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ABSTRACT 

Dunn, R.W., and S. Fielding: Yohimbine-induced seizures in mice: A model predictive 
of potential anxiolytic and GABA-mimetic agents. Drug Dev. Res. 10:177-188, 1987. 

Yohimbine potentiation of lethality in mice has been used as a model for the prediction of 
antidepressant agents [Quinton, 19631. However, prior to death or at sublethal doses, 
yohimbine induces clonic convulsions. In Swiss-Webster mice (20-28 g) individually placed 
in clear plastic cylinders, the CD5o (median convulsive dose) for yohimbine-induced sei- 
zures was 22.7 (18.9-27.3) mglkg sc (subcutaneously). For anticonvulsant screening, 
compounds were administered intraperitoneally at appropriate pretreatment times prior to 
the CDg5 dose of yohimbine (45 mglkg sc). The following anxiolytic and GABA-mimetic 
agents administered intraperitoneally dose-dependently antagonized yohimbine-induced 
clonic convulsions: diazepam (ED50 = 0.26 mglkg); chlordiazepoxide (2.0 mglkg); CGS 
9896 (0.82 mglkg); CL 218,872 (3.7 mglkg); zopiclone (19.0 mglkg); tracazolate (61.3 mg/ 
kg); clonazepam (0.02 mg/kg); phenobarbital (9.0 mglkg); valproic acid (81.1 mglkg); 
trimethadione (163.0 mglkg); muscimol (0.82 mglkg); AOAA (16.0 mglkg); clonidine (0.22 
mg/kg); and baclofen (4.0 mglkg). On the other hand, the antiepileptic agents diphenylhy- 
dantoin, ethosuximide, and carbamazepine as well as the benzodiazepine antagonists 
CGS 8216 and RO 15 1788 were inactive. The neuroleptics haloperidol, chlorpromazine, 
and thioridazine were inactive, while clozapine displayed anticonvulsant activity (ED50 = 
30.7 mglkg). Other inactive compounds include phenotolamine, propranolol, atropine, 
alpha-methyltyrosine, PCPA, reserpine, buspirone, DMI, and imipramine. Since yohimbine 
has been reported to be anxiogenic in animals and man, this assay may be relevant for 
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the prediction of anxiolytic agents. Furthermore, compounds active in this test have shown 
anxiolytic activity in behavioral conflict paradigms. 

Key words: enxiolytics, anticonvulsants, GABA-ergic agents, yohimbine-induced clonic 
convulsions 

INTRODUCTION 

Yohimbine, an indole alkaloid, has a variety of effects on noradrenergic, dopaminergic, 
and serotonergic systems. Yohimbine is a relatively selective inhibitor of alpha-2-adrenergic 
receptors, which facilitates the release of noradrenaline [Anden and Strombom, 1974; Starke 
et al., 1975; Anden et al., 19761. Yohimbine also increases dopamine turnover [Papeschi and 
Theiss, 1975; Scatton et al., 19801, either by an indirect noradrenergic modulation [Anden and 
Grabowska, 19761 or by a direct postsynaptic dopamine receptor blockade [Scatton et al., 
19801. Yohimbine may either decrease serotonin turnover [Papeshi et al., 1971; Papeschi and 
Theiss, 19751 or have no effect on serotonin mechanisms [Madsen et al., 1981; Goldberg and 
Robertson, 19831. 

In addition to these effects on neurotransmission, yohimbine has recently been shown in 
vitro to inhibit flunitrazepam binding [Lal et al., 19831 and to inhibit the calcium-dependent, 
stimulation-evoked release of (3H)-GABA in rat and mouse brain slices by a mechanism 
independent of both alpha-2-adrenoceptor blockade and endogenous noradrenalin [Maurin et 
al., 19851. Since an impairment of the central GABA system can lead to convulsions [Meldrum, 
1979; Loscher, 19821 and has been linked to the etiology of epileptic seizures [Wood et al., 
1979: Lloyd et al., 19811, it was of interest to investigate whether yohimbine was a convulsant 
in mice. 

Yohimbine has been shown to have proconvulsant effects in several models of chemically 
induced seizures in mice, i .  e., picrotoxin-, pentylenetetrazol- and bicuculline-induced seizures 
[Lloyd and Worms, 1982; Lazarova and Samanin, 1983; Fletcher and Forster, 19841. Previ- 
ously, yohimbine potentiation of lethality in grouped mice has been used as a model for the 
prediction of antidepressant agents [Quinton, 19631. However, prior to death or at sublethal 
doses, yohimbine induces clonic but not tonic seizures [Quinton, 19631. It is the expression of 
seizures induced by yohimbine that is the subject of study in this paper. Therefore, the present 
investigation was undertaken to characterize the quality and extent of yohimbine-induced 
seizures and to determine which class of therapeutic agents would antagonize these convulsions. 

MATERIALS AND METHODS 

Swiss-Webster CFW male mice weighing 20-28 g were used. They were housed under 
standard laboratory conditions with food and water available ad libitum. Initially, the CD5" 
dose (median convulsive dose) for yohimbine was determined. Mice (n = 8) were subcutane- 
ously administered increasing doses of yohimbine and were then individually placed in clear 
plastic cylinders measuring 12 inches high and 5 inches in diameter. Animals were observed 
for 60 rnin for the onset of clonic seizures with a loss of righting reflex. Next, an LD50 dose 
(median lethal dose) for yohimbine was determined under the same conditions over 60 min. 

Compounds screened for anticonvulsant activity were administered intraperitoneally to 
mice n = 8) at appropriate pretreat times prior to yohimbine challenge. These mice were 
individually placed in clear plastic cylinders. Yohimbine hydrochloride was then suspended in 
distilled water with a drop of Tween 80 and administered at 45 mg/kg sc (subcutaneously) (the 
CDg5 dose). 

Animals were observed for 60 min for the onset of clonic seizures with a loss of righting 
reflex. Animals that did not exhibit at least one clonic seizure within 60 min were considered 
protected. A normalized percent protection or antagonism was calculated. ED50 values with 



Yohimbine-Induced Seizures 179 

95 % confidence limits were calculated for compounds that antagonized yohimbine-induced 
clonic seizures by means of the Litchfield and Wilcoxon [1949] method. 

Drugs 

The following drugs were used: aminooxyacetic acid, atropine, dl-parachlorophenylalan- 
ine, muscimol and yohimbine hydrochloride (Sigma); chlordiazepoxide, clonazepam, diaze- 
pam and RO 15 1788 (Hoffmann-La Roche); baclofen, carbamazepine, imipramine, 
phentolamine, CGS 8216, CGS 9896 (Ciba-Geigy); diphenylhydantoin, dl-a-methyltyrosine 
methyl ester HCl, propanolol, reserpine (Aldrich); clozapine and thioridazine (Sandoz); bus- 
pirone (Mead Johnson); chlorpromazine (Smith Kline and French); CL 218,872 (Lederle); 
clonidine hydrochloride (Boehringer); desmethylimipramine hydrochloride (DMI) (Merrell 
Dow); ethosuximide (Warner Lambert); haloperidol (McNeil); phenobarbital (Merck); traca- 
zolate (Stuart); trimethadione (Abbott); valproic acid (Saber) and zopiclone (Rhon-Poulenc). 

Compounds were either dissolved in distilled water or were suspended in distilled water 
with a drop of Tween 80, depending on solubility. The final volume was prepared to account 
for the salt content, and the dosage was expressed as 100% base. Compounds were adminis- 
tered in a dosage volume of 10 ml/kg. 

RESULTS 

Subcutaneous administration of yohimbine produced a reliable pattern of behavior in 
Swiss-Webster mice at doses between 20 and 40 mg/kg. Initially, mice became motionless, and 
approximately 15-20 min following injection, clonic seizures with a loss of righting reflex 
were observed. Tonic seizures were not observed at any dose. Generally, the greater the dose, 
the faster the onset of seizures. The CD50 for yohimbine was equal to 22.7 (18.9-27.3) mg/kg 
sc (Table 1). At higher dose levels (100-400 mg/kg sc), lethality within 60 min was observed 
with an LD50 equal to 245 mg/kg sc (Table 2). 

For anticonvulsant screening, yohimbine was administered at 45 mg/kg sc (CDg5 dose), 
and lethality was occasionally observed within 60 min in approximately 5 % of the mice (results 
not shown). Compounds were administered intraperitoneally at appropriate pretreatment times 
prior to yohimbine challenge at 45 mg/kg sc. The benzodiazepines diazepam (ED50 = 0.26 
mg/kg) and chlordiazepoxide (2.0 mg/kg) as well as the nonbenzodiazepine anxiolytics CGS 
9896 (0.82 mgikg), CL 218,872 (3.7 mg/kg), zopiclone (19.0 mgikg), and tracazolate (61.3 
mgikg) dose-dependently antagonized yohimbine-induced clonic convulsions (Table 3). Com- 
pounds that are clinically effective antiepileptics such as clonazepam (ED50 = 0.02 mg/kg), 
phenobarbital (9.0 mg/kg), valproic acid (81.1 mg/kg), and trimethadione (163.0 mg/kg) were 
anticonvulsant in the yohimbine-induced seizure model, while diphenylhydantoin, ethosuxi- 
mide, and carbamazepine were inactive (Table 3). The GABA-ergic agents muscimol (ED50 

TABLE 1. Yohimbine-Induced Clonic Seizures in 
Swiss-Webster Mice* 

Yohimbine 
dose No. of mice convulsing/ Percentage 
(mdka sc) No. of mice useda of seizuresb 

0 0/8 0 
20.0 218 25 
28.3 7/8 88 
40.0 8/8 100 

*Mice individually placed in clear plastic cylinders fol- 
lowing injection and observed for 60 min. 
“Generally, onset of seizures between 15 to 20 min 
following administration. 
bCD50 and 95% confidence limits = 22.7 (18.9-27.3) 
mg/kg SD. 
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TABLE 2. Yohimbine-Induced Lethality Following Subcutaneous 
Administration Within 60 Minutes in Swiss-Webster Mice* 

Yohimbine 
dose No. of mice dead/ Percentage 
( m g b  sc) No. of mice used* of lethalitya 

0 018 0 
50 018 0 
100 1 18 13 
200 318 38 
400 618 75 

*Mice individually placed in clear plastic cylinders following injec- 
tion and observed for 60 min. 
"LD5o and 95% confidence limits = 245.5 (145.7-413.2) mgikg sc. 

= 0.82 mg/kg), AOAA (16.0 mg/kg), and baclofen (4.0 mg/kg) as well as valproic acid (81.1 
mgikg) also antagonized yohimbine-induced seizures (Table 3). Clonidine, an alpha-2 agonist, 
also protected against yohimbine-induced seizures with an ED50 equal to 0.22 mgikg (Table 
3). The benzodiazepine antagonists RO 15 1788 and CGS 8216 were inactive in this procedure 
(Table 3). 

Various centrally acting compounds were tested in the yohimbine-induced seizure model. 
The alpha-noradrenergic antagonist phentolamine, the beta-antagonist propranolol, and the 
muscarinic antagonist atropine were inactive in this procedure (Table 4). Also, the catechol- 
amine and serotonin synthesis inhibitors alpha-MPT and PCPA, respectively, had no effect on 
yohimbine-induced seizures (Table 4). Likewise, the catecholamine and serotonin depleter 
reserpine had no effect (Table 4). The antidepressants DMI and imipramine as well as the 
neuroleptics haloperidol, chlorpromazine and thioridazine were also inactive in this model 
(Table 4). However, the atypical neuroleptic clozapine dose-dependently antagonized yohim- 
bine-induced seizures with an ED50 equal to 30.7 mg/kg (Table 4). 

DISCUSSION 

The present results show that yohimbine administered at 45 mg/kg sc reliably induces 
clonic seizures within 60 min in mice. The benzodiazepine agents diazepam, chlordiazepoxide 
and clonazepam as well as nonbenzodiazepine anxiolytics of the following series-pyrazolo- 
quinolines, CGS 9896 [Yokoyama et al., 19821; pyrazolopyridines, tracazolate [Patel and 
Malick, 19821; triazolopyridines, CL 218,872 [Lippa et al., 1979al; and cyclopyrrdones, 
zopiclone [Julou et al., 19851-dose-dependently protected mice from yohimbine-induced 
seizures. These compounds have shown anticonvulsant activity in other convulsant assays 
[Swinyard and Castellion, 1966; Angelis, 19791 and possess anxiolytic effects in various 
behavioral conflict paradigms [Geller and Seifter, 1960; Vogel et al., 1971; Cook and David- 
son, 1973; Malick and Enna, 19791. Generally, the rank order for anticonvulsant potency for 
the benzodiazepines in other seizure assays such as Metrazol threshold and picrotoxin- and 
electroshock-induced seizures was the following: clonazepam (most potent) > diazepam > 
chlordiazepoxide [Swinyard and Castellion, 1966; Costa et al., 1975; Angelis, 19791. This is 
similar to the rank order of potency of these compounds in the yohimbine-induced seizure 
model. Similarly, the nonbenzodiazepine anxiolytics, namely, CGS 9896, CL 218,872, zopi- 
clone, and tracazolate have been shown to interact with the benzodiazepine-GABA receptor 
complex [Olsen, 19811 and have all shown anxiolytic properties as anticonvulsants and in 
conflict models [Lippa et al., 1979a; Patel and Malick, 1982; Bernard et al., 1983, 1985; 
Goldberg et al., 1983; Julou et al., 1983, 1985; Bennett and Petrack, 1984; Malick et al., 
1984; Patel et al., 19851. However, CGS 9896 has shown weak anticonvulsant activity in mice 
in the pentylenetetrazol [Brown et al., 19841 and picrotoxin assays [Pellow, 19851. Also, low 
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TABLE 3. The Effects of Anxiolytics, GABA-Mimetics, Anticonvulsants, and Benzodiazepine 
Antagonists on Yohimbine-Induced Seizures in Swiss-Webster Mice* 

Percentage ED50 
No. of inhibition and 
mice of seizures 95 % 

Pretreat- Screening convulsing1 at confidence 
ment dose No. of screening limits 

Treatment (min) (mgikg ip) mice used dose (mglkg ip) 

Vehicle 
Diazepam 

Chlordiazepoxide 

CGS 9896 

CL 218,812 

Zopiclone 

Tracazolate 

Clonazepam 

Phenobarbital 

Valproic acid 

Trimethadione 

Muscimol 

AOAA 

Clonidine 

Baclofen 

Buspirone 
Diphenylhydantoin 
Ethosuximide 
Carbamazepine 
RO 15 1788 

- 

30 

30 

30 

30 

30 

30 

30 

60 

30 

30 

30 

360 

30 

60 

30 
60 
30 
30 
30 
30 

0 
10 

10 

10 

10 

60 

50 

5 

50 

400 

250 

1 

40 

0.2 

20 

40 
50 

400 
40 
10 
10 

1661 176 
0/8 

018 

018 

118 

018 

518 

018 

0/8 

018 

018 

318 

118 

318 

218 

118 
8/8 
118 
818 
818 
818 

- 

100 

100 

100 

86 

100 

38 

100 

100 

100 

100 

62 

88 

57 

15 

0 
0 
0 
0 
0 
0 

- 

0.26 
(0.15-0.45) 
2.0 
(1.2-3.6) 
0.82 
(0.35-1.93) 
3.7 
(2.4-5.8) 
19.0 

61.3 
(36.4- 103.3) 
0.02 
(0.01-0.04) 
9.0 

81.1 

163.0 
(131.8-201.7) 
0.82 
(0.51-1.30) 
16.0 
(9 .O-28.6) 
0.22 
(0.10-0.48) 
4.0 

Not active 
Not active 
Not active 
Not active 
Not active 
Not active 

(12.7-28.4) 

(5.1-15.8) 

(53.2- 123.9) 

(2.5-6.1) 

*Mice individually placed in clear plastic cylinders following the subcutaneous injection of yohimbine at 
45 mglkg. Mice were observed for the onset of clonic convulsions over 60 min. 

doses of CL 218,872 were proconvulsant in the bicuculline and picrotoxin assays but not in the 
pentylenetetrazol test, whereas high doses were anticonvulsant [Melchior et al., 19831. 

Most GABA-mimetic agents have shown anticonvulsant properties in various seizure 
models [Frey et al., 1979; Loscher, 19821. Muscimol, the GABAA agonist that is bicuculline 
sensitive [Enna and Maggi, 19791, aminooxyacetic acid (AOAA), the GABA transaminase 
inhibitor [Enna and Maggi, 19791, baclofen, the GABAB agonist that is bicuculline insensitive 
[Bowery et al., 1980; Wilkin et al., 19811, and the anti-epileptic, valproic acid [Browne, 1980; 
Chapman et al., 19821 all dose-dependently antagonized yohirnbine-induced seizures. 
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TABLE 4. The Effects of Various CNS Compounds on Yohimhine-Induced 
Seizures in Swiss-Webster Mice* 

No. of Percentage 
mice inhibition of 

Screening convulsing1 seizures at 
Pretreatment dose No. of screening 

Treatment (min) (mglkg ip) mice used dose 

Vehicle - 0 61/64 - 

Phentolamine 60 10.0 6/ 8 25 
Propranolol 30 2.5 118 13 
Atropine 30 5 .O 118 0 
Alpha-MPT 240 300.0 818 0 
PCPA 72 hr 300.0 818 0 
Reserpine 17 hr 5 .0 818 0 
DMI 30 10.0 818 0 
Imipramine 30 10.0 818 0 
Haloperidol" 60 0.5 618 25 

1 .o 718 13 
Chlorpromazine" 30 3 .O 718 0 
Thioridazine" 30 10.0 718 0 
CIozauinea.b 30 20.0 518 38 

*Mice individually placed in clear plastic cylinders following the subcutaneous injec- 
tion of yohimbinc at 45 mglkg. Mice were observed for the onset of clonic convulsions 
over 60 min. 
"Neuroleptics tested at EDloo doses as determined in the apomorphine climbing mouse 
assay. 
hClozapine antagonized yohimbine-induced seizures with an ED,o = 30.7 (14.4-65.4) 
mglkg ip. 

Although there is evidence that benzodiazepines produce their antianxiety effects by 
potentiating GABA-ergic transmission [Costa and Guidotti, 1979; Haefely, 19781, the effects 
of GABA-mimetics as anxiolytics are unclear [Sepinwall and Cook, 1980; Sanger, 19851. 
Muscimol exhibited some anticonflict activity following systemic [Sullivan et al., 1978; 
Scppinwall and Cook, 19801 and direct intracerebroventricular [Cananzi et al., 1980; Vellucci 
and Webster, 19841, amygdala [Scheel-Kruger and Peterson, 19821, and septa1 [Drugan et al., 
19861 administration. However, AOAA has generally been inactive in conflict paradigms 
[Cook and Sepinwall, 1975; Rasmussen et al., 1981; Vellucci and Webster, 19841, although a 
Russian group [Kharmalov and Raevski, 19801 reported AOAA anticonflict activity in a 
modified lick-shock conflict procedure. In addition, baclofen alone proved inactive in conflict 
testing but showed slight effects when combined with muscimol [Quintero et al., 19851. On 
the other hand, valproic acid has produced profound antianxiety effects of similar magnitude 
to benzodiazepines in Geller conflict [La1 et al., 1980; Vellucci and Webster, 19841, antagonism 
of pentylenetetrazol-induced discriminative stimuli [La1 et al., 19801, and lick-shock conflict 
[Rasmussen et al., 1981; Gardner and Piper, 19821 paradigms. The anticonflict effects of 
valproic acid may be due to an activation of GABA synthesis or enhanced GABA transmission 
through an action at the picrotoxin-sensitive, chloride ionophore site [Loscher, 1982; Vellucci 
and Webster, 19841. 

While some compounds that are clinically effective antiepileptics such as valproic acid, 
clonazepam, phenobarbital, and trimethadione antagonized yohimbine-induced seizures, di- 
phenylhydantoin, ethosuximide, and carbamazepine lacked anticonvulsant activity in this 
model. 4 s  previously described above, clonazepam and valproic acid possess anxiolytic 
properties in behavioral conflict paradigms. The barbiturate phenobarbital is both an effective 
anticonvulsant [Everett and Richards, 1944; Costa et al., 19751 and a disinhibitory agent in 
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conflict-induced suppression models [Geller and Seifter, 1960; Cook and Davidson, 19731. 
Recent evidence suggests that the effects of barbiturates may be mediated by facilitation of 
GABA-ergic transmission at the picrotoxinin/barbiturate site on the benzodiazepine-GABA 
receptor-ionophore complex [Olsen, 1981; Haefely and Polc, 1983; Rastogi and Ticku, 19861. 
And finally, trimethadione, which was approximately 80 times less potent than chlordiazepox- 
ide in its ability to antagonize yohimbine-induced seizures, has also shown weak anticonvulsant 
activity in a variety of convulsant procedures [Everett and Richards, 1944; Swinyard and 
Castellion, 19661, as well as anxiolytic effects in the Geller and Seifter conflict and pentylene- 
tetrazol discrimination procedures [Bennett et al., 19821. Although the mechanism of action 
for the anxiolytic activity of trimethadione is not known, it may produce its antianxiety effects 
by potentiation of GABA effects [Bennett et al., 19821. 

The antiepileptics that were inactive in the yohimbine-induced seizure model included 
diphenylhydantoin, ethosuximide, and carbamazepine. Whereas these agents are effective to 
varying degrees against seizures induced by maximal electroshock, only ethosuximide and 
carbamazepine are effective against seizures induced by pentylenetetrazol or other chemical 
convulsants [Everett and Richards, 1944; Goodman et al., 1953; Swinyard and Castellion, 
1966; Ferrendelli and Klunk, 1982; Woodbury, 1982; Schmutz, 19851. However, all three 
compounds lack anxiolytic activity in the Geller-Seifter conflict procedure (unpublished 
observations). 

The alpha-2 agonist, clonidine, potently protected mice against yohimbine-induced 
seizures and has been reported to be anticonvulsant in the pentylenetetrazol seizure model 
[Papanicolaou et al., 1982a,b]. Clonidine has also produced anxiolytic effects in rats in the 
Geller-Seifter conditioned suppression paradigm [Kruse et al., 19811 and has been reported to 
reduce anxiety in man during opiate withdrawal [Gold et al., 1978; Washton et al., 19791. 
Conversely, yohimbine has been shown to be anxiogenic in animals [Lang and Gershon, 1963; 
Guerreo-Figueroa et al., 1972; Davis et al., 19791 and man [Holmberg and Gershon, 1961; 
Margolis et al., 19711. 

Of the neuroleptics tested, only clozapine was effective in the yohimbine-induced seizure 
model. Haloperidol, chlorpromazine, and thioridazine do not antagonize pentylenetetrazol- 
induced seizures in mice or rats [Coscia et al., 1966; Lazarova and Roussinov, 1978; Lippa et 
al., 1979b1 and lack antianxiety effects in conflict-induced suppression paradigms [Cook and 
Davidson, 1973; Lippa et al, 1979bl. Clozapine has produced anxiolytic effects in the Geller- 
Seifter paradigm (unpublished observation), and both the anticonvulsant and anxiolytic effects 
of clozapine may be attributed to clozapine-induced increases in turnover of GABA in brain 
[Costa et al., 19781. 

It was interesting that buspirone, initially predicted to be an atypical neuroleptic based 
on its early pharmacological profile [Wu et al., 1972; Allen et al., 19741, was not active in the 
prevention of either yohimbine-induced seizures or other chemically induced seizures [Taylor 
et al., 19851 but has shown clinical anxiolytic efficacy in man, especially following chronic 
administration [Goldberg and Finnerty, 1979; Rickels et al., 19821. Additionally, buspirone 
was inactive in the yohimbine seizure model following 5 days of administration of 40 mg/kg 
of buspirone per day (unpublished observation). In support of its anxiolytic profile, buspirone 
has shown antianxiety effects similar in potency but less efficacious than diazepam in rats in 
the lick shock conflict test [Mendelson et al., 1983; Weissman et al., 1984; Taylor et al., 19851 
and Geller paradigm [Riblet et al., 1982; Geller and Hartmann, 19821. However, other groups 
have been unable to replicate these results in rat conflict models [Goldberg et al., 1983; 
Sullivan et al., 1983; Gardner, 19861 (unpublished observations). Furthermore, in a conflict 
procedure in squirrel monkeys, buspirone was neither as potent nor as efficacious as the 
benzodiazepines [Weissman et al., 1984; Gardner, 19861. The anxiolytic effect of buspirone 
has been attributed to its agonist activity at the 5-hydroxytryptaminelA (5HTlA) binding sites 
[Peroutka, 19851. Interestingly, the ~ H T ~ A  selective agonist, 8-OH DPAT [Middlemiss and 
Fozard, 19831, was also inactive in the yohimbine seizure assay (unpublished observation). 
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Therefore, the anxiolytic activity of buspirone, as measured by several groups of investigators 
in tests predictive of anxiolytic effects, has not been consistently observed. Moreover, further 
confirmation of clinical anxiolytic efficacy for buspirone and its analogues is necessary before 
novel anxiolytic activity can be positively attributed to activity through the 5HTlA receptor. 

Although Quinton [1963] attributed some of the toxic effects of yohimbine, i.e., muscle 
tremors, excitement, and convulsions, to enhanced sympathetic outflow, the lack of activity of 
phentolamine, propranolol, a-MPT, reserpine, and neuroleptics (Table 4) suggests that yo- 
himbine-induced seizures in mice are not directly mediated by catecholamine systems. Also, 
since PCPA and atropine have no effect on yohimbine-induced seizures, serotonergic and 
cholinergic systems do not appear to be involved in these seizures. Furthermore, the direct 
benzodiazepine receptor antagonists RO 15 1788 [Hunkeler et al., 19811 and CGS 8216 
[Bernard et al., 198 11 did not antagonize yohimbine-induced seizures, suggesting that yohim- 
bine is not an inverse benzodiazepine receptor agonist. 

Yohimbine (3-16 mg/kg) has previously been demonstrated to be proconvulsant in 
several chemical seizure models, i.e., picrotoxin, pentylenetetrazol, and bicuculline [Lloyd 
and Worms, 1982; Lazarova and Samanin, 1983; Fletcher and Forster, 19841. The present 
studies indicate that higher doses of yohimbine were convulsant and that noradrenergic, 
serotonergic, and dopaminergic systems were not crucial for the expression of yohimbine- 
induced seizures. Furthermore, the convulsions induced by high doses of yohimbine were not 
related to the blockade of a2-adrenoceptors since the selective a2-adrenoceptor antagonist 
idazoxan [Walter et al., 19841 did not induce seizures at doses ranging from 3 to 100 mg/kg sc 
(unpublished observation). It is more likely that yohimbine-induced seizures may be attribut- 
able to nonspecific effects that inhibit GABA release and are not mediated by either the 
blockade of a*-adrenoceptors or the antagonism of endogenously released noradrenalin [Maur- 
rin et al., 19851. Previously, La1 et al. [1983] showed that yohimbine was anxiogenic in their 
animal model [La1 and Fielding, 19841, which used pentylenetetrazole stimulus as a bioassay 
for anxiogenic chemicals. Their data suggested that the anxiety-like effects of yohimbine might 
be due to yohimbine’s action on benzodiazepine receptors. Those data are consistent with the 
present conclusions. 

The present results suggest that yohimbine-induced seizures in mice are mediated by the 
GABA-benzodiazepine-chloride ionophore complex since benzodiazepine and nonbenzodiaze- 
pine anxiolytics, barbiturates, and GABA-mimetics protect against these seizures. Clonidine, 
an alpha-2 agonist, also protects against yohimbine-induced seizures, suggesting that alpha-2 
adrenoreceptors may be involved in the modulation of activity at the receptor complex level. 
Although other convulsant agents such as pentylenetetrazol, picrotoxin, bicuculline, and beta 
carbolines all act directly at the GABA-benzodiazepine receptor complex, the mechanism of 
action of yohimbine-induced seizures is at present unknown. The GABA-ergic system appears 
to be involved in the mcdiation of these seizures, and studies are currently underway to assess 
further GABA-ergic involvement. 

In conclusion, the yohimbine seizure assay may have certain advantages over other 
convulsant screens since the nonbenzodiazepine anxiolytics CGS 9896 and CL 218,872 pro- 
duced consistent, potent anticonvulsant effects in the yohimbine assay while producing variable 
and even proconvulsant effects in other convulsant procedures. Furthermore, antiepileptic 
agents such as ethosuximide and carbamazepine, which lack anxiolytic activity, are not active 
in the yohimbine-induced seizure model, while these agents are active in other convulsant 
assays. It is possible that the search for novel anxiolytic agents may lead to the discovery of 
agents that lack anticonvulsant properties and act independent of the GABA-benzodiazepine 
receptor complex. Therefore, these anxiolytic agents may not be detected by the yohimbine 
seizure assay or any other convulsant models. Nevertheless, the yohimbine-induced seizure 
model in mice is a useful screening model to be used in conjunction with other models for the 
prediction of anxiolytic agents since all compounds that have displayed anxiolytic activity in 
behavioral conflict paradigms have also dose-dependently antagonized yohimbine-induced 
seizures. 
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