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OBAL, F., JR., A. TOROK, P. ALFOLDI, G. SARY, M. HAJOS AND B. PENKE. Effects of intracerebroventricular
injection of delta sleep-inducing peptide (DSIP) and an analogue on sleep and brain temperature in rats at night. PHAR-
MACOL BIOCHEM BEHAV 23(6) 953-957, 1985. —The effects of ICV injections of DSIP and w-amino-caprilyl-DSIP
(C-DSIP) on the sleep-wake activity and brain temperature (T, were studied in rats. The substances (7 nmol/kg) were
injected at dark onset, and the sleep-wake activity and T, were recorded for 24 hr (dark and light periods, 12 hr each).
Relative to the control recordings obtained after artificial CSF injection, the duration of sleep did not increase after either
DSIP or C-DSIP. The only significant reaction was an increase of W 6 to 9 hr after the injection of either peptide. The
course of T, after DSIP and C-DSIP was also indentical to that recorded after the injection of artificial CSF. It seems that
DSIP administered in a single [CV injection at dark onset does not promote sleep. The increase in W might be attributed to
an indirect effect of DSIP or to a degradation product of the peptide.

DSIP Sleep Brain temperature

Sleep-promoting substances

THE delta sleep-inducing peptide (DSIP) was isolated from
rabbits and later synthesized as a substance with sleep-
promoting character [20, 21, 29]. DSIP-like immunoreactiv-
ity has been demonstrated in various parts of the brain
[7,16], and it has also been found in the plasma [15]. An
increase of sleep was reported in response to the intracere-
broventricular (ICV) or intravenous (IV) administration of
DSIP to various animals (see [8,19] for reviews) and man
[25], and thus DSIP has come into consideration as a
naturally-occurring sleep-promoting substance (see [32]).
Nevertheless, the results concerning the effects of DSIP
on sleep are not without contradictions. DSIP has been
found to be ineffective in some experiments [17,31], and the
idea that the substance is implicated in sleep regulation has
also been challenged. Interestingly, only a few studies [31]
have attempted to investigate the effects of DSIP on sleep
during the circadian active period, and long-term records
after DSIP treatment are also scarce. In the present experi-
ments, DSIP and a DSIP analogue, w-amino-caprilyl-DSIP
(C-DSIP), were injected ICV at dark onset into rats, and the
sleep-wake activity and brain temperature (T,,), a useful in-
dicator of body temperature in studies on sleep [23], were
recorded throughout the 12-hr dark and the subsequent 12-hr
light periods. The reactions were compared with those ob-
tained after the injection of artificial cerebrospinal fluid
(CSF). Since the optimum effect of DSIP in inducing delta-
sleep after ICV administration has been reported at 6-8
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nmol/kg [8,26], the substances were injected in a dose of 7
nmol/kg.

METHOD

Male CFY rats were used. The body weights of the
animals were between 300 and 350 g at the time of the DSIP
injection.

Under pentobarbital anaesthesia (50 mg/kg), golden
jewelery screws were implanted over the frontal and parietal
cortices and the cerebellum for EEG recording. Silicon di-
odes (type IN 4148) cemented over the parietal cortex
served for T, measurements. It has been demonstrated that
the T, recorded in this way closely follows the course of the
temperature measured with an intraperitoneal transducer,
though the absolute value of T, is about 1°C lower than that
recorded in the abdominal cavity at an ambient temperature
of 21°C [23]. For implantation of the guide tube into the
lateral ventricle, the description provided by Tobler and
Borbély [31] was followed. The ICV injections were made
via a 33-gauge stainless steel cannula.

Five days before the experiments, the placement of the
cannula and the intact drainage of the ventricle were tested
via the drinking response elicited by angiotensin [5]. Thus,
100 ng angiotensin in a volume of 1 ul was injected into the
ventricle. Provided that it reaches the 3rd ventricle, this
substance elicits drinking in about 2 min by stimulating
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FIG. 1. Effects of ICV injection of DSIP (7 nmol/kg) on the sleep-
wake activity of rats (n=7), as compared to the sleep-wake activity
after the injection of artificial CSF. The mean values (+SE) for each
vigilance state were computed for consecutive 3-hr periods after the
injection of artificial CSF (baseline) and DSIP, and expressed as
percentages of the recording time. Histograms show mean differ-
ences (+SE) from the baseline values (as percentages of recording
time). Black and open columns indicate dark and light periods, re-
spectively. Asterisks denote significant differences (at least p<0.05,
paired t-test, 2-sided) with respect to the baseline values.

preoptic structures [6]. Animals with a positive drinking test
were selected for the experiments with DSIP or C-DSIP.
After the sleep-wake recordings, the rats were retested for
their reaction to angiotensin, and those which failed to re-
spond were discarded from the computation of the results.
Finally, trypan blue was injected into the ventricle and the
cannula placements were checked in frozen sections. The
present results relate only to those animals which met all
these criteria. Thus, 7 and 11 rats were evaluated in the
sleep-wake experiments with DSIP and C-DSIP, respec-
tively, while the effects of DSIP on T, were studied in 6 rats.

The animals were allowed at least 10 days to recover after
the operation. During this period they lived continuously
connected to the recording cable in individual Plexiglas
cages, with water and food available in the recording
chamber. The ambient temperature was regulated at 21°C,
and low-level white noise was maintained. The animals had
been raised and kept on a light-dark cycle of 12 hr each, with
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FIG. 2. Effects of ICV injection of w-amino-caprilyl-DSIP (C-DSIP,
7 nmol/kg) on the sleep-wake activity of rats (n=11) as compared to
the sleep-wake activity after the injection of artificial CSF. The
mean values (+SE) for each vigilance state were computed for con-
secutive 3-hr periods after the injection of artificial CSF (baseline)
and C-DSIP, and expressed as percentages of the recording time.
Histograms show mean differences (=SE) from the baseline values
(as percentages of the recording time). Black and open columns
indicate dark and light periods, respectively. Asterisks denote signif-
icant differences (at least p <0.05, paired r-test, 2-sided) with respect
to the baseline values.

lights on from 8:30 to 20:30 hr. Light was provided by
daylight-type neon light tubes. For the sleep-wake experi-
ments with DSIP, however, the light-dark cycle was re-
versed (lights on from 20:30 to 8:30 hr) 21-24 days before the
recording.

In order to habituate the rats to the injection procedure,
they received artificial CSF ICV for 5 days before the exper-
iments. The artificial CSF (Na* 127.6 mmol/l, K* 2.5 mmol/l,
Ca’t 1.3 mmol/l, Mg®>* 1.0 mmol/l, CI- 134.5 mmol/l) was
prepared according to Myers [22]. The artificial CSF injec-
tions were timed as for administration of the peptides, i.e.,
10 to 15 min before dark onset. A volume of 3 to 3.5 ul was
injected in about 1 to 2 min. Both DSIP (Hoffmann-
LaRoche) and C-DSIP were dissolved in artificial CSF im-
mediately before use and were injected in a dose of 7
nmol/kg.

After 5 days of CSF treatment, the sleep-wake activity
was recorded for 24 hr following the CSF injection on day 6.
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TABLE 1

MEAN PERCENTAGES (*+SE) OF EACH VIGILANCE STATE IN THE
FIRST HOUR OF THE DARK PERIOD, 1LE., IN THE FIRST HOUR
AFTER INJECTION OF ARTIFICIAL CSF, DSIP OR
«-AMINO-CAPRILYL-DSIP (C-DSIP)

C-DSIP (n=11) DSIP (n=7)
CSF C-DSIP CSF DSIP
w 75854 84534 69.3 + 6.0 70.6 5.6
NREMS 22250 13.9=3.0 26862 25850
REMS 2.0 0.7 1.6 = 0.6 39+ 1.4 3.6 £ 0.7

DSIP or C-DSIP was then administered before the next dark
period, and the recording was continued for another 24 hr.

The EEG and the motor activity of the animals (recorded
as cable movements by means of piezoelectric force record-
ers) were used to score the vigilance states in 40-sec inter-
vals. According to standard visual criteria, wakefulness (W),
non-REM sleep (NREMS) and REM sleep (REMS) were
distinguished. The records obtained after artificial CSF in-
jection were regarded as baselines, and the effects of DSIP
and C-DSIP were evaluated with respect to the correspond-
ing baseline values by means of the paired ¢-test (2-sided). In
the experiments in which the effects of DSIP on T, were
studied, T, was recorded at 20-sec intervals throughout the
baseline and DSIP days.

The amino acids 2-3-4 (Ala-Gly-Gly) of DSIP were re-
placed by w-amino-caprilic acid to obtain C-DSIP. The
analogue was produced by standard solid-phase synthesis
via DCC coupling of the amino acids. Tert.-butyloxycar-
bonyl amino acids and Asp, Ser and Glu with benzyl side-
protection group were used. Final cleavage and deprotection
was performed by means of HF. Purification was carried out
by preparative MPLC and HPLC, and the substance was
subjected to amino acid analysis, thin layer chromatography
and analytical HPL.C. The characteristic physical constants
of the C-DSIP were as follows: T.L.C. R;/=0.65 (n
butanol:acetic acid:ethyl acetate:water=1:1:1:1), R#=0.097
(n butanol:acetic acid:water=4:1:1); R,=19 min (RP-HPLC,
ODS Hypersil, 125x4 mm (5 xm) in 0.01 M ammonium ace-
tate (pH=4.0), cont. 17% acetonitrile); amino acid analysis:
Trpyue. Acay ;. ASpy 2, Alag s, Serygs, Gly; s, Gluy .

RESULTS

The baseline recordings after the ICV injection of artifi-
cial CSF showed large circadian variations for each vigilance
state (Figs. | and 2). The highest amounts of W and NREMS
were obtained in the dark and light periods, respectively,
while REMS peaked in the second part of the light period.

The similarities of the baseline sleep-wake records for the
rats in the normal (Fig. 2) and reversed (Fig. 1) light-dark
cycles are obvious from the figures. In order to substantiate
the identity of the sleep profiles, the 24-hr baseline records in
the two groups of animals were compared through analysis
of variance, by using the mean percentages of the vigilance
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FIG. 3. Effects of ICV injection of DSIP (7 nmol/kg) on the brain
temperature (T,,,) in rats (n=6), as compared to T, after the injection
of artificial CSF. The curves at the top show the mean T, calculated
for consecutive 1-hr periods after artificial CSF (baseline) and DSIP.
At the bottom, the mean differences (+SE) from the baseline values
are presented. Shaded areas indicate dark periods.

states calculated for 1-hr periods. In agreement with the
large circadian variations, analysis of variance showed sig-
nificant time effects for each vigilance state (W:
F(23,384)=16.6, p<0.005, NREMS: F(23,384)=13.9,
p<0.005; REMS: F(23,384)=15.0, p<0.005). The group ef-
fects (W: F(1,384)=0.1; NREMS: F(1,384)=1.8; REMS:
F(1,384)=3.0) and interactions (W: F(23,384)=1.3; NREMS:
F(23,384)=1.3; REMS: F(23,384)=1.1) were not significant.

DSIP did not affect the sleep-wake activity for 6 hours
after dark onset: neither the sleep-wake percentages calcu-
lated for the first postinjection hour (Table 1) nor those
dtermined for the first and second 3-hr periods differed from
the baseline values (Fig. 1). Six to 9 hours after the injection,
however, the time spent in W increased significantly
(p<0.01), while the amount of NREMS was reduced
(p<0.01). REMS also decreased (p<0.02). Thereafter, i.e.,
in the remainder of the dark period and in the following light
period, the percentages of the vigilance states were at the
baseline level. Significant changes were not found in the
amounts of the vigilance states calculated for the 12-hr diur-
nal periods.

The reaction to C-DSIP was similar to that described for
DSIP (Fig. 2, Table 1). Thus, the sleep-wake activity was not
affected for 6 hours after the injection. A significant increase
in W (p<0.05) was found between postinjection hours 6 and
9, while both NREMS and REMS decreased (p<0.05). In the
next 3 hr of the dark period and during the light period, the
sleep-wake activity did not differ from the baseline records.
The sleep-wake percentages calculated for the 12-hr diurnal
periods did not display any significant changes.

After the injection of artificial CSF, Ty, proceeded as
predicted by the circadian rhythm; it was high at night and
low during the light period (Fig. 3). Administration of DSIP
was without any effect on T,.

DISCUSSION

Although DSIP was originally isolated and synthesized
with the aim of finding a sleep factor, on reviewing its effects
on sleep reported from various laboratories, Graf and Kastin
[8] came to the conclusion that the results were controver-
sial. The present observations seem to make the picture even
more complicated. While the failure to induce sleep by
means of ICV administration of DSIP was in agreement with
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the findings reported by Tobler and Borbély [31], an increase
in W was hardly to be expected. As concerns the lack of any
T,, reaction to DSIP, our observations corroborate the re-
port that DSIP injection did not affect rectal temperature in
rats at an ambient temperature of 22°C [34].

Attempts were made in our study to control the factors
suggested as interfering seriously with the sleep-promoting
effect of DSIP [19]. (1) It seems that DSIP provides protec-
tion against emotional stress [24,30]. The sleep-enhancing
effect may therefore be related to a reduction of adverse
stress reactions accompanying the treatment of the animals
[31]. With this in mind, we tried to habituate the rats not only
to the recording situation, but also to the injection proce-
dure, including the timing of the DSIP administration. (2)
Peptide activity has been reported to decrease in aging solu-
tions [33]. Accordingly, the substances were always dis-
solved immediately prior to their use. (3) It has been
demonstrated that the ICV injection of large volumes results
in a non-specific reduction of the motor activity in rats [3].
Thus, DSIP was administered in a volume of 3t0 3.5 ul. (4) A
bell-shaped dose-response curve, with a maximum reaction
to 6-8 nmol/kg DSIP, has been found to be characteristic of
the sleep-inducing effect of DSIP injected ICV [26]. The use
of an optimum dose has been emphasized repeatedly, and
the negative results reported by Tobler and Borbély [31]
were attributed to the large dose of DSIP they administered
[19]. A dose of 7 nmol/kg was therefore chosen for our exper-
iments. (5) An effort was made in our studies to use animals
in which not only the proper placement of the cannula, but
also the functioning drainage of the ventricle could be ver-
ified. (6) Finally, the reversal of the light-dark cycle may
influence the effects if time for adaptation of the circadian
rhythm to the artificial light-dark schedule is not provided.
The disturbances in the diurnal rhythm might seriously inter-
fere with the action of DSIP, since it has been demonstrated
that the substance affects circadian rhythms [9,10]. How-
ever, the rhythms of the sleep-wake activity of the rats in the
normal and reversed light-dark schedules did not differ in our
experiments, and the effects of DSIP and C-DSIP on the two
groups were also identical. Therefore, our observations
could not be explained by the change in the light-dark cycle.

In contrast to our failure to increase sleep by means of
DSIP injected at dark onset, Ursin and Larsen [33] and Kafi
et al. [14] found an enhancement of NREMS after the admin-
istration of DSIP to rats in the light period. It is conceivable,
therefore, that DSIP acting in parallel with the high sleep
pressure characteristic of rats during the light period may
facilitate the sleep process, particularly when sleep is dis-
turbed as a result of some environmental or experimental
influence, while DSIP produces little effect when the sleep
requirement is fully satisfied [12]. At night, however, the
circadian rhythm predicts a minimum activity level for the
endogenous sleep process and a high sleep threshold (2],
which may make DSIP ineffective. Nevertheless, Inou€ ez
al. [13] reported an increase of sleep in rats at night in re-
sponse to the ICV infusion of DSIP. Thus, the differences
between the injection and infusion techniques should also be
considered. By means of infusion, an optimum concentration
of DSIP can be maintained for a long period of time, and this
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may ensure that relatively weak tendencies to sleep, which
have been reported in rats after meals [1,4] in the circadian
active period, can be facilitated by DSIP. In contrast, DSIP
in an acute injection at dark onset, is expected to be de-
graded quickly [11], before being able to facilitate any sleep
tendency. A DSIP analogue, however, which is more resis-
tant to enzymic breakdown than the original substance,
could also be effective at night, even if it is administered in a
single ICV injection. This might explain the increase of sleep
in response to the injection of D-Trp!-DSIP at night in an
experiment otherwise exactly the same as described for the
present studies; replacement of the N-terminal amino acid by
D-Trp is expected to slow down the enzymic degradation of
the substance, but with only a slight reduction of the activity
[18].

However, DSIP was not ineffective in our experiments: a
definite increase of W was found 6 to 9 hours after the treat-
ment. The fact that C-DSIP produced the same effect as
DSIP indicated that the increase of W could be considered a
real reaction to the treatment. Although this reaction is the
opposite of a sleep-enhancing action, an increased alertness
was also observed during the day in man when DSIP was
administered IV in the morning, i.e., at the onset of the
circadian active period [25]. Moreover, Tobler and Borbély
[31] found an increase in motor activity, appearing with a
delay of several hours, after IP injection of a relatively large
dose of DSIP to rats during the dark period. These observa-
tions contributed to the notion that DSIP is a factor of circa-
dian programming rather than a sleep-promoting substance
[8,28]. The present results may provide further evidence in
support of this idea.

Wakefulness, however, increased only 6 hours after the
injection of either DSIP or C-DSIP. Experiments with DSIP
incubated in rat brain homogenates showed that the peptide
was subjected to enzymic degradation at a high rate; the
breakdown started with the release of the amino-terminal
Trp and continued with the next N-terminal amino acids [11].
The C-terminal portion of DSIP was much more resistant.
Similarly, the release of Trp in about 10 min has been
suggested as the first step in the breakdown of DSIP adminis-
tered ICV [19]. It therefore seems that DSIP was no longer
present, or at least not in an effective concentration, when W
increased. The substantial time lag between the injection and
the reaction may suggest an indirect effect of DSIP [8]; how-
ever, the possibility that the increase in W was actually in-
duced by some degradation product cannot be excluded. The
available experimental findings concerning the reactions to
the breakdown products of DSIP [26,27] did not exclude this
possibility. Experiments testing the effects of the fragments
of DSIP are now in progress.
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