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FRANCI~S, H., F. KHIDICHIAN AND C. MONIER. Benzodiazepines impair a behavioral effect induced by stimulation of 5-HTI B 
receptors. PHARMACOL BIOCHEM BEHAV 35(4) 841-845, 1990.--Seven days of isolation induce in mice a social behavioral 
deficit (decrease in escape attempts) reversed by TFMPP acting through activation of 5-HTIB receptors. The present experiments were 
performed to investigate the interaction between tranquillizing drugs and one aspect of the serotonergic functioning through the 
TFMPP-induced increase in escape attempts. The benzodiazepines diazepam, alprazolam, triazolam and chlordiazepoxide impaired 
significantly TFMPP-induced increase in escape attempts at behaviorally inactive doses. Buspirone opposed TFMPP effect, but the 
active doses 4 and 16 mg/kg alone decreased the number of escape attempts. ICS 205-930 in a large dose range (0.1301-1 mg/kg) 
modified neither the number of escape attempts nor the increase induced by TFMPP. Chronic (11 days) treatment with buspirone (16 
mg/kg) or ICS 205-930 ( 1 mg/kg) modified neither the number of escape attempts of isolated mice nor the increase induced by TFMPP. 
These results suggest that tranquillizing drugs of the benzodiazepines group, but not of other groups, interact with the 5-HT1B 
receptors; they add to the knowledge of relations between benzodiazepines and serotonin by specifying the involvement of 5-HTIB 
receptors. 

Benzodiazepines Nonbenzodiazepine tranquillizing drugs 5-HTIB stimulation Isolated mice 

A link between serotonin and anxiety constitutes an increasing 
field of research. It led to the development of serotonergic 
anxiolytic drugs such as buspirone (18) and to the elaboration of 
hypotheses such as the 5-HT hypersensitivity hypothesis of anxi- 
ety proposed by Kahn et al. (24). 

Several recent reports (16, 21,24,  35, 38) have reviewed these 
proposals. Serotonin acts in the brain through various receptor 
subtypes: 5-HT1A, 5-HTIB, 5-HT1C, 5-HT1D, 5-HT2, 5-HT3; 
several of them have been involved in animal models of anxiety. 
The present work is restricted to the study of the 5-HTIB subtype 
of serotonin receptors. 

Drugs acting on 5-HTIB receptors exert some behavioral 
effects in man and in animals. M-CPP, a serotonergic stimulant 
binding to 5-HT1B, but also to numerous other receptors in brain 
(19), has been reported to induce anxiety and/or panic attacks in 
healthy volunteers or patients (5, 23, 41). In animals, RU 24969, 
a serotonergic stimulant binding to 5-HT1A and 5-HTIB receptors 
(20), depressed responding in a licking conflict, but evoked a 
slight increase in punished responding in a food-motivated conflict 
(17) and reduced punished and unpunished responding in a test of 
conditioned suppression of drinking (4). These anxiogenic and 
anxiolytic-like activities of the drug have been ascribed by the 
authors to changes in motor behavior rather than to an action on 
anxiety. The focal neurostimulation of periaqueductal grey matter 
provoked in rats unpleasant or aversive effects which are attenu- 
ated by classical anxiolytics (2): on this model, m-CPP exerted an 
antiaversive effect (22). In the anxiety model "defensive burying," 

the 5-HT1B receptors are reported to play a role (3). The sensory 
motor reactivity as measured in the acoustic startle reflex is 
decreased by m-CPP (8) and also by quipazine acting probably 
through the stimulation of 5-HTI B receptors (26). 

Franc~s (10) developed an animal model in which mice isolated 
for 7 days were observed in pairs with grouped mice (one isolated 
+ one grouped mice) under an inverted beaker for 2 minutes. The 
mice attempted to escape; however, the number of escape attempts 
of isolated mice was half that of grouped mice. This decrease in 
escape attempts of isolated mice relative to grouped mice was 
named the "isolation-induced social behavioral deficit ." In a 
further study (13), it was demonstrated that this deficit was 
dependent upon circumstances. For example, isolated mice tested 
alone under the inverted beaker attempted to escape more often 
than grouped mice tested alone. The conclusion was that isolation 
induced in mice a state of hyperreactivity and that testing in pairs 
induced, in addition, a behavioral inhibition. 

The isolation-induced social behavioral deficit may not be seen 
as a model of anxiety or depression since neither tranquillizing 
drugs ( 11 ) nor tricyclic antidepressant drugs (12) are able to impair 
it. The decrease in escape attempts of isolated mice tested in pairs 
with grouped mice is only reversed by serotonergic drugs (10) 
acting through the 5-HT I B receptors ( 14,15). The interpretation of 
such data is not unambiguous. It may be postulated that isolated 
mice are abnormal relative to grouped mice and that agonists of 
5-HTlB receptors "normalize" their behavior. However, it may 
also be postulated that the normal behavior of isolated mice tested 
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in pairs is to observe the other grouped mouse rather than 
attempting to escape, so that, in this context, the agonists of 
5-HTIB receptors would act in disturbing the normal attentive 
behavior of isolated mice by increasing "impulsivity" or inducing 
"pan ic . "  

Whatever the interpretation, this model, until now, appears 
specific for 5-HTIB agonists. So, given the effects of m-CPP and 
RU 24969 on anxiety in man and in animal and the hypothesized 
interpretation of the effects of 5-HT1B agonists in this model as 
possibly inducing "panic"  or "impulsivity,"  we undertook to 
study the possible interaction between tranquillizing drugs and the 
effects of TFMPP in this model. 

METHOD 

Animals 

Male Swiss NMRI mice (20-24 g), from CERJ, Genest St. 
Isle, 53940 France, were used in all experiments. Mice were either 
housed in groups of 6 in home cages of 30 × 20 × 10 cm or isolated 
in home cages of 24 x 10 × 8 cm. Mice were 4 weeks old at the 
beginning of isolation. The room was thermostatically maintained 
at 21 --- I°C with a 12-hour light/dark schedule. Food and water 
were freely available. The duration of isolation was 7 days. 

Experimental Procedure 

Mice were tested in pairs (one grouped mouse + one isolated 
mouse) under a transparent beaker (height: 14 cm; diameter: 10 
cm) inverted on a rough surface glass plate. The number of escape 
attempts was counted for 2 minutes. An escape attempt was 
defined as any one of the following: 11 the two forepaws were 
leaned against the beaker wall, 2) the mouse was sniffing, its nose 
into the spout of the beaker, 3) the mouse was scratching the glass 
floor. 

There was no minimal duration for one attempt. When an 
attempt lasted a long time, a new attempt was counted for each 
period of 3 seconds. However, the escape attempts were very rapid 
movements and the longest duration observed lasted between 3 
and 6 seconds (counted as 2 attempts). Behavioral observations 
were taped by an observer blind to the treatments received by the 
mice. 

Drugs 

Drugs used were: l-(3-trifluoromethylphenyl) piperazine 
(TFMPP--Aldrich Chemical Co.: Strasbourg, France); diazepam 
and chlordiazepoxide (Hoffmann-La Roche & Co.: Basel, Swit- 
zerland); triazolam, alprazolam (Upjohn: Kalamazoo, MI); bus- 
pirone (Bristol-Myers: Paris, France); ICS 205-930 (Sandoz: 
Basel, Switzerland). 

Drugs were either dissolved in demineralized water or sus- 
pended in arabic gum. Tranquillizing drugs were administered 45 
minutes and TFMPP 30 minutes before testing. All drugs were 
administered by IP route under a volume of 0.25 ml/20 g body 
weight. 

In chronic experiments, mice received the drug twice daily (9 
a.m., 5 p.m.): they were grouped by 6 in home cages for the first 
4 days of treatment and then isolated for the 7 following days of 
treatment. They were tested the day after the last treatment. 

Treatments were administered only to isolated mice, the 
controls being isolated mice receiving water. The grouped mice 
were only partners without any treatment. 

Statistics 

Results were analyzed using the one-way analysis of variance 
followed by Dunnett's t-tests. 

TABLE 1 

EFFECT OF BENZODIAZEPINES ON THE TFMPP-INDUCED INCREASE IN 
ESCAPE A'ITEMPTS OF ISOLATED MICE 

Drugs 
mg/kg 

Escape Attempts 
-45 min -30min  n mean = S.E.M. p 

Diazepam 
(1 

0 

2 
2 * 
4 + 
4 + 

Alprazolam 
0 
0 
0.25 
0.5 ~- 
0.5 + 
1 + 

I + 

Triazolam 
0 + 
0 + 
0.008 + 
0.016 
0.016 ÷ 
0.03 
0.03 + 

Chlordiazepox ide 
0 + 
0 

16 
16 

TFMPP 
0 27 10.8 -- 1.6 
2 28 23.2 "- 2.8 c F[5,911= 
0 10 11.0 m 2.6 NS 6.43 
2 10 19.9 _~ 3.9 NS p<0.001 
0 9 10.0 +- 1.7 NS 
2 10 11.7 +-. 1.7 a' 

TFMPP 
0 27 11.7 = 1.8 
2 28 23.6 - 2.2 c F(6,101)= 
2 10 29.6 -- 2.6 NS 20.65 
0 10 8.1 ± 2.0 NS p<0.0(11 
2 9 7.4 +_ 2.3 c' 
0 10 9.1 -+ 1.7 NS 
2 20 4.1 +- 0.9 c' 

TFMPP 
0 3(1 9.8 _+ 1.2 
2 30 25.1 _+ 2.5 c F(6.1361= 
2 9 20.0 - 5.(1 NS 9.76 
0 18 8.0 -'- 1.5 NS p<0.001 
2 20 18.4 -- 3.1 NS 
0 17 8.5 +- 1.8 NS 
2 19 12.1 ± 1.8 c' 

TFMPP 
0 27 14.3 +- 1.4 
2 28 28.3 ± 2.1 c F(3,1081= 
0 27 15.7 _- 1.5 NS 14.68 
2 30 13.1 _~ 2.1 c' p<0.001 

Significations were expressed: c vs. water ~- water; a',c' vs. water 
TFMPP; a' p<0.05; c c' p<0.001. 

RESULTS 

When a pair of mice (one isolated mouse + one grouped 
mouse) was observed under the reversed beaker for 2 minutes, the 
number of escape attempts of the isolated mice were half those of 
grouped mice (isolated mice: 9 . 5 - 1 . 1 ,  n=20 ;  grouped mice: 
20.7 m 1.8, n = 20; p<0.001 ). After administration of TFMPP (2 
mg/kg), the number of escape attempts of isolated mice was about 
twice that of isolated control mice receiving water: this may be 
seen in any of the tables. 

Diazepam, devoid of effect by itself, antagonized completely 
(4 mg/kg) the TFMPP-induced increase in escape attempts (Table 
1). The dose of 2 mg/kg was inactive. Alprazolam without 
significant effect per se at 0.5 and 1 mg/kg impaired completely 
TFMPP effect at 0.5 mg/kg and even reversed it at 1 mg/kg (Table 
11. Triazolam impaired significantly and in a dose-dependent 
manner the effect of TFMPP with the doses of 0.016 and 0.03 
mg/kg which were without effect by themselves (Table 11. 
Chlordiazepoxide 16 mg/kg antagonized the effect of TFMPP and 
was inactive alone (Table 1). Buspirone reduced dose-dependently 
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TABLE 2 

EFFECT OF NONBENZODIAZEPINE ANXIOLYTIC DRUGS ON THE 
TFMPP-INDUCED INCREASE IN ESCAPE A'I~FEMPTS OF ISOLATED MICE 

Drugs 
mg/kg 

Escape Attempts 
-45 min -30 min n mean _+ S.E.M. p 

Buspirone TFMPP 
0 + 0 30 10.5 ~- 1.3 
0 + 2 30 24.1 - 2.2 c F(7,150)= 
0.5 + 2 10 26.6 _+ 4.1 NS 16.13 
1 + 2 9 22.4 _+ 4.1 NS p<0.001 
4 + 0 20 5.8 -- 1.0 b 
4 - 2 20 16.7 __. 1.8 a' 

16 - 0 20 6.5 +- 1.1 a 
16 -r 2 19 10.4 _+ 1.8 c' 

ICS TFMPP 
205-930 

0 ~ 0 21 11.3 --- 1.5 
0 + 2 18 28.1 _+ 3.2 c F(8,114)= 
0.001 + 0 12 7.8 --,- 0.9 NS 9.34 
0.01 + 0 19 15.0 _+ 1.7 NS p<0.001 
0.01 + 2 10 31.8 -+ 3.6 NS 
0.1 + 0 10 13.9 -'- 1.6 NS 
0.1 + 2 11 26.6 _+ 4.6 NS 
1 + 0 11 14.1 _+ 2.8 NS 
1 4- 2 11 2 1 . 8  +-. 3 . 8  N S  

Significations were expressed: a,b,c vs. water + water; a',c' vs. water 
+ TFMPP; a a' p<0.05; b p<0.01; c c' p<0.001. 

the effect of TFMPP; however, the active doses 4 and 16 mg/kg 
alone reduced the number of escape attempts (Table 2). ICS 
205-930 studied in a large dose range did not modify the 
TFMPP-induced increase in escape attempts. 

The tranquillizing drugs inactive after a unique injection were 
administered according to chronic schedule. Animals receiving 
chronic buspirone or ICS 205-930 did not differ from control 
animals receiving water (Table 3). In addition, a chronic treatment 
with either drug did not impair the TFMPP-induced increase in 
escape attempts (Table 3). 

DISCUSSION 

The present results indicate that acutely administered benzodi- 
azepines (diazepam, alprazolam, chlordiazepoxide, triazolam), 
but not acutely or chronically administered nonbenzodiazepines 
(ICS 205-930, buspirone) are able to oppose the effect of the 
stimulation of 5-HT1B receptors in a specific way (without 
exerting an effect by themselves). The activity of benzodiazepines 
in this model suggests that it may be seen as a model of anxiety. 

The involvement of serotonin in the action of benzodiazepines 
has been extensively investigated. A benzodiazepine-induced 
decrease in 5-HT turnover demonstrated by Chase et  al .  (6) and 
Stein et  al .  (36) suggested that anxiolytic effects of drugs such as 
benzodiazepines resulted from a reduction in the activity of 
serotonin systems. However, more recent pharmacological studies 
have yielded results inconsistent with this hypothesis (34,37). If a 
reduction in the activity of serotonin neurons was the mechanism 
responsible for the benzodiazepine effect in our test, so the site of 
action of 5-HTIB agonists would be post- and not presynaptic. 
Indeed, the effect of stimulation of 5-HT1B autoreceptors (a 

TABLE 3 

EFFECT OF CHRONIC NONBENZODIAZEPINE ANXIOLYTIC DRUGS ON 
THE TFMPP-INDUCED INCREASE IN ESCAPE ATI'EMPTS OF 

ISOLATED MICE 

Drugs 
mg/kg 

Escape Attempts 
Chronic -30  min n mean -+- S.E.M. 

Water 

( x 22) 

Buspirone 
16 mg/kg 
( x 22) 

ICS 
205 -930 

I mg/kg 
( x 22) 

Water 15 

TFMPP 
2 mg/kg 14 

Water 15 

TFMPP 
2 mg/kg 15 

Water 14 

TFMPP 
2 mg/kg 16 

F(5,83) = 8.20, p<0.001 

8 . 9 _  + 1.1 

19.8 +-- 2.3 <0.001 (a) 

12.1 ___ 2.2 NS (a) 

22.7 __. 2.2 NS (b) 

10.1 _+ 1.3 NS (a) 

17.6 _.+ 2.2 NS (b) 

Significations were expressed: (a) vs. water + water, (b) vs. water + 
TFMPP. 

decrease in 5-HT release) should have the same result as a 
reduction by benzodiazepines of 5-HT turnover: this is not the case 
since benzodiazepines did not increase the number of escape 
attempts and, in addition, opposed the effect of TFMPP. It may be 
hypothesized that TFMPP acts by stimulating postsynaptic recep- 
tors. If so, the activity of the neurons stimulated by TFMPP may 
be reduced by benzodiazepines. 

Buspirone is a clinically active anxiolytic drug (18) with high 
affinity for brain 5-HTIA receptors (31). Buspirone is not consis- 
tently active in animal models of anxiety; its anxiolytic activity is 
observed in several tests among which conflict tests (1,9), but not 
in the elevated plus-maze (30). It may be noted that the doses of 
4 and 16 mg/kg reduced the number of escape attempts in acute 
experiments although 16 mg/kg given during 11 days did not. A 
tachyphylaxis does not seem to be involved since Wettstein (40) 
and O'Connor et  al .  (27) did not find any disparities in the effect 
they observed after durations of treatment of 12 and 14 days, 
respectively. However, these authors used lower doses (0.01- 
3 mg/kg) than those used in the present study, and this may also 
account for the difference observed. Alternatively, this difference 
may be accounted for by pharmacokinetic reasons since, in 
chronic experiments, the last injection was performed 17 to 22 
hours before the test, but this is only an hypothesis since the 
half-life of buspirone in mice is unknown. The lack of effect of 
buspirone vs. TFMPP-induced increase in escape attempts may 
result from a too brief duration of chronic treatment since Schefke 
et al .  (33) increased highly the anticonflict effect of buspirone in 
rats after 12 weeks of treatment. 

ICS 205-930 is antagonist at 5-HT3 receptors (32); these 
receptors are present in rat brain (25). ICS 205-930 has shown 
some activity in several animal models of anxiety: the place- 
aversion conditioning (29) and the two compartments black and 
white box (7,28), but not in others: conflict tests (39), defensive 
burying (3). It may not be excluded that the lack of effect after 
acute and chronic administrations in our model may result either 
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from a wrong choice in the dose or the schedule of  treatments.  
However ,  the possibility remains that some form of  anxiety is 
unresponsive to ICS 205-930. 

The effect  o f  benzodiazepines and the lack of  effect  o f  ICS 
205-930 and buspirone in this test call again the multiplicity of  
animal models for anxiety and the fact that all anxiolytics are not 
active in all models.  In the same way, in man, anxiety is multiple 
and some forms (panic disorders) are reported to be more 
responsive to antidepressant drugs than to tranquillizing drugs. 

These results suggest that the TFMPP-induced  increase in 

escape attempts of  isolated mice may be a model o f  some form of  
anxiety. Given the anxiogenic and panic inducing effect o f  the 
serotonergic agonist m-CPP and the therapeutic efficacy of  anti- 
depressant  drugs in panic disorders,  these results prompt us to 
study the possible effect o f  antidepressant drugs in this model.  

ACKNOWLEDGEMENT 

This work was supported by the Institut National de la Sant~ et de la 
Recherche M6dicale. 

REFERENCES 

1. Barrett, J. E.; Witkin, J. M.; Mansbach, R. S.; Skolnick, P.; 
Weissman, B. A. Behavioral studies with anxiolytic drugs. III. 
Antipunishment actions of buspirone in the pigeon do not involve 
benzodiazepine receptor mechanisms. J. Pharmacol. Exp. Ther. 
238:1009-1013; 1986. 

2. Bovier, P.; Broekkamp, C. L. E.; Lloyd, K. G. Enhancing GABAer- 
gic transmission reverses the aversive state in rats induced by 
electrical stimulation of the periaqueductal grey region. Brain Res. 
248:313-320; 1982. 

3. Broekkamp, C. L. E.; Berendsen, M. H. G.; Jenck, F.; Van Delft, A. 
M. L. Animal models for anxiety and response to serotonergic drugs. 
Psychopathology 22(Suppl. 1):2-12; 1989. 

4. Carli, M.; Invemizzi, R.; Cervo, L.; Samanin, R. Neurochemical and 
behavioural studies with RU-24969 in the rat. Psychopharmacology 
(Berlin) 94:359-364; 1988. 

5. Charney, D. S.; Woods, S. W.; Goodman, W. K.; Heninger, G. R. 
Serotonin function in anxiety. II Effects of serotonin agonist MCPP in 
panic disorder patients and healthy subjects. Psychopharmacology 
(Berlin) 92:14-24; 1987. 

6. Chase, T. N.; Katz, R. I.; Kopin, I. J. Effect of diazepam on fate of 
intracistemally injected serotonin C14. Neuropharmacology 9:103- 
108; 1970. 

7. Costall, B.; Domeney, A. M.; Gerrard, P. A.; Kelly, M. E.; Naylor, 
R. J.; Tyers, M. B. Effects of the 5-HT receptor antagonists GR 
38032F, ICS 205-930 and BRL 43694 in tests for anxiolytic activity. 
Br. J. Pharmacol. 93(Suppl.):195P; 1988. 

8. Davis, M.; Cassella, J. V.; Wrean, W. H.; Kehne, J. H. Serotonin 
receptor subtype agonists: Differential effects on sensorimotor reac- 
tivity measured with acoustic startle. Psychopharmacol. Bull. 22(3): 
837-843; 1986. 

9. Eison, A. S.; Eison, M. S.; Stanley, M.; Riblet, L. A. Serotonergic 
mechanisms in the behavioral effects of buspirone and gepirone. 
Pharmacol. Biochem. Behav. 24:701-707; 1986. 

10. Franc~s, H. New animal model of social behavioral deficit reversal by 
drugs. Pharmacol. Biochem. Behav. 29:467-470; 1988. 

I I. Franc/:s, H.; Lienard, C. Isolation-induced social behavioral deficit 
test: Effect of tranquillizing drugs. Pharmacol. Biochem. Behav. 
34:293-296; 1989. 

12. Franc/',s, H.; Danti, S.; Fermanian, J. Effect of tricyclic antidepressant 
drugs in the isolation-induced social behavioral deficit test. Prog. 
Neuropsychopharmacol. Biol. Psychiatry 13:229-235; 1989. 

13. Franc~,s, H.; Li6nard, C.; Fermanian, J.; Lecrubier, Y. Isolation- 
induced social behavioral deficit: A proposed model of hyperreactivity 
with a behavioral inhibition. Pharmacol. Biochem. Behav. 32:637- 
642; 1989. 

14. Franc/:s, H.; Li~nard, C. Isolation-induced behavioral deficit: reversal 
by agonists of 5-HTIB receptors. International Symposium on "Se- 
rotonin, from cell biology to pharmacology and therapeutics." Flor- 
ence, Italy, March 29th-April Ist, 1989:175 (abstract). 

15. Franc/~s, H.; l_,i6nard, C.; Fermanian, J. Improvement of the isolation- 
induced social behavioural deficit involves activation of the 5-HTIB 
receptors. Prog. Neuropsychopharmacol. Biol. Psychiatry 14:91-102: 
1990. 

16. Gardner, C. R. Pharmacological studies of the role of serotonin in 
animal models of anxiety. In: Green, A. R., ed. Neuropharmacology 
of serotonin. Oxford: Oxford University Press; 1985:281-325. 

17. Gardner, C. R. Recent developments in 5-HT related pharmacology of 
animal models of anxiety. Pharmacol. Biochem. Behav. 24:1479- 

1485; 1986. 
18. Goldberg, H. L.; Finnerty, R. J. The comparative efficacy of 

buspirone and diazepam in the treatment of anxiety. Am. J. Psychiatry 
136:1184-1187; 1979. 

19. Hamik, A.; Peroutka, S. J. 1-(m-chlorophenyl)piperazine (mCPP) 
interactions with neurotransmitter receptors in the human brain. Biol. 
Psychiatry 25:569-575; 1989. 

20. Hamon, M.; Cossery, J. M.; Spampinato, V.; Gozlan, H. Are there 
selective ligands for 5-HTIA and 5-HTIB receptor binding sites in 
brain? Trends Pharmacol. Sci. 7:336-337; 1986. 

21. Iversen, S. D. 5-HT and anxiety. Neuropharmacology 23:1553-1560; 
1984. 

22. Jenck, F.; Broekkamp, C. L.; Van Delft, A. M. L. Opposite control 
mediated by central 5-HTIA and non 5-HTIA (5-HTIB or 5-HTIC) 
receptors on periaqueductal gray aversion. Eur. J. Pharmacol. 161: 
219-221; 1989. 

23. Kahn, R. S.; Asnis, G. M.; Wetzler, S.; Van Praag, H. M. 
Neuroendocrine evidence for serotonin receptor hypersensitivity in 
panic disorder. Psychopharmacology (Berlin) 96:360-364; 1988. 

24. Kahn, R. S.; Van Praag, H. M.; Weltzer, S.; Asnis, G. M.; Barr, G. 
Serotonin and anxiety revisited. Biol. Psychiatry 23:189-208; 1988. 

25. Kilpatrick, G. J.; Jones, B. J.; Tyers, M. B. The identification and 
distribution of 5-HT3 receptors in rat brain using radioligand binding. 
Nature 330:746-748; 1987. 

26. Nanry, K. P.; Tilson, H. A. The role of 5-HT1A receptors in the 
modulation of the acoustic startle reflex in rats. Psychopharmacology 
(Berlin) 97:507-513; 1989. 

27. O'Connor, J. J.; Rowan, M. J.; Anwyl, R. Serotonergic involvement 
in the inhibitory effects of repeated buspirone treatment on synaptic 
transmission in the hippocampus. Eur. J. Pharmacol. 167:21-29; 
1989. 

28. Onaivi, E. S.; Martin, B. R. Neuropharmacological and physiological 
validation of a computer-controlled two-compartment black and white 
box for the assessment of anxiety. Prog. Neuropsychopharmacol. 
Biol. Psychiatry 13:963-976; 1989. 

29. Papp, M. Similar effects of diazepam and the 5-HT3 receptor 
antagonist ICS 205-930 on place aversion conditioning. Eur. J. 
Pharmacol. 151:321-324; 1988. 

30. Pellow, S. Anxiolytic and anxiogenic drug effects in a novel test of 
anxiety: are exploratory models of anxiety in rodents valid? Methods 
Find. Exp. Clin. Pharmacol. 8:557-565; 1986. 

31. Peroutka, S. J. Selective interaction of novel anxiolytics with 5- 
hydroxytryptamine IA receptors. Biol. Psychiatry 20:971-979; 1985. 

32. Richardson, B. P.; Engel, G.; Donatsch, P.; Stadler, P. A. Identifi- 
cation of serotonin M-receptor subtypes and their specific blockade by 
a new class of drugs. Nature 336:126-131; 1985. 

33. Schefke, D. M.; Fontana, D. J.; Commissaris, R. L. Anti-conflict 
efficacy of buspirone following acute versus chronic treatment. 
Psychopharmacology (Berlin) 99:427-429; 1989. 

34. Shephard, R. A.; Buxton, D. A.; Broadhu~t, P. L. Drug interactions 
do not support reduction of serotonin turn-over as the mechanism of 
action of benzodiazepines. Neuropharmacology 21 : 1027-1032; 1982. 

35. Soubri~, P. Serotonin and behaviour, with special regard to animal 
models of anxiety, depression and waiting ability. In: Osborne, N. N., 
Hamon, M., eds. Neuronal serotonin. Chichester: John Wiley and 
Sons Ltd.; 1988. 

36. Stein, L.; Wise, C. D.; Berger, B. D. Antianxiety action of benzo- 
diazepines: Decrease in activity of serotonergic neurons in the 



BENZODIAZEPINES AND 5-HT1B RECEPTORS 845 

punishment system. In: Garattini, S.; Mussini, E.; Randell, L. O., 
eds. Benzodiazepines. New York: Raven Press; 1973:299-326. 

37. Thi~bot, M. H.; Soubri~, P.; Hamon, M.; Simon, P. Evidence against 
the involvement of serotonergic neurons in the antipunishment activity 
of diazepam in the rat. Psychopharmacology (Berlin) 82:355-359; 
1984. 

38. Thi6bot, M. H. Are serotonergic neurons involved in the control of 

anxiety and in the anxiolytic activity of benzodiazepines? Pharmacol. 
Biochem. Behav. 24:1471-1477; 1986. 

39. Wettstein, J. G. Behavioral effects of acute and chronic buspirone. 
Eur. J. Pharmacol. 151:341-344; 1988. 

40. Zohar, J.; Insel, J. R. Obsessive compulsive disorder: psychobiolog- 
ical approaches to diagnosis treatment and pathophysiology. Biol. 
Psychiatry 22:667~87; 1987. 


