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THIEBOT, M. H. Are serotonergic neurons invoh'ed in the control of  anxiety and in the anxiolytic activity ~[" ben- 
zodiazepines? PHARMACOL BIOCHEM BEHAV 24(5) 1471-1477, 1986.--Several studies have shown that, like ben- 
zodiazepines (BZP), treatments able to reduce or block the activity ofCNS serotonergic (5-HT) neurons released punished 
behavior. Therefore, 5-HT mechanisms have been tentatively implicated in the anti-punishment (anxiolytic?) activity of 
BZP. Numerous data, however, are not in keeping with this hypothesis. Since not responding enables the animals to avoid 
punishment but also delays the receipt of food-reward, one of these factors could be an alteration of waiting capacities. 
Indeed, we have shown that diazepam released behavioral suppression in conflict schedules only when the duration of the 
punished periods exceeded 1 minute. Moreover, in rats allowed to choose in a T-maze between immediate-but-small vs. 
delayed-but-large reward, BZP significantly decreased the frequency with which the delayed reward was chosen, with 
5-HT uptake blockers producing opposite effects. Therefore, one can hypothesize that BZP render the animals less prone 
than controls to tolerate delay of reward and that 5-HT mechanisms may be involved in this phenomenon. An altered 
tolerance to delay of reward should be taken into account when interpreting the BZP-induced release of behavioral 
inhibition in classical conflict procedures. 

Benzodiazepines Serotonin Anxiety Behavior Waiting capacities 

SEVERAL lines of  pharmacological, behavioral and 
biochemical evidence reviewed in a recent paper by Iversen 
[23] suggest that serotonergic (5-HT) neurons may be in- 
volved in the control of anxiety, and more precisely of be- 
havioral inhibition. However ,  experiments designed to 
demonstrate a role of central 5-HT neurons in the anxiolytic 
effects of benzodiazepines (BZP) have not yielded consistent 
results. The aim of this review is to examine whether or not 
common behavioral processes may account for the observed 
similarities between the effects of reduced 5-HT transmis- 
sion and those of BZP. 

Before engaging in such a study, it must be mentioned 
that the research strategy which consists in isolating one 
system of neurotransmission from the others and in analys- 
ing its implications in one specific function, or hypothesizing 
that it preferentially controls one neurobiological process, 
may be viewed as an oversimplification. However ,  inves- 
tigating whether or not a given neuronal system is more di- 
rectly involved in the control of one type of behavior, or in 
the action of one class of psychotropic drugs thereon, does 
not imply that further neuronal systems do not participate 
(directly or indirectly) in the same processes. 

EVIDENCE FOR THE I N V O L V E M E N T  OF 5-HT N E U R O N S  IN 
ANXIE T Y 

The proposition that 5-HT neurons may be involved in the 
control of anxiety arises from the following experimental 
findings: 

(a) Numerous studies indicate that a reduction or a 
blockade of 5-HT transmission specifically releases, as do 
BZP, response suppression in punishment paradigms [12, 14, 
36, 43, 48, 49, 51, 57]. 

(b) Electric stimulation of the median raphe causes a be- 
havioral inhibition resembling fear responses to threatening 
events in situations where escape is impossible [15]. Treat- 
ments which increase 5-HT availability in the synaptic clefts 
have been shown to reinforce response suppression in con- 
flict procedures. This effect, however, seems unspecific in 
that non-punished behavior is usually also reduced [14,47]. 

(c) BZP have been reported to decrease 5-HT turnover 
[8, 18, 34, 39], to slow down the firing rate of 5-HT neurons 
[26, 33, 55] and to reduce 5-HT released from nerve endings 
[46]. 

(d) BZP applied to the raphe nuclei (the main origin of 
ascending 5-HT neurons) or microinjections of either GABA 
mimetics or 5-HT itself into the raphe dorsalis, elicit various 
effects which mimic those of peripherally-administered BZP. 
These treatments enhance locomotor activity [38[, they 
facilitate feeding behavior [35] and they release suppressed 
behavior in a conditioned conflict paradigm, an effect which 
is prevented by the destruction of 5-HT raphe neurons [50]. 

Some clinical data are in agreement with these findings 
since antiserotonergic drugs have been reported to have 
beneficial effects on target symptoms of anxiety in humans 
[1,60]. 

Even if the data which support the 5-HT hypothesis in 
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FIG. 1. Effects of four benzodiazepines (BZP) on the frequency with 
which the arm leading to immediate-but-small reward was chosen, 
during sessions for which a 15-sec waiting period was imposed in the 
large-reward arm. Separate groups of rats (n=6-10) were injected IP 
with either diazepam (2-4 mg/kg), nitrazepam (1-2 mg/kg), chlor- 
diazepoxide (8-16 mg/kg) or clobazam (16 mg/kg) 30 rain before each 
of two consecutive test-sessions (5 trials each) performed 24 hr 
apart. Columns represent the number of choices (mean_+SEM) of 
the small-reward arm over ten trials. Open columns represent per- 
formances of treated rats during the two sessions. Hatched columns 
represent performances of the rats of the same groups during the last 
two training sessions (for clarity of the figure, when two doses of a 
BZP were tested, the previous performances of the two groups are 
combined, but statistics were performed on individual variations 
across sessions)..p<0.05; **p<0.02; ***p<0.01 compared with 
rats' choice during the last two training sessions (ANOVA). Inset: 
schematic representation of the T-maze. A=arm" c=clefts for guil- 
lotine doors; GB=goal-box; SR=starting runway; p=pellets. 

animal models of anxiety are numerous, at least as many 
studies fail to replicate the release of behavioral inhibition 
after a reduction of 5-HT transmission [6, 25, 28, 44, 52]. 
Differences in the technical procedures used to alter 5-HT 
transmission may be responsible for the discrepancies be- 
tween such studies. Indeed, reduced 5-HT functioning has 
been achieved by either electrolytic lesions, lesions by 
neurotoxins such as 5,6- or 5,7-dihydroxytryptamine (5,6- or 
5,7-DHT) or para-chloroamphetamine (pCA), inhibition of 
5-HT biosynthesis by para-chlorophenylalanine (pCPA), or 
5-HT receptor antagonists. Enhanced 5-HT transmission has 
been obtained by either inhibition of 5-HT uptake, adminis- 
tration of  5-hydroxytryptophan (5-HTP) or 5-HT itself, or 
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FIG. 2. Effects of buspirone on the frequency with which the arm 
leading to immediate-but-small reward was chosen during sessions 
for which a 15-sec waiting period was imposed in the large-reward 
arm. Buspirone (2-4 mg/kg, IP, T-30 min) was injected according to 
the experimental schedule described in Fig. 1. **p<0.02: 
***p<0.01 compared with rats" choice during the last two training 
sessions (ANOVA). 

with 5-HT receptor agonists. Moreover, the real efficacy 
and/or specificity of most of these tools for central 5-HT 
systems are quite rightly questionable and the respective 
roles of neither 5-HT~ and 5-HT2 receptors nor of the 5-HT, x 
and 5-HTI, subclasses [29,31] have yet been considered. The 
effects in animal models of anxiety of the newest and more 
"speci f ic"  5-HTe antagonists such as ritanserin or of drugs 
such as 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH- 
DPAT) which is reported to specifically bind to 5-HT~x re- 
ceptors [19] are observed in only a narrow dose-range and 
fail to reach the magnitude of those produced by BZP [5,11]. 

The fact that manipulations able to almost completely 
block 5-HT neuronal activity induce, if any, only a modest 
release of response suppression whereas BZP, at doses 
which probably only marginally reduce 5-HT transmission, 
produce a more salient release of punished responding, im- 
plies that the effects of 5-HT blockade and those of BZP 
probably derive from processes which are poorly overlap- 
ping. 

EVIDENCE AGAINST THE INVOLVEMENT OF 5-HT IN THE 
ANXIOLYTIC ACTIVITY OF BZP 

When considering the connections between 5-HT and 
BZP, there are few studies to indicate that 5-HT neurons 
have a central role in mediating the effects of BZP on pun- 
ished responding. Tye et al, [56] reported that a lesion of 
ascending 5-HT pathways blocked the action of parenteral 
chlordiazepoxide (CDP) in a conflict paradigm. However,  
these authors specified that despite a raised shock level, 
lesioned rats were responding in conflict at a higher rate than 
controls; therefore, that " C D P  did not reinstate responding 
in these animals to the same degree seen in controls" may be 
an artefact: under CDP the lesioned rats reached their higher 
possible rate of responding sooner and thus the response- 
releasing effect of CDP could not reach a normal magnitude. 

Other studies clearly show that destruction or inactiva- 
tion of 5-HT neurons or 5-HT receptor blockade fail to im- 
pair the release of punished behavior induced by peripheral 
BZP [7,52]. The injection into the raphe dorsalis of the BZP 
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FIG. 3. Effects of two serotonin uptake blockers on the frequency 
with which the arm leading to immediate-but-small reward was cho- 
sen during sessions for which a 25-sec waiting period was imposed in 
the large-reward arm. Separate groups of rats (n-8-10) were in- 
jected IP with either zimelidine (8-16 mg/kg) 60 rain or indalpine (2-4 
mg/kg) 30 min before each of two consecutive test-sessions (5 trials 
each) performed 24 hr apart. Columns represent the number of 
choices (mean_+SEM) of the small-reward arm over ten trials. Open 
columns represent performances of treated rats during the two ses- 
sions. Hatched columns represent performances of the rats of the 
same groups during the last two training sessions (for clarity of the 
figure, the performances of the two groups are combined, but statis- 
tics were performed on individual variations across sessions). 
.p<0.05:***p<0.01 compared with rats' choice during the last two 
training sessions (ANOVA). 

receptor antagonist, Ro 15-1788, did not counteract the 
antipunishment effect of systemic diazepam [52] while this 
treatment was able to completely antagonize the reduction in 
5-HT release induced by systemic BZP [46]. This behavioral 
result, however, may be questioned as intra raphe Ro 15- 
1788 has been reported to partially antagonize the 
"'anxiogenic" effects (reduction in social interactions in rats) 
of the BZP receptor inverse agonist /3- 
carboline-3-carboxylate (/3-CCM) administered intraperito- 
neally [21]. The implication of 5-HT neurons in 
"anxiogenic'" effects of/3-carbolines remains, however, to 
be established. 

The direct stimulation of 5-HT receptors by 
5-methoxy-N,N-dimethyltryptamine (5-Me-O-DMT) is not 
able to counteract the releasing effect of BZP in a conflict 
procedure [44] and administration of 5-HTP (+MAOI) has 
been reported to potentiate the anti-conflict effect of 
diazepam [25]. 

All these data give evidence that, in certain experimental 
conditions, a reduction in 5-HT transmission undoubtedly 
mimics the effects of BZP. However, it is not the case in 
other conditions and most of the effects of BZP seem not to 
be directly dependent on the integrity of 5-HT processes. 
Therefore, it might be interesting to elucidate whether some 
unitary component(s) of behavior may be critical target(s) for 
the effects of both BZP and reduced 5-HT transmission and 
whether or not these behavioral components are linked to 
the emotional characteristics of the situations. Indeed, born 
of a relatively simple (but anthropomorphic) concept, the 
punishment- (or novelty-) models of anxiety require behav- 
ioral tasks which lack purity, and explore composit 

phenomena among which the salient role of anxiety may be 
questioned. 

The discrepancies found between the various findings 
from animal experiments just  reviewed are also found in clin- 
ical research. Indeed, most of the antiserotonergic drugs are 
not claimed to have real anxiolytic effects in humans. 
Moreover, metergoline, a 5-HT receptors blocker, has been 
reported to increase subjective anxiety in healthy volunteers 
[16] and low concentrations in the cerebrospinal fluid of 
5-hydroxyindole acetic acid (5-HIAA), the main metabolite 
of 5-HT, taken as an index of 5-HT neurons activity, are 
often associated with increased anxiety and/or low threshold 
of anxiety tolerance [2,37]. 

Thus, the direct involvement of 5-HT neurons in the con- 
trol of anxiety and in the anxiolytic activity of BZP may be 
questioned. 

INTERPRETATIONS OF THE EFFECTS OF BZP AND/OR 5-HT ON 
BEHAVIOR IN A N I M A L  MODELS OF ANXIETY 

Concerning BZP, several alternatives to a reduced fear or 
anxiety have been proposed to explain the ability of these 
drugs to release behavioral inhibition: these compounds may 
alter arousal and discrimination processes, thus leading to a 
neglect of the extero and/or interoceptive cues associated 
with responding. They have also been claimed to increase 
perseveration processes: the most probable or the more re- 
cently learned response being preferentially emitted by the 
animals. Finally, a preferential increase in low rates of re- 
sponding has been suspected for anxiolytics since BZP are 
much more effective in enhancing behavior which has been 
suppressed than schedule-induced increases in response rate 
([24,41], for review, see [9, 10, 17]). However, such analyses 
have not been performed with regard to the effects of altera- 
tions of 5-HT transmission. The possibility that BZP may 
interfere with the ability of animals to wait for an expected 
reward has not yet been hypothesized. During punished 
periods of numerous conflict schedules, however, not re- 
sponding for food- or water-reward enables the animals to 
avoid electric foot-shocks but it also delays the possibility of 
obtaining food or water. Thus it is conceivable that 
punishment-induced delay of reward may be as critical a 
target as shock-induced fear or anxiety for the effects of BZP 
and/or of reduced 5-HT functioning to be achieved. 

According to this hypothesis, the similarities observed 
between the effects of BZP and of reduced 5-HT transmis- 
sion in various experimental conditions could be explained 
by an alteration of the waiting capacities of the animals. 

BZP. 5-HT AND WAITING CAPACITIES 

A behavioral situation without any nociceptive compo- 
nent, aiming at studying the animals tolerance to delay of 
reward, has been designed. It consists of subjecting hungry 
rats to a choice, in a T-maze, between delayed access to a 
large quantity of food, and immediate access to a small 
quantity of food [53]. After training in this experimental pro- 
cedure, the amount of preference for the arm associated with 
small reward is directly related to the waiting time fixed in 
the arm leading to the large-reward. With a 15-sec waiting 
period, control rats choose the arm allowing an immediate 
access to small reward in 20--3ff% of their runs. In rats given 
various BZP, the preference for the immediate-but-small re- 
ward is significantly enhanced (Fig. 1), thus suggesting that 
these drugs render the animals less prone than controls to 
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FIG. 4. Effects of diazepam on the number of shocks received 
(mean-+SEM as % of controls) as a function of the duration of the 
punished periods. Rats of each group ([::3 controls or • diazepam 2 
mg/kg, IP, T-30 min, n=10-16) were subjected to either 30- and 
60-sec, 30 and 90-sec or 120- and 240-sec punished periods in- 
terspersed with l-rain FR4 non-punished periods. In parentheses are 
the mean number of shocks received (% of controls) by diazepam- 
injected rats during the first 30-sec of the corresponding punished 
period. The mean total number of shocks received by control rats 
(100%) during the punished periods was: 0.80_+0.16 for 30 sec; 
1.00_+0.37 for 60 sec; 1.36_+0.45 for 90 sec; 0.89_+0.35 for 120 sec 
and 0.78_+0.38 for 240 sec. 

to le ra te  a de lay  before  hav ing  a c c e s s  to the  reward .  This  
effect  s eems  to resu l t  f rom ne i the r  a d i sc r imina t ion  impair-  
men t  nor  an  inc reased  h u n g e r  dr ive  s ince  no  crucia l  va r ia t ion  
in cho ice  s t ra tegy  appea r s  when  de lay  no  longer  impairs  the  
acces s  to the  large r eward  [53]. T h a t  the  de lay  is i n t roduced  
before  the  access  to the  food and  its c o n s u m p t i o n  s eems  to 
be  of  crucia l  i m p o r t a n c e  s ince up to a 8 min  wait ing per iod  in 
the  goal -box af te r  the  c o n s u m p t i o n  of  the large r eward  fails 
to a l te r  the  p re fe rence  of  the  ra ts  for  this  l a rge - reward  goal  
box ,  a cho ice  s t ra tegy  tha t  is not  sens i t ive  to B Z P  t r e a t m e n t  
e i the r  ( unpub l i shed  resul ts) .  A n o n - B Z P  drug,  busp i rone ,  
c la imed to exhib i t  BZP-l ike  effects  in some  animal  mode ls  of  
anx ie ty ,  to d isp lace  :~H-5HT binding  wi th  n a n o m o l a r  affinity 
and  to d o s e - d e p e n d e n t l y  r educe  5 - H I A A  c o n c e n t r a t i o n s  
[30], s imilar ly l essens  the  ra t s '  p re fe rence  for  the  large-but-  
de layed  r eward  a l t e rna t ive  (Fig. 2). 

C o n v e r s e l y ,  w h e n  a 25-sec de lay  is imposed  in the a rm 
leading to the  large r eward  goal box ,  ra ts  choose  the  o the r  
a rm  in 60-70% of  the i r  runs .  T he  p re fe rence  is shi f ted 
t owards  the  large but  de layed  a l t e rna t ive  w h e n  the  ra ts  are 
g iven  e i the r  z imel id ine  or  inda lp ine ,  two 5-HT up take  in- 
h ib i tors  (Fig. 3). The  impl ica t ion  of  5 -HT n e u r o n s  in the  
abil i ty of  an ima l s  to wai t  for  food in the  T -maze  is a lso 
sugges ted  by  cu r r en t  e x p e r i m e n t s  sugges t ing  that  ra ts  whose  
5-HT n e u r o n s  have  b e e n  d e s t r o y e d  by  an in jec t ion  of  the  
n e u r o t o x i n  5 ,7 -DHT into the  nuc leus  r aphe  dorsal is  are less 
p rone  than  con t ro l s  to to le ra te  a de lay  before  reach ing  food 
r eward  (unpub l i shed  resul ts) .  
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FIG. 5. Relationship between punished time within the various ex- 
perimental procedures, and the effects of diazepam (2 mg/kg, IP) on 
the number of shocks received. Punished time was calculated as 100 
× [B/A + B)], in which A= total duratinn of FR4 non-punished periods 
and B=total duration of punished periods within a given experi- 
mental procedure. The mean number (+SEM) of shocks received by 
rats of 9 different experimental groups is expressed as % of shocks 
received by their respective controls (n=8-16 per group). The 
shaded area represents the mean_+SEM number of shocks received 
by the rats of the 9 control groups. Filled symbols: significantly 
different from corresponding controls at least at 0.05 level 
(ANOVA). 

The re fo re ,  not  only do B Z P  fail to e n h a n c e  the an imal s '  
t o l e rance  to an ave r s ive  even t  such  as con f inemen t ,  but  on 
the  con t r a ry ,  they impair  the  ra ts '  abil i ty to wait  for  an ex- 
pec ted  reward .  The  fact  tha t  a s imilar  p h e n o m e n o n  (de- 
c r eased  wait ing abil i ty) can  be o b s e r v e d  af ter  les ion of the  
5-HT neu rons  of  the  dorsa l  raphe  and  tha t  inc reased  5-HT 
t r ansmi s s ion  by  5-HT up take  inhib i tors  p roduce  oppos i te  ef- 
fects  lead us to p ropose  tha t  5-HT neu rons  may play an 
impor t an t  role in the  an imal s '  wait ing capaci t ies ,  i.e., in im- 
pulse con t ro l ,  accord ing  to H e r r n s t e i n  [20]. 

W A I T I N G  A B I L I T Y  AND BZP E F F E C T S  IN A N I M A L  S C H E D U L E S  OF 
B E H A V I O R A L  I N H I B I T I O N  

In the l ight of  the  cons ide ra t ion  tha t  suppres s ion  of  ongo- 
ing b e h a v i o r  also de lays  the possibi l i ty  of  ob ta in ing  food or  
wa te r  r eward ,  it is conce ivab le  tha t  BZP- induced  re lease  of  
pun i shed  b e h a v i o r  is due ,  not  only  to a dec rease  in shock-  
induced  fear  or  anxie ty ,  bu t  also to a l essened  to le rance  to a 
delay of  r eward ,  this  la t ter  effect  being puta t ive ly  media ted  
by  a 5-HT process .  The re fo re ,  fac tors  able to modula te  the  
an ima l s '  abil i ty to wait  for  food should  different ia l ly  affect  
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BZP-induced release of behavior independently of punish- 
ment itself. 

A series of conflict paradigms in Skinner boxes have been 
used to test this hypothesis. They consisted of an alternation 
of punished and non-punished periods of lever pressing for 
food reward. The respective durations of these periods were 
fixed throughout the experimental procedure, each being 
associated with an appropriate conditional light-stimulus 
maintained throughout the period. During non-punished 
components, rats were required to press the lever for food 
pellets under a fixed ratio 4 (FR4) schedule and during pun- 
ished components, each lever press resulted in the delivery 
of both one pellet and one non-painful electric foot shock. 
The rats in different groups were subjected to schedules dif- 
fering in the ratio between the respective duration of pun- 
ished and non-punished periods by manipulating the dura- 
tions of the periods p e r  se  and/or the pattern of presentation 
of punished periods throughout the experimental sessions. 

After extensive training in one of these paradigms, rats 
were able to associate each warning signal with a given du- 
ration of punished period. They displayed a substantial rate 
of non-punished responding but almost completely blocked 
their presses during the punished periods regardless of their 
duration. 

When rats were subjected to signalled punished periods of 
different durations (30, 60, 90, 120 or 240 sec) the typical 
response-releasing effect ofdiazepam could be observed dur- 
ing the longest periods (1.5, 2 and 4 rain) but not when pun- 
ished periods were short-lasting (30 or 60 sec) (Fig. 4). This 
suggests that diazepam-induced release of punished behavior 
may vary (probably) without any modification of the 
anxiogenic factors associated with the experimental situa- 
tion, in particular of the characteristics of the foot shocks. 

The relative amplitude of the behavioral release induced 
by diazepam seems not to be a consequence of the lengthen- 
ing of the punished periods since, when it does exist, the 
effect of diazepam appears as early as during the first 30 sec 
of the punished periods whatever their total duration (Fig. 4). 
These results are consistent with the fact that classical 
punishment procedures used to study the anxiolytic activity 
of BZP involve punished periods ranging from 2 to 5 min [7, 
13, 22, 32, 56]. It is also noteworthy that chlordiazepoxide 
has been reported to release punished behavior during 1 rain 
punished periods that were followed by a 4 rain "t ime-out" 
period thus further delaying the access to non-punished re- 
wards [27]. A strong correlation (r=+0.92, p<0.01) is ob- 
served when the response-releasing action of diazepam is 
plotted against the relative punishment time (whatever the 
internal organization of punished and non-punished periods) 
within a session (Fig. 5). The point which seems critical for 
the effect of diazepam to be observed corresponds to ses- 
sions during which punished periods represented at least 
4 ~  of the total duration of the sessions. 

The predictability of the duration of the punished periods 
seems to be an additional critical factor for the effects of BZP 

to be achieved. Indeed, when diazepam was given to rats 
subjected for the first time to a conflict schedule including 
short (1 min) punished periods, it released punished pressing 
whereas it did not when given to experienced rats (13th con- 
flict session) [54]. This suggests that, when the duration of 
the punished periods is not predictable, i.e., in "acute"  
punishment paradigms such as those used by Vogel et  al. 
[59] and Thi6bot et  al.  [52], diazepam-treated rats behave as 
though they were exposed to punished periods of long dura- 
tion. 

These findings suggest that at least some of the effects of 
BZP on behavioral suppression induced by punishment may 
be related to a reduction in the ability of the animals to delay 
a response giving access to food reward. This is consistent 
with the reports that BZP increase premature responses in 
DRL procedures, a situation in which animals are required to 
let a specified time elapse between successive response to 
obtain reward [4,40]. Diazepam has also been reported to 
shift the behavior of hamsters from hoarding to eating [3]. 

Although other intervening variables may contribute to 
the phenomenon, a comparative study of the characteristics 
of various experimental situations could show that BZP and 
reduced 5-HT transmission exert similar effects in situations 
including a marked waiting component, whereas the two 
kinds of brain manipulations induce different effects in pro- 
cedures which do not include such a waiting component. The 
weight of this characteristic is evident in conflict schedules 
but remains to be established for various other situations 
such as those in which novelty- or non-reward-induced be- 
havioral blockade can be observed (see [45]). 

Further experiments are required before definite conclu- 
sions can be drawn, however, the effects of blockade of 
5-HT transmission in animal models of anxiety are probably 
not associated to a reduction of fear or anxiety produced by 
the situation, but more likely to a reduced impulse control. 
This hypothesis is compatible with the growing amount of 
clinical and animal data suggesting that impulsiveness or dis- 
inhibition is related to decreased 5-HT transmission [42, 45, 
58]. A reduced 5-HT functioning should disrupt behavior, 
inducing a shift from passivity to activity. 

This point raises a fundamental problem: in punishment 
models of anxiety, during the course of which animals are 
required to stop responding to avoid punishment, are we 
really studying the anxiolytic properties of BZP, or rather 
their ability to reduce the capacity of the animals to wait for a 
food reward? It should be noted, however, that these two 
proposals are not necessarily mutually exclusive in that the 
ability of BZP to alter waiting capacities and to facilitate 
active behavior may contribute to their efficacy as 
anxiolytics. Indeed, under certain circumstances, a behav- 
ioral blockade can be regarded, at least in humans, as an 
anxiety-producing situation. 

Finally, the advisability of BZP treatment administered to 
people with poor control of impulsivity can be questioned. 
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