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Abstract

To assess its effects on negatively versus positively reinforced operant behavior, carbamazepine (CBZ) or vehicle was acutely

administered to rats. Negative reinforcement baselines consisted of a free-operant avoidance task with 5-s shock–shock and 20-s response–

shock intervals. Positive reinforcement baselines consisted of responding for food pellets on a variable interval 30-s schedule. Ascending

dose–effect functions were established using CBZ for negatively reinforced responding (vehicle, 25, 50, 100 mg/kg ip) and positively

reinforced responding (vehicle, 12.5, 25, 50, 100 mg/kg ip). Negatively reinforced responses and avoided shocks were significantly reduced

by CBZ injections at 100 mg/kg. Positively reinforced responses and food pellet deliveries were significantly reduced by CBZ injections at

25, 50, and 100 mg/kg. The results show that CBZ has differential, dose-dependent effects on negatively versus positively reinforced

responding.
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1. Introduction

Carbamazepine (CBZ) is an iminostilbene derivative

commonly used as an antiepileptic drug (AED) to treat

simple and complex partial seizures, and generalized tonic–

clonic seizures (Kubova and Mares, 1993). Similar in

structure to the tricyclic antidepressant imipramine, CBZ

is used alone or in combination with lithium carbonate for

manic–depressive illness and is the drug of choice for

treatment of trigeminal neuralgia (Macdonald, 1995).

Although its mechanisms of action have not been com-

pletely identified, CBZ appears to have widespread effects

within the CNS, the most important of which is the

stabilization of voltage-dependent sodium channels. CBZ

preferentially binds to sodium channels that are in the

inactive state and produces a time-dependent, use-depend-

ent, and voltage-dependent block of sodium channels that

results in the slowing of sodium channel recovery from

inactivation (Macdonald and Kelly, 1995; Macdonald and

Meldrum, 1995; Schwarz and Grigat, 1989). In addition,

CBZ influences a variety of neurotransmitter systems,

including adenosine (Marangos et al., 1983, 1985; Skerritt

et al., 1983), somatostatin (Rubinow et al., 1984), dopamine

(Post et al., 1986; Barros et al., 1986), peripheral benzodia-

zepine receptors (Weiss et al., 1985), GABA receptors

(Foong and Satoh, 1984), acetylcholine (Consolo et al.,

1976), and substance P (Post, 1988).

Although the effects of CBZ on cellular and molecular

targets have received considerable research attention, less is

known about its effects on operant behavior. This is a

clinical concern because the use of AEDs has been asso-

ciated with negative side effects, particularly sedation

(Alvarez et al., 1998; Collaborative Group for the Study

of Epilepsy, 1986). Although AEDs such as CBZ may have

positive effects on seizure activity, they may also produce

cognitive and behavioral impairments that have yet to be
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identified. Behavioral psychopharmacology studies of CBZ

have shown reductions in avoidance acquisition, suggesting

that the drug may impair the acquisition of negatively

reinforced behavior (Banks et al., 2001; Voigt and Morgen-

stern, 1992). Conversely, a study by Evenden and Ryan

(1996) has shown that CBZ does not effect delayed choice

responding maintained on schedules of appetitive reinforce-

ment. These studies suggest a differential pattern of effect

for CBZ on negatively versus positive reinforced respond-

ing. However, the negative reinforcement analyses studied

acquisition and the positive reinforcement analysis studied

steady-state behavior. Therefore, it is unclear whether the

qualitatively different effect of CBZ on operant behavior is

a function of reinforcer type or performance acquisition.

To help clarify the behavioral effects of CBZ, we estab-

lished steady-state baselines for negative reinforcement in

the form of free-operant avoidance and positive reinforce-

ment in the form of variable interval (VI) appetitive rein-

forcement. Dose–effect functions were then established for

both types of reinforcers to assess the effects of CBZ on res-

ponding. By conducting this analysis, we sought to identify

whether CBZ has differential effects on negatively versus

positively reinforced steady-state, operant behavior.

2. Materials and methods

2.1. Subjects

Sprague–Dawley male rats, obtained from Harlan,

served as subjects. Animals were individually housed with

ad libitum access to water. At the start of the experiment,

animals were approximately 100 days old and weighed

approximately 400 g. For animals exposed to the appetitive

reinforcement schedule, food intake was restricted through-

out the experiment so that the animals’ weights were

maintained between 400 and 425 g (feeding occurred

approximately 1 h after completion of the daily session).

No food restriction occurred for animals in the negative

reinforcement analysis. During the experiment, a 12:12

light/dark cycle (with lights on at 6:00 a.m.) was in effect;

experimental sessions occurred during the lights-on cycle.

Fig. 1. The effect of different doses of CBZ (vehicle, 25, 50, and 100 mg/kg) on behavior. The left-hand panels display the effects of CBZ on negatively

reinforced responding (n= 6). The task was a free-operant procedure with a 5-s shock–shock interval and a 20-s response–shock interval. The right-hand

panels display the effects of CBZ on positively reinforced responding (n= 5). The task was a VI 30-s schedule of food pellet delivery. The top panels show

difference scores for responses per minute; the bottom panels show difference scores for the percentage of avoided shocks (negative reinforcement) or the

number of pellets delivered (positive reinforcement). Data points represent mean difference scores and the vertical bars represent ± 1 S.E.M. *P < .02,

* *P< .01 difference from baseline.

M. Caruso et al. / Pharmacology, Biochemistry and Behavior 74 (2002) 221–227222



The protocol was approved by the Vanderbilt Animal Care

and Use Committee and followed National Institutes of

Health guidelines.

2.2. Apparatus

Standard operant conditioning chambers (MED Associ-

ates)—24 cm wide, 30.5 cm long, and 29 cm high—were

used. Each chamber was housed in a sound-attenuating

chamber. Chambers consisted of translucent plastic side

panels with aluminum rear and instrument panels. Each

instrument panel contained two nonretractable levers (in

the left and right lower corners of the panel, respectively),

a pellet receptacle (located at the bottom of the panel

between the levers), a house light (located at the center top

of the panel), and a sonalert (mounted behind the instrument

panel). The levers extended 2.2 cm from the panel wall, were

2.2 cm wide, and required a minimum downward force of

0.25 N. The pellet receptacle extended 1 cm from the panel

wall and was 0.8 cm wide and 0.8 cm deep. An electro-

mechanical 28-V DC pellet dispenser provided standard 45-

mg Noyes food pellets (improved Formula A). The house-

light was a 28-V DC bulb. Floors consisted of 19 stainless

steel rods (4.8 mm in diameter, spaced 1.6 cm apart). A

constant current shock generator and scrambler delivered 1-

mA shocks, 0.5 s in duration. White noise generators

supplied 80 dB sound to the experimental room. All events

in the operant chamber were controlled by MED Associates

software run on a MSDOS-based personal computer.

2.3. Procedure

2.3.1. Negative reinforcement analysis

Sessions, lasting 50 min, were conducted at the same

time each day, 5 days/week. Houselight illumination

marked the start of each session and continued throughout

the session. A free-operant avoidance task (Sidman, 1953)

was in effect from the beginning of the first session. A

shock occurred every 5 s (shock–shock interval) until a

left lever press occurred. Each subsequent left lever press

Fig. 2. Within-session analysis of the effects of different doses of CBZ (vehicle, 25, 50, and 100 mg/kg) on behavior. The left-hand panels display the effects of

CBZ on negatively reinforced responding (n= 6). The task was a free-operant procedure with a 5-s shock–shock interval and a 20-s response–shock interval.

The right-hand panels display the effects of CBZ on positively reinforced responding (n= 5). The task was a VI 30-s schedule of food pellet delivery. The top

panels show difference scores for responses per minute; the bottom panels show difference scores for the percentage of avoided shocks (negative

reinforcement) or the number of pellets delivered (positive reinforcement). Data points represent mean difference scores and the vertical bars represent ± 1

S.E.M. difference from baseline. *P < .02, * *P< .01 difference from baseline.
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postponed the next shock for 20 s (response–shock

interval). Throughout the experiment, data were collected

separately for the first 10 min of each session (‘‘warm-up’’

period) and the remaining 40 min (experimental period).

Only data from the experimental period were used in the

analysis. Baseline sessions continued until a stable pattern

of responding and avoidance was established ( + 10% of

previous five baseline sessions). Stability was reestablished

before each experimental manipulation.

2.3.2. Positive reinforcement analysis

Lever pressing was shaped by differential reinforcement

of successive approximations. Any left lever press by the

animal resulted in delivery of a food pellet. Following

shaping, animals were trained to lever press on a VI 30-s

schedule (range: 2–104 s) of food pellet delivery. One

session was run per day, 5 days/week, and lasted for 40

min. A session began with the onset of houselight illumina-

tion, which continued throughout the session. Baseline

sessions continued until a stable pattern of responding and

food pellet delivery was established ( ± 10% of previous five

baseline sessions). Stability was reestablished before each

experimental manipulation.

2.4. Drug preparation and administration

CBZ was obtained from Sigma (St. Louis, MO) and

dissolved in saline in a volume of 1 ml/kg. For the negative

reinforcement analysis, an ascending dose–effect function

was obtained for each animal (vehicle, 25, 50, and 100 mg/

kg ip). For the positive reinforcement analysis, an ascending

dose–effect function was also obtained (vehicle, 12.5, 25,

50, and 100 mg/kg ip). All injections were given 15 min

prior to the start of a session.

2.5. Statistical analyses

To equate for unequal baseline responding on the

negative and positive reinforcement schedules, the depend-

ent variables were transformed into difference scores (see

Figs. 1 and 2). Drug effects were tested for statistical

significance using repeated-measures analysis of variance

(ANOVA) with post hoc comparisons using Student’s t

tests. All post hoc tests compared drug dosage against

baseline levels. Significance levels are noted in the text

and figures.

3. Results

3.1. Negative reinforcement analysis

Table 1 shows baseline responses per minute and per-

centage of shocks avoided for the negative reinforcement

analysis. Data are displayed for the last 40 min of a session.

Difference scores computed from the data in Table 1 were

used to compare baseline performances with responding

under different levels of drug administration (Fig. 1). The

top left-hand panel of Fig. 1 shows that responses per

minute on the free-operant avoidance procedure were

decreased by CBZ injections at the 100-mg/kg dosage

[F(5,28) = 10.06, P < .01]. The bottom left-hand panel of

Fig. 1 shows that the percentage of shocks avoided on the

free-operant avoidance procedure was decreased by CBZ

injections of 100 mg/kg [F(5,28) = 69.07, P < .01].

A within-session analysis of the effects of CBZ on

avoidance responding is shown in Fig. 2. Baseline perform-

ances (Tables 2 and 3) were compared with responding

Table 1

Baseline performances for the negative reinforcement analysis

Animal Mean

responses

per minute

Mean

percentage of

avoided shocks

166 11.8 93

167 5.9 86

168 5.9 87

170 3.2 69

173 7.5 87

177 6 92

Group mean 6.7 86

Group S.E.M. 1.2 4

Table 2

Within-session baseline performances for the negative reinforcement

analysis

Animal Mean responses per minute

0–10

min

11–20

min

21–30

min

31–40

min

41–50

min

166 11.2 12.7 11.6 11.4 11.3

167 6.3 6 6.1 5.8 5.6

168 3.7 5.5 5.9 6.1 5.9

170 1 2.1 2.8 3.7 4.1

173 6.2 7.4 7.7 7.1 7.7

177 4 5.7 5.7 6 6.7

Group mean 5.4 6.6 6.6 6.7 6.9

Group S.E.M. 1.4 1.4 1.2 1 1

Data are arrayed as responses per minute in 10-min blocks.

Table 3

Within-session baseline performances for the negative reinforcement

analysis

Animal Percentage of avoided shocks

0–10

min

11–20

min

21–30

min

31–40

min

41–50

min

166 89.8 94.3 91.9 93.6 91.5

167 77.1 82.9 84.3 86.4 89

168 68.6 81.8 85.9 87.1 92.4

170 27.6 52 65.3 75.4 81.3

173 76.3 84.6 86.5 87.9 88.9

177 74.6 88.4 92.1 92.4 93.8

Group mean 69 80.7 84.3 87.1 89.5

Group S.E.M. 8.8 6 4 2.6 1.8

Data are arrayed as percentage of shocks avoided in 10-min blocks.

M. Caruso et al. / Pharmacology, Biochemistry and Behavior 74 (2002) 221–227224



under different levels of drug administration to derive

difference scores in 10-min blocks (Fig. 2). The data in

the top left-hand panel show significant differences only for

CBZ injections at the 100-mg/kg dosage level [F(5,28) =

14.43, P < .01]. Similar results for CBZ were obtained for

the percentage of shocks avoided [F(5,28) = 101.2, P < .01].

Fig. 2 also shows that the performance of the animals was

consistent across the length of the session for responses per

minute and percentage of avoided shocks.

3.2. Positive reinforcement analysis

Table 4 shows baseline responses per minute and food

pellet deliveries per minute for the positive reinforcement

analysis. Data are displayed for 40-min sessions. Difference

scores computed from the data in Table 4 were used to

compare baseline performances with responding under dif-

ferent levels of drug administration (Fig. 2). The top right-

hand panel of Fig. 2 shows that response rates on the VI 30-

s schedule of reinforcement linearly decreased following

CBZ injections of 25, 50, and 100 mg/kg [F(4,28) = 9.11,

P < .02]. The bottom right-hand panel of Fig. 1 shows that

the number of food pellet deliveries per minute linearly

decreased following CBZ injections of 25, 50, and 100 mg/

kg [F(4,28) = 15.22, P < .01].

A within-session analysis of the effects of CBZ on VI

30-s schedule performance is shown in Fig. 2. Baseline

performances (Tables 5 and 6) were compared with

responding under different levels of drug administration

to derive difference scores in 10-min blocks (Fig. 2). The

data in the top left-hand panel show significant differences

for CBZ injections at the 25-, 50-, and 100-mg/kg dosage

level [F(4,28) = 11.1, P < .01]. CBZ produced similar

results for the number of food pellets delivered per minute

[F(4,28) = 9.24, P < .01]. Both right-hand panels in Fig. 2

show dose-dependent effects on behavior. The effects of

CBZ on behavior was consistent across the length of the

session at higher dosages (i.e., 50 and 100 mg/kg), but

decreased with session length at 25 mg/kg.

4. Discussion

We analyzed the effects of CBZ on negatively versus

positively reinforced responding. CBZ did not change the

rate of responding or the percentage of shocks avoided on

the free-operant avoidance task except at 100 mg/kg. At this

level, responding and avoided shocks were decreased by

approximately 90% of baseline levels. CBZ gradually

decreased rates of responding and food pellets earned on

the VI schedule beginning at 25 mg/kg in a dose-dependent

fashion. These findings indicate that CBZ has differential

effects on avoidance versus appetitively maintained operant

behavior.

Our findings differ from those previously reported for

CBZ. Previous experiments with rats and mice have indi-

cated that CBZ decreases the acquisition of negatively

reinforced avoidance behavior. In relation to our data, the

findings of Banks et al. (2001) and Voigt and Morgenstern

(1992) appear to be related to response acquisition rather

than negative reinforcement. The only effect we observed

on avoidance responding for CBZ was at the point of

general sedation. Therefore, it appears likely that the effects

of previous research may be due either to disruptions in

response acquisition or general sedation.

Previous research analyzing the effects of CBZ on pos-

itively reinforced responding has shown little effect. In a

study by Evenden and Ryan (1996), CBZ did not disrupt

performances on a delayed reinforcement task, although ben-

zodiazepines and d-amphetamine did alter responding. Our

findings demonstrated a dose-dependent decrease in appeti-

Table 6

Within-session baseline performances for the positive reinforcement

analysis

Animal Mean food pellets per minute

0–10 min 11–20 min 21–30 min 31–40 min

169 1.8 1.7 1.7 1.6

172 1.6 1.9 1.8 1.7

174 1.9 1.7 1.8 1.7

175 1.6 1.7 1.8 1.6

176 1.7 1.9 1.7 1.5

Group mean 1.7 1.8 1.7 1.6

Group S.E.M. 0.05 0.05 0.02 0.04

Data are arrayed as responses per minute in 10-min blocks.

Table 5

Within-session baseline performances for the positive reinforcement

analysis

Animal Mean responses per minute

0–10 min 11–20 min 21–30 min 31–40 min

169 23.8 29.4 26.6 22.4

172 33.4 43.7 38.4 31.4

174 35.5 40.6 38 26.9

175 20.5 33.2 28.4 18.3

176 31.4 38.7 31.7 24.2

Group mean 28.9 37.1 32.6 24.6

Group S.E.M. 2.9 2.6 2.4 2.2

Data are arrayed as responses per minute in 10-min blocks.

Table 4

Baseline performances for the positive reinforcement analysis

Animal Mean

responses

per minute

Mean number of

food pellets

per minute

169 26.1 1.7

172 37.8 1.7

174 35.2 1.7

175 26.6 1.7

176 31.6 1.7

Group mean 31.5 1.7

Group S.E.M. 2.3 0.1
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tively maintained responding. That effect was observed with

dosages as low as 25 mg/kg in our experiment, even though

Evenden and Ryan used dosages of 40 and 100 mg/kg. Two

procedural explanations are possible. First, the route of

administration differed in the two studies (intraperitoneal in

our experiment versus per orem in the Evenden and Ryan

experiment). Research has shown that the pharmacokinetics

associated with routes of administration differs for CBZ, with

intraperitoneal drug administration producing effects at lower

dosages than per orem administration (Nakao et al., 1985;

Rogawski et al., 1991). A second possible explanation is the

type of operant task required of the animals. The VI schedule

used in the current experiment produces response rates with

longer interresponse times, whereas the delayed choice

procedure used by Evenden and Ryan produces bursts of

responding with short interresponse times. It is possible that

these differences in the quantal nature of the responding

produced on the two appetitive reinforcement schedules

contributed to the differing effects.

Our results clearly showed differences in the effects CBZ

had on negatively versus positively reinforced behavior.

However, we established only one type of operant perform-

ance for each of these qualitatively different reinforcers. We

chose free-operant avoidance and VI appetitive reinforce-

ment schedules because they have been extensively studied

in the behavioral psychopharmacology literature and have

shown sensitivity to psychoactive compounds (Thompson

and Boren, 1977). Future research will be needed to

establish the robustness of our findings across a broader

range of operant reinforcement schedules.

The comparison of qualitatively different operant rein-

forcement schedules presents interpretative difficulties that

should be noted. Optimally, parameters of the negative and

positive reinforcement schedules would be adjusted so that

similar response rates and interresponse times were estab-

lished on each schedule. Therefore, it is possible that our

results may have been influenced by differences in response

rates and/or interresponse times. In addition, the avoidance

schedule was response-based and the appetitive schedule

was time-based, making it possible that schedule dynamics

may have influenced the differential effects of CBZ on

responding. We chose to use free-operant avoidance and

VI appetitive schedules because they have been extensively

characterized in the behavioral pharmacology literature and

shown to be sensitive to a range of psychoactive compounds.

However, future research focusing on how CBZ affects

qualitatively different reinforcers should consider response

rate, schedules parameters, and reinforcer magnitude, in

addition to drug dosage.

Finally, we would like to note some applied implications

of our findings. Our interest in CBZ and other AEDs derives

from clinical issues relating to developmental disabilities.

CBZ is often prescribed to people with developmental

disabilities to control self-injury and aggression relating

either to epilepsy or impulse control problems. Currently,

it is unclear whether the mechanism of action for reducing

self-injury or aggression using CBZ is via a selective

alteration in neural circuits or through general sedation

(Kennedy and Meyer, 1998). Of particular relevance to

the current experiment is that approximately 70% of self-

injury or aggression cases can be identified as being main-

tained by positive and/or negative reinforcers (Derby et al.,

1992; Iwata et al., 1994). If our findings can be extrapolated

to this literature, our experimental results suggest that CBZ

may be an indicated pharmacological treatment for self-

injury and aggression maintained by positive reinforcement,

but not for behavior maintained by negative reinforcement.

Whether this is the case awaits future research linking

psychopharmacotherapy and behavioral analyses of self-

injury and aggression (Kennedy et al., 2001).

Acknowledgements

The research was supported, in part, by NICHD grant no.

1620476822A2 and USDOE grant no. H325D000026. The

authors thank J. Tapp for his computer programming, B.

Martin for her graphics work, R.L. Smith for her

pharmacological assistance, and M. May and M. Valdovinos

for comments on a previous version of the manuscript.

References

Alvarez N, Kern RA, Cain NN, Coulter DL, Iivanainen M, Plummer AT.

Antiepileptics. In: Reiss S, Aman MG, editors. Psychotropic medica-

tions and developmental disabilities: the international consensus con-

ference. Columbus, OH: The Ohio State University; 1998. p. 151–78.

Banks MK, Besheer J, Szypczak J, Goodpaster LL, Phipps EJ, Garraghty

PE. The effects of carbamazepine on an appetitive-to-aversive transfer

task: comparison to untreated and phenytoin. Prog Neuro-Psychophar-

macol Biol Psychiatry 2001;25:551–72.

Barros HMT, Braz S, Leite JR. Effect of carbamazepine on dopamine

release and reuptake in rat striatal slices. Epilepsia 1986;27:534–7.

Collaborative Group for the Study of Epilepsy. Adverse reactions to Anti-

epileptic drugs: a multicenter survey of clinical practice. Epilepsia 1986;

27:323–30.

Consolo S, Bianchi S, Ladinsky H. Effect of carbamazepine on cholinergic

parameters in rat brain areas. Neuropharmacology 1976;15:653–7.

Derby KM, Wacker DP, Sasso GM, Steege M, Northup J, Cigrand K,

Asmus J. Brief functional assessment techniques to evaluate aberrant

behavior in an outpatient setting: a summary of 79 cases. J Appl Behav

Anal 1992;25:713–21.

Evenden JL, Ryan CN. The pharmacology of impulsive behavior in rats: the

effects of drugs on response choice with varying delays of reinforce-

ment. Psychopharmacology 1996;128:161–70.

Foong FW, Satoh M. Neurotransmitter-blocking agents influence antinoci-

ceptive effects of carbamazepine, baclofen, pentazocine, and morphine

on bradykinin-induced trigeminal pain. Neuropharmacology 1984;23:

633–6.

Iwata BA, Pace GM, Dorsey MF, Zarcone JR, Vollmer TR, Smith RG,

Rodgers TA, Lerman DC, Shore BA, Mazaleski JL, Goh H-L, Cowdery

GE, Kalsher MJ, McCosh KC, Willis KD. The functions of self-injuries

behavior: an experimental – epidemiological analysis. J Appl Behav

Anal 1994;27:215–40.

Kennedy CH, Meyer KA. The use of psychotropic medication for people

with severe disabilities and challenging behavior: current issues and

future directions. J Assoc Pers Sev Handicaps 1998;23:83–97.

M. Caruso et al. / Pharmacology, Biochemistry and Behavior 74 (2002) 221–227226



Kennedy CH, Caruso M, Thompson T. Experimental analyses of gene–

brain–behavior relations: some notes on their application. J Appl Behav

Anal 2001;34:539–49.

Kubova H, Mares P. Anticonvulsant action of oxcarbazepine, hydroxycar-

bamazepine, and carbamazepine against metrazol-induced motor seiz-

ures in developing rats. Epilepsia 1993;34:188–92.

Macdonald R. Carbamazepine: mechanisms of action. In: Levy RH, Matt-

son RH, Meldrum BS, editors. Antiepileptic drugs, 4th ed. New York:

Raven Press; 1995. p. 491–9.

Macdonald RL, Kelly KM. Antiepileptic drug mechanisms of action. Epi-

lepsia 1995;36:S2–12.

Macdonald R, Meldrum BS. General principles: principles of antiepileptic

action. In: Levy RH, Mattson RH, Meldrum BS, editors. Antiepileptic

drugs, 4th ed. New York: Raven Press; 1995. p. 61–78.

Marangos PJ, Post RM, Patel J, Zander K, Parma A, Weiss S. Specific and

potent interactions of carbamazepine with brain adenosine receptors.

Eur J Pharmacol 1983;93:175–82.

Marangos PJ, Weiss S, Montgomery P, Patel J, Narang PK, Cappbianca

AM, et al. Chronic carbamazepine treatment increases brain adenosine

receptors. Epilepsia 1985;26:493–8.

Nakao K, Higashio T, Inukai T. Antagonism of picrotoxin against the tam-

ing effect of carbamazepine on footshock induced fighting behavior in

mice. Jpn J Pharmacol 1985;39:281–3.

Post RM. Time course of clinical effects of carbamazepine: implications for

mechanisms of action. J Clin Psychiatry 1988;49:35–46.

Post RM, Rubinow DR, Uhde TW, Ballenger JC, Linnoila M. Dopaminer-

gic effects of carbamazepine. Arch Gen Psychiatry 1986;43:392–6.

Rogawski MA, Yamaguchi S, Jones SM, Rice KC, Thurkauf A, Monn JA.

Anticonvulsant activity of the low affinity uncompetitive N-methyl-D-

aspartate antagonist ( +� )-5-aminocarbonyl-10,11-5H-dibenzo[a,d]cy-

clohepten-5,10-imine (ADCI): comparison with the structural analogs

dizocilpine (MK-801) and carbamazepine. J Pharmacol Exp Ther

1991;259:30–7.

Rubinow DR, Post RM, Gold PW, Uhde TW. Neuroendocrine and peptide

effects of CBZ: clinical and mechanistic implications. Psychopharmacol

Bull 1984;20:590–4.

Schwarz JR, Grigat G. Phenytoin and carbamazepine: potential- and fre-

quency-dependent block of Na currents in mammalian myelinated nerve

fibers. Epilepsia 1989;30:286–94.

Sidman M. Avoidance conditioning with brief shock and no exteroceptive

warning signal. Science 1953;118:57–8.

Skerritt JH, Davies LP, Johnston GAR. Interactions of the anticonvulsant

carbamazepine with adenosine receptors: I. Neurochemical studies. Ep-

ilepsia 1983;24:634–42.

Thompson T, Boren JJ. Operant behavioral pharmacology. In: Honig WK,

Staddon JER, editors. Handbook of operant behavior. Englewood Cliffs

(NJ): Prentice-Hall; 1977. p. 540–69.

Voigt JP, Morgenstern E. Comparative effects of carbamazepine, phenytoin,

diazepam, and clonazepam on inhibitory avoidance learning in mice.

Psychopharmacology 1992;108:131–5.

Weiss SRB, Post RM, Pate J, Marangos PJ. Differential mediation of the

anticonvulsant effects of carbamazepine and diazepam. Life Sci 1985;

36:2413–9.

M. Caruso et al. / Pharmacology, Biochemistry and Behavior 74 (2002) 221–227 227


	Introduction
	Materials and methods
	Subjects
	Apparatus
	Procedure
	Negative reinforcement analysis
	Positive reinforcement analysis

	Drug preparation and administration
	Statistical analyses

	Results
	Negative reinforcement analysis
	Positive reinforcement analysis

	Discussion
	Acknowledgements
	References

