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VAZHA M. OKUJAVA
1930-2011

Professor Vazha Okujava, Full Member of the Georgian National Academy of Sciences,
honored scientist, Doctor of Medical Sciences and an active member of ILAE died on
March 14, 2011, aged 81. He passed away as an eminent scientist, a brilliant ex-
perimenter, a remarkable organizer of science, an extraordinary teacher and an extremely
kind, sympathetic and wise researcher.

Professor Okujava was born on February 25, 1930. He graduated from the Tbilisi State
Medical University. In 1960, he defended the thesis for the degree of Candidate of
Medical Sciences, and in 1969 - Doctor of Sciences. In 1969, he became a professor of
Human and Animal Physiology.

In 1974, he was elected as a Full Member of the Georgian National Academy of Sciences.
From 1973 to 1975, Prof. Okujava was a Vice-Rector of Tbilisi State Medical University,
and from 1975 to 1980 he was Academician-Secretary of the Department of Physiology
of Georgian Academy of Sciences. From 1980-1985, he was a Rector of Iv. Javakhishvili
Thilisi State University. He led the Centre for Experimental Neurology from 1961 up to
the end of his life.

His research accomplishments in experimental neurology are well known: neurophysio-
logical mechanisms of epilepsy; neurophysiological mechanisms of sleep-wakefulness
cycle and its disorders; neurological electrodiagnostics; experimental and clinical neuro-
pharmacology and pharmacological monitoring, pharmacokinetics and metabolism of
antiepileptic drugs; behavioral research: memory and memory disorders, modeling of
psychopathology.

Having broad scientic interests, epileptology was always his essential field of research.
He was one of the founders of the internationally accepted epileptological scientic school
in Georgia, which was leading in this medical speciality in the former Soviet Union.
Twice (in 1978 and 1982) he was the organizer of very important International IBRO
Symposia on Neurophysiological Mechanisms of Epilepsy in Tbilisi, where many
prominent epileptologists from different parts of the world participated.

In 1975, Professor Okujava became the President of the Georgian Physiological Society
and maintained this position for the rest of his life. In 1975, he also was named Chief
Editor of the Proceedings of the Georgian Academy of Sciences, Biomedical Series, and a
Member of the editorial boards of the international journals “Neurophysiology”, “Electro-
encephalography and Clinical Neurophysiology” and “Epilepsy Research”.

Professor Okujava’s monographs and articles are published in many languages, and they
have earned him a well-deserved reputation. They relate both to the fundamental prob-
lems of neurophysiology and issues of clinical neurology.
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Elene Abzianidze" °, Eka Kvaratskhelia', Maia Zarandia', Merab Kvintradze',
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Chronic inflammatory pain is associated with excessive expression of pro-inflammatory
cytokines. In the present study we evaluate DNA methylation status in the promoter regions
of IL-1f and TNF- in adjuvant induced pain model. Adult rats receiving emulsion complete
Freund's adjuvant (CFA) in the tail were tested for antinociception using thermal and
mechanical paw withdrawal tests. Genomic DNA from brain tissue of the hippocampus
were purified and subjected to bisulfite modification using EpiTect Fast Bisulfite Kit
(Qiagen, USA). The effect of non-steroid anti-inflammatory drugs (NSAIDs) and
inhibitor of HDACs, such as SAHA on methylation status of IL-1f and TNF-a genes
promoters were investigated by methylation-specific polymerase chain reaction (MSP)
analysis. The obtained results demonstrate that SAHA in combination with NSAID
effectively decrease levels of unmethylated CpG sites of IL-1f gene promoters and increases
the levels of methylated CpG sites, while such changes are less visible in TNF-a; These
changes correlate with different states of pain.

Key words: /L-15, TNF-o, SAHA, pain

Chronic inflammatory pain remains the largest cause of mortality globally. This is mainly
due to our limited understanding of the molecular mechanisms that underlie these
complex pathologies. The available evidence indicates that studies of chronic
inflammatory pain are associated with excessive expression of pro-inflammatory
cytokines, chemokines, vasoactive peptides, and various chemical mediators [5, 10]. Pro-
inflammatory cytokines and their receptors have been found in the CNS. For example, IL-
1B’s receptor IL-1R1 has been localized to the spinal dorsal horn and brain [4, 9, 13].
Recent studies suggest that the expression of these mediators is altered by the
dysregulation of epigenetic mechanisms, such as DNA methylation and histone
modifications in tumor tissues [12]. Most pain researches have traditionally focused on
understanding the underlying genomics and pharmacogenetics of injury, inflammation
and pain, on the other hand, epigenetics provides an important paradigm to explore the
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plasticity of the nervous system [1-3, 6, 10]. All along the nociceptive pathway, from
periphery to cortex, a wide range of molecular mechanisms exist to either facilitate or
inhibit the processing of pain messages [3, 7]. In the present study we evaluate DNA
methylation status in the promoter regions of /L-/f and TNF-a genes in the hippocampus
in adjuvant induced pain model.

MATERIAL AND METHODS

Adult rats receiving emulsion complete Freund's adjuvant (CFA) in the tail were
tested for antinociception using thermal and mechanical paw withdrawal tests.

Animals

The experiments were carried out on Wistar rats, weighing 200-250 g and bred at Iv.
Beritashvili Center for Experimental Biomedicine. Collagen-induced arthritis (CIA) is the
most commonly studied experimental model of rheumatoid arthritis. The rats were
immunized by an emulsion of complete Freund's adjuvant (CFA, 4 mg/ ml) and type 11
collagen (lyophilized form, 4 mg/ml). An injection site was about 1.5 cm distal from the
base of the tail 150 pl volume intradermally. Six rats were used for each experimental
and control groups. All procedures adhered to the Guidelines of the International
Association for the Study of Pain regarding animal experimentation [14] and were
approved by Institutional Animal Care and Use Committee of the Beritashvili
Experimental Biomedicine Center.

Drug administration

Ketorolac (Ketorolac tromethamine 12 mg/kg, Latvia) was injected intraperitoneally (ip).
Saline (BioPharma, Ukraine) was injected in the same volume and manner in a separate
group of rats for control. The antinociceptive dose of ketorolac was clinically relevant,
corresponding to maximal daily doses used in human patients. The doses were calculated
by scaling human daily dosages to rat body weight once a day for three days pretreated ip.
with SAHA (suberanilohydroxamic acid 5-50 mg/kgs.c.) prior of nociceptive tests.

Behavioral testing/Nociceptive testing

On rats receiving emulsion complete Freund's adjuvant (CFA) in the tail, two behavioral
models were used: Thermal paw withdrawal (Hargreaves) and Mechanical paw
withdrawal (von Frey) tests (IITC, Woodland Hills, CA, USA). Prior to initiating the
tests, baseline values were assessed for the experimental and control rats for thermal and
mechanical withdrawal tests with 10 min intervals between tests.

Measurement levels of methylation in promoter regions of 1L-1p and TNF-a. genes

Samples of the hippocampus were obtained from all experimental rats. Genomic DNA
from the hippocampus were purified and subjected to bisulfite modification using EpiTect
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Fast Bisulfite Kit (Qiagen, USA). The basis of the assay is that sodium bisulfite converts
all cytosines except those in methylated CpG regions to uracil. The effect of non-steroid
anti-inflammatory drugs (NSAIDs) and SAHA on methylation status of /L-1§ and
TNF-a promoters were investigated by methylation-specific polymerase chain reaction
(MSP) analysis. Primers for amplifying methylated and unmethylated sequences were
purchased from IDT (Integrated DNA Technologies, Inc. Coralville, Iowa, USA). The
sequences for the primers are provided in the Table 1.

Table 1

Primers for amplifying methylated and unmethylated sequences

Forvard primer : TTGAGATGTGTTGTAATTAAGATGA
Reverce primer: AAACTCAACCCTAAAAATTCACAAA

Forvard primer: TTGAGATGTGTTGTAATTAAGACGA
Reverse primer : ATAAACTCAACCCTAAAAATTCACG

Forvard primer: GTGGTAGTTATTTATGTTTTGTTTGT
Reverce primer: AAACATTTTTATTATTCATCTCAAA

Forvard primer: TGGTAGTTATTTATGTTTTGTTCGT
Reverce primer: AAACATTTTTATTATTCATCTCGAA

TNF-a. | Unmethylated

TNF-a. | Methylated

IL-1B Unmethylated

IL-18 Methylated

The reaction conditions for the PCR were as follows: 95°C for 3 minutes and 35 cycles of
94°C for 45 seconds, 55°C for 1 minute, and 72°C for 45 seconds, followed by 72°C for 5
minutes and then a hold at 4°C. After PCR amplification, 10 pL product was separated by
3% agarose gel electrophoresis (constant pressure, 100 V, 30 min.). The results were
imaged with ultraviolet light and analyzed using a gel electrophoresis image analysis
system. Bands were analyzed using GelQuant.NET program.

Experimental procedures

The first group of rats (saline-injected control group) was tested for baseline thermal
withdrawal latency and mechanical withdrawal threshold.

The second group of rats was injected CFA in tail, after creating the inflammatory lesion,
thermal and withdrawal latency and mechanical withdrawal threshold (nociceptive tests)
were tested.

The third group of rats was injected CFA in tail, 30 min. pretreated intraperitoneally (ip.)
with NSAID prior of nociceptive tests.

The fourth group of rats was injected CFA in tail, once a day for three days pretreated ip.
with SAHA prior of nociceptive tests.

The fifth group of rats was injected CFA in tail, once a day for three days pretreated ip.
with SAHA and prior 40 min. NSAID of nociceptive tests.
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Statistical Analysis

The data were expressed as means =+ standard deviation (M = SD). Statistical analyses
were performed with the Statistics Package for Social Science (SPSS 12.0). The
differences were considered statistically significant at p < 0.05.

RESULTS

In these experiments we tested SAHA alone and in combination with NSAID in complete
Freund’s Adjuvant (CFA)-induced persistent inflammatory pain in rats and evaluate DNA
methylation status in the promoter regions of /L-1f and TNF-o genes. After inflammatory
lesions were done, paw withdrawal latency and thermal threshold were tested. The first
set of rats represented control group, which were received only saline and were tested for
baseline (both paws) thermal withdrawal latency and mechanical withdrawal
threshold (Fig.1A, B).
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Fig.1. Thermal paw withdrawal latency (A) and mechanical paw withdrawal threshold
(B) in control and CFA injected rats: baseline, CFA received rats, which pretreated with
SAHA alone, NSAID alone, SAHA combined with NSAID on nociceptive tests
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In the second group of rats intra-tail injection of CFA produces thermal mechanical or
hyperalgesia (Fig. 1A, B), associated with an upregulation of IL-1p and 7TNF-o
inflammatory cytokines in the brain structure such as the hippocampus (Fig. 2-A, B)
(Tab. 2, 3).

Hippocampus IL13 Promoter Methylstionspecific PCR

Uu MU M UM U M U M

N INFL.  SAHA  NSID  swuaenso
A
Hippocampas TNFa Promoter Methylation.specific PCR
U MU M UM U M UM
NC INFL.  SAHA  NSID  suwuanso
B

Fig. 2. (A) IL-1p and (B) TNF-o Promoter Methylation Level in Chronic Inflammatory Pain
Model in the hippocampus. M — Methylated, U — Unmethylated, NC — Negative Control

The third group of rats was pretreated with i.p. NSAID during CFA test; in this
experiment we found that injection of i.p. Ketorolac produced antinociception, as
detected by increase the threshold and latency in mechanical and thermal pain to the
baseline control of intact rats (Fig. 1A, B). The differences between the level of
unmethylated and methylated CpG sites in the promoters of /L-1 and TNF-o. genes were
not observed; Separate injection of SAHA attenuated CFA-induced thermal and
mechanical hyperalgesia, as well as the observed differences between the levels
of unmethylated and methylated CpG sites in the promoters of /L-/f only and did not
affect on TNF-a genes (Fig. 2A, B) (Tab. 2, 3). Moreover, our results demonstrate that
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SAHA, in combination with NSAID, effectively increased thermal withdrawal latency
and mechanical withdrawal threshold compare to baseline, as well as CFA received
rats (Fig.1A,B). It should be noted that there is also observed decreased levels of
unmethylated and increased levels of methylated CpG sites of /L-1f gene promoter.
However, this combination had less influence on methylation levels of TNF-a gene (Fig.
2A, B) (Table 2, 3), which correlated with different states of pain (Fig. 1A,B).

Table 2
Methylation frequency of the promoter region of IL-18, %
NC INF SAHA NSID SAHA + NSAID
U 21.1+12.2 68 +£17.1 57+11.8 49+16.3 32+11.4
M 83.3+16.8 18+ 14.2 42+ 12.6 35+15.1 58+10.4

All data are summarized as the mean and standard deviations. P < 0.05 was considered statistically
significant. U — Unmethylated, M — Methylated, NC — Negative Control

Table 3
Methylation frequency of the promoter region of TNF- a, %
NC INF SAHA NSID SAHA + NSAID
U 18.1+16.2 64 +15.0 47+104 41+154 29+16.6
M 753+ 12.1 24 +12.8 52+ 14.5 37+11.1 62+15.1

All data are summarized as the mean and standard deviations. P < 0.05 was considered statistically
significant. P>0.05. U — Unmethylated, M — Methylated, NC — Negative Control

DISCUSSION

Direct injection of IL-1p into the CNS has been shown to produce hyperalgesia and
enhanced neuronal responses in animals [8, 9, 11]. In addition to the evidence cited
above, suggesting that administration of IL-1 in CNS can induce pain states, there exist
data suggesting that IL-1f act in the CNS and can contribute to nociceptive responses in
animal models of pain. We tested the hypothesis that epigenetic mechanisms in the brain
and the immune system associated with chronic pain. Epigenetic alterations may
contribute to the generation and maintenance of inflammatory pain [1-3]. Our data
suggest that changes in /L-1§ and TNF-a genes expression in the hippocampus that are
associated with chronic pain conditions, maybe mediated by epigenetic mechanisms,
such as histone modification and DNA methylation. The evidence presented in our
data shows the effects of histone modification and DNA methylation on the expression of
pro-inflammatory cytokines. This study supports the plausibility that HDAC inhibitor
SAHA can modify nociceptive response and have analgesic inhibition through phar-
macological modulation of acetylation and indirectly is involved in DNA methylation
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processes, however this mechanism remains unclear. These results provide important
evidence for further studies to determine the molecular mechanisms underlying the
influence of HDACs inhibitors on DNA methylation status, which correlates with
different states of pain.
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CTATYC METUJINPOBAHUSA I'EHOB IL-18 H TNF-a
B MOJEJIX BOCHAJIUTEJILHOMN BOJIA

Enena Aé3uanuoze®’, Exa I(aapauxeﬂuﬂl, Maiia 3apan0ual,

Mepaé Keunmpaose', Tunamun Txemanaoze', Tunamun I'opzunaose’,
Hana Huknaypu’, Ivanasu I'vpukas’, Mapuna /leedapuan’,

Mepaé Lazapenu™*

1 9] v v 2 v
TOunucckuil TOCyJapCTBEHHBI MEAMLIMHCKUI YHHBEPCHUTET, ~ LICHTp SKcIepUMEeHTaIbHON
3
onomemuimabsl - uM. U. C. beputamBwimm, Towmcu, ['py3us, [Hota PycraBenu
TOCYIapCTBEHHEIH YHUBEPCHUTET, baTymu

PE3IOME

B HacrosimeM nccnenoBaHUM M3y4all YPOBEHb METWIIMPOBAHUS IPOMOTOPHBIX 00JacTel 'eHOB
IL-1f u TNF-a, a Taxxe m3meHeHus ructoHoarneruinassl (HDACs) B monem AxproBant OpeiiHma —
MHIYIIMPOBaHHOM Oosn. Bspocible KpBICHI, MOJBeprinnecs ACHCTBUIO 3MYJIBCHH abIOBAHTa
Opeitaga (CFA) Ha xBoCTe, OB TECTHPOBAHBI Ha aHTWHOIMIICTIIIAIO C TIOMOIIBIO TETUIOBBIX U
MexaHn4ecKkux TecToB jambl. ['eHomHas JIHK U3 MOHOHYKIEapHBIX KIETOK Mepu(epHyecKoit
kpoBu (PBMC) m MO3roBBIX TKaHEH pOCTpOBEHTpaidbHOU obnactu sapa (RVM) m rummokamia
Oobutn  00paboranbl OucynbhuTHONH Momudukanueit ¢ momompo EpiTect Fast Bisulfite Kit
(Qiagen, CIIA). BnusiHue HecTepOMAHBIX MPOTHBOBOCHANNTENbHBIX mpernapatoB (NSAID) wu
unruouropa HDAC, rtakux kak SAHA, Ha cratyc merwiupoBanusi reHoB IL-1B u TNF-a
MCCJIE0BAIM METO/IOM aHAIN3a METHIMPOBAHUA-CIICIU(UYHBIX TOJINMEPa3HOH LETTHON peakiui
(PCR). Usmepenne HDACI1 mnpoogmnocs ¢ ucnons3zoBanneM ELISA Kit (Aviva Systems
Biology, CIIIA). ITomy4enHsle pe3ynbraThl HokasbiBaloT, uTo SAHA B coueranmu ¢ NSAID,
3¢ (exTHBHO CHIXKAaeT YpoBHH HeMmeTwinpoBaHHBIX CpG-caiitoB mpomoropo IL-1f u u
YBEIMUYMBACT YPOBHU METHINPOBAHHBIX caiToB CpG, TOTrIa Kak TakKWe N3MEHEHHUSI MCHEE 3aMETHBI
npu TNF-o, 9T0 KOppenupyeT ¢ pa3IHIHBIM COCTOSHAEM OOJH.
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BUOXUMHUYECKASA XAPAKTEPUCTHUKA CTBOJIOBBIX KJIETOK
N UX UCIIOJIB30BAHUE B TEPAITUN

Hyzzap Anekcuoze, Mapuna Ilupuxanasa

Yuusepcutet «I'eomenn», Toumucu, ['py3us

PE3IOME

Kak BHIHO W3 NPHBEIEHHOIO KPaTKOro 0030pa, Ype3BHIYANHO HMHTEPECHBIE PE3yJIbTaThl OBbLIH
MOJTy4YEeHbI TIPH TEPAIMK CTBOJIOBBIMH KIIETKAMH, KOTOpasi pacCMaTpHUBAET MEPCHEKTUBBI PA3BUTHS
(hyHIaMEHTATBHBIX TEXHOJIOTUH U1 BOCCTAaHOBJICHHS IOBPEXKICHHBIX TKaHEH B OyIymieM.

Crnemyer Taxke OTMETHTH, YTO, HECMOTpPS Ha YCIEIIHBIC PE3yJIbTaTHl, MOJYYEHHBIE Ha M0OpO-
BOJIbIIAX, MHOTO€ €llle MPEJICTOUT CHIeNIaTh B 3TOI 001acTH, 4TO TpeOyeT cepbe3HbIX (pyHIaMeH-
TaJIbHBIX MCCIIEI0OBAHUI B cpepe OMOMETUIIHBI.

BIOCHEMICAL CHARACTERIZATION OF STEM CELLS
AND THEIR USE IN THERAPY

Nugzar Aleksidze, Marina Pirtskhalava

University “Geomedmr”, Tbilisi, Georgia

SUMMARY

As can be seen from this brief review, extremely interesting results have been obtained with stem
cell therapy, which considers the prospects for the development of fundamental technologies for
the restoration of damaged tissues in the future.

It should also be noted that, despite the successful results obtained in volunteers, much remains to
be done in this area, which requires serious basic research in the sphere of biomedicine.
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SYNTHETIC CANNABINOIDS AND STROKE IN YOUNG
(CASE REPORTS)

Maia Beridze, Mariam Kekenadze, Tamar Losaberidze, Omar Samushia

The First University Clinic of Tbilisi State Medical University, Georgia

Synthetic cannabinoids, i.e. “spices” are psychoactive drugs with harmful neuropsychiatric
and physical side effects. They supposed to be involved in neurovascular complications
among the young. They don’t contain Cannabidiol (CBD), which realizes antipsychotic effect
in natural cannabis.

Purpose: The present study described stroke in young patients using SCBs and studied the
cognitive status and depression at 3 months post stroke.

Methods: Three investigated patients were male of Caucasian origin aged 26-34 years,
treated at the Neurological Department of the First University Clinic of Thilisi State Medical
University in spring of 2019. The first patient 31 years old, had sudden onset of left
hemiparesis and hemihypoesthesia. MRI (1.5T) revealed acute ischemic lesion in the right
frontal-temporal lobe. The second patient, aged 34 years, developed sudden imbalance with
ischemic area in the left cerebellum hemisphere on MRI. The third, 26 years old patient
developed right side hemiparesis and motor aphasia. CT showed ischemic lesion in the left
frontal lobe. Major risk-factors: Inheritance, hypertension, atherosclerosis, diabetes
mellitus, cardiac pathologies including patent foramen ovale, smoking, alcohol abuse,
chronic vasculitis, as well as longevity of SCB usage investigated. Neurological status was
evaluated by NIHSS. Disability was assessed by modified Rankin Scale (mRS), cognition was
researched by Mini Mental Examination Scale (MMSE), mood was evaluated by Beck’s
Depression Inventory (BDI). The statistics was performed by Mann-Whitney U test.

Results: All three patients had no major risks developing ischemic stroke except of abusing
SCB. At three months post stroke mild/moderate depression found in all patients [BDI —
18(2.5)], disability was average [mRS — 2.7(1.3)], MMSE - 16 (3.5), NIHSS — 10 (3.8). Data
represent median (interquartil ranges). SCB type was similar in all patients and usage
longevity was 6 (2.4) years. Stroke cognitive decline at 3 months was mild/moderate and
positively related with Bio usage longevity.

Conclusion: According to the present research, SCB carries the independent risk for acute
ischemic stroke with consequent impact on cognition. Further research is required for
proving this tendency.

Key words: Stroke, ischemia, cannabis, spices, cognition
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As known, synthetic cannabinoids (“Spice”) are psychoactive drugs with increasing use
worldwide. They are linked with many adverse effects, including seizures and myocardial
infarction [9]. However, there are only single reports in scientific medical literature
concerning the cerebral infarction associated with synthetic marijuana use [20]. Common
side effects of “spice” include tachycardia, vomiting, agitation, confusion, and hallu-
cinations. Furthermore, a number of spice-associated deaths have been reported in
literature [8]. The natural cannabis psychotic effects include relaxation, euphoria,
agitation (laughter), philosophic mood, increased appetite, as well as paranoia in several
cases. No significant abstinence is reported as for smoking or alcohol abuse [12]. The
active psychotic component of natural cannabis is the trans-A9- tetrahydrocannabinol that
effects the endocannabinoid system or CBI1 receptors found in limbic system
(hippocampus), basal ganglion (striatum), cerebellum, eye retina producing Anandamide.
It functions like neurotransmitters sending the chemical messages between nerve cells
that influence pleasure, memory, thinking, concentration, etc. [17]. Natural cannabis also
contains cannabidiol (CBD), which acts as CB1, CB2 receptor antagonist and inhibits the
cognitive deterioration due to cannabis, prevents the damage. The first working memory
assists to the good sleep pattern, and reveals the antipsychotic effects. CBD does not exist
in spices and the mind of abusers applying synthetic cannabinoids stay without any
protection [18].

We purposed to investigate the synthetic canabinoids’ young abusers, who developed
acute ischemic lesions in brain and their poststroke cognitive abilities.

PATIENTS AND METHODS

Present research describes three young patients with acute ischemic stroke admitted to the
Neurological Department of the First University Clinic of TSMU during February-May of
2019. The first patient, 3lyears old male was admitted at hospital with left side
hemiparesis, hemianesthesia and dysartric speech.

Severity of stroke evaluated by National Institute Health Stroke Scale (NIHSS = 12), risk-
factors of stroke (inheritance, hypertension, atherosclerosis, diabetes, cardiac pathologies,
vasculities, smoking, alcohol abuse) found to be negative. Patient applied synthetic
canabinoids (spices) for 2 years. Blood tests (general test, coagulation, electrolytes, glu-
cose, creatinine) did not show significant alterations. Transcranial Doppler, EEG, ECG,
Transesophagal echocardiography did not reveal any significant pathologies.

Cerebral CT scan showed hypodensity in right fronto-temporal area with mass-effect. On
MRI (1.5 T — T2 flair, T2 weighted images) the hyperintensity in right fronto-temporal
region with diffusion restriction was revealed (MRI scan 1) and homogenic
hyperintensive signals for middle cerebral artery (MCI) were absent (MRI scan 2). Patient
was treated by standard methods for ischemic stroke (antiplatelets, anticoagulants,
osmodiuretics, neuroprotectors) and discharged onl4th day from hospitalization with
NIHSS = 8, modified Rankin Scale (mRS) = 3.
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MRI scan 1 MRI scan 2

The second patient, 34 years old male, admitted at hospital at 10th hour poststroke with
severe vertigo, dissociative left side hemiparesis with mostly hand involvement, dysartric
speech, right side hemianopsia. NIHSS =19. Among risk-factors: hypertension,
atherosclerosis, diabetes, cardiac diseases, smoking or alcohol abuse, inheritance were
researched. His wife reported the permanent usage of synthetic canabinoids (spice) for the
last 5-6 years. Laboratory tests showed the hypercoagulation with PT- 108%, INR- 0.86,
Fib-4.9g/l; Among ancillary investigations: Transcranialdopplerography showed no
structural / atherosclerotic changes in carotid and vertebra-basilar arteries. On trans-
esophagal echocardiography there was no significant pathology, PFO-N; The patient had
the negative dynamics and on the 4th day post stroke developed stupor. Brain CT found
obstructive supratentorial hydrocephaly and cerebral edema (CT scan 3). The decom-
pressive trepanotomy was done and the patient was placed in reanimation department.
After intensive and guideline treatment for stroke the patient discharged on 18 day with
NIHSS = 14; mRs = 4.

CT scan 3

The third patient, 26 years old male was admitted at hospital 18th hour post stroke, who
developed right side hemiplegia and slight motor aphasia (NIHSS = 14) with previous
history of hallucinations. No risk-factors of stroke were noted (inheritance, hypertension,
atherosclerosis, diabetes, cardiac pathology, chronic or acute inflammatory pathology,
smoking, alcohol abuse) despite cannabis usage since 18 years old and switching on
spices for last 4 years. From special blood tests (ANA, ANCA-found negative, blood
coagulation — PT- 104%, INR- 0.99, Fib-4.2g/l; On Transcranial-Doppler — no significant
pathology revealed. Brain CT showed ischemic lesion in the left frontal lobe. Trans-
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esophagal echocardiography showed no pathology, PFO-N; Patient was treated by stan-
dard guidelines and discharged with stroke consequences like right side hemiparesis and
elements of motor aphasia on 14th day after stroke with NIHSS = 11; mRS = 3.

All 3 patients were checked neurologically (NIHSS, mRS) on 3 months after stroke. The
mood was researched by Beck’s Depression Inventory (BDI), cognitive status was
evaluated by Mini Mental Examination Scale (MMSE). Statistics performed by Mann-
Whitney U test. Data were represented in median (interquartil ranges).

Results: The median usage of spices in patients amounted 6 (2.4) years. At 3 months after
stroke all three patients were assessed neurologically. The median NIHSS = 10 (3.8), the
median disability status mRS = 2.7 (1.3). The median cognitive status of patients revealed
the slight/moderate decline MMSE =16 (3.5) and the mood investigation showed the
mild/moderate depression, BDI =18 (2.5); The spice (Bio) usage longevity had the
significant impact on poststroke cognitive decline (p < 0.05).

All 3 patients continued the rehabilitative treatment with massage, electrical stimulation,
speech therapists.

DISCUSSION

The mechanism by which cannabis may cause ischemic stroke (IS) is not completely
understood, but there are some suppositions. Endocannabinoid system or CB1 receptors
are highly expressed in the brain, as well as in cardiovascular tissues and vascular vessels.
Activation of these receptors modulates the cellular activity of the vessel wall, which may
contribute to the pathogenesis of atherosclerosis [15]. The other mechanism can be the
activation of platelets via CB1 and CB2 receptors, leading to increased GPIIb-Illa
expression and activation of factor VII, a potent thrombogenic protein [16].

Synthetic Cannabis may also trigger the reversible cerebral vasoconstriction syndrome
(RCVS). The presence of multifocal intracranial stenosis was reported in 21 percent of
marijuana users who presented with IS. This form of cerebral angiopathy appeared to be
reversible in three to six months following cessation of marijuana usage. The authors
found solitary focal stenosis or occlusion in 22.6 percent of IS patients, and RCVS —in 43
percent of marijuana users [1].

As considered, RCVS triggered by cannabinoids may be a convincing mechanism of
stroke in 27% of cases [19]. Besides this a cellular effect of cannabis on brain
mitochondria was recently suggested in an experimental study [11]. One of the potential
mechanisms resulting in stroke may be the generation of reactive oxygen species among
the cannabis users leading to the oxidative stress, a well-known mechanism causing
stroke in humans. Moreover, free radical pathology may easily develop in synthetic
cannabis users, where the potential protection from Cannabidiol (CBD) is absent. CBD is
the antagonist of CB1, CB2 receptors, protects neurons from damage and thus prevents
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the cognition, short-term, working memory from injury. CBD has anti-psychotic effect
and being the 5-HT1A receptor agonist assists production of serotonin [2, 4, 14].

In 2018 FDA fixed the presence of Brodifacoum, rat’s poison in several ,,spices”.
Brodifacoum prolongs the euphoric effect of SCB-s, but can cause the hemorrhagic stroke
and sudden death in abusers. It inhibits the enzyme vitamin K epoxide reductase and
steadily decreases the level of active vitamin K in the blood. Vitamin K is required for the
synthesis of prothrombin, which is involved in blood clotting. In addition, brodifacoum
increases permeability of blood capillaries assisting to blood plasma and blood itself to
leak from small blood vessels [10]. In presented clinical cases we could not find any other
risk-factors for IS development but the relatively long-term usage of the spices. Neither
had we found any spasms or vasoconstriction on Transcranial Doppler of above described
patients. Though, this cannot exclude the possibility of RCVS transient attack that
possible was resolved at the time of stroke patients’ relatively later admission to the
hospital [6]. Slight hyper coagulation in blood tests of these patients could also assist to
the clotting of constricted vessels [5, 7]. Slight/moderate depression is attributable to
stroke, especially in young due to disability they faced. Poststroke cognitive changes are
also well known but here we deal with young persons, who should have a big capacity of
functional restoration. Synthetic Cannabis long-term usage can have serious impact on
cognition of researched patients, if consider that spices don’t contain the inhibitory factor
like CBD [8]. Though, several questions remained unresolved and further research is still
needed.

CONCLUSION

According to present research SCB carries the independent risk for acute ischemic stroke
with consequent impact on cognition. Further research is required for proving this
tendency.
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CUHTETUYECKUE KAHHABMHOUWAbI U UHCYJIBT CPEAU MOJIOJAbIX
(KNIMHUYECKHUE CJIYYAN)

Maiin bepuoze, Mapuam Kexenaosze, Tamap Jlocabepuoze, Omap Camyuwiusn

IlepBas yHHBEpCHUTETCKAS KIMHUKA TOMINCCKOTO rOCYAapCTBEHHOTO MEIUIIMHCKOTO
YHUBEPCUTETA

PE3IOME

CuHTe3HbIe KaHHAOMHOUWABI, T.H. “CHAMCH” SBISIOTCS TICHXOAKTHBHBIMH CPEICTBAMH C MOOOY-
HBIMH HEUPOIICMXUYCCKUMH U (HU3UISCKUMHU dHHEeKTamu.

[IpennonaratoT, 4TO OHW NMPUHUMAIOT y4acTHE B Pa3BUTHU HEWPOBACKYJAPHBIX OCIOKHEHHH Y
MoJofbX. “Craucel” HE COIep)KaT KaHHAOWIO0J, KOTOPBI OCYIIECTBISET aHTHUIICHUXOTHYECKYIO
3alUTy NMPU IpUMeHeHuH npupogHor Konormmu.

Ilens. JlanHoe uCCleIOBaHME OMHUCHIBAET MOJIOABIX MAIMEHTOB C WIIEMHUYECKUM HHCYIIBTOM,
KOTOPbIC MPHHUMAJIM CHHTCTHYCCKHE KaHHAOWHOWIBI, M3Y4aeTCsl KOTHUTUBHBIA CTaTyC W
Jlenpeccus Ha TPETUH MecCsI1] pa3BUTHS UHCYJIbTA.

Memoost. Bee Tpu nanmeHTa ObUIH MY>KYHHAME KaBKa3CKOTO MPOUCXOXKACHUS OT 26 1no 34 e,
kotopsle BecHO 2019 neumnuce B HeBponormueckom otnenenun IlepBoil yHUBEpCUTETCKOM
KIMHUKN TOWIMCCKOTO TOCYyNapCTBEHHOTO MEIMIIMHCKOTO YHHBEPCHTETa. Y TMEPBOTO MAIMEeHTa
(31 rom) pa3Buics 1eBocTOpoHHHHI Temunape3 u remuanectesus. MPT (1.5 T) romoBaoro mosra
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MOKazasa UIIeMUYeCcKOoe TIOBPEXICHUE ITPaBOro (PPOHTO-TEMIIOPAILHOTO OTeNna. Y BTOporo — 34-
JIETHErO TMAIlieHTa — BHE3aIlHO HAYaloCch HapymieHWe paBHOBecus, a Ha MPT oOHapyxwmmn
WIIEMHUYECKUH 09ar B JIeBOH reMucdepe MoKedKa.

VY Tpereero — 26-1€THET0 MAaLMEHTa — PA3BIJINCh IPABOCTOPOHHUI TEMHUIIApe3 W MOTOpHAas
adazusa. KT nokazana uiieMuueckuii odar B JieBOM JI0OHOHM nose. [lpu uccienoBaHuu y4WThI-
BAJIMCh OCHOBHBIE PHUCK-(DAKTOPbI MHCYJbTA: HACIENCTBEHHOCTb, apTepHalbHas TMICPTEH3US,
JabeT, cepIcuHbIC TIATOJIOTHH, BKIIIOYAs OTKPHITOS OBAILHOE OTBEPCTHE, YIIOTpeOicHHe Tabaka 1
AJIKOI'0JIA, XPOHUYCCKUE BaCKYJIMWTHI. Brisicusnn JIINTEIBbHOCTD yHOTpe6.]'leHI/l$I CHUHTCTHUYCCKUX
KaHAOWHOM/IOB.

HeBponornueckuii craryc OLUEHWIM 10 IIKajle MHCYNbTa HannoHaIBHOTO MHCTUTYTa 370POBbBS
(NIHSS). HeBamuaHocTh mpoBepwid 10 MoaudunupoBanHoW mikane Pankuaa (mRS),
KOTHUTUBHBIE CIOCOOHOCTH OLIEHHJIM C NPUMEHEHHEM MHHMMAJIBHOM IIKaJIBl  OLEHKH
meHTanbHOCTH (MMSE), a Takke mcnonp3oBanm mkanmy aenpeccun beka (BDI). Crartuctuky
npoBeny, npuMeHuB Mann-Whitney U Tecr.

Pe3ynomamut. OCHOBHBIC PUCK-(aKTOPBI HHCYIBTa OTCYTCTBOBAJH, KPOME YHOTPEOJICHHS CHH-
TEeTHYECKNX KaHHAOMHOWIOB. Ilo mcTedeHmm 3 MecsleB IMOcie pPa3BUTHS HMHCYIbTa, Y BCEX
MAIMEeHTOB OOHAPYKWUJIH IEMPECCHIO JIETKOU U cpenHer Tsoxectu [BDI — 18 (2.5)], nHBaImaHOCTH
o Paakuay mRS — 2.7(1.3), korautuBHbIe ciocooHocTt MMSE — 16 (3.5) 1 HeBpoJornyecKuii
craryc NIHSS — 10 (3.8). /laHHble mpencTaBieHbl MEXKBApTUIBHBIMU CpeaHUMH. [larmeHTs
MPUHUMATU OJJMHAKOBbIC CHHTEeTHYeCKUe KaHHaOuHouabl (buo) B Teuenue 6(2.4) ner. [nutens-
HOCTh NMPUMEHEHHsS BHO OKa3bIBala 3HAYUTEIHHOE BIUSHHE HA MOCTHHCYJIbTHBIH KOTHUTHBHBIH
JEUIIHT.

3aknrouenue. 110 TaHHOMY HCCIICOBAaHUIO MPUMECHEHHUEC KAHHAOWHOWIIOB SIBIISICTCS OTICIEHBIM
PHUCK-(paKTOpOM Pa3BUTHS MIIEMHYECKOTO HHCYJBTA C IMOCIEAYIOMINM HETATUBHBIM BIMSHUEM Ha
KOTHUTHBHBIE CIIOCOOHOCTH. [ MONTBEpKIEHUs MAaHHOM TEHAEHIMH TPeOYIOTCS NanbHeHIe
HCCIEN0BAHMS.
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BJUSTHUE UHTPAKPAHUAJIBHBIX KOJIJIATEPAJIEM HA UCXO/]
3ABOJIEBAHUSA ITPU OCTPOM NHIEMHUYECKOM MHCYJIBTE
I'OJIOBHOI'O MO3Ir'A

Ipexne I'uzuaoze

HaruoHanbHBI EHTP KIMHUYECKOH W 3KCIEepUMEHTaNIbHON Xxupypruu um. K. Dpucrasy,
Tounucu

PE3IOME

Llenv uccnedosanun. VIHTpakpaHHaabHbIE KOJUIATEPAIN UIPAIOT BaXKHYIO POJb B IPOTHO3HPO-
BaHMM MCX0Ja 3a00JIeBaHHs IPH JCYCHUH OCTPOr0 HIIEMHUYECKOr0 HMHCYJIBTAa METOIOM TPOM-
6osm3uca. beiM cpaBHEHBI HECKOJIBKO CHCTEM MOZCYeTa MHTPAaKpaHUAJIBHBIX KoJulaTepaiel u ux
CBSI3b C UCXOAOM HHCYJIBTA.

Mamepuan u memoosl. VIzydensl ObUH 76 MAIMEHTOB C OCTPHIM HIIEMHYECKUM HHCYIBTOM
nepeqHell MUPKyIaluyd, KOTOPHIM IMPOBOTWICS TpoMOonm3uc B Tepuon ¢ okTsaops 2018 roma
o nexabpp 2019 roma. KputepumymMoM HCKIIOUEHHS SBISIIOCH: OEpEeMEHHOCTh, HEKadeCTBEHHAS
aHruorpadus, OKKIIO3US TOJBKO AUCTAIBHOIO OTHENa COCyla W NMAlUEeHTHI, Yeil MOHUTOPHUHT He
ocymecTBisuica. Kommarepann Oputn  orneHensl cucremamu  Miteff, Maas, Tan u 20
oukoBoii Alberta Stroke Program Early CT Score. Xopoumm ¥ IJIOXHM CYHTAIUCh UCXOJBbI,
KOTOpBIE OlLieHEeHb MoanuuupoBaHHOH cuctemol Rankin-s 0-1 u 5-6 oukoB uepe3 3 mecsua
nocJie Havasna 3a00J1eBaHMs.

Pesynomamui.  Ilpu  JIOTHCTHYECKOM — aHAJIU3€  TONBKO  pEKaHAIM3aLUs,  XOPOIINE
nokazatenu Miteff u Alberta Stroke Program Early CT Score cucrem mopacuéra oka3ayuch
HE3aBHCHMBIMU NPEJMKTOpaMH Xopomoro ucxopa. [lnmoxue xommarepanu Miteff, Maas
u ASPECTS metonom <5 ouka — HE3aBUCHUMBIE NIPEIUKTOPBI INIOXOTO UCXOJA.

3aknwuenue. Tonmpko Miteff m Alberta Stroke Program FEarly CT Score 20-ouxoBas
cHcTeMa Mo/ICUETa UHTPAKPAHUATIBHBIX KOJIATEpasieil SBISIFOTCS JOCTOBEPHBIMH IPEIAUKTOPAMU
XOPOILIEr0 MCXOJa y MAHEHTOB C HIIEMHYCCKUM HHCYJIBTOM MO3ra (KOTOPBIM MPOBOHICS
TpoMOonm3uc). TIporHo3upoBaTh IMIOXOW HCXOJ 3a00JeBaHUS BO3MOXKHO C HCIIOJIb30BAHHEM
OOJIBIIMHCTBA STHX METO/IOB.

THE EFFECT OF INTRACRANIAL COLLATERALS ON DISEASE OUTCOME
AT ACUTE ISCHEMIC STROKE OF THE BRAIN

Erekle Gigiadze

K. Eristavi National Center for Clinical and Experimental Surgery, Tbilisi, Georgia

SUMMARY

Background and purpose. Intracranial collaterals influence the prognosis of patients treated with
intravenous tissue plasminogen activator in acute anterior circulation ischemic stroke. We
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compared the methods of scoring collaterals on pre-tPA brain CT angiography for predicting
functional outcomes in acute anterior circulation ischemic stroke.

Material and methods. Total of 76 consecutive patients with acute anterior circulation ischemic
stroke treated with IV-tPA during 2018-2019 were included. Intracranial collaterals were
evaluated by using the Miteff system, Maas system, the modified Tan scale, and the Alberta Stroke
Program Early CT Score 20-point methodology. Good and extremely poor outcomes at 3 months
were defined by modified Rankin Scale scores of 0-1 and 5-6 points, respectively.

Results. On multivariable logistic regression, only recanalization, good collaterals by the Miteff
and the Alberta Stroke Program Early CT Score 20-point method were independent predictors of
good outcome. Poor collaterals by the Miteff system, Maas system and ASPECTS method <5
points were independent predictors of extremely poor outcomes.

Conclusions. Only the Miteff scoring system and the Alberta Stroke Program Early CT Score 20-
point method for intracranial collaterals are reliable for predicting favorable outcome in
thrombolyzed acute anterior circulation ischemic stroke. However, poor outcomes can be predicted
by most of the existing methods of scoring intracranial collaterals.
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CONGENITAL CITOMEGALOVIRUS INFECTION AS THE CAUSE
OF SENSORINEURAL HEARING LOSSES IN CHILDREN

Teona Devdariani', Mikhael Tushishvili’, Zurab Kevanishvili’

'Neonatal Department of Perinatal Centre of Tbilisi State Medical University;
National Centre for Audiology; Tbilisi, Georgia

Cytomegalovirus (CMYV) bearing has been estimated in children of 3-6 years old suffering from the
inborn sensorineural hearing losses of severe or profound degrees. The hearing impairments have
been evidenced by the negative outcomes of the audio-screening test. The disorders were confirmed
then while their characteristics were detailed via computer registrations of auditory brainstem re-
sponses. The control group included randomly selected children of similar ages with normal hear-
ing that being verified just by the positive screening results. In children of both test and control
samples the CMV-specific IgG antibodies were determined in blood through the Enzyme-Linked
Immuno-Sorbent Assay (ELISA) method. The IgG antibodies were detected in 14 out of 15 children
with sensorineural hearing losses (93.3%) and in 14 out of 30 with normal hearings (46.7%). The
intergroup difference in CMV bearing scores (46.6%) was proved to be statistically highly signifi-
cant. CMV-bearing happens thus twice as much in sensorineural hearing-loss than in normally-
hearing children. Just CMV has been considered therefore as the primary reason of congenital
hearing losses in individuals of the tested species. Early assessment of CMV attendance and
instantaneous checking of hearing function seem essential for an in-time start of CMV-specific
treatment and of adequate audio-habilitation procedures while the prompt application of recovery
means offers a worthy opportunity for their positive outcomes.

Key words: cytomegalovirus infection, cytomegalovirus bearing, sensorineural hearing-loss
children, cytomegalovirus-specific antibodies

Congenital cytomegalovirus (CMV) infection is stated among the most prevalent
actiological factors of inborn disorders and diseases [10, 11]. It seems particularly to be
one of the main causes of innate sensory disabilities, e.g. of hearing losses.

Rather many newborns (0.2-2.4%) are evidenced to bear CMV [5, 6, 8, 9]. In about 85%
from, the infection course is asymptomatic while in 10-17% the various disorders of the
negative dynamics occur [1, 5, 8, 14]. Serious complaints are observed in 10-15% of the
prenatally CMV-infected infants. The retardation in growth and in development, low birth
weight, microcephaly, hepatosplenomegaly, jaundice, anaemia, and thrombocytopenia are
the main constituents of CMV-attendant pathologies. Other neurological abnormalities
can also happen in individuals by CMV infected just in adulthood [2, 7].
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CMYV is one among the eight types of human herpes viruses. After intruding into blood,
CMVs replicate in monocytes and lymphocytes and reduce their immune properties [5,
11]. CMVs are able to get shelter in [ymphocytes. The blood cells become therefore unap-
proachable and insensitive to the blocking actions of specific antibodies, as well as of
interferon. By this reason, the mute CMV carriage can cover a long time period, the
whole life sometimes.

CMYV invasion dynamics depends primarily on mother’s immune state [4, 5]. If woman
gets CMV during pregnancy, due to immature immune mechanisms the probability of
CMYV transmission to the foetus is high (40%) [6, 7, 14]. When long-term CMV-infected
female becomes pregnant, due to the blockage properties of developed immunities the
CMYV invasion rate into the foetus is reduced down to 0.5-1.5%.

The manifested forms of CMV infection are observed in 10% of infested newborns [10].
Retardation in growth, hepatosplenomegaly, hematological shifts, e.g. thrombocytopenia,
as well as dermal abnormalities, e.g. petechia and purpura, are typical CMV signs.
Central and/or peripheral neurological disorders also dominate actually in all pathological
CMV cases. Microcephaly, ventriculomegaly, brain atrophy, chorioretinitis, hearing loss,
intracerebral calcification verifying the involvement in pathological processes of
periventricular brain regions are regularly stated in the list of CMV complications. With
respect to the mental retardations, the rate and severity of congenital CMV infection
lagged nevertheless behind those of Down's syndrome [2, 7].

Asymptotic CMV bearing is particularly observed in those infants whose mothers
possessed high CMV immunity [4]. The newborns of these kinds are looked at birth
healthy, although later they may exhibit growth retardations. The neurological disorder
risks are also increased afterwards. Just these infant groups are characterized by
sensorineural hearing losses tending to extend progressively. Monaural or binaural
hearing impairments are observed in 15% of CMV-infected children. It should be empha-
sized that in earlier after-born periods the audio-screening test might not identify the
disorder clearly: the hearing deficiency can occur later, months or years after the birth.

The mechanisms of CMV-related hearing-losses are not completely known [1]. Under
manifested forms, the congenital CMV infection is exhibited in newborns initially in
microcephaly, seizures, chorioenteritis, and muscle hypotony. Other mental, neurological,
and motoric complications can occur later. Sensorineural hearing deficiency is also fre-
quently associated just of the delayed CMV pathologies. Hearing-loss rate in congenital
CMV-bearing individuals appears to be proportional to the CMV concentration in urine.
Other factors which can promote the prediction of hearing losses under CMV infection remain
obscure [12, 13]. In the course of both symptomatic and asymptomatic CMV-bearings, the hear-
ing is therefore recommended to examine regularly while under certificated audiological
problems the respective habilitation procedures have to begin without any delay.

Hearing is a dominant contributor of the development of mental aptitudes, in general, of
speech function, in particular. The age at the hearing-loss moment has the critical
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significance. The starting time of habilitation procedures is utterly essential therefore. For
the speech development in hearing-loss children the hearing-speech activation of cerebral
cortex earns much better result if it happens before six months of age than in those in
which the hearing deficiency is defined later and the hearing-speech cortical activation
takes accordingly place just after six-months critical time period [11, 12]. Early newborn
audio-screening and instantaneous utilization of medical-habilitation means in proved
hearing-loss cases have therefore the crucial significance for adequate acquirement of
speech/cognition functions.

In the present paper the CMV-bearing rate was defined in children with sensorineural
hearing losses attained the pathology during prenatal or early postnatal life period. The
CMYV incidents in hearing-loss children were matched with those in normally-hearings of
the similar age ranges.

The test group covered 15 children, eight girls and seven boys at the age of 3-6 years
being led for hearing consultation to the National Centre for Audiology. In order to es-
timate the middle-ear state, each child underwent initially to the standard tympanometry
trial. The normal middle-ear function has been proved in all the cases. Afterwards the
children were submitted to the audio-screening procedure based on monitoring of evoked
otoacoustic emissions to monaurally applied clicks. All screening trials in children of the
test group were completed with a fail indication on the device display, signifying the
hearing disorder. On the next stage, hearing-loss properties were estimated via computer
registrations of auditory brainstem responses (ABRs). In the process of ABR recordings
the inspected child lay in an acoustically-attenuated and electrically-shielded booth. In
most of the tested children, particularly in those up to five years of age, the investigations
were carried out under sedation induced by intramuscular injection of Diazepam. ABR
thresholds were measured to monaurally applied tone-pips of 0.5-, 1-, and 2-kHz
frequencies known to cover the principal speech spectral band. The stimuli were applied
monaurally via the headphone at a repetition rate of 11/s. The ABRs were derived by Ag-
AgCl disc electrodes. The active, reference, and grounding electrodes were fixed on the
vertex and the earlobes of stimulated and non-stimulated sides, respectively. The scalp-
extracted bioelectric activity was amplified within 53-1600-Hz frequency band. The
summation (averaging) of post-stimulus EEG time-periods was realized via the Eclipse
objective audiometry system.

The sampling step was 25 us, the epoch (analyzing time) — 12 ms, and the averaging
(summation) number — 2000. Under suspicious configuration of registered curves their
cross-summations were carried out just by the computer device of the objective audiome-
try system. The summed averaging number in separate cases amounted to 4000, 6000,
8000, 10000. The tone-pips evoked ABRs even under the cross-summed recordings
appeared in some cases not simple for interpretation. As compared to tone-pips, the ABRs
to clicks were better distinguished and easier evaluated (Fig. 1). ABR recordings under
monaurally and/or binaurally presented clicks promoted in such cases the clarification of
dubious recordings happened under application of tone-pips.
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Fig. 1. ABRs registered in CMV-bearing child to clicks of 80-, 60-, and 50-dB nHL intensities. All
three main ABR constituents, Waves I, III, and V, are differentiated at high stimulus intensities.
Only Wave V is distinguished at threshold level. Under stimulus intensity decrease the ABR component
structure becomes rare, while the amplitudes are reduced and the peak-latencies are prolonged
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Fig. 2. Means (continuous line) and standard deviations of the means (broken lines above and
below) of hearing thresholds determined by ABR recordings in CMV-bearing children at 0.5-, 1-,
and 2-kHz stimulus frequencies
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In the majority of children of the test group the perception thresholds at inspected 0.5-, 1-,
and 2-kHz frequencies fell within the 60-90-dB nHL range (Fig. 2). The most of tested
individuals possessed thus a hearing loss of severe or profound degrees. The hearing
acuity tended to fall from the lower frequency, 0.5 kHz, to the higher ones, 1 and 2 kHz.
The audiometric curves possessed therefore a descendent slope that is characteristic just
for sensorineural hearing losses. The decline dynamics was alike while the threshold drop
for each of the following frequency step approximated to 5 dB on the mean. Hearing in-
dices in separate individuals generally resembled each other that determined rather
narrow distribution of standard deviation (SD) values. Right- and left-ear thresholds were
also alike. Interaural threshold differences fell mostly within 5-10-dB rank and were
statistically non-significant with respect to all three frequencies utilized. Taking into ac-
count the coincidences of bilateral hearing indices, the data of right- and left-ears were
summated. At 0.5-, 1-, and 2-kHz frequencies the mean hearing thresholds, X, and corre-

sponding SDs amounted to 71.2 £ 16.1, 75.6 £ 10.4, and 80.6 + 10.5 dB, respectively.
According to the data of right and left ears separately, as well as of both ears together, the
SDs appeared greater at lower frequency (0.5 kHz), than at higher ones (1 and 2 kHz). At
higher frequencies, on the other hand, the SD dimensions were comparable. Variability
coefficient of hearing thresholds was calculated via the standard equation: V% = 100SD :
X. By the data of both ears, at 0.5-, 1-, and 2-kHz frequencies the variability coefficient
amounted to 22.7%, 13.8%, and 13.1%, respectively. It was proved thus that
interindividual dispersion of hearing thresholds is wider at 0.5-, than at 1- and 2-kHz
frequencies, at latter two being generally similar.

Along with the eminent hearing disorders, vision dysfunctions were also observed in
some CMV-bearing children. Psychological investigations revealed furthermore retards in
mental processes and delays in general psychological evolution.

The control group comprised randomly selected 30 healthy children (15 girls and 15
boys) of 3-6 years old also but without any hearing complains both at present and in past.
According to the thorough inquiry and direct survey, none child of the control sample
suffered from any hearing-speech deficiency. Automatic hearing screening test was
completed in all control individuals by the pass indication on the screen of the device.
The normal hearing function was confirmed thus objectively in all of them.

In children of both test and control groups the CMV-specific IgG antibodies were
determined in blood through the Ezyme-Linked Immuno-Sorbent Assay (ELISA)
method. The IgG CMYV antibodies with high titer indices were found in 14 out of 15 chil-
dren with sensorineural hearing losses (93.3%) and in 14 out of 30 with normal hearing
(46.7%). The stable content of the active IgG antibodies in the blood substantiated in
CMV-bearing children of the test group just the CMV origin of existing health disorders,
in general, of sensorineural hearing losses, in particular.

The test vs. control group difference in [gG CMV antibody incident rates (46.6%) was
confirmed to be statistically significant at high confidence level (p = 0.007, Fisher test).
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According to the results of the present studies, the CMV bearing happens thus twice as
much in congenitally sensorineural hearing-loss children than in normally-hearing ones.
Just CMV has to consider therefore as the primary reason of the inborn hearing losses in
individuals of the CMV species investigated.

Early assessment of CMV attendance and instantaneous estimation of hearing function
seem essential for an in-time start of CMV-specific treatment and of adequate audio-ha-
bilitation procedures while the prompt involvements of medical, recovery, and
habilitation services offer an optimistic opportunity for the positive outcomes of CMV-
related disorders, in general, of sensorineural hearing losses, in particular.
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BPOXXJIEHHASI HUTOMEI'AJIOBUPYCHASI HHOEKIUS KAK IPUMAHA
CEHCOHEBPAJIBHOM TYTOYXOCTH Y JETEN

Teona Jlesoapuanu’, Muxaun Tywuweunu’, 3ypaé Kesanuweunu’

1
I[er[apTaMeHT HCOHATAJIOTUHU TMNEPHUHATAJIIBHOIO LEHTpa Tounucckoro ToCyaapCTBECHHOT'O
2 o
MCIUIUHCKOTO YHUBECPCUTETA, HannonanbHbIN LHEHTP ayJHUOJIOTUH; T6I/IJ’II/ICI/I, pr3I/I$I

PE3IOME

HocutensctBo nuromeranosupyca (IIMB) wuccnenosano B rpymme aereid 3-6 JieT, CTpagaroiinx
TYTOyXOCTBIO CEHCOHEBPAJIbHOTO THIIA TSDKENOM WM Tspkenemed creneHd. CHUKEHHE cllyxa
BHAyaje YyAOCTOBEPSIIOCh MNPOLEAYPOH ayAMO-CKPHHUHIA, a 3aTeM OTPHULATENIbHONH OLIEHKOU
CKPUHUHTOBOTO TECTA, OCTATOYHBIN CIIyX AETAIN30BAJICA IO 3alUCSIM YCPEAHEHHBIX CTBOJIOMO3IO-
BBIX CIYXOBBIX OTBETOB. KOHTPOJBHYIO TPYIMITy COCTABHIIM OTOOpaHHBIC MO MPUHIIMITY CITydaid-
HOTO ToA0Opa JeTH COOTBETCTBYIOMIECH BO3PACTHOMN ITOJIOCH C HOPMAJIBHOW CITyXOBOH ()yHKIHEH,
MOATBEPKIACHHOM CKUHUHTOBBIM TectoM. [l BoisiBaeHuss L{MB-nocurensctBa L[MB-
cnenuduyeckne [gG-anTuTENa ONMPENSISUINCE B KPOBH HMMYHO(GEPMEHTHBIM MeTosioM Enzyme-
Linked Immuno-Sorbent Assay (ELISA). Hanuuue IgG-anturen BoisiBiaeHo y 14 u3z 15 nereit ¢
CEHCOHEBPAJILHOHN TYroyxocTeio u y 14 n3 30 ¢ HOpMaIbHBIM CIyXOM, COOTBETCTBEHHO 93.3% 1
46.7% ciydaeB. JIoCTOBEpHOCTh MEXTPYIIIOBOTO pasznuuus B cojepkanuu [gG-anturen (46.6%)
MOATBEP/UIIACh BBHICOKOW CTEIIEHbIO CTATUCTUYECKOM NOCTOBEPHOCTH. TakuM 00pa3om, pe3yiib-
TaTbl HCCIENOBaHUN Mokazanu, uyto [{MB-HocHUTENbCTBO, MPOSBIISIEMOE BBICOKMM IOKa3aTesleM
Hannuus IgG-anTUTeN, B [Ba pa3a yalle MMEeT MECTO MPHU CEHCOHEBPAIbHON TYrOyXOCTH, YEM
npu HopMmaJbHOM ciyxe. CoorBercTBeHHO, MMeHHO LIMB wuH(exnus nocunraHa NPUYUHOM
CEHCOHEBpaJIbHON MOTEPH CyXa B TeCTOBOU rpymme Aereil. Pannee BoisiBnenue LIMB-nocuTens-
CTBa M paHHEE XK€ JOKYMEHTHPOBAHHE COITyTCTBYIOIIEH TYTOYXOCTH TPEACTABISCTCS BaKHBIM
(hakTOpOM paHHErO Hadajla COOTBETCTBYIOIINX IIPEBEHTHUBHBIX, JIEYCOHBIX M aOWIHTAIIMOHHBIX
TpOIIeTyp, HE3aMEIUIUTEIFHOCTh JK€ CHeNU(DUIECKHX MOIXOAOB IIOBBIIIACT MIAHCHI HMX OI-
TUMAJIBHBIX HCXO/IOB.
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BJUSHUE CTPECCA, BBI3BAHHOI'O UMMOBUWJIN3AIIMEN,
HA ATPECCHUBHOE INIOBEJEHME KUBOTHbBIX N UX
HEMPOXUMHUYECKHX KOPPEJISITOB

Teopzuit Hopoanuweunu', Mapune Huxonauweunu', Manana Ipyuosé’,
Huno Xeumuﬂz, Maiia ﬂmoncorﬁ, Hpune Keauaozé’

1 . 2
Ientp skcrepuMeHTambHOW OnoMenunuubl uM. W. C. bepurampunu, Towmncu; ~ Towmmuc-
CKUH TIOCyIapCTBEHHBIH MEIULIMHCKUN yHHBEPCHUTET, 3BaTyMCKHﬁ rocyJlapCTBEHHBIN
YHUBEPCUTET

PE3IOME

HmmoOunm3anms KpbIC MPUBOIUT K MOBBIIIEHUIO arpeCCUBHOTO MoBeneHus Kpbic Ha 70%. Uepes
12-nHeBHON MMMOOWIN3AIMKU, XUBOTHBIE TEPSIOT CBOIO arpecCUBHOCTh. IIpumedarensHO, 4TO
o0xyuenue (7 Tp) y IMMOOMIM30BaHHBIX KPBIC MPUBOAMT K ITOTEPE arpecCHy B T€UCHUE 2 JHEH.
He Ha6ﬂlOIlaﬂOCl) pasHUullbl MEXKAY KOHTPOJBbHBIMU H I/IMMO6I/IJ'II/ISOBaHHI)IMI/I JKUBOTHBIMHU 110
CPaBHEHHUIO C TIaCCHBHOW peakimeil nzOeranus. BeipaboTka akTUBHOHM peakuuu u30eraHus y
I/IMMO6I/IJ'II/ISOBaHHI)IX JKHUBOTHBIX SBJISICTCS 60.]'166 TPYAHBIM, YE€EM B KOHTPOJIC, U IJIA JOCTUKCHUA
HYKHOTO KpUTEpus TpeOyeTcst O0JIbllle COYETaHUH. YBEIMUSHNE COOTHOMICHHS HOpaipeHaINHa K
CEpOTOHHHY B MUHJAJIbHOM KOMIUIEKCE, THITIOKaMIIe, OOOHSATEIbHBIX JIYKOBHLIAX M TMITOTAJIaMyCe
HaOmoaeTcs B CTPYKTypax TOJIOBHOTO MO3ra MMMOOMIM30BAaHHBIX JKUBOTHBIX. O0mydenue (7 rp)
MMMOOMIIN30BaHHBIX )KUBOTHBIX BBI3BIBAET YMEHBIIICHNE arpeCCHBHOCTH, COOTHOIICHHS HOpape-
HaJlMHA K CEPOTOHMHY TPHOJIIKAIOTCA K COOTHOLICHHIO KOHTPOJIBHBIX KpPbIC, NPH TaKOM
COOTHOIICHNH aMUHOB >KUBOTHBIE TEPSIFOT CBOIO arPECCUBHOCTD M CTAHOBSTCSA HEarpeCCHBHBIMHU.

THE EFFECT OF STRESS CAUSED BY IMMOBILIZATION ON THE
AGGRESSIVE BEHAVIOR OF ANIMALS AND THEIR NEUROCHEMICAL
CORRELATES

Georgi Iordanishvili', Marine Nikolaishvili'’, Manana Pruidze’, Nino Khvitia’,
Maia Jonson®, Irine Kvachadzé’

'I. Beritashvili Center for Experimental Biomedicine, Tbilisi, >Tbilisi State Medical
University, 3 Batumi State University

SUMMARY

Immobilization of rats leads to the increase of their aggressive behavior by 70%. After 12 days of
immobilization the animals lose their aggressiveness. It is noteworthy that irradiation (7 Gy) in
immobilized rats leads to aggression loss within 2 days. No difference was observed between the
control and immobilized animals compared to the passive avoidance reaction. The development of
an active avoidance reaction in immobilized animals is more difficult than in the control, and more
combinations are required to achieve the desired criterion. An increase in the ratio of
norepinephrine to serotonin is observed in the brain structures of immobilized animals, such as the
amygdala, hippocampus, olfactory bulbs and hypothalamus. The irradiation (7 Gy) of the
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immobilized animals causes a decrease in aggressiveness; the ratio of norepinephrine to serotonin
approaches the ratio of control rats. At this ratio of amines the animals lose their aggressiveness
and become non-aggressive.
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ANXIOLYTIC EFFECT OF THE TREATMENT WITH THE LEMON
BALM (MELISSA OFFICINALIS L.) TINCTURE IN RATS

Malkhaz Makashvili'’, Tamila Bagashvili*>, Giorgi Andronikashvili’,
Tea Gurashvili**, Nino Akhobadzé’, Ketevan Gogeshviliz, Michael Okujavaz

'Tlia State University; 1. Beritashvili Center for Experimental Biomedicine;
31. Javakhishvili State University; * Caucasus University, Tbilisi, Georgia

Syntactic chain of grooming was found to be preserved after the exposition of rats to the
bright light in case of preliminary treatment of animals with the tincture of the Melissa
officinalis L., while the same stressor destroyed the syntactic chain in rats, not treated with
the tincture. The tincture of the Melissa officinalis L. is suggested to have an anxiolytic effect
in rats, exposed to the stressogenic stimuli.

Key words: herbal tincture, anxiety, grooming

Stress-induced anxiety, as a consequence of the impact of stressogenic environment on
living things, remains poorly understood and there is much to be learnt about its effective
treatment. Antidepressant and anxiolytic drugs remain the most commonly prescribed
treatment for anxiety. However, the current drug therapies for anxiety have many
limitations, including the high financial expense, delay in onset, limited efficacy,
unwanted side effects such as anticholinergic reactions, nausea, constipation,
hypotension, arrhythmias, weight gain and sexual dysfunction [18, 21, 23], as well as
drug dependence and the stigma associated with consuming and depending on
pharmaceuticals [3, 10]. Further research is necessary to find new anxiolytic drugs with
less adverse effects and higher availability for wider community [24]. Study of the
treating effects of natural alternatives to prescription drugs is very important with this
respect. Herbal alternatives are distinguished with less side effects and lower costs, as
compared to drugs, produced by pharmaceutical industry. According to the World Health
Organization, about three-quarters of the world population relies upon traditional herbal
remedies for the health care [9].

A systematic review of the published literature revealed animal and human clinical trial
data suggesting medicines derived from the various plant species (general Ginkgo,
Lavandula, Hypericum, Valeriana, Crataegus, Eschscholzia, Matricaria, Melissa,
Passiflora, Scutellaria, Piper, Achillea, Angelica, Alpinia, Celastarus, Chamaecyparis,
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Citrus Cymbopogon, Copaifera, Ducrosia, Foeniculum, Lavendula, Lippia, Spiranthera,
Salix, Stachys) to exert anxiolytic effect [5, 6, 16, 25].

The current study is a part of the project targeted to find the herbal medicines which may
be effective in the treatment of stress-induced anxiety. This study was aimed at further
clarification of the anti-anxiety effect of a plant species Melissa officinalis L. Stress-
induced grooming in rats was used as an animal model of anxiety. Models of this kind
attempt to approximate the natural conditions under which such emotional states are
elicited. By employing non-painful aversive stimuli to induce fear and anxiety,
ethological tests are thought to minimize possible confounding effects of motivational or
perceptual states arising from interference with learning and memory, hunger and thirst or
nociceptive mechanisms, and allow for a truly comprehensive “behavioral profiling” of
experimental interventions. When compared with conditioned models, ethologically
based tests seem better qualified to be analogs of human anxiety [2].

Behavior, expressed in strokes, licks and scratching of entire body is known as grooming.
Grooming is an innate behavior which maybe expressed as either self-grooming or
allogrooming — care of conspecifics body [12, 14, 15, 17, 28, 31] and is represented
across species of vertebrates (mainly mammals and birds), as well as in some species of
insects [14] . Grooming plays an important role in the care of body surface and regulation
of body temperature [4], as well as in social communication among conspecifics [14, 31].
At the same time, grooming lowers the level of anxiety and helps in adaptation to
stressogenic environment [1, 20, 29]. Rodents are distinguished by rich grooming
repertoire. Grooming behavioral microstructure undergoes predictable changes in
stressful situations [12, 17] and is used as an animal model of anxiety in translational
medicine [14].

Grooming in rats consists of two principal patterns such as syntactic chain embedded in
other forms of grooming behavior. Syntactic chain represents grooming movements into
distinct, predictable phases that follow the cephalic-caudal direction, starting from the
head and ending in genitals and the tail.

The phases of syntactic chain are such as 1) licking the paws, 2) nose and face grooming
(strokes along the snout), 3) head washing (strokes over the top of the head and behind
the ears by the forepaws), 4) scratching body by hind paws and licking the body fur and
5) licking hind paws, tail and genitals. Some authors distinguish 3 phases such as rostral
grooming (grooming of forepaws, nose and face), head washing and body grooming, the
latter comprising grooming of body, hind paws and tail/genitals [15].

Natural grooming develops spontaneously and maybe observed in everyday situation,
while in the experiment grooming maybe provoked by various stressors. Stressors used
for experimental provocation of grooming behavior are such as handling by the tail,
restraints, placement of the rodent in novel chamber, moistening of the fur, delivering
noise, exposition to the bright light, predator or larger conspecific.
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MATERIAL AND METHODS

Material

Our experiment was performed on the total of 10 adult albino mongrel rats of both sexes.
Rats were housed in cages according to the rules of animal care. They were divided into 2
groups: Group 1 — five animals treated with the tincture of Mellissa officinalis L. and
Group 2 — five non-treated rats. The tincture of Mellissa officinalis was purchased in the
phytotherapeutic drug store. The tincture was accompanied by a medical prescription for
the use in human newborn. The dose was converted from human to animal taking into
account the ratio between the weight of human newborn and experimental animal. The
rats were treated with the tincture 24 hours before the beginning of experimental
procedure. The tincture was dissolved in the tap water. The amount of the solvent equaled
the amount of water, consumed by rats in 24 hours. The solution was placed in the empty
container of housing cage and consumed by animals instead of a tap water. Experimental
chamber (40x45 cm) was made from transparent plexyglass and dimly illuminated. It was
cleaned with ethanol solution one hour before the beginning and immediately after the
completion of the experimental procedure.

Procedure

Each animal was observed separately every day during 10 consecutive days of
observation period. Every observation day consisted of control (Contr.) and experimental
(Exp.) procedures such as following: In Contr. the rat was removed from the cage and
placed in the experimental chamber. After one hr. acclimation, grooming was observed
for 30 min. It was videotaped. Afterwards, in the Exp. the animal was exposed to the
bright light for 30 min. and grooming was videotaped for the same period. Procedures
were repeated in the each of 10 days of observation. Both Group 1 and Group 2
underwent the same control and experimental procedures (Contr.1/Exp.1 and Contr.2/
Exp. 2, respectively).

Behavioral analysis

The number of grooming bouts (NB) was registered. The grooming bout implies
grooming movements that develop in sequence in particular time period. The interval
more than 5 s determines separate grooming bouts. The NB were calculated as a number
of separated bouts. Bout was considered to be completed (CB) if animal performed all 5
phase movements in the sequence 0-1-2-3-4-5-0, where 0 stands for pause (5 s and more)
between two bouts, while 1-2-3-4-5 stand for: 1) licking the paws, 2) nose and face
grooming, 3) head washing, 4) scratching body by hind paws and licking the body fur, 5)
licking hind paws, tail and genitals. Bout was considered incomplete (ICB) in case of the
absence of one or more phases. Incorrect transitions (IT) between the phases were
calculated, as well. IT implies aborted (prematurely terminated, for example 1-2-3-0, 1-2-
3-4-0), skipped (for example 1-3, 1-2-4, instead of 1-2-3, 1-2-3-4), reversed (for example
3-2, instead of 2-3) and incorrectly initiated (for example 0-3, 0-4, instead of 0-1) stages.
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Data were analyzed by different descriptive and inferential statistical methods using
SPSS 20.0. The paired-simple t-test was used for within group comparisons.

RESULTS AND DISCUSSION

The main findings are listed bellow:
No difference in the number of CB and ICB between the Contr.1 and Exp.1 was found.

The number of IT was found increased in the Exp.1, as compared to the Contr. 1 (r=-
0.84, p <0.036).

No difference in the number of CB and IT between the Contr. 2 and Exp. 2 was found.
The number of ICB was found increased in the Exp.2, as compared to the Contr. 2 (r=1,
p <0.036).

No difference in the number of CB, ICB and IT between the Contr.1 and Contr. 2 was
found.

No difference in the number of CB and ICB between the Exp.1 and Exp.2 was found.

The number of IT was found decreased in the Exp.2, as compared to the Exp. 1 (r=-
0.891, p<0.017).

Increase in the percentage of interrupted grooming bouts, incorrect transitions from one
grooming phase to another, as well as more rostral pattern of grooming is described as a
reaction to the stressor. These changes in grooming microstructure are believed a
behavioral marker of stress in rats [1]. On the one hand, increase in the number of IT in
the Exp. 1 (point 2 above) suggests the exposition to the bright light to induce the stress
in rats in the current study. On the other hand, the amount of CB remained unchanged in
control and experimental situations. However, it is believed that the amount of grooming
(i.e. the number of bouts) may not be a reliable indicator of animal anxiety, while the
“‘quality’’ of grooming — its sequencing varies substantially according to the degree of
stress experienced [27]. Therefore, statistically reliable change in the sequence of
grooming bouts and the increase in the number of IT in Exp.1 suggests the exposition to
the bright light to elicit the stress in animals in this study.

At the same time, the overall number of grooming bouts in both Group 1 and 2 remained
the same (point 4), the data suggesting the tincture of Mellissa officinalis L. not to affect
the motor activity of experimental animals. Increase in the IT in the Exp. 1 and decrease
in the same grooming parameter in the Exp. 2 (points 2 and 6, respectively) suggest the
influence of the tincture on the pattern of grooming after the exposition of rats to the
stressor. Presumably, treatment with the tincture of Mellissa officinalis lowers the anxious
reaction of rats to the stressor.
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Stress-induced grooming was found to significantly decrease in rats, treated with
Bergamot essential oil, as compared to the control non-treated animals [22]. The same
anxiolytic effect was confirmed for aqueous extract of Alafia multiflora (Stapf)Stapf.
stem barks in rodents [8]. Significant decrease in grooming activity in Open Field Test
was registered in rats, treated with Arnica montana L. extract [11], as well as
Cinnamomum tamala (Buch-Ham) T.Nees&CH.Ebern and Withania somnifera (L.)
Dunal extracts [32]. The anxyolitic effect of Melissa officinalis L., revealed in the current
study, is another argument for the use of natural herbal alternatives to prescription drugs
in the treatment of anxiety. Current study does not provide direct evidence to answer the
question as which brain structures represent the target for the tincture of Mellissa
officinalis L. On the one hand, incomplete transitions represent the specific change in the
pattern of grooming. In case of IT, syntactic chain is replaced by the non-sequential
bouts, when grooming behavior is prematurely terminated, some stages are skipped,
reversed or incorrectly initiated. Brainstem circuitry, as well as basal ganglia (in
particular the striatum) is suggested necessary for the execution of fully patterned
grooming sequences. The results of several experiments with brain lesions suggest that
the essential pattern generator for syntactic chains is in the brainstem, and that the
dorsolateral striatum may act as a forebrain controller to coordinate the normal
completion of the chain pattern [15]. On the other hand, Melissa officinalis L. molecular
contents (terpenoids and phenolic derivatives) are known to modulate the GABAergic
system in the brain [19]. Based on these data, we suggest the tincture of Melissa
officinalis L. to exert an inhibitory modulation of the neuronal systems of the brainstem
and basal ganglia, involved in the completion of syntactic chain of grooming in rats.

CONCLUSION

The treatment of rats with the extract of the Lemon balm (Melissa officinalis L.)
decreases the level of anxiety of animals in stressogenic environment. The data obtained
provide argument for the use of natural herbal alternatives to prescription drugs in the
treatment of anxiety.
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[TokazaHo, 4T0 1abOpaTOpHBIE KPHICHI, TOMEIIEHHBIE B CHJIBHO OCBEIIEHHOM IIPOCTPAHCTBE,
COXPAHSIOT CHUHTAKTHYECKUH TAaTTepH TPYMHHIa B YCIOBHAX IIPEABAPUTEIBHOTO MpuéMa
Hacroiiku Melissa officinalis L., B ToO BpeMsi KaK B aHaJOTHYHOW CTPECCOBOW CHTYyal[Md CHHTAK-
TUYECKUH NaTTEPH HApYyILIAETCs Yy )KUBOTHBIX, HE IPUHUMAIOIIKX HACTOMKY. [IpeanonoxurensHo,
Hactoiika Melissa officinalis L. cHWKaeT YpPOBEHb TPEBOXXHOCTH KpBIC, HaXOMSIIUXCS IOA
CTPECCOT€HHBIM BO3AECHCTBUEM.
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EFFECT OF ETHANOL ON THE ACTIVITY OF THE
SYLVIAN AQUEDUCT EPENDYMAL CELLS’
CILIARY APPARATUS IN VITRO

Diana Museridze, Lali Gegenava, Nino Gvinadze, Sopho Kalmakhelidze

Iv. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia

Taking into account the importance of ciliated ependymal cells of the Sylvian aqueduct in the
circulation of cerebrospinal fluid and stabilization of intracranial pressure, the purpose of
this study was to investigate the short-term and direct effects of high and hormetic
concentrations of ethanol on the locomotor activity of the ciliated apparatus of ependymal
cells in vitro. The effect of various doses of ethanol (0.3 mol — 20 pmol) on the contractile
activity of the Sylvian aqueduct ciliary apparatus in frontal and sagittal sections (200-300 p)
of the central gray matter of outbred white rat’s brain were studied ir vitro. In vitro sections
were placed in glass chambers filled with nutrient medium. At the administration of high
doses of ethanol (0.3 mol — 0.07 mol) into the nutrient medium, the ciliary apparatus
contractile activity was stopped after 4 minutes. This effect was also maintained at lower
concentrations (0.02 mol — 0.02 mmol). With the introduction of 2.2 pmol, the activity of the
ciliary apparatus increased significantly and reached 60 minutes, and with a further
decrease in the ethanol concentration (0.2 pmol — 20 pmol) the activity of the ciliary
apparatus was steadily increased and reached 150 minutes. In vitro study of the effects of
high and low concentrations of ethanol on the ciliary apparatus of Sylvian aqueduct
ependymal cells of rat brain has revealed that the duration of contractile activity depends on
the concentration of ethanol and is expressed in the cessation of contractions at its high
concentrations and the conservation of activity at ultra-low concentrations.

Key words: ciliated ependymal cells, contractile activity, cerebrospinal fluid, Sylvian aqueduct,
ethanol

Long-lasting consumption of alcohol leads to the formation of chronic alcohol
neuropathy. Of particular importance is the study of various types of neuropathies during
intoxication of the body with ethanol, including those associated with impaired
functioning of the ventricular system and the ciliary apparatus of the ependymal cells of
the Sylvian aqueduct. The ciliary apparatus of ependymal cells of Sylvian aqueduct is
sensitive to the influence of physical and chemical factors. The oscillation of the
magnetic induction of the vertical component of the geomagnetic field has an inhibitory
effect on the work of the ciliary apparatus [11]. Increasing the concentration of
transmitters — glutamate, glycine, GABA and taurine in the cerebrospinal fluid slows
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down and then reduces the operation of the device in vitro [12]. In chronic alcohol
intoxication having penetrated from the gastrointestinal tract into the systemic circulation,
and then into tissues and biological fluids, ethanol, due to its high solubility in lipids,
penetrates through the membrane, ion channels and the blood-brain barrier into the
cerebrospinal fluid, where it persists for a long time and can affect the contractility of the
cilia, cerebrospinal fluid migration, and intracranial pressure. A number of authors has
revealed the participation of ethanol as a risk factor for impaired mobility of ependymal
cilia in the brain [9]. Ethanol in high concentrations inhibits protein synthesis, disrupts the
structure of microtubules in the cilia axonema, causes a delay or complete cessation of the
movement of cilia of ependymal cells, which leads to disruption of the formation and
circulation of the CSF, thereby creating favorable conditions for the development of
hypertension and hydrocephalus [8].

The degree of destructive effect depends on the duration and concentration of ethanol
consumed. Long-term use of ethanol leads to the formation of Wernicke-Korsakov
syndrome. In this syndrome, the cytotoxic effect manifests itself mainly in the region of
the central gray matter, in the depths of which the Sylvian aqueduct is located.
Ependymal cells lining the walls of the ventricles, through the beating of cilia, make an
important contribution in the circulation of cerebrospinal fluid [6, 9]. The wave-like beats
of the cilia of the ependymocytes provide the movement of fluid from the lateral
ventricles into the third ventricle and through the Sylvian aqueduct to the fourth ventricle.
CSF continuously flows through the ventricles of the brain — a process necessary for brain
homeostasis [1]. The accurate regulation of cerebral blood flow is crucial for the normal
functioning of the brain, and its impairment underlies many neuropathologies [2].

Taking into account the importance of ciliated ependymal cells of the Sylvian aqueduct in
the circulation of cerebrospinal fluid and stabilization of intracranial pressure, the aim of
this study was to reveal the features of the short-term and direct influence of different
ethanol concentrations on the motor activity of the ciliary apparatus of the Sylvian
aqueduct ependymal cells.

METHODS

The short-term and direct effects of various concentrations of ethanol on the motor
activity of the cilia of ependymal cells of the Sylvian aqueduct of the brain of outbred
white rats have been studied. In the form of the structure that stably maintains the speed
and duration of the motor activity of cilia, some parts of the midbrain in the aqueduct area
were selected. The sagittal and frontal sections were dissected using The Atlas of
Stereotaxic Coordinates of the Rat Brain [8]. 200-300 um thick sections were placed in
glass chambers with plane-parallel walls filled with a nutrient medium (DMEM, Sigma,
pH 7.3 at t 36°C). The maximum duration of movement of the ciliary apparatus in the
control sections was determined after detection of the zone of actively working ciliary
cells using a binocular microscope (Jena, Zeiss) under the visual control in a phase-
contrast microscope (Jenaval, Zeiss). In a series of experiments, the standard medium was
removed and a nutrient medium with ethanol of a certain concentration was introduced
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into the chamber. The following ethanol concentrations were used: 0.3 mol; 0.2 mol; 0.1
mol; 0.06 mol; 0.02 mol; 0.002 mol; 0.2 mmol; 0.02 mmol; 2.2 pmol; 0.2 pmol; 0.02
pmol; 0.0002 pumol; 20" pmol; 20** umol. The results of the effects of ethanol were
judged by the time of complete cessation of the motor activity of cilia. The slowing and
stopping the contractile activity of cilia in addition to direct visual observations were
determined indirectly. The preliminary experiments have shown that the contractile
activity of the ciliary apparatus drives the nutrient fluid with red blood cells located in the
cavity of the aqueduct sections in close proximity to the working cilia. Observations of
the movement of red blood cells revealed a direct relationship between the speed of
movement of red blood cells and motor activity of cilia. This dependence contributed the
determination of the onset of slowing down of cilia up to their stop. A total of 150
sections were studied.

The statistical processing of experimental material has been done by the use of variation
statistics methods (ANOVA).

RESULTS

In the control series of slices, the speed and duration of the contractile activity of cilia
without changing the nutrient medium remained unchanged for 24 hours (Fig. 1).

Fig. 1. Layer of ependymal cells, lining the inner surface of the Sylvian aqueduct in the sections of
the outbred white rats brain in vitro. Moving cilia of the ependymal cells (—)

At short-term and direct exposure to high and low concentrations of ethanol on the central
grey matter sections, containing the Sylvian aqueduct, it has been shown that at high
concentrations (0.3 mol — 0.01 mol) the contractile activity of the ciliary apparatus ceases
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4 minutes after the administration of ethanol into nutrient medium. A similar picture
persisted with a gradual decrease in ethanol concentration (0.2 mol; 0.1 mol; 0.06 mol).
Ependymal cells of Sylvian aqueduct belong to highly specialized cells, the functional
activity of which is closely related to the synthesis and contractile activity of the proteins
contained in the axon microtubule. Chronic ethanol consumption leads to disruption of
microtubule structure [10]. Ethanol of high concentration with short-term and direct in
vitro contact with the system of cilia, having the ability to denaturation of proteins, can
disrupt the assembly of microtubules from globular subunits in the structure of cilia,
disrupting the processes of tubulin assembly and the movement of dienic handles, thereby
disrupting the mode of ciliary apparatus operation [14]. It has also been shown that
alcohol can significantly suppress the amplitude of calcium fluctuations and the
frequency of beating of cilia [3, 7, 8]. The administration of 2.2 umol of ethanol into the
nutrient medium significantly increased the duration of the contractile activity of the
ciliary apparatus and reached 60 minutes. With a further decrease in ethanol
concentration (0.2 pmol — 20** pmol), the activity of the ciliary apparatus steadily
increased and reached 150 minutes (Fig. 2).
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Fig. 2. Effect of different concentrations of ethanol on the activity of the ciliary apparatus.
Abscissa — ethanol concentration, Ordinate — time of work of cilia apparatus. * — unreliable change
between Control and Ethanol. Ne 1 — 0.3 mol; Ne 2 — 0.2 mol; Ne 3 — 0.1 mol; Ne 4 — 0.07 mol; Ne 5 —
0,02 mol; Ne 6 —2.2 mmol; Ne 7 — 0.2 mmol; Ne 8 -0.02 mmol; Ne 9 —2.2 pmol; Ne 10 — 0.2 pmol; Ne 11 —
0.02 pmol; Ne12 —0.002 pmol; Ne 13 —0.0002 pmol; Ne 14 —20™2 pmol; Ne 15 — 20" pmol

In connection with the positive effect of ultra-low doses of ethanol on the movements of
the cilia, it should be noted the data obtained by us and a number of authors that a low
dose of ethanol in some cases can weaken the course of pathological processes [4, 5, 13].
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Thus, the data obtained by us revealed that the direct and short-term effects of a high dose
of ethanol on the sections of the Sylvian aqueduct supply had a toxic effect, causing the
cessation of the motor activity of the cilia of epithelial cells, however, at much lower
doses of ethanol, the duration of the motor activity of the ciliary apparatus remained for a
rather long time, almost reaching the control level.

CONCLUSIONS

In vitro study of the effects of high and low concentrations of ethanol on the motor
activity of ciliary apparatus of Sylvian aqueduct ependymal cells of rat revealed that the
duration of contractile activity depends on the concentration of ethanol and is expressed
in the cessation of contractions at its high concentrations and the conservation of activity
at ultra-low concentrations.
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BJIMAHUE 9TAHOJIA HA AKTUBHOCTDb PECHUTYATOI'O AIIITAPATA
SIEHANMHBIX KJIETOK CHJIBBUEBOT'O BOJAOIIPOBO/JIA

/uana Mycepuose, Jlanu I'ezenasa, Huno I'eunaoze, Cogho Kanmaxenuose

IenTp skcnepuMeHTaNbHON OnoMeuIuHbI UM. MB. bepuramBumu, Toumicn

PE3IOME

[IprHEMas BO BHHUMaHHE Ba)KHOCTh MEpPLATENBHBIX SMEHIUMHBIX KiIeTOK CHIBBHEBOTO BOIO-
MPOBO/A B IUPKYJISIUK CIIMTHHOMO3TOBOM XKMIKOCTH W CTAOWIM3ALMKA BHYTPUUEPEITHOTO J1aBJIe-
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HUS, [EIbI0 JaHHOTO HCCIECNOBaHHS OBLIO W3yYCHHE KPATKOCPOYHOTO M HEMOCPEICTBEHHOTO
BJIMSIHUS BBICOKUX M HU3KHUX KOHIIEHTPALUi 3TaHOJIa Ha JABUTaTENbHYIO0 aKTUBHOCTh PECHUTYATOTO
arrapara SIEeHIUMHBIX KIETOK in Vitro.

Bruto n3ydeHo BimstHHE paszauygHBIX 103 dTaHona (0.3 moms — 20 MxMoT) Ha COKpATHTENBHYIO
aKTHBHOCTh IIMJIMAPHOTO amiapaTa 3MEeHAMMHBIX KiIeToK CHIBBHEBOIO BOJOIPOBOAA B Cpe3ax
(200 — 300 MKM) IIEHTPAIBHOI'O CEPOT0 BEIIECTBA T'OJIOBHOIO MO3ra OECIIOPOAHBIX OCIIBIX KPBIC B
MOJIETIBHBIX 3KCHEepUMeHTax in vitro. Cpe3bl NMOMELIAIH B CTEKISTHHbIE KaMepbl, 3alOJHEHHbIC
nuTarenbHo cpenoi. Ilpu BBeneHum Bbicokux 103 3TaHoia (0.3 mons — 0.07 Mons) B mura-
TENILHYIO Cpelly, COKpaTHTeNbHas aKTUBHOCTh IMJIMapHOIrO armmapaTta Ipekpamaitach uepe3 4
MHUHYTBL. OTOT 3QdeKT coxpaHsuics mpu Oosee HU3KUX KoHueHTpauusx (0.02 moss — 0.02 Mmoub).
[Ipn BBemeHMu 2.2 MKMOJIb aKTUBHOCTH IIMJIMApHOTO armapara 3HayuTeNIbHO YCHJIMBAIACH H
jocturana 60 MUHYT, a TIpH JajibHEHIEM CHIDKSHHH KOHIEHTpauu 3tanona (0.2 MkMois — 207
MKMOJT) aKTUBHOCTb IIMJIMAPHOTO allllapaTa HEYKJIOHHO Bo3pacTana u gocturana 150 MuHyT.

UccnenoBanme in vitro BIUSAHUS BBICOKMX W HU3KUX KOHIICHTPAWH 3TaHOJA HAa IMJIMAPHBIA
amnmapar SMEeHIUMHBIX K1eTOK CIITBBHEBOTO BOJIOTIPOBO/IA TOJIOBHOTO MO3Ta KPBICH TOKA3aJI0, 9TO
MPOJOIHKUTEILHOCTh COKPATUTENIbHON aKTUBHOCTH 3aBUCHT OT KOHIIGHTPAIMHM ITAHOJA W BBIpa-
JKaeTcs B IPEKPAICHUH COKPAIEHWH TIPH €T0 BRICOKOW KOHIIEHTPAIIUU M COXpaHEHUE aKTUBHOCTH
MIPH yIBTPAHU3KUX KOHIICHTPAIIHIX.
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ASSESSMENT OF THE EFFECTIVENESS OF STEPALOL E.
IN GRAPE SEEDS OIL ON THE ALCOHOL-RELATED DAMAGE
TO GASTRIC MUCOUS MEMBRANE IN RATS

Marine Nikolaishvili', Tea Museliani’, Salome Zenaishvili’,
Khatuna Dondoladze’, Gogi Jigia', Zaur Lomtatidze’

'I. Beritashvili Center for Experimental Biomedicine, Tbilisi, Georgia; 2 David
Aghmashenebeli Georgian State University, Tbilisi; *Sukhumi State University,
Georgia

The studies carried out showed that extraction from grape seeds oil (registered as Stepalol E.) is a
direct correlation factor between dimensions of ulcers and indicators of oxidative stress, and
moreover, the capacity of grape seeds oil has a positive effect on the dynamics of the
indicated processes. The obtained data allows us to consider that the extraction from grape
seeds oil is more reasonable to be included in the complex treatment of the patients with
ulcer disease, who have more manifested ulcer defects with a higher degree of H. pylori
infection and higher activity of POL, as the medicine has the evident cytoprotective, anti-
helicobacterial and anti-oxidative actions. The work has been done at 1. Beritashvili Center
for Experimental Biomedicine and Department of Microbiology of Sukhumi State
University.

Key words: Stepalol E., alcohol, gastric ulcer, rat, grape seeds

Helicobacter H. Pylori exists in a half of the adult population of the world. It is possible
to chronically colonize in gastric mucous membrane, where it is attached to epithelial
cells. Although the majority of infected subjects feel no symptoms, Helicobacter pylori
infection causes severe gastritis and increases the risks of gastric cancer. It is considered
as agents of pepticulators and gastritis and is associated with lymphoma of lymphoid
tissue related to lymphoma and gastric cancer [3, 4, 7]. H. Pylori Bacteria is one of the
most spread bacteria infecting the humankind. It has been detected in the whole families,
where it is transmitted from one to another. H. pylori bacterium occupies the stomach and
esophagus. It stimulates cells to produce a large amount of gastric or hydrochloric acid.
The acid is sent back and up from stomach causing burning or Gastroesophageal reflux
disease (GERD) in medical language also known as acid reflux. Acid-related diseases
also involve a common pathogenic link-acid aggression of gastric juice and the basic of
its treatment is anti-secretory therapy. The secretion of hydrochloric acid (HCI) by
parietal cells of mucous membrane (CO) of the stomach is determined by transmembrane
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transfer of protons, which is carried out by means of proton pump -H+/K" ATP phase [5,
11, 21]. The transfer of proton pump is associated with the increase in cytoplasmic
concentration of Ca*" level of Cyclic adenosine monophosphate that is determined by cell
receptor apparatus. Pump blockage completely excludes a secretory process in parietal
cell. In the regulation of the work of proton pump 3 types of receptors are participating:
acetylcholinic, gastric, and histaminic. At present there are 5 types of muscarine
receptors, two of which participate in the secretion of HCl: MI — cholinoreceptors,
localized in nervous textures of the stomach and M3 — on outer membrane of parietal cell.
The stimulation of the given receptors triggers an acid formation. Three types of
histaminic receptors are studied, out of which two participate in the regulation of acid
formation: H2 receptors are localized on a membrane of parietal cells. Their stimulation
(link with histamine) leads to the activation of adenylcyclic system of parietal cells with
further formation of Cyclic adenosine monophosphate. The latter one acts as secondary
transmitter activating H'/K"-ATP-ase. Besides, the concentration of Ca*" increases in cell
cytosol, which also activates the proton pump. H3 receptors localize on enterochromaffin-
like (ECL) cells secreting histamine. The stimulation of gastric receptors slightly
influence the secretion of HCI. Central and peripheral mechanisms also participate in the
regulation of gastric acid formation. Central stimulation of gastric acid formation is
determined by the activation of hypothalamic nuclei of the vagus [2, 6, 25]. Further,
along the fibers of vagus, the impulse is transferred to nervous textures in the stomach
and through it to — parietal, pepsin forming, endocrine (G and D) enterochromaffin-like
cells of mucous membrane of the stomach [27, 29, 30]. The mediator of the vagus
stimulation is acetylcholine, which, contacting with M1 and M3 cholinoreceptors,
activates proton pump. The vagus effects induce the secretion of histamine by ECI cells,
which in turn stimulates HCI secretion. Thus, in central regulation of gastric secretion,
two mediators (acetylcholine and histamine) and 3 types of receptors (M1, M3-
cholinonergic and H2-histaminic) are participating. Also the role of H. pylori in the
regulation of acid formation is proved. The constant formation of ammonia in the process
viability of H. pylori, causes uninterrupted alkalization of antral part of the stomach,
destroys inhibitory mechanism of gastrin secretion, leading to hypersecretion of gastrin,
constant stimulation of lining cells and hyperproduction of HCI; At the same time, some
strains of H. pylori isolate cytotoxins, damaging CO.

In 1983 Marshal and Worren were the first to have isolated H. pylori from gastric
epithelium and proved that this bacterium caused majority of gastroduodenal diseases,
peptic ulcers and gastric cancer [9]. H. pylori is one of the most genetically various
bacteria (Helicobacter: spiral core; H. pylori: keeper), is a small spiral (S-like) or curved
linear gram negative movable bacillus, microaerofillic, irregular, and coccal
transformation happens when it is exposed to air for approximately 2 hours [8, 12, 15].
Approximately 50% of the world population are infected by H. pylori, this rate could
approach 80% in some developing countries and 40% in industrially developed countries
and this explains why scientists consider that spreading of H. pylori could be inversely
correlated with social-economical conditions and hygiene [10, 14]. Ironically, in
industrially developed countries a relatively high spreading of gastric cancer was
observed, while developing countries had a low level of gastric cancer [9, 14]. The
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mechanisms of acquiring and transmission of H. pylori has not been known yet. Although
it is considered that the primary means of transmission is fecal-oral and gastric-peroral
from human to human, contaminated food and water and some domestic animals [10, 16,
17, 28].

Even though the treatment is usually effective, it can result in side effects, such as
development of resistance to antibiotics [14] and recurrence because of low compliance
[1]. Therefore, the alternative methods of the treatment of H. pylori should be studied.
Lots of natural plant extracts with anti-H. pylori are mentioned in the studies, these
extracts include: garlic, broccoli, cranberry, etc. [5, 13, 15, 28]. Pomegranates
(Vitisvinifera) well known by their high levels of antioxidants and polyphenols also
showed that they are new antimicrobial agents. In some studies it has been also reported
about anti-H. pylori grape seeds and wines, having active chemical contents (e.g.,
Resveratrol). In some literature reviews the decrease in risks of gastric cancer by effective
prophylactics are performed by the use of such herbal medicines, as grape seed oil. It is
known that phenolic compounds of grape seeds are mostly flavonoids.

OH
OH
H O~ R

~0OH
OH

Catechine and epicatechine phenol compounds contain a large amount of hydroxyl
groups. It enables them to reveal anti-oxidative features and absorb atomic oxygen. It
allows us to consider polyphenols as restoring agents. Their anti-oxidative action is 4-5
times more than anti-oxidative potential of vitamin C and vitamin E. Polyphenols. Except
for anti-oxidative action, grape seed polyphenols inhibit some enzymes that catalyze the
shooting histamine into the blood; the latter determines inflammatory and allergic
reactions of the body. Phenolic compounds protect vitamins from early oxidation and
enable them to perform their function, where it is necessary. It is proved by the joint
activity of such antioxidants as vitamin C and vitamin E, Selen and carotinoids [7, §].
They have anti-inflammatory action, inhibit the functions of cyclooxygenase and
hyperoxidase (action against the development of cancer cells). Phytoestrogens are
biologically active herbal compounds. They are close to female natural hormones by
structure and features. There are some evidences that phytoestrogens have ability to
diminish the risk of cancer development, including breast cancer. One of the mechanisms
that explain the activity of phytoestrogens, is their ability to connect and activate natural
mechanisms of gastric mucincathelicidin LL-37 and O-glycan of hereditary system in the
host body. These mechanisms have the key role in gastric against H. pylori infection. LL-
37 is proteolitic processing peptide. LL-37 enables to stop the growth of bacteria, which
is carried out by neutralization of bacterial wall and by connection of specific receptors
existing in host cellular membrane. hGAP18 is antimicrobial peptide, while hGAP18/LL-
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37 is multifunctional peptide, which is activated by H. pylori at the expense of gastric
epithelium by cathelicidin or its derivate LL-37 believing that it will balance the existence
of H. pylori in inhabitancy by the protection of mucous membrane. Cationic antibacterial
peptides (GAPS), along with LL-37 are the potential source of new antibacterial
molecules [26, 30]. All the mentioned suggest that bile acids based on antimicrobial
agents oppose protolithic degradation and inhibition of mucin. Grape seed polyphenols
possess specific affinity with some proteins and peptides. The reactions between protiens
and polyphenols could be used for the inhibition of some enzymes. This influence can be
used in the treatment of ulcers caused by H. pylori. It is also known from the literature
that pro-cyanides and pro-anti-cyanides extracted from grapes seed prevent the body from
the growth of cancer cells. In rats when the concentration of grape seed oil is 0.5 mg/ml,
the amount of spontaneous mutations decreased by 65%, while in the conditions of the
same concentration nuclear mutation decreased by 92%, which is performed by the
neutralization of bacterial wall and by the connection of specific receptors existing in host
cellular membrane. Hence our goal is to study the influence of Stepalol E. derived from
cold pressured grape seed oil on gram positive, as well as gram negative bacteria [19, 20].
In our opinion this medicine can be used for the prevention of H. pylori. The medicines
such as aspirin and its analogues such as glucocorticoids, reserpine, etc. cause the
decrease in synthesis of mucin and prostaglandins, as well as the decrease in the
regeneration of gastric mucous membrane. Acetylsalicylic acid once penetrates gastric
epithelial cells and vessels endothelium, causes capillary bleeding, severe dystrophic and
erosive changes in gastric mucous membrane, decreases the proliferative activity of
cambial zone cells. Consequently, the decrease in mucous formation occurs and muco-
lytic effect is detected that is manifested by the dissociation of mucous formation struc-
tures and then by the elimination of mucous protective features. Acetylsalicylic acid causes the
resistance of gastric mucous membrane with the destroy of metabolic processes: by
switching off phosphorylation and oxidative processes and finally by de-energization of
cellular systems, blocks Na/K" pump disrupting ionic homeostasis [18, 24].

MATERIAL AND METHODS

Wistar line rats weighing 150-170 g were chosen for the experiment. In control and
experimental groups were 18-18 rats. There were 3 groups of animals: the first group —
control with 25 mg / 100g of weeding water and Stepalol E., the second group — 25 mg /
100g of alcohol, and the third group — water and Alcohol + Stepalol E. administration
daily for 10 days. The animals were both sexes in identical conditions on standard
feeding. Gastric wall was damaged by administration of 25 mg/100 g/kg alcohol once a
day. Stepalol E. was administered from the first day of alcohol usage daily for 10 days.
Malonildialdehyde (MDA), ELISA Kit (#MBS9389387).

RESULTS

The results of gastric mucous membrane damage are given in Table 1. Based on the ana-
lysis of the received data, it is obvious that the administration of Stepalol E. statistically
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reliably reduces the average data of erosion in experimental animals (17.8 £ 1.45 mm?)
compared with control ones (48.62 +4.4 mm”). According to the experiments, in the
animals who were administered Stepalol E. along with peritoneally injected water, the
average data were reduced per 1 erosion animal than in control ones, where the average
number of Paul’s index in case of destruction such as striped erosion and splinter
hemorrhages was less than in control animals.

Table 1

The impact of alcohol on the development of erosion in rats (M + m, n = 6)

A group of animals after administration of alcohol and
. Stepalol E.
Index of the gastric mucosa Alcohol+water | Alcohol+ Stepalol E. | Stepalol E. and
Control Animals water

Hyperemia
relative unit (from 0 to 4) 3.3 3 2.6
Splinter hemorrhages 67.0+29 45.65+3.9 42.68 £4.9*
The average number of dotty 11.78 +0.59 7.0+ 0.31 6.0+ 0.33*
blood vessels in one animal
Paul’s index of dotty 117 8.0 50
hemorrhages
The average size of erosion 48.62 £ 4.4 mm’ 35.5+3.8 MM’ 15.0 £ 3.9 Mmm™*
The average number of 1.6+0.25 13+0.8 12+0.16
erosion in one animal
Paul's index for erosion 1.6 1.3 1.1
The average sizes of striped 14.68 % 0.20 11.56 +0.22 7.67 £0.20*
erosion, mm
The average number of 3.34+0.13 2.65+0.12* 2.64+0.12%
striped erosion in one animal
Paul's index for striped erosion 3.34 2.65 1.67

* — Authenticity in relation to controller < 0.05

Hyperemia and relief smoothness are well visible in rats, where alcohol and Stepalol E.
are observed. It should be noted that the sizes of the surface of the mucous membranes in
case of splinter hemorrhages were greater in the group of rats, where alcohol and water
were administered by 67.0£2.9 than alcohol and Stepalol E. by 42.68+4.9 *.
Biochemical data are given in Table 2. It was also shown that the free NS1 indicator was
relatively more in rats taking Stepalol E. + alcohol, but fewer in those rats, which were
administered Stepalol E. with water. As for pepsin, it was alcohol + water 487 + 21.5,
alcohol + Stepalol E. 460.0 + 9.14 and alcohol + water — 478.5 £ 25.
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Thus, we can make a conclusion that the application of Stepalol E. during the gastric
mucosal damage causes a decrease in the destruction degree in the stomach or, in other
words, it has gastroprotective effect. Biological membranes are of great importance and
the focus of science is directed towards them. The important role of its function depends
on the active form of oxygen. Oxidative peroxidation, today according to many authors is
the universal mechanism of damaging membrane structures during various pathological
processes. Under the effect of oxidative radicals, enzymatic and non-enzymatic
antioxidant systems play the protective factor of the structural and functional integrity of
membrane plays an important role in the normal functioning of the cell [24, 26].
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erosion (B), Paul’s index — for dotty hemorrhages after administration of alcohol (C)

Table 2

Biochemical indicators of gastric juice during the development of aspirin ulcer in
Wistar rats (M £ m, n = 6)

Rats under appropriate procedure

Indicators
Alcohol + water | Alcohol + Stepalol E. | Stepalol E. + water
Total acidity, a titer 55.16 £ 1.07 61.31 £0.7* 41.6 £2.37
Free NS1, a titer 13.14 £ 1.15 15.5+0.7 8.05+0.77
Secretion of gastric juice, 0.25 +0.01 0.22+0.5 0.35 + 0.02*
ml/ 100g x h
Pepsin, mg /% 478.5+25.8 460.0 £9.14 487.0+21.5

* — Authenticity in relation to controller < 0.05
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Fig. 5. Histopathological analysis of the gastric mucosain rats infected by alcohol. (a) Hyperemia,
(b) hyperplasia, (c) erosion, (d) Uninfected, antioxidant properties of Stepalol E. H&E*40

In experimental and clinical studies, the reactions of LPO were studied and are being
studied in case of peptic ulcer of the stomach and duodenum. However, until now, the
features of LPO in this pathology have not been fully disclosed, the question of the state
of LPO at different stages of peptic ulcer has not been elucidated, which in many ways
can determine the place and role of free radical reactions in the pathogenesis of this
disease. We have investigated the antioxidant activity of Stepalol E. on the model of
gastric ulcer in white rats caused by the administration of alcohol by evaluating the
inhibition of the formation of a colored malonic dialdehyde complex (MDA), the final
product of LPO with thiobarbituric acid. The malonic dialdehyde concentration was
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calculated using the molar extinction coefficient and the result expressed in n/mol for the
sample.

The contents of malondialdehyde in the homogenets are 2.89 £ 0.12 nm/g and during the
processes developed under the effect of Stepalol E. it reaches 4.2 +£0.15 nm/gr. The
difference between statistics is statistically significant (R < 0.005), which once again
approves the antioxidant properties of Stepalol E. and the membrane stabilizing effect
that stimulates the regenerative processes of the damaged gastric wall.

45 - 4.2
4.0
3.5 1
3.0 4
2.5 1
2.0 1
1.5
1.0 -
0.5
0.0

29

The contents of After Stepalol E effect Fig. 6. Malondial-

malondialdehyde in dehyde content under
homogenet Stepalol E. effect

The studies have shown that the inclusion of grape seeds oil (registered under the name
Stepalol E.) serves as the direct corrective agent between the size of the ulcer, and the
indices of oxidative stress, as well as the ability of grape seeds oil to affect positively on
the dynamics of these processes. The obtained data make it possible to consider more
appropriate the inclusion of grape seeds oil (Stepalol E.) in the complex treatment of
patients with peptic ulcer with a more expressed ulcerative defect with a higher degree of
H. pylori infection and a higher activity of LPO, since the medicine has expressed
cytoprotective, anti-Helicobacter and antioxidative actions.

CONCLUSIONS

1. Cold pressing of the grape seed oil for use in alcohol-induced gastritis promoted
complete regeneration of the ulcerative defect with the formation of tender scars after
12 days of treatment in 76-80%, while in the control groups a positive effect was
noted in 66% of cases.

2. The inclusion of oil from the bones of grapes with a morphological study of biopsy
specimens of the gastric mucosa, a more pronounced decrease in the inflammatory
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process was noted, which was manifested by a more pronounced decrease in the
number of interepithelial lymphocytes and neutrophil granulocytes.
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PE3IOME

IIpoBeneHHBIE HCCIENOBaHMS MOKA3add, YTO SKCTPAKIMA W3 Maciia BHHOTPAIHBIX KOCTOYEK
(3aperucrpupoBano kak Cmenanon E.) sSBISETCS HPSMBIM KOPPEIUPYIOIIUM (BAKTOPOM MEXKIY
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pa3MepaMu s3B M TIOKa3aTeIIMU OKUCIUTEIBHOTO CTPecca, MPHYEM EMKOCTh Maciia BUHOTPAIHBIX
KOCTOYEK OKa3blBAaeT IMOJOXKUTEIbHOE BIMSHHE HA JUHAMHUKY YKa3aHHBIX [POLIECCOB.
[Mony4eHHbIe AaHHBIC MO3BOJIIOT CUMTATh, YTO HM3BICUCHHUE M3 Maclia BUHOTPAIHBIX KOCTOYEK
Oonee 11emeco00pa3HoO ISl BKIIOYCHHS B KOMIUIEKCHOE JICUEHHE TAIMEHTOB C S3BEHHOW 00-
JIE3HBIO, UMEIOLIHUX OoJiee BhIPAKEHHbBIE SI3BEHHbIE Je(eKThl ¢ Oosee BHICOKON cTeneHblo HHpeK-
un H. Pylori u 6onee Boicokoil aktuBHOCTBIO [1OJ], Tak kKak JiekapcTBO 001agaeT BEIPAKECHHBIM
HUTOIPOTCKTOPHBIM, aHTl/I—Xeﬂl/IKO6aKTepI/laﬂbHI)IM U aHTUOKCHUJaHTHBIM HeﬂCTBMeM.

HccnenoBanus Moka3aid, YTO BKJIIOYEHHE Macja BHHOTPATHBIX KOCTOYEK CIYXKHUT MPSIMbIM
KOPPEKTHPYIOMINM (DaKTOPOM MEXIy pa3MepoM sI3BbI U MOKa3aTesIMU OKUCIHMTENLHOTO CTpecca,
a TaKXKe CIOCOOHOCTBIO MAacila BUHOTPAJHBIX KOCTOUEK BJIMATH MOJOXKUTEIBHO HA IMHAMHUKY 3THX
MIPOLIECCOB.

Pabora BrmosaeHa B [leHTpe sxcriepuMeHTanbHOH OnoMeauuuab! uM. W. bepuramsumy.



157

Log- 3936 9®mgbh. s3o. 3536y, domdge. Lgmos, 2020, &.46, Ne 3-4 ISSN-0321-1665
W3Bectus van. AH I'py3un, 6uomen. cepus, 2020, 1. 46, Ne 3-4
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 3-4

INFLUENCE OF MYELIN BASIC PROTEIN CHARGE ISOMERS
ON IL-33 AND GALECTINE-3 EXPRESSION IN ASTROCYTES
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David Mikeladze"?

"nstitute of Chemical Biology, Ilia State University, Tbilisi, Georgia; *Ivane
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During demyelinating diseases, many peptide fragments and isomers of myelin basic protein
are formed in the brain. Along with pro-inflammatory agents, they can strengthen the glial
cell proliferation and neuron damage. Astrocytes are increasingly a source of cytotoxic
mediators, rather than their targets. Among CNS alarmins, most impressive is 1L-33 and
galectin-3, which are released from astrocytes and oligodendrocytes immediately after CNS
injury and promoted inflammation or recovery following CNS injury. We have studied
whether myelin isomers have an effect on the release of IL-33 and Gal-3 in astrocytes. Our

results have shown that the changes in the ratio of the C8 / Cl isomers can regulate the
expression and production of these two cytokines — IL-33 and Gal-3, and consequently, may
influence the processes of myelination/demyelination/remyelination.

Key words: myelin basic protein, IL-33, galectin-3, citrullination, myelination

This lipid-rich membrane is essential for proper nerve conduction and maintenance of
neuronal health. Myelin basic protein (MBP) is one of the most abundant proteins of the
mammalian myelin sheath and plays a structural role in maintaining myelin stability.
MBP is localized on the cytoplasmic side of the myelin membrane. There are 4 isoforms
of protein in the myelin sheath. In addition, each protein isoform can exist in the form of
several charge isomers. Alteration of MBP cationicity may represent a regulatory
mechanism for normal myelin assembly or a degradative mechanism in demyelinating
disorders. MBP shows extensive post-translational modifications, including the
deimination of the arginine residue. Deiminated MBP is structurally less ordered and
more susceptible to proteolytic attack. The reduction in cationicity of deiminated MBP
impedes the membrane assembly and exposes an immunodominant epitope in the
membrane-bound protein to proteases. This exposure may cause a deiminated, highly
immunogenic epitope to be released to prime the innate cells of the CNS. Deimination of
arginine occurred at several sites and was elevated in MS, and the degree of deimination
(or citrullination) of MBP is correlated with the severity of MS.
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During demyelinating diseases many peptide fragments and isomers of myelin basic
protein are formed in the brain. Along with pro-inflammatory agents, they can strengthen
the glial cell proliferation and neuron damage. Astrocytes are increasingly a source of
cytotoxic mediators, rather than their targets. They are much more resistant cells than
oligodendrocytes. Moreover, they are more active and are continually rescuing the degree
of proliferation in response to mediators, which can kill myelin-generating glial cells [1].
It is known that the cellular concentration of antioxidants, such as glutathione and alpha-
tocopherol is much higher in astrocytes than in neurons, and perhaps, it protects their
mitochondrion from injuries [8].

Among CNS alarmins, most impressive are [L-33 and galectin-3, which is released from
astrocytes and oligodendrocytes immediately after CNS injury and promoted
inflammation or recovery following CNS Injury [5, 14, 15]. Interleukin-33 is one of the
newly described members of the IL-1 family. The IL-33 receptors are expressed in
specific regions of the brain and spinal cord and play a crucial role in the development
and homeostasis of the CNS. The primary source of local IL-33 are astrocytes. The
deletion of IL-33 genes in these cells leads to abnormal synaptic connections. IL-33 dose-
dependently induces nitric oxide production by microglia.

Thus, IL-33 produced in the CNS activates microglia and may function as a pro-
inflammatory mediator in the pathophysiology of the CNS. IL-33 is involved in the
neuroinflammation of many neurological diseases. Different studies suggest that IL-33 is
involved in the myelination process during the CNS development and also likely the
repair phase in demyelinating diseases such as MS [13].

The second alarmin that is expressed in astrocytes and participates in the recovery
processes of the central nervous system is galectin-3. Galectins are a group of
evolutionarily conserved proteins. Gal-3 is the only member of the Galectin family
chimera-type group [10]. It is found extracellularly after being released from cells
following different stimuli, like LPS and interferon-y, in both physiological and
pathophysiological conditions [4, 7]. Extracellular Gal-3 participates in a wide range of
functions, both acute and chronic inflammation. As it thought to be potent regulators of
neuroinflammation, it is not surprising that their dysregulation is associated with several
diseases [13]. Extracellular galectin-3 affects the differentiation of progenitor cells of
oligodendrocytes. As galectin-3 is expressed during development, we may assume that it
must participate in the processes of demyelination/remyelination. It is experimentally
seen that in Lgals3” mice (C57Bl/6) — decreased percentage myelinated axons and
myelin turns, based on this, myelin is loosely wrapped and less smooth. This alarmin is
required for proper production and organization of myelin [6].

In the previous study, we have found that citrullination (i.e. deimination arginine
residues) of myelin basic protein leads to the abnormal formation of myelin membranes
[11]. The citrullinated peptide 45-89 released from modified deiminated MBP, activates
microglial cells, and subsequent generation of nitric oxide induces damage of oligo-
dendrocytes that may be a first step in the initiation of demyelinating disorders [12].
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The purpose of our experiments was to study whether myelin isomers affect the release of
IL-33 and Gal-3 in astrocytes.

MATERIAL AND METHODS

Preparation of MBP isomers

MBP was isolated and purified from bovine brain white matter according to the method
of Chou et al. [2], followed by HPLC. Briefly, the acid-soluble material was dissolved in
urea-glycine buffer, pH 9.6 and applied on a CM-52 cellulose cation exchange column,
equilibrated in urea-glycine buffer, pH 10.5. Following the application of the sample,
urea-glycine buffer (pH 10.5) flow was continued until the first big peak had completely
eluted. This unbound fraction is the least cationic isomer, i.e., MBP C8. The charge
isomers C-5, C4, C3, C2 and C-1 were eluted from the column with a sodium chloride
gradient (0-0.2 M) in the glycine-urea buffer, pH 10.6. The most cationic, least modified
charge isomer was C-1. Further purification of C-8 was achieved by HPLC on a C-18
reverse phase column (Nova Pak, Waters) using a trifluoroacetic acid (0.05 %)-
acetonitrile (0-60 %) solvent system.

Cell Cultures

Primary mixed glial cell cultures containing astrocytes, microglia and oligodendrocytes
were prepared from whole brains of 2-day-old Wistar rats. The initial mixture of
dissociated glial cells was seeded in 75 cm’ flasks coated with poly-D-lysine. The
cultures were maintained in DMEM with 10% fetal calf serum and cultured for 48 h. This
step provides a means of separating adherent cells, such as microglia and astrocytes, from
nonadherent cells, such as oligodendrocytes. The nonadherent oligodendrocyte fraction
was plated into poly-D-lysine-coated 25 cm’ flasks. For isolation of microglial cells,
confluent cultures between days 12 and 14 were agitated on a rotary shaker at 37° C at
220 rpm for 1 h. The floating cells were collected and incubated in tissue culture plates.
After 1 h, the cultures were washed. The adherent cells were identified as microglia. The
astrocytes, i.e., the cells remaining adherent after the removal of microglia, were removed
from the flasks by incubation with 0.25 % trypsin for 10 min.

Incubation of Cells with MBP

Cells were incubated for 24 h in the absence and presence of 0.5 UM MBP or its peptide
in serum-free DMEM, at 37° C in a humidified atmosphere of 95% air/ 5 % CO.,.

1L-33 and Gal-3 expression assay. To assess IL-33 , IL-33 assay kit (Abcam) was used.
The analysis was carried out according to the manufacturer’s instructions.

To assess Gal-3 expression, Gal-3 Kit (Abcam) was used. The analysis was carried out
according to the manufacturer’s instructions.
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Statistical Analysis

Data shown in this study are expressed as mean = SEM. Statistical significance was
analyzed by one-way analysis of variance (ANOVA) followed by Tukey test with the
significance level set at p < 0.05.

RESULTS AND DISCUSSIONS

In the present work we used pure fractions of the myelin basic protein charge isomers C1
and C8, which are markedly different forms. They have a different association and
dissociation kinetics for the interaction with the lipid membrane [11]. For this purpose,
MBP was isolated from bovine brain white matter, and for the separation of MBP
isomers, the acid-soluble material was applied to a CM-52 cellulose cation-exchange
column. The first, unbound fraction, was the least cationic isomer — citrullinated MBP
C8. Other charge isomers were eluted from the column with a sodium chloride gradient
(0-0.3M). The most cationic and least modified charge isomer C1 was the last one to be
eluted from the column.

Primary astrocytes were incubated with myelin basic protein charge isomers C1 and CS.
Incubation was carried out for 24, 48, and 72 h. After 24 h incubation, it was found
that IL-33 expression/production by acting C8 isomer was increased by almost 2
times, compared to the control. Increased expression was also observed in the case of
C1, although this was much less of an effect compared to C8. As the incubation time

increased, the impact of C8 decreased, i.e., the maximum effect was observed during 24-
hour incubation (Fig.1).
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In the same cells, we determined the effect of myelin basic protein charge isomers on
galectin-3 production. In the case of galectin-3, no significant changes were observed
during 24 and 48 h incubations. As for the 72-hour incubation period, the effect of C1
increased 2-fold compared to control and C8 (Fig. 2).
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The results showed that C8 and C1 had different effects on astrocytes, and these were
time-dependent effects. After the damage to the myelin sheath, some of these isomers
extend beyond the myelin sheath and become loose. One of their targets are astrocytes.
Based on our data, we can assume that within 24 hours of action, C8 begins to provoke
inflammatory processes by releasing appropriate cytokines, including IL-33. As is well
known, IL-33 has been elevated in normal-appearing white matter, and plaque areas from
MS brains and astrocytes were identified as an important source of IL-33 expression in
the CNS. IL-33 levels are elevated in the periphery and CNS of MS patients, implicating
IL-33 in the pathogenesis of MS [3].

So, we can assume that elevated IL-33 level in MS maybe caused by the action of C8
isomer and the higher the C8 / C1 ratio, the higher the degree of IL-33 secretion from
astrocytes, which affects oligodendrocytes and further enhances demyelination processes.

Recent literary emphasis on the emerging role of galectins in myelination/remyelination.
Based on our data, the C1 isomer increases the expression of this alarmin after 72 hours.
At this moment (72h) IL-33 production is decreased. Therefore, we may consider the
following scheme of action of isomers: in the first stage of demyelination, the C8 isomer
initiates the inflammatory process, and in the later stage, the effects of C1 are involved in
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the recovery process. The changes in the ratio of the C8 / C1 isomers can regulate the
expression and production of these two cytokines and, consequently, may influence the
processes of myelination/demyelination/remineralization.
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Mapuxka ‘Iuksuﬂa03e1, Jdanu Hlanwuaweunu® 2, Hpune Kaﬂanda03e2,
Annap 3aanuweunu’, Jasuo Mukenaoze”’

1 MHCTUTYT XMMHYECKOH OHMOJOTHH, TOCyIapcTBEHHBIH yHHUBepcuTeT WMibu, TOunucw,
I'pysus; : Lentp skciepuMeHTansHoi 6nomenuinel V. bepuramsmm, Tounucu, I'py3us

PE3IOME

[Ipn nemuenMHU3NPYIOMHUX 3a00JICBAaHUAX B TOJIOBHOM MO3Te OOpa3yroTCs MHOTHE NEeNTHAHEIC
(parMeHTBI M H30MEphl OCHOBHOIO Oeciika MmuenuHa. OHH BMECTE C MPOBOCHATUTEIHHBIMU
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BBICBOOOXKIAIOTCSI M3 ACTPOLIMTOB M OJHMIOJCHAPOLMTOB cpady mnocie nospexaenus LIHC wu
CIOCOOCTBYIOT BOCIIANICHUIO FUTH BOCCTAHOBIIEHHIO mociie moBpexaeHus [[THC. Myl u3yumnmy,
BIHSIFOT JIM W30MEpHl MHeIHHAa Ha BbIicBoOOkmeHume IL-33 u Gal-3 B acrpommrax. Hamm
Pe3yIbTATHI MTOKA3aJIM, YTO U3MEHEHHUsI B cooTHomeHn: u3omepoB C8 / C1 moryT perynmupoBaTh
SKCIIPECCHIO W MPOAYKIUIO 3THX ABYX HUTOKMHOB — IL-33 u Gal-3 — u, cnemoBaTteapHO, MOTYT
BIIUATH HA MIPOLECCH MUEIMHH3AINY / IeMUETMHU3AIMY / PEMUESTHHU3ALIN.
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SUMMARY

Usually, before the responsible competitions, sportsmen always check their physical and
functional indicators and based on them they make a tactical plan to achieve high results.

During the last four months coronavirus (Covid-19) had broken all the rules of sportsmen’s
training process, and according to the estimation of trainers it was revealed by different indicators
for various kinds of sport.






171

Log- 3936 9®mgbh. s3o. 3536y, domdge. Lgmos, 2020, &.46, Ne 3-4 ISSN-0321-1665
W3Bectus van. AH I'py3un, 6uomen. cepus, 2020, 1. 46, Ne 3-4
Proc. Georgian Nat. Acad. Sci., Biomed. Series, 2020, vol. 46, No 3-4

LOOKING BACK ON SYNAPTIC PLASTICITY: A MINIREVIEW

Merab G. Tsagareli

Iv. Beritashvili Center for Experimental Biomedicine, Thbilisi, Georgia

This review is dedicated to my first supervisor Professor Vazha Okujava, who had made
remarkable contributions to the study of fundamental neural mechanisms of brain epileptic
activity and cognitive functions. In this concise review, the key findings from the synaptic
plasticity literature that make these phenomena so much attractive for memory mechanisms
are addressed, and some evidences obtained during my PhD student period at Moscow
University are considered. Some recent data that indicate the importance of postsynaptic
mechanisms in both short-term and long-term plasticity are furnished, and their im-
plications for a general understanding of the synaptic mechanisms of learning and memory
are discussed.

Key words: long-term plasticity, short-term plasticity, post-tetanic depression, post-tetanic
potentiation, learning, memory

INTRODUCTION

It gives me a great pleasure to pay tribute to the fundamental important works of
Professor Vazha Okujava (1930 — 2011) in the study of basic neurophysiological
mechanisms of epileptic activity and higher brain functions. It is highly appropriate to
dedicate this article on synaptic plasticity to him, as to my first supervisor and mentor. He
was an excellent teacher giving us, the students interesting and comprehensive lectures on
non-specific thalamus and reticular formation of the brain. On his recommendation, |
became a post-graduate student at Moscow State University, where I pursued study of the
short-term post-tetanic plasticity of cortical neurons and received a Ph.D. degree in 1982.
In this review article which was published in the Journal founded by Prof. V.M. Okujava
in 1975, I would like to discuss some pre- and postsynaptic mechanisms of plasticity
from a historic point of view.

SOME PIONEERS OF SYNAPTIC PLASTICITY

The documentation of neuronal composition of the brain has begun with brilliant works
of the Spanish neuroanatomist Santiago Ramoén y Cajal at the end of the 19th century
proposing that memory does not need new neurons, but rather the growth of new
connections between the existing nerve cells [44]. However, the junction between
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neurons only became known as a “synapse” by English physiologist Charles Sherrington
calling them some years later [47].

Synapses are very complex functional structures because they must produce several (at
least six) different forms of synaptic plasticity. This complexity is itself sufficient to
explain why progress in understanding the synapse has been difficult, but there is also
another reason: the field has been working with what now turns out to be a highly
oversimplified view of how the quantal response of the synapse is generated. Fortunately,
computational and anatomical methods are now converging to provide a new
understanding of the structure/function relationship of synapses, leading to a new view of
synaptic functioning. These developments are important steps towards the ultimate goal
of understanding the electrophysiological, biochemical and structural processes that
underlie synaptic plasticity [1, 12, 28, 32, 49].

The first half of the twentieth century witnessed a number of landmark studies that had a
great influence on world physiological community views of chemical synapses,
neurotransmitters, neuronal processing, and direction of information flow in neurons,
learning, memory, and behavior. By the 1930s, it had become clear that information
flowed from presynaptic axons to postsynaptic dendrites, that all inputs were integrated at
the soma, and that — once the threshold for action potential generation was reached — the
information propagated along the axon of the postsynaptic cell [17, 25].

The next leap in synaptic plasticity was made in the discoveries of synaptic changes that
lasted for several minutes after the tetanic stimulus was over. Post-tetanic potentiation,
thus, seemed to have been discovered in the 1940s by Larrabee and Bronk (1947) [27],
and Lloyd (1949) [29]. By the end of the first half of the twentieth century, the pieces
were in place for an early unification of ideas and a comprehensive theory of learning and
memory based on synaptic plasticity. Long-lasting changes in synaptic efficacy were
widely speculated upon, speculations that were fuelled by these early discoveries of short-
term plasticity and post-tetanic potentiation [32].

Hebbian plasticity and neuronal assemblies

Canadian Donald Hebb (1904-1985) made considerable headway at developing the
concept of the distributed location of memory. He brought together many of the earlier
ideas and findings on neural plasticity in a tremendously influential formal postulate of
the neural mechanisms of learning and memory [20]. In his famous book The Organization of
Behavior, Hebb determined that memories could be stored if the connections that
repeatedly drive activity in a cell become strengthened because this would couple specific
groups of neurons together and explain how neurons could be molded together in an
assembly as a function of past experience. In particular, any two cells that are repeatedly
active at the same time will tend to become “associated,” so that activity in one facilitates
activity in the other [20]. Strengthening of connections between such coactive cells has
become today known as Hebbian plasticity because they involve changes in specific
synapses mediated by coordinated activity in pre- and postsynaptic neurons (Fig. 1).
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Here the term “homosynaptic” refers to the fact that plasticity only occurs at the
stimulated synapse. The resulting groups of cells joined together through this form of
plasticity even today go under the moniker of Hebbian assemblies [18].

One year before Hebb, Polish Jerzy Konorski (1948) [26] had already expressed
remarkably similar ideas on synaptic plasticity and its relation to learning. In his book,
Konorski aimed to show that morphological changes in neuronal synaptic connections are
the substrate of learning. He argued against the view that the formation of new
connections was important, and instead emphasized the role of changes in already
existing pathways that were for some reason not yet in use. Coincident activation of
neuronal centers should lead to the formation of actual excitatory pathways between
them, based on pre-existing potential connections [26].

Fig. 1. Classic Hebbian plasticity in the simple cells assembly includes homosynaptic long-term
synaptic potentiation (LTP) and long-term synaptic depression (LTD). Coincident activation in
presynaptic neuronal inputs and the post-synaptic neuron strengthens specific synapses (shown in +).
Inactive pre-synaptic inputs (or inputs out of phase with post-synaptic depolarization) are not
potentiated and/or are depressed (shown in -) (adapted from Frank, 2012) [18]

Eric Kandel and Aplysia

In the 1960s, Austrian-American Eric Kandel and his group showed that pairing an
excitatory postsynaptic potential (EPSP) with a conditioning stimulus in the giant marine
snail Aplysia caused a long-lasting facilitation of the EPSP. More importantly, Kandel’s
work strongly linked synaptic plasticity with behavioral associative learning of the gill
withdrawal reflex in this sea snail [23].

The defensive gill-withdrawal reflex of Aplysia to a gentle touch with paintbrush, so
dramatically weakened with repeated touching (habituation), exhibits a robust increase in
strength with sensitization. After an Aplysia receives a shock to its tail, its reaction to
siphon stimulation is substabtially strengthened, it withdraws its gill more completely. A
single shock to the tail produces a short-memory that persists for minutes. Four or five
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shocks produce a long-term memory that lasts for two or more days (Fig. 2). Further
training produces memory that lasts for weeks [48].

Nowadays, the molecular, biophysical and cellular mechanisms that underlie behavioral
learning in Aplysia are known in great details. Although this form of plasticity is not
Hebbian, the firm evidence for a role of synaptic plasticity in learning in the marine
mollusk — literally ranging all the ways from molecules to memory — thus forms a solid
foundation for on-going plasticity and memory research in mammals, where the role of
synaptic plasticity in memory storage remains to be formally proven [24, 46].

Importantly, a focus on the molecular biology of systems consolidation will provide a
critical framework for how memories are preserved in the face of biological and circuit
dynamicity. The past half-century has provided considerable insight into the molecular
mechanisms of synaptic consolidation. Progress in the coming decades will provide the
necessary scaffold for understanding the molecular biology of systems consolidation and
how memories persist across our lifespan. This progress will be an essential component in
the development of better-targeted treatments for disorders of memory, such as
Alzheimer’s disease, age-related memory loss, post-traumatic stress disorder, and many
others [3, 13].

Sensory
neuron

Medulatory
interneurons

1
:

Motor
neurcn

Fig. 2. Association learning in Aplysia. (A): A mild tactile conditioned stimulus (CS) applied to
the siphon results in gill withdrawal reflex. (B): A noxious (electrical shock) unconditioned
stimulus (US) to the tail activates tail sensory neurons that excite modulating interneurons. Their
impulses to the sensory neurons of the siphon enhance transmitter glutamate release (adapted from
Squire, Kandel, 2009 [48]
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Long-lasting potentiation

In the beginning of the 1970s, Swedish scientister Bliss and Lemo showed that high-
frequency electrical stimulation in the dentate gyrus of the rabbit hippocampus elicited
responses that kept growing more than one hour. The condition for persistent growth of
response amplitude was the high-frequency stimulation itself [11]. Their study was the
first to demonstrate that the effects could last much longer than short-term facilitation or
post-tetanic potentiation. These findings lent experimental support to Hebb’s hypothesis
that synapses are strengthened if they are involved in successfully driving a cell, since
sufficiently strong high-frequency stimulation of afferent fibers could reasonably be
assumed to drive activity in postsynaptic cells [32].

SHORT-TERM SYNAPTIC PLASTICITY

Short-term synaptic plasticity (STSP) refers to transient activity-dependent changes in
synaptic strength. Forms of STSP include short-term facilitation and depression in the
millisecond range, but also longer-lasting changes in response to highly repetitive
activity, such as augmentation (lasting seconds) and post-tetanic potentiation (lasting
minutes). These modifications are short-term in the sense that no persistent changes in the
signaling machinery, such as membrane protein expression, are required. The cellular
mechanisms of STSP are relatively well understood and are predominantly presynaptic
[2,7, 35].

Short-Term Presynaptic Plasticity

Different types of synapses are specialized to interpret spike trains in their own way by
virtue of the complement of short-term synaptic plasticity mechanisms they possess.
Numerous types of short-term, use-dependent synaptic plasticity regulate neurotrans-
mitter release.

Use-dependent presynaptic plasticity lasting tens of milliseconds to minutes can be
divided into three major categories: (1) depression, (2) facilitation, and (3) post-tetanic
potentiation (PTP) augmentation. At synapses where depression is prominent, the second
response is much smaller than the first one, and this reduction in synaptic strength lasts
hundreds of milliseconds to seconds (Fig. 3A). However, sustained stimulation produces
a post-tetanic depression (PTD) that recovers slowly from tens of seconds to minutes
(Fig. 3B).

At some synapses facilitation is observed, and the second of two closely spaced stimuli
evokes a larger response than the first, provided the stimuli are delivered within hundreds
of milliseconds to seconds of each other (Fig. 3C). But sustained presynaptic activation at
high frequency leads to synaptic enhancement known as PTP/ augmentation that lasts
tens of seconds to several minutes (Fig. 3D). For these forms of plasticity each stimulus
in the conditioning train produces a small amount of enhancement, but the cumulative
effects of many stimuli can lead to a several fold enhancement [45].
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Fig. 3. Three forms of short-term, use-dependent plasticity. (A) Short-term depression is observed
at some synapses when the presynaptic axon is stimulated twice with a time between stimuli. (B)
At some synapses a sustained high-frequency stimulation results in a depression that persists for
tens of seconds. (C) Paired-pulse facilitation that lasts for hundreds of milliseconds is observed at
some synapses. (D) Augmentation or post-tetanic potentiation of synaptic responses lasting tens of
seconds or minutes after tetanic stimulation is observed at some synapses (adapted from Regehr,
2012) [45]

Presynaptic calcium signaling mechanism plays a prominent role in many use-dependent
forms of short-term plasticity. The properties of the vesicles within a presynaptic terminal
are another important determinants of synaptic efficacy and are factors in short-term
plasticity [34, 37].

On the other hand, postsynaptic mechanisms can also mediate short-term plasticity, and
they can complicate the characterization of presynaptic mechanisms. For example,
saturation of postsynaptic receptors can limit responses, particularly when the probability
of release is high. As a result, synaptic currents can underestimate the extent to which
presynaptic mechanisms facilitate or depress transmitter release at some synapses.
Postsynaptic receptors can also desensitize, making them unavailable for subsequent
activation, and leading to short-term decreases in synaptic responses [45].

One of the first and best descriptions of post-tetanic potentiation was made almost 100
years ago by Hughes in 1958. As he has written, the term of post-tetanic potentiation
refers to an increased responsiveness following repetitive stimulation, and is usually
measured as a percentage change of the post-tetanic amplitude of response compared to
the pre-tetanic level. Although increased responsiveness from one system to another may
be totally unrelated, it may be of value to examine the similarities of the phenomenon in
different neural systems to see if a common basis for PTP exists [21]. Usually, the effect
of PTP lasts tens of seconds to minutes that follows sustained high-frequency stimulation
but more prolonged tetanic stimulation results in longer-lasting PTP [31].
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Short-Term Postsynaptic Plasticity

A significant amount of experimental results also came from researches on post-synaptic
mechanisms of plasticity. Specifically, post-synaptic receptor activation, calcium driven
mechanisms, dendritic spine properties, and cytoskeletal changes have been shown to be
related to post-synaptic plasticity and learning.

As stated above, in 1978-1982 as a PhD student I worked in the laboratory of my supervisor
Prof. Vladimir Ivanovich Gusel’'nikov (1926-1980) at the Department of Higher Nervous
Activity, Biological Faculty of M. Lomonosov State University of Moscow. While my direct
instructor Dr. Arkady Pivovarov worked on postsynaptic mechanisms of habituation, and still
continue successful research in this direction [54], I started studying intracellular mechanisms of
PTP and PTD. I investigated and intracellularly recorded excitatory and inhibitory postsynaptic
potentials (EPSPs and IPSPs, respectively), and action potentials in neurons of visual cortex of
the turtle (Emys orbicularis, L.). The latter is a very interesting object of study since this is a
homologue of the mammalian cortex [50].
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Fig. 4. Latency and frequency of action potentials after orthodromic tetanization (Tectum opticum)
(A, B) and activation of neurons by intracellular depolarizing current (C, D). In both tests there are
significant decreased latency and increased frequency discharges of action potentials (adapted
from Pivovarov, Tsagareli, 1981 [41], Pivovarov et al., 1981 [43])

In one of sets of my experiments I used a test stimulation of contralateral optic nerve and
conditioned stimulation of midbrain visual center (Tectum opticum) with frequencies 9-
10/s, lasting 10-12 s. The obtained data showed a significant decrease in the latency and
increase of frequencies of intracellularly recorded action potentials after the tetanization
to test stimulus (Fig. 4, A, B). In order to exclude the effects of presynaptic mechanisms
in potentiation, in the second set of my experiments we applied intracellular depolarizing
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currents (0.3-2 nA, 10 ms) by a registering microelectrode directly into recording
neurons. After intracellular tetanization (9-10/s, 100 ms), we found the same effects of
post-tetanic decrease of the latency and increase of frequencies of spikes to a single test
stimulus (Fig. 4, C, D). In other set of these experiments we discovered opposite effects
of increase of the latency and decrease in frequencies of action potentials in PTD (data
not shown). Our results confirmed that post-synaptic mechanisms play an important role
in post-tetanic plasticity, both in post-tetanic potentiation and post-tetanic depression. In
our study the latter effects are the mixture of homo- and hetero-synaptic [39-43, 53].
Figure 5 shows pre- (control test) and post-tetanic neuronal discharges in PTP and PTD.

A B

Pre-

5

10 Fig. 5. Intracellular recordings of
neuronal discharges to a depolarizing
current impulse in PTP (A) and PTD
(B) for pre-tetanic (control) stimu-
lation and post-tetanic 5, 10, and 20
seconds stimulations, respectively.
Tetanic stimulation delivered to Tectum

20 opticum. Calibration: spike amplitude —

50 mV, time — 100 ms; bottom row
indicates amplitude of intracellular
depolarizing current impulse 1 nA

— I (adapted from Pivovarov, Tsagareli,
i 1981 [41]

In the same period of time, a few laboratories studied postsynaptic mechanisms of short-
term plasticity. In particular, Bindman with coauthors (1979), in the anaesthetized cat
found increased firing of pyramidal tract cells induced by trains of antidromic con-
ditioning shocks leading to increases in cell excitability, as measured by the size of the
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mass response at the medullary pyramid to test shocks applied to the cortical surface.
They concluded that prolonged increases in excitability of pyramidal tract cells can occur
in the absence of any synaptic input, demonstrating that the underlying mechanism is
post-synaptic; however, this does not preclude the action of synaptic mechanisms when
synaptic transmission is not blocked [8]. Baranyi and Fehér (1978) revealed that pairing
EPSPs recorded intracellularly with antidromic action potentials could trigger conditioned
facilitation, and that discharge of the postsynaptic action potential alone, without
necessarily being triggered by synaptic input was important in the induction of the
potentiation [4]. Thus, the plastic changes in synaptic transmission maybe localized to the
postsynaptic membrane of the conditioned pyramidal tract cells [5].

In another experiment in cats, O’Brien and coworkers (1977) have found that the pairing
of pyramidal tract antidromic activation with a somatic afferent (hind paw simulation)
signal produced changes in neuronal response to this afferent, which did not occur for the
unpaired somatic afferent. It seems unlikely that this result can be accounted for by
changes in the polysynaptic orthodromic pathway since no conditioning was observed in
the control group without antidromic activation and since the activity in the thalamus did
not show parallel changes. Furthermore, it seems unlikely that recurrent inhibitory
collaterals in the cortex were involved since similar response changes were observed for
neurons that did and did not exhibit inhibition following the antidromic activation. All
these evidences suggest that in this experiment the site of learning is the cortical neuron.
This result supports the idea that the role of the unconditioned stimulus in conditioning
may be simply to activate the neuron at an appropriate interval following the conditioned
stimulus [38]. It should be emphasized here that in all these studies an antidromic
stimulation of the pyramidal tract neurons in the cortex is a special and bold tool to
exclude presynaptic facilitation on these cortical cells.

The involvement of the postsynaptic mechanism in long-term or long-lasting potentiation
(LTP) and long-term depression (LTD) also discovered in series of researches on
hippocampal plasticity [14, 33]. Lynch and associates found that, while tetanic
stimulation induced LTP of the activated pathway, the inactive pathway underwent LTD
[30]. Moreover, homosynaptic LTD was found to occur at the activated pathway provided
that the activation frequency was low [16].

Presently, long-lasting plasticity of synaptic transmission is considered as the favorite
mechanism to account for many forms of associative learning and memory, and hence the
information storage in the brain. Temporal interactions of pre- and postsynaptic spiking in
neural circuits bidirectionally regulate not only synaptic strength but also intrinsic
excitability of pyramidal cells at both pre- and postsynaptic sides. At the postsynaptic
side this plasticity is largely localized within the dendrites — involving the regulation of
cationic channels — and respects the input specificity of synaptic modifications, thus preserving
high capacity of information storage. Plasticity of intrinsic excitability is synergistic to
synaptic plasticity in modulating neuronal output, thus enhancing the functional significance of
synaptic modifications. However, compensatory mechanisms acting both at intrinsic and
synaptic currents concur to maintain neuronal activity within physiological bounds [15].
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The experimental evidence from Glanzman laboratory using a model invertebrate
organism, the marine snail Aplysia, indicates that this apparent distinction between
invertebrate and vertebrate synaptic mechanisms of learning is invalid: learning in
Aplysia cannot be explained in terms of exclusively presynaptic mechanisms. NMDA-
receptor-dependent LTP appears to be necessary for classical conditioning in Aplysia.
Furthermore, the modulation of trafficking of postsynaptic ionotropic glutamate receptors
underlies behavioral sensitization in this snail. Exclusively presynaptic processes appear
to support only relatively brief memory in Aplysia. More persistent memory is likely to be
mediated by postsynaptic or by presynaptic processes whose expression depends upon
retrograde signals [46].

For the last years, Min Zhuo and his team carried out very interesting studies on plasticity
in pain matrix structures of the rodents brain, among them the anterior cingulate cortex
(ACC) and insular cortex [55]. For example, ACC activation contributes to acute and
chronic pain states and by developing several forms of synaptic plasticity that may
underlie this effect. In particular, one form of LTP in the ACC, which is triggered by the
activation of NMDA receptors and expressed by an increase in AMPA-receptor function,
sustains the affective component of the pain state. Another form of LTP in the ACC,
which is triggered by the activation of kainate receptors and expressed by an increase in
glutamate release, may contribute to pain-related anxiety [10]. On the basis of these and
other experiments we can consider the processes of sensitization in pain matrix structures
as a type of pain memory to noxious experience [51, 52].

As we emphasized here, it is well known that the flexibility of neuronal networks is
believed to rely mainly on the plasticity of excitatory synapses. However, like their
excitatory counterparts, the inhibitory synapses also undergo several forms of synaptic
plasticity. For example, it means the understanding of the molecular mechanisms leading
to postsynaptic GABA-ergic plasticity. Specifically, modulation of GABAA receptor
number at postsynaptic sites plays a key role, with the interaction of GABAA receptors
with the scaffold protein gephyrin and other postsynaptic scaffold/ regulatory proteins
having particular importance. These molecular interactions are progressing, based on
recent insights into the processes of GABAA receptor lateral diffusion, gephyrin
dynamics, and gephyrin nanoscale organization [6].

SUMMARY AND CONCLUSION

It has been almost half a century since the seminal discovery of LTP was reported by
Bliss and Lemo in 1973 [11]. In the intervening time, neurobiologists have identified the
mechanism that underlies this form of persistent, activity-dependent synaptic change —
activation of the NMDA receptor — and shown that LTP mediates various forms of
learning and memory, both in invertebrates and vertebrates, including mammals. A
biological reality reflects that in fact, invertebrate and vertebrate nervous systems share a
common set of mechanisms of synaptic plasticity [19].
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The establishment of these facts, which have confirmed the ideas of Ramoén y Cajal
(1894) [44] and Hebb (1949) [20], has involved a monumental effort by an army of
researchers and represents one of the triumphs of modern neuroscience. Nonetheless,
much work remains to be done. Whether or not memory is necessarily stored at synapses
is still unclear. Moreover, recent discoveries indicating the importance of epigenetic
changes and a non-coding RNA in memory have yet to be fully incorporated into the
synaptic plasticity hypothesis. Finally, the challenge of reconciling the synaptic plasticity
hypothesis with the new demonstrations of intercellular transfer of RNA and of memory
transfer by RNA must be met. Thus, an objective assessment of the evidence leads to
conclude that both presynaptic and postsynaptic expression mechanisms contribute to
long-term synaptic plasticity [1].

Two expression mechanisms are available for NMDA receptor-dependent LTP, one
presynaptic, resulting in an increase in presynaptic factor without an increase in potency,
and the other postsynaptic, resulting in a change in potency without an increase in
presynaptic factor, and reflecting changes in the number and/or conductance properties of
AMPA receptors. Either or both mechanisms could be induced in a given experimental
situation, leading to cases where early LTP will be seen as entirely presynaptic, entirely
postsynaptic or a combination of the two. The property of LTP that most commends it as
a cellular mechanism for encoding information is its longevity. The studies we have
discussed here so far reveal little about the mechanism of enduring LTP in the intact
animal. Ultimately, the search for expression mechanisms will need to be conducted in
the context of the neural networks subserving memory and cognition, processes that can
potentially operate over a lifetime. Here progress will depend on techniques to study the
plasticity and structure of single synapses in the freely moving animal. If and when an
agreement on a long-term expression mechanism based on structural changes is reached,
pre- and post-synaptic mechanisms will converge [9, 13, 22].

At the same time a full understanding of memory and the neural circuits responsible for
its acquisition, encoding and recall will not be achieved until instrumental and conceptual
tools have been developed to study neural networks in the large. Further progress in
analyzing the neural basis of memory will require an approach that emphasizes the
importance of the network of neurons that are activated during learning. We predict that
new technologies will allow the silencing of the subset of hippocampal neurons that
encode a particular memory, allowing questions of causality to be addressed at the level
of what Hebb called the cell assembly. Circuit-specific memory erasure would
demonstrate that synaptic plasticity is necessary for storing memories [36].
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Mepaé Lazapenu

IenTp sxcnepumenTanbHoi Onomenummabl uM. M. C. bepurtamsuau, Tounucu, ['py3us

PE3IOME

JlaHHBII 0030p MOCBSILEH CBETIION ITaMSITH MOETO MEPBOr0 HAYYHOT'O PyKOBOJHTEIS, Tpodeccopa
Baxa Muxaiinosrnua OKymKaBbI, KOTOPBIA BHeC OONbIION BKiIaJ B (yHAaMEHTaJIbHbIE HEHpOH-
HBIC MEXaHU3MBbI SIMIICTITHYECKON aKTUBHOCTH MO3Tra M KOTHUTHUBHBIX (YHKIHMHA. B 3TOM KpaTkom
0030pe sI paccMaTpHUBal0 KIIOYEBHIE JAHHBIE M3 JIMTEPATyphl M0 CHHANTHYECKOW MIIACTHIHOCTH,
KOTOpBIE JIENAI0T 3TH SBICHUS BECbMa NPUBJIECKATEIbHBIMU AJISI U3yUYEHHSI MEXaHU3MOB MaMATH. S
MPUBOXY HEKOTOpPBIE COOCTBEHHBIE PE3YJbTAaThl, MOITYyYCHHBIE BO BPEMS MOEH acIHMpaHTYpHl B
MockoBCKOM yHHBepcHUTeTe. S Takxke paccMaTpHBar0 HOCIETHHE JaHHbIE, KOTOPhIe YKa3bIBaIOT
Ha B@)XKHOCTh INOCTCHHANTHYECKHMX MEXaHU3MOB KaK B KPaTKOCPOYHOM, TaK M JOJTOCPOYHOU
TUIACTUYHOCTH, 00CYKIaeTCsl X 3HAYE€HHE JUIsl OOLIEero MOHUMAaHHsI CHHAITUYECKUX MEXaHU3MOB
00y4eHUs U TTaMsITH.
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PECULIARITIES OF AUDITORY BRAINSTEM RESPONSES
IN KIMMERLE’S ANOMALY PATIENTS

George Japaridzel, Otar Toidze', Mikhael Tushishvili’, Zurab Kevanishvili’

"Institute of Neurology and Neuropsychology; *National Centre for Audiology;
Thilisi, Georgia

Auditory brainstem responses (ABRs) were estimated in 40 patients with Kimmerle’s
anomaly (KA), congenital malformation of the first cervical vertebra. ABR registrations
were performed under straight-upright position, as well as under rotations of the head of
inspected subjects. Abnormal ABRs were detected in 23 patients (57.5%). In 14 from 35.0%,
the alterations occurred under both straight-upright position and rotations of the head,
while in 9 others (22.5%) — under rotations only. ABRs discerned 8th nerve disorders in 12
patients with normal hearing (30.0%). Just via ABR recordings the brainstem untidiness
without any clinical neurological signs was also proved in 12 patients (30.0%). It has been
concluded that the ABR procedure, especially when applied under head rotation is a worth-
while tool for substantiation of even subclinical cochlear and/or brainstem KA lesions.

Key Words: Kimmerle’s anomaly, auditory brainstem response, vertebra-basilar insufficiency, 8"
nerve and/or brainstem lesions

Kimmerle’s anomaly (KA) signifies the congenital malformation of the first cervical
vertebra [7, 9, 11]. It expresses an abnormal vertebral bone particle, bridging the sulci just
of the vertebral arteries [16]. KA may be unilateral or bilateral. In general population, the
KA prevalence is ranged from 3.0% to 15.8% [11, 16]. Vertebra-basilar insufficiency
(VBI) has been stated to accompany KA [7, 8, 9, 11]. Surgical reconstruction of deviant
region is recommended therefore to reduce or abolish VBI clinical manifestations, e.g.
vertigo [8, 9].

High percentage of pathological alterations of sensory evoked potentials was found in
rare relevant KA studies [17]. In investigations performed, visual evoked potentials
(VEPs) were particularly registered, while up to now no attempts have been made dealing
with evoked potentials of other modalities, e.g. of auditory origin.

The aim of the present investigations was to estimate the significance of auditory brain-
stem response (ABR) recording method for KA proof. The research has been favoured by
the previous data demonstrating the efficacy of ABR approach for VBI validation [1, 10,
13, 21]. In current studies, the ABRs were decided to measure in KA patients both under
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straight-upright head position, as well as under rotations. Head turnings were proved to
worsen additionally the blood circulation within the vertebral vascular system and to ac-
centuate respectively the VBI [18]. In our investigations the ABR registrations under
head rotation tests (HRTs) were similarly expected to detect pathologies hardly if any evi-
dent under straight-upright head position.

MATERIAL AND METHODS

40 patients, 24 females and 16 males, with roentgenologically proved KA were inspected.
The ages of the tested subjects ranged from 7 to 49 years. The mean age amounted to 18
years. The KA was proved to be bilateral and unilateral in 38 and two cases, respectively.
The complaints of the patients included: headache — 28 cases; seizures — 11; neck-ache —
8; syncope — 7; dizziness — 6; vertigo — 3, tinnitus — one case. In 11 patients with seizures,
the partial and generalized epilepsy was diagnosed in 9 and two cases, respectively.

When inspecting neurologically, painful cervical vertebrae under manual palpations were
detected in all the patients, while the aches occurred predominantly at C,/C, level.
Nystagmus was observed in 13 (32.5%) that being taken as an evidence of brainstem
involvement [12]. The remaining 27 patients 67.5%) did not display any clinical signs of
brainstem lesion. In six cases from 40 (15.0%), the Babinski reflex while in another six
(15.0%), the mild cerebellar signs were evident. One patient in each of the latter two sub-
groups additionally exhibited nystagmus.

Extra- and intracranial Doppler sonography was performed to objectify VBIL. In 22
patients from 40 (55.0%), the local blood flow deficiency was confirmed. In remaining 18
(45.0%) the Doppler scan appeared normal.

The control group comprised 33 healthy subjects, 17 females and 16 males. Their ages
ranged from 18 to 43 years. The mean age amounted to 25 years.

During ABR recordings the subject lay comfortably in an electrically and acoustically
shielded booth. Acoustic stimulation and ABR registration were established by
specialized computer averaging system (BASIS EP, OTE; Biomedica). The stimuli were
rarefaction clicks produced by applying 100-us rectangular electric pulses to the
earphones. The intensity of clicks was held at 70 dB (re: normal hearing level, nHL). The
stimuli were presented monaurally at a repetition rate of 10/s. The ABRs were derived by
Ag-AgCl disc electrodes. The active electrode was fixed on the vertex, the reference on
the earlobe of the stimulated ear, and the grounded on that of the opposite ear. The
amplifier bandwidth was set at 53-1600 Hz. The analysis time was 10 ms, bin width — 10
us, and averaging number — 2000. Two consecutive recording trials were performed with
stimulation of each ear in each of the four head postures applied: the first under the
straight-upright position while three remainders under the HRTs. The latters included left
turning of the head at the angle of 90°, right turning at the angle of 90°, and backward
extension, maximally feasible for the subject. To lessen muscle contamination, before the
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start of ABR registrations the subjects were instructed to relax maximally under each of
the head manoeuvres but to maintain the chosen posture.

Three principal ABR constituents, Waves I, III, and V were estimated on the display of
the averaging device by the cursor. The peak-latencies (PLs) were evaluated from the
stimulus onset. The amplitudes of Waves I and V were measured from positive deflection
peaks to the following negative troughs. Under straight-upright head position the ABR
was considered abnormal if: (1) One or more of the evaluated three components were
missing; (2) The PL of Wave I was lengthened; (3) One or more of the evaluated three in-
terpeak intervals, IPI I-II1, IPI III-V, and IPI I-V were lengthened; (4) The interaural dif-
ference of IPI I-V, i.e. IA IPI I-V was increased; (5) The amplitude ratio of Waves I and
V, AR I/V was expanded. The values of the measured ABR characteristics were
considered abnormal when they exceeded the respective parameter means, X, in gender-

matched controls more than by the magnitudes of 2.5 standard deviations (SDs). The
ABRs registered under HRTs were correspondingly regarded as abnormal when under the
head rotations compared with the straight-upright position the alterations of at least one of
the measured parameters surpassed the mean shifts in healthy controls by the magnitudes
more than 2.5 SDs. Considering the sources of individual ABR constituents [4, 5, 6, 18],
the abnormalities of Wave I and of later ABR constituents were ascribed to the 8th nerve
and brainstem pathologies, respectively.

RESULTS

ABR abnormalities were detected in 23 out of 40 KA patients tested (57.5%). In 14 from
35.0%, the ABR changes were evident under both straight-upright head position and
HRTs, while in 9 (22.5%) — under HRTs only. In six out of 14 patients with ABR shifts
under already straight-upright head position, the alterations under HRTs remained the
same, in three others the existing abnormalities were grown, while in five remainders
additional distortions occurred along with the earlier presented ones. HRTs extended thus
the pathological ABR changes revealed under straight-upright head position in 3+5 =28
patients (20.0%). In sum, thus, the involvement of HRTs in ABR diseased modifications
under KA was the case in 9+8 = 17 patients (42.5%). The typical ABR abnormality
patterns in KA patients under straight-upright head position and HRTs are represented in
Figs 1 and 2.

The backward extension of the head did not followed by any ABR abnormality pattern
that had not been observed under the left/right turnings. Moreover, in 13 out of 17
patients the ABR abnormalities seen under the side head turnings tended to lessen just
under the backward extension. In two patients of the remaining four, ABR alterations
were judged as being identical under the side head turnings and the backward extension,
while in other two they appeared more prominent likely just under the extension.

Neither accentuation of existing clinical symptoms nor appearance of new ones had been noted
when performing HRTs. Clinical KA manifestations remained the same either in 14 patients,
exhibiting the ABR abnormalities under both straight-upright head position and HRTs, as in 9
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others, demonstrating the alterations under HRTs only. The rates of separate ABR abnormalities
in KA patients are illustrated in Fig. 3. The missing of measured ABR constituents was stated in
7 patients (17.5%). In two from, the lack was the case under both straight-upright head position
and HRTs while in another five the lack happened under HRTs only. The selective absence of
Waves III or V was confirmed in one case each. Both Waves I and III were missing in four
cases. Both Waves III and V were lacking in one case, too. In sum, thus, Wave I was unde-
tectable in four patients, Wave Il — in six, and Wave V —in two.

Table 1

Mean values (x ) and normality borders (x + 2.5SD) of ABR parameters in females
and males of control group under straight-upright head position

Wave I IPIs, IATPILY, oy
PL, ms ms ms
I-IIT -V -V
Females x 1.64 2.16 1.76 3.92 0.07 0.80
X +2.58D 1.86 2.48 2.08 437 0.17 1.25
Males x 1.71 227 1.87 4.15 0.08 0.69
X +2.5SD 1.94 2.60 2.4 4.65 0.23 1.29
Table 2

Mean values (x ) and normality borders (x +2.5SD) of parameter differences of
ABRSs registered in control group under HRTs and straight-upright head position

Wave I PL, IPIs, IATPILV, oy
ms ms ms
I-111 -V -V
X 0.019 -0.008 0.016 0.008 0.013 0.003
X +2.5SD 0.160 0.170 0.177 0.191 0.226 0.379

The data in females and males as well as those under three various HRTs are pooled together

The prolongation of Wave I PL was discerned in 12 out of 40 tested patients (30.0%) (Figs 2
and 3). In five from, the PL was extended under straight-upright head position already while in 7 —
under HRTs only. In two of the former five patients, the PL was further lengthened under
HRTs. The selective Wave I PL increase with other ABR parameters being remained steady
was seen in five patients. That promoted the total ABR sensitivity score by 12.5%.

The IPI prolongation was evident in 9 patients (22.5%) (Figs 1-3). In five from, it was
apparent under straight-upright head position already, while in four others — under HRTs
only. The isolated extension of IPI I-III and of IPI I-V was observed in one patient each,
while of IPI III-V — in three. Both IPI I-III and IPI III-V were prolonged in one patient
and both IPI III-V and IPI I-V in three others. In sum, thus, IPI I-1II was lengthened in
two patients, IPI [I[-V —in 7, and IPI I-V — in four.
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Fig. 1. ABRs registered in four KA patients under straight-upright position of the head. In L.B.,
IPI I-11T is lengthened (2.56 ms). In T.S., AR I/V is increased (1.49). In N.S., IPI I-V is lengthened
(4.49 ms) and AR I/V is increased (1.38). In Z.T., IA IPI I-V is increased (4.24-3.86 = 0.38 ms).
Note: the bifid Wave III in N.S. Two averaged traces are presented in each case to facilitate ABR
component definition
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Fig. 2. ABRs registered in five KA patients under straight-upright position of the head and under
HRTs (upper and lower traces in each pair, respectively). In E.K., no alteration of ABR is evident
under HRT. In O.D., IPI III-V and IPI I-V are lengthened under HRT (by 0.39 ms). In S.T., IPI III-
V is lengthened (by 0.22 ms) and amplitudes are reduced under HRT. In A.M., Wave I PL and IPI
II-V are lengthened (by 0.97 ms and 0.83 ms, respectively) under HRT. In D.A.,; AR I/V is
increased under straight-upright head position (1.89) and is further enlarged under HRT (2.30). To
facilitate the PL and IPI matching the verticals are drawn under peaks of ABR Waves I, III, and V
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Fig. 3. The rates (in %) of different ABR abnormalities in KA patients. Note: separate patients
may possess more than one type of ABR abnormality

The enhancement of 1A IPI I-V with IPIs being bilaterally normal was observed in three
patients (7.5%) (Figs 1 and 3). In all three cases it was seen under both straight-upright
head position and HRTs.

The heightening of AR I/V was found in three patients (7.5%) (Figs 1-3). In all three, the
AR increase was manifested under straight-upright head position already. In one case
from, it grew further under HRTs.

ABR abnormalities were observed in 21 out of 28 patients with headache (75.0%), in five
out of 8 with neck-ache (62.5%), in five out of 11 with epilepsy (45.4%), and in three out
of 7 with syncope (42.9%). ABR alterations appeared thus more often in headache and
neck-ache than in epilepsy and syncope cases, although the differences were statistically
non-significant (Student’s ¢ test). In the whole non-epilepsy subgroup, comprising 29
patients, the ABR changes occurred in 18 (62.1%). With respect to the abnormality rate
discerned in 11 KA patients with concomitant epilepsy seizures (45.4%), the excess
seemed substantial (16.7%), although it did not reach either the significance level.

In all 12 patients with Wave I PL lengthening the hearing thresholds were within
physiological borders as judged by the pure tone audiometry results. As manifested in
separate wave missing, and/or in IPI prolongation, and/or in IA IPI I-V lengthening,
and/or in AR increase, the abnormalities of the later ABR constituents were documented
in six out of 13 patients with nystagmus (46.2%), suggestive of brainstem involvement,
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and in 12 out of 27 without that (44.4%). The difference amounted thus to 1.8% only that
being statistically non-significant.

From 22 patients exhibiting VBI via Doppler procedure under straight-upright head
position and/or HRTs, the ABR abnormalities were revealed in 14 (63.6%). On the other
hand, the altered ABRs were found in 9 out of 18 subjects (50.0%), without Doppler
confirmation of the VBI state under both straight-upright head position and HRTs. The
difference between ABR abnormality incidences in dopplerographically proved VBI and
non-VBI cases appeared thus rather noteworthy (13.6%), although it did not reach either
the statistically significance level.

DISCUSSION

In the present study pathologically altered ABRs were found in 57.5% of inspected KA
patients. The obtained results reasonably match the data of similar investigations but
performed with VEP recordings [7]. In that research the VEP abnormalities were
documented in 75.0% of KA patients and had been attributed just to the concomitant
VBIs.

Vascular genesis of ABR changes seen in present investigations is validated by: (1) The
high incidences of ABR abnormalities manifested selectively (22.5%), or extendedly, by
20.0%, under HRTs, the latter being known to worsen vertebra-basilar blood-flow
circulation [14, 18]; (2) The high incidence of Wave I changes (30.0%), the alterations
just of this ABR constituent being believed to be intrinsic for VBI [10]; (3) The high
incidences of Doppler alterations in examined patients (55.0%); (4) The higher incidence
of ABR abnormalities in patients with Doppler alterations (63.6%), than in those without
(50.0%); (5) The absence of other pathologies that could be the reason of observed ABR
distortions.

VBI in KA cases is thought to be particularly expressive in cases of concomitant
resembling pathologies, e.g. of arterial anomalies or atherosclerosis [11]. The
involvement of vertebral arteries is particularly considered to happen in those KA
patients, in which ABR alterations are emphasized or selectively detected under HRTs
only [20]. Taking into account rather regular coexistence of KA and of vertebral artery
oddities [11], as well as the young age of the most tested subjects in the present material,
just artery anomalies but not atherosclerosis could be judged to be the reason of
additional VBI and subsequent ABR changes in the inspected patients. Taking into
account the diversity of ABR abnormalities in the whole KA sample, it could be sug-
gested also that the KA in different individuals reflects more hetero- rather than homo-
geneous vertebral alterations. This proposal is further substantiated by the lack of ABR
irregularities in striking amount of KA patients (42.5%).

The rate of ABR changes in our observations exceeds those in previous VBI studies [13].
The excess maybe explained by measuring in current researches of Wave I PL and by
estimation of ABRs not only under straight-upright head position but under HRT also, the
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latter being not utilized previously. Both supplements have to augment the efficacy of the
test [15, 18]. Indeed, the ABR sensitivity in KA could be reduced by 12.5% if Wave I had
been not estimated, while by 22.5% if HRTs had been not performed. The high score of
ABR alterations in our study maybe caused also by taking into account the gender
dependence of evaluated measures. The referring of the results of female and male KA
individuals to the mean data of the corresponding gender controls but not to the over-
gender mixed values could improve the quantitative test profits and could assist thus the
detection of brainstem lesions [13].

In the present study the epileptic seizures were observed in 27.5% of KA patients
inspected. In previous investigations the increased rate of epilepsy has not been indicated
in KA cases [7, 9, 11]. The high epilepsy score has been not noted in patients with VBI of
other geneses either [18]. The excess of seizure incidences in our material could be
attributed to the profile of institution, where the material for ABR inspection had been
collected: Epilepsy Department of Institute of Neurology and Neuropsychology. Due to
this reason, KA patients just with seizures addressed preferentially the collecting institu-
tion.

The ABR alteration rate in the epilepsy subgroup had no superiority over that in the non-
epilepsy one. Moreover, the ABR abnormalities tended to be even less in epilepsy than
non-epilepsy patients. Also, in four of five epilepsy patients with ABR abnormalities, the
alterations were manifested selectively or in accentuated manner under HRTs that being
characteristic just for VBI [18]. These results reject likely the assumption that the epi-
lepsy in KA subjects was in any way the reason of the observed ABR changes (cf. [2]).

As indicated above, the PL-lengthening of ABR Wave I occurred in substantial number
of KA cases (30.0%). In the patients with VBI, the Wave I alterations are naturally linked
with 8th nerve lesions that being occurred due to the concomitant labyrinth blood flow
deficits [10]. The patients with the increased Wave I PL possessed in our material
actually the normal hearing thresholds. Similar electrophysiological vs. psychoacoustic
disaccord was found earlier in multiple sclerosis patients and was ascribed to the
subclinical 8th nerve lesions, in general, to the starting stages of the fibre demyelination,
in particular [22]. The present results confirm the capacity of ABR Wave I to discern the
mute 8th nerve lesions in KA patients also.

In the present study the alterations of the later ABR constituents without any respective
clinical brainstem manifestations occurred in substantial number of KA cases (44.4%). In
patients just with brainstem symptoms, the rate of ABR abnormalities was higher
(46.2%), although the difference between was negligible — 1.8% only, while statistically
non-significant. To explain such a slight difference, it could be taken into account that in
our material the brainstem involvement was qualified by the presence of nystagmus only,
the latter being considered as a probable but not a decisive hint of the brainstem lesions
[12]. Similarly to the present results, in previous multiple sclerosis [3, 12] and VBI [1,
13] studies the ABRs were capable to detect not only clinically manifested brainstem
lesions but mute local dysfunctions, too.
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In line with previous observations both in healthy and in VBI subjects [14, 18], in the pre-
sent study the HRTs did not worsen further the existing negative feelings of tested
individuals. Clinical symptoms were proved to follow HRTs in those cases only, in which
the collateral compensation of blood circulation shortages were lacking, e.g. due to the
combined damage of vertebral and posterior communicating arteries [20]. The absence of
apparent exacerbation of neurological signs under ABR abnormality intensifications due
to HRTs further emphasizes the aptitude of the ABR measure to discern not only clini-
cally evident brainstem disorders but subclinical faults also, e.g. of circulatory origin.

According to the obtained results, the ABRs identify the brainstem pathology in 50.0% of
KA patients without Doppler manifestations of VBI. It has to remember that the
sensitivity of Doppler sonography is lower for vertebral than for carotid artery
pathologies [19]. Moreover, only a marked vertebra-basilar stenosis is discerned regularly
by the dopplerography [19]. The negative Doppler outcomes do not exclude thus VBI at
all. Consequently, our data support the assumption that the ABR procedure is an effective
tool for detecting brainstem disorders of deficit circulation origin even in cases of no
blood shortages, as proved by the Doppler technique. Note that the backward extension of
the head generally does not produce the abnormalities other than those occurred under its
straight-upward position and/or side turnings. It precludes the necessity of performing the
complete HRT set when inspecting KA patients by the ABR approach. The inspection
time could be saved thus without any information loss.
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PE3IOME

CrBosnomosrossle ciyxoBble oTBeThl (CCO-b1) OblIM mccnenoBaHbl y 40 OONBHBIX aHOMaIHEH
Kummepne — BpoXIEHHBIM IIOPOKOM Pa3BUTHS MEpBOTO HIeiHOTo mo3BoHka. CCO-bI peructpu-
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POBATUCh KaK IPHU MPSAMOH MMO3UIMH, TaK U MPH POTAIUSIX TOJIOBHL. [laTonornyecku M3MEHEHHBIC
CCO-#1 BeisiBIIeHH! y 23 rccnenyeMsix (57.5%). Y 14 u3 vux (35.0%) capurun CCO-0B nmemnn Mec-
TO KaK TPH NPSIMOHM MO3MLUK TOJOBBI, TaK M NPH €€ POTALMsIX, Y OCTalbHBIX 9 ke (22.5%)
MPOSBIISIUCH OHM MPHU POoTaIusaxX Toibko. 1o 3amucsm CCO-0B, maToJIOTHs BOCKMOTO HepBa Obliia
JOKyMeHTHpoBaHa y 12 mammeHToB ¢ HOpMaibHBIM ciryxoM (30.0%). ITo 3ammcam xe CCO-0B,
HadalbHBIC TIAaTOJOTMYECKHE CIOBUTH B CTBOJIE MO3ra IIPH OTCYTCTBHH COOTBETCTBYOIINX
KIMHUYECKUX CHMIITOMOB BBIABJICHBI Takxke y 12 6ombHbIX (30.0%). Jlemaercs 3akitoucHHe, 4TO
nporenypa peructpaiun CCO-0B, 0COOCHHO HPHU BBITOJHCHUU €€ B YCIOBUSAX POTAIMU T'OJOBBI
UCCJIEyeMOTro, SBISIETCSI YyBCTBUTENBHBIM CIIOCOOOM BepH(UKALUU Aaxe CyOKIMHHYECKUX
MOpaXEHHUH CIIyXOBOT'O HEPBa M/MJIM CTBOJIA MO3Ta.
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HHCTPYKUIMA AJIS1 ABTOPOB

Kypuan “UzBectuss HaumonaabHoii Axagemum Hayk I'py3um, OMoMeIMuUMHCKasi cepusi” Iedaraer
OpHMIMHAIBHBIC CTAaThH B OONACTH OKCICPUMEHTANbHOI OHONOrMHM, (H3MONOrMM 4YelnoBEeKa M IKUBOTHBIX H
Meauimabl. CTaTbit 0030pHOT0 XapaKTepa MeYaTaroTes TOIBKO MO 3aKa3y PEIKOJIICTHH.

CraTby IPUHUMAIOTCS HA TPY3UHCKOM, PYCCKOM HITM aHTIHICKOM s3bIKaX. B mo0oM ciiydae, HE3aBUCHMO OT
sI3bIKA CTaThH, K HEH JIOJDKHBI OBITH IPHIIOKCHBI pe3tomMe (0O0beMoM He Ooniee 250 cloB) Ha BCEX Tpex
s3pikax. ConeprkaHue BCEX Pe3loMe JIOJDKHO OBITh CTPOrO OJMHAKOBBIM M COCTOSITH M3 3arojioBKa, aBTOPOB,
YUPEKICHYS, TJIC BBITIOJHEHA paboTa M JJAKOHMYHO U3JI0XKEHHBIX — BBEICHHS, IICTTH PabOThI, METOIUKH, OCHOBHBIX
pe3yJIbTaTOB M 3aKIIOYCHHs. B KOHIE pe3iome, M3JI0KEHHOrO Ha sI3bIKE TEKCTa CTaThH, NPUBOAATCS 4-6
KJIIOYEBBIX CJIOB.

OO0BeM CTaThH, C YYETOM BCEX Pe3lOME U WILTIOCTPATHBHOTO MaTepHala, T0JbKeH OBITh He MeHee 5 1 He Oonee 12
crpannn (hopmar A4). Jng medyaraHus CTaThbM OoNbHIero OO0beMa TpeOyeTcs CHEeNHaNbHOE COTIache
penxomternu. CraTbs 0hOPMIIIETCSI COTIIACHO CTAHIAPTHON pyOpHKanWH: BBEJCHUE, LENb HUCCIIEHAOBAHMUS,
MaTepual ¥ METOJbI, Pe3yJIbTaThl, 00CYKACHNE U CIIMCOK JTUTEePaTypPhl, KOTOPBIN COCTaBISETCS 1O aI(aBUTY
(o QpamMuIIMAM TEPBBIX aBTOPOB) M HyMepyercst. [locnenoBaTennbHOCTh OMDKHA OBITh TaKOi — CIiepBa IPY3HHCKUE
WCTOYHVKY, @ 3aTeM PYCCKHE U JIaThIHOs3bIYHbIe. CCHUIKH Ha MCIIONB30BAHHYIO JIMTEPATYpPy B TEKCTE YKa3bIBAIOTCS
COOTBETCTBYIOILIMMH HOMEPaMH B KBAJpaTHbIX CKOOKax. B cIMCKe JMTepaTypbl NOJDKHBI OBITh yKa3aHbL: aBTOPBI
(bamuuy ¥ MHMLMAIBI), HAUMEHOBAHKE JKypHana (KHWIH), TOJ WM3IaHUs, TOM, HOMEpP W HOMepa IepBOi H
nocieaHel crpaHull. B ciyyae KHUIM, HEOOXOAMMO YKa3aTh FOPOJ M Ha3BaHHE M3ATENbCTBA. a COOPHUKA
TPYZOB — CIIEYeT TaKKe yKa3aTh GaMUIIMU U HHULINAJIBI PEJAKTOPOB.

CraThsl B PEAKOJUIETHIO NPEACTABISETCS KaK B pacledaTaHHOM (2 9K3.) BHAE, TaK U B BUJE DIIEKTPOHHOI
BEpPCHM Ha KOMIIAKT-AWCKe (MoJbKHA ObITh HaOpaHa B ¢opmare MS Word). [t Tpy3uMHCKOTO TeKcTa
Heo0xoquMo cnonb3oBaTh MpupTh AcadNusx 1 AcadMtavr, a Ui pyCCKHUX U JIATBIHOSI3BIYHBIX TEKCTOB —
Times New Roman (pa3mep 12 pt). Mexctpounsiii uaTepBan — 1,5, mons: ciesa 3,0 cM, cBepxy U cHU3Y 2,5
cM, copasa — 1,5 cm. YepHo-6enbie rpaduku T0DKHBI ObITh Mpe/cTaBieHbl B Bujae ¢aiinoB dopmara MS
Excel, npyrue uepHo-6emble pUCYHKH MOXHO IIPEACTABIATh U B BUJIE OPUTHHANIOB (HEINEKTPOHHAS BEPCHS).
I[BeTHBIE WILTIOCTpAMU B JKypHAJIe HE MedaTaloTcsa. TeKcT, TaOmuIsl M TpadWKu B SIEKTPOHHOH BepcHU
CTaThU NOJDKHBI OBITH 3ammcaHbl Ha KoMmakT-aucke (CD) B Buae ornenpHbIX (ainoB. HammeHoBaHWS
(aiiToB W/MM TAIoOK JOJDKHBI HauMHATHCS C (aMminu nepBoro aBropa. Ha CD mucke He IOMKHO OBITH
JTAHHBIX, HE OTHOCAIIMXCS K MaTepHalaM CTaThH. J{MCKM aBTOpaM He BO3BpamaroTcs. Mecra pa3MmelneHus
WLTIOCTPAaid ¥ TabNuIl TOJDKHEI OBITH YKa3aHBl B TeKCTe cTaThM. [loamucy K pucyHKaM HaOMparoTcs Ha
OT/ENIBHOM CTpaHHMIIE.

Cratbst 10JDKHA OBITH MOZNUCAaHa BceMH aBTopaMu. Ha mocnenHeii cTpaHuiie yka3siBaeTcst HoMep TeiedoHa
U aJpec 3J.IOYTHl OJHOTO U3 BeAymux aBTOpoB. K cTaThe NOMKHO OBITH MPUIIOKEHO HAMpPaBIEHUE OT
aJIMUHHUCTPALUH YUPEKICHUS, B KOTOPOM BBIIIOHEHA paboTa.

I[leuaTanue cTaTby B JKypHaJie oCyleCTB/JAsIETCH 3a CUEeT €€ aBTOPOB.

Penxomnnerus HanpaBiseT pyKONHCh CTAaThH Ha PEIEH3MPOBAHUE OOBIYHO JBYM aHOHHMHBIM pelleH3eHTaM. B
Cllydae pas3HOIVIacUs BO MHEHMSAX PELEH3CHTOB, MHEHUE OJHOro M3 wieHoB Pepaxumonnoro Cosera,
CIIEIMAJINCTa COOTBETCTBYIIEH 00s1acTH, OyJeT PerIatomiM.

Pycckoe pestoMe onmyONMKaHHOM CTAaThH MEYATACTCs B COOTBETCTBYIOIICH CepuH pedepaTHBHOTO KypHAIA
Poccun.

CraBaTh CTaTbu B PEIAKLHMOHHBIN COBET MOXKHO €XETHEBHO, KpoMe cyOOOTHI M BOCKpeceHbs ¢ 12 mo 15
4yacoB 1o aapecy: TOunucckas menunuHckas akagemus (mp. Keresan LlameOymnu 51a, Jlono Coxanse (599-298-
348) nm B DKCriepuMeHTAIBHOM IIeHTpe OromemuurHbl M. WM. beputamsum, yn. [otya, 14, mpod. I'. bekas
(599-587-027) nnmu mpod. H. MuTarsapust (599-304-104).
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