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 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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THE CHANGES OF EPILEPTOGENIC THRESHOLD IN HIPPOCAMPUS DURING 
NORMAL SLEEP – WAKING CYCLE

E.Saralidze1*, I.DiasamiDze1, L.Khuchua2.
1Batumi Shota Rustaveli State University, Batumi, Georgia.

2Healthcore – Israel-Georgian Multi-Profile Clinic, Georgia.

Abstract.
Goal: Our work aimed to investigate the changes of focal 

epileptogenic threshold at different stages of sleep-waking cycle 
(SWC).

Materials and methods: Experiments were carried out in adult 
Wistar rats. Under ketalar anesthesia electrodes were implanted 
stereotaxically into the brain structures, according to Paxinos 
and Watson atlas coordinates. Epiletiform Discharges (ED) 
were induced by electrical stimulation of dorsal hippocampus. 
In addition, reduction of neocortical activity via spreading 
depression (SD) was induced in the neocortex by bilateral 
application of 12% KCL solution.

Results and Conclusion: It was found that EDs were 
more durable at the stage of slow sleep than in wakefulness. 
Consequently, during slow sleep, the hippocampal epileptogenic 
threshold was lowered. Prolongation of EDs of hippocampal 
origin during SD was also observed in neocortex.

According to the data obtained one of important factors 
increasing susceptibility of hippocampus to EDs , at the stage 
of slow sleep, should be the weakening of tonic inhibitory 
influence of the cortex upon hippocampus, resulting in decreased 
epileptogenic threshold in the latter.

Key words. Sleep-waking cycle, focal Epileptiform 
discharges, spreading depression, hippocampal epileptogenic 
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Introduction.

Epilepsy is a widely disseminated poly-etiological disease 
covering 0,5-2%of the world population. There are two forms of 
epilepsy: 1idiopatic and 2. symptomatic. Reasons inducing the 
latter are mostly known. They are related to traumas, infections, 
or some other lesions of the brain. Whereas the causes of 
idiopatic epilepsy (grand mal, petit mal etc.,) are not yet known.

Special attention should be paid to the fact that in some 
patients’ epileptic discharges(EDs) mainly have place during 
wakefulness, while in others they appear during slow sleep. The 
former case could be explained by increased activity of cerebral 
neurons and thus by enhancement of their sensitivity to EDs. 
On the other hand, Generation of EDs in slow sleep, when the 
activity of cerebral neurons is low and their susceptibility to 
EDs should be thus decreased, remains inexplicable and needs 
further experimental investigations. In the present experiments 
epileptiform seizures were induced at different stages of the 
regular sleep-wake cycle (SWC) [1-10].
Materials and methods.

In vivo experiments were carried out on male Wistar rats 
weighing 300 g. Animals were housed in 12:12 h light/dark 
conditions with ad libidum access to food and water. All 
precautions were taken to minimize the pain or discomfort 

of the animals. All experiments were carried out according 
to NIH guide and permission was obtained from local ethical 
committee. Rats were anesthetized with ketamine (100 mg/
kg) and the stimulation and recording constantan electrodes 
(o. d. 0.15 mm) were implanted in the dorsal hippocampus 
and neocortex according to stereotaxic coordinates by Paxinos 
and Watsons [8]. Bipolar electrodes were implanted also 
into the cervical muscles and orbital cavity. The EDs which 
were induced by high-frequency electrical stimulation (30hz) 
of the dorsal hippocampus (DH) were recorded with an 
electroencephalograph. Spreading depression (SD) was induced 
in the neocortex by bilateral surface application of 12% KCL 
[6]. Experimental data were statistically processed according to 
the Student’s t-criterion.
Results and Discussion.

In the first set of experiments regular SWC, its stages 
and fluctuations of susceptibility of the hippocampus to 
EDs were studied. For the characterization SWC four 
parameters were assessed: gross potentials of the neocortex, 
hippocampus, cervical muscles, and electrical correlates of 
rapid eye movements (REM). Figure 1 presents after 12h 
sleep deprivation figure shows that during quite wakefulness 
(Figure 1A), neocortical electrical activity is more or less 
desynchronized: it consists of low voltage rapid potentials 
(1st trace). The electrical activity of the dorsal hippocampus is 
also desynchronized (2nd trace). The tone of cervical muscles 
is fairly high (4th trace). Few oscillations expressing the rapid 
eye movements (3rd trace). Figure 1B corresponds to the stage 
of slow sleep, when synchronization of electrical activity is 
recorded in the neocortex and hippocampus (1st and 2nd traces). 
The REM is not observed (3rd trace) and the tone of cervical 
muscles is high (4th trace). In Figure 1C slow sleep transits into 
paradoxical sleep (or REM-sleep): both the neocortical and 
hippocampal electrical activities are desynchronized, REMs are 
manifested, and tone of cervical muscles is decreased. Figure 
1D presents the transition of paradoxical sleep into slow sleep: 
the neocortical and hippocampal synchronization are followed 
by the abolishment of REMs and by enhancement of the tone of 
cervical muscles.

In the following set of experiments the changes of focal EDs, 
produced by high frequency electrical stimulation of DH, were 
investigated in the stages of wakefulness and slow sleep. At the 
beginning of each experiment the DH was stimulated by three 
trains of high-frequency electrical stimulation (30 Hz, 5-7s 
each train) with interstimulus intervals of no less than 20 min. 
If the durations of induced EDs were more or less equal the 
epileptogenic threshold of DH was considered stable.

One of the typical cases of such experiments is shown in 
Figure 2. The upper three EEGs (Figure 2A) were recorded 
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Figure 1. Electrical correlates of the stages of SWC. 
Records: 1. neocorticograms; 2. Hippocampograms; 3. REM; 4. Tone of cervical muscles. A. wakefulness; B and D – slow sleep; C. REM sleep.

Figure 2. EDs of hippocampal origin in wakefulness (A) and slow sleep (B). Records: 1 – right neocortex 2 – right hippocampus. Stimulation of 
right DH (30Hz, 10V, 3s solid line under EEGs) C – Duration of hippocampal seizures evoked by electrical stimulation of hippocampus during 
wakefulness and slow wave sleep. Means±SD, * p<0.001 (n=5) Student’s t-test.

Figure 3. EDs of Hippocampal origin before (A) and during (B) SD in the neocortex. Records: 1 – right neocortex; 2 – right hippocampus. 
Stimulation of right DH (30Hz, 10V, 3s solid line under EEGs) C –Duration of hippocampal seizures evoked by electrical stimulation of hippocampus 
under normal conditions, after induction of SD and after the termination of SD. Means±SD, * p<0.001, (n=5) Student’s t-test.
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during wakefulness. Stimulation of DH (solid line under EEGs) 
induced focal EDs in the hippocampus and neocortex bilaterally. 
The EEGs presented in Figure 2B, were recorded from the same 
brain structures but at the stage of slow sleep. It is seen that EDs 
induced from DH are longer than those evoked in wakefulness 
(compare A vs B). The results of the statistical evaluation of this 
series are shown in Figure 2C.

The above experiments results seem illogical if one considers 
that epileptogenic threshold of any brain structure depends 
upon its neurons excitability: the higher excitability the lower 
their epileptogenic threshold. The problem could be solved by 
suggestion that at an awake stage of an animal the neocortex 
exerts a tonic inhibitory influence upon hippocampal structures 
and decreases their susceptibility to EDs. At the stage of slow 
sleep, the inhibitory tonus of the neocortex attenuates and thus 
susceptibility of DH to EDs increases.

Proceeding from the above-mentioned, in the following 
experiments the focal hippocampal EDs were induced during 
both normal and suppressed neocortex activity.

The results of these experiments are presented in Figure 3. It 
is clear that under normal activity of the neocortex stimulation 
of DH elicited brief EDs, in both hippocampus and neocortex 
(Figure 3A). The following EEGs were recorded 30 min 
following bilateral application of 12% KCI solution onto the 
brain that caused SD in cortex. Under these conditions the 
duration of hippocampal EDs was significantly higher (Figure 
3C).
Conclusion.

According to the results of the above experiments one of 
the important factors increasing a susceptibility of the DH to 
EDs at the stage of slow sleep, should be the weaking of tonic 
inhibitory influence on the hippocampus, which decreases the 
epileptogenic threshold of the latter.
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Цель. иследования было изучение динамика порога 
фокальных эпилептиформных разрядов в разных стадиях 
сна и бодрствования

Методы. In vivo эксперименты ставились на белых 
крисих (линии Вистар). Под кеталаровым наркозом 
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электроды вживлялись в глубинные структуры головного 
мозга по координатам из стереотаксического атласа 
Паксинос и Ватсона. Эпилептиформные разрядды 
вызывались элекрическим раздражением дорсального 
гипокампа.Снижение активности неокортекса через 
распространяюшуюся депресию вызывалось билатеральной 
апликацией 12% раствора KCI-а на поверхность 
неокортекса.

Резултаты и обслуздение. Было показано, что 
эпилептиформные разрядды (ЭР), вызываные 
элекрическим раздражением дорсального гипокампа, были 

длительнее в фазе медленного сна чем при бодрствовании 
животного. Следовательно, во время медленного сна 
эпилептогенный порог гипокапма снижен. Удлинение ЭР 
гипокампального происхождения наблюдалась также на 
фоне распространяющеейся депресии , т.е. когда активность 
новой коры снижена.

Выводы.Снижение эпилептогенного порога гипокампа 
на стадии медленного сна, по все вероятности, обусловлено 
снижением активности новой коры и ослаблением 
ее тонически тормозящего влияния на лимбические 
структуры, в том числе и на гипокамп.
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