
Pharmacology Biochemistry and Behavior, Vol. 43, pp. 683-687. 1992 0091-3057/92 $5.00 + .00 
Printed in the U.S.A. All rights reserved. Copyright © 1992 Pergamon Press Ltd. 

Ethanol and A-Sleep-Inducing Peptide: 
Effects on Brain Monoamines 

R. Y. Y U K H A N A N O V , *  T. M.-L.  T E N N I L ) k , t  I T. I. M I R O S H N I C E N K O ,  V. S. K U D R I N , *  
A.  N. U S H A K O V , *  E. I. M E L N I K , *  I. I. MICHALEVA:I:  K. S. RAYEVSKY,* 

M. M. A I R A K S I N E N t  A N D  A. I. MAISKY* 

*Institute o f  Pharmacology, Russian Academy o f  Medical Sciences, Baltiskaja 8, Moscow 125315, Russia 
t Departments o f  Pharmaceutical Chemistry and 

Pharmacology & Toxicology, University o f  Kuopio, P.O. Box 1627, SF-70211 Finland 
~Institute o f  Bio-organic Chemistry, Russian Academy o f  Medical Sciences, Baitiskaja 8, Moscow 125315, Russia 

Received 7 November  1990 

YUKHANANOV, R. Y., T. M.-L. TENNIL,~, T. I. MIROSHNICENKO, V. S. KUDRIN, A. N. USHAKOV, 
E. I. MELNIK, I. I. MICHALEVA, K. S. RAYEVSKY, M. M. AIRAKSINEN AND A. I. MAISKY. Ethanol and 
A-sleep-inducing peptide: Effects on brain monoamines. PHARMACOL BIOCHEM BEHAV 43(3) 683-687, 1992. --The 
brain content of dopamine (DA) and its metabolites [dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA)] 
were the same in rats with different immobilization times in forced swimming test, while the serotonin (5-HT) concentration 
was higher in high active (HA, immobilization < 2 min) than low active (LA, immobilization > 5 min) animals. Ethanol (2 g/ 
kg, PO) tended to increase the DA level in the striatum and nucleus accumhens in LA rats and decrease the 5-HT and 
5-hydroxyindoleacetic acid (5-HIAA) concentration in HA rats. A-Sleep-inducing peptide (DSIP) injection reduced the level 
of 5-HT in the medial prefrontal cortex (MFC) in both groups, did not affect the concentration of DA or DOPAC, but 
increased HVA in the striatum of HA rats. DSIP injected before ethanol administration augmented the ethanol effects on 
5-HT in the MFC and attenuated the action of ethanol on 5-HIAA in the nucleus accumbens. A relationship between the 
different levels of voluntary alcohol consumption and sensitivity to stress among LA and HA rats and the differences in DA 
and 5-HT concentrations is suggested. The use of LA and HA rats in developing models for testing of stress-shielding 
compounds is also described. 

Ethanol DSIP Limbic system Monoamines 

THE mechanisms underlying alcoholism are not homogenous. 
By examining lines of animals that consume ethanol and re- 
spond to it differently, it is possible to study neurochemical 
mechanisms that may be involved in the actions of alcohol 
and the development of alcohol dependence (16,24). 

One of the factors related to ethanol consumption is stress 
(21). The type of reaction during exposure to stress depends 
upon the general status of the organism, environment, and 
heredity. We suggest that different mechanisms of alcohol 
dependence may be distinguished by analyzing behavior in 
stressful situations. Depending upon the reaction of animals 
to stress induced by nonavoidance swimming, two groups of 
rats were selected. These groups possessed some neurophysio- 
logical differences, for example, the duration of slow-wave 
and paradoxical sleep time (25), sensitivity to the effect of 
psychotropic drugs, and differences in their dynamics in alco- 
hol consumption (4,13). 

There are data indicating that one of the endogenous fac- 
tors regulating reaction to stress in A-sleep-inducing peptide 

(DSIP) (12). In addition, DSIP seems to participate during 
the development of experimental alcoholism because the brain 
level of DSIP is lower in animals with a predisposition toward 
ethanol consumption (5) and injection of DSIP alleviates alco- 
hol abstinence syndrome (8). Despite the peptide's structure, 
DSIP crosses the blood-brain barrier, probably by simple 
transmembrane diffusion (23) and by a saturable high-affinity 
mechanism (27). It has been proposed that the action of DSIP 
is mediated through monoaminergic transmitters (12). Re- 
ward-induced ethanol consumption is partly mediated through 
dopaminergic neurons in the limbic system (9). However, 
other monoamines are also involved in alcohol consumption 
control (1,6,15), for example, specific inhibitors of serotonin 
(5-HT) uptake decrease ethanol consumption in free-choice 
situations in animals and in alcoholic patients to some extent 
(19). 

In the present work, we studied the influence of ethanol 
and DSIP on dopamine (DA) and 5-HT metabolism in rats 
with different mobilities and sensitivities to stress. The groups 
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were selected according to the time of immobilization in a 
nonavoidance swimming test. The levels of DA and 5-HT and 
their metabolites were determined in the medial prefrontal 
cortex (MFC), nucleus accumbens, and striatum. 

METHOD 

The experiment was conducted using random-bred male 
albino rats (raised in our animal colony) with initial weights 
of 200-250 g. Rats were selected according to their total time 
of immobilization (TTI) during a forced swimming test (3). 
Rats were placed in a plastic bath 320 mm in diameter and 
500 mm high, filled with water at 25°C to a level of 250 mm. 
A rat was judged immobile if it remained floating in the water, 
in an upright position, while making only small movements to 
keep its head above water. Rats were further selected as high 
active (HA) if their TTI was less than 120 s during the 600-s 
testing period or low active (LA) if their TTI was more than 
300 s. After the test, rats were placed in a warm cage and 
returned to the animal facility. Further experiments were 
made within 10 days. 

Selected rats were divided into six groups. The first group 
(water) received water (8 ml/kg body weight) PO, while the 
second group (water + saline) was injected with saline (5 ml/  
kg) 1 h before water administration. The third group (ethanol) 
received ethanol PO (2 g/kg), the fourth group was injected 
with saline 1 h before ethanol (ethanol + saline), the fifth 
group (ethanol + DSIP) was injected with DSIP (0.1 mg/kg, 
IP) 1 h before ethanol, and the sixth group was injected with 
DSIP 1 h before water. One hour after ethanol administra- 
tion, rats were decapitated and brains were rapidly dissected 
on ice. The MFC was removed as described by Fadda et al. 
(10), but the slice was taken between A = 12,500 and A -- 
10,300 according to the atlas by K6nig and Klippel (17). The 
nucleus accumbens was dissected from a 2.3-mm thick slice 
taken between A = 10,300 and 7,900. A part of striatum was 
taken from the same slice, and the remainder was recovered 
from the next slice between 7,900 and 6,600. The dissected 
brain regions were immediately frozen in liquid nitrogen and 
weighed, then stored in liquid nitrogen until high-performance 
liquid chromatography (HPLC) analysis. 

The concentrations of monoamines and their acidic metab- 
olites were determined by HPLC using electrochemical detec- 
tion (18). The brain samples were thawed and homogenized in 
0.1 N HC104, and dihydroxybenzylamide (DBA, 100 ng/ml) 
was added as internal standard. The samples were centrifuged 
at 10,000 × g for 10 min. The supernatant was filtered 
through a Millipore filter (0.22 #m) and 20-/~1 samples were 
injected on to the column (RP-18 octadecylsilane, 4.6 x 250 
mm) connected to a double amperometric detector (LC-4B) 
with a TL-5 cell. The working electrode had a potential of 
÷ 850 mV. The mobile phase was 0.02 M citric acid buffer 
(pH = 3.6) containing 0.3 mM acetonitrile. The retention 
times (min) were: DBA, 2.35; DA, 2.64; dihydroxyphenylace- 
tic acid (DOPAC), 3.04; homovanillic acid (HVA), 5.86; 5- 
HT, 4.06; and 5-hydroxyindoleacetic acid (5-HIAA), 4.29. 

Blood samples from each rat were frozen for future de- 
termination of ethanol concentrations by head-space gas 
chromatography on the column (800 x 4 mm, porapak Q, 
100-120 mesh) of a Shimadzu (Kyoto, Japan) GC 9A gas 
chromatograph equipped with flame ionization detector. The 
blood samples, 200 #l in 4-ml vials with gas-tight caps, were 
exposed to 37°C for 20 min and a vapor phase volume of 1 ml 
was injected. The oven temperature was 110°C and injector 
130°C. The flow rate for the carrier gas (N2) was  40 ml/min. 

Under these conditions, the retention time of ethanol was 
about 3 min. Quantitation was made using a C-R2AX Integra- 
tor (Shimadzu). The results of these experiments were ana- 
lyzed by analysis of variance (ANOVA) followed by Scheffe's 
test. 

DSIP was synthetized in the Institute of Biorganic Chemis- 
try, USSR Academy of Sciences. 

RESULTS 

From the population of random-bred rats, we selected two 
groups: one of LA, that is, animals with TTI of 338.7 + 32.5 
s (mean +_ SEM), and the other of HA, TTI 89.8 _+ 28.4 s. 
Pretreatment determination of blood ethanol in LA and HA 
rats showed the endogenous values to be higher in HA rats. 
No differences in ethanol levels in HA and LA rats were ob- 
served 1 h after ethanol administration; injection of DSIP 
failed to affect the blood ethanol concentration (Table 1). 

The concentrations of monoamines and their metabolites 
did not differ significantly between the rats within groups 1 
and 2 (water) or groups 3 and 4 (ethanol); therefore, we com- 
bined the data from these groups. Also, there were no signifi- 
cant differences in the basic levels of DA and HVA between 
the HA and LA rats of groups 1 and 2 (Table 2). However, 
the concentration of DOPAC tended to be higher (Table 2) 
and the concentration of 5-HT (Table 3) lower in the MFC of 
LA rats. Also, the level of 5-HIAA in the striatum tended to 
he lower in LA compared to HA rats (Table 3). 

Acute oral administration of ethanol (2 g/kg) tended to 
decrease the concentrations of DA and DOPAC in the MFC 
while increasing it in the striatum and nucleus accumbens of 
LA rats (Table 2), whereas the concentrations of DA, DO- 
PAC, and HVA remained unchanged in HA rats following 
ethanol administration. DA concentration in the nucleus ac- 
cumbens of LA rats was significantly higher than that of HA 
rats after ethanol administration (Table 2). 

Administration of ethanol caused 5-HT concentration to 
decrease in the MFC and nucleus accumbens of HA rats. In 
the nucleus accumbens of HA rats (Table 3), the concentration 
of 5-HIAA also decreased. In addition, the concentration of 
5-HIAA increased in the nucleus accumbens of LA rats com- 
pared to HA rats after ethanol administration. 

DSIP injection (0.1 mg/kg) decreased 5-HT concentration 
in the MFC of LA and HA rats (Table 3) but did not affect 
the concentrations of 5-HT in the nucleus accumhens or stria- 
tum or 5-HIAA concentration in any region. DSIP did not 
have any effect on DA or DOPAC concentrations in investi- 

TABLE 1 

CONCENTRATION OF ETHANOL (~g/ml) IN BLOOD 
1 h AFTER ETHANOL (2 g/kg) ADMINISTRATION 

HA LA 

Water 27.5 + 2.9 (6) 11.3 + 4.4 (6)* 
Ethanol 987.9 _+ 50.9(7) 1,059.0 ± 74.9(9) 
Ethanol + DSIP1- 1,061.0 ± 31.6 (5) 1,046.0 + 37.2 (5) 

Results are expressed as means with associated SEMs. The number 
of animals is indicated in parentheses. 

*p < 0.05 compared to HA rats. 
t0.1 mg/kg IP. 
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T A B L E  2 

EFFECTS OF ETHANOL AND DSIP ON THE LEVELS OF DA AND ITS METABOLITES IN THE MFC, 
NUCLEUS ACCUMBENS, AND STRIATUM IN HA AND LA RATS (MEANS + SEM) 
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MFC Nucleus Accumbens Striatum 

HA LA HA LA HA LA 

DA 
Control 
Ethanol 
DSIP 
DSIP + ethanol 

DOPAC 
Control 
Ethanol 
DSIP 
DSIP + ethanol 

HVA 
Control 
Ethanol 
DSIP 
DSIP + ethanol 

0.28 ± 0.06 (4) 0.33 ± 0.05 (4) 5.52 ± 0.74 (5) 4.92 ± 0.33 (5) 4.77 ± 0.37 (6) 4.15 ± 0.37 (6) 
0.27 ± 0.05 (6) 0.25 + 0.03 (7) 4.46 ± 0.41 (7) 5.65 ± 0.34 (9)t 4.57 ± 0.35 (6) 5.42 ± 0.37 (9) 
0.20 ± 0.02(4) 0.37 ± 0.10(4)t  5.52 ± 0.79(4) 5.70 + 0.40(4) 5.01 ± 0.50(4) 5.34 ± 0.38(4) 
0.23 ± 0.04 (8) 0.26 ± 0.03 (7) 5.70 ± 0.36 (7) 5.49 + 0.43 (7) 4.60 ± 0.29 (8) 4.32 ± 0.41 (7) 

0.11 ± 0.08(3) 0.23 ± 0.10(3) 0.84 ± 0.10(5) 0.99 ± 0.05(5) 0.53 ± 0.06(6) 0.47 ± 0.02(6) 
0.07 ± 0.02(6) 0.11 ± 0.04(5) 0.93 ± 0.10(7) 1.00 ± 0.06(9) 0.53 ± 0.05(6) 0.56 ± 0.04(9) 
0.05 ± 0.01(4) 0.08 ± 0.04(4) 0.82 ± 0.18(4) 0.68 ± 0.13(4) 0.54 ± 0.11(4) 0.55 ± 0.07(3) 
0.05 ± 0.01(7) 0.04 ± 0.01(6)* 0.88 ± 0.11(10) 1.00 ± 0.01(8) 0.59 ± 0.06(7) 0.57 ± 0.05(9) 

0.52 ± 0.06(5) 0.48 ± 0.11(4) 0.41 ± 0.06(6) 0.41 ± 0.05(6) 
0.46 ± 0.10(4) 0.58 ± 0.09(7) 0.45 + 0.03(7) 0.44 + 0.03(9) 
0.47 ± 0.04(4) 0.41 ± 0.08 (3) 0.58 ± 0.08 (4)* 0.46 ± 0.06 (5) 
0.60 ± 0.06 (10) 0.61 ± 0.04 (7) 0.46 ± 0.04 (9) 0.47 ± 0.07 (8) 

The number of  animals is in parentheses. 
*p < 0.05 compared to the control group. 
tP  < 0.05 compared to HA rats. 

ga t ed  b r a i n  r eg ions ,  a l t h o u g h  it was  a s soc i a t ed  wi th  inc reased  
H V A  c o n c e n t r a t i o n s  in t he  s t r i a t a  o f  H A  rats  (Table  2). 

In  t he  M F C ,  D S I P  + e t h a n o l  c a u s e d  a g rea te r  dec rease  in 
5 - H T  t h a n  e t h a n o l  a l o n e  in b o t h  g r o u p s  (Table  3), whi le  in 
t he  nuc leus  a c c u m b e n s  D S I P  r eve r sed  the  ac t i on  o f  e t h a n o l  
a n d  r e t u r n e d  the  c o n c e n t r a t i o n  o f  5 - H T  a n d  5 - H I A A  in H A  
ra ts  to  t he  c o n t r o l  level. T h e  d i f f e r ences  in t he  c o n c e n t r a t i o n  
o f  D A ,  i n d u c e d  by  e t h a n o l ,  b e t w e e n  L A  a n d  H A  rats  in the  
s t r i a t um  a n d  nuc leus  a c c u m b e n s  were  e l imina t ed  a f t e r  D S I P  

in j ec t ion ,  bu t  t he  e f fec ts  o f  e t hano l  on  the  c o n c e n t r a t i o n  o f  
D O P A C  in the  M F C  were  p o t e n t i a t e d  (Table  2). 

DISCUSSION 

T h e  resul ts  ind ica te  a clear  d i f f e r e n c e  in t he  e n d o g e n o u s  
c o n c e n t r a t i o n  o f  b l o o d  e thano l  in H A  a n d  L A  ra ts .  S imi lar  
resul ts  have  been  r e p o r t e d  e l sewhere  (14). 

H A  a n d  L A  ra ts  were  selected a c c o r d i n g  to  the i r  TTI  u n d e r  

T A B L E  3 

EFFECTS OF ETHANOL AND DSIP ON THE LEVELS OF 5-HT AND 5-HIAA IN THE MFC, NUCLEUS ACCUMBENS, AND 
STRIATUM IN HA AND LA RATS (MEANS :t: SEM) 

MFC Nucleus Accumbens Striatum 

HA LA HA LA HA LA 

5-HT 
Control 0.70 + 0.08 (5) 0.54 + 0.03 (5) 0.85 + 0.13 (5) 0.73 + 0.07 (6) 0.44 + 0.04 (6) 0.39 + 0.04 (6) 
Ethanol 0.50 + 0.04(6)* 0.51 + 0.03(7) 0.50 ± 0.04(6)* 0.65 ± 0.09(11) 0.47 ± 0.04(7) 0.42 + 0.04(10) 
DSIP 0.39 ± 0.03(4)* 0.33 ± 0.03(4)* 0.63 ± 0.06(4) 0.56 ± 0.08(4) 0.57 ± 0.11(4) 0.46 ± 0.01(3) 
DSIP + ethanol 0.43 ± 0.03 (10)t 0.41 ± 0.03 (7)t 0.70 ± 0.06 (10) 0.58 ± 0.05 (7) 0.45 ± 0.05 (10) 0.50 ± 0.06 (8) 

5-HIAA 
Control 0.33 ± 0.04 (5) 0.29 ± 0.02 (5) 0.72 ± 0.07 (5) 0.68 ± 0.11 (6) 0.56 ± 0.05 (6) 0.42 + 0.04 (5) 
Ethanol 0.33 ± 0.05 (7) 0.28 ± 0.03 (10) 0.43 ± 0.05 (6)* 0.70 ± 0.11 (10)~/ 0.53 ± 0.08 (6) 0.56 + 0.05 (9) 
DSIP 0.48 ± 0.16(4) 0.38 ± 0.14(4) 0.68 ± 0.12(4) 0.54 ± 0.14(4) 0.63 ± 0.07(4) 0.48 ± 0.13(3) 
DSIP + ethanol 0.35 ± 0.07 (9) 0.43 ± 0.08 (8) 0.57 ± 0.06 (9) 0.60 ± 0.11 (8) 0.54 ± 0.03 (10) 0.54 ± 0.08 (8) 

The number of  animals is in parentheses. 
*p < 0.05 compared to the control group. 
tP  < 0.01 compared to the control group. 
~p < 0.05 compared to HA rats. 
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conditions of nonavoidance swimming. Porsolt et al. (22) pro- 
posed this test for determining the depressive state in animals, 
and passive avoidance was considered a depressive reaction to 
the stress induced by nonavoidance swimming. It is not clear 
whether LA or HA rats are more sensitive to stress. There are 
data indicating that HA rats are more sensitive to stress. HA 
rats have a greater mortality under chronic stress, and the 
weight of adrenal glands increases in this group under stressful 
conditions. HA rats did not drink ethanol during the first 2 
weeks in their individual cages, but under stressful conditions 
the percentage of animals drinking among HA rats increased 
to the same level as LA rats (our nonpublished data). These 
differences may be related to membrane peculiarities of HA 
rats, which show a greater viscosity and a higher level of pro- 
tein clusterization (our nonpublished data). Also, the higher 
sensitivity of HA rats to stress appears to be related to their 
differences in monoamine metabolism compared to LA rats. 
The differences in serotonergic activity are likely to be particu- 
larly significant in their reaction to stress. 

Some data indicate that the synthesis of 5-HT increases 
under stress (20). The activation of serotonergic neurones in- 
duces secretion of corticotropin-releasing factor (CRF) and 
corticotropin (ACTH) (11), also, the action of ethanol on the 
expression of these stress markers requires that the 5-HT sys- 
tem is intact (3). Our results suggest that HA rats have higher 
levels of 5-HT in the MFC. Perhaps ethanol acts as a stress 
protector for HA rats by decreasing the concentration of 5-HT 
in the MFC and nucleus accumbens. 

The difference in ethanol consumption between LA and 
HA rats has been reported (4,13). After their first contact 
with ethanol, LA rats drink more than HA rats. There is 
experimental data showing that the euphoric action of ethanol 
is partly mediated via excitation of dopaminergic neurones in 
the limbic system (7). We studied the concentration of DA 
and its metabolites in the MFC and nucleus accumbens be- 
cause these regions of the brain have been suggested to medi- 
ate the effect of ethanol and other narcotics on the reward 
system (2,7). Acute oral administration of ethanol in a moder- 
ate dose (2 g/kg) tended to decrease the concentration of DA 
in the MFC in both groups, while DA concentration in the 
nucleus accumbens of LA rats tended to be higher than that 

in HA rats after ethanol administration. We did not find any 
differences in DA metabolism between LA and HA rats. Etha- 
nol administration did not affect the level of DA or its metab- 
olites in HA rats, but slightly increased the DA level in LA 
rats. Perhaps the difference in ethanol consumption between 
these two groups is partly related to the dopaminergic system, 
but it seems, however, more likely that the difference in sensi- 
tivity to stress and different kinds of reactions to ethanol are 
connected with the serotonergic system. Apparently, a differ- 
ence in the level of 5-HT between HA and LA rats exists 
(5-HT tended to be lower in LA rats in MFC) and ethanol 
selectively affected 5-HT metabolism only in HA rats. 

DSIP affected mainly the 5-HT level in the MFC and nu- 
cleus accumbens, although an increase in the level of HVA in 
the striatum of HA rats was also found. It has been shown 
earlier that DSIP normalize the TTI by reducing the value for 
HA and increasing it in LA rats. We propose that this and 
other stress-protective actions of DSIP (26) are mediated 
through serotonergic system in the MFC. 

DSIP counteracted ethanol effects on the metabolism of 
5-HT in the nucleus accumbens, but enhanced the effect of 
ethanol in the MFC. DSIP decreased the rate of ethanol con- 
sumption in rats and mice (our unpublished data). Probably, 
this effect of DSIP is associated with its ability to attenuate 
the effect of ethanol on 5-HT metabolism in the nucleus ac- 
cumbens. 

In conclusion, we propose that the different behaviors in 
rats during nonavoidance swimming may be related to differ- 
ences in the serotonergic system between animals and that the 
stress-protective action of DSIP is mediated through its effect 
on 5-HT metabolism in the nucleus accumbens and MFC. In 
addition, DSIP is able to counteract some of the effects of 
ethanol on monoamine metabolism; these results may partly 
explain the effect of DSIP on ethanol consumption. There- 
fore, these two groups of rats may be used as behavioral mod- 
els for testing stress-protective drugs. 

ACKNOWLEDGEMENTS 

The authors thank Ewen MacDonald, D.Pharm., and James Cal- 
laway, M.Sc., for checking the English. 

REFERENCES 

1. Amit, Z.; Brown, Z. W. Actions of drugs of abuse on brain 
reward systems: A reconsideration with specific attention to alco- 
hol. Pharmacol. Biochem. Behav. 17:233-238; 1982. 

2. Bozarth, M. A. Ventral tegmental reward system. In: Oreland, 
L.; Engel, J., eds. Brain reward systems and abuse. New York: 
Raven Press; 1987:5-17. 

3. Brick, J.; Pohorecky, L. A.; Feinberg, J. Raphe lesions modify 
ethanors effects on plasma corticosterone and NEFA. Neuro- 
pharmacology 23:997-999; 1984. 

4. Burov, Y. V.; Kampov-Polevoi, A. B.; Nikitina, L. N. Effect of 
psychotropic drugs on the alcohol motivation of the random bred 
rats. Bull. Exp. Biol. Med. 101:289; 1986 [Engl. trans.]. 

5. Burov, Y. V.; Yukhananov, R. Y.; Maisky, A. I. Level of delta- 
sleep-inducing peptide (DSIP) in the brain of rats with differ- 
ent alcohol motivation. Bull. Exp. Biol. Med. 94:67-70; 1983 
[Engl. trans.]. 

6. Daoust, M.; Moore, N.; Saligaut, C.; Lhuintre, J. P.; Chretien, 
P.; Boismare, F. Striatal dopamine does not appear involved 
in the voluntary intake of ethanol by rats. Alcohol 3:15-17; 
1986. 

7. Di Chiara, G.; Imperato, A. Drugs abused by humans preferen- 

tiaily increase synaptic dopamine concentrations in the mesolim- 
bic system of freely moving rats. Proc. Natl. Acad. Sci. USA 85: 
5274-5278: 1988. 

8. Dick, P.; Costa, C.; Fayolle, K.; Grandjean, M. E.; Khosh- 
been, A.; Tissot, R. DSIP in the treatment of withdrawal syn- 
dromes from alcohol and opiates. Eur. Neurol. 23:364-371; 
1984. 

9. Fadda, F.; Gessa, G. L. Role of dopamine in the CNS effect of 
ethanol. Prog. Alcohol Res. 1:147-161; 1985. 

10. Fadda, F.; Gessa, G. L.; Marcoui, M.; Mosca, E.; Rossetti, Z. 
Evidence for dopamine autoreceptors in mesocortical dopamine 
neurons. Brain Res. 293:67-72; 1984. 

11. Gilbert, F.; BrazeR, C.; Tricklebank, M. D.; Stahl, S. M. Activa- 
tion of the 5-HT~A receptor subtype increases rat plasma ACTH 
concentration. Eur. J. Pharmacol. 147:431-439; 1988. 

12. Graf, M. V.; Kastin, A. J. Delta-sleep-inducing peptide (DSIP): 
An update. Peptides 7:1165-1187; 1986. 

13. Kampov-Polevoi, A. B. The study of developing of alcohol moti- 
vation in the rat. In: Burov, Y. V., ed. Pharmacology of experi- 
mental alcoholism. Moscow: USSR Academy of Medical Sci- 
ences; 1982:130-135 [in Russian]. 



E T H A N O L ,  D S I P  A N D  B R A I N  A M I N E S  687 

14. Kampov-Polevoy, A. B.; Zaremba, V. B.; Radionov, A. P.; 
Krasnych, L. M. Ethanol level measurement application as a risk 
predictor of alcohol motivation in man and animal. In: Malsky, 
A. I., ed. Clinicobiological basis of pharmacotherapy of alcohol- 
ism. Moscow: USSR Academy of Medical Sciences; 1987:97-101 
[in Russian]. 

15. Kiianmaa, K.; Attila, L. M. J. Alcohol intake, ethanol-induced 
narcosis and intoxication in rats following neonatal 6-hydroxydo- 
pamine or 5,7-dihydroxytryptamine treatment. Naunyn Schmie- 
deberg's Arch. Pharmacol. 308:165-170; 1979. 

16. Kiianmaa, K.; Tabakoff, B.; Saito, T., eds. Genetic aspects of 
alcoholism. The Finnish Foundation for Alcohol Studies. Vol. 
38. Helsinki: Painokaari; 1989. 

17. K6nig, J. F. R.; Klippel, R. A. The rat brain: A stereotaxic atlas 
of the forebrain and lower parts of the brain stem. Huntington, 
NY: R. E. Krieger; 1963. 

18. Kudrin, V. S.; Miroshnicenko, T. I.; Rayevsky, K. S. The differ- 
ence in the mechanism of autoreceptors regulation of the biosyn- 
thesis and release of dopamine in the rat brain. Neurochimia 7:3= 
8; 1988 [in Russian]. 

19. Linnoila, M.; Eckardt, M.; Durcan, M.; Lister, R.; Martin, P. 
Interactions of serotonin with ethanol: Clinical and animal stud- 
ies. Psychopharmacol Bull. 23:452-457; 1987. 

20. Mitchell, S. N.; Thomas, P. J. Effect of restraint stress and anxi- 

olytics on 5-HT turnover in rat brain. Pharmacology 37:105-113; 
1988. 

21. Pohorecky, L. A. The interaction of alcohol and stress. A review. 
Neurosci. Biobehav. Rev. 5:209-229; 1981. 

22. Porsolt, R. D.; Anton, G.; Blavet, N.; Jalfre, M. Behavioural 
despair in rats: A new model sensitive to antidepressant treat- 
ments. Eur. J. Pharmacol. 47:379-391; 1978. 

23. Raeissi, S.; Audus, K. L. In-vitro characterization of blood-brain 
barrier permeability to delta-sleep-inducing peptide. J. Pharm. 
Pharmacol. 41:848-852; 1989. 

24. Valdman, A. V.; Maisky, A. I. The differentiated pharmacology 
of alcoholism: The problem of modelling. Voprosi Narkologii 1: 
289-291; 1988 [in Russian]. 

25. Viglinskaya, I. V.; Vlasova, N. V. A comprehensive approach to 
the evaluation of factors responsible for the development of ini- 
tial alcohol motivation. Voprosi Narkologii 1:21-24; 1988 [in 
Russian]. 

26. Yukhananov, R. Y.; Rozhanets, V. V.; Michaleva, I. I.; Maisky, 
A. I. Analysis of mechanism of DSIP stressprotective action. 
Bull. Exp. Biol. Med. 109:46-47; 1990 [Engl. trans.]. 

27. Zlokovic, B. V.; Susie, V. T.; Davson, H.; Begley, D. J.; Jankov, 
R. M.; Mitrovic, D. M. Saturable mechanism for delta-sleep- 
inducing peptide (DSIP) at the blood brain barrier of the vascu- 
larly perfused guinea-pig brain. Peptides 10:249-254; 1989. 


