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In experiments with random-bred male rats separated into short and long sleepers 
according to the duration of  ethanol-induced sleep (narcosis), a synthetic luliberin analog 
(Surfagon) administered into a brain ventricle was found to reduce pain sensitivity and 
affective aggressiveness in response to unavoidable painful electrostimulation, and to in- 
crease convulsive activity. Short-sleeping rats differed from long-sleeping ones in show- 
ing greater behavioral excitability and aggressiveness and in being more responsive to 
Surfagon, which lowered both these parameters in the former rats to a greater extent  
than in the latter before castration as well as after it. Mechanisms of  the observed 
behavioral effects o f  Surfagon are discussed, and it is concluded that they are not  
mediated by sex steroids, and that the major factor in the mechanisms of  its action is 
the accessibility o f  limbic structures and of  the central gray substance in the midbrain. 
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Our previous study [1] demons t ra ted  direct neu-  
rotropic effects of  the synthetic luliberin analog 
Sur fagon  fo l lowing sys temic  ( i n t r a p e r i t o n e a l )  
adminis t ra t ion to rats differing in sensitivity to 
ethanol. In particular, Surfagon was shown to ac- 
tivate their  aggressive/defensive behavior  in re- 
sponse to unavoidable painful stimulation. In an 
a t tempt  to disclose the mechanisms of  these ef- 
fects and to gain insight into the physiological role 
o f  luliberin, we examined in this study the neu-  
rotropic actions of  the peptide Surfagon adminis- 
tered into a brain ventricle. 

MATERIALS AND METHODS 

A total o f  132 random-bred  male rats weighing 
180-210 g were used, separated, on the basis of  the 
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"lateral posit ion" test using ethanol,  into short  
sleepers (mean sleep duration 71_+6 min after etha- 
nol intake) which are believed to be predisposed 
to ethanol consumption, and long sleepers (mean 
sleep duration 211+_14 min) which show no pre-  
dilection for alcohol [2]. With these rats, two se- 
ries o f  tests were staged to examine the effects o f  
ethanol on the behavior o f  intact (series I) and 
castrated (series II) short-sleeping (SS) and long- 
sleeping (LS) animals. 

Five clays prior to behavior testing, a cannula 
was implanted stereotaxically into the right lateral 
ven t r i c l e  [12]. Ten  minutes  be fo re  the tests ,  
Surfagon (synthesized at the Institute of  Experi- 
mental Cardiology at the Cardiology Research Cen- 
ter o f  the Russian Academy of  Medical Sciences) 
was slowly injected into the ventricle through the 
cannula from a microdispenser in a dose of  3 or  
30 ng in 3 ~tl o f  physiological saline. After the 
tests, the cannula's position was checked and found 
to be correct. 
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Castration was performed under Hexcnal anes- 
thesia using a median incision through the scro- 
tum. and the animals were tested for behavior 12 
days later. Pain stress was produced by stimulat- 
ing rats, housed in pairs in chambers having an 
electrified floor, with incremental electric current 
(from 1 V per second to 70 V). This stimulation 
gave rise to an aggressive/defensive behavior which 
was evaluated by recording thresholds for its se- 
quential displays (startling, squeaking, rearing up, 
running, and fighting) and the incidence of  fights. 
With each pair of  rats, two tests were run in se- 
quence at a 1-minute interval. Also evaluated were 
the vertical componen t  of orienting activity (by 
noting the number  of  upright postures per min in 
a round glass vial 35 cm in diameter), emotional- 
i ty (by noting the number  of  fecal pellets dis- 
charged), and grooming and urination rates. The 
significance o f  differences between the test results 
was evaluated by Student's test. 

RESULTS 

In control tests, intact SS rats were observed to 
startle at 20.6+0.7 V, squeak at 27.2+0.6 V, rear up 
on the hind legs at 31.33+0.7 V, run at 38.9+ 
+0.9 V, and fight at 47.7+1.3 V, the incidence o f  
fighting being 100%. In the group of  LS rats, 
thresholds for the indicated behavioral displays were 
20.6+0.5, 31.28+1.0, 33.7+0.7, 53.1+0.56, and  
61.8+0.7 V, respectively,  and the inc idence  o f  
fighting was 90%. Thus, the intact  SS rats were 
characterized by lower thresholds o f  most o f  the 
behavioral displays under study (p<0.05) and, con- 
sequently,  by higher behavioral excitability and 
aggressivity under  pain stress. Their orienting ac- 

Fig. 1. Aggressive/defensive behavior of short-sleeping 
{I and 2) and long--sleeping (3 and 4) rats given 3 ng 
(I and 3) and 30 ng (2 and 4) of Surfagon. Here and in 
Fig. 2, alterations in thresholds of startling, squeaking, 
rearing up, and running are represented by the white bars 
and that of fighting, by the black bar, all expressed in 
percent relative to control tests (before Suriagon 
administration). Hatched portions of the circles and 
numbers indicate the number of fights, expressed in 
percent of the number of tests. C: control tests. The 
asterisk designates a significant difference from the control 
tests (p<0.05-- 0.001). 
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tivity was also less strongly marked than that of 
LS rats (by 51%: p<0.05). 

Su~agon administration to SS rats in the dose 
of  3 ng led to 11-17% increases in thresholds for 
all displays of  aggressive/defensive behavior (])<0.05) 
(Fig. 1), and to a 52% rise ill vertical activity 
(p<0.05). After the dose of 30 ng, the incidence of 
fights fell sharply, while that of convulsions in re- 
sponse to electric current rose (to 84%). 

Among the LS rats, no instances of  fighting 
behavior were observed within the range of  stimuli 
used, despite the absence of significant alterations 
in the thresholds of  defensive and pain components 
of  behavior. Convulsive activity increased, but the 
incidence of  convulsions was lower than in the 
group of  SS rats. Other  effects of  the peptide in 
LS rats included increased grooming rates (by 6.4- 
7.6 times; p<0.01) and decreased vertical activity 
(by 25-26%). Among the SS rats, such changes 
were only noted after the 30 ng dose. 

Castration led (Fig. 2) to significant rises in 
thresholds of  aggressive/defensive displays in both 
groups, but particularly in the SS rats, so that the 
differences observed between the two groups before 
castration virtually disappeared, except that vertical 
activity was higher  in the SS group (by 29%; 
p<0.05). 

Surfagon affected the aggressive/defensive be- 
havior of  castrated SS and LS rats in the same 
way as it did that o f  intact animals, but its ef- 
fects were even somewhat  more pronounced.  The 
differences between castrated SS and LS rats were 
similar to those between their intact counterparts. 
Thus, the SS rats showed elevated thresholds of  all 
aggressive/defensive displays after the lower dose of 
the peptide than did the LS rats. It should also 
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Fig. 2. Aggress ive /defens ive  behavior  of castra ted shor t - - s l eep ing  (A) and long- - s l eep ing  (B) rats given 3 ng (I and 3) and 
30 ng (2 and 4) of Surfagon.  C: control  tests. For o ther  designat ions  see Fig. 1. 

be noted that Surfagon significantly reduced verti- 
cal activity in both  groups (by 46-65%; p<0.01). 

The results o f  this study suggest that the ma- 
jor  effects f rom int raventr icular ly  adminis te red  
Surfagon are diminished pain sensitivity and affec- 
tive aggressivity in response to unavoidable painful 
electrostimulation. The occurrence of  these effects 
after castration indicates that they are no t  medi-  
ated by sex steroids. The behavioral  effects  o f  
Surfagon adminis te red  by this route  were  thus 
opposite to those observed in our  previous study, 
where the peptide was injected intraperitoneally. 
These differences are determined by specific char- 
ac te r i s t i cs  o f  the  complex  p rocess  by  w h i c h  
Surfagon binds to receptors in various brain struc- 
tures and which depends on how the drug enters 
the central nervous system and is distributed there. 

With systemic (intraperitoneal) administration, 
the main sites o f  Surfagon penetrat ion into the 
central nervous system appear to be the more  per- 
meable parts o f  the blood-brain barrier, notably the 
hypothalamic region, so that there is considerable 
activation predominant ly  of  the mediobasal hypo- 
thalamus, where specific binding sites for luliberin 
are located [8]. Activation of  this nucleus,  which 
is largely responsible for reactions of  rage and ag- 
gression, should result in intensified aggressive/de- 
fensive behavior in response to unavoidable pain- 
ful electrost imulat ion.  And this was indeed  the 
case under conditions of  such electrostimulation in 
our  experiments with intraperitoneal injection o f  
Surfagon. These effects o f  the peptide may  be 
supplemented by algetic and aggression-promoting 
actions of  adrenocort icotropic  ho rmone  (ACTH) 

[3], whose increased release by pituitary cells un- 
der  the influence of  luliberin has been demon-  
strated in in vitro tests [5]. Augmented ACTH re- 
lease may also occur  consequent  to activation o f  
the mediobasal hypothalamus. 

With intraventricular administration, the anal- 
gesic and antiaggression effects of  Surfagon are 
most likely to be due to its direct interaction with 
specific receptors in the limbic system and mes- 
encephalon. Indeed, as found in studies using au- 
toradiography, luliberin binds with a high receptor 
density in the hippocampus and amygdaloid com-  
plex [6,9,10,14], which are known to be involved 
in the regulation of  behavior. These structures have 
been associated with the neurotransmitter action of  
luliberin, manifested, in particular, by a dose-de-  
pendent  serotonin release from hippocampal syn- 
aptosomes under  its influence [7]. This peptidergic 
effect may bring about activation of  the descend- 
ing serotoninergic system, which inhibits nocicep- 
tive responses [11]. 

A second mechanism through which intraven- 
tricularly delivered Surfagon exerts analgesic and 
antiaggression effects may be its act ion on the 
central gray substance which adjoins the ventricles 
and where widely distributed luliberin-containing 
fibers have been found and neurons responding to 
this peptide applied iontophoretically have been 
identified [14]. As this brain region is the central 
component  of  the antinociceptive system, its acti- 
vation by Surfagon should result in decreased pain 
sensitivity. The latter effect  may also involve a 
modulating action of  enkephalins on the serotonin- 
ergic system [13]. Since there is experimental evi- 
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dence implicating the endogenous opioid system as 
a possible mediator o f  convulsive activity [4], the 
markedly increased convulsive responses to painful 
electrostimulation seen in our study suggest that 
enkephal ins  may be released in cons iderable  
amounts following intraventricular Surfagon admin- 
istration. Supporting this suggestion is the enhanced 
grooming displayed by rats, which reflects a state 
o f  comfortableness. The possibility that the effects 
of  Surfagon are brought on by the mechanisms 
described above is strengthened by the reported 
similarities in binding patterns o f  the naturally 
occurring peptide and its agonistic analogs in brain 
structures [8]. 

The observed greater behavioral excitability and 
aggressivity o f  SS rats during pain stress as com-  
pared to their LS counterparts is fully compatible 
with the previously discovered typological distinc- 
tions between these two groups o f  animals [1]. It 
should also be noted that the peptidergic effects 
with both intraventricular and intraperitoneal routes 
of  Surfagon delivery were more pronounced in SS 
rats, indicating a higher sensitivity of  brain struc- 
tures to the peptide in these rats. 
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