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BNMUAHUE MEKCUAOONA HA MNMPOLUECCHI INMUKOJIN3A

NP OCTPOM CTPECCE

T. A. AeBatkuHa, E. M. BaxHunuas, P. B. J1yL|,e|-||<o1

B okcmepumeHtax Ha 29 OenbIX KpbICax-caMIax M3YyYeHO BIHMSHHE MEKCHI0JIa
(100 Mr/kr) Ha comepKaHue NIIFOKO3bI, TMPOBUHOIPAIHON M MOJOYHOU KUCIIOT B TOJIOBHOM
MoO3re, IIEYCHHU, CEeTIe3eHKe, TUMYCE M CHIBOPOTKE KPOBH MPU OCTPOM MMMOOHIM3ALIMOHHOM
crpecce (3 u). TlokazaHo, 4TO B TOJIOBHOM MO3re U nepuepuvecKkux OpraHax MEKCHUIOJ
CrocoOCTBYET CABHUTY PaBHOBECHS B CTOPOHY IHpYyBaTa Kak SHEPreTHUECKH 00s1ee BHITOHO-

Tro cy6CTpaTa (bepMeHTaTI/IBHOFO OKHUCJICHUA.

KuaroueBble ciioBa: MEKCHUA0JI, INIUKOJIN3, CTPECC

BBEAOEHUE

Bnusxue ctpeccopHbIX (PaKTOPOB HA OPraHU3M MPHUBO-
JUT K HapyLICHUIO OOMEHA BEILECTB B Pa3IMUHBIX Opra-
Hax ¥ TKaHsX [9]. OMHUM U3 MeTabOIMYECKUX MPOLIECCOB,
OBICTPO pearupyroIUX Ha CTPECE, SBISIETCS IUKONN3, aK-
THUBALUSI KOTOPOTO B CTaJUI0 TPEBOTH CTPECC-CHHAPOMA
o0ecreunBaeT BO3POCIINE SHEPTETUIECKUE TTOTPEOHOCTH
opranmsma [10]. B To >xe BpeMsi BO3HUKAIOLIHI SHEPreTH-
YecKUil qucOanaHc U HAaKOIUICHUE HETOOKHCICHHBIX MPO-
JYKTOB IIMKOJM3a MIPU OMPEJCICHHBIX YCJIOBUSAX CTAHO-
BATCSI IPUUMHON Pa3BUTHUS MATOJIOTHUECKUX MPOLIECCOB B
opranax [6, 12]. ITosToMy akTyanbHOHM 3ajadeii ocraercs
MIOUCK CTPECCIPOTEKTUBHBIX CPEACTB, HOPMAIU3YIOMINX
yrneBofublii ooMeH B IIHC u nepudepudeckux oprasax.
OfHUM M3 TakUX MPENapaToB MOXKET ObITb MEKCHJOIN
(2-3Tun-6-metun-3-oxcunupuaus) [3]. H3BecTHO, YTO
(hapmakonoruueckas aKTUBHOCTb MEKCHJ0JIa OCHOBBIBA-
€TCs Ha €ro aHTHOKCUJAHTHBIX, MEMOPaHOIPOTEKTUBHBIX,
AQHTUTUIOKCHYECKUX CBOHCTBAX, CIOCOOHOCTH MOYIUPO-
BaTh aKTUBHOCTh MEMOPaHOCBSI3aHHBIX (DEPMEHTOB U pe-
LENTOPHBIX KOMIIIEKcoB [7]. B To ke Bpems perynsius
MEKCHA0JIOM MPOLECCOB INIMKOIN3a M3yueHa HEA0CTATOU-
HO.

Lenb paGoThl — U3y4UTh OCOOCHHOCTH BIMSHUS MEK-
CHJI0JIa HA MPOILECCHl IMKONN3a B TOJIOBHOM MO3TE U Ie-
pudepudeckux opraHax *HBOTHBIX MPU OCTPOM CTpEccCe.

METOAblI NCCNEAOBAHUA

DKCIIEpUMEHTHI BBITIOTHEHBI Ha 29 HETMHEHHBIX OCITbIX
Kpbicax-cammax maccoit 200 — 250 1. OcTperii cTpecc Boc-
MIPOM3BOIIIIH ITyTEM HMMOOMIM3AIINH KUBOTHBIX Ha CITH-
HE B TeueHue Tpex 4dacoB [4]. s KOppeKIuu crpeccop-
HBIX HApyLIEHMH ucnonb3oBamu Mekcuaon (100 mr/kr) B
Buge 5 % pactBopa B ammyinax no 2 mu (“Hayka-nieHTtp
dapma”, Poccust), KOTOPBIA BBOAMIN BHYTPUOPIOIIMHHO
3a 30 MuH 110 Havgana crpecca. JKMBOTHBIM KOHTPOJIBHON
IpymIsl uHbeUupoBasin crepuibHbl 0,9 % pacTBOp Ha-

! Kagempa sKcrepiMeHTATBHON H KIMHHYCCKOi (hapMaKoIOTHI
(3aB. — mpod. B. H. Bob6bipeB) YkpauHCKo#i METHIMHCKONH CTO-
MaToJIOTUYeCKOH akanemMuu, Ykpauna, [Tonrasa, 36024, yi. [es-
4eHKo, 23.
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Tpusi xyopuaa. Yepes 1,54 mocne 3aBepiieHUs
UMMOOMITM3AIMN KPBIC TIOIBEPTad 3BTaHA3WU MO THO-
NEHTAN-HATPUEBBIM HapKo3oM (50 Mr/Kr) myTeM B3sATHS
KPOBHU U3 Cep/lia JI0 €ro OCTAaHOBKH.

B romorenarax roJoBHOTO MO3ra, ICUEHH, CEJIC3CHKH,
TUMYyCa M B CHIBOPOTKE KPOBH OIPEACIIIIN CONCpPIKaHHE
nmupoBuHoTpanHoi (IIBK) u momounoit kucnor (MK) u
paccuuThIBa M UX cooTHOmeHUe [2]. B rosoBHOM Mo3re,
MEYCHH U CHIBOPOTKE KPOBH HCCIIEOBAIN COACPKAHHE
rroko3bl [13]. Crartuctuueckyo o0paboTKy pe3yasTaToB
OCYIIECTBIISTH C MCIIOJIb30BAaHUEM TIPOTpaMMBbI Statistica
for Windows Bepcust 5.0.

PE3YJNIbTATbI U UX OBCYXAOEHUE

OcTphlii IMMOOWJIM3AIIMOHHBIA CTPECC HM3MEHSI CO-
JiepKaHue cyOCTpaToB U KOHEUHBIX MPOIYKTOB TIIMKOJIN3a
B TOJIOBHOM MO3Te U NepuepruIecKrX TKaHsX (Tabuuma).
B ronoBHom Mo3re ypenmuuBasiock coaep:xkanne MK B
1,3pa3a (p<0,01) Ha ¢oOHE TEHJCHIMH K CHHUKCHHUIO
ypoBHsi [IBK. DT0 Bel0 K YMEHBIICHHIO COOTHOIICHUS
OKHCJICHHBIX MPOAYKTOB IVIMKOJM3a K BOCCTAHOBJIEHHBIM
n0 0,32, To ectb B 1,6 pa3a 1o cpaBHEHUIO C MOKa3aTelIsi-
MU UHTaKTHBIX )KUBOTHBIX: 0,51. B To e Bpems comepxa-
HUE CBOOOHOW IVIFOKO3bI B TOJIOBHOM MO3r€ COCTABIISIIO
5,0 + 0,49 MMOIB/KT M HE OTIMYANOCH OT TAKOBOTO y MH-
TaKTHBIX KUBOTHEIX 5,9 + 0,62 MMOIIL/K.

IToka3zarenu yrjaeBogHOTro OOMEHa B IIEUYCHU MPH CTPeC-
Ce XapaKTepHU30BaJIUCh yMeHblIeHHeM ypoBHs [IBK B
1,3 pa3za u yBennuenuem koHueHtpauuu MK B 1,8 paza
(»<0,02) mo cpaBHEHHUIO C IOKa3aTeNsIMU HHTAKTHBIX
kpeic. Coornomenue I[IBK/MK 65110 pasno 0,17 B omin-
yre oT TakoBoro B koHTposie — 0,40. Conepxanue cBo-
OomHOM IIIOKO3bI B opraHe cocraBisuio 4,4 +0,53
MMOJIb/KI B oTiauue oT 6,7 + 0,51 MMOJIb/KT y MHTaKT-
HBIX )KHBOTHBIX. ITO ObLIO B 1,5 paza (p < 0,01) Hroke 10
CPaBHEHUIO C KOHTPOJIEM.

B cenesenke moa AEHMCTBHEM CTpeccopa COAEpkKaHUE
IIBK He u3mensuioch, a conepxanne MK Bozpacraio B
1,4 paza (p <0,02) mo cpaBHEHHIO C TAKOBBIM Y WHTAKT-
HbIX XKuBOTHBIX. CooTHomenue [IBK/MK ymenbinanocs
B 1,6 pasa u cocrassuio 0,56.
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T. A. IleBITKUHA U AP.

BinsiHe MeKCHI0/Ia HA MPONECCHI INIMKOJIN3a B PA3JINYHBIX TKAHAX NP ocTpoMm cTpecce (M + m)

T'onoBHOM MO3T [Teuens Cenesenka Tumyc ChIBOpPOTKA KPOBH
I'pynna xu-
BOTHBIX I1BK, MK, TIBK, MK, s MK, I1BK, MK, IIBK, MK,
Mr/Kr MMOJIb /KT Mr/KT MMOJIb/KT MT/KT MMOJIb /KT Mr/Kr MMOJIb/KT mr/n MMOJIB/JT
Wnraktueie (9) 34,8 +3,9 0,76 £ 0,07 37,4+3)7 1,05+ 0,1 43,8 £3,9 0,52+£0,05 31,4+£22 0,50+0,04 215+13 1,09 £ 0,07
Crpecc + 0,9 % 28,2 +3,6 1,0 £0,04*  28,3+£3,7 1,87 £0,2*¥  36,3+2,5 0,73 £0,06% 26,3+1,67 0,58+0,04 157 £ 7% 1,54 £0,17*
pacteop NaCl
(10)
Crpecc + Mek- 34,1 +5,0 0,65 +0,03** 32,1 +3,5 1,23 £0,12** 36,1 £8,3 0,51 £0,05%* 34,4 +£29%* 0,44+ 0,06 193 £18 1,07 £ 0,05**
cugon (10)

Ipumeyanne. B ckoOkax yKa3aHO YKMCIIO KMBOTHBIX B IpyInne. Pasiuuus 10CTOBEpHBI 10 cpaBHEHUIO: * — p < 0,05, ¢ MHTAKTHBIMU KMBOTHBIMH; ** —

< 0,05 co cTpeccom 6e3 KOppeKuuH (KOHTPOJIb).

B Ttumyce mipu cTpecce oTMevanach TSHACHIUS K CHH-
xeHuto ypoHs [IBK (p < 0,1) npu HeM3MEeHEHHOM cofep-
xaHu MK, 4To Beno K yMEHBIIEHHIO OTHOIIEHUS OKHC-
JIEHHBIX META0OJMTOB K BoccTaHOBIEHHBIM 10 0,51 mo
CpPaBHEHHIO C TAKOBBIM Y HHTAKTHBIX KUBOTHBIX: 0,71.

[lox BnmsHEEM cTpeccopHOro (akTopa pa3BHBAIACh
runomiukemus. KoHLEHTpanusi IIHOKO3bl B CBIBOPOTKE
KpoBu cocrasisia 4,5+ 0,50 MMOJIB/KI B OTJIMYKE OT
6,8 £ 0,48 MMOIb/KT y HHTAKTHBIX KpbIC (p < 0,01). IIpo-
ucxoauno ymenslieHue konnentpauuu IIBK B 1,4 pasa
(p <0,01) u B paBHOH CTEIEHN YBEIMUYCHUE COACPKAHUS
MK (p <0,05). Coornomenue IIBK/MK cumxkanocs B
2 pasa u coctasisiio 1,1 B ommuue ot 2,2 B KOHTpOJIE.

WNupynupoBaHHOE CTPECCOM CHUKEHHE YPOBHSI TITIOKO-
3Bl B [IEYEHN MOYKHO OOBSCHUTH CTUMYJISIIMEH TOPMOHAMH
cTpecca, a UMEHHO KaTeXOllaMUHAMU M WHCYJIUHOM, IPO-
reccoB mukoin3a B oprate [9]. [locTosiHHas KoHIEHTpa-
IUST TUTFOKO3BI B MO3TE M €€ CHIDKEHHE B CHIBOPOTKE KPOBH
CBHUJIICTEIBCTBYIOT O TIIEPEPaCIpEeICHI MOOMIBHBIX
SHEPreTUICCKUX PECYPCOB B IMOJB3Y AKTHBHO (DYHKIIHO-
HUPYIOILUX OPraHOB. DTO SBJISAETCS OAHUM M3 aJlanTalu-
OHHBIX MEXaHHU3MOB, O00ECIIEUMBAIOUINX >KU3HEIEATEIb-
HOCTb OpraHH3Ma B HKCTPEMAJIbHBIX YCIOBHUIX CYLIECTBO-
Bauus [9].

YcraHOBIIEHHBIE U3MEHEHMS T0Ka3aTelel yIIIeBOAHOTO
o0MeHa COIacyIOTCs ¢ JaHHBIMH JIUTEPATypBl O TOM, UTO
B YCIIOBHSIX DHEPTETHUCCKOTO Te(HUIUTA MIPU CTPECCE BO3-
pacTaeT 3HaueHHUE TIIMKONU3a Kak ucrounuka ATD [16]. B
YCIIOBHSIX THUIIOKCHH, CONpOBOXKAaromeil crpecce [1], aHa-
9POOHBIN TITUKOJIN3 3aBEPLIACTCS MPEUMYIIECTBEHHO 00-
pa3oBaHUEM JIaKTaTa, BO3pacTaHHE KOHIEHTpAIUU KOTO-
poro oOHapyKeHO B IEYEHH, MO3re U cesie3eHke. OTcyTeT-
BHE  CYIIECTBEHHBIX  HM3MCHCHUH  KOHIEHTpAIMH
MIPOIYKTOB IIMKOJIN3a B TAMYCE B CTaIUIO TPEBOTH OCTPO-
TO CTpecca MOXKHO OOBSICHUTD TEM, UTO KaTeXOJaMUHBI HE
MIPOHUKAIOT Yepe3 TeMaTOTUMUIECKUI Oapbep U He SIBIIS-
FOTCSL PETYJSITOPaMHU MPOIIECCOB B ATOM oprane [11].

Takum 00pa3oMm, Ha HaYalbHBIX ATANlaX CTPECC-CHUHI-
poMa HaOMroaeTcsl aKTUBAILMS [VIMKOIU3a W HAKOIUICHUE
HEIOOKHCJICHHBIX MPOIYKTOB MeTabonu3mMa. DTH H3MEHe-
HUSI IPOUCXOIT UHTEHCUBHO B MEYCHHU, TOJTOBHOM MO3Te
U Cele3eHKe, TJe aHadpOOHBI METaboJIM3M YTIICBOJIOB B
YCIOBHUSIX HANPSDKEHUS aJallTAlMOHHBIX MPOIIECCOB Urpa-
€T BEAYIIYIO POJIb B MOJIEP)KaHUU ToMeocTasa [14].

[IpumeHeHre MEKCHJONAa HaKaHyHE OCTPOro crpecca
YMEHBUIAJIO B roJ10BHOM Mo3re konndectso MK B 1,5 paza
(» <0,001) cm. TabnuIly 1 HOPMAIU30BAJIO COOTHOIIICHHUE
IIBK/MK 1o cpaBHEHHIO CO CTpeccoM 0e3 KOppeKIuH,
oHO ObIIO paBHO 0,59. DTO yKa3piBaeT Ha CTHUMYISIIUIO
npenaparom adpodHbIX mporeccoB B LIHC u cormacyercst
C JaHHBIMU JIMTEPATYpbl OTHOCHUTENILHO LepeOpabHBIX
3¢ deKTOoB MEKCHAoNa MpH APYTrod SKCIEPUMEHTATBHOM
narojoruu [8].

[TpodunmakTiaeckoe BBeCHIE MEKCHIONA MTPEAYIPEK-
Jajo mnosbllieHue coxpepkanuss MK B remarouurax Io
CpaBHEHHIO ¢ marosorudeckuM porom (p < 0,05) cMm. Tad-
muny. [Ipu sTom yposens [IBK B romorenarax neueHu He
n3MeHsicsi. OJTHAKO COOTHOIICHHE OKUCIEHHBIX MeTabo-
JIUTOB K BOCCTAHOBJIEHHBIM YBEJIUYMBAJIOCH B 1,7 pa3a no
CcpaBHEHHIO ¢ KOoHTposieM u Obuto 0,3. ComepkaHue TI0-
KO3bI COCTABJISIO 5,5 + 0,68 MMOJIB/KI ¥ CyNIECTBEHHO HE
OTJIMYAIIOCH OT TAKOBOTO MPH cTpecce 0e3 KOPPEKITHH.

AHaIOTHYHbIC H3MEHECHUS COICPIKAHUS KOHEUHBIX MPO-
JYKTOB IJIMKOJIN3a MEKCUJIOJ BBI3bIBAN B CEJIE3EHKE U Chl-
BOPOTKE KPOBU JKHUBOTHBIX, IIOJIBEPTHYTBIX CTpPECCy
(cm. Tabmuty). Ipu stom koadduiment [IBK/MK B ce-
JIE3eHKE U CHIBOPOTKE KpoBH cocTanisut 0,8 n 2,0 cooTBeT-
CTBEHHO.

B nanHOM citydyae BO3MOXKHBI JIBa BapuaHTa OOBsICHE-
Hus 3G dexToB Mekcuaona. C oJHOH CTOPOHBI, MO BIIHSI-
HUEM MEKCHJI0J1a M30BbITOK JIAKTaTa, TI0-BUIMMOMY, aKTHB-
HO TIEpEMEIacTCs U3 OPTaHOB B MEYCHb, T7IC BKIFOYACTCS
B CHHTE3 TNIUKOTCHA. DTO COIIacyeTcs ¢ OOHAPY>KCHHBIM
paHee yBEJIMYEHUEM 3allacoB IIMKOT€Ha B IEYEHHU IOcie
BBeZieHus npenapara [5]. C npyroil cTOpoHbI, MEKCUIOI,
BEPOSITHO, M3MEHSAET aKTHBHOCTH JIAKTaTAETHIPOreHa3bl,
ctumyaupys oOpasoBanue [IBK, xoropas cpasy xe 3¢-
(heKTUBHO HMCTIOJB3YETCSI MUTOXOHIPUAMU B 1HKiIe Kpeo-
ca. [Ipennocbuikol K Takoro poja ACHCTBHIO MOXKET ObITh
CIOCOOHOCTh MEKCH/IOJa TIOBBIIIATh OKCUTCHAIMIO TKa-
HeH 3a CUeT yIydIIeHUs] MUKPOIUPKYIsuuu [7].

Heckosbko MHOM XapakTep UMENO BIUSHUE MEKCHI0J1a
Ha YPOBEHb KOHEUHBIX MPOAYKTOB IIUKOJIM3a B THMYCE.
IIpenapar noctoBepHO yBenuumBai coaepxkanue [IBK B
oprane (p <0,01), a cogepxkanue akrara ObIJIO HA YPOB-
ne kourposs. Coornomenne [IBK/MK yBennuusanocs B
1,7 paza 10 CpaBHEHHIO CO CTPECCOM 0e3 KOPPEKIHMH U
65110 pasHo 0,88.
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BrI3BaHHBIE ITpenapaToM CABUTH YKa3bIBalOT HA TO, YTO
U B TUMYCE PEaJIU3yeTcsl CBOMCTBO MEKCHJ0JIa U3MEHATh
0ayaHC B CTOPOHY OKHCIICHHBIX IIPOAYKTOB IinKomu3a. [1o
TAHHBIM JIATEPATYPBL, JUM(pAaTHYCCKUE KICTKU in Vitro
MOTYT OTBEYaTh Ha U3MEHEHHE YCIOBUHN CpeJlbl MOBBIIICH-
HOW IpoIyKIMel NUpyBaTa, KOTOPbI yMEHbIIAET OKCUAa-
TUBHOE TTOBPEKICHIE U allONTO3 TUMOIUTOB [ 15], MOXHO
MIPEATIOIOKUTE, YTO MEKCHJION PETyIUPYET 3TH IPOIECCHI
HETOCPEJICTBEHHO.

Takum 0Opa3oM, MEKCHION MIPH OCTPOM CTpecce Jei-
CTBYET HA IMPOIIECCHI TIIUKOJI3a B TOJIOBHOM MO3T€ U Tie-
pudepuveckux opraHax OJHOHAIPABICHHO, CIIOCOOCTBYs
CIIBUT'Y PaBHOBECHS B CTOPOHY IHMpyBaTa KaK dHEpreTH4e-
cKkH OoJtee BBITOTHOTO cyOcTpara (hepMEHTaTHBHOTO OKHC-
JICHUSL.

BbIBO[bl

1. OcTpblit UMMOOMITU3AIIMOHHBIN CTPECcC aKTUBUPYET
MIPOIIECCHI aHAYPOOHOTO pacmaja IIFOKO3BI, YTO IPHBOIUT
K HAaKOIJICHUIO MOJIOYHOH KHCJIOTHI B TOIOBHOM MO3I€ U B
Nepu(epuIecKux TKaHAX (IICUCHBb, CENIC3CHKA, THUMYC,
KpOBB).

2. IlpodmmakTnyeckoe  BBEAEHHE  MEKCHJO0JA
(100 Mr/Kr) mpu CTpecce M3MEHSET COOTHOUIEHHE IPO-
JIYKTOB DJIMKOJIM3a B IOJIb3Y IMMPOBUHOIPATHON KUCIIOTHI
BO BCEX TKaHSIX.

JINTEPATYPA

1. A. P Apaksan, A.MW.Jlazapes, JI I.Ilpoxonenko, b.C. Vrte-
meB, Jxcnep. u Kaun. gapmakon., 65(3), 50 — 53 (2002).
2. buoxumus: [Ipaxmuxym, H. E. Kyuepenko (pen.), Kues (1988).
3. T. A. Boponuna, C. b. Cepenenun, Jxcnep. u kaun. hapmaron.,
61(4), 3 -9 (1998).
4. Jlokniniuni 0ocnioocents MiKapcokux 3acobig: Memoouuni pe-
xomenoayii, O. B. Ctedanoa, (3a pex.), K. Ainena (2001).
5. P. B. Jlynenxo, Jliku, Ne 5 — 6,97 — 100 (2001).
6. C. B. OkoBurtsiii, A. B. CMupHoB, Dkcnep. u kaun. ¢hapmaron.,
64(3), 76 — 80 (2001).
7. O. M. Tlozausikos, E. 1. Knumenko, JI. T1. Koba3zesa, bron. sxc-
nep. 6uon., 115(3), 242 — 244 (1993).
8. B. E. Iloropensiii, A. B. Anst, M. [I. 'aeBblit u ap., Oxcnep. u
KAuH. papmaxon., 62(5), 15— 17 (1999).
9. M. T. ITennukoBa, /Tam. gusuon., Ne 4,21 —31 (2000).
10. Peyenmopmnvie mexanuzmul 210KOKOPMUKOUOHO20 d¢pghexma,
I1. IT. I'onukoB (pex.), Mockaa, (1988).
11. D. L. Felten and S.Y. Felten, Thymus Update, No2, 3 —88
(1989).
12. J. C. Goodman, A. B. Valadka, S. P. Gopinath, et al., Crit. Care
Med., 27(9), 1965 — 1973 (1999).
13. A. A. Hyvirinen and E. A Nikkild, Clin. Chim. Acta, Ne 7, 140
(1962).
14. G. F. Tian and A. J. Baker, J. Neurophysiol., 83(4) 1830 — 1839
(2000).
15. N. Ramkrishnan, R. Chen, De McClain, and R. Binger, Free Ra-
dic. Res., 29(4) 283 — 295 (1998).
16. A. Schurr, Neurochem. Int., 41(1) 1 — 8 (2002).

Moctynuna 13.03.03

THE EFFECT OF MEXIDOL ON THE PROCESS OF GLYCOLYSIS

IN RATS UNDER ACUTE STRESS CONDITIONS
T. A. Devyatkina, E. M. Vazhnichaya, and R. V. Lutsenko

Experimental and Clinical Pharmacology Department, State Medical Stomatological Academy, ul Shevchenko 23,

Poltava, 314024 Ukraine

Pretreatment with mexidol (100 mg/kg) protected white male rats (n = 29) under the conditions of acute (3 h) immobilization stress. This was evidenced by
monitoring of the levels of glucose, pyruvic, and lactic acid in the rat brain, liver, spleen, thymus, and blood serum. In both brain and peripheral organs, mexidol
the shifted the equilibrium toward pyruvate — an energetically more favorable substrate of enzymatic oxidation.





