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COMPARISON OF EXCITATORY AND INHIBITORY AMINO ACIDS PLASMA SPECTRUM
IN PATIENTS WITH PRIMARY CEREBRAL ISCHEMIC STROKE
DEPENDING ON THE POSTAPOPLECTIC SPASTICITY DEVELOPMENT
IN THE RECOVERY PERIOD

A. V. Payenok!, M. S. Bilobryn?, N. V. Kuzmina?, I. M. Mitelman*
m.iryna.bh@gmail.com

! Danylo Halytsky Lviv National Medical University,
69 Pekarska str., Lviv 79010, Ukraine

2 Institute of Animal Biology NAAS,

38 V. Stus St., Lviv 79034, Ukraine

Post-stroke spasticity is one of the most common post-stroke conditions that survivors face during their
recovery. Spasticity can be painful and significantly impact a survivor’s life. The reasons of its phenomenon
are not completely understood.

We investigated plasma concentrations of the excitatory and inhibitory neuro amino acid’s during first
72 hours of the first-ever ischemic cerebral stroke survivors (45 patients) depending on the development of
post-stroke spasticity in those patients on the 6" month after stroke onset. Plasma level of the same neuro amino
acids in people with chronic cerebral ischemia served as a control.

We have found that the joint characteristic for both groups of stroke survivors (those who developed spastic-
ity and those who did not) was significantly increased level of excitatory neuro amino acids compared to control. In
the group of patients without post-stroke spasticity an elevated excitatory neuro amino acid level was accompanied
by an increased concentration of inhibitory neuromediators. But there was a distinguishing feature for stroke survi-
vors with spastic limbs which was characterized by decreased or unchanged levels of inhibitory neuro amino acids.

Thus, such result suggests that an insufficiency of inhibitory neuro amino acid system activation is some
acute ischemic stroke patients who are subsequently prone to an emergence of post-stroke spasticity. This study
needs further investigations in order to determine the metabolic or neuro-biochemical reasons of the observed
difference between two groups of patients. Besides, we can use obtained results for creating the post-stroke
spasticity predictive model for ischemic cerebral stroke survivors.
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TICITY, EXCITATOTY AND INHIBITORY NEURO AMINO ACIDS

MOPIBHAAHHS PIBHS 35YAJIMBUX TA TAJIBMIBHUX HEUPOAMIHOKHUCJIOT
Y IUVIA3MI KPOBI XBOPHUX 3 IIEPBUHHUM HNEPEBPAJIBHUM IINEMIYHUM IHCYJIbTOM
B HAUT'OCTPIIIOMY MEPIOJI 3AJIEXKHO BIJ HAABHOCTI
HICJIATHCYJBbTHOI CHACTUYHOCTI HA IIOCTOMY MICAII MICASA IHCYABTY
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Hicnsincynomua cnacmuyHicms € 00HUM 3 HAUYACMIWUX CIMAHIB, 3 AKUMU CIMUKAIOMbCSL NAYIEHMU Y i0-
HOBHOMY nepiodi incyavmy. Bona mooice cnpuuunamu 6016061 iouymms ma 3HAUHO GNIUSAMU HA JCUMNISL MAKUX
nayienmis. Ilpuuunu UHUKHEHHS Yb020 (heHOMEHA He € NOBHICMIO 3PO3YMITUMU.

byna oocridocena konyenmpayis 36y01usux ma 2aibMi6HUX HEUPOAMIHOKUCIOM Y NAA3MI KPOSI Y nep-
wi 72 200unu 45-mu nayicHmis i3 nepeUHHUM [UEMIYHUM YePeOPATbHUM THCYIbIMOM 3ANEeHCHO 8I0 HASABHOCHI
V HUX RICTATHCYTIbMHOL CRACTIUYHOCTE HA WOCMOMY Micayi nicis iuemiunoi nodii. Konmponwvry epyny cmauo-
sunu 11 nayicumis 3 0iazHOCMOBAHOI0 XPOHIYHOIO YePeOPATbHOIO IUEMICEIO.
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B pezynomami npogedenozo dociddcenns mu uUAGUIY, WO CRITBHOIO O3HAKOIO 051 080X 2PV X8OPUX
(mux, y K020 6UAGIANACL CRACMUYHICMb HA 6-OMY Micsyi, ma nayienmie Oe3 Hei), NOPIGHIAHO 3 KOHMPOLEM,
0y10 ipocione NidsUWeHHsl PieHs 30Y0IUsUx Hetpoaminokuciom. Y nayienmie 6e3 cnacmuunocmi niosuuye-
HULl pigeHb 30Y0IUBUX HeUpoMediamopie y Haueocmpiuomy nepiodi ieMiuH020 MO3K08020 IHCYIbIY CYRpO-
800ICY8ABCSL NIOBUULCHUM PIBHEM 2AIbMIGHUX HEUPOAMIHOKUCIOM. BIOMIHHOIO 03HAKOW 051 XBOPUX i3 NIC/s-
IHCYIBMHOI CRACMUYHICTIIO OY10 3HUNCEHHS 400 He3MIHHUL PIBEHb HelPOMediamopis eaibMieHOI Oii.

Taxum yurom, ompumani pe3yromamu 00380JAI0Mb NPUNYCTHUMU HAABHICMb HEOOCMAMHbOI aKmiu-
sayii cucmemu 2anbMiGHUX HEUPOAMIHOKUCIOM Y NeGHOI Kame2opii nayieHmie, siKi 6 MauOYmHboMy CXUTbHI
00 PO36UMKY CRACIMUKU NICISL nepeneceno2o incyaomy. Lle docnidicenns nompedye nooanpuio2o 6us4eHHs ma
BUSLBICHHSL MONCTIUBUX MEMADONTUHUX YU HeUPOOIOXIMIYHUX NPUYUH MAKOL PI3HUYIL, SIKA CROCMEPI2aNacCt MidiC
0e6oma epynamu nayienmis. OKpim mozo, pe3yibmamu 00CAIOHCEHHSI MONCYMb OYMU BUKOPUCAHT 011 PO3-
pOOReHHs NPOSHOCTNIUYHOT MO0 PO3GUMKY RICAATHCYIbIMHOL CHACTIUYHOCTI NICTIS NEPEHeCeH020 NePEUHO020
YepedPAIbHO20 IUEMIYHO20 THCYIbIY.

Kmouoi ciopa: [IEPBUHHUI 1IEPESPAJIBHUI IIIEMIYHWI THCYJIBT, ICJISIH-
CYJIbTHA CITACTUYHICTb, 3BY/JIUBI TA TAJIbMIBHI HEMPOAMIHOKUCJIOTU

CPABHEHHUE YPOBHSI BO3BY KIAIOIINX Y TOPMO3SIINX HEUPOAMUHOKHUCJIOT
B IIIABME KPOBHU BOJIBHBIX B OCTPEMIIEM IMEPHOAE IEPBUYHOTI'O
NIIEMHAWYECKOI'O MO3IOoBOTI'O HHCVJIBTA B 3ABUCUMOCTHU OT BbISABJIEHUA
MOCJIEMHY CJIBTHON CHACTUYHOCTH HA IIIECTOM MECSIIE ITOCJIE HHCYJIBTA
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THocneuncynemunas cnacmuiuHOCMb A6718emCcsi OOHUM C CAMBIX YACMbIX COCMOSHULL, ¢ KOMOPbIMU CIAIKUBA-
HOmMCsa nayueHmol 8 60CCMAaHoBUmMebHoM nepuode uHcyibma. OHa modxcem 8bi3bl8amb OOb U SHAUUMETLHO GNIUAMb
Ha J#CU3Hb MAKUX nayueHmos. 1IpuyuHbl B03HUKHOBEHUSL 31020 (heHOMeHA OCMArOMCs NOHAMHbIMU He 00 KOHYA.
bbino nposedero uccredosanue koHyeHmpayuu 8 niazvie Kpogi HelpoaMUHOKUCTION 8030yHcOaroue2o 1 mop-
Mossye20 Oelicmaus y 45 nayueHmos Ha NPOMANCEHUL NePabIX 72 4aco8 NePBUYHO20 ULUeMUYECKO20 YepeOpaIbHO20
UHCYIING 8 3A8UCUMOCTNU OM HAIUYUS NOCTEUHCYTIbIMHOU CHACMUYHOCTIU HA WeCOoM Mecsaye Noce UeMUYecKo20
cobvimust. Konmponvrotl epynnoti ool 11 nayuenmos ¢ OuaeHoCmMuposaHHOU XpOHUYECKOU YepeOpalbHOU utiuemuell.
B pezynmvmame npogedenoco ucciedo8anus Ml OOHAPYHCUTU, YO 0dujell 4epmotil Ot 08YX 2pYHI OONbHBIX
(mex, y KOmopbIX 8bIAGNANACH CHACMUYHOCHb HA 6-0M Mecsye U mex, Y Ko2o ee He ObLl0), 8 CPABHEHUU C KOHMPOIbHOU
2pynnoti, ObLI0 CIMAMUCIMUYECKU 3HAUUMEIbHOE NOBbLULEHUE YDOBHS 8030YHCOAOWUX HEUPOAMUHOKUCIOM. Y nayu-
€HmMOo8 be3 CnacmuyHOCMU NOBbIUEHHBLIL YPOBEHb 8030YHCOAIOUUX HEUPOMEOUAMOPO8 CONPOBOHCOALCS NOBbIUIEH-
HBIM YPOBHEM MOPMO3AUUX HeUupoamurHokuciom. OmauyumenbHulM BPUSHAKOM OOJIbHBIX ¢ NOCIEUHCYIbINHOL
CRACMUYHOCMIO OBLIO NOHUNCEHUE UNU HEUSMEHHbIL YPOBEHb HEPOMeOUamopos mopmo3auie2o 0elcmeaus.
Taxum obpaszom, nonyyenHsie pe3yibmamsl HO360IAI0M COeNamb NPeOnoLodiCeHUe 0 HeOOCMAMOYHOU aK-
MUBaYUU CUCIeMbl MOPMO3AUUX HEUPOAMUHOKUCIOM ) ONPe0eleHHOl Kame2opuu Nayuermos, Komopule 8 6y0y-
ujem CKJIOHHbL K pa3gumuro CRACMUYHOCIU NOCTle nepeHeceHH020 uncyibma. Ilpoeedennoe ucciedosanue Hyxic-
oaemcs 8 OdIbHelueM U3YUeHUU U BbIAGTEHUU BO0IMONCHBIX MemMadOIULeCKUX Wil HetpoOUOXUMUYECKUX NPUYUH
MAKO20 BbIABLEHHO20 PAZIUYUA, KOMOPOoe HAO0Oaemcs mexcoy 0eyms spynnamu nayuenmom. Kpome moeo, pe-
3YILMAMbL UCCLE008AHU MO2YM DbIMb UCNONL308AHHbLE 018 PA3PAOOMKU NPOSHOCMUYECKOU MOOENU PA38UMUs
NOCNeUHCYIbMHOU CHACMUYHOCTU NOCLE NePEHECEHHO20 NEPBUYHO20 YePedPaTbHO20 UUEMUYECKO20 UHCYIbIMA.

Kmouesbie ciioBa: [IEPBUUHBIN LIEPEBPAJIBHBIN MLITEMWYECK I MHCYJIBT, [IOCJIENH-
CYJIBTHASI CITACTUYHOCTD, BO3BY K IAIOLLIME 1 TOPMOSSILIME HEMPOAMUHOKUCJIOTBI

During the last several years excitatory interest in neuroscience as a substance that play
amino acids appear to be the subject of a great role in acute and deferred neuronal damage [1].
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We have discovered scarcity of information about
plasma levels of neuro amino acids in patients
with acute ischemic stroke, and these data are
very controversial [7]. Some scientists showed
decreased plasma level of glutamate which they
elucidate by compensatory increase of GABA
(gamma-amino butyric acid) and accompanying
inceased level of aspartate [2]. Other authors have
claimed about increased concentrations of glu-
tamic acid and decreased levels of glycine and
proline in acute stroke patients [3-5]. Some other
research has revealed permanent decreased plasma
levels of glutamic acid and glycine in acute store
survivors [6]. Butter Th. et al. [6] discovered
an increased plasma level of glutamate during
the first 24 hours of acute ischemic stroke with
subsequent gradual decrease.

Considering divergence of previously
presented data regarding the levels of excitatory
and inhibitory neuro amino acids in acute stroke
survivors and absence the information about its
concentration in patients according to develop-
ment the spasticity subsequently, we found the
aim of our study: to determine and to compare
the plasma levels of neuro amino acids in stroke
survivors during first 72 hours depending the ex-
istence of post-stroke spasticity on the 6 month
after cerebral ischemic stroke.

The methods

We examined 45 patients (21 women and
25 men) during 72 hours after the first-ever isch-
emic stroke and 11 patients (6 women and 5 men)
with chronic cerebral ischemia who served as
a control group. Mean age for patients was
60.13£0.92 years (60.62+1.38 years for men
and 59.58+1.21 years for women). Mean age
of people from control group was 60.23+1.82
years. Diagnosis of acute ischemic stroke was con-
firmed using Computed Tomography. All patients
were examined on the 6™ month after stroke
using Modified Ashworth Scale (MAS) to deter-
mine whether or not they had developed spasticity,
MAS>1 was considered as a spastic muscle tone.
We found increased muscle tone in 24 patients
(53 %), 17 of them had spastic hemiparesis and
7 — focal spasticity only in the hand. We drew
5 ml of blood from patients who have been ad-

mitted to the Lviv City Emergency Hospital, 1 and
2" neurological departments, during first 72 hours
after stroke onset. Plasma levels of excitatory
(glutamate, aspartate, gtutamic acid, aspartic acid,
tyrosine) and inhibitory (GABA, glycine, taurine)
neuro amino acids were determined at the Insti-
tute of Animal Biology, Department of molecu-
lar biology and clinical biochemistry (Lviv) by
automatic aminoacid analyzer LC 6001 Biotronic
(Germany).

The data are presented as median, upper
and lower quartiles Me [UQ; LQ]. Nonparamet-
ric Mann-Whitney U test was used to define sig-
nificant differences between the groups. P<0.05
was determined as a considerable level. We used
Statistica 10.0 software for all analyses.

The results

After comparison of plasma levels of
neuro amino acids we detected common feature
for both groups (patients with spasticity and with-
out it) was significantly increase in glutamate
(P<0.01) and aspartate (P<0.01) concentrations
in relation to the control group. Furthermore, in
acute period of stroke, patients who suffered from
spasticity on the 6" month, in comparison with
those who did not, had higher levels of previously
mentioned aminoacids: glutamate concentration
exceed 32 % and aspartate — 33 %. Conjoint
characteristic for both groups also was signifi-
cant decrease in tyrosine’s level (P<0.01) in rela-
tion to control group. Distinquinshing feature of
patients from the group with post-stroke spas-
ticity was much higher level of glutamine and
unlike patients with normal muscle tone it was
significantly different from the control group
(P<0.01). An interesting distinction was found
in a group of patients without spasticity who had
higher plasma concentration of asparagine that
was significantly different from the control group
(P<0.05).

It should be noted that in the acute phase
of the first-ever ischemic stroke between patients
who suffered from spasticity on the 6" month and
those who did not was divergence also between
inhibitory amino acid levels. Hence, GABA con-
centration in plasma of patients without post-
stroke spasticity was 2.9 times higher comparing to
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Table 1

Plasma concentrations of neuro amino acids during the first 72 hours of acute stroke
depending on the existence of post-stroke spasticity on the 6" month

Indicator

Group of patients

Control

Without post-stroke spasticity

With post-stroke spasticity

Glutamate, mcM/L

82.1[75.5; 87.7]

173.3[144.3; 210.0]

240.8 [205.0; 285.1]

P,<0.01 P,<0.01
P,<0.01
Glutamine, mcM/L 487.9 [430.3; 510.8] 505.3 [480.1; 520.4] 1087.9 [950.1; 1309.8]
P,>0.05 P,<0.01
P.<0.01
Aspartate, mcM/L 153.2 [143.1; 168.2] 215.7 [197.5; 235.1] 321.2 [287.5; 342.7]
P,<0.01 P,<0.01
P,<0.01
Asparagine, mcM/L 53.6 [49.6; 57.9] 66.8 [58.3; 75.6] 56.6 [54.5; 58.7]
P,<0.05 P,>0.05
P,<0.01
Tyrosine, mcM/L 54.7 [50.1; 59.9] 49.6 [41.2; 52.4] 46.7 [40.3; 50.8]
P,<0.01 P,<0.01
P,>0.05
GABA, mcM/L 2.8[2.5;3.4] 10.0 [8.7; 11.7] 3.4[2.6;4.1]
P,<0.01 P,>0.05
P.<0.01
Glycine, mcM/L 185.0 [178.3; 189.9] 277.8 [245.7; 301.7] 70.1[55.8; 81.1]
P,<0.05 P,<0.01
P.<0.01
Taurine, mcM/L 27.9 [24.7; 30.3] 17.0[16.2; 18.7] 13.6 [12.1; 15.6]
P,<0.05 P,<0.05
P.<0.05
Glutamate / GABA 30.0 [21.9; 34.1] 17.1[14.7; 19.9] 74.5 [55.7; 102.7]
P,<0.01 P,<0.01
P,<0.01

Note: P,— reliability of the difference comparing to the control group; P, — reliability of the difference comparing
to group of the patients without post-stroke spasticity
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Fig.1 GABA-shunt
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the control group (P<0.01), while in the group
without spasticity it exceeded control’s group
level only in 1.3 times, which had no statisti-
cal significance (P>0.05). An interesting finding
was difference in glycine concentration between
groups. So, glycine level was observed to be 49 %
higher in group with spasticity comparing to the
control group (P>0.05), but in patients without
spasticity it’s concentration decreased and was
significantly lower comparing to the control group
(P<0.01). During the first 72 hours of acute isch-
emia stroke taurine’s concentration was observed
to be significantly lower comparing to the control
level in both groups of patients (P<0.05).

Thus, analysis of the obtained data showed
activation of the excitatory amino acid system
in both groups of patients (those who have de-
veloped a post-stroke spasticity untill the 6™ month
after stroke onset and those who have not) and ac-
companying decrease in inhibitory amino acid’s
sytem in group of patients who have got spastic
increase of the muscle tone. In patients who did
not show increased muscle tone we observed an
increase in both inhibitory aminoacid’s levels in
response to an excessive amount of excitatory
neuro amino acids. Taking into consideration
our findings and biochemical features of GABA-
shunt (Fig. 1) [8] we can presume the existence of
some compensatory mechanisms of biotransfor-
mation of excess glutamate into GABA in some
group of patients and somehow this mechanism
protects them from post-stroke spasticity. Thus,
if we calculate the ratio glutamate/GABA we have
got 30.0 [21.9; 34.1] in control group, and 74.5
[55.7; 102.7], 17.1 [14.7; 19.9] in group of pa-
tients with spasticity and without, respectively.

Conclusions

The found insufficiency of inhibitory
amino acid system in acute phase of ischemic

stroke in some group of patients, who are prone
to post-stroke spasticity subsequently, can be used
for screening such patients for their early reha-
bilitation. This study needs more attention in order
to find possibility for pharmaceutical correction
of the poor inhibitory amino acid pool.
Perspectives for further research. Fur-
ther investigations need to be done in order to
determine the metabolic or neuro-biochemical
reasons of the observed difference between two
groups of patients. Besides, we can use study re-
sults for creating the post-stroke spasticity predic-
tive model for ischemic cerebral stroke survivors.
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