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DELANEY, D,  V PELLETTIERE, H SCHLINGER AND A POLING Effects of methsuxtmtde on ~¢hedule- 
~ontrolled respondmg m the ptgeon PHARMACOL BIOCHEM BEHAV 29(3) 641-644, 1988 --Acute and chromc effects 
of methsuxlmlde (25, 50, 75, and 100 mg/kg), a sucommlde with antlconvulsant properties, were exammed in pigeons 
responding under a multiple fixed-ratio 50 fixed-interval 90-sec schedule of food dehvery The clearest acute effect of 
methsuxlm~de was a substantml reducUon m response rates under both components of the multiple schedule when the drug 
was administered at 100 mg/kg Detmled analysis of the temporal distribution of responding under the fixed-interval faded 
to reveal rate-dependent drug effects Tolerance appeared to develop to the effects of methsuximlde when the drug was 
administered chronically 

Methsuxlmlde Pigeons Multiple schedule Fixed-ratio schedule Fixed-interval schedule 

DRUGS from several chemical classes, including suc- 
Clnlmldes, hydantolns, and barbiturates, are used in the chn- 
lCal management of epilepsy Interestingly, drugs from the 
same chemical class may differ with respect to the kinds of 
seizures they control For example, one succtmmlde, 
methsuximlde, is very effective in blocking maximal elec- 
troshock seizures, but another succinlmlde, ethosuxlmlde, as 
minimally effective in blocking such seizures [1] 
Methsuxlmlde also has a much wider spectrum of 
antiepilepUc actwlty than ethosuximide [12]. This suggests 
that methsuximlde has neuropharmacolog~cal actions in ad- 
dition to or different from those ofethosuximlde [4] If this is 
so, the two agents might well differ w~th respect to their 
behaworal effects. 

No comparison of the behavioral effects of methsuximide 
and ethosuximlde in humans has appeared Nonhuman data, 
however,  suggest that the acUons of the drugs differ in p~- 
geons responding under a repeated acquismon procedure In 
this assay, ethosuxlmide had httle or no effect on learning 
(percent errors), even at doses that substantially reduced 
response rates [7]. Methsuxlmide, in contrast, interfered 
with learning at doses that reduced response rates [2] In 
order to allow for further comparison of  the behavioral ef- 
fects of  methsux~mide and ethosuximide, the present inves- 
tigation examined the effects of  methsux~m~de m p~geons 

1Requests for repnnts should be addressed to Alan Poling 

responding under a multiple fixed-ratio 50 fixed-interval 
90-sec (mult FR 50 FI 90-sec) schedule of food delivery. The 
two components of this schedule characteristically engender 
different rates and temporal patterns of responding. Drug 
effects often differ as a function of rate and pattern of re- 
sponding in the absence of drug and the mult FR FI schedule 
has proven useful In discerning rate-dependent drug effects 
as well as general drug-induced behavioral impairment [3, 5, 
14] The effects of ethosuxlmlde under this schedule have 
previously been reported [10], but those of methsuximlde 
have not 

METHOD 

Subjects and Apparatus 

Three experimentally-naive female White Carneaux pi- 
geons, malntmned at 80% of free-feeding weights, served as 
subjects Each was individually housed with unlimited ac- 
cess to grit and water 

Subjects were tested In three computer-controlled oper- 
ant conditioning chambers described m detail elsewhere [5] 
Each chamber contained a food hopper and three response 
keys, only the center key was lighted and operative in this 
study. 
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FIG 1 Mean group response rate (_+! standard error) under both components of a mult FR 50 
FI 90-sec schedule of food delivery under all experimental condmons Acute control data (0 mg/kg) 
represent performance of 3 bards dunng 8 sessions (the control session prior to each of 4 doses, with 
each dose administered twice) Post-chromc control data (0 mg/kg) represent performance dunng the 5 
sessions lmmedmtely following chromc exposure to methsuxlmlde Acute drug data show average 
performance during 2 exposures to each dose Chromc drug data show average performance dunng a 
single exposure to each dose 

Behavtoral Procedure 

Following initial keypeck training, subjects were exposed 
to a mult FR 50 FI 90-sec schedule of  food dehvery Under 
this schedule, the color of key illumination alternated at 
5-mln intervals, blue-green illumination accompanied the FI 
component and red illumination accompanied the FR com- 
ponent. Reinforcement (3-sec dehvery of mixed gram) fol- 
lowed every 50th keypeck under the FR 50 component 
Under the FI 90-sec component, reinforcement followed the 
first response emitted at least 90 sec from the previous food 
dehvery or the onset of blue-green key illumination Sessions 
were 30 mln In duration and always began with the key d- 
lumlnated m blue-green (1 e ,  with the FI component in ef- 
fect) A single sess,on was conducted for each subject at 
about the same time each day 6 days per week 

Pharmacologtcal Procedure 

Subjects were exposed to the mult FR 50 FI 90-sec 
schedule until the response rates of lndlvtdual subjects under 
both components were stable The criterion for stability was 
three consecutwe sessions In which response rates in each 
individual session were within 10% of the mean rate of re- 
spondmg across those three sessions When this criterion 
was met, acute dose-response determinations were begun 
Four doses of  methsuximtde (25, 50, 75, and 100 mg/kg), 
obtained from Warner-Lambert (Ann Arbor, MI) and d,s- 
solved in 80% propylene glycol and 20% ethanol, were eval- 

uated In all phases of  the study, drug (and control) reJec- 
tions were administered intramuscularly (IM) 30 mln prior to 
experimental sessions, at an injection volume of  1 ml/kg 
Drug doses and the presesslon rejection interval were 
selected on the bas,s of those used m a previous investigation 
of methsuxlmlde [2] Dunng acute dose-response determi- 
nations, each bird received all doses on two occasions 
Doses were given m an Irregular order that vaned across 
subjects All drug admlmstratlons were separated by at least 
three sess,ons m which responding was stable as defined 
above, one of  these sessions was preceded by a control 
(saline) rejection 

Following completion of  the acute dose-response deter- 
minatlon, all birds received control rejections prior to five 
consecutwe sessions. Immediately thereafter, each bird re- 
ceived 50 (subJects S1 and $3) or 75 mg/kg ($2) 
methsuxlmide prior to each of  20 consecutive sessions The 
dose administered chronically to an individual subject was 
the lowest one that decreased response rate under either 
component of the mult schedule when given acutely Follow- 
ing the twentieth day of chronic exposure, the acute dose- 
response curve was replicated During this phase of the 
study, each dose was admmlstered to all birds on a single 
occasion and all determinations were separated by three 
consecutwe days in which the chromc dose was adminis- 
tered Five vehicle control sessions were arranged at the end 
of  the study These were used to calculate a post-chromc 
basehne 
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SUCCESSIVE IO-SECOND INTERVALS 

FIG 2 Effects of selected doses of methsux~mide on the percent of total responses emitted by individual pigeons dunng 
successive 10-sec intervals of the FI 90-sec component Open orcles indicate mean performance dunng the 8 control sessions 
that preceded acute drug admlnistratmns Closed circles show performance when the lowest dose of methsuxlmide (25 mg/kg) 
was administered acutely Squares indicate the temporal dlstnbutmn of responding when a relatively high dose of 
methsuximide was administered For each bird, this high dose was that at which responding under the FI occurred at the lowest 
nonzero rate 

RESULTS 

During each session, response rates in the FR and FI 
components were recorded. In addition, the number of re- 
sponses emitted m each of nine consecutive 10-sec segments 
of the FI 90-sec was recorded, this measure was taken to 
allow for an assessment of possible rate-dependent drug ef- 
fects. 

Figure 1 shows mean group response rates dunng all drug 
conditions and dunng acute and post-chronic baseline (con- 
trol) conditions. Although basehne response rates were con- 
siderably lugher under the FR component, drug effects were 
similar under the FR and FI components Statistical analysis 
(repeated measures analysis of variance) revealed significant 
drug effects under both the FR (F=21 9, p<0.01) and the FI 
(F--10.8, p<0.01) components The clearest acute effect of 
methsuxImide was a substantial reduction in response rates 
when the drug was administered at 100 mg/kg. Planned- 
comparison tests (TLsD) revealed that the mean group re- 
sponse rate at 100 mg/kg differed significantly from the con- 
trol value under both the FR (T=8 3, p<0.01) and the FI 
(T=4.8, p <0.01) Mean group response rate at 75 mg/kg was 
also significantly less than the control value under the FI 
component (T=2 2, p<0.05),  but not under the FR. Neither 
the 50 mg/kg dose nor the 25 mg/kg dose significantly af- 
fected responding under either component 

The dose-response curve following chronic exposure to 
methsuxlmlde was quite fiat Dunng the post-chronic dose- 
response determination, at all doses response rates under 
both components were within 1 SE of baseline (control) val- 
ues 

Figure 2 shows the effects of selected acute doses of 
methsuxlmlde on the temporal dlstnbutlon of responding 
under the FI component In the absence of drug, each bird 
responded at a higher rate as the FI progressed This charac- 
teristic pattern was not altered by acute admm~stratlon of 
methsuxlmlde 

DISCUSSION 

Although anticonvulsant drugs are widely and effectively 
used in the treatment of epilepsy, their behavioral side ef- 
fects are understood poorly Clinical investigations have not 
revealed the precise behavioral actions of such medications, 
but they have demonstrated that anticonvulsants can 
produce deleterious changes in behavior. Recent investiga- 
tions with nonhumans, reviewed elsewhere [6,8], indicate 
that there are qualitative as well as quantitative differences 
in the behavioral effects of vanous antlconvulsant drugs. 
These differences may be evident even when the agents in 
question are structurally smular This is apparent if one 
compares the effects of two succlmmldes, ethosuximlde and 
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methsux lmzde ,  in p igeons  r e s p o n d i n g  u n d e r  a r epea t ed  ac- 
quis i t ion  p r o c e d u r e  E v e n  at  doses  tha t  subs t an tml ly  de-  
c r e a s e d  r e s p o n s e  ra tes ,  the  f o r m e r  agent  had  little effect  on  
l ea rn ing  [7,9] The  la t te r  agent ,  m con t ras t ,  genera l ly  im- 
pa i red  l ea rn ing  at doses  tha t  r educed  r e sponse  ra tes  [2] 

Methsux~mlde  and  e t h o s u x l m l d e  do not  h a v e  equ iva l en t  
ac t ions  u n d e r  a r epea t ed  acqu is i t ion  p r o c e d u r e  Desp i te  th~s, 
the  p r e s e n t  f indings  c o n c e r n i n g  the  acu te  effects  o f  
m e t h s u x l m l d e  on  r e s p o n s e  ra tes  u n d e r  a mul t  F R  50 FI  
90-sec schedu le  of  food d e h v e r y  are s imilar  to t hose  previ-  
ous ly  r epo r t ed  for  e t h o s u x l m l d e  [I0],  a l t hough  the  la t ter  
agen t  appea r s  to  be  shght ly  more  po ten t  U n d e r  this  
schedu le ,  b o t h  drugs  r educed  r e s p o n d i n g  at re la t ively  high 
doses  N e i t h e r  drug p r o d u c e d  c lear ly  r a t e - d e p e n d e n t  ef fec ts  
A l t h o u g h  the  25 mg/kg dose  of  methsux~m~de was  a s soc ia t ed  
w~th an  inc rease  in r e s p o n d i n g  u n d e r  the  FR c o m p o n e n t ,  bu t  
no t  the  FI,  wh ich  appear s  to sugges t  a r a t e - d e p e n d e n t  ac t ion ,  
the  inc rease  was  not  s ta t is t ical ly  s ignif icant  M o r e o v e r ,  the  
drug failed to a l te r  the  t e m p o r a l  d~stnbut~on of  r e s p o n d i n g  
u n d e r  the  FI  c o m p o n e n t  The  analys~s o f  pa t t e rn s  of  re- 
spond ing  u n d e r  FI  s chedu les  ~s a ve ry  popu la r  m e t h o d  for  
s tudy ing  r a t e - d e p e n d e n t  d rug  ac t ions ,  and  drugs  t ha t  
p r o d u c e  such  ac t ions  a l te r  r e s p o n s e  d~strlbut~ons [14] 
N e i t h e r  methsuxlm~de no r  e t hos ux l m i de  did so, thus  thexr 
ac t ions  do  not  a p p e a r  to be r a t e - d e p e n d e n t  

Ch ron i c  effects  of  e thosuxlm~de u n d e r  a mul t  FR FI  
s chedu le  have  no t  b e e n  r epo r t ed ,  bu t  t o l e rance  repor ted ly  
d e v e l o p e d  to the  d r u g ' s  r a t e -dec reas ing  ef fec ts  m pigeons  
t e s t ed  u n d e r  r epea t ed  acqu is i t ion  [9] and  de l ayed -ma tch ing -  
to - sample  [11] p r o c e d u r e s  T o l e r a n c e  deve loped  to the  rate-  
d e c r e a s i n g  effects  of  methsuxlm~de in the  p r e s e n t  s tudy,  thus  
it appea r s  tha t  e t h o s u x l m l d e  and  m e t h s u x l m l d e  are s~mdar m 

tha t  the i r  b e h a w o r a l  effects  dec rease  w~th r epea t ed  expo-  
sure  In te res t ing ly ,  h t t le  or  no  to l e rance  deve lops  to the  ant~- 
c o n v u l s a n t  effects  of  t he se  d rugs  w h e n  they  are used  chm- 
cal ly,  t he re fo re  in c h m c a l  p rac t i ce  dosages  are no t  charac-  
ter is t ical ly  inc reased  o v e r  t ime [13] 

The  p h a r m a c o k l n e t l c s  and  b l o t r a n s f o r m a t l o n  p a t h w a y s  of  
m e t h s u x l m l d e  in p igeons  h a v e  not  been  eva lua ted  and  the  
m e c h a m s m s  t h r o u g h  wh ich  to le rance  deve lops  to its behav-  
ioral  e f fec ts  are u n k n o w n  In m a m m a l s  the  drug is rapidly 
m e t a b o h z e d  ( the half -hfe  is less t han  2 hours)  by  var ious  
m l c r o s o m a l  e n z y m e s  to the  N - d e m e t h y l  (2-methyl -2-phenyl -  
succmlmide )  and  var ious  p a r a h y d r o x y p h e n y l  de r iva t ives  
The  N - d e m e t h y l  m e t a b o h t e  has  an t~convulsan t  p roper t i e s  
and  a half-hfe of  a b o u t  40 hours  m h u m a n s  [13] 

A growing  body  o f  da ta  suggests  tha t  the  behav io ra l  ef- 
fec ts  of  an t l convu l san t s ,  hke  those  of  o the r  drugs,  depend  
u p o n  how the  b e h a v i o r  in ques t ion  is m a i n t a i n e d  [8] Be- 
cause  of  th~s, two agents  may  p roduce  d iss imi lar  effects  
u n d e r  one  assay ,  bu t  no t  u n d e r  a n o t h e r  This  is the  case  wi th  
m e t h s u x l m l d e  and  e t h o s u x l m l d e  Unfo r tuna t e ly ,  the  neuro-  
pha rmaco log ica l  m e c h a n i s m s  tha t  de t e rmine  the behav io ra l  
ef fects  of  these  drugs  u n d e r  d iverse  a s says  are u n k n o w n  
Al though  ~t ts specu la ted  on  the  bas~s of  an t l se lzure  ac t lwty  
tha t  m e t h s u x l m l d e  has  n e u r o p h a r m a c o l o g l c a l  ac t ions  differ- 
en t  f rom or  m add i t ion  to t hose  of  e thosux lmlde ,  the  na ture  
of  these  ac t ions  and  the i r  re la t ion  to ongoing b e h a v i o r  have  
not  b e e n  d e t e r m i n e d  [4,12] 
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