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LLOYD, K. G., H. DEPOORTERE, B. SCATTON, H. SCHOEMAKER, B. ZIVKOVIC, PH. MANOURY, S. Z. 
LANGER, P. L. MORSELLI AND G. BARTHOLINI. Non-benzodiazepine anxiolytics: Potential activity of phenyl- 
piperazines without :~H-diazepam displacing action. PHARMACOL BIOCHEM BEHAV 23(4)645-652, 1985.--Four 
phenylpiperazine derivatives exhibited an activity similar to benzodiazepines and meprobamate in the 4-plate test. One of 
these (compound IV) demonstrated anxiolytic like activity in a step-down avoidance technique, in electroshock induced 
aggression and in the staircase test. In contrast to benzodiazepines, compound IV was not anticonvulsant, myorelaxant or 
sedative. Confirmation of the anxiolytic activity of compound IV in animal models was obtained in 3 separate clinical trials 
in anxious patients. The mechanism of action of these phenylpiperazines appears to be different from the benzodiazepines as 
they do not displace :'H-diazepam binding nor do they interact with other elements of the GABA receptor macromolecular 
complex. Instead, compound IV interacts with both dopaminergic and serotoninergic neuron systems. Thus, from this data 
it would appear that an activity at the benzodiazepine recognition site is not obligatory for anxiolytic activity in man or in 
animals models. 

Anxiolytic Animals models Phenylpiperazines Clinical trials 

AT the present time the most effective agents for the treat- 
ment of  anxiety are the benzodiazepines, and few other 
agents are used for this purpose [2]. These compounds have 
a highly specific action at a common membrane recognition 
site termed the benzodiazepine receptor [10, 16, 25], due to 
the lack of information as to the endogenous ligand for this 
site. In terms of physiological function, multiple lines of evi- 
dence indicate that the benzodiazepine receptor is an integral 
part of  a large macromolecular GABA receptor complex 
which includes the GABA recognition site, the GABA mod- 
ulated chloride ion channel and various pharmacological 
recognition sites, including those for benzodiazepines and 
barbiturates [9]. Benzodiazepines, by interacting with their 
specific recognition site, increase the affinity of the receptor 
for GABA 'fin vi t ro" and enhance the effect of GABA recep- 
tor stimulation "in vivo'" [16]. 

Although the benzodiazepine recognition site interacts 
with GABA receptors, it is not clear whether this action is 
responsible for all of  the observed effects of the ben- 
zodiazepines (e.g., anxiolytic, anticonvulsant, myorelaxant, 
hypnotic, e t c . . . ) .  As far as the anxiolytic effect is concerned, 
the evidence is inconsistent, some supporting an involve- 
ment of  the benzodiazepine GABA macromolecular complex 
(e.g., [8, 12, 36]), other evidence suggesting that it is not 
involved (e.g., [18, 21, 31]). However  it is likely that at least 
some of the undesirable effects of the benzodiazepines are 
related to this interaction. 

A relevant question is whether or not occupation of ben- 

zodiazepine recognition sites is obligatory for anxiolytic ac- 
tivity. Many non-benzodiazepine compounds interact with 
this site, and seem to have anxiolytic or anxiogenic poten- 
tials which parallel the qualitative changes induced in the 
macromolecular complex [4,9]. However  GABA agonists do 
not exhibit anxiolytic activity except under exceptional cir- 
cumstances. The anxiolytic compound meprobamate has a 
long history of clinical use [2] but interacts only at very high 
concentrations with either the benzodiazepine recognition 
site, or other functions of the macromolecular GABA recep- 
tor complex [24, 27, 32]. Furthermore, the new potential 
anxiolytic buspirone is apparently without direct activity at 
the benzodiazepine GABA macromolecular complex, in- 
stead having an interaction with dopamine and serotonin 
mediated behaviours [14, 33, 39]. 

We presently provide further evidence (behavioral, neu- 
rochemical, clinical) that an interaction at the benzo- 
diazepine-GABA macromolecular complex is not obligatory 
for anxiolytic actions, as a new series of phenylpiperazines 
(Fig. 1) exerts anxiolytic effects in animals and man, yet are 
devoid of  activity at the macromolecular complex and have a 
completely different neuropharmacoiogical and neurochemi- 
cal profile as compared to the benzodiazepines. 

NEUROPHARMACOLOGY 

The test compounds were studied in comparison with 
reference anxiolytics in a series of tests used to predict po- 
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FIG. 1. Structures of phenylpiperazines studied. 

T A B L E  1 

ACTIVITY OF COMPOUNDS II-IV AND REFERENCE COMPOUNDS 
ON ELECTROSHOCK-INDUCED AGGRESSION IN MICE 

Anti-Aggression Activity 
Compound ED~,,, mg/kg PO 

Compound II 20 
Compound 111 20 
Compound IV 7 
Chlordiazepoxide 15 

The number of aggressive responses between two mice elicited by 
continuous electrical stimulation to the paws was measured as pre- 
viously described [9,36]. The test compounds were administered 60 
min prior to testing (3 min test period; 0.5 mA, 0.5 msec, 5 shocks/ 
sec). n-5-10 pairs of mice per dose, 3-5 doses per dose response 
c u r v e .  

tential  clinical anxiolyt ic  activity.  As phenyip iperaz ines  in 
general  are at t imes associa ted  with a decrease  in food con- 
sumpt ion (e.g., [3]), p rocedures  associated with food or  fluid 
intake could not be used as a reliable indicator  of  a potential  
anxiolyt ic  activity.  While this somewhat  limits the spec t rum 
of  anxiolyt ic  tests ,  a sufficient bat tery was available to com- 
pare these compounds  with meprobamate  and chlor- 
d iazepoxide.  

All 4 piperazine der iva t ives  (Fig. 1) plus meprobamate  
and ch lord iazepoxide  were  tested in a modif icat ion of  the 
4-plate test [6] in which the mice (male CD-I ,  18-22 g, 
Char les  River  France)  were  trained to remain on a 10-cm 
square plate, as passing from one plate to another  results in an 
electr ic  shock.  This  inhibited state in the absence  of  shocks 
is then reversed  by anxiolyt ic  compounds  such as 
ch lord iazepoxide  and meprobamate  (Fig. 2), for which how- 
eve r  the maximal  act ivi ty  is l imited by seda t ive /myore laxant  
effects.  

In the present  series,  compounds  I - I V  all exhibi ted an 
anxiolyt ic- l ike act ivi ty in the 4-plate test.  The maximal  effect 
was much  greater  than that o f  e i ther  meprobamate  or  chlor- 
d iazepoxide ,  likely due to the lack of  seda t ive /myore laxant  
effects  of  these compounds  (see below).  The minimal effec- 
t ive dose in this model  was in the same range as the clinically 
act ive compounds :  d iazepam=0.1  mg/kg, PO; chlor- 
d i a z e p o x i d e = l  mg/kg, PO; m e p r o b a m a t e = 3 0  mg/kg, PO; 
compound  I=1  mg/kg, PO; compound  I I = I 0  mg/kg, PO; 
compound  I I I=0.1  mg/kg, PO; compound  I V =  1 mg/kg, PO. 

In another  passive avoidance  model  using a s tep-down 
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FIG. 2. The mice were trained to remain on one plate of the 4-plate 
apparatus as described previously [6]. On the following day the 
compounds were administered 60 min prior to placing the mice on 
the plate. The number of crossing were counted for 1 min (no elec- 
tric shock) and expressed as the percent of the untreated mice; 
5-15 mice per compound. 
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FIG. 3. The compounds were administered 60 min prior to placing 
the rats in the staircase apparatus. The number of rearings and stairs 
mounted are quantified over a period of 3 min. n=3-5 rats per dose• 

avoidance  technique in the rat [38], at 3 mg/kg, IP, com- 
pound IV greatly diminished the latency to s tep-down (30% 
of  untreated animals,  p <0.05) whereas  chlordiazepoxide  did 
not produce a statistically significant effect  at this dose (69% 
of  untreated rats). 

Compound  IV was more act ive in decreasing elec- 
t roshock induced aggression in mice [7] than was chlor- 
d iazepoxide,  whereas  cpds II and III were  somewhat  less 
act ive than this reference  benzodiazepine  (Table 1). 

In a chamber  equipped with a staircase at one end [37], 
benzodiazepines  such as chlordiazepoxide  reduce the 
number  o f  rearings by rats placed in the chamber  at doses 
which do not alter, or  even  increase,  the number  of  stairs 
mounted  on the staircase (Fig. 3). Compound  IV also de- 
creased the number  of  rearings at doses  which did not alter 
(0.1 mg/kg PO), or  increased (0.3 and 1 mg/kg PO) the 
number  of  stairs cl imbed (Fig. 3). This model  was much 
more sensit ive to compound  IV (minimal effect ive dose=0.1  
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T A B L E  2 

EFFECT OF COMPOUNDS III AND IV AND REFERENCE COMPOUNDS IN ANTICONVULSANT TESTS 
IN THE MOUSE 

Compound 

Anti Bicuculline Antipentetrazole Antistrychnine Antielectroshock 
Convulsions Convulsions Mortality Convulsions 

ED:,,, mg/kg PO ED:,,~ mg/kg PO ED:,,, mg/kg PO EDr, o mg/kg PO 

III > 30 >30 - -  - -  
IV > 100 >30 >200 > 100 
Chlordiazepoxide 5 3 6 9 
Diazepam 0.5 0.6 1.2 I 

Meprobamate - -  30 - -  - -  

The compounds were administered 60 min prior to the convulsant challenge, which was performed as de- 
scribed by Worms et al. [40]. The number of animals convulsing (or dead) were counted and expressed as the % 
of the control group. The ED=,,,'s were determined by Iog-probit analysis, n= 10-30 mice per dose, 3-5 doses per 
dose response curve. 

T A B L E  3 

COMPARISON OF COMPOUNDS I-IV AND REFERENCE COMPOUNDS IN TESTS INDICATIVE OF SECONDARY 
CENTRAL EFFECTS 

Compound 

1' Locomotor Muscle Barbital (M) Retention 
Activity (M) Strength (M) Potentiation Deficit (R) 

ED~,, mg/kg PO ED~,~ mg/kg PO ED:,,, mg/kg PO MED mg/kg PO 

1 1 . 0  - -  - -  

II 10 - -  - -  - -  

III 3 > 100 > 100 - -  
IV >100 >100 > 30 >10 
Chlordiazepoxide (+) 7.5 5 < <  10 
Diazepam (~) 1.0 0.5 - -  

M-Mouse;  R=Rat. 
The compounds were administered 60 min prior to testing according to previously described techniques [5, 6. 

11. 15]; 10-30 mice or 5-10 rats were used per dose, 3-5 doses per dose response curve. 

mg/kg, PO) than to ch lord iazepoxide  (minimal effect ive 
d o s e =  10 mg/kg, PO). 

In a cont inuous-avoidance  model  [17], compound  IV pre- 
sented a profile different from that of  chlordiazepoxide .  
Thus,  the reference benzodiazepine  decreased  the number  of  
avoidance  responses  and in parallel increased the number  of  
shocks rece ived  (minimal effect ive d o s e = 7  mg/kg, IP for 
both). Compound  IV even  at the relat ively high dose of  30 
mg/kg, IP, did not  increase the number  o f  shocks received.  

In addit ion to their  profiles in models  predict ive  for a 
therapeut ic  act ivi ty,  potential  anxiolyt ics  can also be com- 
pared to the benzodiazepines  (and meprobamate )  in tests for 
ant iconvulsant  and seda t ive /myore laxant  effects.  

In contras t  to the similarity of  the phenylpiperazines  to 
the reference  anxiolyt ics  in models  for anxiolyt ic  act ivi ty,  
these compounds  ( I l l , IV)  did not exhibit  any ant iconvulsant  
effects  in models  very  sensit ive to the act ion of  the ben- 
zodiazepines  and meprobamate  (Table 2). Fur thermore ,  
these phenylpiperazines  did not  show a sedat ive ( locomotor  
act ivi ty,  potent iat ion o f  barbi tal- induced sedation,  loss of  
righting reflex) or  a myore laxan t  (loss of  muscle strength) 
action and did not induce a retent ion deficit  at doses  act ive 
in the anxiolyt ic  tests. The benzodiazepines  tested 

(diazepam, chlordiazepoxide)  were act ive  in all of  these 
models at doses within the "anx io ly t i c"  dose range (Table 3). 

The lack of  sedat ive act ivi ty of  compound  IV is confirmed 
by the spectral  analysis o f  the e lec t rocor t icogram in the 
curar ized rat (Fig. 4), where  there was an increase in the 
energy of  the 4--6 Hz band (alerting action) whereas  ben- 
zodiazepines  such as f luni t razepam and ni t razepam induced 
general ized fast act ivi ty  in the visual and sensory motor  cor- 
t ices (Fig. 4). 

A neuropharmacologica l  approach to the mechanism of 
action of  anxiolyt ics  and related compounds  is via their  ef- 
fect on the firing rate of  neurons in the dorsal  Deiters nu- 
cleus. As these neurons rece ive  a direct  GABAerg ic  input 
from the cerebe l lum [18], compounds  which increase the 
function of  the GABA-benzod iazep ine  macromolecula r  
complex  decrease  the firing rate of  the dorsal  Deiters 
neurons  [23]. In t ravenous  administrat ion of  d iazepam and 
chlord iazepoxide  resulted in a dose dependen t  decrease  in 
the firing rate of  these  neurones  (Fig. 5). In contrast ,  com- 
pound IV was inact ive in this model  (up to 10 mg/kg, IV) 
(Fig. 5), suggesting that this phenylpiperazine  is devoid of  
act ivi ty  at the GABA-benzod iazep ine  macromolecu la r  
complex.  



648 L L O Y D  ET AL.  

/ d i n .  

120 

90 

30 

Vis. S.M. 

M i n ,  

120 

90. 

60- 

30~ 

1 I I I I 0 

C O M P O U N D  IV NITRAZEPAM 

FIG. 4. Rats were implanted with electrodes in the visual (vis) and sensorimotor (S.M.) cortices, the electrocorticograms recorded and the 
spectral analysis performed as described previously [13]. The recordings are each from a single rat, representative of a group of 3-5 animals. 

The  present  neuropharmacologica l  data predict  that these 
phenylpiperazines ,  especial ly compound  IV, will have an 
anxiolyt ic  effect in the clinic but  that the neuropharmacolog-  
ical profiles will differ markedly  from the benzodiazepines .  
These  studies also suggest that the anxiolyt ic  effect is not 
associated with an act ion at the GABA-benzod iazep ine  mac- 
romolecula r  complex .  This may be a proper ty  of  a certain 
subclass of  piperazines  as buspirone is also reputed to have a 
similar neuropharmacologica l  profile [33]. 

NEUROCHEMISTRY 

The binding profiles of  compounds  11I and IV are com- 
pletely different from that of  the benzodiazepines  (Table 4), 
which have a highly select ive  action in displacing SH- 
d iazepam and not o ther  radioligands [16]. The present  
phenylpiperazines  did not displace the binding of  ei ther :~H- 
d iazepam or " H - G A B A  to rat cerebral  membranes ,  thus 
confirming their  lack of  act ivi ty at the G A B A -  
benzodiazepine  macromolecu la r  complex ,  as predicted f rom 
the dorsal  Deiters" nucleus model  (Fig. 5). 
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F1G. 5. Cats were implanted with multiunit electrodes in the dorsal 
Deiters' nucleus, and the recordings were performed as described 
previously [231. n=3-5 animals per dose response curve. 
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T A B L E  4 

ACTIVITY OF COMPOUNDS III AND IV AT DIFFERENT BINDING OR RECEPTOR SITES ON 
RAT BRAIN MEMBRANES 

Activity ( IC~, /zM) 
Site (ligand) Compound III  Compound IV Reference Compound 

Benzodiazepine > 1000 >2000 Diazepam =0.003 
(:~H-diazepam) 

GABA-A >1000 >1000 GABA=0.05 
(:~H-GABA) 
Serotonin t5HT- 1 ) - -  42 Metergoline =0.008 
(:~H-5HT) 5HT=0.006 

Serotonin (5HT-2) 6.0 4.0 Methysergide =0.005 
(:~H-spiperone) 5HT=0.23 

Dopamine (DA-2) 7.0 3.5 Haloperidol= 0.002 
(:~H-spiperone) Apomorphine = 20 

Muscarinic 90 75 Atropine =0.001 
(:~H-QNB) 

/3-Adrenoceptor > 500 > 500 Propranolol=0.01 
(:~H-DHA) 

a-Adrenoceptor  2.2 2.5 Prazosin =0.0028 
(:~H-prazosin) 

Membranes were prepared from the rat brain and the binding assays were performed as 
described in Lloyd et al. [22]; the results are the mean of a minimum of 3 experiments. 

T A B L E  5 

NEUROCHEMICAL PROFILE OF COMPOUND IV IN COMPARISON TO CHLORDIAZEPOXIDE 

Parameter 

Compound IV Chlordiazepoxide 

Dose Dose 
mg/kg %control mg/kg % control 

Homovanillic Acid (R) 
Striatum 10, PO 132 +_ 17 10, PO 81 _+ 5* 
Limbic System 10, PO 171 _+ 20* 10, PO 76 _+ 13 

Dopamine Levels (R) 
Striatum 10, IP 106 _+ 4 - -  - -  
Limbic System 10, IP 113 _+ 6 - -  - -  

Dopamine Turnover  (R) 

Striatum 30, IP 97 ÷ 3 10, PO 100 _+ 2 
Dopamine Release 

Striatal Slice (R) 10 ~M 112 _+ 19 
Striatal Push Pull I, IV 53 _+ 13" 1, IV 135 +_ 23 
Cannula (C) (diazepam) 

Norepinephrine Levels (R) 
Limbic System 10, IP 98 _+ 9 - -  - -  

Norepinephrine Turnover  (R) 
Whole Brain 30, IP 129 _+ 5* 30, PO 91 _+ 4 

Serotonin Levels (R) 
Limbic System 10, IP 95 + 4 - -  - -  

5-Hydroxyindoleacetic Acid Levels (R) 
Limbic System 10, IP 66 _+ 3* - -  - -  

The levels of the monoamines,  their metabolites, and their release turnover were estimated as described 
by Scatton et al. [30]. R=Rat ,  C=Cat .  

The results are expressed as means with SEM, for 5-10 animals per group. 
*p<0.05 vs. controls. 
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FIG. 6. See text for details of the individual clinical trials. 

These compounds did however have an activity at 
serotonin (especially 5HT-2), dopamine and alpha ad- 
renoceptors (Table 4). None of these activities are potent in 
terms of an antagonist profile, however these receptor af- 
finities are well within the agonist range. 

The weak affinity of compound IV for these different neu- 
rotransmitter receptors is reflected by the moderate altera- 
tion seen in the neurochemical indices of monoaminergic 
neuron function. The only modification of dopamine neuron 
function observed (Table 5) was an increase in limbic (but 
not striatal) homovanillic acid levels in the rat and a de- 
crease in DA release into the push-pull cannula perfusate of 
the cat striatum. In contrast, chiordiazepoxide decreased 
striatal homovanillic acid levels and did not alter the release 
of DA into the push-pull cannula perfusate. Although this 
neurochemical profile of compound IV has aspects consis- 
tent with both dopamine receptor blockade (increased 
homovanillic acid levels) and dopamine agonist activity (de- 
creased release of dopamine into the push-pull cannula per- 
fusate), the overall " in viva" activity is that of a dopamine 
agonist. Thus, compound IV reverses haloperidol-induced 
catalepsy in rats with and ED~0 (1 mg/kg, PO) in the dose 
range active in anxiolytic tests. Anxiolytics of the ben- 
zodiazepine class do not reverse haloperidol catalepsy, and 
may even potentiate it [20]. 

In a manner consistent with its binding profile (Table 4), 
compound IV also influenced the neurochemical indices of 

noradrenergic and serotoninelgic neuron activity (Table 5). 
Norepinephrine turnover was increased and 5- 
hydoxyindoleacetic acid levels decreased. This is consistent 
with a weak alpha adrenoceptor blockade and a serotonin 
agonist action, respectively. 

This neurochemical profile of compound IV parallels that 
of its behaviour profile in that it is distinct from that of the 
benzodiazepines, with a suggestion of a dopaminergic and/or 
serotoninergic component. The lack of activity at the ben- 
zodiazepine recognition site is consistent with the low seda- 
tive/myorelaxant activity of compound IV and with its inac- 
tivity in different anticonvulsant tests. Furthermore, these 
findings are consistent with the suggestion that an activity at 
the GABA-benzodiazepine macromolecular complex (as 
identified by :~H-diazepam or :~H-GABA binding, or by the 
activity on dorsal Deiters neurons) is not obligatory for an 
anxiolytic activity in certain animal models. 

This suggestion is reinforced by the activity reported for 
buspirone, another piperazine derivative with anxiolytic 
properties [14,33]. Buspirone does not displace :~H-diazepam 
binding [14, 33, 39], although an interaction with the 
GABA-benzodiazepine macromolecular complex cannot be 
completely excluded as this compound has been reported to 
enhance :~H-flunitrazepam binding "in viva" [26,39]. In par- 
allel with compound IV, buspirone antagonises neuroleptic 
induced catalepsy, increases homovanillic acid levels in the 
rat striatum and displaces dopamine and serotonin receptor 
binding [14, 33-35]. Thus, both compound IV and buspirone 
exert a broad spectrum modulation of central monoaminer- 
gic neurons. 

C L I N I C A L  A N X I O L Y T I C  A C T I V I T Y  

Three separate open inpatient clinical trials in anxiety 
have been performed with compound IV administered orally 
(Fig. 6). In each trial, compound IV was the only anxiolytic 
agent provided. Only male patients entered the clinical trials. 

In the first trial of 10 patients, compound IV was adminis- 
tered at a dose of 100-200 mg per day. At the end of 12 days, 
one case had an excellent response, 4 had good and 1 had 
moderate responses. In 2 cases the compound was inactive 
and 2 cases could not be evaluated. The mean onset of a 
clinically significant anxiolytic activity was 7 days; with a 
statistically significant effect occurring already at 3-4 days. 
As shown in Fig. 6, both the total Hamilton Rating Scale for 
Anxiety (HRSA) and the psychic component decreased in 
parallel, with the somatic compound responding slightly later. 

The second trial studied 15 patients over a period of 8 
weeks. This group was subdivided into 3 cases of depressive 
anxiety, 3 of reactional anxiety and 9 cases of neurotic anx- 
iety. The effective dose range was from 25-75 mg/per day. In 
10 of the 15 cases the treatment was successful ( 1 excellent, 9 
moderate) 2 were weak or unresponsive and the other 3 
cases dropped out of the study for diverse reasons. As can be 
seen from Fig. 6, a clear anxiolytic action was noted at day 
14 (the first day of analysis) and persisted up to day 45. The 
psychic component of anxiety seemed to have responded 
more rapidly than the somatic component, although the total 
HRSA was significantly (p<0.01) decreased by day 14. In 
these patients with a combined anxiety-depression, an 
antidepressant action of compound IV was also noted. 

The third trial consisted of 10 severe anxious patients, 
with analysis on days 0, 3, 6 and 14. The active dose ap- 
peared to be about 200 mg per day. At day 6, 8 cases had a 
good response and the other two did not respond to the 
treatment. The onset of action was 2-5 days, and both the 
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psych ic  and somat i c  c o m p o n e n t s ,  as well as the  to ta l  H R S A  
score ,  were  improved .  In two cases  an  a n t i d e p r e s s a n t  act iv-  
ity was  also o b s e r v e d .  

Thus ,  out  of  30 pa t ien t s  c o m p l e t e d  in 3 open  tr ials ,  t he re  
were  2 exce l len t  r e s p o n s e s ,  22 wi th  a m o d e r a t e - g o o d  re- 
sponse s  and  6 t r e a t m e n t  fai lures.  This  suggests  an  anxioly t ic  
ac t iv i ty  for  c o m p o u n d  IV. In s tudies  I and  2, a more  rapid 
and m a r k e d  ac t ion  on  the  psych ic  than  on the  somat ic  com-  
p o n e n t  of  the  H R S A  was  o b s e r v e d .  F u r t h e r m o r e ,  in none  of  
these  s tudies  was  a s e d a t i v e / m y o r e l a x a n t  effect  no ted ,  
c lear ly d i f fe rent ia t ing  c o m p o u n d  IV f rom the ben-  
zod iazep ines .  

GENERAL DISCUSSION 

The  precl inical  and  clinical  profi les of  these  phenyl -  
p ipe raz ine  de r iva t ives ,  especia l ly  c o m p o u n d  IV, are those  of  
an anxio ly t ic  c o m p o u n d .  H o w e v e r ,  th is  is the  only s imilar i ty  
to the  b e n z o d i a z e p i n e s  d e m o n s t r a t e d  by  c o m p o u n d  IV. 
Thus ,  in bo th  man  and  an imals  c o m p o u n d  IV is devo id  of  
seda t ive  or  m y o r e l a x a n t  effects .  In con t ras t ,  such  ac t ions  are  
integral  c o m p o n e n t s  of  the  s p e c t r u m  of  ac t ion  of  ben-  
zod iazep ines .  This  suggests  tha t  the m e c h a n i s m  of  ac t ion  of  
these  p h e n y l p i p e r a z i n e s  is subs tan t ia l ly  di f ferent  f rom tha t  
of  the  b e n z o d i a z e p i n e s .  This  is conf i rmed  by the inabil i ty  of  

these  c o m p o u n d s  to d isplace  :~H-diazepam f rom the  highly 
specif ic  b e n z o d i a z e p i n e  recogni t ion  site. T o g e t h e r  with  the  
d ive rgen t  profi le of  c o m p o u n d  IV as c o m p a r e d  to ben-  
zod iazep ines  on  o t h e r  r e c e p t o r  b ind ing  si tes and  on  the  neu-  
rochemica l  indices  of  cen t ra l  m o n o a m i n e  n e u r o n  ac t iv i ty ,  it 
is ev iden t  tha t  the  two c lasses  of  c o m p o u n d s  have  di f ferent  
m e c h a n i s m s  o f  ac t ion .  

T h e s e  da ta ,  t oge the r  with  those  for  a n o t h e r  p ipe raz ine  
de r iva t ive  b u s p i r o n e  [14, 33--35, 39] and  for  m e p r o b a m a t e  
[24, 27, 32] sugges t  tha t  an  anxio ly t ic  act ivi ty  can be 
a c h i e v e d  wi thou t  an ob l iga tory  act ivi ty  at the  G A B A /  
b e n z o d i a z e p i n e  m a c r o m o l e c u l a r  complex .  In fact ,  these  
da ta  suggest  tha t  bo th  a dopamine rg ic  and  se ro ton inerg ic  
c o m p o n e n t  con t r ibu te  to the  anxio ly t ic  ac t iv i ty  of  the  
p ipe raz ine  der iva t ives .  In this  regard ,  a se ro ton inerg ic  com- 
p o n e n t  in the  m e c h a n i s m  of  ac t ion  of  b e n z o d i a z e p i n e s  has  
been  cons ide red  poss ib le  by some au tho r s  [1, 19, 28, 29]. 

In conc lus ion ,  the p re sen t  ser ies  of  pheny lp ipe raz ine s  
d e m o n s t r a t e  a c lear  anxio ly t ic  ac t iv i ty  in man  and  in animal  
models .  This  ac t iv i ty  is not  para l le led  by an t i convu l s an t ,  
myore l axan t  or  seda t ive  effects ,  no r  by an ac t ion  at the  com- 
p o n e n t s  of  the  G A B A - b e n z o d i a z e p i n e  m a c r o m o l e c u l a r  
complex .  Thus ,  a precl inical  and clinical  anxioly t ic  effect  
does  not  seem " a  p r io r i "  to be assoc ia ted  with an ac t ion  at  
the  b e n z o d i a z e p i n e  recogn i t ion  site. 
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