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An insufficient perfusion of the brain tissue can cause a decrease in cognitive functions, and long-term ischemia also leads
to emotional and motor disorders. At the same time, check-up of the state of the cerebral blood flow is an important aspect
of monitoring the progression of many pathological conditions. The amino acid glycine has been widely used in neurological
practice for over 30 years, which helps improve hemodynamic characteristics and metabolic processes in the brain tissue.
The aim of the work was to analyze the effect of a sublingual administration of glycine on the cerebral blood flow velocity in
practically healthy subjects using transcranial Doppler (TCD) sonography.

Material and methods. The pilot randomized controlled study included 20 healthy subjects aged 25 to 65 years, equally
divided into 2 groups, one of which took glycine sublingually at a dose of 300 mg/day for 30 days, and the second group was
a control group and did not receive the drug. In the first group, a load testing was carried out with 1000 mg of glycine, and in
the control group — with 1000 mg of placebo. All the subjects underwent an assessment of the blood flow in the extracranial
and intracranial vessels using standard protocols of TCD.

Results. In Group |, after a month of glycine intake, the peak systolic (by 11.9 cm/s) and average maximum (by 6.3 cm/s)
velocities in the left middle cerebral artery (MCA) increased significantly (p <0.01), while in the right MCA there was an
increase in the peak systolic (by 9.3 cm/s), and diastolic (by 2.8 cm/s) and average maximum (by 5.8 cm/s) velocities. In
turn, in the control group, there was no significant increase in velocity. During the load testing with glycine / placebo,
the relative increase in the peak systolic velocity in the MCA in the main group was 7.6% [1.2; 10.9], in control group
was 1.5% [-3.6; 5.5] (p=0.03).

Conclusion. Glycine intake for 30 days contributes to a reliable improvement in cerebral hemodynamics in healthy individuals,
such as an increase in the linear blood flow velocity in the MCA. At the same time, a single dose of 1000 mg of glycine leads
to an increase in the peak systolic and average maximum intracranial blood flow velocities up to 10%.
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Abbreviations: TCD sonography — transcranial Doppler sonography; PS — peak systolic blood flow rate; ED — end diastolic
blood flow rate; TAMAX — Time Averaged Maximum Velocity; Pl — pulsatility index; Rl — peripheral resistance index;
CCA — common carotid artery; ECA — external carotid artery; ICA — internal carotid artery; VA — vertebral artery; MCA —
middle cerebral artery; ACA — anterior cerebral artery; PCA — posterior cerebral artery.
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HepoctatouHocTb nepdysnm MO3roBOM TKAHM MOMKET BbI3blBaTb CHUMEHME KOTHUTMBHBLIX OYHKLUMA, a AAUTENbHO
COXPaHAIOLLLAACA ULLIEMMWA MPUBOAUT TaKKE K IMOLMOHATBbHbBIM U ABUTaTENbHbIM HapyLLeHUAM. [Ipy1 3TOM KOHTPO/1b COCTOAHMA
LepebpanbHOro KPOBOTOKA ABAAETCA BaXKHbIM aCMEKTOM MOHUTOPMHIA MPOrPecCMpPoOBaHUA MHOMMX MATONOIMYECKUX
COCTOAHWI. B HeBponormyeckoi npaktuke yxe 6onee 30 eT WMPOKO NPUMEHAETCA Takas aMMHOKMCIOTA, KaK FIULMH,
KOTOpas CMocobCTBYET yyYLLIEHNIO FeMOAMHAMUYECKMX XaPaKTEPUCTUK M MeTaboIMUYECKMX NPOLLECCOB B TKAHAX MO3ra.
Lienb. AHanu3 BAUAHUA CYBAMHIBAZIBHOTO NPUEMA IMIMLIMHA HA CKOPOCTHbIE MOKA3aTe/lM MO3rOBOTO KPOBOTOKA Y MPAKTUYECKM
3,0PO0BbIX UCMbITYEMbIX C MOMOLLbIO TPAHCKPaHManbHoM aonnaeporpadun (TKAT).

Martepuan u metogpl. B nMaoTHOE paHAOMM3UPOBAHHOE KOHTPOANPYEMOE UCCAea0BaHWe Bbl10 BKAOUYEHO 20 340p0BbIX
UCMbITyEeMbIX B BO3pacTe oT 25 Ao 65 neT, pa3genéHHbix Ha 2 rpynnbl (n=10 ans Kaxkgon rpynnst). Mpynna | B TedeHune
30 gHelt npuHMMana npenapart MUMUUH cybanHreanbHo B gose 300 mr/cyTku, a rpynna |l 6bina KOHTpPOAbHOM (Mpenapat
He nonyyana). Takxe B NepBoK rpynne HarpysoyHaa npoba nposogunacb ¢ 1000 mMr mMULMHA, @ B KOHTPO/IbHOM rpynne —
¢ 1000 mr nnauebo. Bcem wucnbiTyemMbiM MPOBOAWMIM OLLEHKY MOKa3aTe/fe KPOBOTOKA B 3KCTPAKpPaHMANbHbIX W
MHTPaKpaHManbHbIX cocyaax no AaHHbIM TKAT ¢ ncnonb3oBaHMem CTaHAAPTHbLIX MPOTOKO/IOB.

Pe3synbratbl. B rpynne | yepe3 mecay, npMéma rMuuMHa B IeBON cpeaHeit mosrosoli aptepun (CMA) 3Haummo (p <0,01)
YBE/IMUYUINCD MUKOBas cUcToNnYecKan (Ha 11,9 cm/c) n cpeaHaa makcumanbHas (Ha 6,3 cm/c) ckopocTb, a B npasoit CMA
Habt04aN0Ch yBEAMYEHME MUKOBOM cucTONMYecKon (Ha 9,3 cm/c), KOHEeUYHOM AMacTonnyeckon (Ha 2,8 cm/c) u cpeaHei
MaKcMmanbHoW (Ha 5,8 cm/c) ckopocTeil. B cBOO oyepenb, B KOHTPO/IbHOW rpynmne 3Ha4YMMOro MpuMpocTa CKOPOCTU He
npow3soLwno. Mpu Harpy3ouHow npobe ¢ muumrHom / naauebo OTHOCUTENbHBIN MPUPOCT MUMKOBOM CUCTONMYECKOM CKOPOCTH
8 CMA B ocHoBHOW rpynne coctasun 7,6% [1,2; 10,9], B KoHTponbHOM rpynne — 1,5% [-3,6; 5,5] (p=0,03).

3aknoueHue. MMpuém mumumHa B TeveHue 30 pgHel cnocobCTBOBa/s [OCTOBEPHOMY Y/aydleHWuo LepebpanbHoi
reMoAMHAMMKN Y 340POBbIX /1L, KOTOPOE BbiPaXKasoCb B YBEIMYEHUN IMHEMHON CKOPOCTU KpoBoToKa no CMA. lMpwu aTom
OAHOKpaTHbIN nNpuém 1000 Mr rNLMHA NPUBOAUA K POCTY MUKOBOW CUCTONMYECKON U CPeAHEN MAaKCMMaNbHOM CKOpPOCTEeN
MHTPaKpaHMaabHOro KposoToka A0 10%.

KntoueBble cnoBa: TpaHCKpaHWanbHaa gonnieporpaduns; CKOPOCTb KPOBOTOKA; CPeAHAA MO3roBan apTepua; MULMH
Cnucok cokpaweHuin: TKAT — TpaHcKpaHManbHasa gonnieporpadus; PS — nMKoBaa CUCTONMYECKAA CKOPOCTb KPOBOTOKA; ED —
KOHeYHaa AnacTo/iMyecKasa CKOpOCTb KpoBOTOKa; TAMAX — cpeaHAA N0 BpeMeHU MaKCMMaibHasA CKOPOCTb KpoBOTOKa; OCA —
06Lwan coHHasa apTepus; HCA — Hapy»KHas coHHan apTepusa; BCA — BHYTpeHHAA coHHanA apTepus; NMA — No3BOHOYHasA apTepus;
CMA — cpegHAa mo3rosas aptepusa; NNMA — nepeaHas mo3rosas aptepusa; 3MA — 3aaHAA MO3roBas apTepus.

INTRODUCTION

The brain consumes large amounts of energy
during its functioning. To maintain these high metabolic
demands, a significant volume of blood is required.
A cerebral blood flow, which provides oxygen and
nutrients to the brain tissues, as well as a removal of
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metabolic products, accounts for up to 20% of the
total cardiac output [1]. A blood supply to the brain
is carried out by large arteries located on its surface,
which form an extensive multiply branching network.
Even a slight deterioration of the cerebral blood
leads and a

circulation to cognitive disorders,
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significant impairment is one of the main causes of
mortality [2].

A reduced cerebral perfusion can occur both due to
microangiopathies and in case of lesions of larger caliber
arteries, for example, when the elastic properties of the
vascular wall deteriorate [3]. A significant factor is also
an insufficiently flexible change of the blood supply to
different brain regions in response to the changes in
their energy requirements [4]. In addition, an impaired
effective autoregulation, which ensures the constancy of
the cerebral blood flow even with significant fluctuations
in the systemic pressure, is often observed in patients
with an arterial hypertension and atherosclerosis [5].
This fact dramatically increases the risk of a cognitive
impairment progression [6].

Thus, monitoring a cerebral blood flow is an essential
factor in the study of the progression dynamics of the
cerebral tissue perfusion insufficiency, as well as an
important component of screening in patients with risk
factors without established diagnoses. PET-CT (positron
emission tomography and computed tomography) is
one of the ways of a direct assessment of a cerebral
blood flow, as well as the “gold standard” in the study
of a cerebral vascular reactivity. However, there are
other methods such as near-infrared spectroscopy
(NIR spectroscopy), single-photon emission computed
tomography, functional magnetic resonance imaging
(fMRI), and transcranial Doppler (TCD) sonography [7].
rather reliable,

TCD sonography is a inexpensive,

widespread noninvasive technique for assessing

hemodynamic parameters of intracranial vessels,
in particular, blood flow velocity indices [8, 9]. The
indices calculated on the basis of the obtained values (a
pulsation index and a peripheral resistance index) also
provide an indirect assessment of a perfusion in the
studied vascular basin [10].

In the neurological practice, neurometabolic drugs,
such as ginkgo biloba, choline alphoscerate, glycine,
vinpocetine, and citicoline, are widely used to reduce
the activity of pathological processes in the nervous
tissue arising during ischemia [4, 11]. An important
aspect of therapy is to slow down the progression of a
cognitive decline in various types of cerebral vascular
lesions, since many drugs do not have such a vasodilating
effect, but to a greater extent, affect the components
of the vascular tone regulation, thus improving both
hemodynamic characteristics and metabolic processes
in the brain tissue [6].

Amino acid glycine has long been used to correct
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disorders of the autonomic nervous system, as well as
in the cognitive decline. Its pharmacological properties
are due to its participation in a variety of metabolic
processes and a direct neurotransmitter action [12, 13].
The therapeutic effect of glycine on the clinical course of
an acute ischemic stroke especially when administered
early, has been shown [14]. The administration of
1000 mg of the drug in the first few days contributed
to the regression of a neurologic deficit in 68.9% of
cases, which significantly exceeded the similar indicator
in the placebo group (31.5%) [15]. The addition of
glycine to the basal therapy of newborn infants with
perinatal hypoxic CNS lesions led to the normalization
of neuropsychiatric development rates, as well as an
improvement of the neurological status and behavioral
characteristics [16]. In animal studies, the vasodilating
effect of a glycine solution, expressed as a 50-80%
increase in the diameter of arterioles when directly
applied to the pial membranes, occurred within a few
minutes [17]. It was also experimentally shown that a
sublingual administration of 200 mg of glycine promotes
a 1.5-fold increase in the concentration of glucose in
the nervous tissue compared to the initial data, thus
increasing the efficiency of its functioning [18]. In
addition, the efficacy of a course glycine administration
in dyscirculatory encephalopathy has been proved;
both the improvement of microcirculatory processes,
the improvement of the cognitive component, and
a reduction of anxiety and emotional lability were
observed [19].

However, until recently, no direct effect of the drug
administration on cerebral vessels has been shown.
In this regard, the dilating effect of glycine on human
cerebral vessels has been investigated in this work. To
study this phenomenon, the effect of the sublingual
glycine administration on hemodynamic parameters of
the cerebral blood flow in practically healthy people was
analyzed using TCD sonography.

THE AIM of the work was to analyze the effect of
a sublingual administration of glycine on the cerebral
blood flow velocity in practically healthy subjects using
TCD sonography.

MATERIALS AND METHODS

Study design

This pilot randomized controlled trial included 20
practically healthy subjects aged 25 to 65 years. The
study was conducted between August and November
2022 at the Institute of Cytochemistry and Molecular

Volume XII, Issue 3, 2024
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Pharmacology (Moscow) in accordance with the
Declaration of Helsinki and was approved by the Local
Ethical Committee (Protocol No. 3 dated 04 July 2022).
All participants signed an informed consent for the

participation prior to the inclusion in the study.

Eligibility criteria

The inclusion criteria were: men and women aged
25 to 65 years who had the possibility of the blood flow
visualizing through the left and right middle cerebral
artery (MCA) through the transtemporal window was
confirmed at the entrance ultrasound. The inclusion
criteria were as follows: presence of chronic diseases
of cardiovascular system and any other diseases in
the exacerbation stage; reduction of cerebral blood
flow through the main vessels by more than 20%
of the age norm established at the entrance examination;
previously established hypersensitivity to glycine; taking
glycine and other nootropic drugs within a month
before the study; pregnancy, breastfeeding period;
patient’s refusal to participate in the study. Exclusion
criteria: none of the patients was excluded from the
study.

Description of medical intervention

Initially, all the patients included in the study
underwent a clinical examination, which comprised an
assessment of the anamnestic data: a general condition
of the subject, heredity, past diseases, the presence
of chronic diseases; and an entrance ultrasound of
the main head vessels at extra- and intracranial levels
on a Mindray DC-80 device using a linear transducer
L12-3E (3.0-13.5 MHz), a convex transducer C5-1E
(1.3-6.0 MHz), a sectorial transducer Sp5-1E
(1.0-5.0 MHz): an assessment of blood flow parameters
of the carotid and vertebrobasilar insufficiency: a
common carotid artery (CCA), an external carotid artery
(ECA), an internal carotid artery (ICA) and a vertebral
artery (VA), a middle cerebral artery (MCA), an anterior
cerebral artery (ACA) and a posterior cerebral artery
(PCA).

Then the patients were randomized by random
number generation into two groups of 10 people each.
The first group (Group I, n=10) took glycine, 100 mg
sublingual tablets, for 30 days, 1 tablet 3 times daily. In
Group |, the loading testing was performed with 1000 mg
of glycine (10 tablets of 100 mg). In the control group
(Group Il, n=10), the loading test was performed with
1000 mg placebo (10 tablets containing 100 mg lactose
and 0.1 mg sucralose to mimic the sweet taste of glycine);
the subjects had not taken the study drug until the blood
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flow was reassessed. The duration of the follow-up in
both groups was 30 days.

Each subject underwent 4 transcranial blood flow
measurements in the MCA, ACA, and PCA at 5-minute
intervals to level out individual baseline variability. The
study determined the linear peak systolic (PS), end-
diastolic (ED), and time-averaged maximum blood flow
velocity (Time Averaged Maximum Velocity — TAMAX),
a pulsatility index (Pl), a peripheral resistance index (Rl),
and a systolic / diastolic ratio (S/D) in the MCA, ACA, and
PCA in each of the patients. The flow correction angle
corresponded to the direction of the vessel and was
maintained in subsequent measurements.

Thenthe patient sublingually took 1000 mg of glycine
(Group 1) or 1000 mg of placebo (Group IlI), after which
thevaluesin the indicated arteries were taken after 5, 10,
and 15 min (Fig. 1). This dose is safe and recommended*
for a single administration in acute cerebral circulatory
disorders (including those suspected to occur). Thus,
the possible dilative effect of glycine on cerebral
vessels in practically healthy subjects was evaluated.
Subsequently, the subjects took glycine (Group 1) for 30
days 3 times a day in a dosage of 100 mg (a total daily
dose was 300 mg), or took nothing (Group Il). At the
end of the drug course, a follow-up study including the
blood flow measurement in the intracranial arteries at
rest, was performed. For a quantitative comparison of
hemodynamic effects, a transcranial assessment of the
blood flow in the MCA was chosen, since this artery is a
direct continuation of the ICA and supplies a significant
part of the brain. In accordance with the study design,
each patient underwent multiple measurements of flow
values at rest, which makes it possible to compare the
effects of a glycine administration course on the blood
flow parameters with the control group, as well as to
evaluate the response of the cerebral arteries to a high
dose compared to placebo.

Statistical processing

Statistica 10 program (Statsoft, USA) was used for
statistical data processing. The studied features could
not be normally distributed, therefore the quantitative
data are presented in the form of Me [Q25; Q75],
where Me — median, Q25 — lower quartile, Q75 -
upper quartile; nominal and categorical data — n (%),
where n — absolute value, % — relative frequency of
occurrence. To assess the statistical significance of
differences between the quantitative data, the Mann-

! Registration certificate for glycine. Russian State Register of
Medicines. Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=c73870d4-a6c3-41d5-aade-393b4a099a62
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Whitney U-test (for independent samples) and the
Wilcoxon test (for dependent samples) were used. The
Fisher’s exact test and the Pearson’s x* test were used to
compare the fractions (frequencies). The nonparametric
Spearman’s correlation coefficient was used to assess
the relationship between the signs. The results were
considered statistically significant at the p <0.05.

RESULTS

Study participants

Twenty practically healthy subjects aged 27 to
46 years were included in the study. The clinical and
demographic data of the volunteers are presented in
Table 1. The gender and age characteristics and the
number of patients with a reported history of vascular
diseases did not differ significantly between the study
groups.

Main study results

The evaluation of the blood flow through the
main head and neck vessels revealed no significant
differences between the groups (Table 2). However, in
group I, the systolic velocity was slightly higher than in
group |. In general, the values of indices corresponded
to the age norms [10] with insignificant differences in
linear velocities on the left and right.

The initial transcranial assessment of the blood flow
parameters in the MCA revealed significant differences
between the left and right flows, but their values were
within the physiologic range. In eight subjects, the
linear peak systolic, end-diastolic, and mean maximum
velocities were significantly greater on the left, in four
subjects on the right, and in eight subjects, the differences
were nonsignificant. In the overall statistical evaluation,
the values of the indices on the right were significantly
smaller (p <0.05), and this trend was maintained at
the second measurement (Table 3). The asymmetry
of the cerebral bolod flow up to 20% is considered
physiologically acceptable and can be explained by both
a functional asymmetry of the cerebral hemispheres
and morphological features of the paired vessels [20].

Despite the similar characteristics of the two
groups, baseline blood flow values in the MCA differed
significantly between the groups, and they were lower in
group | (PS on the left and right, p <0.01; TAMAX on the
left and right, p <0.01; ED on the right, p <0.05). Due to
the asymmetry detected, the left and right flow values
were further analyzed independently. After one month
of the glycine administration (in group 1), there was
a significant increase in velocities on the left and right
(medians of both velocity values and increases in each
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measurement were evaluated) (Fig. 2). It was shown
that peak systolic (by 11.9 cm/s) and mean maximum
(by 6.3 cm/s) velocities increased on the left, while peak
systolic (by 9.3 cm/s), end-diastolic (by 2.8 cm/s), and
mean maximum (by 5.8 cm/s) velocities increased on
the right (Table 3). In group I, there were no significant
changes on the right side, with significant decreases in
end-diastolic (by -2.8 cm/s, p <0.05) and mean maximum
(by -2.7 cm/s, p <0.05) velocities on the left. The average
increase in the peak systolic velocity was 10% after 30
days of the glycine administration and -2% in group |, the
relative increase in one subject could be as high as 40%.
Itisimportant that in both groups, the blood flow indices
after the change were within the physiologic range [10].

To assess the baseline blood flow in the 1000 mg
glycine / placebo sample, the mean value on the left
and right of 4 measurements during 15 min of lying at
rest was calculated for each subject. The mean change
in the flow relative to this value was then calculated
5, 10, and 15 min after the drug administration. In the
glycine / placebo trial, the relative increase in the peak
systolic velocity was 7.6% [1.2; 10.8] in group | and
1.5% [-3.6; 5.5] in group Il (the significance level of
differences between groups p=0.03). The mean peak
velocity increased by 9.6% [0.6; 15.7] in group | and
by 3.0% [-2.5; 8.0] in group Il (the significance level
of differences between groups p=0.08). The relative
changes of the peak systolic blood flow velocity in the
left and right middle cerebral artery are presented
in Fig. 3.

It was found out that the baseline mean in group |
was below the overall mean (for all subjects),
-5.4% [-20.0; 7.0], and in group I, it was above 10.7%
[-5.1; 18.0]; p <0.05. The changes were multidirectional
in different patients, but the maximum deviations in
group | were observed at 5 and 10 min, whereas in
group Il they were erratic. A significant correlation
(p <0.05) was found out between the increase in velocity
and the deviation of the individual baseline velocity
value from the group mean (for PS r=0.68, p <0.05;
for TAMAX r=0.73, p <0.05). In other words, the
changes were aimed at correcting deviations from the
physiological norm, and the magnitude of the changes
was greater the more deviated the values were.

None of the study participants had adverse events
(including allergic reactions and intolerance) associated
with a sublingual administration of glycine 100 mg three
times a day for 30 days, as well as a single intake of
1000 mg, which confirms a good tolerability of this drug
in the indicated doses.
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Figure 1 — Study design
Note: TCD sonography — transcranial Doppler sonography; MCA — middle cerebral artery.
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Figure 2 — Dynamics of peak systolic blood flow velocity in the left and right middle cerebral artery

at transcranial examination 30 days after the start of the study in both groups
Note: MCA — middle cerebral artery. The observed differences between groups in the blood flow velocity changes on the left (p=0.02) and right
(p <0.001) are statistically significant.
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Figure 3 — Relative changes in peak systolic blood flow velocity in the left (p=0.24) and right (p=0.09) middle

cerebral artery at transcranial examination after 1000 mg glycine or placebo administration
Note: MCA — middle cerebral artery.
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Table 1 - Clinical and demographic characteristics of participants

Group Group | (n=10) Group Il (n=10) p
Age, years, Me [Q25; Q75] 35.5[32; 43] 38.5[33;42] 0.4961
Gender, n (%):
Male 4 (40%) 4 (40%) 1,000?
Female 6 (60%) 6 (60%)
Atherosclerosis, n (%):
no 8 (80%) 6 (60%) 0,629?
yes 2 (20%) 4 (40%)
Migraine, n (%):
no 8 (80%) 9 (90%) 1,0002
yes 2 (20%) 1(10%)
Arterial hypertension, n (%):
no 7 (70%) 9 (90%) 0,5822
yes 3(30%) 1(10%)

Note: To assess the statistical significance of differences in quantitative data, the authors used:* — Mann-Whitney U-criterion,
2 —Fisher’s exact test. The differences between the groups by the presented characteristics are statistically insignificant (p >0.05).

Table 2 — Baseline peak systolic (PS) blood flow velocities through
the main head and neck vessels in both groups

Peak systolic blood flow velocity (PS), cm/s

Artery p
Group I, Me [Q25; Q75] Group Il, Me [Q25; Q75]

CCA, Left 92.6 [83.7; 116.1] 103.7 [96.7; 117.8] 0.39
(norm is 50-169 cm/s) Right 90.2[73.7; 118.3] 95.6 [72.5; 103.8] 0.92
ECA, Left 84.1 [78.6; 94.0] 106.2 [85.1; 118.5] 0.10
(norm is 45-136 cm/s) Right 101.9[73.4;114.1] 109.8 [95.4; 119.3] 0.92
ICA, Left 79.9 [64.5; 103.3] 88.5[80.8; 117.0] 0.25
(norm is 36-115 cm/s) Right 84.1[67.2; 103.6] 91.4 [83.1; 115.5] 0.28
VA, Left 47.2 [36.9; 53.8] 47.4[42.3; 58.7] 0.76
(norm is 2871 cm/s) Right 38.5[34.6;50.1] 48.1[43.7;51.4] 0.13

Note: CCA — common carotid artery; ECA — external carotid artery; ICA — internal carotid artery; VA — vertebral artery.
The Mann-Whitney U-criterion was used to assess the statistical significance of differences between the groups. Physiologic norms
of velocities are given for persons of a corresponding average age (35+12 years) [10]. The values of velocities in each of the arteries
in two groups were not statistically different (p >0.05).
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Table 3 — Linear peak systolic (PS) blood flow velocities in the left and right middle cerebral artery
at transcranial examination in both groups

Group |, Me [Q25; Q75]

Group Il, Me [Q25; Q75]

0

Arter Day 0 Day 30 G A Day O Day 30 = A Pl
Peak systolic blood flow velocity (PS), cm/sec
Left 104.6 112.2 <0.001? 11.9 117.7 114.1 0.44? -4.8 0.001*
[93.9; 117.1] [105.3;120.6] [-5.9; 18.4] [106.2; 124.7] [99.5;127.0] [-11.6;9.2]
Right 99.8 104.3 <0.001> 9.3 108.8 110.8 0.542 -3.9 0.002*
[86.0; 110.4] [97.0; 116.5] [-3.7;19.8] [97.0;119.7] [94.0;119.1] [-9.8; 7.8]
End diastolic blood flow velocity (ED) cm/sec
Left 45.6 48.5 0.22? 1.1 49.6 46.8 0.02? -2.8 0.09!
[41.5; 5.9] [44.2; 53.1] [-4.2;6.4] [45.3;54.9] [43.2; 52.3] [-7.2;3.8]
Right 43.4 45.6 0.012 2.8 46.4 46.3 0.61° -1.5 <0.05?
[37.9;48.3] [41.1;50.1] [-3.0; 6.3] [42.2; 50.6] [40.2; 51.1] [-6.1; 4.0]
Time average maximum blood flow velocity (TAMAX), cm/sec
Left 69.3 75.6 <0.001> 6.3 80.0 74.2 0.042 -2.7 0.008*
[63.1;79.3] [70.1; 82.5] [-3.9;13.6] [68.6;86.9]  [65.4; 86.2] [-8.1; 4.3]
Right 65.4 73.3 <0.001%> 5.8 72.7 73.7 0.52? -3.2 0.007*
[59.8; 76.6] [66.6; 79.0] [-2.7;12.9] [64.1;81.0] [62.9; 80.1] [-7.7;5.4]

Note: To assess the statistical significance of differences in quantitative data the authors used: ! — Mann-Whitney U-criterion; 2 — Wilcoxon test.
p°3°—significance level for the difference between the value of the indices on day 0 and day 30 in the group; p° _, — significance level for the
difference between the value of the index on day 0 in both groups. The results were considered statistically significant at p <0.05.

DISCUSSION

One of the critical factors for an adequate brain
function is to maintain an adequate blood supply to
meet changing metabolic demands, but off the linear
dependence on the systemic blood pressure [21].
Both acute and chronic kinds of cerebral ischemia are
common causes of a reduced work capacity, disability
and mortality of the population [22, 23].

In the brain tissue under a chronic hypoperfusion,
as well as an ischemia-reperfusion, there is inevitably an
imbalance of metabolic processes, antioxidant defense
systems, and, as a consequence, neurotransmission
disorders, a decreased neuroplasticity, the deterioration
of the cognitive status and the one of the general
functional status [4]. Asymptomatic or accompanied
by mild cognitive decline cerebral vascular disorders
are usually poorly diagnosed due to the absence of
patient complaints. However, in such conditions as
an arterial hypertension, atherosclerosis, diabetes
mellitus, and in the presence of additional risk factors
such as hypodynamia, obesity, and smoking, a cerebral
circulation control is one of the most important aspects
of a stroke and dementia prevention [6, 24].

Neuroprotective metabolic drugs are widely used
in vascular cognitive disorders, because they have
not only a nootropic effect, but also contribute to the
normalization of the neuronal energy supply, exhibit
antioxidant and antihypoxant properties, gently
correct cerebral hemodynamic disorders [11]. One of
such drugs is glycine, which has been used for more
than 30 years both in severe neurological conditions
and in practically healthy people for the correction

Tom 12, Beinyck 3, 2024

of behavioral and vascular disorders, a reduction of
anxiety and psychoemotional stress, an improvement
of cognitive abilities [15, 19, 25, 26]. The wide range
of pharmacological properties of the drug is due to
the participation of this amino acid in a huge number
of biochemical processes, as well as its unique
neurotransmitter characteristics: an interaction with
inhibitory glycine (GlyR), excitatory glutamate (NMDA-R)
and metabotropic (mGlyR) receptors [13, 27].

In the present study, the effect of glycine on the state
of cerebral vessels using the ultrasound was confirmed.
TCD sonography is a sufficiently accurate, reproducible
noninvasive method of assessing blood flow velocity
parameters, as well as the reactivity of cerebral
vessels [28, 29].

The course sublingual glycine administration to
relatively healthy volunteers for 30 days resulted in a
significant increase in the linear blood flow parameters
in the intracranial vessels. The change of velocity in
some subjects reached 40%, and the maximum values
of the increase were observed at initially lowered
indices or an expressed interhemispheric asymmetry.
In group I, the input velocity values were higher than
in group |, despite the fact that the hemodynamic
parameters for the cerebral main vessels obtained
before the randomization, did not differ. A significant
interhemispheric flow asymmetry was found in more than
half of the subjects, and despite individual differences,
the values on the right side were significantly lower for
all participants. This phenomenon may be mediated by
the left carotid artery branching directly from the aortic
arch and has also been repeatedly shown in animals [1]. It
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is interesting that the blood flow in the right half of the
brain turned out to be more stable during the study both
after the glycine administration and in the control group,
where after 30 days small but significant decreases in
velocities on the left side were recorded. The volumetric
blood flow velocity characterizes the blood filling of an
organ quite completely, it depends both on the linear
velocity in the vessel and on its diameter. However,
due to the difficulty in estimating intracranial vessel
diameters and their low variability under physiological
conditions, the linear velocities are usually chosen as
hemodynamic parameters [3]. Herewith, patients with
different vessel calibers may have different levels of
the blood flow at the same values of linear velocities.
In the future, a more detailed study of the relationship
between a cerebral blood flow and a functional activity
of the brain, including under the influence of drugs both
in the norm and in various pathological conditions, may
be of scientific and clinical interest.

Nevertheless, anincrease in the blood flow velocities
through cerebral arteries within the physiological norms
definitely indicates an increase in the nervous tissue
perfusion and can be regarded as a factor in expanding
the range of the brain functional activity. Since the
course of the glycine administration led to an increase
in the MCA indices, it can be recommended both for a
mild and moderate cognitive decline and during periods
of a high mental stress to maintain an adequate brain
functioning.

The administration of 1000 mg of glycine as a lump
sum is recommended in the first day in the therapy of
an ischemic stroke and other acute cerebral accidents,
as well as in a suspected acute cerebral circulatory
failure [15]. The study of the MCA velocity indices after
an acute test with 1000 mg of glycine or placebo allowed
us to evaluate the effect of a high dose of the drug on
the cerebral blood flow in practically healthy subjects.
It was shown that a single administration of 1000 mg of
glycine caused a short-term significant increase in the
MCA linear velocities up to 10%. At the same time, the
change degree was proportional to the initial deviation
from the mean age-related norm: the greatest effect
was observed in the case of a significant deviation of
the indices. However, it is obvious that such a dilatation

can occur only with a preserved vascular reactivity,
the assessment of which is also of interest in a further
study of the described effects on a larger sample of
patients. Thus, a prophylactic administration of 1000
mg of glycine to patients with a suspected stroke is safe
and can be recommended because it does not lead to
critical changes in the blood flow in case of preserved
intracranial hemodynamics.

Study Limitations

According to the authors, the limitation of the study
may be a relatively small sample size, so some of the
results obtained could not be confirmed by statistical
methods, and the analysis of the cerebral blood flow
parameters was carried out in men and women in the
aggregate. In addition, the effects of glycine described
in this work were observed in conditionally healthy
individuals, without taking into account the possible
influence of possible cardiovascular diseases on the
cerebral blood flow parameters. The study of the
described effects on large groups of patients, including
those with various vascular pathologies, will be of
practical interest from the point of view of understanding
the revealed regularities.

CONCLUSION

Thus, in this study, the effect of a sublingual glycine
administration on the cerebral hemodynamic parameters
was studied using TCDG. It is shown that a course
administration of glycine leads to a reliable improvement
of the intracranial blood flow in comparison with the
control group. Thus, a sublingual administration of 100
mg of glycine 3 times a day for 30 days contributed to a
significant change in cerebral hemodynamics. Although
the trends were multidirectional, there were many more
patients in group | in whom the MCA linear blood flow
velocities increased compared with group I, where
the values were unchanged or decreased. In addition,
a short-term significant increase in the peak systolic
and mean maximal intracranial blood flow velocities
up to 10% was observed after a single 1000 mg dose
of glycine, whereas no effect of this kind was observed
after placebo.
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