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PENKE Stru~ ture-at ttv~ty relatumshtp m the effi.cts of delta-sleep-reducing pepttde (DSIP) on rat sleep PHARMACOL 
BIOCHEM BEHAV 24(4) 889-894. 1986 --DSIP and ~Is analogues. ID-Trpt]-DSIP. [D-TyPI-DSIP. and [D-Trp~I-DSIPt_,. 
were rejected ICV ~7 nmol/kg) into rats at dark onset, and the sleep-wake activity was recorded dunng the 12-hr dark period 
and the subsequent 12-hr hght period The effects were evaluated w~th respect to basehne records obtained after artificial 
CSF mject~ons DSIP d~d not increase sleep, whereas both [D-Trpq-DSIP and [D-Tyrq-DSIP promoted sleep in the first 
part of the mght. [D-Trpq-DSIP~ .~ had a prompt arousing effect It ~s suggested that the sleep-promotmg analogues act by 
facdRatmg shght endogenous sleep tendenctes at some t~me after dark onset, whtle DS1P ~s degraded qutckly and ts 
therefore not effecuve The increase of W after [D-Trpq-DSIP~_, may ~nd~cate that DSIP contains a fragment w~th an 
arousing effect The results corroborate the notion that the active DSIP molecule has a pseudo-cychc structure 

DSIP Sleep Sleep faciors 

THE delta-sleep-~nducmg peptide (DSIP), a nonapephde 
{Trp-Ala-Gly-Gly-Asp-Ala-Ser-Gly-Glu), was ~solated from 
the cerebral venous blood of  rabbits with the a~m of finding a 
physmlog~cal sleep-promoting factor [21,27] The possible 
phys~ological ~mportance of DSIP was supported by the fact 
that DSIP-hke ~mmunoreact~vity has been demonstrated m 
d~fferent t~ssues and flmds of a number of species (see [6] for 
a review), ~nclud~ng man [ 13]. The neuronal network contain- 
mg DSiP-hke material has recently been mapped m the rat 
brain [5]. The successful synthesis of  DSIP [20, 27, 28] 
prompted a great number of experiments to reveal the biolog- 
ical actmns of  the substance It seems that DSIP may affect 
various physmloglcal and behavioral variables, but the m- 
crease of  sleep is stdl regarded as ~ts mare function [6,26] 

The promotion of  sleep m response to DSIP admm~stra- 
tmn has repeatedly been reported m various ammals, never- 
theless, the results, and particularly those obtained ~n rats, 
are controversial Thus, Karl et al [! 1] and Ursm and Lar- 
sen [30] found an increase of  sleep after intravenous and 

~ntracerebroventncular (ICV) administration of DSIP, re- 
spectively In contrast, Tobler and Borb~ly [29], Mendelson 
et al[  16], and Kovalzon and Ts~bulsky [ 15] faded to observe 
a sleep-promoting effect of DSIP m rats Inou~ et al. [8,9] 
reported that the response to DSIP depended on the dmrnal 
period, i.e., the c~rcad~an rhythm of sleep-wake activity 

In our earlier experiments [23], sleep d~d not increase 
when DSIP and a structural analogue, ~o-ammo- 
caprdyI-DSIP, were rejected ICV at dark onset into rats 
Instead, an ~ncrease of  wakefulness (W) was found 6 to 
9 hours after the treatment Since lnot~ et al [9l demon- 
strated that sleep increased m response to the continuous 
mfusmn of DSIP to rats at night, we suggested that the 
d~fferences m the effects of a single ICV mjectmn and con- 
tlnuous infusion m~ght be due to a quick degradatmn and 
ehmmat~on of  the peptide after the injection In fact, Kastm 
et al [ 14] showed that the ~ncreased DS1P-hke ~mmunoreac- 
t~v~ty reduced ~n the rat brmn by peripheral ~nject~on of the 
peptide rapmdly returned to the premject~on level, suggesting 
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a quick breakdown of the substance. Experiments with DSIP 
incubated ~n rat brain homogenates provided evidence that 
degradatton of the peptlde started w~th release of the amino 
terminal Trp in a few minutes [7] Therefore, it seemed 
worthwhile to study the effects of DSIP analogues which 
might be more resistant than the original molecule to 
enzymic splitting Thus, we tested the effects of peptides in 
which the amino terminal Trp had been replaced by D-Trp or 
D-Tyr. The rats were injected ICV with DSIP, [D-Trp~] - 
DSIP, [D-Tyrt]-DSIP or [D-Trpt]-DSIP,-~ (a hexapept~de 
without the carboxy terminal tnpeptide of DSIP) at the onset 
of the dark period, and the sleep-wake activity was followed 
for 24 hr (12-hr dark and 12-hr hght periods) The results 
were evaluated w~th respect to the 24-hr records obtained 
after the ICV injection of artificial cerebrosplnal fluid (CSF) 
the day before treatment w~th the peptldes 

M E T H O D  

Male CFY rats weighing between 300 and 350 g were 
used The numbers of animals evaluated m the groups de- 
signed to characterize the effects of the various substances 
were as follows ! i rats for DSIP, I I rats for [D-Trp~]-DSIP, 
8 rats for [D-Tyrq-DSIP, and 8 rats for [D-Trp~]-DSIP~-. 

The methods, the experimental conditions and the 
schedules were exactly the same as those used m our earlier 
studies [23] Under pentobarbltal anaesthesia (50 mg/kg), 
golden jewellery screws were cemented over the frontal and 
parietal cortices and over the cerebellum for EEG recording 
The implantation of the ICV cannula into the left lateral ven- 
tricle was earned out according to the description provided 
by Tobler and Borbely [29] Stainless steel 33-gauge needles 
served for the ICV injection 

The placement of the cannula and the drainage of the 
ventricle was tested by means of the dnnk~ng response ehc- 
lied by anglotensm assuming that the CSF circulates nor- 
mally, then ang~otensm (100 ng, I /a.l) ~njected into the lat- 
eral ventricle will reach the third ventricle and elicit drinking 
in 2 rain v~a the samulatlon of preoptic structures [4] Each 
animal was tested 5 days before, and ~mmedlately after the 
sleep-wake recordings After the termination of the experi- 
ments, the placement of the cannula was checked in frozen 
sections of the brain The present results, and the numbers of 
animals in the groups as given above, relate only to those 
rats m which the anglotensm test was positive both before 
and after the experiments, and m which examination of the 
brain sections confirmed the proper position of the cannula 

The animals were adapted to the experimental conditions 
for at least 10 days after surgery During this period they 
lived connected to the flexible recording cable ~n ~ndlv~dual 
Plex~glas cages in the sound attenuated recordtng chambers 
The ambient temperature was regulated at 21°C, and low- 
level continuous noise was provided by means of loudspeak- 
ers Sun spectrum-emitting hght-tubes provided light The 
animals were rinsed on a hght-dark (LD) of 12 hr each, with 
lights on from 8 30 to 20 30 The same LD was maintained 
during the experiments w~th DSIP and [D-Trp~]-DSIP For 
the rats injected with [D-Tyr~]-DSIP and [D-Trp~I-DSIPt_,, 
the LD was reversed (lights on from 20 30 to 8 30) 21 to 24 
days before the experiments. 

The animals received ICV arhfioal CSF for 5 days before 
the experiments Both during this habituation period and in 
the experiments, artificial CSF and the peptides were in- 
jected 15 rain before dark onset The composition of the 
arttficlal CSF followed the prescription proposed by Myers 
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FIG I Effects of ICV ~nject~on of DSIP ~7 nmol/kg) on the sleep- 
wake actw~ty of rats (n= I I)o as compared to the sleep-wake act~wty 
after the injection of artificial CSF The mean values ( _-z- SE) for each 
vigilance state were computed for consecutwe 3-hr periods after the 
m.lect~on of artificial CSF (basehne) 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 hght periods, re- 
spectively Asterisks denote s~gntficant d~fferences (at least p<0 05, 
parted t-test, 2-s~ded) w~th respect to the basehne values 

[22] The artificial CSF and the substances were adminis- 
tered in a volume of 3-3 5 p.l in about I t o2  rain The dry 
substances, stored at 4 to 5°C, were dissolved m artificial 
CSF immediately prior to their use The peptide dose was 
invariably 7 nmol/kg The experimenters used coded sub- 
stances distributed In test tubes, the structures of the pep- 
tides were learned only after results obtained with the sub- 
stances m the various series of test tubes had been calcu- 
lated 

After the habituation period, the sleep-wake activity was 
recorded for 24 hr following the ICV injection of artlfioal 
CSF on day 6. The next day, DSIP or one of its analogues 
was injected, and the recording was continued for another 
24 hr 

The EEG and (by means of momtorlng cable movements 
via piezoelectric force recorders) the motor activity of the 
rats were recorded on paper charts (5 mm/sec) The vigilance 
states were scored as W, non-REMS sleep (NREMS) and 
REM sleep (REMS) according to conventional criteria in 
40-sec intervals, and the percentages of each state were cal- 
culated for i-hr, 3-hr and 12-hr periods. The sleep-wake re- 
cords obtmned after the rejection of artificial CSF were re- 
garded as basehne Analysis of variance was used to com- 
pare the baseline sleep-wake patterns of the various groups 
The effects of the peptides were evaluated by companng the 
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FIG 2 Effects oflCV mjectton of[D-Trpt]-DSIPon the sleep-wake 
activity of rats {n= I I), as compared to the sleep-wake activity after 
the mject~on of arttfic~al CSF See F~g 1 legend for detads 
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FIG 3 Effects of ICV mject~on of [D-Tyrq-DSIP on the sleep-w~e 
acttv~ty of rots (n=8), as compared to the sleep-w~e activity after 
the tnjecnon of a~tfic~al CSF See Ftg 1 legend for detads 

percentages of  the vlgdance states with the corresponding 
basehne values by means of the parred t-test (two-sided). 

DSIP was synthettzed by two of the authors (A.T and 
B.P ) m a standard sohd-phase synthes~s via DCC coupling 
of  the ammo actds [23] Its analogues were synthettzed by 
Kahkhevtch et al. [ 12] v~a classical hquid-phase method from 
two fragments ( I -4  and 5-9) usmg the benzyloxycarbonyl 
group for N-protection and p-mtrophenyl esters or  dlcy- 
clohexylcarbodnm_tde for couphng After cleavage of  the 
protecting groups by means of catalyttc hydrogenolysls,  the 
nonapepttdes were purified by ton-exchange chromatogra- 
phy on a DEAE A-25 Sephadex column using ammomum 
acetate buffer (gradtent 0 01 to 0 5 M). Pure fractions were 
pooled, lyophthzed and characterized through amino actd 
analysts, electrophorettc running properttes, optical rotation 
values and retention factors on Merck Sthca TLC plates 
(System A=n-butanol-pyndme-acet lc  acid-water 10 5:6 1 
7 5, System B=tsopropanol-ammomum hydroxle-water 
7 i 2, System C=acetone-water  7"3) 

R E S U L T S  

The sleep-wake act lwues dunng the 24-hr basehne re- 
cords m the four groups of rats were subjected to analys~s of 
variance by using the percentages of the vtgdance states cal- 
culated for consecuttve l-hr periods In agreement wtth the 
large dturnal variations (Ftgs. I-4), stgmficant t~me effects 
were obtained for each vlgdance state, W F(23,864)=49.9, 
p<0.05,  NREMS" F(23,864)=43.4, p<0.05;  REMS. 
F(23,864)=33 8, p<0.05 Although the rats on the reversed 
LD (Ftgs 3-4) tended to sleep more m the first few hours 

after dark onset than the ammals on the normal LD (F tgs . !  
and 2), the t~me effects, W: F(3,864)=2.0; NREMS: 
F(3,864)=2 2; REMS. F(3,864)=2.5, and the mteract~ons, 
W: F(69,864)=1 4; NREMS F(69,864)=2.0; REMS 
F(69,864)= i 3, were not stgndicant. 

Effects of DSIP 

The ICV mjectton of  7 nmol/kg DSIP d~d not affect the 
sleep-wake acttvtty for 6 hr (F~g. I). A stgmficant increase of  
W and a decrease of both NREMS and REMS were ob- 
served 6 to 9 hr after the treatment. The percentages of the 
v~gflance states then returned to the basehne levels. A s~gmf- 
tcant Increase of  NREMS at the expense of  W was noted 
only at the end of the hght period, i.e., 21 to 24 hr after the 
|njectton of DSIP 

Effects of ID-Trp~]-DSIP 

[D-TrplI-DSIP tncreased sleep at mght (Ftg. 2). NREMS 
was s~gmficantly htgher and W stgmficantly less than the 
correspondtng basehne value as early as the first l-hr 
posttnjecuon period. Thts reactton, however, was transtent, 
and the percentages of the vtgdance states calculated for the 
first 3-hr period d~d not reveal stgndicant changes w~th re- 
spect to the basehne values. A stgntficant increase of  
NREMS and a reductton of W were observed 3 to 6 hr after 
the rejection 

W tended to decrease throughout the second half of the 
mght, but the dtfferences calculated for the mdtvtduai 3-hr 
periods d~d not reach the level of  s~gmficance. Compared to 
the result of the baseline mght, the percentage of  W calcu- 
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FIG 4 Effects of ICV mject~on of [D-Trpq-DSIP~ ,, on the sleep- 
wake acuv~ty of rats (n=8), as compared to the sleep-wake activity 
after the mject~on of art~ficml CSF See F~g I legend for detads 

lated for the total 12-hr dark period after [D-Trpq-DSIP was 
slgmficantly decreased (mean_+SE, Student t-test 73 3--_ I 2 
vs 68 2_+1 5 , p < 0  05) and NREMS increased (23 3_+1 0 vs 
27 7_+1 5, p < 0  05) The sleep-wake activity ~n the hght 
period dtd not differ from the baseline values 

[D-I~vr'I-DSIP 

InJection of  [D-Tyrq-DSIP induced a pronounced m- 
crease of  sleep (Fig 3) Although the percentages of  the 
vigilance states m the first postmjectton hour were not yet 
dtfferent from the baseline values, a large reducUon of W and 
increases of both NREMS and REMS were found ~n the 
subsequent hours. As a result, the decrease of  W, and the 
Increase of NREMS and REMS were stgmficant for the first 
3-hr period. The tendency to tncreased sleep gradually de- 
chned towards light onset, the changes m the v~gllance states 
~n the individual 3-hr periods dunng the remainder of the 
dark period did not reach the level of significance The 
ammals spent much more t~mes both in NREMS IStudent's 
t-test) (280-+21 vs 345_+2 I, ,o<005) and in REMS 
(2 8___0 5 vs 4 6-+0 5, p<0.05), and less In W (69 I _+2 0 vs 
60 9___3 3, p < 0  05) than dunng the basehne recording when 
the percentages of the v~gflance states calculated for the 
12-hr dark period were considered Alterations in the 
sleep-wake activity were not observed dunng the subsequent 
hght period 

[D-Tt p a]-DSIP~ _o, 

[D-Trp t]-DSIP~ ~, d~d not promote sleep. On the contrary. 
an increase of W at the expense of  NREMS was observed 

(F~g 4) The ~ncrease of W and the reduction of NREMS 
were prompt effects and the alterations m the vigilance stales 
were s~gmficant for the 3-hr postlnjecuon period Thereafter. 
the percentages of the v~gdance states returned to the 
basehne values and remained at these levels throughout the 
dark period and the subsequent light period The amounts of 
the wgllance states calculated for 12-hr periods did not re- 
veal s~gmficant d~fferences with respect to the corresponding 
basehne values 

DISCUSSION 

The effects of  the four substances on the sleep-wake ac- 
tiv,ty of  rats were d,fferent DSIP did not promote sleep, two 
of the analogues, [D-Trpq-DSIP and [D-Tyrq-DSIP, m- 
creased sleep, and another peptlde, [D-Trp']-DSIP,_,, m- 
creased W Besides an evaluauon of  the structural d~ffer- 
ences between the pepudes, cons,deraUon of the experi- 
mental cond,Uons, which were essentmlly the same as m our 
earlier studies [23], also appears to be of  importance for a 
d,scuss,on of the results 

I I) The ammals were hab,tuated both to the recording 
condmons and to the treatment, ~n order to reduce stress 
reacuons which have been reported to influence the effects 
of  DS1P [25] (2) The dry substances were d~ssolved ~m- 
medmtely prior to their use, as suggested by Urs~n and Lar- 
sen 130] (3) A volume of 3 to 3 5 p.I was re.leered to avoid the 
non-specific effects of  large ICV ~njecuons [3] (4) The dnnk- 
lng response to ICV anglotens~n before and after the sleep- 
experiments y,elded ewdence of the funcUonmg drainage of 
the ventricle (5) All the substances were adm|mstered In the 
dose recommended for experiments with DSIP [19] Th~s 
dose, 7 nmol/kg, corresponds to the peak of  the dose- 
response curve reported for the delta-sleep-reducing effect of 
DSIP on ICV admires(ration [26] It should be noted that 
doses about three umes higher than the one we ~n.lected were 
used by Tobler and Borb~ly [291 w~thout effects on sleep in 
rats at mght 16) Our results might be comphcated by the fact 
that ammals on normal and on reversed LD were used 
However,  s~gmficant d~fferences in sleep profile were not 
found between the rats on the two LD Moreover, of the two 
substances which increased sleep, one I[D-Trpq-DSIP) was 
injected to rats on normal LD, whde the other ([D-Tyrq- 
DSIP) was adm~mstered to ammals on reversed LD F~nally, 
the present result with DSIP m ammals on normal LD, ~ e , 
an increase of W 6 to 9 hr after the injection, was exactly the 
same as the finding obtained w~th another sample of DSIP 
(Hoffman-LaRoche, donated by Dr Schoenenberger) m rats 
on reversed LD in our earher experiments [23l Therefore, 
both the failure of  DSIP to promote sleep on ~njecuon al dark 
onset, and lhe sleep-~nduc~ng capacity of some analogues are 
results ~ndependent of the LD A tendency to increased sleep 
was found 21 to 24 hr after the |njectlon of DSIP m the 
present experiments, which was nol observed ~n our prew- 
ous studies If th~s finding has any b~olog~cal significance. ~t 
might be related to the long-term effects of  DSIP treatment 
which were reported earher [30] (7) The ammals received 
the substances at dark onset, l e ,  pepude m.lect~on was 
t~med for the "'Zeltgeber'" that normally ~ndicated the onset 
of the diurnal acuve period The repetition of the m.lect~on 
procedure over several days before the actual experiment 
may contribute to the "'Zeitgeber'" effect of dark onset The 
facl thai the administration of  the pept~des was timed for the 
onset of the dark period was, of course, not favourable for 
sleep mducuon It was assumed, however, that a trigger 
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substance of sleep, as DSIP was regarded by Inou6 et al. [9], 
may ehctt sleep even under these conditions. Nevertheless,  
tn our experiments DSIP was ineffective, while (apart from a 
shght increase of sleep tn the first posttnjectton hour after 
[D-Trpq-DSIP) both active analogues mcreased sleep only 
long after the rejection. It ts characteristic of rats that feed- 
~ng, a prevadmg activity at the beginning of  the night, ~s 
followed by short periods of  sleep [21. DSIP analogues rela- 
tively resistant to enzymic sphtttng may facdttate these spon- 
taneous sleep per|ods at a time when DSIP has been broken 
down. The assumption that the effect of  the pepttde reqmres 
an already existing sleep pressure, Le., tt acts by facihtatmg 
the endogenous sleep process mstead of  tnggermg sleep, is 
as speculative as any other descrtptton of the effects of 
DSIP. It may explain, however, the controversies and in- 
consistencies ~n the responses to DSIP admtmstratton re- 
ported from various laboratories, and also corroborates the 
notion that the substance exerts an "opttm~ztng" effect on 
sleep disturbed sleep can be improved by facdttattng sleep 
process but when the sleep reqmrement is fully satisfied 
sleep cannot be further increased [6,26]. 

It was suggested earher that DSIP may contain a fragment 
which increases W instead of sleep [23] The findmg that 
[D-Trpq-DSIPt_, had an arousmg effect seems to support 
this proposal These results, however, should be interpreted 
with care, because the substance was tested only m rats on 
reversed LD with relatively low percentages of W at the 
beginning of dark onset. Further, pepudes with W-mcreasmg 
character might be shorter or longer than the hexapepttde 
studied m our experiments The results obtained through the 
~nject~on of [D-Trpq-DSIP~_,, however, demonstrated that 
removal of the carboxy terminal of an active DSIP analogue, 

[D-Trp~]-DSIP, evidently abohshed the sleep-promoting 
property 

To summarize, the experiments showed that the sleep- 
increasing acttwty of DSIP ~s related to both the amino ter- 
minal and the carboxy termmal of  the nonapeptide, and thus 
our findings may provide indirect evidence of  the signifi- 
cance of the pseudo-cychc structure of DSIP, which had 
been predicted as a result of theoretical constderatmns 
[1,24]. Spectral analysts studies supported this tdea [17] Ft- 
nally, DSIP ehctted membrane hyperpolanzatton on a shad 
neuron, only analogues with a cychc structure sharmg this 
property [10,18] The proposed pseudo-cychc structure ts 
assumed to be stabthzed by mteractmns between the side- 
chains of  the amino terminal Trp and the carboxy terminal 
Glu On the removal of the carboxy terminal trtpepttde, this 
structure is obviously disrupted and this may explmn why 
[D-Trpq-DSIP~_6 failed to mduce sleep. The sleep-promotmg 
acttvtt~es of [D-Trp~]-DSIP and [D-Tyr~]-DS1P might also be 
attributed to the preservation of the active structure, which 
ts otherwise broken down qmckly by the enzymic sphttmg of 
Trp from the original molecule. The ~ncrease of  sleep on 
ID-Tyr~]-DSIP ~mphes that the Tyr stde-chatn possesses the 
abthty to estabhsh an interaction w~th the amino terminal, by 
forming an H-bond between the phenohc OH and the 
gamma-carboxylate amon of Glu. 

ACKNOWLEDGEMENTS 

The authors would like to thank Dr A A Borb~ly and Dr G A. 
Schoenenberger for their support The techmcal assistance provided 
by Mrs K Ormos and I Pomcs~in is also acknowledged The work 
was supported by the Sctentlrlc Research Council. Ministry of 
Health, Hungary, and TPB-EUM 48 and 30 

REFERENCES 

I Akhrem, A A ,  S G Galaktlnov, V P Golubovlch and L I 
K~rnarsky Theoretical conformauonal analysis of delta-sleep- 
reducing pept~de Bmfizd, a 27: 324-325. 1982 

2 Borb~ly, A A Sleep in the rat during food deprivation and 
subsequent restitution of food Brain Res 124: 457-471, 1977 

3 Borb~ly, A. A and 1 Tobler Cerebroventncular infusion m the 
rat depression of motor activity and paradoxical sleep 
Neurost t Left 12: 75-80, 1979 

4 Epstein, A M, J T F~tzslmons and B J Rolls Drmkmg in- 
duced by mject~on of anglotensm into the brain of the rat J 
Phy~ud (Londt 210: 457-474, 1970 

5 Feldman, S C and A J Kastm Localization of neurons con- 
taming immunoreactlve delta sleep-reducing pepttde m the rat 
brain an ~mmunocylochemtcal study Neuros~tent e !1: 303- 
317, 1984 

6 Graf, M V and A J Kastm Delta-sleep-reducing peptlde 
(DSIP) A review Neuros~ Btobehav Rev 8: 83-93, 1984 

7 Huang, J T and A Lajtha The degradation ofa nonapept|de, 
sleep inducing pept|de, in rat bram comparison with enkephalm 
breakdown Res Commun Chem Pathol Pharmat ol 19: 191-199, 
1978 

8. lnou~, S .  K Honda. Y Komoda, K Uchlzono. R. Ueno and 
O Haya~sh~ Lmle sleep-promoting effect of three substances 
d~urnally refused m unrestrained rats Neuro.~t Lett 49: 207- 
211. 1984 

9 lnou6, S , K Honda, Y Komoda, K Uchlzono, R Ueno and 
O Hayalshi D~fferentlal sleep-promoting effects of five sleep 
substances nocturnally infused in unrestrained rats Prof Natl 
Atad S~t USA 81: 6240-6244, 1984 

10 lvanov, V T ,  I 1 M~khaleva, A S Sarksyan, T A 
Balashova. E S Efremov. T N Deshko, 1 R Nabtev and P 
M Balaban Phystco-chemlcal and biological properties of 
delta-sleep inducing peptide and its analogues In Pepndes 
1980. edited by K Brunfeldt Copenhagen Scnptor. 1981. pp 
501-507 

I I Karl, S. M Monmer and J M Gaillard The delta-sleep reduc- 
ing pepude (DSIP) increases duration of sleep m rats Neurosct 
Lett 13: 16%179, 1979 

12 Kahkhevlch, V N, S I Churkma and V F Martynov Syn- 
thesis of delta sleep-reducing peptlde and some of its analogues 
Zj Obs Khtm 51: 1964-1971, 1981 

13 Kastm, A J., P F Castellanos, W A Banks and D. H Coy 
Radlo~mmunoassay of DSIP-hke material m human blood 
Possible protein binding. Pharmacol Btochem Behav 15: 96% 
974, 1981 

14 Kastm. A J, C Nissen, A W Scbally and D H Coy Addl- 
t~onal evidence that small amounts of a peptlde can cross the 
blood-brain barrier Pharmacol Bmchem Behav l l :  717-719. 
1979 

15 Kovalzon, V M and V L Tstbulsky Does synthetic delta 
sleep inducing peptlde possess hypnogemc properties '~ 
Neurosct Behav Physml 13: 243-244. 1983 

16 Mendelson, W B , J C GiIhn and R J Wyatt Studies with the 
delta-sleep-reducing pept~de m the rat Sleep Res 9: 55, 1980 

17 MIkhaleva. 1 , A Sargsyan, T Balashova and V lvanov Syn- 
thesis, spectral and biological properties of DSIP and ~ts 
analogs In Chemtstr 3, o f  Pepttdes and Proteins. vol 1, edited 
by W Voelter, E Wunsch, J Ovchmmkov and V lvanov 
Berhn Walter de Gruyter and Co , 1982, pp 28%297 



894 O B A L  E l  A/, 

18 M,khaleva, i , A Sargsyan and V Ivanov DSIP Novel devel- 
opments m structure-funct,onal stud,es In Pepttdes 1982, 
edited by K Bl~ha and P Malon Berhn Walter de Gruyter and 
Co , 1983. pp 563-567 

19 Monmer, M and G A Schoenenberger The pept,derg~c mod- 
ular,on of sleep w~th the delta sleep-reducing pept,de as a 
prototype In Fun~tums o f  the Nervous S3stem, vol 4, edited 
by M Monmerand M Meulders Amsterdam EIsev,er. 1983, 
pp 161-219 

20 Monmer, M . L Dudler, R Gachter, P F Ma,er. N Tobler 
and G A Schoenenberger The delta sleep reducing pept,de 
(DSIP) Comparative properties of the original and synthetic 
nonapepl~de Expertentta 33: 548-553, 1977 

21 Monmer, M 0 L Dudler, R Gachterand G A Schoenenbergcr 
Humoral transmission of sleep IX Act~v~ty and concentration 
of the sleep pept~de m cerebral and systemic blood fractions 
Pflugers Ar~ h 360: 22,%-242, 1975 

22 Myers. R D Methods for perfusmg d~fferent structures of the 
brain In Methods m Psychob~oh~gy. edited by R D Myers 
New York Academic Press, 1972, pp 16%211 

23 Ob~l, F . J r , A  Torok. P Alfold~.G S~ry, M Ha.16sand B 
Penke Effects of mtracerebroventncular mject~on of delta 
sleep-reducing pept~de (DSIP) and an analogue on sleep and 
bratn temperature ~n rats at mght Pharmacol Btot hem Behav 
23: 953--957, 1985 

24 Popov. E M .  N A Akhmedov. O K Kasumov. J A 
Kasumov and N M Godzhaev Theoretical conformat~onal 
analys~s of bra~n pept~de.,, [ A sleep stimulator Btor~., Khtm 6" 
1620-1631, 1980 

25 Scherschhchl, R ,  I Manas, l Schneeberger and M Sterner 
Model msomma m ammals In .Sleep. 1980, ed~ted by W P 
Koella and P l.evm Basel Karger, 1981 pp 147-155 

26 Schoenenberger, G A Characterization. properl~es and mul- 
t~varmte functions of delta-sleep-reducing pepl~de (DSIP) Eur 
Neurol 23: 321-345, 1984 

27 Schoenenberger, G A .  P F Miner, H J Tobler and M A 
Monmer A naturally occurring della-EEG enhancing nonapep- 
t~de m rabb~ts X Final ~solat~on, charactenzal~on and act~v~ty 
test P./luge~ At th  369: 9%100. 1977 

28 Schoenenberger. G A ,  P F Miner. H J Toblcr, K Wdson 
and M Monmer The delta-EEG ~sleep) mducmg-pept~dc 
tDS1P) Xl Ammoaod analys~s, sequence, synthes~s and act~v- 
at), of the nonapept~de P./luger.s Art h 376: 119-129. 1978 

29 Tobler. 1 and A A Borb~ly Effects of delta sleep reducing 
pept~de IDSIP) and argmme vasotocm ~AVT) on sleep and 
motor activity m the rat Wal~lng Slet'ptng 4: 13%159. 1980 

30 Ursm, R and M Larsen increased sleep following mtracere- 
brovenmcular mject~on of the delta sleep-reducing pept~de m 
rats Ncurostt Lett 40, 145-149. 1983 


