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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 6th 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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Післяінсультна спастичність є одним з найчастіших станів, з якими стикаються пацієнти у від-
новному періоді інсульту. Вона може спричиняти больові відчуття та значно впливати на життя таких 
пацієнтів. Причини виникнення цього феномена не є повністю зрозумілими.

Була досліджена концентрація збудливих та гальмівних нейроамінокислот у плазмі крові у пер-
ші 72 години 45-ти пацієнтів із первинним ішемічним церебральним інсультом залежно від наявності 
у них післяінсультної спастичності на шостому місяці після ішемічної події. Контрольну групу стано-
вили 11 пацієнтів з діагностованою хронічною церебральною ішемією.
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В результаті проведеного дослідження ми виявили, що спільною ознакою для двох груп хворих 
(тих, у кого виявлялась спастичність на 6-ому місяці, та пацієнтів без неї), порівняно з контролем, 
було вірогідне підвищення рівня збудливих нейроамінокислот. У пацієнтів без спастичності підвище-
ний рівень збудливих нейромедіаторів у найгострішому періоді ішемічного мозкового інсульту супро-
воджувався підвищеним рівнем гальмівних нейроамінокислот. Відмінною ознакою для хворих із після-
інсультною спастичністю було зниження або незмінний рівень нейромедіаторів гальмівної дії.

Таким чином, отримані результати дозволяють припустити наявність недостатньої акти-
вації системи гальмівних нейроамінокислот у певної категорії пацієнтів, які в майбутньому схильні 
до розвитку спастики після перенесеного інсульту. Це дослідження потребує подальшого вивчення та 
виявлення можливих метаболічних чи нейробіохімічних причин такої різниці, яка спостерігалась між 
двома групами пацієнтів. Окрім того, результати дослідження можуть бути використані для роз-
роблення прогностичної моделі розвитку післяінсультної спастичності після перенесеного первиноого 
церебрального ішемічного інсульту. 
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Послеинсультная спастичность является одним с самых частых состояний, с которыми сталкива-
ются пациенты в восстановительном периоде инсульта. Она может вызывать боль и значительно влиять 
на жизнь таких пациентов. Причины возникновения этого феномена остаются понятными не до конца.

Было проведено исследование концентрации в плазме крови нейроаминокислот возбуждающего и тор-
мозящего действия у 45 пациентов на протяжении первых 72 часов первичного ишемического церебрального 
инсульта в зависимости от наличия послеинсультной спастичности на шестом месяце после ишемического 
события. Контрольной группой были 11 пациентов с диагностированной хронической церебральной ишемией.

В результате проведенного исследования мы обнаружили, что общей чертой для двух групп больных 
(тех, у которых выявлялась спастичность на 6-ом месяце и тех, у кого ее не было), в сравнении с контрольной 
группой, было статистически значительное повышение уровня возбуждающих нейроаминокислот. У паци-
ентов без спастичности повышенный уровень возбуждающих нейромедиаторов сопровождался повышен-
ным уровнем тормозящих нейроаминокислот. Отличительным признаком больных с послеинсультной 
спастичностю было понижение или неизменный уровень нейромедиаторов тормозящего действия.

Таким образом, полученные результаты позволяют сделать предположение о недостаточной ак-
тивации системы тормозящих нейроаминокислот у определенной категории пациентов, которые в буду-
щем склонны к развитию спастичности после перенесенного инсульта. Проведенное исследование нуж-
дается в дальнейшем изучении и выявлении возможных метаболических или нейробиохимических причин 
такого выявленного различия, которое наблюдается между двумя группами пациентом. Кроме того, ре-
зультаты исследования могут быть использованные для разработки прогностической модели развития 
послеинсультной спастичности после перенесенного первичного церебрального ишемического инсульта.
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During the last several years excitatory 
amino acids appear to be the subject of a great 

interest in neuroscience as a substance that play 
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 6th 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 6th 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, 1st and 
2nd 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 6th 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 6th 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 6th 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]
P0<0.01

240.8 [205.0; 285.1]
P0<0.01
P1<0.01

Glutamine, mcM/L 487.9 [430.3; 510.8] 505.3 [480.1; 520.4]
P0>0.05

1087.9 [950.1; 1309.8]
P0<0.01
P1<0.01

Aspartate, mcM/L 153.2 [143.1; 168.2] 215.7 [197.5; 235.1]
P0<0.01

321.2 [287.5; 342.7]
P0<0.01
P1<0.01

Asparagine, mcM/L 53.6 [49.6; 57.9] 66.8 [58.3; 75.6]
P0<0.05

56.6 [54.5; 58.7]
P0>0.05
P1<0.01

Tyrosine, mcM/L 54.7 [50.1; 59.9] 49.6 [41.2; 52.4]
P0<0.01

46.7 [40.3; 50.8]
P0<0.01
P1>0.05

GABA, mcM/L 2.8 [2.5; 3.4] 10.0 [8.7; 11.7]
P0<0.01

3.4 [2.6; 4.1]
P0>0.05
P1<0.01

Glycine, mcM/L 185.0 [178.3; 189.9] 277.8 [245.7; 301.7]
P0<0.05

70.1 [55.8; 81.1]
P0<0.01
P1<0.01

Taurine, mcM/L 27.9 [24.7; 30.3] 17.0 [16.2; 18.7]
P0<0.05

13.6 [12.1; 15.6]
P0<0.05
P1<0.05

Glutamate / GABA 30.0 [21.9; 34.1] 17.1 [14.7; 19.9]
P0<0.01

74.5 [55.7; 102.7]
P0<0.01
P1<0.01

Note: P0 — reliability of the difference comparing to the control group; P1 — reliability of the difference comparing 
to group of the patients without post-stroke spasticity

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 6th 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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