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HENCK, J. W., D. H. REZABEK AND R. H. RECH. Comparison of anorexia and motor disruption by cyclazocine and 
quipazine. PHARMACOL BIOCHEM BEHAV 22(5) 671-676, 1985.--The mixed narcotic ngoulst-antagonist cyclazocine 
and the 5-HT ngonist qulpazine disrupt food-rewarded fLxed ratic~40 (FR-40) operant behavior in rats as a dose-dependent 
decrease in the number of reinforcers obtained and a reciprocal increase in the number of 10-second intervals between 
responding ("pausing"). This disruption has been shown to result in part from interaction with 5-HT neuronal systems, and 
may be a consequence of: (1) disruption of cognitive processes, (2) motivational impairment, or (3) motor deficits. To 
identify which of these components is (are) involved in the disruption of operant responding, female Sprngue-Dawley rats 
were tested for food consumption, spontaneous locomotor activity, or rotarod performance following intraperitoneal 
injection of cyclazocine, quipazine, or both. Cyclazocine decreased food consumption at doses larger than those required 
to disrupt operant behavior, while quipazine decreased consumption at doses disruptive to operant responding. Little effect 
was exerted by either drug on spontaneous locomotor activity, while rotarod performance was disrupted only by very large 
doses of either drug relative to effects of FR-40 behavior. These data indicate that neither drug appears to disrupt operant 
behavior by causing gross motor deficits. Thus, cyclazocine may disrupt operant responding by impairing cognition, while 
qulpazine may act through food satiation mechanisms. 

Cyclazocine Qulpazine Rat Feeding Motor activity Rotarod Operant behavior 

CYCLAZOCINE,  a mixed narcotic agonist-antagonist, and 
quipazine, a 5-hydroxytryptamine (5-HT) agonist, have been 
shown to disrupt food-rewarded f'Lxed ratio-40 (FR-40) oper- 
ant behavior in rats [6, 14, 28, 29, 36]. The pattern of  disrup- 
tion consists of  a dose-dependent decrease in the number of  
reinforcers obtained and a reciprocal increase in "pausing" 
(interresponse time greater than 10 seconds). This pattern is 
characteristic of  drugs which appear to exert disruptive be- 
havioral effects via interactions with brain 5-HT neurons 
and/or receptors (see [35] for a comprehensive review). 

Cyclazocine disruption of  FR-40 behavior is attenuated 
by the 5-HT antagonist metergoline, as well as by the nar- 
cotic antagonist naloxone, indicating that this disruption in- 
volves both serotonergic and opioid components [14]. Dis- 
ruption of  FR-40 behavior by quipazine is antagonized by the 
5-HT antagonist s metergoline, pizotffen and cinanserin 
[6,28]. Interaction of  quipazine with naloxone is complex: 
naloxone has been shown to potentiate the disruptive effects 
of  low doses of  qnipazine on FR-40 behavior and attenuate 
the disruptive effects elicited by higher doses [29, 36]. Thus, 
both cyclazocine and quipazine appear to disrupt operant 
behavior, at least in part, via direct or indirect interactions 
with 5-HT neurons and opioid systems. 

Operant behavior is believed to require the integrity of 
cognitive processes. However, the possibility exists that dis- 
ruption of  food-rewarded operant behavior may be due to 
motivational impairment; i.e.,~ rats will not work for food 

reinforcement if they are not motivated to eat. Treatments or 
procedures which lead to increased 5-HT in the synaptic 
cleft or that directly activate 5-HT receptors are known to 
decrease food consumption [2]. Serotonergic modulation of 
feeding may involve both central [21] and peripheral [34] 
components. Quipazine decreases food intake at doses 
which produce no other obvious behavioral changes [41]. 
This anorexia is completely reversed by metergoline, 
suggesting that quipazine decreases food intake via interac- 
tion with 5-HT receptors. Behavioral disruption resulting 
from administration of  large doses of  quipazine involves both 
serotonergic and catecholaminergic components. However, 
doses of  quipazine required to act on catecholamine mech- 
anisms are considerably larger than those required to 
produce anorexia [40]. 

Cyclazocine has been shown to disrupt operant behavior 
in part through an interaction with serotonergic systems [14]. 
Therefore, at least some part of  this effect of  cyclazocine 
may relate to anorexigenic properties. However, cy- 
clazocine is a mixed narcotic agonist/antagonist which is 
active at several types of opiate receptors. The role of  opiate 
receptors in food consumption is very complex and is de- 
pendent on such factors as receptor subtype and the state of  
deprivation of  the test animal [30--33, 42, 43, 49]. Therefore, 
it is somewhat difficult to predict the effect of  cyclazocine 
administration on food consumption. 

The present study examined the effects of  cyclazocine 
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and quipazine on food intake in an attempt to correlate 
anorexia with disruption of operant responding. In addition, 
generalized motor abilities of rats administered cyclazocine 
or quipazine were examined to assess whether a component 
of the disruption of FR-40 behavior may relate to motor dis- 
turbances. 

METHOD 

Subjects 

Female Sprague-Dawley rats (Harlan Sprague-Dawley, 
Inc., Indianapolis, IN), approximately ten weeks of age at 
the beginning of the experiment, were acclimated to the lab- 
oratory environment for at least two weeks prior to testing in 
a room with a 12-hour light-dark cycle (lights on from 1300 to 
0100 hours). All rats were randomly assigned to treatment 
groups upon arrival and were housed three/cage. None had 
previous drug treatments prior to the start of the experiment. 
All rats received food (Wayne Lab Blox, Chicago, IL) and 
tap water ad lib with the exception of those animals undergo- 
ing one-week food consumption testing. 

Test Materials 

Cyclazocine base (a gift from Sterling-Winthrop Research 
Institute, Rensselaer, NY) and metergoline (a gift from 
Farmitalia Carlo Erba, Milan, Italy) were suspended in 
0.5% methyl cellulose, Quipazine maleate (Miles Labora- 
tories, Elkhart, IN) was dissolved in distilled water; doses 
were converted to the weight of quipazine hydrochloride to 
facilitate comparison with earlier studies. All drug doses 
were injected intraperitoneally. For all experiments cy- 
clazocine was administered 30 minutes prior to testing, 
quipazine 15 minutes, and metergoline 180 minutes. 

Behavioral Procedures 

Food consumption. Groups of rats, consisting of 6 rats/ 
group, were deprived of food overnight and trained to con- 
sume food (Wayne Lab Blox) only during a 30-minute period 
between 1400 and 1600 hours. Prior to the consumption 
period each rat was weighed and then placed in a 14x 16x 
6.5" clear plastic cage devoid of bedding in a quiet, well- 
lighted room. A measured amount of food (more than that 
required by the rat) was placed in each cage, and the amount 
of food consumed was calculated by subtracting the amount 
remaining after 30 minutes from the initial amount. Food 
consumption was monitored on 6 consecutive days to estab- 
lish a baseline. On the seventh day rats were administered 
cyclazocine (2, 4, 8, 16 or 32 mg/kg), quipazine (0.5, 1, 2, 4 or 
8 mg/kg), metergoline (1 mg/kg), or various combinations of 
these drugs. Consumption by drug-treated rats was com- 
pared to that of a group of controls administered distilled 
water. 

Spontaneous locomotor activity. Additional groups of 6 
rats each were tested for spontaneous locomotor activity 
during a 30-minute testing period between 1300 and 1700 
hours. Rats were placed in a 14x 16x6.5" clear plastic cage 
containing bedding. Within the cage was a 5" diameter cylin- 
der, around which activity was directed. Activity counts 
were monitored via a Stoelting Company electronic activity 
monitor model 31400 situated in a dark, sound-attenuating 
box. All experiments were controlled by electromechanical 
programming circuits. Prior to testing of spontaneous lo- 
comotor activity rats were administered cyclazocine (1, 2, 4, 
8, 16 or 32 mg/kg), qulpazine (0.5, 1, 2, 4, 8 or 16 mg/kg), 

metergoline (1 mg/kg), or various combinations of these 
drugs. The number of activity counts per minute was re- 
corded for each animal. Spontaneous locomotor activity of 
drug-treated rats was compared to that of a group of controls 
administered distilled water. 

Rotarod performance. As an assessment of sensory and 
motor coordination, additional groups of 6 rats each were 
trained on 2 consecutive days to walk on a rotating cylinder 
(11 rpm) for 180 seconds. On the third day rats were adminis- 
tered cyclazocine (8, 11.2, 16 or 32 mg/kg), quipazine (8, 11.2 
or 16 mg/kg), metergoline (1 mg/kg), or various combinations 
of these drugs. The amount of time each rat was capable of 
staying on the rotarod (up to 180 seconds) was monitored. 
Rotarod performance of drug-treated rats was compared to 
that of a group of controls administered distilled water. 

Statistical Analysis 

Data from control and drug-treated rats were compared 
using an analysis of variance. Dose-response relationships of 
the various drug combinations were examined by mnltifac- 
torial analysis of variance and the least significant difference 
test [46]. The level of significance for all cases was p<0.05. 
EDso values were calculated by probit analysis. 

RESULTS 

Control rats consume 5.7_+0.4 g of rat chow during the 
course of 30 minutes. Figure 1 depicts the amount of food 
consumed following various doses of cyclazocine alone or in 
combination with quipazine or quipazine plus metergoline. 
Cyclazocine alone decreased food consumption in a dose- 
related manner (EDso = 10.94 mg/kg; 4.20-44.16 mg/kg, 95% 
confidence interval). A subthreshold dose of quipazine (0.5 
mg/kg) potentiated the decrease in feeding caused by 16 
mg/kg cyclazocine. This potentiation was partly reversed by 
1 mg/kg metergoline. Paradoxically, quipazine combined 
with 4 mg/kg cyclazocine reversed the reduction in food con- 
sumption produced by this dose of cyclazocine alone. 

Quipazine also decreased food consumption (Fig. 2) in a 
dose-related manner (ED~0=I.41 mg/kg; 0.02-7.24 mg/kg, 
95% confidence interval). A dose of 1 mg/kg cyclazocine, 
considered to be subthreshold in this paradigm, had no effect 
on the quipazine dose-response curve. 

Spontaneous locomotor activity was unaffected by any 
dose of cyclazocine tested (Fig. 3); therefore, an EDs0 could 
not be determined. Administration of 0.5 mg/kg quipazine, a 
dose we had previously found to be subthreshold in this 
paradigm, resulted in a bimodal effect when combined with 
various doses of cyclazocine. Combination of 0.5 mg/kg 
quipazine with 1 or 2 mg/kg cyclazocine resulted in inhibition 
of motor activity when compared to controls, while combi- 
nation of 0.5 mg/kg quipazine with 32 mg/kg cyclazocine 
resulted in enhanced motor activity. Both inhibitory and ex- 
citatory effects were reversed by I mg/kg metergoline. 

Quipazine decreased spontaneous locomotor activity to 
approximately half that of controls at a dose of 16 mg/kg 
(Fig. 4); an EDs0 could not be calculated. When combined 
with 1 mg/kg cyclazocine (a dose demonstrated to be sub- 
threshold in this paradigm), quipazine decreased locomotor 
activity at doses of 0.5, 1, 4 and 8 mg/kg; this effect was 
reversed by metergoline. However, combination of 1 mg/kg 
cyclazocine with 2 or 16 mg/kg quipazine, alone or after 
pretreating with 1 mg/kg metergoline, did not result in an 
additive effect. 
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FIG. 1. Food consumption of rats administered cyclazocine alone or 
in combination with quipazine and metergoline. Open bars indicate 
food consumed during a 30-minute period by rats administered cy- 
clazocine alone, Filled bars indicate consumption following combina- 
tion of cyclazocine and 0.5 mg/kg quipazine, and striped bars indi- 
cate consumption following combination of cyclazocine, 0.5 mg/kg 
quipazine and 1 mg/kg metergoline. Each bar represents the 
mean_+S.E, food consumption for 6 subjects. Bars marked by "a"  
are significantly different from control (/7<0.05) by ANOVA and the 
least significant difference test; those marked by "b"  are sitmifi- 
candy different from cyclazocine alone. Cyclazocine decreased food 
consumption in a dose-related manner, with an EDso of 10.94 mg/kg 
(4.20.-44.16 mg/kg, 95% confidence interval). 
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FIG. 2. Food consumption of rats administered qnipazine alone or in 
combination with cyclazocine. Open bars indicate food consumed 
during a 30-minute period by rats administered qnipazine alone and 
f'filed bars indicate consumption following combination of qnipazine 
and 0.5 mg/kg cyclazocine. Qnipazine decreased food consumption 
in a dose-related manner, with an EDs0 of 1.41 mg/kg (0.02-7.24 
mg/kg, 95% confidence interval). See Fig. 1 legend for further de- 
tails. 
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FIG. 3. Spontaneous locomotor activity of rats administered cy- 
clazocine alone or in combination with quipazine and metergoline. 
Open bars indicate activity counts/minute obtained during a 30- 
minute test period by rats administered cyclazocine alone, filled bars 
indicate activity following combination of cyclazocine and 0.5 mg/kg 
qnipazine and 1 mg/kg metergoline. See Fig. 1 legend for further 
details. Bars marked "c"  are significantly different from the cy- 
clazocine/quipazine combination. 
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FIG. 4. Spontaneous locomotor activity of rats administered 
quipazine alone or in combination with cyclazocine and metergoline. 
Open bars indicate activity counts/minute during a 30-minute test 
period by rats administered quipazine alone, filled bars indicate ac- 
tivity following combination of qnipazine and 0.5 mg/kg cyclazocine, 
and striped bars indicate activity following quipazine, 0.5 mg/k8 
cyclazocine and 1 mg/kg metergoline. See Fig. 2 legend for further 
details. Bars marked by "b"  are significantly different from 
quipazine alone, while those marked by "c"  are significantly differ- 
ent from the quipazine/cyclazocine combination. 

A dose of  32 mg/kg cyclazocine was required to signifi- 
cantly disrupt rotarod performance (Fig. 5). The ED~0 was 
calculated as 22.39 mg/kg (15.49-114.80 mg/kg, 95% confi- 
dence interval). A dose of  8 mg/kg quipazine alone had been 
previously determined to exert  no disruptive effect on 
rotarod performance.  However ,  combination of  this dose of  
quipazine with cyclazocine doses of  8 mg/k8 and greater re- 
sulted in a markedly decreased ability of  these subjects to 
remain on the rotarod. Disruption of  rotarod performance by 
the cyclazocine/quipazine combination was reversed by 

metergoline, rotarod performance being comparable to that 
of  controls following administration of  a combination of  8, 
11.2, 16, or 32 mg/kg cyclazocine with 8 mg/kg quipazine and 
1 mg/kg metergoline. 

Quipazine alone disrupted rotarod performance (Fig. 6), 
with an EDs0 of  11.35 mg/kg (9.13-14.62 mg/kg, 95% confi- 
dence interval). A subthreshold dose of  8 mg/kg cyclazocine 
combined with 8 or  11.2 mg/kg quil~_zine resulted in poten- 
tiation of  this disruption; this potentiation was reversed by 
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FIG. 5. Rotarod performance of rats administered cyclazocine alone 
or in combination with quipazine and metergoline. Open bars indi- 
cate mean time that the group remained on the rotarod (up to 180 
seconds) for rats administered cyclazocine alone, f'dled bars indicate 
time following combination of cyclazocine and 8 mg/kg quipazine, 
and striped bars indicate time following combination of cyclazocine, 
8 mg/kg quipazine and 1 mg/kg metergoline. See Fig. I and 3 legends 
for luther details. Cyclazocine reduced rotarod performance with an 
EDs0 of 22.39 ms/kg (15.49-114.80 mg/kg, 95% confidence interval). 
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FIG. 6. Rotarod performance of rats administered quipazine alone 
or in combination with cyclazocine and metergoline. Open bars indi- 
cate time remaining on the rotarod (up to 180 seconds) for rats 
administered quipazine alone, filled bars indicate time following 
combination of quipazine and 8 mg/kg cyclazocine, and striped bars 
indicate time following combination of quipazane and 8 mg/kg cy- 
clazocine and 1 mg/kg metergoline. See Fig. 2 and 4 legends for 
further details. Space marked by "d" indicates time spent on 
rotarod=0 seconds, while that marked by "e" indicates that this 
combination was not tested due to potential lethality. Quipazine 
reduced rotarod performance with an EDs0 of 11.35 mg/kg (9.13- 
14.62 mg/kg, 95% confidence interval). 

pretreatment With metergoline. Combination of 8 mg/kg cy- 
clazocine with 11.2 mg/kg quipazine resulted in the death of 1 
of 6 rats; therefore, a combination of 8 mg/kg cyclazocine 
with 16 mg/kg quipazine was not attempted. However, pre- 
treatment with 1 mg/kg metergoline negated the adverse ef- 
fects of this potentially lethal combination. 

D I S C U S S I O N  

Food intake of female rats was reduced by relatively large 
doses of cyclazocine (EDs0 = 11.94 mg/kg, 4.20 ~.16, 95% 
confidence interval). FR-40 operant behavior was disrupted 
with an EDs0 of 1.79 mg/kg (1.12-2.69, 95% confidence inter- 
val [14]). Although these operant studies were conducted 
with male rats, while the present studies were conducted 
with females, we believe that the comparison of the ED5o 
values is valid. Pilot studies in our laboratories have indi- 
cated that the reduction of food consumption by males fol- 
lowing cyclazocine or quipazine is comparable to that in 
females (Henck, unpublished observation). Harris [13] has 
reported disruption of a FI-5 min schedule of food presenta- 
tion to male rats by cyclazocine in the range of 0.3-1.0 
mg/kg, while Adam-Carriere et al. [1] have reported a dose- 
dependent decrease in number of reinforcements obtained 
by female rats following cyclazocine administration on a 
DRL schedule of food presentation, with an EDs0 between 1 
and 3 mg/kg. Comparable performance between males and 
females on various operant schedules has been reported [1, 
5, 12, 50]. 

Some portion of the behavioral disruption after cy- 
clazocin¢ is likely to be dependent on opioid receptor interac- 
tions: mu receptor antagonism, as well as kappa and sigma 
receptor agonism [10, 17, 37, 47, 53, 54]. Effects of cy- 
clazocine in animals [8, 14, 15] and humans [20] are attenuated 
by the narcotic antagonist naloxone. Endogenous opioid 
peptides do appear to influence appetite [11, 24-26, 30], and 
treatment with naloxone can decrease food intake under 
some circumstances [3, 7, 16, 33, 44]. That this may be due 
to an interference with a general opioid-mediated reward 

system has been refuted [45]. Cyclazocine might be expected 
to depress feeding in rats, since morphine can enhance it in 
satiated animals [43, 48, 49]. However, morphine has been 
reported to decrease intake in food-deprived rats [42]. 
Kappa agonists also appear to enhance food intake in 
satiated rats [22, 30, 31, 43] and decrease it in food-deprived 
subjects [31]. Sigma agonists (N-allyl-normetazocine, phen- 
cyclidine) decrease intake in free-feeding dogs [52] and in 
food-deprived rats (Henck, unpublished observations). Thus 
the effects of drugs interacting with opioid receptors to influ- 
ence appetite are complex. 

The disruption of operant responding by cyclazocine in- 
volves serotonergic as well as opioid mechanisms [14]. Since 
quipazine increased the anorectic effects of a larger dose of 
cyclazocine, and this potentiation was partly antagonized by 
metergoline, cyclazocine may affect feeding to some degree 
by an influence on 5-HT mechanisms. On the contrary, 
quipazine antagonized the disruption of FR-40 behavior in- 
duced by a much smaller dose of cyclazocine; this antago- 
nism was also reversed in part by metergoline pretreatment 
[36]. Therefore, while the anorexia after a large dose and the 
FR-40 disruption after a small dose of cyclazocine both ap- 
pear to be mediated by 5-HT effects, they probably involve 
different neuronal systems. The system mediating effects on 
FR-40 behavior is much more sensitive and presumably in- 
volves cognitive processes. 

The potency of quipazine to decrease food intake 
(EDs0= 1.41 mg/kg, 0.02-7.24, 95% confidence interval) was 
in the same range as that to disrupt FR-40 responding 
(EDs0=I.80 mg/kg, 1.17-2.58, 95% confidence interval 
[28,36]). Therefore, the effects of quipazine on operant be- 
havior may relate primarily to a motivational component for 
food intake. Both the anorectic and FR-40 disruptive effects 
of quipazine are antagonized by pretreatment with 
metergoline and other 5-HT antagonists [6, 28, 40, 41], sup- 
porting a 5-HT agonistic mechanism. [2, 9, 21]. Although 
quipazine also acts on catecholamine systems, this occurs at 
much larger doses [27,41]. Part of the quipazine anorectic 
action may be mediated via peripheral 5-HT effects [18, 34, 
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38]. A subthreshold dose of  cyclazocine did not sitmificantly 
influence the anorectic dose-response pattern of  quipazine, 
and it did not potentiate the FR-40 effects of  quipazine [36], 
suggesting again that the same mechanism is responsible for 
both quipazine effects (i.e., lack of  motivation for food). 

We observed no change in locomotor activity after doses 
of  1-32 mg/kg cyclazocine, while others have reported in- 
creases [15] or decreases [51] in this dose range. Combina- 
tion of  cyclazocine with a small dose of  quipazine reduced (2 
mg/kg of  the opiate) or increased (32 mg/kg of  the opiate) 
locomotor activity relative to control. Since both of  these 
effects were blocked by metergoline, they appear  to relate to 
increased 5-HT activity at some brain loci. Effects of  other 
opiates have yielded complex patterns in altering motor ac- 
tivity [4, 19, 36] not easily explained by a unitary hypothesis. 

Relatively large doses of  quipazine alone (16 mg/kg) were 
required to decrease motor activity. Combination of 
quipazine with a small dose of cyclazocine caused a decrease 
in motor activity at 0.5, 1.0, 4.0 and 8.0 mg/kg, but not at 2 
mg/kg quipazine. These effects were again reversed by 
metergoline, suggesting a 5-HT mediation. This contrasts 
with the report  by Samanin et al. [39]: 10 and 20 mg/kg of 
quipazine increased activity of  rats being tested also for 
antinociception. Here the stress of  painful stimuli may have 
potentiated effects of  quipazine on dopaminergic mech- 
anisms. Quipazine (15 mg/kg) also interacts with later stages 
of  morphine 's  actions to potentiate the cataleptogenic activ- 

ity [23]. Neither cyclazocine nor quipazine singly have ef- 
fects on locomotor  activity at doses that markedly disrupt 
the FR-40 operant  pattern. 

Large doses of  either cyclazocine or  quipazine were re- 
quired to impair rotarod performance (32 and 11.2 mg/kg, 
respectively). A subthreshold dose of  quipazine (8 mg/kg) 
greatly potentiated the disruptive effects of  cyclazocine and 
the potentiation after this combination was reversed by 
metergoline. Likewise,  a subthreshold dose of  cyclazocine (8 
mg/kg) potentiated quipazine for impairing rotarod perform- 
ance, and metergoline once more acted as an antagonist. 
These interactions further reinforce the hypothesis that these 
agents influence behavior in large measure by  actions on 
serotonergic mechanisms. Nevertheless,  neither agonist af- 
fects rotarod performance at doses that cause marked defi- 
cits in FR-40 responding. 

The results of  this study indicate that cyclazocine may 
affect operant responding not by reducing the motivation to 
obtain food, but rather by disruption of  cognition. Con- 
versely, quipazine may disrupt operant responding through 
satiation mechanisms for food appetite. Neither drug ap- 
pears to affect operant responding by disruption of  motor  
abilities. 
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