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Interhemisphericiasymmetry of the cerebral amino
acid pool in rat with subtotal cerebral ischaemia
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Grodno State Medical University, Grodno, Republic of Belarus

The pathogenetic mechanisms of ischaemic stroke are complex and have not been fully studied, including the role of interhemispheric asymmetry in the brain’s
biochemical organization.

Study objective. To study the levels of free:amino acids (AA) and their derivatives in the cerebral cortex of rats with subtotal cerebral ischaemia.

Materials and methods. Subtotal cerebral ischaemia was modelled in 6 rats in the experimental group by ligation of both carotid arteries for 2 hours. Six rats
with sham surgeries served.as the control. The levels of AA and their derivatives was analysed in perchlorate tissue extract using reversed-phase chromatography.
Results. Subtotal cerebral ischaemia was accompanied by changes in the AA pool, with differences found between the cortex of the left and right hemispheres.
Glutamate, threonine, taurine, tyrosine, tryptophan and a-aminoadipic acid levels decreased in the left frontal lobe cortex, and ornithine levels increased.
Asparagine, serine and phenylalanine levels decreased in the right frontal lobe cortex.

Conclusion. The nature of changes in the AA levels in the left and right halves of the cerebral cortex indicates interhemispheric asymmetry of amino acid
imbalance/whichdevelops in cerebral ischaemia.
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HCYJIBT SIBNISICTCS] OMHOM M3 BEMYIIUX MPIIMH MHBA-
JIMIHOCTH M CMEPTHOCTU BO MHOTHMX CTpaHax MMpa
[1—4]. TaroreHeTHYecKre MEXaHU3MBI Pa3BUTUS
MIIEMUYECKOTO MHCYJIbTa CIOXKHBI M 0 KOHIIA He
u3ydeHsl. B martorenese MIEMHUYECKOTO MHCYIb-
Ta BBIIEJISIOT CTAIUKM OMOXMMHUYECKOTO KacKala, BKIIOYAIOIIIE
SHEpreTMYeCcKUil NeUIIUT, TTyTaMaTHYIO M acTiapTaTHYIO 3Kcaii-
TOTOKCHYHOCTD, OKHCHUTEIBHBIN CTpecc, BOCIANUTEIbHEIC pe-
axiuu, aronTto3 [5—8]. HenonHoe nmpencrapieHue o maToreHese
WIIEMUAYECKUX TTOBPEXIEHUI TOJOBHOTO MO3Ta HE TO3BOJISIET
OCYILECTBIATh 3(dekTUBHYI0 Tepanuio. OTHUM U3 Harpasie-
HUIA TeTaIn3aly MEXaHU3MOB Pa3BUTHSI TIOBPEXIEHMS TOJIOB-
HOTO MO3Ta TIPM €r0 UIIEMHUH SIBISICTCS M3ydeHHe M3MEHEHUI
AMUHOKMCJIOTHOTO ITyJIa pa3IMyHbIX OTAEN0B Mo3ra [9, 10].

Amunokucnotsl (AK) 1 ux npousBofgHble (B 4aCTHOCTH, OMO-
TeHHBbIC aMUHBI) UTPAIOT BaXHYIO POJIb B (PYHKIIMOHUPOBAHUM
FOJIOBHOTO MO3Ta KaK B HOpME, TaK U MPM IATOJOTMH, Y4aCTBYsI
B OMOCHHTE3¢ MEMOPaHHEIX OSTKOB, CUTHAJTBHBIX MOJICKYJT, TOP-
MOHOB U PEry/IaTOpHbIX menTuaoB [7]. OHM TakKe BBICTYNAIOT
B KauyecTBe MCTOYHMKA SHEPIUU Yepe3 LIMKJ TPUKapOOHOBBIX
KHUCJIOT ¥ yYaCTBYIOT B 00pa30BaHMH YITIEBOIOB ITyTEM TIIFOKOHE-
oreHesa npu ux u30bITKe [11]. 1o HacTosIIEro BpeMeH!, OHa-
KO, TIPAKTUYECKH HET JAHHBIX O MEXITOTYIIAPHONM aCHMMETPUH
AK-my/a B HOpMe 4 0 ee BO3MOXHOM POJIM IIPY Pa3BUTUH Lie-
pebpanbHOi nileMun. Mexy TeM u3ydyeHue pyHKIMOHATBHOM
ACMMMETPMHU TIPH Pa3IMYHBIX MATOJOTHMYECKHX IIpoIeccax, B
TOM YHMCJIE aCMMMETPUN OMOXMMMYECKOIM OpraHu3allid MO3ra,
SIBJISICTCS aKTyaJIbHOM 3a1adeit, TOCKOJIBKY MOXET pacKpBITh 3a-
KOHOMEPHOCTH TeYeHMsI 3a00JIeBAHIIA U BBISIBUTb XapaKTepHbIE
TIPU3HAKH, YIyIIIAOIINE NX THATHOCTHUKY.

Ieabro HacToOSIIEr0 MCCIAEIOBAHMS SIBUIOCH M3YdeHUE Mysa
cBobonHbix AK B kope neBoii (JIJII) u mpasoii (ITJI1) 10OHBIX
Jojieil 60JIbLIMX MONYLIAPUI TOJOBHOTO MO3ra KPbIC MPU-€ro
CyOTOTaNIbHOM UIIIEMUMU.

Marepuabl 1 METOJIbI

DKCIEpUMEHTBI BBIOJIHEHBI Ha 12 GebiX 6eCMOPOAHBIX KPbl-
cax-caMKax (I10 6 XXMBOTHBIX B OIIBITHOI U KOHTPOJIBHOM IPYyII-
nax) maccoit 180—220 r. KoHTpoaupoBaiu TemIepaTypHBIid,
CBETOBOM U IIYMOBOW peXMMBI. [1pi. BRITIOMHEHUN 3KCIIePH-
MEHTOB PYKOBOJCTBOBAIUCH IPUHIUIAMY TyMAaHHOTO OTHO-
HIEHUS K XUBOTHBIM C COOJIOfCHHEM BCex TpeOoBaHUM u-
pextuBbl Ne 2010/63/EU ot 22.09.2010.E.0 3am1ure XMBOTHBIX,
MCTIOJB3YIONIXCS JUTST HAyIHBIX HETEH.

Kpbicam OMbITHOM TpyHMbl MOIECIUPOBAIU CYOTOTATbHYIO
WILIEMWIO TOJIOBHOTO MO3ra MyTeM TIepeBsI3KM 00enX COHHBIX
aprepuii B TeueHue 2.4. KOHTpOIbHYIO TPYIIITY COCTABUIIN JIOXK-
HOOTIepMPOBaHHBIE XUBOTHBIE: BCe onepaTuBHBIE MaHUTTYJISI-
LUK TIPOBOIIIIL/B YCIOBHUSX BHYTPUBEHHOTO THOIIEHTAIOBOTO
Hapko3a (60 mr/xr). [Tocne u3BneYeHMs TOJIOBHOTO MO3ra OCY-
mecTBisy_3a0op dparmentoB Kopbl JUII u T Gombrinx
MOJTyLIIapHit, KOTOPBIC 3aMOPAXUBAIHN B XKUAKOM a30Te. Bribop
KOpbI JIOOHO#1001aCTH OONBIINX TTOJTyIAPHUil TONTOBHOTO MO3Ta
B'KauecTBE 00BEKTA UCCIIETOBAHUS O0YCIOBICH TEXHUUSCKUM
yIOOCTBOM CUMMETPUYHOTO 3a00pa MaTepuaia JISBOTO U TIpa-
BOTO IOJTyIIAPUIA.

Crexrp ompemeseMbIX COSTUHEHMI BKITIOYAT. TIPOTCHHOTCH-
Hble "AK, OpHWTHMH, LUTPYIMH, a TaKXe SN POACTBEHHBIX
COEOMHEHUN (TaypuH, OKCHUITPOJIMH, 0-aMUHOOYTHUpAT U 3Ta-
HosamuH). AHanu3 AK ¥ ux meprBaToB IIPOBOIIIM Ha XpoMa-
Torpade «Agilent 1100» MeTogoM oOpalieHHO-(pa3HOI XpoMa-
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Torpaguy ¢ MPEAKONOHOYHOM TepuBaTU3AlUEN O-(DTANCBHIM
aJIbIETUIIOM U 3-MEPKaNTOMPONUOHOBOI KUcIoToii B Na-6opa-
THOM Oydepe [12].

JIlns craTucTryeckoir 00pabOTKU JaHHBIX C/ HOMOIIbIO MPO-
rpammbl «StatSoft Statistica 10.0» mpuMeHSIM METOIBI OIHU-
caTeJbHOM CTaTUCTUKM, JBYX(DAKTOPHBIA IUCITIEPCUOHHBIN
aHaJIN3 CBS3aHHBIX BRIOOPOK, MeTon Boruta mporpamMMer R s
HaxoXJIeHMs HanboJjiee 3HAYMMBbIX TToKasaresei.

Pe3yibraTsl 1 00cyxeHue

Y KOHTpOJBHBIX KUBOTHBIX HE BBIIBICHO CYIIECTBEHHBIX Pa3-
muuit B conepxanuu AK B kope JUI u T, CyOToTanbHas
WIIEMUST TOJOBHOTO MO3Ta _COIPOBOXIANACh M3MEHEHUSIMU
nyna AK, xapakTtep KOTOpBIX B KOpe 000MX Moaylapuii Obl1
pa3ubeiM. B xope JUIZ cHuXaincsi ypoBeHb [IyTamaTa, TPEOHU-
Ha, TaypuHa, TUPO3MHA, TPUHTOGDAHA U 0-aMUHOAIUITHOBON
KUCTOTH (0AAA) 1 MOBBIIANCS YPOBEHb OPHUTUHA (puc. 1).
CHuxeHue ypoBHeit apomatnueckux AK, Kak cneactsue, pu-
BOJAMJIO K TOBBILIEHUI0 cooTHOIIEHUSS AK ¢ pa3BeTBIEHHOI
YIJIeBOAIOPOAHOM 11eMhio. 1 apoMatndeckux AK (Taom. 1).

B xope TTJIJI.cHuxxancst ypoBeHb IlyTamara, acrapariuHa, cepu-
Ha, 0AAA, Tp€OHMHA, TaypuHAa, (DeHUIATAHMHA, a TAKXKE TIOBBI-

H1ajcshypoBeHb OPHUTHHA (puC. 2).

L I
Puc. 1. YpoBuu cBoooanbix AK u ux npoussoanbix B kope JIJIJI Kpbic
§MKMOJ1b/r
7IeCh U Ha pUC. 2 TIPMBEIEHBI TOJIBKO MOKA3aTeNn, YPOBHU KOTOPBIX
CTaTUCTUYECKM 3HAUMMO U3MEHSIIUCh
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Fig. 1. Levels of free AA and their derivatives in the left frontal lobe cortex
of rats (umol

Here and in Fig. 2 only indicators whose levels were statistically signifi-
cantly changed shown

300 7 I

250 A
200 -

150 1

HMonb/r / nmol/g

100 1

50 -

0 4
Glux0,01

KonTtpons / Control

Asn  Serx0,1

aAAA  Thrx0,1 Taux0,01

Phe Orn
B Vwemns / Ischaemia

Puic. 2. Yposuu cBo0oHbx AK M MX IPOH3BOHBIX B KOpE IPaBOii 100HOI
JI0JTM OOJIBIIHX TIOJTYINAPHIA TOJIOBHOTO MO3ra KPbIC (MKMOJIb/T)

Fig. 2. Levels of free AA and their derivatives in the right frontal lobe
cortex of rat cerebral hemispheres (umol/g)
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1 95% 1.

Fig. 3. Analysis of theiinteraction between the ‘frontal lobe side’ and ‘presence/absence of ischaemia’ factors.

The graphs show. the averages (umol/g) and 95% CI

B obenx' mojsix mpoucxommio oO0emTHEHWEe CYyMMAapHOTO Iyja
AK (3aMCHUMBIX 1 HE3aMEHUMBIX), ITPU 3TOM ITyJI KETOTEHHBIX
AK ocraBaicssHEM3MeHEHHBIM (Tab1. 1). B 1ie1oM u3MeHeHust
MHTEIPabHBIX TIOKa3aTelel B Kope 00eux aoJei coBnaaiu,
pa3AMIMs Kacaauch TOJIbKO MyaoB apoMatdeckux AK: B TTJI]]
cootHomeHne AK ¢ pa3BeTBICHHOH YIICBOTOPOIHOM LIETIBIO 1
apoMaTnyeckux AK He yBe1MuMBanoch.

Hapymenns nmyna AK 3aTpoHynn M ypOBHM HEHPOAKTUBHBIX
AK: B 00erx 10J151X CHUKAIaCh KOHLIEHTPALIMS BO30YXAAIOIIUX
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(acmaprar, rIyTamMar) ¥ TOPMO3HBIX (TaypuH, TJUIMH) HEHPo-
TpaHcMUTTEPHBIX AK, 0IHAaKO MX COOTHOILIEHUE HE M3MEHSI-
Jioch (Taom. 1).

AHanu3 B3aUMONEHCTBUS JBYX (haKTOPOB (CTOPOHA OOIBLIMX
TONYLIIAPUIA M HATMYXE/OTCYTCTBIE UIIEMUW) CBUICTEbCTBY-
€T O pa3NUyMU BIUSIHUSI CyOTOTANbHOW MIIEMUM HA YPOBHU
TUPO3WHA, TpUNTo(aHa ¥ OPHUTHHA B 00EUX JNOJSX. YPOBEHb
TUPO3MHA U TpUMTodaHa u3MeHsIcsa Toabko B JIJII, ypoBeHb
OPHUTHHA MOBBILIAJCS B KOope 00eux aoneit, oqHako B [TJIJ] aTo
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Ta6muma 1. Marerpanbhbie nokazarenu AK-mymna kopst JIJIJI u I1JIJI rooBHOro Mo3ra Kpbic mpH cy0TOTaIbHOI HIIEMHH (MKMOJIb,/T)

Table 1. Integral indicators of the AA pool in the left frontal lobe and the right frontal lobe cortices of rats with subtotal ischaemia (umol/g)

JINA / Left frontal lobe

Mokasatens / Indicator
KOHTpOnb / control

Apomatuyeckue AK / Aromatic AA 491+30,5
AK ¢ Pa3BeTBJ'IeHHOI7I yrneso,uopo,quVl Lenbto / 821+56.9
AA with a branched hydrocarbon chain ’
3ameHumble AK / Non-essential AA 52 800+1560
He3samenumble AK / Essential AA 3900+92,9
MmukoreHHble AK / Glycogenic AA 55500+£1630
KetoreHHble AK / Ketogenic AA 799+29,8
HeipoTtpaHcmutTepHble AK /

Neu?otrgnsmitter ApA 62 500+1820
Bosobyxpatowme AK / Excitatory AA 34 300+1590
Topmo3sHble AK / Inhibitory AA 28 200+2360
CooTHoweHue AK ¢ pa3BeTBNEHHOI

yrngsonopo,qgoﬁ Lienbio 1 apomartuyeckux AK / 17140136
Ratio of AA with a branched hydrocarbon ’ ’
chain and aromatic AA

3ameHuMble/He3ameHuMble AK /

Non-essential/essential AA 13,620,342
[MuKoreHHble/KeToreHHble AK /

Glycogenic/ketogenic AA (i
Bos6yxpatoLume/Topmo3Hble AK /

Excit:tory/inhibitorypAA 1,28+0,139
CymmapHbin nyn AK / Total AA pool 83 600+2320

Mpumeyanue. *p<0,05 N0 OTHOLIEHNIO K COOTBETCTBYIOLLEMY KOHTPOSHO.
Note. *p<0.05 relative to the corresponding control.

MOBBILIEHKE ObLIO CTATUCTUYECKU 3HAYMMO Bhillle, yeM B JIJIJI
(puc. 3). YpoBHU (eHuNTaNaHWHA, TaypuHA, CEpUHA, TPEOHU-
Ha ¥ IJlyTamara CHIKaJIUCh OMHOHAMPABICHHO B 00enX JOMSIX
MO3ra.

JInsi HaxoxneHus HamOojee MHGMOPMATMBHBIX IOKasaTesei
TPagWIIMOHHO MUCIIOIB3YIOTCS MOIIATOBBIC IPOIemyphl. OMHAKO
TaKoH MOJXOM 3aYacTyIo 3aBUCUT OT BHIOOpA HAUabHBIX YCII0-
BUI MOKCKA, YTO MOXET MPUBOIUTHK-HEOMHO3HAYHBIM PE3YJIb-
taTaM. [loaTomy [is1 peleHust 3Toi 3afiauy HaMu Oblia puMe-
HeHa mpolieaypa Boruta u3 makera ¢TaTUCTUYECKUX TPOrPaMM
R, anroput™ KOTOpO# HE 3aBUCUT OT HAYATbHBIX YCIOBUIA.
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MnJa / Right frontal
KoHTponb / control mu& ischaemia

nwemus / ischaemia

342+15,2* 488+37,6 415£30,7
839+43,6 814£69,2 853541
45500+1130* 54 200+1340 44600£1170*
3250+214* 4010+110 3570+164*
47600+1120* 56 900+1330 46 900+1210*
915£65,1 842+38,2 952+93,4
50 100+£1750* 62 000+2590 48 200+1070*
27 700+978* 35900+£1470 27 200+£1100*
22 400+1020* 26 100+1870 210001080~
2,48+0,177* 1,730,177 2,110,205
14,3+1,12 13,6+0,522 12,6+0,401*
93,344,96* 68,3+2,99 50,6+3,58*
1,24£0,0493 1,4120,0965 1,310,101
70 100+1550* 83 000£2590 68 3001430~

Pesynbratel npumMeHenust mpoueaypsl Boruta (puc. 4) nokasa-
JIM, 4TO HauboJiee 3HAUMMBIMU MTOKA3aTeJISIMU, XapaKTepU3yIo-
My u3meHeHus AK-gonna xopsr JIJIJL npu cyOToTanbHOi
WIIEMHH TOJIOBHOTO MO3Ta, SIBJISIUCH TPEOHMH, TTyTaMar, op-
HUTHUH, TUPO3UH, 0AAA u TaypuH. B I1JIJ] Haubonee 3Haum-
MbIMU OBUTH TPEOHUH, aclaparu, riayTaMar, CepuH, OpPHUTHUH,
[-anaHuH, (heHUIATAHUH U TaypUH.

Pazputne acummerpum myna cBobomHbeix AK xopsl 7100-
HOM 0JiM GOJNbIIMX MOJYIIAPUI TOATBEPXAAETCS METOIOM
MHOTOMEpPHOTO aHanu3a. JIMHEHHBIH AMCKPUMUHAHTHBIHA
aHaJIM3 TO0KAa3aJl YBEJWYEHUE Ha TUIOCKOCTHU JBYX IJIaBHBIX
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Puc. 4. Pe3yasraTbl npuMeHeHns aaroputva Boruta mo oT0opy HanGoiee 3HAYMMBIX MOKa3aTeeii

Fig. 4. Results of Boruta algorithm application to select the most significant indicators
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KOMIIOHEHT paccTossHust Mexay oonactsimu T v JIJI xxu-
BOTHBIX ¢ uiremueil (D? MaxanaHoOuca = 8,8) mo cpaBHe-
HUIO C TAKOBBIM /11 KOHTPOIbHOM rpymmbl (D? MaxanaHo-
ouca = 2,3; puc. 5). Haubobiuunit OoTHOCUTENbHBIA BKJIal B
3HaYeHME |-TO KOPHS IMCKPUMMHAHTHOM (PYHKIIUU BHOCH-
JI TJyTaMaT, TPEOHUH U TpunTodaH, B 3HaUeHUE 2-TO KOp-
HS — TPEOHUH U TaypuH (pUC. 5). AHATN3 BHYTPUTPYIIITOBBIX
KO3 (PUIMEHTOB KOPEJISIUN TePEeMEHHBIX U CTaHIAPTH~
3MPOBAaHHBIX KAHOHWYECKUX AUCKPUMWHAHTHBIX (DYHKIUH
MoKa3aJ, 4To 1-if KOPeHb TECHO CBSI3aH C YPOBHEM TJIyTa-
MaTa, a 2-ii — THpo3uHa (puc. 5). MoXHO MPeanoaoXuTh
MHTEPIIPETALINIO KOPHEN KaK «00miee» (T.e. He 3aBUEAIIEE OT
CTOPOHBI JIOOHOM 10K — 1-# KOpeHb) U «creuuuuecKoe»
(2-i KopeHb) neiicTBIE ULIEMUU, TOCKOIBbKY UMEHHO, C/IBY -
roM rpynmsl «JIJI/I niemMusi» BIOAb 2-T0 KOPHSE 00yCIOBIEHA
acummeTpust AK-11ysia KOpbl TOIOBHOTO MO3Ta MTPK. MIIIEMUH.
IMockonbky Ha fomio 1-ro xopHs mpuxoautcs Ooaee 83%
obuieit aucnepcuu (4T0 3HAYMTENBHO MPEBBIIACT COOTBET-
CTBYIOIWIA TOKa3aTesb Juist 2-To KopHA — 14,3%), «acuM-
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CrangapTusupoBanHble K03(uuueHTsl KAHOHHYECKHX TUCKPHMHUHAHT-
HbIX (YHKIWMi

Standardized coefficients of canonical discriminant functions

Kopenb 2 / Root 2 Kopewb 3 / Rool 3

Kopenb 1 / Root 1

Glu 0,632 -0,545 -0,520
Thr 0,706 0,722 0,151
Tau 0,604 -0,636 0,199
Tyr -0,150 1,217 -0,048
Trp 0,839 -0,408 0,792
®dakTopHas CTPYKTYpa
Factor structure
Kopenb 1 / Roai 1 ‘penb nootvz Kopenb 3 / Root 3
Thr 0,454* 0,365 -0,326
Tau 0,406* -0,301 0,023
Tyr 0,232 0,438* 0,156
Trp 0,167 0,012 0,843*
Glu 0,520 -0,032 -0,740*

MmeTpust» AK-pmcOanaHca He3HayuTeJIbHa MO CPAaBHEHMIO
C €TO/BBIPAKEHHOCTHIO.

Takum 00pa3oM, cyOTOTalbHasl UILEMUSI TOJTOBHOIO MO3ra Co-
TIPOBOXIACTCS BBIpaXKeHHBIM aucOanmancoM AK-myma Kopsr
0oBIIMX ToayIapyii. MMeroruecs pa3inuus B XapakTepe 13-
MeneHuit ypoBHst AK B JUII v TTJI/I Gobliumx mosyiiapuii cBu-
JETeNbCTBYIOT O MEXKITONYIIapHOi acumMeTpun AK-micoananca
TIPY MIIIEMUY TOJIOBHOTO Mo3ra. [ToTydeHHBIe pe3yIbTaThl HOCST
MpeABAPUTENBHBIN XapaKTep HEe TONBKO M3-3a OIPaHMICHHOTO
KOJIMYECTBA XUBOTHBIX, HO M TIOTOMY, YTO Ha OCHOBE JaHHOTO
MaTepraja TPYIHO BEIIBUHYTH IIEIOCTHYIO THIIOTE3Y O pa3Indu-
sx mysa AK B mpaBoM 1 JIEBOM TOJTYILIAPKY TTOCIE CYOTOTaTbHOM
nmeMnd. B nmanpHeimeM TpearonaraeTcsl MPOBECTH aHAJN3
BO3MOXHBIX TIPMIUH (GopmupoBaHus acummerpun AK B momy-
HIApKsIX, BRI3BaHHOI HapyIIeHHeM KPOBOCHAOKEHHMS MO3Ta.

Asmopul 3as61:310m 06 omcymemeuu KoHgaukma unmepecos.
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