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PICKER, M , E BLAKELY AND A POLING Effects of anttconvulsant drugs under automamtenance and neganve 
automamtenance procedures PHARMACOL BIOCHEM BEHAV 24(3) 555--560, 1986 ---The behavioral effects of pheny- 
tom, phenobarbital, clonazepam, valproic ac,d, and ethosuxlmlde were evaluated ,n food-deprived pigeons performing 
under automamtenance and negative automamtenance procedures Under the automaantenance procedure, brief periods of 
key dlumlnatlon were followed by food delivery without regard to the subject's behavior In most instances, when drugs 
were not g~ven tMs procedure engendered high rates of keypecklng dunng almost all key dlummatlons (tnals) Acute 
admm,stratlons of phenytom (10-20 mg/kg), valprom acid (40-120 mg/kg), and ethosuxlmlde (40-120 mg/kg) produced 
generally dose-dependent decreases m percent trials with a response and rate of responding Although phenobarbital (30-60 
mg/kg) and clonazepam (2 5-7 5 mg/kg) produced httle obv,ous effect on percent trials with a response, these drugs 
generally increased rate of responding Under the negaUve automamtenance procedure, food dehvery followed only key 
lllummattons dunng which keypeckang did not occur Keypecklng occurred at a low rate under this procedure, w,th no 
responses occumng during the majority of key dlumlnattons Thus, th,s procedure appeared to revolve responding ehclted 
by respondent condmomng but suppressed by the response-dependent om,ss,on of food Across the same dose ranges 
evaluated under the automamtenance procedure, clonazepam and phenobarbttal generally increased percent tnals with a 
response and rate of responding in dose-dependent fashion Phenytom s,mflarly increased percent trials w~th a response but 
had httle consistent effect on rate of responding Ethosuxlmlde and valprolc acid faded to affect responding under th~s 
procedure 

Phenobarbital Clonazepam Phenytoln Valpro,c acid Ethosux,mlde Ant~convulsant drugs 
Respondent condmonlng Pigeons Antlpumshment effects Automamtenance Negative automamtenance 

RECENT precllmcal mvestlgat,ons [5, 12, 13, 17] have eval- 
uated the behav,oral effects of acute admmtstrat,ons of antl- 
convulsant drugs (e g ,  phenytoln, phenobarb,tal, 
clonazepam, valprolc ac,d, ethosuxlmlde) m pigeons per- 
forming under several operant condmomng procedures, in- 
cluding assays of learnmg (t e ,  repeated acqmsmon), short- 
term memory 0 e ,  delayed-matching-to-sample) and per- 
formance (, e , schedules of reinforcement) The results of 
these studies md,cate that there are quantltattve as well as 
quahtat~ve differences m the effects of these agents, and that 
whether a particular agent disrupts behav,or at a given dose 
depends upon how the behavior m quest,on ts maintained 
For example, across a wMe range of doses, valprolc acid and 
ethosuxlmMe similarly produce dose-dependent decreases m 
rate of responding under a multtple Fixed-Ratio Fixed- 
Interval schedule of food dehvery [17], but produce qu,te 
different effects under delayed-matching-to-sample [13] and 
repeated acqulsmon procedures [12] Valpro,c acid produces 
substantial decreases m accuracy under both procedures, 
whereas ethosuxlm~de has httle effect on accuracy even at 
doses that substantmlly reduce rate of responding 

The purpose of the present experiment was to further 
prof'lle the behavioral act, ons of anttconvulsant drugs by ex- 
amining their effects m p,geons performing under auto- 
maintenance and negative automamtenance procedures 
Procedurally resembhng respondent condmonlng, the auto- 
maintenance procedure specifies only the relation between a 
condmonal st,mulus (key tllummat, on) and an uncondmonal 
stimulus (food dehvery) In a typical automaantenance exper- 
iment, food-deprived pigeons are exposed to a senes of trials 
in wMch the brief dlurmnatton of a response key precedes the 
dehvery of food Under these condmons, birds eventually 
approach, onent  towards, and peck the illuminated response 
key Desptte the absence of a programmed dependency be- 
tween keypeckmg and food dehvery, ptgeons will typmally 
maintain a moderately h,gh rate of pecking dunng key d- 
lummat~on Autoshaped responding has been demonstrated 
with numerous specms (e g ,  rats, monkeys, humans), un- 
condmonal sUmuh (e g ,  food, water, access to a sex part- 
ner), and procedural variations (see [8]) 

Although few studies have examined the effects of drugs 
under the automalntenance procedure, some have appeared 
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Pohng and associates [11, 14, 15, 18], for example, found that 
morphine, atropine, LSD, and quipazine produced generall~ 
dose-dependent decreases in the number of trials w~th a re- 
sponse and rate of responding Even drugs with known 
rate-dependent effects, such as d-amphetamine and pen- 
tobarbital, reduced the percentage of key illuminanons with 
a response and rate of responding The effects of antlconvul- 
sants other than pentobarbltal on automaintamed responding 
have not been determined 

A vanant  of the automalntenance procedure, termed 
negative automalntenance, has also been effectively em- 
ployed to study the effects of anticonvulsants and other 
drugs This procedure resembles the automaintenance pro- 
cedure, with the exception that responding during the period 
of key illumination prevents the scheduled food dehvery, 
food delivery follows only trials in which no responses oc- 
cur Responding does occur under these conditions, al- 
though compared to the automalntenance procedure, per- 
cent tnals with a response and rate of responding are much 
reduced Thus, the negative automaintenance procedure ap- 
pears to involve responding ehclted by respondent condition- 
ing and simultaneously suppressed by an operant depen- 
dency, i e , response-dependent omission ol food [1,8] To 
date. the only drugs that have been reported to Increase 
responding under this procedure are those wtth known 
antipunishment or anxiolytlc effects, such as the anticonvul- 
sant dlazepam and the barbiturate pentobarbital [14,15] 
How phenytoin, valproic acid, and other antlconvulsant 
drugs affect responding under the negative automaintenance 
procedure is unclear 

M E T H O D  

~ubje~ ts 

Eight experimentally nmve White Carneaux pigeons. 
maintained at approximately 80% of their free-feeding 
weights (390-480 g), served as subjects Each bird was indi- 
vidually housed with unlimited access to grit and water In a 
constantly Illuminated room 

Appat alu 

Three test chambers measuring 38 cm high, 30 cm 
wide, and 40 cm long were employed A 5 cm by 5 cm open- 
lng, honzontally centered in the work panel 8 cm above the 
floor of the chamber, allowed access to a magazine filled 
w~th mixed grain when the magazine was raised The maga- 
zine, when raised, was illuminated by a 7-W wMte bulb Two 
response keys, 2 5 cm in diameter, were symmetrtcally lo- 
cated on the work panel, 12 cm from the adjacent wall and 24 
cm above the chamber floor Only the right response key 
was operative dunng the experimental session Ambient 
chamber illumination was provided by two clear 7-W bulbs 
centered In the transparent ceiling of the chamber Continu- 
ous white noise masked extraneous sounds 

Scheduling of expenmental events and data collection 
were accomplished through the use of a Digital Eqmpment 
Corporation PDPS/A minicomputer using Interfacing and 
software (SUPERSKED) provided by State Systems Inc 
(Kalamazoo. MI) 

Behavtoral Pro( edure 

Prior to the start of the experiment proper, all pigeons 
were trmned to approach and eat from the rinsed food maga- 
zine After each subject consistently ate from the rinsed 
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Effects of phenytom, valprolc acid, phenobarbital 
clonazepam, and ethosuxlmlde on percentage of key dlummatlons 
(tnals) with a response for Indwldual pigeons exposed to an auto- 
maintenance procedure Drug data represent the mean percent tnals 
w~th a response for two determinations at each dose Control data, 
indicated by C, represent the mean percent trials with a response 
dunng the six vehicle control sessions preceding drug administration 
during individual dose-effect determinations, vertical hnes indicate 
the range across these sessions 

magazine, it was exposed to two consecutive sesstons in 
which 40 4-sec food presentations were programmed under a 
Random-Time l-rain (RT l-ram) schedule Under this 
schedule, on the average of once every minute the food 
magazine was raised for 4 sec 

At the start of the experiment proper, four subjects were 
exposed to a standard forward painng automaIntenance pro- 
cedure [1] and four subjects to a negative automalntenance 
procedure (similar to that descnbed by [23]) For the auto- 
maintenance subjects, each trial consisted of a 6-sec illumi- 
nation of the nght response key in green At the offset of the 
key light the food magazine was raised for 4 sec regardless of 
the pigeon's behavior Each session consisted of 40 key il- 
luminations programmed under an RT l-rain schedule Re- 
sponses were without programmed consequences and the 
response key was darkened during the lntertrlal interval 
Sessions were typically conducted 7 days per week at about 
the same time each day 

For the negative automaintenance subjects, keypeck re- 
sponses during the penod of key illumination prevented the 
scheduled food delivery, responses had no effect on the du- 
ration of key illumination Otherwise. all experimental con- 
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T A B L E  1 

MEAN RESPONSES PER MINUTE DURING TRIALS WITH A RESPONSE FOR PIGEONS RESPONDING UNDER 
AUTOMAINTENANCE AND NEGATIVE AUTOMAINTENANCE PROCEDURES DURING VEHICLE 

AND DRUG SESSIONS 

Automalntenance Negative Automalntenance 

Phenytoln (mg/kg) 

lhgeon Saline* 10~ 15 20 Pigeon Sahne 10 15 20 
P821 86 (60-120) 115 120 45 P6215 10 (10-10) - -  - -  - -  
P38 87 (80-90) 60 40 10 P5333 13 (10-20) 20 15 15 
P1048 23 (20-30) 25 - -  - -  P5847 10 (10-10) 10 20 10 
P1831 22 (20-30) 10 - -  - -  P402 15 (10--20) 10 15 10 

Valprolc Acid (mg/kg) 

Pigeon Sahne 40 80 120 Pigeon Saline 40 80 120 
P821 157 (130-190) 215 225 205 P6215 10 (10-10) l0 10 15 
P38 68 (50-90) 75 50 20 P5333 12 (10-20) 10 15 15 
P1048 26 (23-30) 20 20 - -  P5847 25 (20-40) 30 25 20 
P1831 22 (10-30) 20 10 10 P402 13 (10-20) 10 15 10 

Phenobarbital (mg/kg) 

Pigeon Sahne 30 45 60 Pigeon Saline 30 45 60 
P821 53 (20-90) 105 160 180 P6215 10 (10-10) 10 10 15 
P38 66 (50-80) 83 75 !10 P5333 13 (10-20) 15 20 20 
P1048 88 (70-100) 110 95 60 P5847 10 (10-10) 10 10 15 
P1831 18 (10-20) 15 20 30 P402 0 (0-0) 10 10 15 

Clonazepam (mg/kg) 

lhgeon Sahne 0 25 0 50 0 75 Pigeon Saline 0 25 0 50 0 75 
P821 192 (130-240) 215 250 205 P6215 0 (0-0) 30 40 45 
P38 68 (50-80) 105 90 95 P5333 10 (10-10) 10 10 15 
P1048 35 (30-50) 55 25 20 P5847 13 (10-20) 20 30 20 
P1831 20 (10-30) 45 20 15 P402 12 (10-20) 15 15 20 

Ethosuxlmlde (mg/kg) 

Pigeon Sahne 40 80 120 Pigeon Saline 40 80 120 
1:)821 120 (50-200) 100 125 15 P6215 l0 (10-10) 10 10 10 
P38 63 (40-80) 60 60 40 P5333 20 (20-20) 15 10 20 
P1048 28 (20-40) 20 15 10 P5847 13 (10-20) 10 10 10 
P1831 13 (10-20) 10 10 15 P402 11 (10-20) 20 20 10 

*Control data represent the mean rate of responding dunng trials m wh,ch at least one response occurred 
dunng the six vehicle control sessions preceding drug administrations, numbers in parentheses indicate the 
range across these sessions 

tDrug data represent the mean rate of responding dunng trials In which at least one response occurred 
dunng two determinations at each dose A - -  indicates that no responses were recorded dunng either of the 
two determinations at a given dose 

dlt lons were  ldenUcal to those  descr ibed  under  the auto- 
ma in tenance  c o n d m o n s  For  both  groups,  these exper i -  
mental  c o n d m o n s  remained  m effect  th roughout  the durat ion 
of  the expe r imen t  

Pharmacologtc al Procedure 

After  the percen t  trials with a r e sponse  and rate of  re- 
sponding showed  no obvious  upward  or d o w n w a r d  t rend 
(20-26 sess ions) ,  the fol lowing drugs were  tes ted  pheny to ln ,  
valproic acid,  phenobarbi ta l ,  c lonazepam,  and e thosux-  
~m~de P h e n y t o m  was reJected as a commercml ly  p repa red  
solution (Parke-Davls ,  M o r n s  Plmns,  NJ) ddu ted  with 

i so tomc saline solut ion Valprolc  acid (Saber  Labora tor ies ,  
Mor ton  Grove ,  IL) and phenobarbi ta l  (Sigma Chemical  Co , 
St Louis ,  MO) were  d i sso lved  m distilled water  wtth suffi- 
cient  s o d m m  hydroxide  to neu t rahze  the drug to the s o d m m  
salt Doses  for these  drugs are exp res sed  as the salt 
C lonazepam (Hof fman-La  Roche ,  Nut ley ,  N J) was d issolved 
m a solution consis t ing of  98% propy lene  glycol and 2% 
ethyl alcohol Isotonic  saline soluUon alone se rved  as the 
vehicle  for e thosuxlmide  (Warner -Lamber t ,  Ann  Arbor ,  
MI) Doses  for  these  drugs are exp res sed  as the base  
Isotonic  sahne  solut ion was  used  as the contro l  vehicle for all 
drugs 

Three  doses  of  each drug and vehicle control  were  in- 
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FIG 2 Effects of phenytoin, valproic acid, phenobarbital, 
clonazepam, and ethosuxlnude on percentage of key illuminations 
(trials) with a response for individual pigeons exposed to a negative 
automalntenance procedure Drug data represent the mean percent 
trials with a response for the two determinations at each dose Con- 
trol data, indicated by C, represent the mean percent trials w~th a 
response dunng the six vehicle control sessions preceding drug ad- 
ministration dunng individual dose-effect determlnauons, verbcal 
hnes indicate the range across these sessions 

jected intramuscularly 30 mln before the experimental ses- 
sion, at an mjectmn volume of 1 ml/kg Drug doses and the 
presessmn rejection interval were selected on the basis of 
previous studies conducted m our laboratory [12, 13, 17] 
Each bird received all doses of each drug on two occasions 
Drugs and doses were administered m an irregular order that 
vaned across subjects Drugs were admlmstered in a 
BBCDBBCD design, where B represents baseline sessmns, 
C vehicle control sessmns, and D drug sessions 

RESULTS 

Dunng baseline and vehicle control sessions, the auto- 
maintenance procedure engendered lugh rates of  responding 
on almost 90% of the trials for 3 of the 4 subjects, 1 subject 
evidenced relatively low rates of  responding and made one 
or more responses on fewer than 40% of all key lllumma- 
nons Reading from left to right, Fig 1 shows the percentage 
of key dluminatmns dunng which at least one response oc- 
curred when phenytoln, valprolc acid, phenobarbital, 
clonazepam, and ethosuxlmide were given to individual sub- 

]ects exposed to the automalntenance procedure In this fig- 
ure, drug data represent the mean for the two determinations 
at each dose, control data represent the mean precent trials 
with a response dunng the s~x vehicle control sessions pre- 
ceding drug administrations Drugs were considered to 
produce an effect only when the mean of the two determina- 
tions at each dose fell outside of the control range, which is 
indicated in this figure by vertical lines For all subjects, 
there were no apparent differences between the first and 
second determination for any of the drugs tested, or m the 
direction or magnitude of the drug effect as a functmn of the 
sequence of drug administrations 

Phenytom produced large dose-dependent decreases in 
the percent trials with a response for all subjects Rate of 
responding during those key illuminations (trials) In which 
responding occurred, indicated in Table 1, were similarly 
affected For valprolc acid and ethosuxlmide, three subjects 
showed dose-dependent decreases in percent trials with a 
response For these subjects, valproJc acid and ethosuxImide 
generally reduced rate of responding, although in most in- 
stances this effect was not directly dose-dependent or con- 
Slstent across subjects Subject P1831, who responded on 
few trials during control sess,ons, was little affected across 
the dose range studied Phenobarbital and clonazepam 
produced qmte different effects For three subjects, only the 
h~ghest dose of phenobarbital decreased percent trials with a 
response The magmtude of th~s phenobarbital-reduced de- 
crease in responding was relatively small (always les, than 
30%) During trials m which at least one response occurred, 
phenobarbital typically increased rate of responding When 
phenobarbital was administered, both percent trials with a 
response and rate of responding were increased for subject 
P1831, who responded on less than 55% of all key illumina- 
tions during control sessions Clonazepam had no consistent 
effect on percent trials with a response However,  drug- 
induced increases m rate of responding were evident for all 
subjects at the low dose of clonazepam, moderate and high 
doses produced httle conststent effect 

Under the negative automalntenance procedure, two sub- 
jects (P5333, P5847) responded on more than 70% of key 
illuminations during the mmal dose-effect determination Be- 
tween the first and second dose-effect determinations for 
these birds, percent reals with a response decreased to ap- 
proximately 15-20% Subjects P402 and P6215 consistently 
responded on fewer than 25% of key Illuminations (a mean of 
4 4% with a range from 0-23%) There were no apparent 
differences between the results of the first and second de- 
termination for any of the drugs tested, or m the direcUon or 
magnitude of drug effects as a function of the sequence of 
drug administrations 

Figure 2 shows the effects of phenytom, valprolc acid, 
phenobarbital, clonazepam, and ethosuxlmlde on the per- 
cent trials with a response for lndwldual pigeons exposed to 
a negative automalntenance procedure Phenytoln increased 
the percent trials with a response for three subjects without 
affecting rate of responding dunng trials in which at least one 
response occurred (see Table 1) Subject P6215 did not respond 
during any session in which phenytoln was administered 
With one exception (30 mg/kg of phenobarbital for subject 
P6215) all doses of phenobarbital and clonazepam produced 
large increases in percent tnals with a response, and gener- 
ally increased rate of responding The magnitude of these 
drug-induced Increases in rate of responding were typically 
small At the high dose of these drugs, most pigeons re- 
sponded on at least 50% of the key illuminations (a range 
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from 43-83%), thus losing more than half of the possible food 
dellvenes In contrast  to phenobarbital and clonazepam, 
valproic acid and ethosuxirmde had little effect on percent 
trials with a response or rate of responding for three sub- 
jects  For  subject P5847, where responding occurred dunng 
approximately 70% of the trials dunng control sessions pre- 
ceding administrations of valproic acid, the drug generally 
decreased percent trials with a response without substan- 
tially reducing rate of  responding Ethosuxlrmde reduced 
percent tnals with a response only at the moderate dose for 
subject P5333, who responded on more than 45% of key 
illuminations dunng control sessions Rate of responding for 
this subject was also reduced at this dose 

DISCUSSION 

The finding that key pecking was reliably maintained 
under the automalntenance procedure is consistent with 
previous findings [3], which indicate that, despite the ab- 
sence of a programmed dependency between keypecking 
and food delivery, the temporal pairing of key dlumlnaUons 
with food delivery is a sufficient condition to establish and 
maintain responding That pigeons typically responded dur- 
ing relatively few of the key illuminations when exposed to 
the negative automaintenance procedure is also in agreement 
with the results of previous investigations [15,23] Earher 
findings similarly indicate that, although the negative auto- 
maintenance procedure does engender responding, both per- 
cent trials with a response and rate of responding under this 
procedure are considerably lower than under conventional 
automaintenance procedures Not surpnsmgly,  the imposi- 
tion of a negative response-food dependency,  which is es- 
sentmlly a punishment operation, ~s a sufficient condition to 
suppress behavior 

Under the automalntenance procedure,  phenytom, val- 
prolc acid, and ethosuximtde generally decreased the per- 
cent trials with a response and rate of responding in dose- 
dependent fashion These drug-reduced decreases in re- 
sponding parallel those reported when these drugs are ad- 
ministered to pigeons responding under other discrete-trial 
(e g ,  delayed-matching-to-sample, repeated acquisition) and 
free-operant (e g ,  Fixed-Ratio and Fixed-Interval  schedules 
of reinforcement) procedures [12, 13, 17] Across the dose 
range examined, phenobarbital and clonazepam had little ef- 
fect on percent tnals with a response for most subjects 
However,  since responding occurred on almost all key il- 
luminations during control sessions under th~s procedure,  
drug-induced increases would not be readdy apparent This 
ceiling effect may account for the failure of other drugs with 
reported rate-dependent effects (e g ,  pentobarbltal,  am- 
phetamine) to increase percent trials with a response under 
this procedure [14,18] No such ceiling effect was evident 
with one subject m the present experiment this bird typi- 
cally responded on less than 55% of the key illuminations 
dunng control sessions For  this subject, phenobarbital and 
clonazepam substantially increased the number of tnals in 
which at least one response occurred 

The phenobarbital- and clonazepam-induced increases in 
rate of responding during trials in which a response occurred 
are in agreement with findings indicating that other barbitu- 
rates and benzodmzepmes may increase rates of responding 
under certain schedules of reinforcement [9,20] Such drug- 
induced increases in responding under the automalntenance 
procedure are surprising given the findings of previous in- 

vestagatlons suggesting that a wide range of drugs, including 
benzodiazepInes and barbiturates,  generally decrease re- 
sponding under the autommntenance procedure [11, 14, 18] 
Poling and Appel  [14,15], for example, reported that other 
drugs with known rate-dependent effects, such as diazepam 
and pentobarbital,  failed to increase the responding of  pi- 
geons under this procedure Poling and Thompson [18] also 
reported that d-amphetamine, a CNS stimulant with known 
rate-dependent effects, failed to increase the low rate re- 
sponding of pigeons performing under a partial pairing auto- 
maintenance procedure This procedure was similar to that 
employed in the present study, with the exception that only 
2 5% of  key dlumlnatlons were followed by food, thereby 
ehcmng rates of responding considerably lower than those 
generally obtained under full pamng automalntenance pro- 
cedures 

Under  the negative automaintenance procedure,  
clonazepam and phenobarbital produced large increases in 
percent trials with a response At the high dose of these 
drugs most pigeons responded on more than 5(1% of all key 
lllummaUons, thus losing more than half of all available food 
dehvenes These results extend pervious findings indicating 
that other barbiturates and benzodlazeplnes possess 
antlpunlshment effects [2,20] For  these classes of drugs, 
antlpunlshment effects have previously been demonstrated 
under negative automamtenance procedures and under op- 
erant procedures in which responding is simultaneously 
maintained by response-dependent food delivery and sup- 
pressed by response-dependent electnc shock [14, 15, 20] 
The finding that these drugs typically increased rate of re- 
sponding IS also consistent with those reported for other 
barbiturates and benzodlazeplnes under simple schedules of 
food reinforcement, although in some investigations these 
drugs nonselecuvely decrease high- and low-rate responding 
of pigeons and rats [9] 

The finding that phenytoln increased percent trials w~th a 
response in 3 of 4 subJects m the present study without af- 
fecting rate of responding ~s in contrast to those reported 
when this drug is administered under other response sup- 
pression procedures Goldberg and Clofalo [4], for example, 
found that low and moderate doses of phenytom did not 
enhance the rate of  responding of rats performing under a 
procedure in which responses were concommltantly mare- 
tamed by a Variable-Interval schedule of food dehvery and 
suppressed by response-dependent presentations of  electnc 
shock High doses nonselectlvely suppressed responding 
under this schedule and one in which respondmg was main- 
tained only by food reinforcement Under a similar proce- 
dure employing a Fixed-Ratio 1 schedule of food dehvery 
and shock presentations, valprolc acid produced dose- 
dependent Increases in responding at doses that had no effect 
on respondmg maintained under a Variable-Interval 
schedule of food presentation without shock [6,7] However,  
in the present study valprolc acid failed to affect the percent 
tnals with a response or the low rate of responding 
engendered by the negative automalntenance procedure 
Ethosuxlmide, like valpro|c acid, faded to affect either per- 
cent trials with a response or rate of responding Currently, 
there are no other reports describing ethosuximides'  effect 
on punished responding 

The present findings suggest that some anticonvulsant 
drugs which charactenstlcaUy increase responding suppressed 
by response-dependent electric shock, such as the barbi- 
turates and benzodiazepines,  produce slmdar effects under 
the negative automalntenance procedure Although similar 
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o u t c o m e s  ac ross  r e sponse  supp re s s ion  p r o c e d u r e s  were  not  
ev iden t  wi th  valprolc  acid and  pheny to ln ,  the  effects  of  drugs  
on pun i shed  r e s p o n d m g  are k n o w n  to be  complex ,  deter-  
mined  by  mult iple  and  mte rac t lve  var iab les  [10] G iven  this.  
and  the fact  tha t  few da ta  conce rn ing  the  effects  of  an t icon-  
vu l san t  drugs  on pun i shed  r e s p o n d i n g  are avai lable ,  s t rong 
conc lus ions  conce rn ing  similar i t ies  and  d i f ferences  m the ef- 
fects  of  such  drugs  u n d e r  nega t ive  p u n i s h m e n t  (1 e , negat ive  
a u t o m a i n t e n a n c e )  and  pos i t ive  p u m s h m e n t  (i e . r esponse-  
d e p e n d e n t  shock  del ivery)  p rocedure s  are not  p resen t ly  war-  
ran ted  It is clear,  h o w e v e r ,  that  the  negat ive  auto- 
m a i n t e n a n c e  p rocedu re  is a sens i t ive  a s say  of  drug effects ,  
and tha t  a n t l c o n v u l s a n t  drugs  differ  r e m a r k a b l y  in the i r  ac- 
t ions u n d e r  this  p rocedu re  

The  f indmgs  of  chnlca l  inves t iga t ions  are genera l ly  con-  
s~stent with  p rechnlca l  f indings which  indicate  that  an t icon-  

vu l san t  med ica t ions  can in ter fere  with learning,  memor~  
and  p e r f o r m a n c e  (see [16, 21 22, 25]) Al though no clinical 
s tudies  have  direct ly  assessed  the  effects  of  an t i convu l san t  
drugs  on behav io r s  suppres sed  by  p u n i s h m e n t  p rocedures  
( p o s m v e  or nega t lve l ,  the p re sen t  f indings suggest  that  
some,  but  not  all, an t i convu l san t  drugs  may possess  
a n t l p u n i s h m e n t  effects  W h e t h e r  these  prechnica l  f ind,ngs 
can be genera l ized  to humans ,  however ,  is u n k n o w n  
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