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Intracerebroventricular (i.c.v.) administration of somatostatin or SMS 201-995 induces excessive grooming behavior 
in rats. The grooming inducing effect of somatostatin is rather weak, as doses of 300 ng or less did not result in 
increased total grooming scores. In contrast a dose of 10 ng SMS 201-995 already significantly increased the total 
grooming scores. However, doses of 100 ng and more did not further increase the total grooming scores reached with a 
50 ng dose of this peptide. Systemic administration of SMS 201-995 in doses up to 900 ~tg did not result in excessive 
grooming behavior. Fhe patterns of excessive grooming induced by i.c.v. SMS 201-995 and somatostatin were 
characterized by a predominant display of scratching. Since peptide-induced scratching is mainly due to activation of 
opiate receptor systems it is suggested that opiate receptors are involved in the behavioral response to SMS 201-995 
and somatostatin administration. This suggestion is further supported by the suppressive effect of naloxone on 
excessive grooming induced by these peptides. Haloperidol and neurotensin also suppress the excessive grooming 
induced by somatostatin but not that induced by SMS 201-995. Finally, tolerance developed to the grooming-inducing 
effect of SMS 201-995 and somatostatin. In addition there was cross tolerance between somatostatin and SMS 
201-995. 

Somatostatin; SMS 201-995; Grooming behavior 

1. Introduction 

In addition to its well known inhibitory effect 
on growth hormone (GH) release from the pitui- 
tary, somatostatin has a variety of effects on the 
central nervous system (Plotnikoff et al., 1974; 
Renaud et al., 1975; Garcia-Sevilla et al., 1978). 
One of these effects is a potent excitatory action 
resulting in a profound reduction of slow wave 
sleep and REM sleep (Dodd and Kelly, 1978; 
Havlicek et al., 1976). Somatostatin also inhibits 
the extinction of active avoidance behavior, prob- 
ably due to increased selective attention to the 
conditioned stimulus (V6csei et al., 1987). More- 
over, central administration of somatostatin in- 
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duces motor excitation and an increase in stere- 
otyped behavior which includes compulsory 
scratching and circular movements (Havlicek et 
al., 1976). Catatonia, seizures and barrel rotation 
are sometimes observed after intracerebroventricu- 
lar (i.c.v.) administration of higher doses of soma- 
tostatin (Havlicek et al., 1976; Burke and Fahn, 
1983). Intrathecal administration of somatostatin 
elicits dose-dependent biting, licking, hind limb 
scratching, writhing and retching in rats, with 
scratching as the most prominent  response 
(Seybold et al., 1982). Scratching behavior has also 
been observed in mice after intracranial adminis- 
tration of somatostatin (Dobry et al., 1981). Thus, 
somatostatin appears to be a peptide that induces 
behavioral effects including excessive g rooming /  
scratching behavior after central administration. 
In contrast, the analog [D-TrpS]somatostatin does 
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not induce excessive grooming, although higher 
doses of this peptide elicit barrel rotation in rats 
(Dokas et al., 1983). 

The excessive grooming induced by various dif- 
ferent peptides is of a different nature. ACTH 
induces excessive grooming in which the various 
grooming elements are more or less equally in- 
volved (Gispen and Isaacson, 1981; Spruijt and 
Gispen, 1983; Van Wimersma Greidanus et al ,  
1985a; 1986; in press) whereas the excessive 
grooming induced by bombesin is completely dif- 
ferent, with excessive scratching as the most pro- 
nounced element (Van Wimersma Greidanus et 
al., 1985a,b; 1987; Spruijt et al., 1986b). fl-En- 
dorphin-induced excessive grooming is also char- 
acterized by a predominant display of scratching 
(Aloyo et al., 1983; Spruijt et al., 1986a; Van 
Wimersma Greidanus et al., in press). In addition 
it has been suggested that dopamine neurotrans- 
mitter systems are generally involved in peptide- 
induced grooming as modulators (Cools et al., 
1978; Spruijt et al., 1986a), whereas opiate recep- 
tor systems are primarily involved in peptide-in- 
duced excessive scratching (Van Wimersma 
Greidanus et al., 1985b; 1986; in press). 

A recently developed octapeptide analog of 
somatostatin, SMS 201-995 (Sandostatin~), ap- 
pears to have a very potent and long-acting inhibi- 
tory effect on growth hormone secretion (Bauer et 
al., 1982; Lamberts et al., 1985). There is a recent 
review (Lamberts, 1986) of the effects of SMS 
201-995 on GH release, and its possible applica- 
tion in the treatment of gastrointestinal disorders, 
diabetes mellitus and oncology, but so far little is 
known about its influence on the central nervous 
system or its behavioral effects. 

The data available on the grooming/scratch- 
ing-inducing effect of somatostatin but not of its 
analog [D-TrpS]somatostatin made it of interest to 
investigate whether the somatostatin analog SMS 
201-995 would induce excessive grooming and if 
so, to compare the composition of the grooming 
thus induced with that of grooming induced by 
the parent molecule. The present study was desig- 
ned for this purpose and the excessive grooming 
inducing effects of SMS 201-995 and somatostatin 
were further investigated by evaluation of the 
composition of the grooming behavior elicited by 

these peptides. The possible suppression of this 
excessive grooming by haloperidol, naloxone and 
neurotensin was also investigated. Finally, experi- 
ments were performed on the occurrence of toler- 
ance with respect to peptide-induced grooming. 

2. Materials and methods 

Male rats from an inbred Wistar strain (TNO, 
Zeist, The Netherlands), weighing approximately 
150 g were used. The brain ventricular system was 
cannulated for i.c.v, injection of the peptides by 
placing a polyethylene cannula in the right lateral 
ventricle. This operation was performed under 
Hypnorm ~ (5.0 mg fluanison and 0.2 mg fentanyl 
per 0.5 ml /kg  s.c.; Duphar B.V., Amsterdam, The 
Netherlands) anesthesia. The animals were al- 
lowed to recover from the surgery for 5 days and 
were single-caged under standard light-dark con- 
ditions (light on 07:00 a.m., off 07:00 p.m.) with 
food and water ad libitum. The rats were allocated 
randomly to different treatment groups and re- 
ceived i.c.v, injections of 2 ~1. Each animal was 
used only once. Somatostatin (Aminopan ~, B 150, 
UCB, Breda, The Netherlands) was injected in 
graded doses of 30 pg, 100 pg, 300 ng and 1 t*g)- 
SMS 201-995 (Sandostatin ~) was injected i.c.v, in 
graded doses of 10, 50, 100, 200 and 300 ng. 
Pretreatment with naloxone (Endo Labs., New 
York; 1 mg /kg  s.c.) or with haloperidol (0.05 
mg/kg  s.c.) was performed at 20 rain prior to the 
i.c.v, injection of somatostatin or SMS 201-995 
(Van Wimersma Greidanus et al., 1985b; 1986). 
Pretreatment with neurotensin (B 560, UCB, 
Breda, The Netherlands, 1 /,g i.c.v.) was per- 
formed immediately prior to the i.c.v, injection of 
somatostatin or SMS 201-995. An experiment was 
performed to find whether systemic administra- 
tion of SMS 201-995 would induce excessive 
grooming. Doses of 20 and 900/*g of the peptide 
were injected s.c. for the purpose. Artificial CSF 
was used as placebo for i.c.v, injection and saline 
served as placebo for s.c. administration. 

Experiments to investigate whether or not toler- 
ance would develop to the grooming-inducing ef- 
fect of somatostatin a n d / o r  SMS 201-995 were 
designed as in previous studies with other groom- 



ing-inducing hormones (Jolles et al., 1978; Aloyo 
et al., 1983; Van Wimersma Greidanus et al., 
1985a) in which animals were injected i.c.v, with 
(1) an initial dose (200 ng) of SMS 201-995 (pre- 
treatment) followed 4 h later by a dose of 50 ng 
SMS 201-995, or placebo (treatment); or (2) an 
initial dose of 1/zg of somatostatin (pretreatment), 
followed 4 h later by a dose of 1/~g somatostatin, 
or placebo (treatment). Groups treated initially 
with placebo (pretreatment) and 4 h later with the 
peptide (200 ng SMS 201-995 or 1/~g somatosta- 
tin, treatment) were also included. To study 
whether cross-tolerance between SMS 201-995 and 
somatostatin would occur, groups of rats were 
included which received SMS 201-995 (200 ng) as 
pretreatment followed by somatostatin (1 ~tg) and 
somatostatin (1 #g) as pretreatment, followed by 
SMS 201-995 (50 ng). 

The grooming test was performed according to 
Gispen et al. (1975). Briefly, the rats were placed 
into Perspex observation boxes (26 × 10 × 13 cm), 
immediately after i.c.v, or s.c. injection of soma- 
tostatin or SMS 201-995. Scoring of grooming 
frequencies was started 10 min later, with a 15 s 
sampling procedure for a period of 50 min, result- 
ing in a theoretically maximal total grooming score 
(T) of 200. The following elements of grooming 
were scored: head washing (H), body grooming 
(B), paw licking (P), sexual (ano-genital) grooming 
+ tail licking (A), scratching (S). Results are ex- 
pressed as mean (+S.E.M.) grooming score per 
treatment group for 50 min. The percentages pre- 
sented in the tables represent the proportion of 
the total grooming score (T = 100%) displayed by 
the rats following a particular treatment. Statisti- 
cal evaluation of the data was performed by anal- 
ysis of variance (ANOVA) in combination with a 
supplemental t-test (Bruning and Kintz, 1977). 

3. Results 

After its i.c.v, administration, SMS 201-995 in- 
duced dose-dependent excessive grooming in the 
dose range 10-50 ng. Higher doses did not further 
increase the total grooming scores (T), although 
only approximately 60% of the theoretical total 
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grooming score (T = 200) was usually displayed 
by animals treated with doses of 100, 200 or 300 
ng (table 1). However, the composition of the 
SMS 201-995-induced excessive grooming changed 
slightly when higher doses were applied. The con- 
tribution of the scratching (S) element amounted 
to 18.4% in rats treated with 10 ng, increasing to 
43.6% following injection of 50 ng. Higher doses 
resulted in a gradual decline in the contribution of 
this element, accompanied by a slight increase of 
the body grooming (B) element. 

Systemic administration of SMS 201-995 did 
not induce excessive grooming. Neither total 
grooming scores (T) nor the scores for any groom- 
ing element were significantly increased following 
s.c. administration of SMS 201-995 in doses up to 
900/zg (table 1). However, the relative distribution 
of the grooming elements, as calculated for the 
grooming displayed by animals treated s.c. with 
900 /~g, differed slightly from that of placebo- 
treated rats. A small shift in the composition of 
grooming towards relatively more scratching (S) 
was seen in rats that received s.c. the higher dose 
of SMS 201-995 than in their controls. 

Excessive grooming followed relatively high 
(i.c.v.) doses of somatostatin (table 2). Only 1 #g 
resulted in significantly higher total grooming 
scores (T), lower doses (30, 100 and 300 ng) did 
not induce an increase in total grooming. The 
increase of total grooming frequencies seen after 1 
/~g somatostatin was due to a marked increase in 
the scratching (S) element. Interestingly, animals 
treated with 100 or 300 ng somatostatin also dis- 
played a slightly significant increase in scratching, 
which, however, was not sufficient to result in a 
significantly higher total grooming score. 

Naloxone suppressed the excessive grooming 
induced by 50 ng SMS 201-995, mainly by a 
reduction of scratching (S) and, to a lesser extent, 
body grooming (B). Naloxone suppressed the ex- 
cessive grooming induced by somatostatin simi- 
larly (table 3). Novelty-induced excessive groom- 
ing also, as displayed by placebo-treated rats, was 
reduced by pretreatment with naloxone. This re- 
duction was due mainly to a decrease in the scores 
for body grooming (B) and head washing (H). 

Haloperidol suppressed the novelty-induced 
grooming of placebo-treated rats as well as soma- 
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TABLE 1 

Grooming scores following i.c.v, and s.c. administration of graded doses of SMS 201-995. 

N H B A P S T 

i.c.v. CSF 13 10.2_+1.3 9.2_+1.4 2.8_+0.7 9 .7±0.8  2.0_+0.8 33.8_+ 3.8 

30.2% 27.2% 8.3% 28.7% 5.9% 

10 ng 10 22.5+_4.3 ~' 12.0-+3.6 2.4-+1.0 10.9-+1.2 10.8_+5.7 58.6+_ 7.8 ~ 
38.4% 20.5 % 4.1% 18.6% 18.4% 

5 0 n g  15 35.0_+3.7 b 10.7_+1.1 2.4_+0.5 18.3_+2.2 ~ 51.3_+6.5 b 117.7_+ 5.7 b 

29.7% 9.1% 2.0% 15.5% 43.6% 

100 ng 16 27.4_+4.6 a 15.6+_3.4 4.4+-1.2 28.3_+4.0 ;' 49.4_+9.9 6 125.1_+14.0 b 

21.9% 12.5% 3.5% 22.6% 39.5% 
200 ng 15 40.7 +_ 3.6 b 19.5 +_ 3.2 ~ 4.8 4-_ 1.1 19.1 _+ 2.1 a 37.3 _+ 6.9 ~ 121.5 _+ 8.5 b 

33.5% 16.1% 4.0% 15.8% 30.7% 
300 ng 13 30.8_+3.8 ~ 23.3_+4.1 a 5.5+_1.8 31.2+_2.5 b 30.2_+7.3 ~ 121.1 -+12.0 b 

25.4% 19.2% 4.5% 25.8% 24.9% 

S.C. saline 6 5.8-+0.9 7.5+_1.8 2.0_+1.1 3.5-+1.2 1.2-+0.3 20.0_+ 3.5 

29.0% 37.5% 10.0% 17.5% 6.0% 

20 ~g 8 8.4_+1.4 6.6+_1.6 1.5+_0.5 4.4+_0.8 1.5_+0.7 22.4_+ 3.9 

37.5% 29.5% 6.7% 19.6% 6.7% 
900 ~g 5 3.4+_1.4 2.0_+1.0 1.8_+0.7 5.0_+1.6 3.6+_1.4 15.8_+ 5.1 

21.5% 12.7% 11.4% 31.6% 22.8% 

P ~< 0.05 (vs. CSF); b p ~ 0.01 (vs. CSF). 

tostatin-induced excessive grooming (table 4). Al- 
though most elements seemed to be involved in 
this suppressive effect of haloperidol, the reduc- 
tion of total grooming scores (T) by pretreatment 
with this drug was due mainly to a reduction of 
the body grooming (B) and paw licking (P) ele- 
ments in placebo-treated rats and to a reduction 
in body grooming (B), paw licking (P) and scratch- 
ing (S) in somatostatin-treated rats. In contrast, 
haloperidol did not reduce the total grooming 
scores (T) in SMS 201-995-treated animals, al- 

though the scores for head washing (H) and paw 
licking (P) were significantly reduced in animals 
treated with haloperidol and SMS 201-995, as 
compared with rats injected only with SMS 201- 
995. However, these reductions were accompanied 
by a marked increase in scratching (S), resulting in 
similar total grooming scores for both groups of 
animals. Haloperidol pretreatment thus resulted in 
a marked shift in the relative distribution of 
grooming elements in SMS 201-995-treated rats, 
which was not observed in placebo-treated rats, 

TABLE 2 

Grooming scores following i.c.v, administration of graded doses of somatostatin. 

N H B A P S T 

CSF 9 7.9 _+ 1.0 14.3 +- 2.4 2.7 -+ 0.8 12.0 _+ 2.0 0.8 _+ 0.4 37.7 +_ 3.5 

21.0% 37.9% 7.2% 31.8% 2.1% 
30 ng 7 7.3+1.5 6.7_+2.3 a 2.1 + 1.0 8.0+2.0 2.4_+2.1 26.6_+5.1 

27.4% 25.2% 7.9% 30.1% 9.0% 
100 ng 7 10.1+1.2 9.9+_2.0 5.9+_1.8 11.0_+2.8 6.0+2.6 ~ 42.9+_7.7 

23.5% 23.1% 13.8% 25.6 % 14.0% 
300 ng 8 6.6+_0.9 13.8+_1.6 2.4+0.8 8.0_+0.9 13.8+_3.6 a 44.5_+4.8 

14.8% 31.0% 5.4% 18.0% 31.0% 
1 ~tg 8 6.1_+1.4 10.4+_2.5 3.1+0.7 13.8+_4.4 30.1 +_9.5 a 63.5_+9.7 ~ 

9.6% 16.4% 4.9% 21.7% 47.4% 

P ~< 0.05 vs. CSF. 



TABLE 3 

Influence of naloxone (NAL; 1 mg /kg ;  s.c.; 
(50 ng; t = 0) or somatostatin (1/~g; t = 0). 

t = - 2 0  min) on 
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excessive grooming induced by i.c.v, administration of SMS 201-995 

N H B A P S T 

CSF 6 13.0+3.1 10.5±1.6 2.7:21.3 6 .9+0.9  0.5:20.5 

39.8% 32.1% 8.3% 18.3% 1.5% 

NAL 6 3.0:20.7 a 2.3:21.2 a 1.85:0.9 5.7:22.4 0.5:20.3 
22.6% 17.3% 13.5% 42.9% 3.8% 

SMS 15 43.3:26.5 a 10.8+2.5 1.5:20.5 7.3:21.6 37.1:26.6 b 

43.3% 10.8% 1.5% 7.3% 37.1% 

S M S + N A L  14 27.4:25.8 a 4.3:2 1.4 ax 1.0+0.3 5.6:20.8 10.5:23.2 a,c 
56.1% 8.8% 2.0% 11.5% 21.5% 

Somatostatin 6 13.3:21.0 18.8:21.3 a 5.75-0.8 13.5:21.6 ~ 18.5:25.4 a 
19.1% 26.9% 8.2% 19.3% 26.5% 

Somatostatin 7 8.0:2 2.4 8.4 + 2.3 d 3.9 + 1.8 9.6 __+ 2.5 4.7:2 2.2 d 

+ NAL 23.1% 24.3% 11.3% 27.7% 13.6% 

32.7± 4.9 

13.3:2 4.5 a 

99.9:212.1 ~ 

48.8± 8.1 c 

69.8:2 4.3 a 

34.6:2 6.2 d 

a p ~< 0.05 (vs. CSF); b p ~< 0.01 (vs. CSF); c p ~ 0.05 (vs. SMS); d p ~< 0.05 (vs. somatostatin). 

nor in somatostatin-treated animals. 
Neurotensin markedly suppressed the novelty- 

induced grooming of the placebo-treated rats and 
the excessive grooming induced by somatostatin 
(table 5). This suppressive effect of neurotensin 
involved almost all elements of grooming in both 
cases. However, neurotensin did not suppress the 
excessive grooming induced by SMS 201-995. 
Neither total grooming scores (T) nor any score of 
the various elements displayed by the rats treated 
with neurotensin/SMS 201-995 was significantly 
different from those observed in animals treated 

with placebo/SMS 201-995 (table 5). An ad- 
ditional experiment was performed with 3/~g neu- 
rotensin, and this higher dose of neurotensin had 
no effect on SMS 201-995-induced grooming but 
novelty-induced grooming was markedly reduced 
(data not shown). 

In the course of the experiments on the devel- 
opment of tolerance to the grooming inducing 
effects of somatostatin and SMS 201-995 it ap- 
peared that i.c.v, administration of somatostatin 
doses higher than 1/~g induced barrel rotation and 
frequently resulted in death of the animals. Since 

TABLE 4 

Influence of haloperidol (HP; 0.05 mg /kg ;  s.c. t = - 20 min) on excessive grooming induced by i.c.v, administration of SMS 201-995 

(50 ng; t = 0) or somatostatin (1/~g; t = 0). 

N H B A P S T 

CSF 7 8.2 ± 2.1 16.9 ± 1.4 3.7 + 0.9 9.1 + 1.8 2.0 ± 0.7 
20.5% 42.3% 9.3% 22.8% 5.0% 

HP 7 3.9±0.8 4.1+1.5 ~ 1.7±0.7 3.7± 1.6 a 0 .6+0.4  
27.9% 29.3% 12.1% 26.4% 4.3% 

SMS 9 45.1 ± 4.9 b 8.3 + 1.6 2.7 + 1.6 8.1 + 1.2 55.3 ± 7.0 b 

37.7% 6.9% 2.3% 6.8% 46.2% 
S M S + H P  8 22.1 + 3.6 c 4.9:20.9 1.3:20.6 4.3+1.2 c 88.1+8.2 ~ 

18.3% 4.1% 1.1% 3.6% 73.1% 

Somatostatin 6 11.0:23.4 26.2:21.8 a 5.2:21.8 20.2:25.7 a 27.3:26.5 a 
12.2% 29.2% 5.8% 22.5% 30.4% 

Somatostatin 8 7.6+2.7 10.0+2.8 d 3.3 ±0.7 7.9+ 1.8 d 7.1 ±2.7  d 

+ HP 21.2% 27.9% 9.2% 22.0% 19.8% 

40.0±2.7 

14.0±4.3 a 

119.6±7.0 b 

120.6±7.0 

89.8±6.5 a 

35.9±7.4 d 

a p ~< 0.05 (vs. CSF); b p ~< 0.01 (vs. CSF); c p ~< 0.05 (vs. SMS); d p ~< 0.01 (vs. somatostatin). 
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TABLE 5 

Influence of neurotensin (NT; 1 /~g; i.c.v.: t = 0) on excessive grooming induced by SMS 201-995 (50 ng; i.c.v.; t = 0) or somatostatin 
(1 /~g; i.c.v.; t = 0). 

N H B A P S T 

CSF 6 6.2_+0.9 10.8+_1.8 5.8_+2.3 8.7_+2.2 4.0_+ 1.6 
17.5% 30.4% 16.3% 24.5% 11.3% 

NT 6 3.2+0.9 " 6.3_+1.1 ~ 1.2-+0.7 ~ 4.0_+0.6 :' 0 
21.8% 42.9% 8.2% 27.2% 0 

SMS 6 12.5_+2.2 a 12.5-+3.2 0.7_+0.3 a 27.2-+ 7.5 a 98.5_+ 9.4 b 
8.3% 8.3% 0.5% 18.0% 65.1% 

S M S + N T  5 18.2_+3.9 a 9.0___2.3 1.4___0.6 22.6_+2.6 " 89.2-+17.5 b 
13.0% 6.4% 1.0% 16.1% 63.5% 

Somatostatin 6 13.3-+2.3 a 18.7_+3.5 3.0_+0.8 20.6_+3.7 ~ 23.7_+ 5.8 a 
16.9% 23.8% 3.8% 25.4% 30.1% 

Somatostatin 8 4.9:t:0.8 ~ 7.3_+ 2.0 ~ 1.8+__0.6 4.4_+ 0.8 c 2.5_+ 1.3 c 
+ NT 23.6% 35.1% 8.7% 21.2 12.0% 

35.5 -+ 5.6 

14.7-+ 2,6 a 

151.3_+ 9,9 b 

140.4+_ 13.9 b 

78.7 _+ 6.8 ~ 

20.8_+ 4.4 c 

P ~< 0.05 (vs. CSF); b p ~< 0.01 (vs. CSF); ~ P ~< 0.05 (vs. somatostatin). 

doses lower than 1 /~g did not result in a signifi- 
cant increase of total grooming scores (see before), 
it was decided to use a 1 /xg dose of this peptide 
for the initial injection (pretreatment) and the 

same dose for the second injection (treatment). 
The administration of 50 ng SMS 201-995 (table 
6) did not induce excessive grooming in animals 
pretreated with 200 ng of this peptide. Likewise 1 

TABLE 6 

Induction of various elements of grooming by repeated i.c.v, injection of SMS 201-995 a n d / o r  somatostatin 

N H B A P S T 

Pretreatment CSF 8 11.3+0.9 9.9+_2.5 2.4_+1.3 6,3_+0.9 0.4__0.3 30.1-+ 3.6 
Treatment CSF 8 7.5-+0.9 9.5-+1.6 3.3_+1.1 5,0_+1.5 1.0_+0.3 26.3_+ 3.8 

Pretreatment CSF 12 7.1_+1.4 7.8_+1.7 2.6_+0.9 7.7_+2.2 4.5_+1.8 9.7_+ 5.7 
Treatment SMS 50 ng 12 34.4_+5.3 10.6_+1.9 2.1_+0.5 11.3_+1.5 52.8_+6.8 111.3_+10.8 

Pretreatment SMS 200 ng 11 44.5_+6.1 21.8_+4.3 6.8_+1.6 18.8_+2.0 27.6_+4.9 119.6_+ 6.7 
Treatment SMS 50 ng 11 5.0_+1,5 a 6.4-+1.5 2.9-+1.1 6.4-+1.9 10.7_+5.4 ~ 31.4_+ 9.2 a 

Pretreatment SMS 200 ng 7 45.7 5:3.6 30.0 +_ 3.2 8.7 _+ 1.9 15.6 +_ 2.5 26.3 -+ 6,4 126,3 -+ 9,3 
Treatment CSF 7 3.1_+0.6 5.6_+2.5 2.1_+0.7 4.9_+1.4 5.7_+2.5 21.4_+ 6.1 

Pretreatment CSF 11 4.9_+0.8 11.5_+1.3 2.2+0.5 6.2-+0.9 1.5-+0.4 26.2-+ 2.3 
Treatment Somatostatm 1/~g 11 6,1_+1.0 10.0+1.9 2.5-+0.6 9.1 -+1.9 17.8-+2.8 45.5_+ 4.8 

Pretreatment Somatostatin 1/xg 16 8.5 -+ 1.0 15.0 5:2.5 3.6 _+ 0.9 9.0 _+ 1.5 I1.8 _+ 3.4 47.8 _+ 7.2 
Treatment Somatostatin 1/~g 16 3.1 _+0.7 b 3.0_+0.8 b 0.8_+0.3 b 3.3_+1.1 b 2.6_+0.9 b 12.9_+ 2.7 b 

Pretreatment Somatostatin 1 ~tg 11 9.4_+2.6 15.0_+3.6 1.6_+0.3 9.0_+1.5 21.3_+4.4 56.3_+ 9.6 
Treatment CSF 11 2.0+0.5 3.2_+1.1 1.1_+0.4 3.3+_0.8 1.3-+1.1 10.8_+ 2.9 

Pretreatment SMS 200 ng 11 29.6-+6.2 17.1-+2.9 4.5-+1.5 21.8_+2.9 52.0_+9.2 125.0_+ 9.0 
Treatment Somatostatin 1/xg 11 3.9_+0.8 7.3_+1.6 3.3_+0.9 6.1 _+1 .0  8.8_+3.4 b 29.4_+ 6.1 b 

Pretreatment Somatostatin 1/~g 10 9.1 _+ 1.4 10.8 5:2.0 4.1 -+ 1.1 11.9 -+ 3.3 13.9 -+ 3.0 49.8 _+ 7.1 
Treatment SMS50ng  10 9.6_+3.5 a.c 5.0_+1.5 " 2.2_+0.9 8.5_+2.4 c 26.5_+12.1 a.c 51.8_+18.4ax 

" P ~< 0.05 (vs. SMS treatment/CSF pretreatment); b p ~< 0.05 (vs. somatostatin t reatment /CSF pretreatment); c p ~< 0.05 (vs. CSF 
treatment/corresponding pretreatment), 
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/~g somatostatin did not elicit excessive grooming 
in rats pretreated 4 h before with 1 ~tg somatosta- 
tin, nor in animals pretreated with 200 ng SMS 
201-995. However, 50 ng SMS 201-995 seemed to 
result in a slight increase in grooming scores in 
animals pretreated with 1 #g somatostatin. Com- 
parison of the grooming score for the latter rats 
with the score for animals of the somato- 
s ta t in /CSF group reveals that the total grooming 
scores (T) displayed by rats of the somatostat in/  
SMS group were significantly higher, due mainly 
to more head washing (H), paw licking (P) and 
scratching (S). 

4. Discussion 

SMS 201-995 or somatostatin given i.c.v, in- 
duced excessive grooming in rats. The grooming- 
inducing effect of somatostatin was rather weak 
and the barrel rotation that followed higher doses 
confirms findings by others (Cohn and Cohn, 
1975). SMS 201-995 did not induce barrel rotation 
at the doses used, but it appears to be a relatively 
potent peptide for inducing excessive grooming 
behavior since an i.c.v, dose as low as 10 ng 
elicited this behavior. However, doses of 100 ng 
and more did not further increase the total groom- 
ing scores reached with a 50 ng dose of the peptide. 
These scores were generally about 60% of the 
theoretical maximal  total grooming scores 
achievable under the experimental conditions used. 
This is in contrast with the excessive grooming 
induced by bombesin and ACTH-(1-24). These 
peptides elicit excessive grooming in a dose-de- 
pendent way and induce total grooming scores 
which are higher (Van Wimersma Greidanus et al., 
1985a,b; 1986) than can be reached with SMS 
201-995. 

Systemic administration of SMS 201-995 in do- 
ses up to 900/~g did not result in excessive groom- 
ing behavior, while it has been shown (Lamberts 
et al., 1987) that a single s.c. injection of 10 # g / k g  
of SMS 201-995 resulted in a significant inhibition 
of plasma GH levels after 30 rain. One of the 
possible explanations for this phenomenon may 
be the presence of a very strong blood-brain bar- 
tier for this somatostatin analog. 

The pattern of the excessive grooming induced 
by SMS 201-995 and somatostatin is characterized 
by a predominant display of excessive scratching. 
Since peptide-induced scratching is mainly due to 
activation of opiate receptor systems (Van 
Wimersma Greidanus et al., 1985b; 1986; 1987; 
Spruijt et al., 1986a) this observation indicates 
that opiate receptors are involved in the behav- 
ioral response to SMS 201-995 and somatostatin. 
This is consistent with the suggestion by Terenius 
(1976) that somatostatin acts as partial agonist- 
antagonist on opiate receptors in the CNS, and 
with other reports on opiate-like actions of soma- 
tostatin and some of its analogs (Rezek et al., 
1978; Pelton et al., 1985). Interestingly, the contri- 
bution of the scratching element to SMS 201- 
995-induced grooming was most pronounced after 
doses ranging from 50 to 100 ng. Administration 
of higher doses resulted in a grooming behavior in 
which scratching became less pronounced and 
other elements were more frequent. This finding 
could be explained by the assumption that SMS 
201-995 acts as a partial agonist-antagonist on 
opiate receptors as suggested for somatostatin 
(Terenius, 1975). The observation that naloxone 
further suppresses the excessive grooming induced 
by SMS 201-995 and by somatostatin supports the 
view that opiate receptors are involved in the 
induced behavior, although the present data do 
not allow a definite conclusion about a direct 
interaction of the peptides with these receptors. It 
was hypothesized that, in this respect, opiate as 
well as dopaminergic systems were not involved 
directly in ACTH-induced grooming, but indi- 
rectly by the neural circuitry that underlies groom- 
ing (Spruijt and Gispen, 1986). 

In addition to the difference in grooming in- 
ducing potency and dose-effect relationship of the 
two peptides, there was a marked difference in the 
effects of haloperidol and neurotensin on the ex- 
cessive grooming induced by either somatostatin 
or SMS 201-995. Whereas haloperidol and neuro- 
tensin markedly suppress the excessive grooming 
induced by somatostatin, more or less similarly to 
the suppression observed for bombesin- and 
ACTH-induced excessive grooming (Van Wimers- 
ma Greidanus et al., 1985b; 1986), no suppressive 
effect of these substances was seen on SMS 201- 
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995-induced total grooming scores. The finding 
that haloperidol pretreatment of SMS 201-995- 
treated rats caused a shift in the relative distribu- 
tion of the various grooming elements towards 
more scratching (S) with a concomittant decrease 
in body grooming (B) and paw licking (P) could 
have been due to a blockade of dopamine receptor 
systems. These receptors are supposed to be gener- 
ally involved in excessive grooming behavior, re- 
suiting in a more predominant  and preferential 
interaction of SMS 201-995 with opiate receptor 
systems, primarily involved in the scratching re- 
sponse. However, while the present data support 
that suggestion, further studies are needed to 
reach more definite conclusions on this issue. 

It appears from the results of the experiments 
on the development of tolerance that, under the 
experimental conditions used, tolerance occurred 
to the grooming-inducing effects of SMS 201-995 
and of somatostatin. In addition, there was cross- 
tolerance between somatostatin and SMS 201-995. 
Somatostatin did not induce excessive grooming 
in rats previously treated with SMS 201-995. How- 
ever, SMS 201-995 still induced excessive groom- 
ing in rats treated with somatostatin 4 h before, 
indicating that the cross-tolerance induced by 
somatostatin for SMS 201-995 was only partial. It 
is possible that this was due to the marked dif- 
ference in potency to induce grooming between 
somatostatin and SMS 201-995. 
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