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ABSTRACT 

Winter, J.C., and R.A. Rabin: Yohimbine and serotonergic agonists: Stimulus properties 
and receptor binding. Drug Dev. Res. 16:327-333, 1989. 

The present investigation was designed to compare the discriminative stimulus properties 
of yohimbine and purported agonists at the serotonin (5-HT),* receptor. To that end, groups 
of rats were trained with yohimbine, 8-OH-DPAT, and ipsapirone, respectively. Tests of 
generalization were then conducted, and the interaction between clonidine and yohimbine 
was examined. Drugs examined behaviorally were also characterized in terms of their 
relative affinities at the 5-HT1A, 5-HTIB, and 5-HT2 receptors by means of standard 
radioligand binding techniques. A high degree of generalization was observed between 
each of the training drugs and in tests of gepirone and buspirone. Comparisons of the 
behavioral and receptor binding data argue against stimulus control mediated solely by a 
5-HTIA-based mechanism. The observed pattern of interaction of clonidine with yohimbine 
in rats trained with the latter drug suggests that clonidine may function as a partial agonist. 
Whatever the mechanistic basis for the present discrimination data, we are left with the 
puzzle of why yohimbine. widely regarded as anxiogenic, should share stimulus properties 
with anxiolytic drugs. 
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INTRODUCTION 

Several recent studies have compared the discriminative stimulus properties of seroton- 
ergic (5-HT-ergic) drugs with their affinities for a growing list of 5-HT receptors [Glennon et 
al.. 1988; Tricklehank et al.. 1987: Winter and Rabin, 19881. The results have in general 
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encouraged the belief that there is a rational relationship between receptor specificity and 
stimulus effects. It is therefore puzzling that 8-OH-DPAT and ipsapirone, drugs with high 
affinity for the 5-HTIA receptor, were recently observed to generalize to yohimbine, an agcnt 
widely regarded as being a selectivc a2-adrenergic antagonist [Winter, 19881. The behavioral 
effects of ipsapirone and yohimbine are likewise not predictive of similar stimulus effects; 
yohimbine has long been reputed to be anxiogenic in man [Holmberg and Gershon, 19611 as 
well a5 in animals [Davidson and Lucki, 19871, and ipsapirone has anxiolytic-like properties 
in animals [Ti-aber et al.,  19841. 

In the present investigation, group5 of rats were trained with 8-OH-DPAT (0.2 mgikg), 
ipsapirone (10 mg/kg), and yohimbine (6 mgikg). Tests of generalization werc then conducted 
with 8-OH-DPAT, ipsapirone, yohimbine, and a number of related drugs. Jnteractions 
between clonidine and 8-OH-DPAT, ipsapirone, and yohimbine were also examined. Finally, 
dissociation constants for each of the drugs at the S-HTIA, .5-HTIB, and S-HT2 binding sites 
wcre determined. 

MATERIALS AND METHODS 
Animals 

Male Fischer 344 rats were obtained from Charles River Breeding Laboratories 
(Wilmington, MA). They were housed in pairs under a natural light-dark cycle and allowed 
free access lo water in the home cage. Subjects were maintained at 7 5 4 0 %  of their expected 
free-feeding weight by limiting access to food to 1 hr per day. 

Apparatus 

Three small-animal test chambers (CoubourJl Instruments niodel E10- 10) housed in 
larger, light-proof. sound-insulatcd boxes were used for all experiments. Boxes contained a 
house light and an exhaust fan. Chambers contained two levers mounted at opposite ends of 
one wall. Centered between the levers was a dipper, which delivered 0.1 ml of sweetened 
condensed milk diluted 2:l with tap water. 

Procedure 
Training. Subjects were assigned to one 01 t h e e  groups. After learning to drink from 

the dippcr, subjects were trained to depress first onc and then the other of the two levers. The 
number of responses for each reinforcement was gradually increased from one to ten. and all 
subscquent training and testing employed a fixed ratio ten (FR 10) schedule of reinforcement. 
Discrimination training was then begun. Fifteen minutes before each 10 min session, subjects 
were injected intraperitoneally (ip) with cither saline or drug. Following the administration or 
drug, every tenth response on thc drug-appropriate lever was reinforced. Similarly, responscs 
on the saline-appropriate lever were reinforced following the injection of saline. For one-half 
of the subjects, the left lever was designated as the drug-appropriate lever. During 
discrimination training, drug and saline were alternated on a daily basis. Drug-induced 
stimulus control was assumed to be present when, in five consecutive scssions. 83% or more 
of all responses prior to delivery of the first reinforcer wcre on the appropriate lever. Groups 
I ,  11, and 111 were trained with 8-OH-DPAT (0.2 nigikg), ipsapirone (10 nigikg). and 
yohinibine (6 mg/kg), respectively. 

Tests of generalization. After drug-induced stimulus control was well established, cross 
tests were conducted in groups I, IT, and 111. Cross tests were conducted once per week in each 
animal so long as performance during the preceding sessions of the week did not fall bclow a 
criterion of 83% correct responding. In general, tests wcrc equally divided between Thursday 
and Friday sessions. During cross tests, no responses wcre rcinforccd, and the session was 
terminated after the emission of tcn responses on either lever. The distribution of responses 
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between the two levers was expressed as the percentage of total responses emitted on the 
drug-appropriate lever. 

5-HT Binding Assay 
Rats were sacrificed by decapitation, and the frontal cortices werc rapidly removed. 

Tissue was homogenized (Brinkmann Polytron) in SO mM Tris (pH 7.4), and the homogenate 
was centrifuged at 30,000g for 15 min at 4°C. The resulting pellets were resuspended in the 
Tris buffer, and the samples were incubated at 37°C for 15 min to removc endogenous 5-HT 
[Nelson et al., 19781. The samples were thcn centrifuged at 30,OOOg for 15 min. The resulting 
pellets were resuspended in the Tris buffer and again centrifuged at 30,OOOg for 15 inin. The 
final pellet was resuspended (40 mg wet weight of tissueiinl for ['HIS-HT binding; 5.3 mgiml 
for [3H]ketanserin binding) in SO mM IYis (pH 7.4) containing 2.5 mM MgC12, 5.7 mM 
ascorbate, and 10 pm pargylinc. 

[3H1S-HT binding to frontal cortical meinbranes was measured by a modification of the 
method of Sills et al. [ 19841. Binding of ('HIS-HT was carried out in a final volume of 450 pl 
consisting of SO mM Tris (pH 7.4), 2.5 mM MgCI2, 5.7 InM ascorbate, 0.1 mM guanosine 
triphosphate (GTP), 10 pm pargyline, I3H IS-HT (specific activity 19.2-21.8 Ciimmole; New 
England Nuclear, Boston, MA), and various concentrations of unlabeled drug. Incubations 
were started by the addition of 100 p l  of tissue and were carried out for 24 min at 30°C. 
['Hlkctanserin (61.8 Ciimmole; New England Nuclear) binding to frontal cortical membranes 
was carried out under similar conditions except that the assay volume was 1 ml and the 
incubation, which was initiated with 750 pl of tissue, was carried out for 30 min at 30°C. The 
incubations were terminated by the addition of S ml cold SO mM Tris (pH 7.4), and the samples 
were rapidly filtered by vacuum filtration through Whatman GFiB glass I'iber filters. Filters 
were rinsed twice with 5 nil of cold SO mM Tris buffer, and radioactivity was measured by 
liquid scintillation spectrophotometry (30% efficiency) after incubating the filters in Budget- 
Solve scintillation cocktail (RPI) overnight. Specific binding of L3H]5-HT was defined as the 
difference in the amount of radioactivitp bound in the absence and presence of 10 p m  
unlabeled 5-HT. Specific binding of ['Hlketanserin was defined with 1 pm unlabeled 
methysergide. Data were analyzed by nonlinear regression using the program EBDWLIGAND 
(Elsevier BIOSOFT). A partial F test was used to determine whether a one-site or two-site 
model best fit the data [DeLean et al., 1982; Munson and Rodbard, 19801. The high-affinity 
binding site was identified as eithcr 5-HT,,, or .5-HTIR, as previously described, using 200 nM 
8-OH-DPAT and 100 nM TFMPP to mask binding to 5-HTIA and 5-HTIR receptors, 
respectively [Winter and Rabin. 19881. 

Drugs 
Racemic 8-hydroxy-2-(di-n-propylamino)tetralin HBr (8-OH-DPAT) was purchased 

from Research Biochemicals Inc. (Wayland, MA). Yohimbine HCI was purchased from 
Aldrich Chemical Co. (Milwaukee, WI). Ipsapirone (2-{4-[4-(2-pyrimidinyl)- I -piper- 
azinyl]butyl}-l,2-benzisothiazol-3-(2H)one 1,l-dioxide HCl) was generously provided by 
Troponwerkc GMBH & Co. (Cologne, Federal Republic of Germany). PmP (1-12-pyrim- 
idinyllpiperazine HCI), buspirone (8-{4-[4-(2-pyriinidinyl)-l-piperazinyl]butyl}-8-azo- 
spiro[4.5]decane-7,9-dione HCI) and gepirone (4,4-dimethyl- 1 - {4-[4-(2-pyrimidinyl)- 1 -piper- 
azinyl]butyl}-2,6-piperidinecliune HCI) were gifts from Bristol-Meyers Co. (Evansville, IN). 
All drugs were dissolved in saline and injected ip in a constant volume of I ml/kg body weight. 
All doses refer to the respective salts. 

RESULTS 

The data shown in Figure 1 suggest complete generalization of the stimulus effects of 
8-OH-DPAT to ipsapirone, gepirone, buspirone. and yohimbine. This confirms earlier reports 
with respect to ipsapirone and buspirone [Cunningham et al., 1987; Tricklebank et al., 19871 
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Fig. 1. Effects of ipsapirone (D), gepirone (*), buspirone (A), and yohirnbine (W)  in rats trained with 
8-OH-DPAl (0.2 nigikg) as a discriminative stimulus. Each point is the mean of one determination in 
each of I0 subjects. Ordinate: lblean perccntagc of rcsponscs on the 8-OH-DPAT-appropriate level. 
Abscissa: Dose plotted o n  a log scale. 

and yohimbine [Winter, 19881. Figure 2 shows the results of tests of generalization of 
gepirone, buspirone, and yohimbine in rats trained with ipsapirone. The data indicate a high 
degree of generaliLation of the training drug to the compounds tested. Spencer and Traber 
[ 19871 previously reported gcneralization of the stimulus effects of ipsapirone to buspirone 
using a shock-motivatcd Y-maze. 

Figure 3 shows the results of tests of generalization in animals trained with yohimbine. 
With respcct to gepirone and ipsapirone, the results are symmetrical with the data of Figures 
1 and 2, i.c., complcte generalization. In contrast, 8-OH-DPAT and buspirone substituted less 
fully than might have been predicted. PmP, a metabolite common to gepironc, buspirone, and 
ipsapirone, was the least efficacious of thc drugs tested. 

Animals traincd with yohinibine and tested with combinations of yohimbine and 
clonidinc revealed a complex interaction between the two drugs (Fig. 4). Thus, a dose of 
clonidine (0.06 mg/kg) that produced effects suggcstivc of antagonism of the training dose of 
yohimbine signilicantly potentiated thc degree of generalization to an intermediate dose of 
yohimbine. 

DISCUSSION 

The generalization of 8-OH-DPAT to ipsapirone and buspirone shown in Figurc 1 is in 
agreement with their high affinities for the 5-HTIA receptor (Table I ) .  Thcre is not, however, 
a perfect correlation between affinity for the 5-HTIA receptor and ability to substitute for 
8-OH-DPAT. Thus yohirnbine and gepironc have lower affinities for the receptor (Table 1 ) but 
are comparable to ipsapirone and buspirone in mimicking 8-OH-DPRT. Similarly, yohinibine 
and gepirone are cornparable to buspironc in substituting for ipsapirone in animals trained with 
the latter dnig (Fig. 2). The pattern of substitution seen in rats trained with yohimbine (Fig. 
3) likewise argues against stimulus control solely mediated by a 5-HTl .-based mechanism. 
Although it is true that PmP has negligible affinity at the 5-HTlA site (Table I )  and is leabt 
efficacious in substitution, 8-OH-DPAT and buspirone have much higher affinitics for the 
receptor than yohinibine, yet substitution is incomplete. 

The failure of clonidine to antagonize yohimbine consistently (Fig. 4) suggests that 
activity at a,-adrenergic sites is not of primary importance in yohimbine-induced stimulus 
control. This contrasts with previous reports that the stimulus elfects of clonidine are blockcd 
by yohimbine [Bennett and Lal, 1982; Cunningham et al.? 1985; La1 and Yaden, 1985; Wood 
et al., 19851. The pattern oC interaction of clonidine with yohimbine seen in Fig. 4-1.e., 
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Fig. 2. Effects of gepirone (0 ) .  buspirone (A),  and yohimbine i.) in rats trained with ipsapirone 
(10 mgikg)  as a discriminative stimulus. Ordinate: Mean percenlage of responses on  the ipsapirone- 
appropriate lever. All other details are as in Figure 1. 
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Fig. 3. Effects o f  gepirone ( O ) ,  buspirone (A),  ipsapirone (0). 8-OH-DPAT (A), and PmP (0) in rats 
trained with yohimbine (6 nig/kg) as a discrirninative stimulus. Each point is the mean of one 
determination in cach of eight subjects. Ordiiiatc: Mean pcrcentage of responses on the yohimbinc- 
appropriate levcr. All other details are as in Figure 1.  

additivity or potentiation at an intermediate dose of yohirnbine followed by a modest degree 
of antagonism at the training dose-is consistent with the interaction of a partial agonist 
(clonidine) with a full agonist (yohimbine) [Ariens et al . ,  19641. Also conListent with this 
interpretation is the observation that intermediate levels of yohimbine-appropriate responding 
occur when higher doses of clonidine are given alone to yohimbine-trained animals (J .C. 
Winter, unpublished; N. I>eidenheimer and M.D. Schechter, personal communication). 

No simple explanation of the present data in terms of  a single receptor or receptor 
subtype presents itself, nor perhaps should we expect one. It appears probable that a single 
drug may function as a compound stimulus. with each element mcdiated by a distinct 
pharmacological receptor [Winter, 1978,1984; Winter and Rabin, 19881. Thus, according to 
the Berry-Ator hypothesis of specificity in drug discrimination, asymmetrical generalizations 
are explained in terms of differential salience of ccrtain elemcnts depending on the training 
drug (Ator and Grifl'iths, 1989). Finally, whatever the mechanistic basis for the present 
discrimination data, we arc lcft with the puzzle of why yohimbine, widely regarded as 
anxiogenic, should sharc stiiiiulus properties with anxiolytic drugs. 
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Fig. 4. Effects o f  yohimbine alone (0) and following prctrentmcnr with clonidine (0).  Yohirnbine and 
clonidine (0.06 rng/kg) were injected IS min and 30 min. respectively, before testing. Ordinate: Mean 
percentage of responses on the yohinibine-appr-opriate lever. "P < 0.05; signed ranks teat. All other 
dctails arc as in Figure I .  

TABLE 1.Dissociation Constants for the 5-HTlA, 5-HTIB, and 5-HT2 
Binding Sites* 

8-OH-DPAT 19 6 4,912 6.721 
Clonidine K<,) ,, lo-" LCj,, > 1 0 P  
Ipsapirorie 36 I 2.863 4,632 
Yohirnbine 1,136 ~ 3,230 
Buspirone 13 7 1,779 1,689 
Gepirone 1.090 - 2,973 
PmP - 7,315 K<,, > 10-4  

"Each value is the geometric mean of three to five determinations. A dash 
indicates that no binding was detected. 
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NOTE ADDED IN PROOF 

Ator and Griffiths [ 19891 observed coiiiplete generalization of the anxiogenic agent, 
pentylenetetrazol, to buspirone in baboons trained with the former drug. 
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