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We studied the effect of delta sleep-inducing peptide on GABA receptors of hippocampal
and cerebellar neurons in rats. It was shown that delta sleep-inducing peptide considerably
and dose-dependently potentiates GABA-activated currents in these neurons and blocks
NMDA-activated potentiation in cortical and hippocampal neurons. The peptide modulates
activity of presynaptic NMDA receptors, which is seen from changes in 45Ca2+ uptake into
synaptosomes of the brain cortex after uptake stimulation with glutamate and NMDA.
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Delta sleep-inducing peptide (DSIP) was isolated
from venous blood of animals under conditions of
artificial sleep [9]. Injection of this peptide to other
animals induced sleep [10]. Further experiments
showed that injection of DSIP to experimental ani-
mals blocks N-methy-D-aspartate-induced convul-
sions [11]. DSIP blocked the increase in neuronal
activity caused by microionophoretic application of
glutamate [4]. Activation of GABA-ergic neurons
in certain brain structures is a final phase of sleep
onset, while other neurotransmitter systems (in par-
ticular, serotoninergic, cholinergic, and histamin-
ergic systems) play an important role in the regula-
tion of the sleep—wake cycle [5,8,12]. It is still
unknown whether or not DSIP affects the GABA-
ergic transmitter system in the CNS. In light of this,
the study of the mechanisms underlying the effects
of DSIP and other hormones and peptides on neuro-
nal receptors is still a pressing problem.

Here we studied the effects of DSIP on NMDA-
and GABA-activated currents in cortical, hippo-
campal, and cerebellar neurons of rat brain and on
45Ca2+ uptake into synaptosomes of rat brain cortex
under conditions of glutamate and NMDA stimu-
lation.

MATERIALS AND METHODS

Experiments were performed on cultured rat hippo-
campal neurons. Neurons were isolated from hip-
pocampus of newborn rats (1-2 days) by trypsini-
zation followed by pipetting. The cell suspension
in culture medium (3 ml) was transferred into wells
of a 6-well plate (Nunc) or Petri dishes with poly-
L-lysine-coated coverslips. Cell concentration was
2.5×10—6-5×10—6 cell/ml. The culture medium con-
sisted of minimal Eagle medium and DME/F12
(1:1) supplemented with 10% FCS, 2 mM gluta-
mine, 50 µg/ml gentamicin, 15 mM glucose, and
20 mM KCl, pH was brought to 7-7.4 with NaHCO3.
The plates were placed in a CO2-incubator at 37oC
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and 100% humidity. On day 2-3 of culturing, 10-
20 µmol/ml cytosine-arabinoside was added. On
days 6-7 in culture, 1 mg/ml glucose was added or
the medium was replaced, depending on the sub-
sequent experiment. Some experiments were car-
ried out on freshly-isolated Purkinje neurons from
the cerebellum of 12-17-day-old rats or cortical
neurons obtained from 7-9-day-old rats (enzyme
and mechanical treatment). Transmembrane currents
induced by application of NMDA or GABA were
recorded by the whole-cell patch-clamp method [7]
using EPC-9 (HEKA) devise. The substances were
applied by the method of rapid superfusion.

Synaptosomes were isolated from the cortex of
newborn (9-day-old) Wistar rats by routine method
proposed by Hajos [6]. For accumulation of radio-
active label, P2 fraction of synaptosomes was sus-
pended in an incubation buffer A (132 mM NaCl, 5 mM
KCl, 5 mM HEPES, pH 7.4, protein concentration
1.5-2.0 mg/ml). The uptake of 45Ca2+ into synapto-
somes was stimulated with glutamate (200 µM) or
NMDA (200 µM NMDA+5 µM glycine). After 3-min
incubation with NMDA receptor agonist at 37oC,
the uptake was stopped by filtering through GF/B
fiberglass filters (Whatman) and the filters were
washed 3-fold with cold buffer B (145 mM KCl, 10
mM Tris, and 54 mM Trilon B, pH 7.4). Radioactivity
was measured using a liquid scintillation β-counter.
All experiments were performed in 4 repetitions in
3-4 independent experiments. 45Ca2+ uptake into sy-
naptosomes was determined by the difference in sam-
ple radioactivity after NMDA stimulation and with-
out it and expressed in percents of control (100%).

RESULTS

DSIP in concentrations 10—14-10—7 M increased GABA-
induced responses. In cerebellar neurons, the ma-
ximum increase in ionic currents was observed af-
ter application of 10—14 M DSIP (250% from the
control); further increase in DSIP concentration
(Fig. 1) resulted in almost monotonous decrease in
response potentiation to the control level (10—8 M).
In hippocampal neurons, the dose-response curve
had a complex shape with pronounced potentiation
peaks corresponding to concentrations of 10—9 and
10—12 M (173% and 231%, respectively, Fig. 1).

DSIP in a concentration range 10—13-10—7 M
dose-dependently reduced NMDA-activated cur-
rents in cortical neurons (Fig. 2). Starting from DSIP
dose of 10—13 M the response values were ~40% of
the control. In hippocampal neurons, the effect of
DSIP had a waveform pattern, the blocking effect
was observed starting from the concentration of
10—12 M (Fig. 2).

After 45Ca2+ uptake stimulation with 200 µM
glutamate, DSIP in concentrations of 10—10, 10—8,
and 10—7 M had practically no effect on this pro-
cess in synaptosomes from rat brain cortex. The
inhibition of 45Ca2+ uptake into synaptosomes was
observed at DSIP concentrations of 10—9 M (27%).
Application of 10—6 M DSIP increased 45Ca2+ up-
take into synaptosomes by 22% (Fig. 3). Thus, we
showed that DSIP acts on postsynaptic glutamate
receptors. For identification of the type of receptors
affected by DSIP we stimulated 45Ca2+ uptake with
NMDA. It was found that DSIP inhibits NMDA-
induced 45Ca2+ uptake into synaptosomes in a con-
centration range of 10—12-10—6 M. The maximum
uptake inhibition (100%) was observed after ap-

Fig. 1. Effect of DSIP on GABA-activated currents in rat hippo-
campal (1) and Purkinje neurons (2).

Fig. 2. Effect of DSIP on NMDA-activated currents in rat hippo-
campal (1) and cortical neurons (2).
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plication of 10—10 M DSIP (Fig. 3). The curves
illustrating the dependence of 45Ca2+ uptake into
synaptosomes on DSIP concentration under con-
ditions of glutamate and NMDA stimulation had
similar shape. Our findings suggest that DSIP af-
fects presynaptic NMDA receptors.

Thus, in our experiments DSIP blocked the re-
sponses of NMDA receptors. This blockade was
observed starting from very low concentration of
the test peptide: 10—13 M in cortical neurons and
10—12 M in hippocampal neurons. However, further
increase in DSIP concentration did not potentiated
its blocking effect: maximum blockade in cortical
and hippocampal neurons was observed after ap-
plication of 10—12 and 10—11 M DSIP, respectively.
Higher doses produces less pronounced inhibitory
effects in hippocampal neurons (in cortical neurons
all DSIP doses produced similar blockade).

We found that DSIP considerably potentiated
the responses of GABA receptors in both cerebellar
and hippocampal neurons. There were some dif-

ferences in the effects of DSIP on GABA-activated
currents in cerebellar and hippocampal neurons.
The maximum potentiating effects in cerebellar
neurons was produced by the lowest DSIP dose
(10—14 M). Increasing the dose of the peptide was
accompanied by a gradual decrease in its poten-
tiating effect and its complete disappearance at
DSIP doses of 10—8 and 10—7 M.

Our findings suggest that DSIP produces a hyp-
notic effects, which was doubted by some autho-
rities [1-2]. Considerable potentiation of GABA
receptors can be a factor promoting sleep onset.
The fact that the time of DSIP life in the organism
does not exceed several minutes cannot be a factor
of its inefficiency.

Our experiments demonstrated also complex
effect of DSIP on presynaptic NMDA receptors.

The study was supported by International Sci-
ence and Technology Center (grant No. 2704).
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Fig. 3. Effect of DSIP on 45Ca2+ uptake into synaptosomes from
rat brain cortex. 1) stimulation with 200 µM glutamate; 2) stimulation
with 200 µM NMDA+5 µM glycine.
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