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The goal of the project is to study the mechanisms of interactions of some endogenous, sleep-
affecting substances with gamma-aminobutyric acid (GABA) and glutamate receptor-channel 

complexes in mammalian neurons. 
 
It was revealed that endogenous sleep affecting substances: DSIP, MDP, CLIP and uridine 
enhance GABA-evoked ion currents in cultural hippocampal neurons. Contrary, insulin blocks 
the ion currents. Somatostatin has both inhibiting and enhancing effects on GABA-activated ion 
currents depending on concentration used. DSIP, CLIP, MDP, uridine and somatostatin block 
partially NMDA-evoked ion currents in hippocampal neurons. Insulin decreases the ion currents 
in most of tested neurons, but it potentiates response to NMDA in few neurons as well.  
All the compounds studied affected in a complicated manner response to kainic acid. 
Enhancement of ion currents elicited by kainic acid as well as blockade of them was observed at 
different concentrations of the studied substances. All the studied substances altered back uptake 
of calcium by cortical synaptosomes. This suggests that the substances influence the regulatory 
presynaptic mechanisms and the return uptake and release of mediators GABA and glutamate in 
nerve terminals. 
 
A series of experiments were  performed on neuronal cell cultures from different areas of 
mammalian brain (rat pups) by electrophysiological and biochemical methods using specific 
pharmacological tools. The following tasks are planned: Study of the mechanism of action 
endogenous substances with GABA receptors on neurons from different brain areas and 
particularly, assess the role of the benzodiazepine site in the mechanism of SAS interaction with 
GABA receptors. Assess SAS actions on the NMDA-receptor-channel complex.  Investigation of 
SAS effects on AMPA and kainate receptors; in particular, their effects on desensitization 
processes. Assess SAS effects on glutamate - stimulated calcium cell uptake. 
 
Key words: endogenous sleep-affecting substances, GABA receptors, NMDA receptors,  AMPA 
receptors, calcium uptake and mechanisms of action. 
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Introduction 
 

The goal of the project is to study the mechanisms of interactions of some endogenous, sleep-
affecting compounds with gamma-aminobutyric acid (GABA) and glutamate receptor-channel 
complexes in mammalian neurons.  A series of experiments will be performed on neuronal cell 
cultures from different areas of mammalian brain (rat pups) by electrophysiological and 
biochemical methods using specific pharmacological tools. The main goal of the proposed 
project is to study the interactions of established endogenous SAS with GABA (BZ)- and 
glutamate-receptors subtypes from different brain regions, in particular, cerebellum, 
hypothalamus and truncus cerebri of mammalian brain. The general idea of this study is to reveal 
similarities and differences in the mechanism of action on GABA- and glutamatergic 
neurotransmitter systems of the established SAS and then to predict the effect of these hormones 
and peptides at various stress- (and pathological) conditions as well as the action of different 
exogenous factors that influence the endogenous level these SAS on sleep-awake cycle in 
human. 

The following tasks were planned:  
1. Study of the mechanism of action endogenous substances with GABA receptors 

on neurons from different brain areas and particularly, assess the role of the 
benzodiazepine site in the mechanism of SAS interaction with GABA receptors. 

2. Assess SAS actions on the NMDA-receptor-channel complex.  In particular, 
identify NMDA receptor subsites responsible for such interactions using NMDA-
receptor agonists and antagonists. 

3.  Investigation of SAS effects on AMPA and kainate receptors; in particular, their 
effects on desensitization processes. 

It is well recognized that acetylcholine, noradrenaline and serotonin are the transmitters active in 
wakefulness and sleep processes in mammals [1].  In addition, GABA and glutamatergic systems 
(the main inhibitory and excitatory neurotransmitters systems in the brain) play an important role 
in the regulation of the sleep-wake state.  In particular, it was shown in vitro that the main 
population of sleep-promoting neurons are GABA-containing cells [2].   The activation of 
GABA receptors (in particular, the benzodiazepine recognition site, BZ) in some brain areas 
represents the final step in sleep induction [3]. On other hand, the activation of NMDA1 and 
АМРА2 neuronal receptors in the nucleus basalis of Meynert reduces slow-wave sleep (SWS), 
whereas activation of АМРА receptors alone reduces desynchronized sleep (DS) [4].  
It is obvious that number of endogenous factors must exist that induce and regulate sleep-wake 
cycle by interacting with these neurotransmitter systems.  These factors may play important roles 
in protection from fatigue and from the development of some neuropathological conditions.  
Though attempts to elucidate the structure and mechanisms of action of such endogenous sleep-
regulators have long been made, the specific endogenous sleep-affectors and promoters were 
defined only recently.  In particular, it was shown that IL-1 blocks currents induced by GABA 
receptor activation, leading in turn to the development of feverish, excited states [5-6].  On the 
contrary, some compounds (e.g., uridine) potentiate GABA receptors, leading to relaxation and 
behavioral sleep [7].  Some endogenous SAS acts on glutamate receptors.  For example it was 
revealed that delta-sleep-inducing peptide (DSIP) [8], cholecystekinin (CCK) [9] and 
prostaglandin Е2 [10] specifically block NMDA-receptors, whereas insulin [11-12] and 
somatostatin [13] can potentiate NMDA-induced currents.  However most of the peculiarities of 
SAS interactions with GABA and glutamate receptor complexes, that could significantly 
modulate sleep-wake cycle in normal and some ubnormal conditions, remain obscure.  

 

                                                           
 
1 N-methyl-D-aspartate. 
2 Alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid. 
 



Method 
 

The following scientific and technical approaches were used: 
1. Single neurons containing functioning receptors acquired from cell cultures.  
2. The assessment of SAS effects on GABA- and glutamate receptors were performed by  

patch-clamp method using the EPC-9 (HEKA, Germany) setup, equipped with hardware and 
software for electrophysiological data analysis.  Application of selected agonists permits us to 
obtain transmembrane currents for the investigation of the functional characteristics of the 
neuronal receptors.  Upon the subsequent application of SAS, we were able to estimate its 
possible effect on the functional characteristics of these receptors and, thus, on the functional 
state of the neuron.  

3. Different agonists and antagonists of the neuronal receptors were used for the 
assessment of the mechanisms of action of SAS on different neuronal receptors.  

4. All studied SAS were screened for their effects on NMDA -stimulated calcium uptake on  
synaptosomal preparations from the P2 fraction.  
To obtain primary cell culture neurons were dissociated from newborn rats of 1-8 days old. 
Recordings were made from neurons which had been maintained in culture up to 30 days. 
The whole cell configuration of the patch-clamp method was used to study macroscopic ion 
currents activated by amino acids. GABA-elicited ion currents were activated by application 
GABA at 2, 5 or 10 µM. NMDA at concentration 100 and 200 µM was used to elicit NMDA-
evoked ion currents. To activate AMPA receptors kainic acid was used. All the studied 
compounds used were bath applied at different concentrations. After exposition of neurons to the 
studied compound for certain period responses to the amino acids was tested and ion currents 
recorded. Repeated amino acid stimuli were applied under given concentration of the studied 
compound till steady response was reached.  
 
Results 
 

Task 1. Investigation of SAC action on GABA receptors of neurons from different brain 
parts, in particular, cerebellum, hippocampus and truncus cerebri. In particular, study of the 
role of benzodiazepine site in the mechanism of SAC interaction with GABA receptors. 
 
Effect of DSIP, somatostatin, MDP, insulin, uridine and CLIP on the GABA-activated ion 
currents in rat’s cultural hippocampal and cerebellar neurons was investigated. 
Comparative study of effect of DSIP on GABA-activated currents in neurons from a cerebellum 
and hippocampus was carried out. DSIP in a range of concentration 0.01 pМ – 1 nM increases 
the responses to GABA. Maximal increase of the responses in cerebellum neurons is on average 
150%, and occurs at DSIP concentration 0.01 pM. The potentiation of the responses at DSIP 
concentrations higher than 0.01 pM is less prominent decreasing about monotonically from the 
maximum to none at 10 nM (Fig. 1). The currents became 5% smaller than in control at DSIP 
concentration 0.1 µM. On the other hand, a dose-response curve for hippocampal neurons is non-
monotonic with prominent peaks of 231% at concentration 1 pM and of 173% at 1 nM (Fig. 2). 
The data received support our hypothesis about several subtypes of DSIP receptors being present 
in hippocampal neurons. The subtypes of DSIP receptors differ of each other by their sensitivity 
to DSIP and by their modulating effect on GABAA receptors, resulting in either potentiation or 
inhibition of the GABA-elicited currents. 
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Fig.1. Effect of DSIP on the GABA-induced currents in cultural rat cerebellar neurons. Asterisk 
indicates that the value of response amplitude is significantly different (P<0.05) from the control one. 
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Fig.2. Effect of DSIP on the GABA-induced currents in cultural rat hippocampal neurons. The values of 
response amplitude which are significantly different (P<0.05) from the control one marked by asterisk. 

 
 
In range of concentrations 10-100 pM somatostatin increases the responses to GABA showing 
maximal effect in 46% at 100 pM.  Somatostatin inhibits the responses by 10% at 0.1-1 pM, and 
larger inhibition by 15% and 35% at concentrations 1 nM and 10 nM respectively (Fig. 3). 
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Fig.3. Effect of somatostatin on the GABA-induced currents in cultural rat hippocampal neurons. 

 
MDP in the whole range of tested concentrations increased GABA-activated ion currents in 
hippocampal neurons. The increase was statistically significant at MDP concentrations 0.1-10 
nM (Fig. 4). In contrast to MDP insulin in range of concentrations 0.01 pM – 10 nM decreased 
the GABA-elicited ion currents. Inhibition of the currents was statistically significant at some 
insulin concentrations (Fig. 5). Uridine increased the GABA-elicited ion currents. Effect of 
uridine on ion current amplitude was non-monotonic showing a wave-like behavior of dose-
response curve with two peaks at 0.1 pM and 10 pM. At these two uridine concentrations 
increase of the response to GABA was statistically significant (Fig. 6). CLIP in the whole range 
of tested concentrations increased GABA-activated ion currents. Maximal potentiating effect of 
CLIP (235% relative to control) was observed at concentration 1 pM. However the significant 
potentiation occurred in range 0.01 – 10 pM (Fig. 7). 
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Fig. 4. Effect of MDP on the GABA-activated ion currents in cultural rat hippocampal neurons. The values 
of response amplitude which are significantly different (P<0.05) from the control one marked by asterisk. 
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Fig. 5. Effect of insulin on the GABA-evoked ion currents in cultural rat hippocampal neurons. Asterisk 
indicates that the value of response amplitude is significantly different (P<0.05) from the control one. 
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Fig. 6. Effect of uridine on the GABA-elicited ion currents in cultural rat hippocampal neurons. The values 
of response amplitude which are significantly different (P<0.05) from the control one marked by asterisk. 

 
 
 
 
 
 
 
 
 
 



0

50

100

150

200

250

300

350

0.01 0.1 1 10 100 1000 10000

Concentration, pM

%
 re

la
tiv

e 
to

 c
on

tro
l

 
 
Fig. 7. Effect of CLIP on the GABA-activated ion currents in cultural rat hippocampal neurons. Asterisk 
indicates that the value of response amplitude is significantly different (P<0.05) from the control one. 

 
Thus DSIP, CLIP, MDP and uridine increase definitely the GABA-elicited ion currents in 
hippocampal neurons (DSIP in cerebellar neurons too) in the whole range of concentrations 
tested. All of the compounds show non-monotonic effect on the ion currents. A dose 
(concentration) step up does not result in corresponding enhancement of the potentiating effect 
on the GABA-evoked ion currents. On the contrary, in some cases, for instance, effect of DSIP 
on ion currents in cerebellar neurons, the largest potentiation occurs at the lowest dose of 
substance. Presence of several peaks in the dose-response curve suggests availability in neuron 
membrane of several receptor types for the compounds. 
Insulin inhibits the GABA-evoked ion currents in the whole range of concentrations tested. The 
inhibiting effect of insulin does not depend straightforward upon concentration of the compound, 
rather inverse dose-response dependency observed, namely, low concentrations of insulin 0.1 
pM and 1 pM block the ion currents more effectively than high concentrations of insulin. 
Somatostatin at concentrations 0.1 pM, 1 pM, 10 nM and 100 nM blocks the ion currents but at 
concentrations 10 pM and 100 pM potentiates the GABA-evoked ion currents. This suggests a 
complicated mechanism of action of the substances and their effect on GABA receptors. 
  
Task 2. Study of SAC action on NMDA-receptor-channel complex. In particular, identification of 
NMDA receptors’ subsites responsible for such interaction using NMDA-receptors agonists and 
antagonists. 
 
Effect of DSIP, MDP, somatostatin, insulin, uridine and CLIP on NMDA-elicited ion currents in 
cultivated hippocampal and cortex neurons from rat was studied. Application of DSIP at range of 
concentrations 0.1 pM – 10 nM resulted in a dose-dependent decrease of the responses to 
NMDA in cortex neurons (Fig. 8). The responses to NMDA at DSIP concentrations higher than 
10 pM were on average 40% of control. Effect of DSIP in hippocampal neurons differs 
somewhat from the effect in cortical neurons showing the wave-like dose-response curve and 
blocking effect of DSIP at concentrations higher than 1 pM  (Fig. 9).   
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Fig. 8. Effect of DSIP on the NMDA-activated ion currents in cultural rat cortical neurons. The values of 
response amplitude which are significantly different (P<0.05) from the control marked by asterisk. 
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Fig. 9. Effect of DSIP on the NMDA-activated ion currents in cultural rat hippocampal neurons. The values 
of response amplitude which are significantly different (P<0.05) from the control marked by asterisk. 

 
 
MDP at concentration 0.01 pM potentiates by 10% the NMDA-activated ion currents in cultural 
rat cortical neurons. MDP at doses range 0.1 – 10 pM blocks the ion currents up to an average 
amount of 40% of the control value (Fig. 10). Effect of MDP on the responses to NMDA in 
hippocampal neurons shows pretty complicated character (Fig. 11). In the dose-response curve: 
initial potentiation of the ion currents is missing at dose 0.01 pM, strong blockage of  the 
NMDA-evoked ion currents occurs at concentrations higher than 0.01 pM, but in range of doses 
0.1-10 nM the blockage of ion currents is less prominent.  
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Fig. 10. Effect of MDP on the NMDA-activated ion currents in cultural rat cortical neurons. 
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Fig.11. Effect of MDP on the NMDA-induced currents in cultural rat hippocampal neurons. The values of 
response amplitude which are significantly different from the control (P<0.05) marked by asterisks. 

 
Dose-response curve of an inhibiting effect of somatostatin on the responses to NMDA in 
hippocampal neurons has a U-shaped form (Fig. 12). Maximum of the inhibition reached at 
somatostatin concentration 1 pM. Amplitude of NMDA-response at this dose was 36% of 
control. On the other hand, inhibition is negligible (amplitude of NMDA-response was 90% of 
control value) at MDP concentration 10 nM. 
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Fig.12. Effect of somatostatin on the NMDA-evoked ion currents in cultural rat hippocampal neurons. 

 
Insulin inhibited NMDA-evoked ion currents in 4 of 5 essayed neurons through all tested 
concentrations from 0.01 pM to 1 nM. The inhibition was statistically significant at all tested 
concentrations. Maximal inhibition of NMDA-evoked ion currents occurred at 0.01 and 1 pM, 
having the response amplitudes on average 33% relative to control. At insulin concentration  
1 pM the blocked response to NMDA was on average 68% relative to control. Amplitude of the 
NMDA-evoked ion currents was slightly monotonically decreasing along with increase of insulin 
concentrations higher than 1 pM (Fig. 13). One has to point out, that insulin at concentration 
1pM increased NMDA-evoked ion currents by 20% in the only neuron. 
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Fig.13. Effect of insulin on the NMDA-induced currents in cultural rat hippocampal neurons. Asterisks 
above the data point indicate that the value of response amplitude is significantly different from the control 
one (P<0.05). 

 
Uridine inhibits NMDA-evoked ion currents in hippocampal neurons through all tested 
concentrations from 0.01 pM to 100 pM. The inhibition of the responses to NMDA was 
insignificant at concentration 0.01 pM, amplitude of response to NMDA was 93% of control 
value, and substantial at concentration 100 pM, amplitude of the response was 38% of control 
value (Fig. 14). 
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Fig.14. Effect of uridine on the NMDA-induced currents in cultural rat hippocampal neurons. Asterisks 
above the data point indicate that the value of response amplitude is significantly different from the control 
one (P<0.05). 

 
 
CLIP inhibits significantly NMDA-evoked ion currents in hippocampal neurons through all 
tested concentrations. The inhibition was statistically significant at all tested concentrations 
except a dose 10 nM. The dose-response curve for CLIP has almost U-like shape. Maximal 
inhibition of NMDA-evoked ion currents was achieved at 10 pM (Fig. 15). 
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Fig. 15. Effect of CLIP on the NMDA-induced currents in cultural rat hippocampal neurons. Asterisks 
above the data point indicate that the value of response amplitude is significantly different from the control 
one (P<0.05). 
 

 
This set of experiments was designed to study an effect of the studied substances on presynaptic 
NMDA receptors. Effect of DSIP, MDP, uridine, insulin (Table 1), CCK-4, CLIP, somatostatin 
(Table 2), interleukin-1β, L-L-MDP and prostaglandin D2 (Table 3) on uptake of 45Са+2 by 
cortical synaptosomes of newborn rat (9 days) under the uptake stimulation by NMDA 200 µM 
along with glycine 5 µM. It was demonstrated that insulin within the concentration range from 1 
to 10 nM inhibits the uptake of 45Са+2 into the synaptosomes by 100% (IC50 = 2.24⋅10-10 М). 
Uptake of 45Са+2 into the synaptosomes increased by 70% at low insulin concentrations of 1-10 
pM (Fig. 16). The dose-response curve of uptake of 45Са+2 by cortical synaptosomes was 
obtained for uridine ( IC50 = 7.1⋅10-12 М ). Uridine inhibited uptake of 45Са+2 most effectively at 
concentrations 0.01 – 0.1 µM (Fig. 17). Without NMDA stimuli uridine at concentrations 0.01 – 



0.1 µM increases control level of  45Са+2 in synaptosomes by 10-15%. Application of MDP 0.1-
10 nM resulted in increase of control level of  45Са+2 in synaptosomes by 12-25%. DSIP and 
insulin did almost not affect the control level of  45Са+2 in synaptosomes. The dose-response 
curve of uptake of 45Са+2 by synaptosomes for MDP is shown in Fig. 18 ( IC50 = 5⋅10-12 М). 
Pretty complicated dose-response curve of uptake of 45Са+2 by cortical synaptosomes was 
obtained for DSIP (Fig. 19). DSIP at concentrations 0.1 pM and 100 pM inhibited the uptake of 
45Са+2 into the synaptosomes by 100%. 
 

 
Table 1. Effect of DSIP, MDP, uridine and insulin on uptake of 45Са+2 by cortical 

synaptosomes under the uptake stimulation by NMDA. 
 

% Ca relative to control (control - 100%) Concentration, 
М DSIP MDP Uridine Insulin 

10-13 0 113,6 ± 6,4 - - 

10-12 83,6 ± 0,9 90,9 ± 1,9 65,5 ± 3,1 173 ± 9,9 

10-11 39,1 ± 2,2 30,7 ± 2,4 45,3± 2,0 169,3 ± 5,2 

10-10 0 0 26,9 ± 0,9 68,7 ± 2,7 

10-9 38,6 ± 2,3 21 ± 9 3,1 ± 1,0 0 

10-8 27,7 ± 1,8 48,3 ± 2,8 0 0 

10-7 22,9 ± 0,7 - 0 - 

10-6 98,7 ± 16,9 - - - 
 

 

Table 2. Effect of CCK - 4, CLIP, somatostatin on uptake of 45Са+2 by cortical 
synaptosomes under the uptake stimulation by NMDA. 

 
 

% Ca relative to control (control - 100%) Concentration, 
М           CCK - 4              CLIP Somatostatin 

10-14                  - 86,6 ± 13 98,3 ± 7,3 

10-13                  - 57,2 ± 5,5 112,6 ± 25,3 

10-12 114,8 ± 12,3 46,5 ± 6,5 119,4 ± 9,1 

10-11 109,2 ± 6,4 14,9 ± 4,2 67,4 ± 22,7 

10-10 101,9 ± 2,8 101,5 ± 6 23,8 ± 11,9 

10-9 7,1 ± 7,1 103,9 ± 9,2 10,3 ± 10,3 

10-8 7,0 ± 5,1 92,2 ± 14,3 23,3 ± 5,7 

10-7 85,4 ± 20,1 96,1 ± 6,6 35,0 ± 20,8 
 
 



Table 3. Effect of interleukin-1β , L-L-MDP, prostaglandin D2 on uptake of 45Са+2 by 
cortical synaptosomes under the uptake stimulation by NMDA. 

 
 

% Ca relative to control (control - 100%) Concentration, 
М Interleukin -1β L-L- MDP Prostaglandin – D2

10-14 95,9 ± 4,8 - - 

10-13 58,9 ± 4,9 - 104,7 ± 6,1 

10-12 43,5 ± 4,7 103,1 ± 6,3 114,8 ± 4,0 

10-11 60,4 ± 5,1 98,5 ± 7,7 120,6 ± 8,0 

10-10 110,5 ± 9,7 89,3 ± 6,5 132,2 ± 8,3 

10-9 95,2 ± 4,8 63,8 ± 3,7 119,5 ± 4,1 

10-8 - 47,8 ± 9,0 117,8 ± 11,7 

10-7 - 14,2 ± 7,7 102,8 ± 5,68 

10-6 - 11,5 ± 11,5 99 ± 5,6 
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Fig.16. Effect of insulin on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 
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Fig.17. Effect of uridine on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 
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Fig.18. Effect of MDP on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 
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Fig.19. Effect of DSIP on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 



It was revealed that CCK-4 within the concentration range from 1 pM to 100 pM does not affect 
the 45Са+2 uptake into rat cortical synaptosomes. CCK-4 within the concentration range from 1 to 
100 nM inhibited the uptake of 45Са+2 into the synaptosomes under the uptake stimulation by 
NMDA (IC50 = 0.398 nM) (Fig. 20). CLIP within the concentration range from 0.01 to 10 pM 
inhibits the 45Са+2 uptake by synaptosomes (IC50 = 0.56 pM) (Fig. 21).  Maximal inhibition of the 
uptake of 45Са+2 into the synaptosomes observed at CLIP concentration 10 pM. CLIP within the 
concentration range from 100 pM to 100 nM does not significantly affect the 45Са+2 uptake into 
synaptosomes. Somatostatin within the concentration range from 10 pM to 100 nM inhibited the  
45Са+2 uptake (IC50 = 28 pM) (Fig. 22). Somatostatin at lower concentrations from 0.01 pM to 1 
pM does not significantly influence the 45Са+2 uptake by rat cortical synaptosomes comparing to 
the control value. Neither CCK-4, nor CLIP, nor somatostatin affected the control 45Са+2 uptake 
into the synaptosomes. 
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Fig. 20. Effect of CCK on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 
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Fig. 21. Effect of CLIP on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation by 
NMDA. 
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Fig. 22. Effect of somatostatin on uptake of 45Са+2 by cortical synaptosomes under the uptake stimulation 
by NMDA. 

 
Prostaglandin D2 in range of concentrations 0.01 pM – 1 µM stimulated an uptake of 45Са+2 by 
cortical synaptosomes under the uptake stimulation by NMDA (Fig. 23). Contrary, L-L-MDP in 
range of concentrations 100 pM – 1 µM inhibited an uptake of 45Са+2 by cortical synaptosomes 
under the uptake stimulation by NMDA. Maximal inhibition of the uptake of 45Са+2 into the 
synaptosomes observed at L-L-MDP concentrations 0.1-1 µM (IC50 = 6 nМ) (Fig. 24). 
Interleukin-1β in range of concentrations 0.01 pM – 1 nM inhibited an uptake of 45Са+2 by 
cortical synaptosomes showing maximal inhibition of the calcium uptake at concentration 1 pM 
(IC50 = 0.447 pМ) (Fig. 25). Neither interleukin-1β, nor MDP, nor prostaglandin D2 affected the 
control 45Са+2 uptake into the synaptosomes. 
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Fig. 23. Effect of prostaglandin D2 on uptake of 45Са+2 by cortical synaptosomes under the uptake 
stimulation by NMDA. 
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Fig. 24. Effect of L-L-MDP on uptake of 45Са+2 by cortical synaptosomes under the uptake 
stimulation by NMDA. 

 

-30

-20

-10

0

10

20

30

40

50

60

70

-15 -14 -13 -12 -11 -10 -9 -8

lg C, M

%
 o

f i
nh

ib
iti

on

 
Fig. 25. Effect of interleukin-1β on uptake of 45Са+2 by cortical synaptosomes under the uptake 
stimulation by NMDA. 

 
Thus the tested SAC affected considerably and in dose-dependent manner the presynaptic 
NMDA-receptors, thereby regulating uptake of calcium ions by presynaptic terminals and in that 
way influencing the excitability of the nerve terminals and release of mediator from them. 
 
Task 3. Investigation of SAC effects on AMPA and kainate receptors, in particular, their effects 
on desensitization processes. 
 
Effect of DSIP, uridine, somatostatin, MDP and CLIP on kainic acid (KA)-elicited ion currents 
in hippocampal and cerebellar neurons from rat brain was studied. DSIP decreased responses to 
KA in hippocampal neurons at concentrations higher than 0.1 pM. At this concentration KA-
elicited currents are 48% of control value. Increasing DSIP concentration up to 10 pM resulted in 
decrease of the blocking effect up to 0. In range of concentrations 100 pM-100 nM dose-
response curve showed zigzag-like behavior varying between 80% and 65%  at concentrations 
100 pM and 10 nM respectively (Fig. 26). 
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Fig.26. Effect of DSIP on the kainic acid-elicited ion currents in cultural rat hippocampal neurons. 

 
Uridine increased responses to KA in hippocampal neurons in 25% at dose 0.1 pM. KA-
responses were 88% and 69% at uridine concentration 1 and 10 pM respectively. Uridine at 100 
pM did not affect the amplitude of response to KA (Fig. 27). 
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Fig. 27. Effect of uridine on the kainic acid-activated ion currents in cultural rat hippocampal neurons. 
Asterisk indicates that the value of response amplitude is significantly different (P<0.05) from the control 
one. 

 
Somatostatin increased responses to KA in cerebellar neurons through all tested concentrations 
0.01 pM – 0.1 µM (Fig. 28). Value of the potentiation varied between 22% and 62%. 
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Fig. 28. Effect of somatostatin on the KA-activated ion currents in cultural neurons from rat cerebellum.  



 
MDP decreased most efficiently the KA-elicited ion currents in hippocampal neurons at 
concentration 0.01 pM. On the other hand in range of doses from 0.1 pM to 1 nM it increased the 
ion currents. At concentration 10 nM MDP again inhibited the KA-elicited ion currents (Fig. 29). 
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Fig. 29. Effect of MDP on the kainic acid-activated ion currents in cultural rat hippocampal neurons. 
Asterisk indicates that the value of response amplitude is significantly different (P<0.05) from the control 
one. 

 
CLIP, like MDP, decreased the KA-elicited ion currents in hippocampal neurons only at 
concentration 0.01 pM. But at other tested doses it was not considerably effective (Fig. 30). 
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 Fig. 30. Effect of CLIP on the kainic acid-activated ion currents in cultural rat hippocampal neurons. 
 
 
Thus the tested compounds showed complicated effect on kainic acid-elicited ion currents in 
hippocampal and cerebellar neurons from rat brain. 
 



 
Conclusion  
 
As a result of the research, for the first time we obtained electrophysiological data about effect of 
number of endogenous sleep affecting compounds on parameters of GABA and glutamate 
receptors in isolated mammalian neurons. The data embrace facts about effect of DSIP on 
GABA and AMPA receptors, strict evidence (rather than behavior data) for blockade NMDA 
receptor by DSIP, effect of muramyl dipeptides (MDP) on GABA and glutamate receptors, 
influence of corticotropin-like intermediate lobe peptide (CLIP) on the receptors, effect of 
insulin on GABA receptors, influence of uridine on GABA and glutamate receptors. The results 
obtained in this work supported data published elsewhere as well as were diverse (even contrast) 
with them. The latter might be illustrated by effect of insulin on NMDA receptors. . For instance, 
Lin with coworkers [Lin L., Brown J.C., Webster W.W  J. Neuroscince Lett., 1995, v. 192, N. 1, 
pp. 5-8.] and Liao & Leonard [Liao G.Y., Leonard J.P. J. Neurochem., 1999, v. 73, N. 4, pp. 
1510- 1519] showed that short insulin exposition potentiates NMDA-elicited ion currents. We 
observed such a potentiation of NMDA-evoked ion currents in single neuron only, but in four 
other neurons insulin inhibited responses to NMDA. It was demonstrated elsewhere that 
somatostatin increases NMDA-activated ion currents [Pittaluga A., Bonfanti A., Raiteri M.  Br. 
J. Pharmacol., 2000, v. 130, N. 3, pp. 557- 566]. In contrast to that it blocked the responses to 
NMDA. On the other hand we observed potentiation of kainic acid-evoked ion currents by 
somatostatin. Data obtained in the current work encourage call for additional research. 
Moreover, data was for the first time obtained about effect of the endogenous sleep affecting 
compounds on the NMDA-stimulated calcium uptake by cortical synaptosomes. This indicates to 
a complex regulation by these compounds the mechanism of release and uptake of GABA and 
glutamate by presynaptic terminals. 
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