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WIRTSHAFTER, D. AND K. E. ASIN. Dissociation of haloperidol-induced "anhedonia" and catalepsy by lesions of the dorsal 
raphe nucleus. PHARMACOL BIOCHEM BEHAV 40(4) 1001-1004, 1991.--Electrolytic lesions of the dorsal raphe nucleus 
were found to attenuate haloperidol-induced catalepsy, but did not alter haloperidol's ability to suppress the intake of a highly 
palatable saccharin/glucose mixture by nondeprived rats. These results suggest that neuroleptic-induced suppression of the drinking 
of palatable fluids is not secondary to the types of motor deficits that result in catalepsy. 
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IT is well known that dopamine antagonists are able to reduce 
the performance of a variety of positively reinforced behaviors, 
but the nature of  the mechanisms mediating these effects has 
been the subject of much controversy. While some authors have 
proposed that neuroleptic-induced deficits may reflect an inter- 
ference with reinforcement mechanisms (1, 11, 30), others have 
suggested that these effects result from some sort of motor or 
sensorimotor impairment (3, 20, 25). It should be stressed that 
the motor and reinforcement interpretations of neuroleptic action 
are by no means mutually exclusive. It is quite possible that do- 
pamine antagonists may act both to "b lunt"  reinforcement and 
to produce a motor deficit, and impairments on a given task may 
reflect some mixture of these effects (19,27). 

The view that the behavioral effects of  neuroleptics result 
primarily from motor impairments gains plausibility from the 
fact that these drugs are able to induce marked catalepsy. A 
number of studies have demonstrated that lesions within the 
midbrain raphe nuclei are able to attenuate neuroleptic-induced 
catalepsy (5, 8, 14, 17, 22) and we have found that damage to 
the dorsal raphe nucleus (DR) is primarily responsible for this 
effect (17). Insofar as catalepsy can be considered an index of 
neuroleptic-induced motor deficits, this result provides a way of 
examining the extent to which various effects of neuroleptic 
drugs are secondary to motor impairments. Thus, if  dorsal raphe 
lesions are able to suppress the cataleptic response to a neuro- 
leptic agent, but fail to reduce some other behavioral effect of 
the drug, it seems reasonable to conclude that the neuroleptic 
must be exerting effects in addition to those responsible for the 
catalepsy. 

~Present address: Abbott Labs, D-47H, Abbott Park, IL 60064. 

In the current study we examined the effects of electrolytic 
dorsal raphe lesions on the ability of haloperidol to induce cata- 
lepsy and to suppress the intake of  a highly palatable saccha- 
fine/glucose mixture by nondeprived rats. The latter task was 
chosen since it involves a relatively simple motor component and 
since several studies have provided evidence that neuroleptic-in- 
duced suppression of  the drinking of palatable fluids is likely to 
be mediated primarily through alterations in motivational or re- 
inforcement mechanisms (6, 24, 26, 31). Catalepsy was mea- 
sured by the method of Gumulka et al. (8), which is sensitive to 
the very mild effects produced by the drug dosages here em- 
ployed. 

Animals 
METHOD 

Subjects were 26 adult, male Sprague-Dawley derived rats 
obtained from a colony maintained by the University of Illinois. 
Rats weighed 280-320 g at the time of surgery and were main- 
mined in individual wire mesh cages with food and water avail- 
able ad lib, except as described below. Fourteen animals received 
electrolytic DR lesions and the remainder served as controls. 

Surgery 

Surgery was conducted under sodium pentobarbitol anesthe- 
sia (50 mg/kg). Using standard stereotaxic techniques a stainless 
steel electrode, 0.2 mm in diameter and insulated except for 0.5 
mm at the tip, was placed at coordinates of AP: - 0 . 2 ;  H: - 0 . 5 ;  
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L: 0.0 (21) and a current of 1 mA passed for 8 s to a rectal 
cathode. The electrode was lowered on the midline following 
retraction of the superior sagittal sinus (31). In control subjects, 
the skull was opened but the electrode was not lowered. 

Catalepsy Measurement 

Catalepsy was measured by a slight modification of the 
method of Gumulka et al. (8), which involves placing the ani- 
mal sequentially in each of ten different positions. The animals 
were twice placed with both forepaws elevated 4 "  on a wood 
block. The next four placements involved individually elevating 
each of the fore- and hindpaws 2" .  Next both of the right and 
then both of the left paws were raised 2" .  Finally, both of the 
hindpaws were elevated 4 "  and this position was repeated. Sub- 
jects received one point for each position that was maintained 
for more than fifteen seconds, except for the first two positions, 
which were scored two points each. The maximal catalepsy 
score was thus 12 points. 

Biochemistry and Histology 

Following the completion of behavioral studies, 8 randomly 
selected lesioned and 5 control subjects were sacrificed by cer- 
vical fracture and their brains rapidly removed. Samples of stri- 
atal tissue were removed by the hole punch technique, as we 
have described elsewhere (29), and assayed for serotonin con- 
tent by HPLC (13). The brain stems were placed in 10% forma- 
lin. The remaining subjects were sacrificed by transcardial 
perfusion, under deep pentobarbital anesthesia, with saline fol- 
lowed by 10% formalin. At least two weeks later, 64 micron 
cryostat sections were prepared through the lesion sites and 
stained with cresyl violet. 

Procedure 

After one week of recovery from surgery animals were placed 
on a dally regimen in which food and water were removed from 
their cages and two hours later a graduated drinking tube filled 
with a mixture of 0.2% saccharin and 5% glucose was placed 
on their cages. Intakes were measured one hour later at which 
time food and water were returned to the animals. Two weeks 
were allowed for intakes to stabilize before drug testing began. 
On test days the rats were weighed and then injected with halo- 
peridol (0, 0.075, 0.1 or 0.15 mg/kg SC) 30 min before being 
given the saccharine/glucose solution. Intakes were recorded one 
hour later at which time catalepsy was tested as described above. 
(Catalepsy was not measured following vehicle injections as pi- 
lot work had indicated that both normal and DR lesioned rats 
fail to maintain any of the positions in the absence of haloperi- 
dol.) The various doses of haloperidol were administered in a 
counterbalanced order and drug tests were separated from each 
other by at least three days. Rats were allowed one hour access 
to the saccharin/glucose mixture on nontest days. 

RESULTS 

All of the lesions were centered in the DR and examples of 
the lesions are shown in Fig. 1. Biochemical assays indicated 
that the DR lesions depleted striatal serotonin by 72.7%, t(11)= 
4.72, p<0.01.  

Catalepsy data are shown in panel A of Fig. 2. A multivari- 
ate analysis of variance (MANOVA), using the profile technique 
to handle repeated measures, indicated that the DR lesions pro- 
duced a significant attenuation of haloperidol-induced catalepsy, 
F(1,24) = 20.05, p<0.001.  The haloperidol dose effect was not 
significant, F(2,23) = 2.177, p>0 .1 .  

FIG. 1. Tracings through the maximal extent of the largest and smallest 
dorsal raphe lesions. 

Fluid intakes are shown in panel B of Fig. 2. A MANOVA 
conducted on intake scores indicated that haloperidol produced a 
significant attenuation of drinking, F(3,22)= 196.97, p<0.001.  
Analysis of contrasts indicated that the suppression of fluid in- 
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FIG. 2. The effects o f  dorsal raphe lesions on halopcridol-indnced cata- 
lepsy (A) and on halopefidol-induced suppression of the intakes of a 
saccharin/glucose mixture (B). 
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take was significant at the 0.075 mg/kg dose of haloperidol, 
F(1,24)=66.875, p<0.001,  and that the 0.1 mg/kg dose of 
haloperidol produced a significantly larger suppression of drink- 
ing than did the 0.075 mg/kg dose, F(1,24)=21.049, p<0.001.  
In contrast, intakes did not differ significantly following injec- 
tions of 0.1 and 0.15 mg/kg of haloperidol, F(1,24)= 1.902, 
p>0 .1 .  Neither the lesion effect, F(1,23)<1, nor the lesion x 
dose interaction, F(3,22)= 1.939, p>0 .1 ,  approached statistical 
significance. 

DISCUSSION 

The results of the current experiment are in agreement with 
previous reports that electrolytic DR lesions are able to attenuate 
neuroleptic-induced catalepsy (5, 8, 14, 17, 22). It is unlikely 
that this effect results from generalized hyperactivity, since DR 
lesions produce much smaller effects on locomotor activity than 
do lesions of the median raphe nucleus (MR) (2) which, in our 
hands, fail to alter catalepsy (17). Although the DR lesions re- 
suited in a significant reduction in striatal serotonin levels, it 
should not be concluded that serotonin depletion necessarily un- 
derlies the reduction in catalepsy, since the lesions also dam- 
aged nonserotonergic cells and fibers within the DR. In other 
studies (17) we have not been able to detect alterations in neu- 
roleptic-induced catalepsy following intra-DR injections of the 
specific serotonergic neurotoxin 5,7-dihydroxytryptamine. 

In marked contrast to their effects on catalepsy, DR lesions 
in the present study failed to influence the suppression of drink- 
ing induced by haloperidol. Since haloperidol depressed drink- 
ing in a dose-dependent fashion, it is unlikely that our failure to 
observe an effect of DR lesions could have resulted from an in- 
sensitivity of the intake measure. For example, control animals 
receiving the 0.75 mg/kg dose of haloperidol drank more than 
did the lesioned animals treated with the 1.0 mg/kg dose even 
though the former animals displayed greater catalepsy than did 
the latter. These findings suggest that different neural mecha- 
nisms underlie the ability of dopamine antagonists to elicit cata- 
lepsy and to inhibit the intake of palatable solutions. Results 
compatible with this conclusion have also been obtained by 
Ljungberg (18) who found that systemic treatment with the anti- 
muscarinic agent scopolamine, which is well known to inhibit 
neuroleptic-induced catalepsy [e.g., (23)], had no effect on 

haloperidol's suppression of deprivation-induced drinking. [The 
present results are, in some regards, easier to interpret than those 
of Ljunherg (18) since DR lesions, unlike scopolamine treat- 
ment, did not alter baseline intakes.] These findings demonstrate 
that it is possible to dissociate the cataleptic and antiingestive 
effects of neuroleptics. It should be stressed that our results do 
not directly support the notion that the effects of dopamine 
blockers on drinking result from interference with reinforcement 
mechanisms, but rather only suggest that the suppression of 
drinking does not result from the same neural alterations as does 
the catalepsy. It is possible, for example, that neuroleptic- 
induced inhibition of drinking may reflect a type of motor defi- 
cit which is not indexed by catalepsy. It should be noted that 
central dopamine blockade has been reported to alter lap volume 
and tongue extension during drinking (12). It is not clear, how- 
ever, that these changes are truly indicative of a motor deficit; 
under some conditions, for example, lap volume varies as a 
function of the flavor of the fluid being ingested (J. D. Davis, 
personal communication). 

It is possible that, owing to the simplicity of the responses 
involved, neuroleptic-induced suppression of the drinking of 
palatable fluids may provide a measure of "anhedonia" which 
is relatively uncontaminated by motor impairments. In contrast 
to their inability to alter the effects of neuroleptics on ingestive 
behavior, raphe lesions (15,16), and treatment with antimuscar- 
inic drugs (3,7), have been shown by several workers to re- 
duce the suppression of operant behavior produced by neuro- 
leptics. Although these results could be taken to suggest that 
motor effects play a significant role in neuroleptic-induced sup- 
pression of operant responding, it should be noted that, under 
certain conditions, both antimuscarinics (4, 9, 10) and raphe le- 
sions (2) are able to attenuate the suppression of operant re- 
sponding produced by nonreinforcement. It is clear that a 
considerable amount of further effort will be necessary in order 
to clarify the nature of the behavioral suppression produced by 
dopamine blockade. 
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