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Abstract 

1-(2-Methoxyphenyl)-4-[(phthalimido)butyl] piperazine (NAN-190) and 8-[4-[4-(2-pyrimidinyl)-l-piperazinyl]butyl]-8- 
azaspiro[4.5]decane-7,9-dione (buspirone) are 5-HT1A receptor partial agonists which decrease 5-hydroxytryptamine (5-HT) 
release in vivo. In order to assess whether these ligands decrease 5-HT release by stimulating 5-HT1A receptors we examined the 
ability of the selective 5-HTaA receptor antagonist N-tert-butyl 3-4-(2-methoxyphenyl) piperazin-l-yl-2-phenylpropanamide 
dihydrochloride (WAY-100135) to block their inhibitory effects on 5-HT. NAN-190 (0.1 mg/kg s.c.) and buspirone (1.0 mg/kg 
s.c.) significantly decreased extracellular levels of 5-HT in hippocampal dialysates. WAY-100135 (10.0 mg/kg s.c.) attenuated the 
effect of buspirone but had no significant effect on the NAN-190-induced decrease in 5-HT release. These data demonstrate that 
buspirone is an agonist at the somatodendritic 5-HT1A receptor but that the inhibitory effects of NAN-190 on 5-HT release may 
be mediated via a mechanism other than, or in addition to, 5-HTIA receptor agonism. 
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1. Introduct ion 

The piperazine derivative 1-(2-methoxyphenyl)-4- 
[(phthalimido)butyl] piperazine (NAN-190) was one of 
the first putative 5-HTaA receptor  antagonists to be 
developed (Glennon et al., 1988). This compound was 
demonstra ted  to have high affinity for the 5-HTIA 
receptor  and to block some of the behavioural effects 
(5-hydroxytryptamine (5-HT) syndrome, stimulus prop- 
erties) of the selective 5-HT1A receptor  agonist, 8-dihy- 
droxy-2-(propylamino)tetralin (8 -OH-DPAT)  (Glennon 
et al., 1988; Hjorth and Sharp, 1990). However, it was 
later demonstra ted that NAN-190 decreased hip- 
pocampal  5-HT release (Hjorth and Sharp, 1990) and 
raphe neuronal  cell firing (Lum et al., 1990). These 
inhibitory effects were proposed to be a result of an 
agonist action of NAN-190 at somatodendrit ic 5-HTIA 
receptors,  suggesting that the compound behaves as a 
5-HTIA receptor  partial agonist. However, it still re- 
mains uncertain whether  the inhibitory effects of  
NAN-190 on 5-HT neuronal  activity are due to an 
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agonist action of this compound at somatodendrit ic 
5-HTIA receptors. In the present  study, we have evalu- 
ated the effects of N-tert-butyl 3-4-(2-methoxyphenyl) 
p iperazin- l -y l -2-phenylpropanamide dihydrochloride 
(WAY-100135) (Cliffe et al., 1993; Fletcher et al., 1993; 
Routledge et al., 1993) on the decrease in extracellular 
levels of hippocampal  5-HT induced by NAN-190. In 
addition, we have evaluated the effects of WAY-100135 
on 8- [4- [4- (2-pyr imidinyl ) -  1 -p ipe raz iny l ]bu ty l ] -8 -  
azaspiro[4.5]decane-7,9-dione (buspirone), a ligand 
which was first demonstrated to decrease 5-HT neu- 
ronal activity in 1987 (Sprouse and Aghajanian, 1987), 
but which has awaited the development of selective 
antagonists to demonstrate  unequivocally that its in- 
hibitory effects are mediated via 5-HTIA receptors. 

2. Materials  and methods  

2.1. Experimental procedure 

Male Sprague-Dawley rats were anaesthetised with 
a mixture of ketamine and xylazine (66.6:6.66 m g / k g  
i.m. respectively) and a guide cannula (CMA Micro- 
dialysis, Stockholm, Sweden) stereotaxically implanted 
directly above the dorsal hippocampus and cemented 
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to the skull using dental acrylic. At the same time a 
cannula was implanted in the back of the neck under 
the skin and between the shoulder blades for subcuta- 
neous administration of all drugs and vehicle. The 
purpose of the indwelling cannula was to alleviate 
injection stress. The animals were allowed a 24 h 
recovery period following which a microdialysis probe 
(dimensions: o.d. 0.5 mm, length 4.0 mm, CMA Micro- 
dialysis, Stockholm, Sweden) was lowered into the hip- 
pocampus via the guide cannula (tip co-ordinates P 4.8, 
L 4.7, V 8.0 ref. point bregma according to Paxinos and 
Watson, 1986). The probe was perfused with artificial 
cerebrospinal fluid (CSF; for composition see Rout- 
ledge et al., 1993) at a flow rate of 1 .0 /z l /min.  Follow- 
ing a 3.0 h stabilisation period 20 min microdialysis 
samples were taken and immediately injected onto a 
high performance liquid chromatography (HPLC) col- 
umn for subsequent assay of 5-HT as described by 
Routledge et al. (1993). Three  baseline control samples 
were taken followed by administration of WAY-100135 
or vehicle and then 30 min later, by administration of 
8-OH-DPAT, buspirone or vehicle. 

At the end of the experiment placement of micro- 
dialysis probes was verified histologically. 
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Fig. 1. Effects of WAY-100135 (10.0 mg /kg  s.c.) on the buspirone 
(1.0 mg /kg  s.c.) induced decrease in extracellular levels of 5-HT in 
the rat hippocampus. Each point represents mean _+ S.E.M. for six 
animals per group. First arrow denotes administration of WAY- 
100135 or 0.3% methyl cellulose, the second denotes administration 
of buspirone and vehicle. See Results for statistical analysis of data. 
0.3% methyl cellulose/vehicle (o),  0.3% methyl cellulose/buspirone 
(11), WAY-100135/vehicle (e), WAY-100135/buspirone ([]). 

2.2. Drugs 

N-tert-Butyl 3-4-(2-methoxyphenyl) piperazin-l-yl- 
2-phenylpropanamide dihydrochloride (WAY-100135; 
racemate) (Wyeth Research, UK, 87% active moiety) 
was dissolved in 0.3% methyl cellulose and adminis- 
tered in a dose of 2.5 ml /kg  s.c. 8-[4-[4-(2-pyrimidinyl)- 
1-piperazinyl]butyl]-8-azaspiro[4.5]decane-7,9-dione hy- 
drochloride (buspirone- HC1) (Research Biochemicals, 
St Albans, UK, 91% active moiety) and 1-(2-methoxy- 
phenyl)-4-[(phthalimido)butyl] piperazine (NAN-190) 
(Wyeth Research, UK, 84% active moiety) were dis- 
solved in 25% PEG:sa l ine  and administered in a vol- 
ume of 1 m l /kg  s.c. Controls received the appropriate 
volume of the appropriate vehicle. 

2.3. Data analysis and statistics 

Perfusate levels of 5-HT are expressed as a percent 
of the mean of absolute neurotransmitter collected in 
three pre-injection control samples. Data were anal- 
ysed by two-way or three-way analysis of variance 
(ANOVA) with repeated measures and post-hoc test- 
ing carried out using the Tukey-Kramer test. A proba- 
bility level of P < 0.05 was regarded as significant. 

3. Results 

Baseline extracellular levels of 5-HT in the rat hip- 
pocampus were 37.21 +_ 7.98 fmo l /20 / z l  dialysate (n = 

36); levels remained relatively stable for the 5 h experi- 
mental period though there was a significant decrease 
in extracellular 5-HT levels at time point 240 min in 
vehicle/WAY-100135 groups. Vehicle injection had no 
significant effect on extracellular levels of 5-HT; in 
contrast, buspirone (1.0 mg/kg)  and NAN-190 (0.1 
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Fig. 2. Effects of WAY-100135 (10.0 mg/kg  s.c.) on the NAN-190 
(0.1 mg/kg  s.c.) induced decrease in extracellular levels of 5-HT in 
the rat hippocampus. Each point represents mean_+ S.E.M. for six 
animals per group. First arrow denotes administration of WAY- 
100135 or 0.3% methyl cellulose, the second arrow denotes adminis- 
tration of NAN-190 or vehicle. See Results for statistical analysis of 
data .  0.3% methyl  c e l l u l o s e / v e h i c l e  (o ) ,  0.3% methyl  
ce l lu lose /NAN-190  (m),  WAY-100135/vehic le  (e), WAY-  
100135/NAN- 190 ([]). 
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mg/kg)  significantly ( P  < 0.05) decreased 5-HT release 
to 40 _+ 3.1 and 30 + 1.2% of preinjection control val- 
ues respectively (Figs. 1 and 2). WAY-100135 at a dose 
of 10.0 m g / k g  s.c. had no significant effect on extracel- 
lular levels of 5-HT, but completely blocked the bus- 
pirone-induced decrease in 5-HT release (Fig. 1). Sta- 
tistical analysis using three-way ANOVA with repeated 
measures (followed by the Tukey-Kramer test) re- 
vealed a significant ( P  < 0.05) main effect of buspirone 
(1.0 mg/kg)  to decrease 5-HT release and a significant 
interaction between WAY-100135 and buspirone 
(F(1,20) = 2.354, P < 0.01). In contrast, WAY-100135 
at a dose of 10.0 m g / k g  had no effect on the decrease 
in 5-HT release induced by 0.1 m g / k g  NAN-190 (Fig. 
2). Statistical analysis using three-way ANOVA with 
repeated measures (followed by the Tukey-Kramer test) 
revealed a significant (P  < 0.05) main effect of NAN- 
190 (0.1 mg/kg)  to decrease 5-HT release but no 
interaction between WAY-100135 and NAN-190 
(F(1,20) = 0.398, P = 0.867). 

4. Discussion 

These data demonstrate that NAN-190 and bus- 
pirone decrease extracellular levels of 5-HT in the rat 
hippocampus, a response suggested to be indicative of 
activation of somatodendritic 5-HT1A receptors on dor- 
sal raphe neurones. This is in agreement with other 
data demonstrating NAN-190 and buspirone to be 
5-HT1A receptor partial agonists in vitro and in vivo 
(Sharp et al., 1989; Hjorth and Sharp, 1990; Lum et al., 
1990; Rydelek-Fitzgerald et al., 1990; Greuel  and 
Glaser, 1992). These data were supported by the 
demonstration that the non-selective 5-HTIA/1B//3- 
adrenoceptor  antagonist ( - ) -p indo lo l  blocked the in- 
hibitory effects of these compounds (Hjorth and Sharp, 
1990; Sharp et al., 1993). However, the poor selectivity 
of ( - ) -p indo lo l  makes the results of the above experi- 
ments difficult to interpret. In the present study, the 
selective 5-HTIA receptor antagonist WAY-100135 
blocked the effects of buspirone on 5-HT release 
demonstrating that these inhibitory effects are medi- 
ated via 5-HTIA receptor activation. 

In contrast, WAY-100135 had no effect on the 
NAN-190-induced decrease in extracellular levels of 
5-HT, suggesting that the inhibitory effects of NAN-190 
may be due to an action other than 5-HTIA receptor 
agonism. One possible explanation for the inhibitory 
effects of NAN-190 on 5-HT neuronal activity is block- 
ade of facilitatory aa-adrenoceptors located on raphe 
serotonergic cell bodies. NAN-190 has significant affin- 
ity for a~-adrenoceptors (Glennon et al., 1988), and has 
been demonstrated to be 330-fold more potent at 
blocking al-adrenoceptor-mediated effects than 5- 
HTIA receptor-mediated effects in vitro (Claustre et 

al., 1991). In addition, the a l -adrenoceptor  antagonist 
prazosin has been demonstrated to decrease extracellu- 
lar levels of 5-HT in vivo (Claustre et al., 1991; Rout- 
ledge et al., 1994) presumably via blockade of facilita- 
tory al-adrenoceptors  on raphe neurones. Further 
studies are required, however, to conclusively demon- 
strate this. 

These data appear to contrast with those of Hjorth 
and Sharp (1990), who demonstrated that the in- 
hibitory effects of NAN-190 were antagonised by ( - ) -  
pindolol. There  are a number of methodological differ- 
ences in these studies which may account for this 
discrepancy; these include anaesthet ised versus 
unanaesthetised animals, the inclusion of citalopram in 
the perfusion fluid and the use of lower doses of 
NAN-190 in the study by Hjorth and Sharp. One 
additional explanation for this discrepancy may be the 
use of a non-selective 5-HT1A receptor antagonist in 
this study. In addition to 5-HTIA affinity, ( - ) -p indolo l  
has significant affinity for/3-adrenoceptors and 5-HTIB 
receptors. In view of evidence that 5-HT1D receptor 
antagonists can increase 5-HT release in the guinea-pig 
(Starkey and Skingle, 1994), it has been suggested that 
an antagonist at 5-HTIB receptors may have a similar 
effect in the rodent. It is therefore possible that ( - ) -  
pindolol may reverse the inhibitory effects of NAN-190 
by such a mechanism, i.e. physiological rather than 
pharmacological antagonism. It still remains to be de- 
termined if a 5-HTIB receptor antagonist will increase 
5-HT release in vivo. 

An additional explanation which cannot be excluded 
at this stage is that NAN-190 has both al-adrenoceptor  
antagonist and 5-HTIA receptor partial agonist activity; 
however, at the dose used in the present study (0.1 
m g / k g  s.c.) the a l -adrenoceptor  effects appear to pre- 
dominate, hence the lack of effect of WAY-100135 on 
the NAN-190 response. Alternatively, NAN-190 may 
exert its inhibitory effect via an action unrelated to its 
effects at either a I or 5-HT1A receptors, e.g. 5-HT 7. 

In conclusion, these data demonstrate that bus- 
pirone behaves as a 5-HT1A receptor agonist at the 
somatodendritic 5-HT1A receptor in that the bus- 
pirone-induced decrease in 5-HT release is attenuated 
by the selective 5-HT1A receptor antagonist WAY- 
100135. However, they also demonstrate that NAN-190 
decreases 5-HT release in the rat hippocampus via a 
mechanism other than, or in addition to, 5-HT1A re- 
ceptor agonism as the NAN-190 response is not blocked 
by WAY-100135. Taken together with the results of 
previous studies from our laboratory (Routledge et al., 
1994), these data suggest that NAN-190 may decrease 
5-HT neuronal activity and 5-HT release via blockade 
of al-adrenoceptors.  In addition, these data suggest 
that caution should be taken when using NAN-190 as 
some of the effects of this ligand may not be mediated 
via 5-HTlA receptors. 
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