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ABSTRACT 

Drugan, R.C., J.N. Crawley, S.M. Paul, and P. Skolnick: Buspirone attenuates learned 
helplessness behavior in rats. Drug Dev. Res. 10: 63-67, 1987. 

Rats pretreated with either chlordiazepoxide (5 mglkg) or buspirone (5 mg/kg) did not 
develop the shuttlebox escape deficit typically observed 24 hours after a session of 
inescapable tailshock. In contrast, the buspirone analog gepirone (MJ 13805) (2 or 5 mgl 
kg) did not block this shock-induced learning deficit. These results demonstrate that the 
nonbenzodiazepine anxiolytic buspirone, like chlordiazepoxide, attenuates the learned 
helplessness syndrome. 
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INTRODUCTION 

Lack of control over aversive environmental events, such as inescapable shock, results 
in a behavioral syndrome referred to as “learned helplessness” [Maier and Seligman, 19761. 
This syndrome is characterized by the failure to learn an escape task 24 hours later, a reduction 
in aggression and social dominance, opioid-mediated stress-induced analgesia, depressed 
lymphocyte proliferation, increased growth of implanted tumors, ulcer formation, and de- 
creased food intake [Maier and Seligman, 1976; Drugan et al., 19841. This behavioral 
phenomenon of “learned helplessness” is reversed by antidepressants [Sherman et al., 19791 
and has been conceptualized as an animal model for depression [Porsolt et al., 1978; Sherman 
et al., 1979; Weiss et al., 19811. 

Several lines of evidence suggest that the neural substrates involved in anxiety may also 
contribute to the development of “learned helplessness’ [Sherman et al., 1979; Drugan et al., 
1984,19851. For example, administration of the benzodiazepines lorazepam or chlordiazepox- 
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ide prior to inescapable shock blocks both the shuttlebox escape deficit and opioid stress- 
induced analgesia typically observed 24 hours later [Sherman et al., 1979; Drugan et al., 
19841. Moreover, an anxiogenic P-carboline (N’-methyl-~-carboline-3-carboxamide, FG-7142) 
given in lieu of inescapable shock results in an escape deficit equivalent to that produced by 
inescapable shock. Consequently, “learned helplessness” has been suggested to be an animal 
model for anxiety-mediated depression [Drugan et al., 19851. 

Buspirone is an azaspirodecanedione that has been reported to have anxiolytic actions in 
man [Goldberg and Finnerty, 1979; Rickels et al., 19821. Despite the demonstration of 
anxiolytic efficacy of buspirone in humans, reports of its anticonflict actions in animals are 
less consistent. In certain animal models of anxiety such as the “thirsty-rat conflict” test, 
buspirone was at least as potent, but significantly less efficacious, than other commonly used 
antianxiety agents such as diazepam [Weissman et al., 19841. Further, in the squirrel monkey, 
buspirone was neither as potent nor as efficacious as benzodiazepines [Weissman et al., 19841, 
while in pigeons, buspirone has been shown to be more potent and as efficacious as chlordiaze- 
poxide in conflict situations [Witkin and Barrett, 19861. Gepirone (MJ 13805), a chemical 
analog of buspirone, has been shown to have anxiolytic activity comparable to buspirone 
without affecting dopaminergic pathways. For example, Kozak et al. [ 19841 demonstrated that 
both buspirone (10 mg/kg) and gepirone (10 mg/kg) had anxiolytic activity on locus coeruleus- 
mediated suppression of muricidal aggression. Lower doses of buspirone (0.5 and 2.0 mg/kg) 
have been shown to be effective in blocking the stress-induced rise in plasma renin activity 
[Van de Kar et al., 19851. In addition, buspirone (0.5-5 mg/kg) has been shown to produce a 
significant increase in the number of punished drinking episodes in comparison to vehicle- 
treated rats in the “thirsty-rat conflict” test [Weissman et al., 19841. Since the present study 
employs inescapable tailshock as the stressor, the moderate and effective anxio- 
lytic doses of 2 and 5 mg/kg were chosen for both buspirone and gepirone. The dose of 
chlordiazepoxide (5 mg/kg) was chosen based on our previous findings that this dose effec- 
tively blocks learned helplessness [Drugan et al., 19841. 

In light of the remarkable differences in the efficacy of buspirone, which appears 
dependent on both the species and test employed, we investigated the action of this compound, 
its analog gepirone (MJ 13805), and chlordiazepoxide in blocking the inescapable shock- 
induced shuttlebox learning deficit typically observed 24 hours following inescapable shock. 

MATERIALS AND METHODS 

Male Sprague-Dawley rats (Taconic Farms, Germantown, NY, 200-275 g), were main- 
tained in a temperature-, humidity-, and light-controlled animal facility prior to experimenta- 
tion. Rats were randomly assigned to one of seven groups. Group l ,  vehicle restrained, 
received an i.p. injection of 0.9% saline 30 minutes prior to an 80-minute period of restraint 
in wheel-turn boxes modeled after those described by Weiss et al. [1970]. The rat tail extended 
from the rear of the box and was taped to a Plexiglas rod. Group 2, saline-shock, received an 
i.p. injection of 0.9% saline 30 minutes prior to being administered a 5-second 1-mA 
inescapable shock (1 mA, 5 sec) delivered through fixed tail electrodes attached to the tail of 
the restrained rat, at a rate of one per minute for a total of 80 shocks. Total session duration 
was 80 minutes. Group 3, chlordiazepoxide-shock, received an i.p. injection of chlordiaz- 
epoxide (5 mg/kg) 30 minutes prior to an inescapable shock session identical with that 
mentioned above. Groups 4 and 5, buspirone-shock, received an i.p. injection of buspirone 
(either 2 or 5 mg/kg) 30 minutes prior to a session of inescapable shock. Groups 6 and 7, 
gepirone-shock, received an i.p. injection of gepirone (2 or 5 mg/kg) 30 minutes prior to a 
session of inescapable shock. 

All subjects were tested for escape performance in a two-way shuttlebox (BRS/LVE 
Model RSC-044) 24 hours later as previously described [Maier and Seligman, 19761. In brief, 
each trial began with a warning tone (80 dB, 2.8 kHz) followed by a 1.0-mA gridshock 5 
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seconds later. The first five trials required a single crossing of the shuttlebox in order to 
terminate shock. These trials (FR-1) are unaffected by prior exposure to inescapable shock and 
serve as the within subject control for nonspecific drug effects such as sedation. The subsequent 
25 trials require two crossings to terminate shock (FR-2). If the required escape response did 
not occur within 30 seconds of shock onset, the trial was automatically terminated. 

RESULTS 

All subjects performed the FR-1 response, with no significant differences between 
groups on this task (F(6,68) < 2.0). Figure 1 represents the mean latency to perform the FR- 
2 response across the 25-trial session. The data were presented in this fashion for ease of 
inspection and because a repeated-measures analysis of variance found no significant group1 
trial interactions [F(20,236) = 0.61, P > .6]. As shown in Figure 1, the saline-shock group 
had a significantly greater mean latency across the FR-2 session than did the saline restraint 
control group (Student’s t = 3.42, P < .005). Both chlordiazepoxide and buspirone (5 mgl 
kg) reversed the shuttlebox escape performance deficit seen in the saline-shock group. A one- 
way analysis of variance between all of the shocked groups revealed a significant treatment 
(drug) effect [F(5,59) = 2.50, P < .05]. Posthoc Bonferroni t tests (P = .05) indicated that 
both the buspirone (5 mg/kg)-shock and chlordiazepoxide-shock groups differed significantly 
from the saline-shock group. Although the 2 mg/kg buspirone group and both of the gepirone 
groups had a lower latency, these values were not statistically different from the saline-shock 
group. 

DISCUSSION 

Neurochemical and behavioral studies have shown that the properties of buspirone are 
significantly different from other anxiolytics [Riblet et al., 1982; Balster and Woolverton, 
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Fig. 1 .  Mean session latency in seconds to perform the FR-2 escape response for rats receiving 
saline + restraint, saline + shock, chlordiazepoxide + shock, buspirone (2 or 5 mg/kg) + shock, and 
gepirone (2 or 5 mg/kg) + shock. Vertical bars represent S.E.M. *Indicates significantly different from 
saline-shock by Students t test ( P  < .05). 1- Indicates significantly different ( P  < .05) from saline shock 
by posthoc Bonferroni t-test following a significant value for ANOVA. 



66 Drugan et a1 

19821. For instance, buspirone does not possess sedative, muscle relaxant, or anticonvulsant 
actions typically associated with other anxiolytics thought to act through the GABA-benzodi- 
azepine chloride ionophore receptor complex [Paul et al., 19811. The present study found that 
buspirone was as efficacious as chlordiazepoxide in significantly attenuating the shuttlebox 
escape deficit typically observed 24 hours later. In contrast, gepirone (MJ 13805), 2 or 5 mg/ 
kg i.p., a chemically related derivative of buspirone, did not significantly reduce the inescap- 
able shock-induced deficit. The lack of efficacy of gepirone in our test does not agree with the 
findings of other investigators who used different anxiety-related tests. For example, Kozak et 
al. [I9841 found buspirone (10 mg/kg) and gepirone (10 mg/kg) to be as active as alprazolam 
(2.5 mg/kg) and chlordiazepoxide (5 mg/kg) in inhibiting locus coeruleus-mediated suppres- 
sion of muricidal aggression. In humans, open-label studies in anxiety disorder [Cott et al., 
1986b; Cott et al., 1986al and depression suggest efficacy of gepirone in both disorders. For 
example, Csanalosi et al. [ 19871 have reported preliminary evidence that gepirone may possess 
clinically useful antianxiety properties in addition to helping with mild or subsyndromic levels 
of depression. Consequently, the doses of gepirone employed in the present study (2 and 5 mg/ 
kg) may not have been high enough to observe an effect. The emergence of unwanted side 
effects (e.g., “serotonin syndrome”) precluded the use of a higher dose. 

Buspirone has been shown to affect dopaminergic, serotonergic, and noradrenergic 
pathways as well as the GABA-benzodiazepine receptor complex. Nonetheless, the neuro- 
chemical mechanisms by which buspirone and related compounds exert their anticonflict and 
anxiolytic actions remain unknown [Skolnick et al., 19841. The previous reports of a lack of 
sedation and low potential for physical dependence or abuse coupled with the present findings 
suggest that this compound may be the prototype of a novel class of drugs for treating anxiety- 
mediated depression in humans. 
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