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JOHNSTON, A. L. and S. E. FILE. 5-ttT and anxiety: Promises and pitJ~dls. PHARMACOL BIOCHEM BEHAV 24(5) 
1467-1470, 1986.--This review examines the evidence implicating serotonergic systems in the control of anxiety. The effects 
of manipulations of 5-HT, including 5-HT lesions, pharmacological reduction and enhancement of serotonergic function in 
animal tests of anxiety are reviewed. Biochemical and behavioral evidence implicating serotonergic pathways in the 
anxiolytic action of benzodiazepines is presented. In each section the promises of a sertonergic involvement, as indicated 
by positive findings, and the pitfalls, evidenced by inconsistent and conflicting results, are discussed. Finally the dangers of 
a superficial interpretation of the behavioral and biochemical findings is stressed. 

Benzodiazepines 5-HT Anxiety Sedation 

ALTHOUGH serotonergic pathways have been implicated 
in the control of anxiety for more than a decade, the evi- 
dence for this is both conflicting and controversial. With the 
introduction of several new and more specific drugs that act 
on serotonin receptors there has been a resurgence of interest 
in the possible role of these pathways in the control of anx- 
iety. The purpose of this article is to review the evidence 
from earlier work in order to show the promise that was 
offered by some of the results and to warn against too super- 
ficial and optimistic conclusions from these studies. In each 
area that we discuss, it will be seen that alongside the positive 
findings, it is necessary also to consider the negative results 
and the failure to replicate. The evidence comes from two 
main areas: the effects in animal tests of anxiety of manip- 
ulating serotonergic systems: and the effects of anxiolytic 
drugs, in particular the benzodiazepines, on the turnover of 
serotonin in the brain. 

EVIDENCE FROM B E H A V I O U R A L  TESTS OF ANXIETY 

k~i/]~'cts ~)/" 5-H7 Lesion.~ 

Lesions of serotonergic pathways, resulting from the in- 
jection of the neurotoxins 5,6 or 5,7-dihydroxytryptamine 
have been reported to produce anxiolytic profiles in conflict 
paradigms [25,40]. The dorsal raphe ascending pathways 
seem to be of particular importance. Small 5,7- 
dihydroxytryptamine (5,7-DHT) lesions of this nucleus 
produced anxiolytic effects in the social interaction test [14] 
and a similar effect was produced by injecting the toxin into 
the lateral septum [3]. Thiebot et a/. [38] also found that 
5,7-DHT lesions of the dorsal raphe resulted in an anti- 
conflict effect. However, this result is in contrast with the 
results of an earlier study where it was found that 5-HT 
lesioned rats did not differ from the controls in a conflict task 
[37]; Commissaris e ta / .  [6] also failed to find any effect on 
shock-suppressed responding after intracerebroventricular in- 

jection of 5,7-DHT. Attempts to investigate this effect 
further by making larger lesions of the dorsal raphe nucleus 
or by lesioning the input from the dorsal raphe into the 
amygdala were unsuccessful because the lesions resulted in a 
marked general hypoactivity [ 12,15]. 

Effects of Pharmacological Reduction of 
Serotonergic Function 

The 5-HT synthesis inhibitor parachlorophenylalanine 
(PCPA) has produced anxiolytic effects in several animal 
tests, including conflict procedures and social interaction 
[ 13, 17, 29, 35, 36], and Stein eta/ .  [34] were able to reverse 
the anxiolytic effect of PCPA by administering the 5-HT pre- 
cursor 5-hydroxytryptophan. However, other studies have 
found the effects of PCPA on punished responding to be 
weak, transient and inconsistent [1,8]; in one, there was a 
small anti-conflict effect, but the effect was poorly correlated 
with the depletion of 5-HT [22]. In a modified water-lick 
conflict procedure in which trained rats were used, PCPA 
was found to be ineffective [25]. 

The effects of 5-HT antagonists in tests of anxiety are 
even more conflicting. An anxiolytic action for some 
antagonists has been demonstrated in rat conflict procedures, 
for example methysergide [341 and cinanserin [8,181 and 
methysergide and D-2-bromolysergic acid diethylamide have 
been reported to increase punished response rates in the 
pigeon [19]. However, others have failed to find anti-conflict 
effects with these antagonists [7, 22, 26]. No anxiolytic ef- 
fects were found for metergoline or methysergide in the so- 
cial interaction test [10] and in a task in which rats were 
lever-pressing to avoid stimulation of the peri-aqueductal 
grey 5-HT antagonists were found to have an anxiogenic 
profile [30]. 

Microiontophoretic injections of 5-HT into the dorsal 
raphe were found by Thiebot et al. [37] to release punished 
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TABLE 1 
THE EFFECT OF QUIPAZINE (1-4 mg/kg) ON SOCIAL INTERACTION 

AND MOTOR ACTIVITY 

Mean social 
interaction 
scores (sec) Mean motor 

_+ SEM scores _+ SEM 

Control 211.5 _+ 10.3 670.2 +_ 40.1 
Quipazine 209.7 _+ 25.7 760.4 _+ 56.8 

1 mg/kg 
Quipazine 193.6 _+ 27.0 623.0 _+ 58.4 

2 mg/kg 
Quipazine 159.8 + 16.4 457.8 _+ 32.5 

4 mg/kg 

Social interaction is measured as time spent in active social inter- 
action by pairs of rats given a 7.5 rain test, 30 min after intraperito- 
heal injection with quipazine or control. The motor scores reflect the 
mean number of breaks of infra-red photobeams per test session. 
The rats were tested in a low light, familiar arena. 

responding. Because of evidence that these 5-HT injections 
may depress the firing rate of dorsal raphe neurons, probably 
through an action on autoreceptors, the results were inter- 
preted as support for the hypothesis that decreased 5-HT 
activity results in an attenuation of behavioral suppression. 

Recent work has resulted in the development of several 
drugs that act at sub-types of 5-HT receptors. Ritanserin, 
claimed to act at 5-HT., receptors, has a possibly anxiolytic 
effect in a mouse test of light:dark crossing [5]. Another new 
compound, buspirone, with proposed clinical efficacy as an 
anxiolytic, inhibits firing of 5-HT dorsal raphe neurons after 
iontophoretic and systemic administration [42]. Buspirone 
has little efficacy in animal tests of anxiety [11], but if it 
does work clinically it raises the possibility of a mechanism 
of anxiolytic action to which existing animal tests are rela- 
tively insensitive. 

l~]~,cts o.['Pharmacological Enhancement of  5-HT Function 

The effects of intraventricular injection of 5-HT, whilst 
complex, were in general in the direction of a proconflict 
effect in the rat [34]. The 5-HT agonist, ~-methyltryptamine 
suppressed punished responding in both the pigeon and the 
rat, but since unpunished responding was also decreased the 
results may simply reflect a non-specific depressant effect of 
the drug [19,34]. A similar interpretation can be given to the 
effects of the 5-HT agonist m-chlorophenylpiperazine 
(mCPP) which reduced both punished and unpunished re- 
sponding [22]. Another 5-HT agonist, 5-methoxy,N,N- 
dimethyltryptamine (5-MeODMT) had no effect on punished 
response rates in a conflict procedure and reduced unpun- 
ished rates [31]. However,  in this study 5-MeODMT was 
able to reverse the anti-conflict effects of chronic adminis- 
tration of PCPA. 

The effects of quipazine, a non-selective 5-HT agonist 
have been studied in the social interaction test. Table 1 
shows that quipazine (1-2 mg/kg) was without effect on time 
spent in social interaction, and at 4 mg/kg it reduced both 
social interaction and motor activity, indicating a general 
depressant effect. Thus it did not appear to be anxiogenic in 
this test, since an anxiogenic action is shown by a specific 

decrease in social interaction, without a concomitant drop in 
motor activity [ 11]. 

Fenfluramine, which releases 5-HT, had no effect on pun- 
ished responding, whereas the 5-HT precursor, 5- 
hydroxytryptophan (5HTP) did have a proconflict effect 
[22]. However, this effect was blocked by the addition of 
carbidopa, which blocks peripheral decarboxylation, indicat- 
ing that a peripheral action of 5-HTP was responsible for the 
behavioral effect. 

The effects of several 5-HT uptake inhibitors have been 
examined in the social interaction test. An anxiogenic profile 
might have been expected, but this was displayed only be 
WY 25093; others, including $3344, clomipramine, CGP 
15210 and CGP 4718 were generally without effect [11]. 
Amitriptyline, which also inhibits 5-HT uptake, had the 
non-specific effect of depressing both punished and unpun- 
ished responding in a conflict task [22]. This non-specific 
depressant effect of 5-HT uptake inhibitors can also be seen 
in the social interaction test [11]. 

5-HT agonists have also been developed which preferen- 
tially bind to 5-HT, or 5-HT=, receptors. One of these, 
8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT) a 
putative agonist at 5-HT~A sites had an antianxiety effect in 
that it released punished licking, but also reversed a similar 
effect that followed PCPA treatment [9]. This apparent con- 
tradiction and the unexpected anxiolytic profile of 8- 
OH-DPAT has been explained by suggesting that the com- 
pound is a partial agonist that acts either as an antagonist or 
as an agonist, or that the two effects reflect actions at pre- 
and post-synaptic receptors, respectively. 

BIOCHEMICAL AND BEHAVIORAL EVIDENCE IMPLICATING 5-HT 
SYSTEMS IN THE ANXIOLYTIC ACTION OF BENZODIAZEPINES 

It has been suggested that since the inhibition of 
serotonergic systems can mimic the profile of ben- 
zodiazepines in animal tests of anxiety the anxiolytic action 
of these drugs is mediated through their actions on 
serotonergic pathways [21,33]. We have already seen that 
the evidence to support the first part of this contention is 
controversial. We now discuss the effects of ben- 
zodiazepines on the serotonin system and lastly, consider 
the evidence to link their effect on 5-HT with their anxiolytic 
action. 

Increased brain concentrations of 1-tryptophan, the pre- 
cursor of 5-HT, have been reported following ben- 
zodiazepine administration (e.g., [27,41]) and from in vitro 
studies Hockel eta/.  [20] have suggested that this is due to an 
increased uptake of 1-tryptophan. Several studies have found 
that benzodiazepines increase brain 5-HT concentrations, 
probably by decreasing 5-HT turnover [2,23]. Pratt et al. [27] 
found that clonazepam increased 5-HT, 5-hydroxyindoleacetic 
acid (5-HIAA) and tryptophan levels in mice. 

Although the raised tryptophan levels indicated an effect 
on 5-HT synthesis, this was not found as judged by the ac- 
cumulation of 5-HTP following inhibition of central decar- 
boxylase activity. However, a decrease in 5-HT utilisation 
and an inhibition of the egress of 5-H1AA from the brain was 
confirmed. Increased brain concentrations of the metabolite 
5-HIAA have been found in several studies in which acute 
treatment with high doses, or chronic treatment with low 
doses of benzodiazepines have been used [2, 8, 43]. 

Rastogi e t a / .  [28] found that both acute and chronic 
diazepam elevated synaptosomal 5-HT, suggesting that the 
release of 5-HT was reduced: this effect was much more 
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marked with chronic treatment. Synaptosomal uptake and 
synthesis of 5-HT was enhanced by chronic diazepam treat- 
ment, but was unaffected by acute treatment. However  other 
studies on 5-HT release in different brain regions have not 
been in agreement. Soubrie et al. [32] studied the effects on 
5-HT release of both intra-raphe and systemic application of 
chlordiazepoxide. Systemic injection enhanced in vivo 5-HT 
release in the dorsal raphe of encephale isole cats, an effect 
that was blocked by the intra-raphe administration of the 
benzodiazepine antagonist Ro 15-1788. These results are 
consistent with in vitro studies in which benzodiazepines 
facilitated the potassium-evoked release of 5-HT from mid- 
brain raphe slices [4,37]. 

The most important question is whether any changes in 
serotonergic function can be related to the anxiolytic action 
of the benzodiazepines. Wise e t a / .  [45] attempted to relate 
the behavioral actions of the benzodiazepines to their effects on 
monoamine turnover in the brain. They reported a reduction 
in 5-HT turnover after both acute and chronic oxazepam 
treatment, but a reduction in noradrenaline turnover only 
after acute treatment. These results led to the theory that the 
anxiolytic effect of the benzodiazepines was due to their 
effect of reducing 5-HT turnover, whereas their depressant 
effects (to which tolerance rapidly develops with chronic 
treatment) were due to reduction in noradrenaline turnover. 
The study also found an antagonism of the anxiolytic effect 
of oxazepam by the intraventricular administration of 5-HT. 

However,  other studies have failed to replicate these re- 
sults. Cook and Sepinwall [81 found a reduction in 5-HT 
turnover only after chronic treatment with chlordiazepoxide. 
Although the lack of effect on 5-HT turnover of acutely ad- 
ministered chlordiazepoxide corresponded with a weak 
anti-conflict effect, the maximum anti-conflict effect was not 
accompanied by the maximum reduction in 5-HT turnover. 
File and Vellucci [16] found no changes in 5-HT turnover 
after a single dose of chlordiazepoxide (which was sedative), 
but did find reduced 5-HT turnover and an anxiolytic effect 
in the social interaction test after five days of drug adminis- 
tration. These results are not consistent with another study 
[24] in which an increased concentration of 5-HT was found 
after acute administration of a higher dose of chlor- 
diazepoxide, but no change was found after 5-10 days of 
treatment. These differences suggest that the dose-response 
effects of benzodiazepines on 5-HT synthesis and metabo- 
lism may differ. The results of Lister and File [24] suggest 
that tolerance may have developed to the reduction in 5-HT 
turnover and Cook and Sepinwall [8] also found tolerance to 

the decrease in 5-HT turnover, occurring between the sec- 
ond and third days of treatment. This raises the possibility 
that the link between reduced 5-HT turnover and the seda- 
tive effect of benzodiazepines has been prematurely dis- 
missed. Lister and File [24] found that tolerance to the seda- 
tive effects of chlordiazepoxide developed at the same time 
as tolerance to the effects on 5-HT. However,  they interpret 
the increase in 5-HT levels, observed acutely, as a result of a 
decrease in 5-HT turnover rather than an increase in 5-HT 
activity; this may be incorrect since Wambebe [44] reports a 
link between serotonergic function and the sedative- 
hypnotic effect of benzodiazepines. Thus neither the particu- 
lar behavioral effect (anxiolysis or sedation) nor the direction 
of the link with 5-HT function can be unequivocally estab- 
lished, and these findings highlight the difficulty of interpret- 
ing behavioral changes in the light of biochemical results. 

CONCLUSIONS 

The studies designed to investigate the role of central 
5-HT systems in the anxiolytic effects of the ben- 
zodiazepines have failed to produce consistent results. At 
every stage the promise of a serotonergic involvement was 
held out by some positive results. However,  the conflicting 
results point out the pitfalls which arise from a superficial 
survey of the field. Evidence against a serotonergic involve- 
ment comes from the inability of PCPA pretreatment or the 
administration of a 5-HT agonist to modify the anti-conflict 
effect of chlordiazepoxide [31] and by the continued 
anxiolytic effect of systemic diazepam after destruction of 
the ascending 5-HT pathways with 5,7-dihydroxytryptamine 
[39]. However,  the interpretation of even this study is not 
simple since the anxiolytic effect of chlordiazepoxide applied 
directly to the dorsal raphe is prevented by the prior adminis- 
tration of the neurotoxin [37]. This could suggest that more 
than one pathway can mediate the anxiolytic effects of ben- 
zodiazepines. Certainly, some of the manipulations of the 
5-HT systems have produced anxiolytic effects. It is hoped 
that some of the newer and more specific drugs will help to 
unravel some of these paradoxes. 

ACKNOWLEDGEMENTS 

A.L.J. is supported by a post-graduate studentship tYom the 
Dept. of Education N. Ireland. S.E.F. is a Wellcome Trust Senior 
Lecturer. 

REFERENCES 

1. Blakely, T. A. and L. F. Parker. Effects of 6. Commissaris, R. L., W. H. Lyness and R. H. Rech. The effects 

7, 

parachlorophenylalanine on experimentally induced conflict 
behavior. Pharma~'ol Bloc'hem Behav 1 : 609-613, 1973. 

2. Chase, T. N., R. I. Katz and I. J. Kopin. Effect of diazepam on 
fate of intracisternally injected serotonin-cl4. Neurophar- 
macoloey 9: 103-108, 1970. 

3. Clarke, A. and S. E. File. Selective neurotoxin lesions of the 
lateral septum: changes in social and aggressive behaviours. 
Pharmacol Biochem Behav 17: 623-628, 1982. 

4. Collinge, J. and C. Pycock. Differential actions of diazepam on 
the release of [3H]5-hydroxytryptamine from cortical and mid- 
brain raphe slices in the rat. Eur J Pharma('ol 85: 9-14, 1982. 

5. Colpaert, F. C., T. F. Meert, C. J. E. Niemegeers and P. A. J. 
Janssen. Behavioral and 5-HT antagonist properties of ritanse- 
rin: a pure and selective antagonist of LSD discrimination in the 
rat. Psy~'hopharmacology 86: 45-54, 1985. 

of d-lysergic acid diethylamide (LSD), 2,5-dimethoxy-4-methyl- 
amphetamine (DOM), pentobarbital and methaqualone on pun- 
ished responding in control and 5-7-dihydroxytryptamine- 
treated rats. Pharmacol Biochem Behav 14:617-623, 1981. 
14: 617-623, 1981. 
Commissaris, R. L. and R. H. Rech. Interactions ofmetergoline 
with diazepam, quipazine and hallucinogenic drugs on a conflict 
behavior in the rat. Psychol~httrma('olo~,'y (Berlin) 76: 282-285, 
1982. 
Cook, L. and J. Sepinwall. Behavioral analysis of the effects of 
mechanisms of action of benzodiazepines. In: Mechani.~m ~[" 
Action ~[" Benzodiazepine.~. edited by E. Costa and P. 
Greengard. New York: Raven Press, 1975. pp. 1-28. 



1470 J O H N S T O N  A N D  F I L E  

9. Engel, J. A., S. Hjorth, K. Svensson, A. Carlson and S. Lil- 
jequist. Anticonflict effect of the putative serotonin receptor 
agonist 8-hydroxy-2(di-n-propylamino)tetralin (8-OH-DPAT). 
Eur J Pharmacol 105: 365-368, 1984. 

10. File, S. E. Behavioural effects of serotonin depletion. In: 
Metabolic Disorders of  the Nervous System. edited by E. Clif- 
ford Rose. London: Pitmans, 1981, pp. 42%445. 

11. File, S. E. Animal models for predicting clinical efficacy of 
anxiolytic drugs: social behaviour. Neuropsyehobiolo~y 13: 
5%62, 1985. 

12. File, S. E. and J. F. W. Deakin. Chemical lesions of both dorsal 
and median raphe nuclei and changes in social and aggressive 
behaviour in rats. Pharmaeol Biochem Behav 12: 85%859, 1980. 

13. File, S. E. and J. R. G. Hyde. The effects of 
p-chlorophenylalanine and ethanolamine-O-sulphate in an 
animal test of anxiety. J Pharrn Pharmacol 29: 73%738, 1977. 

14. File, S. E., J. R. G. Hyde and N. K. Macleod. 5,7- 
dihydroxytryptamine lesions of dorsal and median raphe nuclei 
and performance in the social interaction test of anxiety and in a 
home-cage aggression test. J AJybctive Disord 1:115-122, 1979. 

15. File, S. E., T. A. James and N. K. Macleod. Depletion in amyg- 
daloid 5-hydroxytryptamine concentration and changes in social 
and aggressive behaviour. J Neural Transm 50: 1-12, 1981. 

16. File, S. E. and S. V. Vellucci. Studies on the role of ACTH and 
of 5-HT in anxiety, using an animal model. J Pharm Pharmaeol 
30: 10%110, 1978. 

17. Geller, I. and K. Blum. The effects of 5-HT on 
parachlorophenylalanine (p-CPA) attenuation of "conflict" be- 
havior. Eur J Pharmaeol 9: 31%324, 1970. 

18. Geller, I., R. J. Hartmann and D. J. Croy. Attenuation of con- 
flict behavior with cinanserin, a serotonin antagonist: reversal 
of the effect with 5-hydroxytryptophan and c~-methyltrytamine. 
Res Commun Chem Pathol Pharmacol 7: 165-174, 1974. 

19. Graeff, F. G. and R. 1. Schoenfeld. Tryptaminergic mechanisms 
in punished and non-punished behavior. J Pharmaeol t:irp Ther 
173: 277-283, 1970. 

20. Hockel, S. H. J., W. E. Muller and U. Wollert. Diazepam in- 
creases l-tryptophan uptake into various regions of the rat brain. 
Res Commun Psychol Psychiatr Behav 4" 467-475, 1979. 

21. Iversen, S. D. 5-HT and anxiety. Neuropharmaeolo~,,y 23: 1533- 
1560, 1984. 

22. Kilts, C. D., R. L. Commissaris, J. J. Cordon and R. H. Rech. 
Lack of central 5-hydroxytryptamine influence on the 
anticonflict activity of diazepam. Psyehopharmaeoloj4y (Berlin) 
78: 156-164, 1982. 

23. Lidbrink, P., H. Corrodi, K. Fuxe and L. Olson. The effects of 
benzodiazepines, meprobamate and barbiturates on central 
monoamine neurons. In: The Benzodiazepines. edited by S. 
Garattini, E. Mussini and L. O. Randall. New York: Raven 
Press, 1973, pp. 203-224. 

24. Lister, R. G. and S. E. File. Changes in regional concentrations 
in the rat brain of 5-hydroxytryptamine and 5-hydroxyindole- 
acetic acid during development of tolerance to the sedative ac- 
tion of chlordiazepoxide. J Pharm Pharmaeol 35: 601-603, 
1983. 

25. Pelham, R. W., A. C. Osterberg, L. Thibault and T. Tanikella. 
Interactions between plasma corticosterone and anxiolytic 
drugs on conflict behavior in rats. Presented at 4th Int Congr 
Soc Psychoneuroendocrinol, Aspen, Colorado, 1975. 

26. Petersen, E. N. and J. B. Lassen. A water lick conflict paradigm 
using drug experienced rats. Psyehopharmacolos, y (Berlin) 75: 
236-239, 1981. 

27. Pratt, J., P. Jenner, E. H. Reynolds and C. D. Marsden. 
CIonazepam induces decreased serotoninergic activity in the 
mouse brain. Neuropharmaeolo~,,y 18: 791-799, 1979. 

28. Rastogi, R. B., Y. D. Lapierre and R. L. Singhal. Synaptosomal 
uptake of norepinephrine and 5-hydroxytryptamine and syn- 
thesis of catecholamines during benzodiazepine treatment Can 
J Physiol Pharmacol 56: 777-784, 1978. 

29. Robichaud, R. C. and K. L. Sledge. The effects of 
p-chlorophenylalaine on experimentally induced conflict in the 
rat. Lij? Sei 8" 965-969, 1969. 

30. Schenberg, L. C. and F. G. Graeff. Role of the periaqueductal 
grey substance in the antianxiety action of benzodiazepines. 
Pharmacol Bioehem Behav 9: 287-295, 1978. 

31. Shephard, R. A., D. A. Buxton and P. L. Broadhurst. Drug 
interactions do not support the reduction in serotonin turnover 
as the mechanism of action of benzodiazepines. Nettrophar- 
maeolo~,,y 21: 1027-1032, 1982. 

32. Soubrie, P., C. Bias, A. Ferron and J. Glowinski. Chlor- 
diazepoxide reduces in vivo serotonin release in the basal gan- 
glia of encephale isole but not anesthetised cats: evidence for a 
dorsal raphe site of action. J PImrmaeol Exp Ther 226: 526-532, 
1983. 

33. Stein, L., C. D. Wise and J. D. Belluzzi. Effects of ben- 
zodiazepines on central serotonergic mechanisms. In: Mech- 
anism ~]'Aetion ~['Benzodiazepines. edited by E. Costa and P. 
Greengard. New York: Raven Press, 1975, pp. 2%44. 

34. Stein, L., C. D. Wise and B. D. Berger. Antianxiety action of 
benzodiazepines: decrease in activity of serotonin neurons in 
the punishment systems. In: The Benzodiazepines. edited by S. 
Garattini, E. Mussini and L. O. Randall. New York: Raven 
Press, 1973, pp. 29%326. 

35. Stevens, D. A. and L. D. Fechter. The effects of 
p-chlorophenylalanine, a depletor of brain serotonin, on behav- 
ior. 11. Retardation of passive avoidance learning. Lili" Sei 8: 
37%385, 1969. 

36. Tenen, S. S. The effects of p-chlorophenylalanine, a serotonin 
depletor, on avoidance acquisition, pain sensitivity and related 
behavior in the rat. Psyehopharmaeolo~,,ia 10: 204-219, 1967. 

37. Thiebot, M. H., M. Hamon and P. Soubrie. Attenuation of 
induced-anxiety in rats by chlordiazepoxide: role of raphe dor- 
salis benzodiazepine binding sites and serotonergic neurons. 
Neuroscienee 7: 2287-2294, 1982. 

38. Thiebot, M. H., M. Hamon and P. Soubrie. Serotonergic 
neurons and anxiety-related behaviour in rats. In: Psyehophar- 
maeolo~,,y of  the Limbie System, edited by E. Zarifian and M. R. 
Trimble. New York: Wiley, 1984, pp. 164-173. 

39. Thiebot, M. H., P. Soubrie, M. Hamon and P. Simon. Evidence 
against the involvement of serotonergic neurons in the anti- 
punishment activity of diazepam in the rat. Psyehopharmaeo/- 
o~,,y (Berlin) 82: 355-359, 1984. 

40. Tye, N. C., S. D. lverson and A. R. Green. The effects of 
benzodiazepines and serotonergic manipulations on punished 
responding. NeuropharmaeoloL, y 18: 68%695, 1979. 

41. Valzelli, L., S. Bernasconi, E. Coen and V. V. Petkov. Effect of 
different psychoactive drugs on serum and brain tryptophan 
levels. Neuropsyehobiolo~o' 6: 224-229, 1980. 

42. Van der Maelen, C. P. and R. C. Wilderman. lontophoretic and 
systemic administration of the non-benzodiazepine anxiolytic 
drug buspirone causes inhibition of serotonergic dorsal raphe 
neurons in rats. l"ed Proc 43: 947, 1984. 

43. Vellucci, S. V. and S. E. File. Chlordiazepoxide loses its 
anxiolytic action with long-term treatment. Psyehopharmaeol- 
oS, y (Berlin) 62: 61-65, 1979. 

44. Wambebe, C. Influence of some agents that affect 
5-hydroxytryptamine and receptors on nitrazepam-induced 
sleep in mice. Br .I Pharmaeol 84: 185-191, 1985. 

45. Wise, C. D., B. D. Berger and L. Stein. Benzodiazepines: 
anxiety-reducing activity by reduction of serotonin turnover in 
the brain. Science 177: 180-183, 1972. 


