administration of N-acetylcysteine with pantothenic acid derivatives

DKcnepuMeHTaNbHas IPyTna baszanbHblit ypoBeHB CHOHTaHHBIN yPOBEHb Fe?'/ackop6aT-uH Ty IupOBAHHBIH YPOBEHb
Experimental group Basal level Spontaneous level Fe?/ascorbate-induced level
Mumoxonopuanvnas ¢paxyus
Mitochondrial fraction
KouTposns 2,28 +0,29 12,66 + 0,80 33,28 £0,83
AlCl4 4,08 + 0,53* 20,66 + 0,57* 56,86 + 1,00*
AICI; + AL 2,96 + 0,34# 16,88 + 0,48*# 48,70 + 0,99*#
AlICL; + AL + T1J1 2,82 +0,57# 14,76 + 0,42# 41,66 + 0,80#
AICL, + AL + IIT 3,22 +0,36* 14,98 + 0,53*# 44,80 + 0,82%#
AlICl, + AL + TTIK 3,30 +0,32* 16,50 + 0,52*# 49,76 + 0,87*#
AICL, + AIIT + ®IIK 2,92 +0,54# 14,24 + 0,61%# 47,14 £ 0,73*#
THocmmumoxonopuanvHas gpaxyus
Postmitochondrial fraction
KonTpons 1,09 + 0,32 8,32 + 0,51 23,58 £0,63
AlCl4 2,35+ 0,38* 13,21 + 0,59* 31,26 + 0,58*
AICI,; + AL 1,56 + 0,34# 11,28 + 0,50*# 28,41 + 0,55%#
AlICL; + AT + I1JI 1,24 + 0,30# 10,12 + 0,41# 26,63 £ 0,50%#
AICL, + AL + IIT 1,86 + 0,32*%# 11,29 + 0,43%# 27,22 + 0,49%#
AlCl, + AL + TTIK 2,28 +0,33* 12,95 + 0,53* 29,16 + 0,47*#
AICL,; + AIIT + ®IIK 1,22 £ 0,30# 10,76 = 0,51%# 26,71 £ 0,53*#

Npumeuanue. *—p<0,050THOCUTENBHO KOHTPOIIS, #— p < 0,05 oTHOCHTENBHO AlCI;.

Note. *—p<0.05 concerning intact control; #— p < 0.05 concerning AICI,.

AKXTHBanus cBOOOTHOPAIUKATBHBIX MPOIIECCOB B CYOKJIETOUHBIX CTPYKTypaxX OONBIIUX TMOJYyIIIa-
puil Mo3ra, BbI3BaHHAsI XPOHUYECKUM BBEICHHEM XJIOpHUIA AJIOMHUHUS, COIPOBOXKIANACh JOCTOBEP-
HBIM CHMKeHHEeM coaepxanus GSH u B MUTOXOHApPUATBHOM, U B IOCTMUTOXOHIPUATIBHON (paKIIHsIX
(Tab:. 2). OqHOBpEeMEHHO MPOMCXOAMIIO MoBbIIeHUe ypoBHs GSSG, B pesynbTare 4ero COOTHOIEHHE
GSH/GSSG nanano Ha 51 % B MUTOXOHApUANBHOW (ppakuuu U HA 63 % — B MOCTMHUTOXOHAPUATHHON
(dpakuu. Beenenne ALILl B maHHON CHTyally TPUBOIMIIO K BO3BPAIICHUIO COAepKaHUsI 00enx hopm
IYTaTHOHA W WX COOTHONICHHS K YPOBHIO KOHTPOJISI B 00EHUX HCCIIEMOBAHHBIX (pakmusx. IHQexTo
JEWCTBUS MPOU3BOAHBIX HAHTOTEHOBON KHUCIOTHI OKa3ajuCh pa3HbIMU. Tak, Ha3HaUEHUE ITHX COENU-
HeHUH npakTHuecku He m3MmeHuso nercteue ALLl Ha conepxkanune GSH u GSSG B MUTOXOHIpHSX,
TOrZa Kak B MOCTMHUTOXOHApUaibHOW (pakumu coxepxkanne GSH B mpucyrcrsuun [J1, IIT u OIIK
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CTaJIo BBIIIE, YeM B KOHTPOJIBbHON rpynne. COOTBETCTBEHHO MOBBICUIIOCH Takke cooTHomenne GSH/
GSSG, 4TO MOKET OTPaKaTh YCUICHUE BOCCTAHOBUTEIIBHOM CIIOCOOHOCTH CUCTEMBI TyTaTHOHA B T10-
CTMUTOXOHIpHABHON (pakiuy npu neiicTBuu komOuHanmu ALl ¢ mpenmecTBeHHNKaMu OMOCHHTE-
3a KoA. I'TIK He sBnseTcs mpeamecTBeHHUKOM OnocnHTe3a KOA 1 Takoro BIMSHUS Ha CUCTEMY TITy-
TaTHOHA HE OKa3bIBAaeT, OJHAKO MOXET BO3/eHcTBOBaTH Ha OmocuHTe3 KoA omocpenoBaHHO, SBISSCH
KOHKYPEHTHBIM HHTHOMTOPOM NaHTOTEHATKIHA3HI.

Tab6nuuna?2. Coaep:kaHue BOCCTAHOBJIEHHOI0, OKHCJIEHHOI'0 INIYyTATHOHA (HMOJIb/MTI 0€JIKa) B MUTOXOH/APHAJIBHOMI
U MOCTMHTOXOHAPHAIBHON GpakuMsAX G0/IbIIMX MOy HIAPHIi FOJTOBHOI0 MO3ra KPbIC IIPH AJIOMUHHEBOM
HelipoToKCHKO3e U BBeJeHNH N-alleTHINHCTEHHA ¢ MPON3BOAHBIMH NAHTOTEHOBOH KHCJIOTHI

Table?2. The level of reduced and oxidized glutathione (nmol/mg protein) in the mitochondrial
and post-mitochondrial fractions of the rat brain hemispheres in aluminum neurotoxicosis
and the administration of N-acetylcysteine with pantothenic acid derivatives

erry(;‘;a GSH GSSG GSH/GSSG
Mumoxonopuanenas ¢ppaxyus
Mitochondrial fraction
KoHuTpoib 2,23+0,10 0,072 + 0,003 40,28 + 2,60
AlCl, 1,45+0,11* 0,083 + 0,003* 20,59 +£2,28*
AICI; + AL 2,83 +£0,10%# 0,071 £ 0,004# 38,52 +2,85#
AICly + AITIT + T1JT 2,94 £ 0,09%# 0,073 £+ 0,005# 42,36 + 2,55#
AlICly + AL + TIT 2,76 £ 0,12%# 0,074 + 0,004# 39,82 +2,98#
AICl, + AL + T'TIK 2,88 £ 0,15#* 0,075 £ 0,005# 38,46 + 2,74#
AICI; + ALILL + OIIK 3,04 + 0,21#* 0,076 + 0,006 41,11 £ 2,35#
Tocmmumoxonopuanvhas ¢ppaxyus
Postmitochondrial fraction
KoHTpoib 7,65+ 0,18 0,082 + 0,005 96,21 + 3,45
AlCI, 5,53 £0,19* 0,098 + 0,004* 60,84 + 4,10*
AlCl, + ALTLL 7,86 + 0,21# 0,084 + 0,006# 92,57 + 3,86#
AICI; + AL + ITJT 8,95 +0,20# 0,081 £ 0,006# 112,49 + 3,61#*
AICL; + ALLL + IIT 8,16 + 0,18# 0,083 +0,007# 98,64 + 3,12#
AlICIy + AL + TTIK 7,53 £ 0,19# 0,086 + 0,007# 89,52 + 4. 41#
AICLy + AL + ®IIK 8,42 £ 0,20# 0,080 + 0,006# 106,46 + 3,53#

IIpumeuanue. *—p<0,05 ornHocurensHo kouTpons, #—p < 0,05 ornocurensuo AlCl,.

Note. *—p<0.05 concerning intact control; #— p < 0.05 concerning AICl;.

W3ydeHnne akTUBHOCTH (PEPMEHTOB, KaTaJTU3UPYIOMINX OKHCIHTEIBHO-BOCCTAHOBHTEIBHBIC TIpe-
BpalleHUs TIyTaTHOHA, MMOKA3aJio, YTO B MUTOXOHJPHAIBHON W TMOCTMUTOXOHIPHAIBHON (hpaKiusx
Ha (hOHEe NeHCcTBUS XJIOPUAA aIFOMUHUS Obljla MOBBIIICHA aKTUBHOCTh [Ty TaTHOHIIEPOKCHAA3b! (Ha 36
u 30 %, p <0,05) u rmytarnontpancdepassl (Ha 39 u 12 %, p < 0,05) coorBeTcTBenHo. Beenenne ALIL]
CTaOMJIN3UPOBAJIO BHI3BAHHBIE XJIOPUJIOM aJIFOMUHUS U3MEHEHUS B CUCTEME IIIyTaTHOHA, CIIOCOOCTBYS
camxennto aktTuBHOCTH GST, GPx B 06enx ¢pakmusax. B mpucyrcrun I1JI n oruactu OIIK 3amutHbIe
apdextsr ALIL ycmnmuBanuce. AktuBHOCTE GR B mocTMHTOXOHIpHATRHON (Ppakmiy Tak)ke TOBBIIIA-
nack Ha 25 % (p < 0,05) Ha doHe xJI0pUaa aTIOMHHMS, HO cHUXanack Ha 14 % (p < 0,05) B npucyT-
cteuu AIIIT u ocobenno kombunammu AL + TIJT u ALJL] + ®IIK (1a 20 %, p < 0,05). Dddekr ot
HazHadeHus ['TIK ObLT aHATOTHYHBIM EHCTBUIO PENMIECTBEHHUKOB KOA.

W3ydeHnne akTUBHOCTH (pepMEHTOB OMOCHHTE3a IMTyTaTHOHA B IOCTMHUTOXOHIpPUAIBHON (hpakiuu
0OMBIINX MONYIIAPUNA TOJOBHOTO MO3ra KPBIC MOKA3a10 YTHETeHHE aKTUBHOCTH Y-TITYy TAMUJILUCTCHH-
CHUHTETAa3bl ¥ NIy TaTHOHCHHTETA3bl IPH XPOHUYECKOM aJTIOMUHUEBOM HeiipoTokcukose (Tad. 3). ALILL
M €ro KOMITO3UIIMH C TTPOM3BOJAHBIMU MMAHTOTEHOBOM KUCIOTHI MOBBIIIATH AKTUBHOCTH O0OOUX H3YyUeH-
HBIX (pepMEHTOB, MOCTHTas OoJiee BRICOKMX 3HAYEHUHU, YeM B TpyIie KOHTPoJss. OcoOeHHO BBIpaXKeH-
Hasl aKTUBaLUsl OMOCUHTE3a IIyTaTHOHA HaOnroganace npu npumenenuu [1J1.
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Tab6nuima3. AKTUBHOCTD y-IIyTaMIIHcTeHHCHHTEeTa3bl (YGCS) u rayraTuoHcnHTeTa3bI (GS)
B IOCTMUTOXOHAPHAJIBbHON (PPAKMH 0OJIBIIMX NOJIYIIAPUIA TOJTOBHOI0 MO3Ia KPbIC IPH ATIOMHUHHEBOM
HelipoToKCcHKO3e U BBeAeHUH N-aleTHJINNCTEHHA ¢ IPOU3BOIHBIMH AHTOTEHOBOI KHCJI0THI (HMOJIL/MUH/MT 0eJiKa)

T able 3. The activity of y-glutamylcysteine synthetase (yGCS) and glutathione synthetase (GS)
in the post-mitochondrial fractions of the rat brain hemispheres in aluminum neurotoxicosis and the administration
of N-acetylcysteine with pantothenic acid derivatives (nmol/min/mg protein)

ré’ry(i“;a YGCS GS

Kounrpoinnb 2373+ 1,8 231,2+ 1,1

AlCl, 218,0 + 1,5* 208,0 £ 1,5%
AICL, + ALY 263,9 + 1,5%# 250,8 + 2,6%#
AICL, + AT + ITJT 2837 £ 1,8*# 273.8 £ 2,9%#
AICL + AL + IIT 261,9 + 1,0%# 2453 £ 3,1*#
AICL; + AIIIT + T'TIK 260,1 + 1,7*# 249.5 + 1,4%#
AlICL, + AT + ®IIK 262,9 + 1,6*# 252,6 £ 1,4%#

IMpumeuanue. *—p<0,05 orHocurenbHo KoHTpoOIs, #— p < 0,05 orHOCUTEeNBHO AICI,.

Notes. *—p<0.05 concerning intact control; #— p < 0.05 concerning AICl,.

Haunbonee 4yBCTBUTENBHBIM HHAMKATOPOM PEIOKC-COCTOSIHUS THOJI-INUCYIb(MHUIHON CHUCTEMBbI
B YCJIOBHUSIX aJIOMMHHMEBOIO HEHPOTOKCHKO3a SIBHJICS IOKA3aTelb S-INIyTaTHOHWJINPOBAHUS OENKOB
(Tabm. 4). IloBblleHue copepKaHus S-TIyTaTHOHUIMPOBAHHBIX OEIKOB HAOII0AAJI0Ch B MUTOXOHAPH-
aJBHOM (Ha 65 %) 1 B MOCTMUTOXOHApHabHON (Ha 47 %) dpakiusx OONBIINX MOy IIapHA MO3Ta KPbIC.
Couerannoe BBenenue ALl ¢ Tpon3BOIHBIMU MAHTOTEHOBOW KUCIOTHI TPUBOAMIIO K CYIIECTBEHHOMY
CHIDKEHHIO S-TIIyTaTHOHWJINPOBAaHUS OENIKOB B IaHHBIX (PPAKIHAX, HO HAanOoJIee BBIPAKCHHO TaHHBIM
M3MeHeHUusIM criocobcTBoBasn komOuHanuu AL + ITJT u AL + OITK.

Ta6numa4. Conep:kaHue S-IIIyTATHOHNJIHPOBAHHBIX 6esikoB (PSSG, HMoJIL/MT esT1ka) B MHTOXOHIPHAJIbHOM
¥ MOCTMHUTOXOH/IPHAJIBHON (PpaKkuusiX GOTBIINX MOJTYIIAPHI FOJIOBHOT0 MO3ra KPbIC MPH aJJIOMUHHEBOM
HeiipoToKCcHKo3e U BBeJeHHH N-alle THILHCTENHA ¢ MPOU3BOIHBIMU NAHTOTEHOBOI KHCJIOTHI

T able4. The level of S-glutathionylated proteins (PSSG, nmol/mg protein) in the mitochondrial
and post-mitochondrial fractions of the rat brain hemispheres in aluminum neurotoxicosis and the administration
of N-acetylcysteine with pantothenic acid derivatives

I'pynna PSSG, MuToXOHIpHaibHas (ppaxiuus PSSG, noctMuTOXOHIpUaNIbHAS HPaKIHs
Group PSSG, mitochondrial fraction PSSG, postmitochondrial fraction

Kounrtponb 0,401 £0,042 0,762 £ 0,019

AICI, 0,664 + 0,051* 1,121 + 0,023*

AICI + AL 0,503 + 0,033*# 0,715 + 0,038#

AICl; + AITL + TTJT 0,360 + 0,042%# 0,689 + 0,033*#

AICIL, + AT + IIT 0,415 £ 0,029# 0,736 + 0,041#

AICl; + AITL + T'TIK 0,478 + 0,032*# 0,821 £ 0,031*#

AlCI; + AL + OIIK 0,384 + 0,031# 0,706 £+ 0,020*#

Mpumeuanue. *—p<0,05orHocuTenbHo KoHTpOIs, #— p < 0,05 oTHOCHTENnBHO AICI; .

Note. *—p <0.05 concerning intact control; #— p < 0.05 concerning AlCl,.

3akarouenune. [lokazaHa TecHass B3aMMOCBS3b TOKa3aTelield OKUCIUTEIBHOTO CTPEcca U CXOIHAs
HANPaBICHHOCTh CJIBUTOB OKHUCIUTEIBHO-BOCCTAHOBUTEIBHOIO 0OallaHca B MHUTOXOHJPUSX M TOCT-
MUTOXOHAPHAIIBHON (paKIK U3 TKaHW OOJBINMX IOJyHIapHA MO3ra Kphic Ha (JOHE aTIOMHUHHEBOTO
HEHPOTOKCHKO3a. BBISBICHO MOBBIIICHHE COfepKaHUs cTaOMIBbHBIX ADK B MUTOXOHAPHUAX OONBITUX
NoJyImapui Mosra, orpenensieMoe ¢ pa3HbiMu cyoctpatamu. CojepKaHue THIPONICPOKCHIOB 3HAUH-
TEJHHO TOBBIIIACTCS © B MUTOXOHJPHSIX, U B IIOCTMUTOXOHIPHAIBHON (paKIuu, paBHO KakK 1 0a3aib-
HOTO, crioHTaHHOro 1 Fe?/ackopbar-nuaynnposannoro yposueit TBKPC. YcraHoBiIeH heHOMEH maze-
HUA S-I‘HyTaTI/IOHI/IHI/IpOBaHI/IH 6CJ'IKOB OUTO30J151, BEPOATHO, BBIMIOJIHAOIMX 3aIIUTHY IO q)yHKHI/IIO, Ha
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(doHE pocTa coliepKaHUsI BOCCTAHOBJICHHOTO TITyTaTHOHA U €r0 COOTHOIICHHS ¢ OKUCIIEHHOW (hopMoi
npu BBeneHuu ALl u mpenmectBenHukoB KoA. MoxHO mojaraTh, 4TO 3TO SIBISIETCS IMPOSBICHUEM
aJpTepHaTUBHOCTH NporeccoB KoA-mupoBanus u S-rmyrtarnonminpoBanus npu OC, BI3BaHHOM Heil-
POTOKCHKO30M.

Hasnauenmne XMBOTHBIM TpeIIECTBEHHHMKAa OnocWHTe3a riryraThoHa (N-aleTHUIIIUCTENHA), Kak
MPaBUJIO, OKa3bIBa€T MPOTEKTOPHBIA APdeKT. 3amuTHbie d(P(EeKTs U3yYCHHBIX HAMH IpErapaToB
(AL n ero komno3unuii ¢ mpon3BogHbiMu nantoreHoBoi kucinotsl — [1JI, I1T, I'TIK u ®IIK) B aTux
(bpakuusax MPOSBIAIOTCA MO-pazHOMY. Tak, HOpMalH3ylollee JCHCTBUE MpenapaToB Ha oOpa3oBaHHE
A®K u cBOOOAHOPAIUKAIBHBIX MPOAYKTOB 00JI€€ BhIPAKEHO B MHUTOXOHJAPHUSIX, TOIJa KaK B MOCTMHU-
TOXOHApHATbHOU (hpakiuu BozaericTBhe ALl m MpoM3BOAHBIX MAHTOTEHOBON KHCIIOTHI OKa3aJIoCh
muanManbHBIM. Hasnauenne ['TIK x ALILL ocmaGnseT 3amuTHOE MeiicTBHE TIpeIIIeCTBEHHUKA Ty Ta-
THOHA, YTO MOXHO OOBSCHUTH 0coOeHHOCTsIMU Bo3jeiicTBus [ TIK Ha maToTeHATKMHA3HYIO PEaKIIUIO
(psiMO€ TOPMOXKEHHUE U OCJIA0JICHUE TOPMOKECHHSI KOHCUHBIM MPOAYyKTOM OnocuHTe3a KoA). YMecTHO
yka3ath, uto ['TIK (mantoram) siBiisieTcst IeHCTBEHHBIM (hapMaKOJIOIMYECKHM CPEJICTBOM IIPU HEBPOJIO-
TUYECKUX 3a00JICBaHUH.

W3meHenuns mokazareseil CHCTeMBl TIyTaTHOHa Ha (OHE NEHCTBUS XIJOpHIa alFOMHHHUS, CBHU/IE-
TEIBCTBYIOIINE O CHI)KEHWW BOCCTAHOBUTEIHHOTO MOTEHIIMANIA CHCTEMBI TITyTaTHOHA (CHUIKEHHE CO-
nepxkanus GSH, ysenuuenne GSSG u cHmxkenne cootHomenus GSH/GSSG), nabmtogarorcst B 00e-
ux (ppakiusx, HO B MUTOXOHJIPUSIX OHU BBIPAKEHBI OOJIbIIIE, UTO SIBJISICTCS MOJITBEPIKJACHUEM TECHOM
B3aMMOCBSI3U CBOOOIHOPAIUKATIBHBIX MPOIECCOB B MHTOXOHAPHUSX U PEOKC-CTaTyca CHCTEMBI IIIy-
tatnoHa. Uto xacaetcs GpepMeHTOB MeTabOIM3Ma IIIyTaTHOHA, TO UX aKTUBHOCTH ToBbImaeTcs (GPx,
GST) B MUTOXOHJAPHUSIX, & B TIOCTMHTOXOHAPHAIHHON (paKIINU TIOBHIIIACTCS aKTUBHOCTH Kak GPx,
GST, Tak u GR. Ipyrum ¢pakTopoM HampsKEeHHsI CUCTEMBbI Iy TaTHOHA SIBJISETCS] BO3PACTAHUE YPOBHS
S-rayTaTHOHUIMPOBAHUSI OSIKOB KaK B MUTOXOHIPUATBHOM, TaK U IIOCTMUTOXOHIPUAIBHON (DpaKIIHH.
B T0 e BpeMsi akTUBHOCTH (hepMeHTOB OnocuHTe3a riytaruoHa (YGCS, GS) B OCTMUTOXOHIpUATIb-
HOW (DpakiMu JOCTOBEPHO CHHXKAETCS MPH AJTIOMHHHEBOM HEHPOTOKCHKO3€, HO BOCCTAHABIMBACTCS
MIpU Ha3HAYEHUH PETOKC-MOMYISITOPOB H OCOOEHHO BRIPAKEHHO ITPU UX KOMITO3HUITUH.

W3MeHeHns CUCTEMBI TITyTaTHOHA, a TAK)Ke COAEepXKaHUs S-TIyTaTHOHUIMPOBAHHBIX OEIKOB TIpe-
nynpexnarorcs HazHaueHueM N-aneruniuctenHa (ALL]) u xommekca ALl ¢ momynsitopamu 6uo-
cuHTe3a KopepmenTta A — D-nanTeHonoMm, D-maHTeTUHOM, TOMOIMAHTOTEHATOM Kaibius u 4'-(ocdo-
NaHTOTEHAaTOM Kajblusl. [lo-Buaumomy, 3tu 3hhexThl mpenMyIecTBEHHO cBsi3aHbl ¢ AerictBueM ALLLL,
0 YeM CBHUJICTEILCTBYET 3HAUMTEJILHOE MOBBIIICHHE aKTUBHOCTH (DepPMEHTOB OMOCHHTE3a IIyTaTHOHA
B mpucytcTBuu ALlLl Ha doHe Xmopuaa amoMuHUs, Torma kak aktuBHOCTh GPX, GR 1 GST B mipucyT-
ctBun ALl 1 ero koMOMHAIU# C TPOM3BOAHBIMH TAHTOTEHOBOW KHUCIOTHI K yPOBHIO KOHTPOJISI HE BO3-
BpamarTcs. He BeI3bIBaeT comHeHUs, 4To nodapieHue B kommosuiuto T, IIT wim ®IIK ycunusaer
HopMmanu3yromuil 3gdext ALl Ha S-rmyTaTHOHUIUPOBaHKE OCIIKOB.

[Tony4yeHHbIe pe3y/IbTaThl YKa3bIBAIOT HAa BRICOKYIO 3(P(PEKTHBHOCTh IPE/IIICCTBCHHIKA OMOCHHTE-
3a TIyTaTHoHa N-aleTHIIICTEnHA B IPEyPEXACHNN OKUCIUTEIBHOTO CTPEcca B XPOHUYECKONH MO-
JIEJTA aJTFOMHUHUEBOTO HEHPOTOKCHKO3a, YTO MOXKET OBITHh 0OOCHOBAHHMEM €0 TPUMEHEHHU S KaK MOIYJIs-
TOpa PeoKC-CTaTyca MUTOXOHIPHH MPU pa3BUTHH HEUPOJETeHEPATUBHOM ITATOJIOTUH.

OddexTr peamecTBeHHUKOB OnocuHTe3a KoA TpeOyrT AaibHEHIEro yriyoJeHHOTO H3yYeHUS
B CBSI3U C OTKPBITHEM aJIETEPHATUBHOTO MpPOIEcca MOCTTPAHCIISIIMOHHON MOAU(HUKAIUNA OCIKOB —
KoA-nupoBanusi, 3aTparuBaroIiero MUTOXOHIPHAJIbHbIC (DEPMEHTHI U MPUYACTHOIO K OTBETY YKUBOT-
HOT'0 OpraHW3Ma Ha OKHCIHUTENBHBIN cTpecc. B 3ToM miane oOpaiiaer Ha ce0s BHUMAHUE pa3inydue
a¢pdexToB N-anermmmucrenna ¢ D-maHTeHOIOM M TOMONAHTOTEHATOM, YTO MOXET OBITH WHCTPYMEH-
TOM JJaJTbHEUIIETO BBISCHEHUS B3aMMOOTHOIICHUH OnocuHTe3a KOA U riryTaTHOHA KakK IEHTPaJIbHBIX
3BEHBEB peain3anuy curHaiIbHOTO MyTH MTOR 1 penokc-curHanu3amniy Mpu HHAITMUPOBAHUH U TeHe-
paju3anuy OKUCIUTEIBHOTO CTpecca.
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