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Abstract

In all types of ischemia, changes in the pool of amino acids were observed in both studied structures. In particular, an
increase in the content of L-arginine was noted in patients with ischemia of varying severity, the most pronounced in
ischemia (by 39%, p<0.05). Also, with all types of ischemia, there was an increase in glycine, while only with ischemia,
an increase in the level of aspartate was noted, p<0.05. Along with changes in neurotransmitters, in the subtotal ischemia
and partial ischemia groups, a decrease in the content of methionine was noted (p<0.05), while in total ischemia, on the
contrary, an increase in the content of this amino acid was noted (p<0.05). In addition, with total ischemia, an increase
in the content of threonine and tryptophan was noted. Changes in the pool of amino acids in rats with stepwise subtotal
ischemia with intervals between arteria dressings on days 1 and 3 were the closest to changes in the subtotal ischemia
group. So, in the 2nd sg with an interval between dressings of the arteria for 3 days, the decrease in methionine and
cysteate was the same as with subtotal ischemia, and there were no significant differences in the content of other amino
acids. In the 3rdspg, with an interval between common carotid artery dressings of 1 day, as in subtotal ischemia, there
was a decrease in the content of methionine, but, compared with subtotal ischemia, a decrease in cysteate was observed
in parietal cortex (p<0.05). Changes in the pool of amino acids in the parietal lobe and hippocampus were of a similar
nature, however, with stepwise subtotal ischemia, with an interval between dressings of both common carotid artery of
7 days, a decrease in cysteate occurred in the parietal cortex, and with partial ischemia, a more significant decrease in
the level of methionine. The administration of Omega-3 polyunsaturated acids at a dose of 5 g/kg of body weight for a
week to rats with SCI did not have a corrective effect on the levels of amino acids of taurine, methionine, L-arginine,
and lysine, which changed during ischemia.

Keywords: amino acid; neurons; ischemia; omega-3 polyunsaturated acids

Introduction

Amino acids and their derivatives play an important role in the functioning
of the brain, both in normal and pathological conditions, participating in the
biosynthesis of membrane and signal protein and peptide molecules, some
lipids, vitamins, hormones and biogenic amines, and are also directly
involved in the implementation of neurotransmitter functions, regulation of
the activity of excitation and inhibition processes (glutamate, aspartate,
GABA) [10,11,12,21]. Aromatic amino acids (phenylalanine, tyrosine,
tryptophan, histidine) are of particular importance as precursors of
catecholamines and serotonin [3,6]. The study of the pool of amino acids is
important for detailing the mechanisms of brain damage in cerebral ischemia
[7,16,18,22].

The introduction of the drug Omega-3 acids "Omegamed" has a corrective
effect on the structures of the hippocampus in conditions of subtotal cerebral
ischemia, reducing the number of shadow cells and hyperchromic wrinkled
neurons, while not affecting the size and shape of neurons in the parietal
cortex of the brain and contributing to a lesser severity manifestation of
neurological deficit. The study of the characteristics of the energy exchange
of neurons in the brain of rats with subtotal cerebral ischemia against the
background of the administration of Omega-3 acids showed a significant
improvement in the parameters of mitochondrial respiration and an increase

in the content of ATP synthase in hippocampal neurons in animals with SCI
[38,20,30,31,36].

In addition, against the background of the introduction of Omega-3 PUFA,
correction of the parameters of antioxidant protection of brain neurons was
noted, which was manifested by an increase in the content of total SH-groups
of proteins and glutathione [2,39,32,33].

Methods

The study of the pool of amino acids was carried out in prepared
homogenates of the studied structures of the brain of experimental animals,
isolated 1 hour after ischemia modeling. To do this, after removing the brain,
a fragment of the parietal cortex and hippocampus was taken, followed by
freezing in liquid nitrogen.

Preparation of samples for the study included homogenization in a 10-fold
volume of 0.2 M perchloric acid, centrifugation for 15 min. at 13000 g at
4°C, followed by collection of the supernatant. Amino acids were analyzed
by reversed-phase chromatography with pre-column derivatization with o-
phthalaldehyde and 3-mercaptopropionic acid in Na-borate buffer on an
Agilent 1100 chromatograph [29].
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To prevent a systematic measurement error, brain samples from the
compared control and experimental groups of animals were studied under
the same conditions.

Statistical processing. As a result of the research, quantitative continuous
data were obtained. Since the experiment used small samples that had a non-
normal distribution, the analysis was performed by nonparametric statistics
using the licensed computer program Statistica 10.0 for Windows (StatSoft,
Inc., USA). The data are presented as Me (LQ; UQ), where Me is the median,
LQ is the value of the lower quartile; UQ is the value of the upper quatrtile.

When the applicability conditions were met (normality of the samples and
homogeneity of the variances), parametric analysis of variance was used with
a posteriori comparison of the selected contrasts.

Results

Changes in the pool of amino acids in rats with ischemic brain injury of
varying severity were studied with partial (one-sided ligation of the common
carotid artery, CCA), subtotal (simultaneous bilateral ligation of both
CCA:s), stepwise subtotal (alternate ligation of both CCAs at different time
intervals) and total (complete cessation of cerebral blood flow) cerebral
ischemia.

In partial cerebral ischemia (PCI), the following changes in the pool of amino
acids (AA) were noted: an increase in the level of glutamate and GABA
without changing the ratio of the content of excitatory and inhibitory amino
acid transmitters, an increase in the content of L-arginine, a decrease in the
level of essential AAs with an increase in the "Nonessential/Essential” AA
ratio, as a reflection of the increased utilization of essential AAs. Changes in
sulfur-containing AAs (cysteate, cystathionine, taurine, cysteine sulfinic
acid) were absent, with the exception of a decrease in the content of
methionine in the parietal lobe, which indicates minor violations of the
prooxidant-oxidant balance in this model of CI [5,13,14,29]. There was a
decrease in the content of branched hydrocarbon amino acids (BHAASs) and
atrend towards a decrease in the level of aromatic AAs (tyrosine, tryptophan,
phenylalanine), with a decrease in their ratio, as a reflection of a more
pronounced utilization of BHAAS, compared with aromatic AAs. As shown
earlier, PCI was accompanied by minimal changes in energy and prooxidant-
antioxidant balance and a slight neurological deficit in terms of motor
activity [30,31,33,34].

In subtotal cerebral ischemia (SCI), there was a decrease in the content of
sulfur-containing AAs, with a decrease, in contrast to SCI, not only in
methionine, but also in cysteate, as a reflection of a higher activity of
oxidative stress [2,4]. Along with this, in SCI, as in PCI, an increase in the
content of L-arginine, a tendency to an increase in the content of the
inhibitory neurotransmitter glycine and a decrease in aspartate and glutamate
as AA with the properties of excitatory neurotransmitters, as well as
tryptophan, valine and leucine, were noted. At the same time, in contrast to
PCI, there was no increase in the level of glutamate and a decrease in the
levels of AA in the branched chain amino acids group. The revealed changes
in the AA pool in the brain structures of rats with subtotal ischemia, modeled
by simultaneous ligation of both CCAs, were accompanied by pronounced
morphological changes in PL and Hp [34], high activity of oxidative stress
[33], and the development of energy deficiency [35].

The introduction of Omega-3 fats at a dose of 5 g/kg of body weight for a
week to rats with SCI did not have a corrective effect on the level of taurine,
methionine, L-arginine and lysine, the change of which occurred in SCI,
however, mythological studies revealed the presence of corrective properties
on structural level [34], which is caused by the presence of vasoprotective
and anti-inflammatory effects [27,28,38].

In rats with stepped cerebral ischemia (SSCI) with different intervals
between ligation of both common carotid arteries (CCA), changes in the AA
content were as follows.

In the SSCI subgroup with the longest interval between CCA dressings of
7 days (subgroup 1), there was a decrease in the content of BHAAs - valine
and leucine, an increase in the content of tryptophan, methionine, L-arginine
and glycine. As in the case of PCI, in rats of the 1st subgroup of SSCI, there
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was an increase in the content of L-arginine, a decrease in the content of
amino acids with a branched hydrocarbon chain, however, in contrast to PCI,
there was an increase in the content of valine, leucine and tryptophan, but
there was no change in the content of sulfur-containing compounds. In PCI
and SCI there were a decrease in the level of methionine. When compared
with SCI, in rats of the 1st subgroup of SSCI, as in SCI, there was an increase
in glycine (p<0.05), however, in contrast to SCI, there was a decrease in the
content of cysteate and methionine (p<0.05).

In the subgroup SSCI with an interval between CCA dressings of 3 days
(subgroup 2), as in SSCI with an interval between CCA dressings of 7 days,
PCI and SCI, there was an increase in the content of L-arginine, a decrease
in the content of methionine [25]. However, in contrast to the 1st subgroup
of SSCI and from other groups of CISS (PCI and SCI), in the 2nd subgroup
of SSCI there was an increase in the content of taurine and nonessential AA
- asparagine and alanine. As with PCI, there was an increase in the content
of glutamate, and, as with SCI, a decrease in the level of cysteate, but,
compared with PCI, there was a decrease in the content of asparagine and an
increase in the level of alanine [9,17,19].

Changes in the 3rd subgroup of SSCI with the shortest interval between CCA
dressings - 1 day (subgroup 3) manifested themselves as an increase in the
content of tyrosine, L-arginine and citrulline, taurine, asparagine and alanine,
as well as a decrease in the content of ornithine and methionine [15].
Compared with the 1st subgroup of SSCI, in this subgroup there was a
decrease in the content of methionine and lysine, as well as an increase in the
content of asparagine, alanine, L-arginine, ornithine and citrulline.
Compared to the 2nd subgroup of SSCI, there was a significant increase in
the level of asparagine, lysine, tyrosine, arginine and citrulline. The nature
of the shifts in the AA pool in the 2nd and 3rd subgroups of SSCI was of the
same type, with the exception of an increase in the level of citrulline in the
3rd subgroup, which indicates a more significant decrease in the synthesis of
nitric oxide in this subgroup of SSCI. In the 3rd subgroup of SSCI, similarly
to the group "PCI", there was a decrease in the content of methionine, but an
increase in the content of a number of AAs - asparagine, alanine, lysine and
tyrosine was observed [20]. In addition, similarly to the SCI group, there was
a decrease in the content of methionine, but, compared with SCI, a decrease
in the content of cysteate was observed in the PL [1].

When comparing the changes in SSCI in 3 subgroups with different intervals
between CCA ligations, a similar pattern of changes in the AA pool was
revealed, which manifested itself in an increase in the content of L-arginine,
which was also noted in rats with PCI and SCI [24]. However, changes in
other AAs in in the 3rd subgroup, SSCI with a minimum interval between
ligation of both common carotid arteries, 1 day was the most pronounced and
included an increase in the content of tyrosine, citrulline, taurine, asparagine
and alanine, as well as a decrease in the content of ornithine and methionine,
as a reflection of the ineffectiveness of compensatory mechanisms in this
model of CI.

Changes in the pool of amino acids in the parietal lobe and hippocampus
were framed along the same lines, however, with SSCI with an interval
between ligation of both common carotid arteries of 7 days, a decrease in
cysteate occurred in the PL, and a more significant decrease in the level of
methionine than in HP [26].

In previous studies, it was found that SSCI with an interval between CCA
dressings of 7 days is manifested by a slight difference in the size of neuronal
perikaryons and the ratio of neurons in terms of the degree of cytoplasmic
chromatophilia, energy exchange indicators and prooxidant-antioxidant
balance from those in the group with PCI, which can be explained by the
inclusion of compensatory mechanisms that prevented the development of
significant disorders [32]. SSCI with an interval of 1 and 3 days between
dressings of both CCAs leads to damage to neurons, which manifests itself
in a decrease in their size, deformation of perikaryons, an increase in the
number of shriveled neurons and shadow cells, a significant disorganization
of neuronal organelles, inhibition of energy exchange and activation of
oxidative stress [30,31 ,33].

In total cerebral ischemia (TCI), the studied brain structures showed an
increase in the content of aromatic AAs of tyrosine and tryptophan. The
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content of methionine also increased, in contrast to SCI and PCI, in which
the content of methionine decreased, which may be due to the lack of
activation of oxidative processes in this form of cerebral ischemia. Along
with this, with TCI, as with SCI, PCI and all types of SSCI, an increase in
the content of L-arginine was noted, a tendency to an increase in the content
of the inhibitory neurotransmitter glycine [8,23,36].

Also, when modeling TCI, the most pronounced morphofunctional disorders
were revealed: shriveled and disturbances in the ultrastructure of neurons,
depression of mitochondrial respiration, and suppression of antioxidant
protection [31,33,34,37].

Compared with the indicators in the control group, in rats with SCI after the
introduction of Omega-3 PUFAs, an increase in the content of L-arginine by
14% in PL (p<0.05) and by 36% in HP (p<0 .05), alanine - by 38% in PL
(p<0.05) and by 36% - in HP (p<0.05) and a decrease in the content of valine
as a branched hydrocarbon amino acid (BHAA) by 6% - in PL (p<0.05) and
by 31% in HP (p<0.05). Also, the content of lysine remained less than in the
control by 50% - in PL (p<0.05) and by 43% - in HP (p<0.05), and the sulfur-
containing AA "methionine” - by 19% (p<0.05) and by 26%, respectively
(p<0.05) [7,10,19, 22,23,29].

At the same time, compared with the SCI group, after the introduction of
Omega-3 PUFAs, there were no differences in the content of AA (p>0.05)
[11,12,13,27,28].

Thus, the administration of Omega-3 PUFAs at a dose of 5 g/kg of body
weight for a week to rats with SCI did not have a corrective effect on the
levels of AA of taurine, methionine, L-arginine, and lysine, which changed
during SCI.

The amount of research carried out fully reveals the tasks set for studying
changes in the pool of amino acids in rats with cerebral ischemia of varying
severity.

References

1. Bowsher R, Henry D.P. (2020). Purification, characterization
and identification of rat brain cytosolic tyrosine transaminase as
glutamine Transaminase-K // Neurochem Int, 133:104-110.

2. Gilfix B.M. (1997). Novel reductant for determination of Total
Plasma Homocysteine // Clinical Chemistry, 43:687-698.

3. Choi S, Disilvio B, Fernstrom M.H, Fernstrom J.D. (2009). Meal
ingestion, amino acids and brain neurotransmitters: effects of
dietary protein source on serotonin and catecholamine synthesis
rates, 98:156-162.

4. Chowdhury V.S. (2019). Heat Stress Biomarker Amino Acids
and Neuropeptide Afford Thermotolerance in Chicks // J. Poult
Sci, 56(1):1-11.

5. S.L. Gage. (2020). Pollen Alters Amino Acid Levels in the
Honey Bee Brain and This Relationship Changes with Age and
Parasitic Stress Front Neurosci, 14:231-239.

6. Oral branched-chain amino acid supplements that reduce brain
serotonin during exercise in rats also lower brain catecholamines
/'S, (2013), 45(5):1133-1142.

7. Imai K. (1990). Fluorogenic reagents, having benzofurazan
structure, in liquid chromatography // J. Pharm. Biomed.
Anal,7:1395-1403.

8. M. Wang. (2020). PEG-amino acid-przewaquinone a
conjugation:  Synthesis, physicochemical properties and
protective effect in a rat model of brain ischemia-reperfusion,
Bioorg Med Chem Lett, 30(1):110-121.

9. M. Robles-Murguia, (2020). Muscle-derived Dpp regulates
feeding initiation via endocrine modulation of brain dopamine
biosynthesis, Genes Dev, 34:1-2:37-52.

10. Li P, Wu G. (2020). Composition of amino acids and related
nitrogenous nutrients in feedstuffs for animal diets / Amino
Acids, 52:4523-4542.

11. L. Liang. (2020). Examining the blood amino acid status in
pretherapeutic patients with hyperphenylalaninemia J. Clin Lab
Anal,34(3). 23-29.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Page 3 of 5

Swider O, Roszko M, Szymczyk K. (2020). Biogenic Amines
and Free Amino Acids in Traditional Fermented Vegetables-
Dietary Risk Evaluation // J. Agric Food Chem, 68(3):856-868.
Polis B, Samson A.O. (2020). Role of the metabolism of
branched-chain amino acids in the development of Alzheimer's
disease and other metabolic disorders // Neural Regen Res,
15(81):1460-1470.

A.l. Rey. (2020). Changes in Plasma Fatty Acids, Free Amino
Acids, Antioxidant Defense, and Physiological Stress by
Oleuropein Supplementation in Pigs Prior to Slaughter,
Antioxidants (Basel), 9(1):45-52.

Effect of chronic protein ingestion on tyrosine and tryptophan
levels and catecholamine and serotonin synthesis in rat brain,
(2011), 14(6):260-267.

Fernstrom J.D. (2013). Large neutral amino acids: dietary effects
on brain neurochemistry and function // Amino Acids,
45(3):419-430.

V. Nechiporuk. (2019). Influence of  chronic
hyperhomocysteinemia on metabolism of sulfur containing
amino acids in the rats' heart and brain on the background of
hyperthyreosis and hypothyreosis / [et al.] // Georgian Med
News, 29:127-132.

Gusev E.l, Skvortsova V.I. (2001). Cerebral ischemia. - M.:
Medicine, 327.

Zablocka B, Domanska-Janik K. (1996). Enhancemen of 3[H]D-
aspartate release during ischemia like conditions in rat
hippocampal slices: source of excitatory amino acids // Acta
Neurobiologiae Experimentalis, 56(1):63-70.

Yu.E. Razvodovsky. (2019). Influence of blockade of nitrogen
monoxide synthesis by N-nitro-L-arginine methyl ester (L-
NAME) on the content of free amino acids and biogenic amines
in the cerebral cortex of rats with subtotal cerebral ischemia /
[and others] // National Academy of Sciences of Belarus News.
Medical science series, 16(3):291-297.

M. Erecinska. (1984). Neurotransmitter amino acids in the CNS.
I. Regional changes in amino acid levels in rat brain during
ischemia and reperfusion, Brain Res, 304(1):9-22.

H. Shimizu. (1993). Relationship between extracellular
neurotransmitter amino acids and energy metabolism during
cerebral ischemia in rats monitored by microdialysis and in vivo
magnetic resonance spectroscopy, Brain Research, 605:33-42.
Slivka A.P, Murphy E.J. (2001). High-dose methylprednisolone
treatment in experimental focal cerebral ischemia // Exp Neurol,
167(1):166-172.

Yu. E. Razvodovsky. (2019). The content of amino acids and
their derivatives in the cerebral cortex of rats with its partial
ischemia /, [et al.] // Bulletin of the Smolensk State Medical
Academy, 18(1)5-9.

L. Belayev. (2009). Robust Docosahexaenoic Acid—Mediated
Neuroprotection in a Rat Model of Transient, Focal Cerebral
Ischemia, Stroke, 40:3121-3126.

L. Belayev. (2011). Docosahexaenoic Acid Therapy of
Experimental Ischemic Stroke, Translational Stroke Research,
2:33-41.

Niemoller T.D, Stark D.T, Bazan N.G. (2009). Omega-3 fatty
acid docosahexaenoic acid is the precursor of neuroprotectin D1
in the nervous system // World Review of Nutrition and Diet,
99:46-54.

H.C. Pan. (2009). Protective effect of docosahexaenoic acid
against brain injury in ischemic rats, J. Nutrition and
Biochemistry, 20(9):715-725.

Yu.E. Razvodovsky. (2020). Influence of combined
administration of L-arginine and N-nitro-L-arginine methyl
ether on the fund of amino acids and biogenic amines of the
hippocampus of rats with subtotal cerebral ischemia / [and
others] // Bulletin of the Smolensk State Medical Academy, 3:5-
10.


https://www.sciencedirect.com/science/article/pii/S0197018619304395
https://www.sciencedirect.com/science/article/pii/S0197018619304395
https://www.sciencedirect.com/science/article/pii/S0197018619304395
https://academic.oup.com/clinchem/article-abstract/43/4/687/5640858
https://academic.oup.com/clinchem/article-abstract/43/4/687/5640858
https://www.sciencedirect.com/science/article/pii/S0031938409002042
https://www.sciencedirect.com/science/article/pii/S0031938409002042
https://www.sciencedirect.com/science/article/pii/S0031938409002042
https://www.sciencedirect.com/science/article/pii/S0031938409002042
https://www.jstage.jst.go.jp/article/jpsa/56/1/56_0180024/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jpsa/56/1/56_0180024/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jpsa/56/1/56_0180024/_article/-char/ja/
https://www.frontiersin.org/articles/10.3389/fnins.2020.00231/full
https://www.frontiersin.org/articles/10.3389/fnins.2020.00231/full
https://www.frontiersin.org/articles/10.3389/fnins.2020.00231/full
https://link.springer.com/article/10.1007/s00726-013-1566-1
https://link.springer.com/article/10.1007/s00726-013-1566-1
https://link.springer.com/article/10.1007/s00726-013-1566-1
https://www.sciencedirect.com/science/article/pii/073170858980144X
https://www.sciencedirect.com/science/article/pii/073170858980144X
https://www.sciencedirect.com/science/article/pii/073170858980144X
https://www.sciencedirect.com/science/article/pii/S0960894X19307450
https://www.sciencedirect.com/science/article/pii/S0960894X19307450
https://www.sciencedirect.com/science/article/pii/S0960894X19307450
https://www.sciencedirect.com/science/article/pii/S0960894X19307450
http://genesdev.cshlp.org/content/34/1-2/37.short
http://genesdev.cshlp.org/content/34/1-2/37.short
http://genesdev.cshlp.org/content/34/1-2/37.short
https://link.springer.com/article/10.1007/s00726-020-02833-4
https://link.springer.com/article/10.1007/s00726-020-02833-4
https://link.springer.com/article/10.1007/s00726-020-02833-4
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.23106
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.23106
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.23106
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b05625
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b05625
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.9b05625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059578/
https://www.mdpi.com/612642
https://www.mdpi.com/612642
https://www.mdpi.com/612642
https://www.mdpi.com/612642
https://www.tandfonline.com/doi/abs/10.1179/1476830511Y.0000000019
https://www.tandfonline.com/doi/abs/10.1179/1476830511Y.0000000019
https://www.tandfonline.com/doi/abs/10.1179/1476830511Y.0000000019
https://link.springer.com/article/10.1007/s00726-012-1330-y
https://link.springer.com/article/10.1007/s00726-012-1330-y
https://link.springer.com/article/10.1007/s00726-012-1330-y
https://www.researchgate.net/profile/Nataliia-Pentiuk/amp
https://www.researchgate.net/profile/Nataliia-Pentiuk/amp
https://www.researchgate.net/profile/Nataliia-Pentiuk/amp
https://www.researchgate.net/profile/Nataliia-Pentiuk/amp
https://www.researchgate.net/profile/Nataliia-Pentiuk/amp
Gusev%20E.I,%20Skvortsova%20V.I.%20(2001).%20Cerebral%20ischemia.%20-%20M.:%20Medicine,%20327.
Gusev%20E.I,%20Skvortsova%20V.I.%20(2001).%20Cerebral%20ischemia.%20-%20M.:%20Medicine,%20327.
https://www.researchgate.net/profile/Krystyna-Domanska-Janik/publication/14416234_Enhancement_of_3HD-aspartate_release_during_ischemia_like_conditions_in_rat_hippocampal_slices_Source_of_excitatory_amino_acids/links/53e2930a0cf2b9d0d8327e69/Enhancement-of-3HD-aspartate-release-during-ischemia-like-conditions-in-rat-hippocampal-slices-Source-of-excitatory-amino-acids.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Krystyna-Domanska-Janik/publication/14416234_Enhancement_of_3HD-aspartate_release_during_ischemia_like_conditions_in_rat_hippocampal_slices_Source_of_excitatory_amino_acids/links/53e2930a0cf2b9d0d8327e69/Enhancement-of-3HD-aspartate-release-during-ischemia-like-conditions-in-rat-hippocampal-slices-Source-of-excitatory-amino-acids.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Krystyna-Domanska-Janik/publication/14416234_Enhancement_of_3HD-aspartate_release_during_ischemia_like_conditions_in_rat_hippocampal_slices_Source_of_excitatory_amino_acids/links/53e2930a0cf2b9d0d8327e69/Enhancement-of-3HD-aspartate-release-during-ischemia-like-conditions-in-rat-hippocampal-slices-Source-of-excitatory-amino-acids.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Krystyna-Domanska-Janik/publication/14416234_Enhancement_of_3HD-aspartate_release_during_ischemia_like_conditions_in_rat_hippocampal_slices_Source_of_excitatory_amino_acids/links/53e2930a0cf2b9d0d8327e69/Enhancement-of-3HD-aspartate-release-during-ischemia-like-conditions-in-rat-hippocampal-slices-Source-of-excitatory-amino-acids.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
Yu.E.%20Razvodovsky.%20(2019).%20Influence%20of%20blockade%20of%20nitrogen%20monoxide%20synthesis%20by%20N-nitro-L-arginine%20methyl%20ester%20(L-NAME)%20on%20the%20content%20of%20free%20amino%20acids%20and%20biogenic%20amines%20in%20the%20cerebral%20cortex%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20National%20Academy%20of%20Sciences%20of%20Belarus%20News.%20Medical%20science%20series,%2016(3):291-297.
https://www.sciencedirect.com/science/article/pii/0006899384908576
https://www.sciencedirect.com/science/article/pii/0006899384908576
https://www.sciencedirect.com/science/article/pii/0006899384908576
https://www.sciencedirect.com/science/article/pii/000689939391353T
https://www.sciencedirect.com/science/article/pii/000689939391353T
https://www.sciencedirect.com/science/article/pii/000689939391353T
https://www.sciencedirect.com/science/article/pii/000689939391353T
https://www.sciencedirect.com/science/article/pii/S0014488600975320
https://www.sciencedirect.com/science/article/pii/S0014488600975320
https://www.sciencedirect.com/science/article/pii/S0014488600975320
Yu.%20E.%20Razvodovsky.%20(2019).%20The%20content%20of%20amino%20acids%20and%20their%20derivatives%20in%20the%20cerebral%20cortex%20of%20rats%20with%20its%20partial%20ischemia%20/,%20%5bet%20al.%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%2018(1)5-9.
Yu.%20E.%20Razvodovsky.%20(2019).%20The%20content%20of%20amino%20acids%20and%20their%20derivatives%20in%20the%20cerebral%20cortex%20of%20rats%20with%20its%20partial%20ischemia%20/,%20%5bet%20al.%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%2018(1)5-9.
Yu.%20E.%20Razvodovsky.%20(2019).%20The%20content%20of%20amino%20acids%20and%20their%20derivatives%20in%20the%20cerebral%20cortex%20of%20rats%20with%20its%20partial%20ischemia%20/,%20%5bet%20al.%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%2018(1)5-9.
Yu.%20E.%20Razvodovsky.%20(2019).%20The%20content%20of%20amino%20acids%20and%20their%20derivatives%20in%20the%20cerebral%20cortex%20of%20rats%20with%20its%20partial%20ischemia%20/,%20%5bet%20al.%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%2018(1)5-9.
https://www.ahajournals.org/doi/abs/10.1161/strokeaha.109.555979
https://www.ahajournals.org/doi/abs/10.1161/strokeaha.109.555979
https://www.ahajournals.org/doi/abs/10.1161/strokeaha.109.555979
https://link.springer.com/article/10.1007/s12975-010-0046-0
https://link.springer.com/article/10.1007/s12975-010-0046-0
https://link.springer.com/article/10.1007/s12975-010-0046-0
https://books.google.com/books?hl=en&lr=&id=SrjLNGp9xOcC&oi=fnd&pg=PA46&dq=Niemoller+T.D,+Stark+D.T,+Bazan+N.G.+(2009).+Omega-3+fatty+acid+docosahexaenoic+acid+is+the+precursor+of+neuroprotectin+D1+in+the+nervous+system+//+World+Review+of+Nutrition+and+Diet,+99:46-54.+&ots=QFUTpPDjs9&sig=9NMNwj7pLd3ZyfNIM9BS8maBPKc
https://books.google.com/books?hl=en&lr=&id=SrjLNGp9xOcC&oi=fnd&pg=PA46&dq=Niemoller+T.D,+Stark+D.T,+Bazan+N.G.+(2009).+Omega-3+fatty+acid+docosahexaenoic+acid+is+the+precursor+of+neuroprotectin+D1+in+the+nervous+system+//+World+Review+of+Nutrition+and+Diet,+99:46-54.+&ots=QFUTpPDjs9&sig=9NMNwj7pLd3ZyfNIM9BS8maBPKc
https://books.google.com/books?hl=en&lr=&id=SrjLNGp9xOcC&oi=fnd&pg=PA46&dq=Niemoller+T.D,+Stark+D.T,+Bazan+N.G.+(2009).+Omega-3+fatty+acid+docosahexaenoic+acid+is+the+precursor+of+neuroprotectin+D1+in+the+nervous+system+//+World+Review+of+Nutrition+and+Diet,+99:46-54.+&ots=QFUTpPDjs9&sig=9NMNwj7pLd3ZyfNIM9BS8maBPKc
https://books.google.com/books?hl=en&lr=&id=SrjLNGp9xOcC&oi=fnd&pg=PA46&dq=Niemoller+T.D,+Stark+D.T,+Bazan+N.G.+(2009).+Omega-3+fatty+acid+docosahexaenoic+acid+is+the+precursor+of+neuroprotectin+D1+in+the+nervous+system+//+World+Review+of+Nutrition+and+Diet,+99:46-54.+&ots=QFUTpPDjs9&sig=9NMNwj7pLd3ZyfNIM9BS8maBPKc
https://www.sciencedirect.com/science/article/pii/S0955286308001514
https://www.sciencedirect.com/science/article/pii/S0955286308001514
https://www.sciencedirect.com/science/article/pii/S0955286308001514
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.
Yu.E.%20Razvodovsky.%20(2020).%20Influence%20of%20combined%20administration%20of%20L-arginine%20and%20N-nitro-L-arginine%20methyl%20ether%20on%20the%20fund%20of%20amino%20acids%20and%20biogenic%20amines%20of%20the%20hippocampus%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Bulletin%20of%20the%20Smolensk%20State%20Medical%20Academy,%203:5-10.

Clinical Genetic Research

30. E. I. Bon, N.Ye Maksimovich, I.K.Dremza (2021). Disorders of
Energy Metabolism in Neurons of the Cerebral Cortex During
Cerebral Ischemia, Biomedical Journal of Scientific &
Technical Research, 40:31932-31937.

31. E. L Bon, N.Ye Maksimovich, I.K.Dremza (2021).
Experimental Cerebral Ischemia Causes Disturbances in
Mitochondrial Respiration of Neurons, Biomedical Journal of
Scientific & Technical Research, 40:32387-32392.

32. E. I. Bon, N.Ye Maksimovich, 1.K.Dremza (2022). Severity of
Oxidative Stress in Stepwise Cerebral Ischemia / [et al.] //
Advance In Medical and Clinical Research, 2:1-3.

33. E.I. Bon, N.Ye Maksimovich, I|.K.Dremza (2022).
Characteristics of disorders of the prooxidant-oxidant balance
in rats with cerebral ischemia, Ulyanovsk biomedical journal,
3:97-106.

34. Maksimovich N.Ye, Bon E.I, Zimatkin S.M. (2020). The rat brain
and its response to ischemia: monograph. - Grodno: GrGMU. -
240.

Page 4 of 5

35. E.I. Bon, N.Ye Maksimovich, I.K. Dremza (2022). Respiration
of mitochondria of brain neurons in rats with cerebral ischemia
of varying severity, Ulyanovsk biomedical journal, 2:128-138.

36. E.I. Bon, N.Ye Maksimovich (2021). Changes in the content of
ATP synthase in neurons of the parietal cortex and
hippocampus of rats with cerebral ischemia, News of
biomedical sciences. - 2021. - V. 21 (4):121-125.

37. E.l. Bon, N.Ye. Maksimovich (2022). Violations of the
Ultrastructure of Neurons in The Cerebral Cortex of Rats with
Total Cerebral Ischemia / [et al.] // International Journal of
Stem cells and Medicine, 1(2):1-9.

38. E.I. Bon, N.Ye Maksimovich (2022). Correction by ®-3
polyunsaturated acids of disturbances in energy processes in the
brain tissues of rats with subtotal cerebral ischemia / [and
others] // Science and innovation, 5 (231):78-83.

39. E.I. Bon, N.Ye Maksimovich (2023). Effects of Neuroglobin in
Cerebral  Ischemia and Introduction of Omega-3
Polyunsaturated Fatty Acids / [et al.] // J. of Psychiatry and
Psychological Disorders, 1(2)1-8.


https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a1_3ap_3a31932-31937.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a1_3ap_3a31932-31937.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a1_3ap_3a31932-31937.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a4_3ap_3a32387-32392.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a4_3ap_3a32387-32392.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a4_3ap_3a32387-32392.htm
https://econpapers.repec.org/article/abfjournl/v_3a40_3ay_3a2021_3ai_3a4_3ap_3a32387-32392.htm
E.%20I.%20Bon.%20(2022).%20Severity%20of%20Oxidative%20Stress%20in%20Stepwise%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20%20/%20Advance%20In%20Medical%20and%20Clinical%20Research,%202:1–3.
E.%20I.%20Bon.%20(2022).%20Severity%20of%20Oxidative%20Stress%20in%20Stepwise%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20%20/%20Advance%20In%20Medical%20and%20Clinical%20Research,%202:1–3.
E.%20I.%20Bon.%20(2022).%20Severity%20of%20Oxidative%20Stress%20in%20Stepwise%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20%20/%20Advance%20In%20Medical%20and%20Clinical%20Research,%202:1–3.
E.I.%20Bon.%20(2022).%20Characteristics%20of%20disorders%20of%20the%20prooxidant-oxidant%20balance%20in%20rats%20with%20cerebral%20ischemia,%20Ulyanovsk%20biomedical%20journal,%203:97-106.
E.I.%20Bon.%20(2022).%20Characteristics%20of%20disorders%20of%20the%20prooxidant-oxidant%20balance%20in%20rats%20with%20cerebral%20ischemia,%20Ulyanovsk%20biomedical%20journal,%203:97-106.
E.I.%20Bon.%20(2022).%20Characteristics%20of%20disorders%20of%20the%20prooxidant-oxidant%20balance%20in%20rats%20with%20cerebral%20ischemia,%20Ulyanovsk%20biomedical%20journal,%203:97-106.
Maksimovich%20N.E,%20Bon%20E.I,%20Zimatkin%20S.M.%20(2020).%20The%20rat%20brain%20and%20its%20response%20to%20ischemia:%20monograph.%20-%20Grodno:%20GrGMU.%20-%20240.
Maksimovich%20N.E,%20Bon%20E.I,%20Zimatkin%20S.M.%20(2020).%20The%20rat%20brain%20and%20its%20response%20to%20ischemia:%20monograph.%20-%20Grodno:%20GrGMU.%20-%20240.
Maksimovich%20N.E,%20Bon%20E.I,%20Zimatkin%20S.M.%20(2020).%20The%20rat%20brain%20and%20its%20response%20to%20ischemia:%20monograph.%20-%20Grodno:%20GrGMU.%20-%20240.
E.I.%20Bon.%20(2022).%20Respiration%20of%20mitochondria%20of%20brain%20neurons%20in%20rats%20with%20cerebral%20ischemia%20of%20varying%20severity,%20Ulyanovsk%20biomedical%20journal,%202:128-138.
E.I.%20Bon.%20(2022).%20Respiration%20of%20mitochondria%20of%20brain%20neurons%20in%20rats%20with%20cerebral%20ischemia%20of%20varying%20severity,%20Ulyanovsk%20biomedical%20journal,%202:128-138.
E.I.%20Bon.%20(2022).%20Respiration%20of%20mitochondria%20of%20brain%20neurons%20in%20rats%20with%20cerebral%20ischemia%20of%20varying%20severity,%20Ulyanovsk%20biomedical%20journal,%202:128-138.
E.I.%20Bon.%20(2021).%20Changes%20in%20the%20content%20of%20ATP%20synthase%20in%20neurons%20of%20the%20parietal%20cortex%20and%20hippocampus%20of%20rats%20with%20cerebral%20ischemia,%20News%20of%20biomedical%20sciences.%20-%202021.%20-%20V.%2021%20(4):121-125.
E.I.%20Bon.%20(2021).%20Changes%20in%20the%20content%20of%20ATP%20synthase%20in%20neurons%20of%20the%20parietal%20cortex%20and%20hippocampus%20of%20rats%20with%20cerebral%20ischemia,%20News%20of%20biomedical%20sciences.%20-%202021.%20-%20V.%2021%20(4):121-125.
E.I.%20Bon.%20(2021).%20Changes%20in%20the%20content%20of%20ATP%20synthase%20in%20neurons%20of%20the%20parietal%20cortex%20and%20hippocampus%20of%20rats%20with%20cerebral%20ischemia,%20News%20of%20biomedical%20sciences.%20-%202021.%20-%20V.%2021%20(4):121-125.
E.I.%20Bon.%20(2021).%20Changes%20in%20the%20content%20of%20ATP%20synthase%20in%20neurons%20of%20the%20parietal%20cortex%20and%20hippocampus%20of%20rats%20with%20cerebral%20ischemia,%20News%20of%20biomedical%20sciences.%20-%202021.%20-%20V.%2021%20(4):121-125.
E.I.%20Bon.%20(2022).%20Violations%20of%20the%20Ultrastructure%20of%20Neurons%20in%20The%20Cerebral%20Cortex%20of%20Rats%20with%20Total%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20/%20International%20Journal%20of%20Stem%20cells%20and%20Medicine,%201(2):1-9.
E.I.%20Bon.%20(2022).%20Violations%20of%20the%20Ultrastructure%20of%20Neurons%20in%20The%20Cerebral%20Cortex%20of%20Rats%20with%20Total%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20/%20International%20Journal%20of%20Stem%20cells%20and%20Medicine,%201(2):1-9.
E.I.%20Bon.%20(2022).%20Violations%20of%20the%20Ultrastructure%20of%20Neurons%20in%20The%20Cerebral%20Cortex%20of%20Rats%20with%20Total%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20/%20International%20Journal%20of%20Stem%20cells%20and%20Medicine,%201(2):1-9.
E.I.%20Bon.%20(2022).%20Violations%20of%20the%20Ultrastructure%20of%20Neurons%20in%20The%20Cerebral%20Cortex%20of%20Rats%20with%20Total%20Cerebral%20Ischemia%20/%20%5bet%20al.%5d%20/%20International%20Journal%20of%20Stem%20cells%20and%20Medicine,%201(2):1-9.
E.I.%20Bon.%20(2022).%20Correction%20by%20ω-3%20polyunsaturated%20acids%20of%20disturbances%20in%20energy%20processes%20in%20the%20brain%20tissues%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Science%20and%20innovation,%205%20(231):78-83.
E.I.%20Bon.%20(2022).%20Correction%20by%20ω-3%20polyunsaturated%20acids%20of%20disturbances%20in%20energy%20processes%20in%20the%20brain%20tissues%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Science%20and%20innovation,%205%20(231):78-83.
E.I.%20Bon.%20(2022).%20Correction%20by%20ω-3%20polyunsaturated%20acids%20of%20disturbances%20in%20energy%20processes%20in%20the%20brain%20tissues%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Science%20and%20innovation,%205%20(231):78-83.
E.I.%20Bon.%20(2022).%20Correction%20by%20ω-3%20polyunsaturated%20acids%20of%20disturbances%20in%20energy%20processes%20in%20the%20brain%20tissues%20of%20rats%20with%20subtotal%20cerebral%20ischemia%20/%20%5band%20others%5d%20/%20Science%20and%20innovation,%205%20(231):78-83.
E.I.%20Bon.%20(2023).%20Effects%20of%20Neuroglobin%20in%20Cerebral%20Ischemia%20and%20Introduction%20of%20Omega-3%20Polyunsaturated%20Fatty%20Acids%20/%20%5bet%20al.%5d%20/%20J.%20of%20Psychiatry%20and%20Psychological%20Disorders,%201(2)1-8.
E.I.%20Bon.%20(2023).%20Effects%20of%20Neuroglobin%20in%20Cerebral%20Ischemia%20and%20Introduction%20of%20Omega-3%20Polyunsaturated%20Fatty%20Acids%20/%20%5bet%20al.%5d%20/%20J.%20of%20Psychiatry%20and%20Psychological%20Disorders,%201(2)1-8.
E.I.%20Bon.%20(2023).%20Effects%20of%20Neuroglobin%20in%20Cerebral%20Ischemia%20and%20Introduction%20of%20Omega-3%20Polyunsaturated%20Fatty%20Acids%20/%20%5bet%20al.%5d%20/%20J.%20of%20Psychiatry%20and%20Psychological%20Disorders,%201(2)1-8.

Clinical Genetic Research

& ClinicSearch

Page 5 of 5

Ready to submit your research? Choose ClinicSearch and benefit from:

v

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

YV V V V VY

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/clinical-research-and-
reviews

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinical-research-and-reviews
https://clinicsearchonline.org/journals/clinical-research-and-reviews

