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THOMPSON, D M. Repeated acqutsttton of behavtoral chahzs effects of methylphenidate and ompramtne. PHARMAC. 
BIOCHEM BEHAV 4(6) 671-677,  1976. - A method revolving repeated acqmsltlon of behavioral chains was used to 
assess the effects of methylphenidate and lmipramme m individual ammals Pigeons obtained food for completing a 
4-response chain, wh,ch was changed from sessloll to session. Learning was defmed by the decrease m errors across trmls 
w~thm a session, overall accuracy was measured by total errors per session For comparison, the drug tests were also 
conducted under a performance condition, m which the 4-response chain was the same from session to session. In general, 
both drugs increased total errors per session as a funct,on of dose under both the learning and performance cond,tlons. The 
error-increasing effect was greater with lmlpramme than with methylphemdate and was detected at lower doses under the 
learning condition than under the performance condition Under the learning condition, the higher doses of both drugs 
decreased the rate of within-session error reduction. Although neither drug enhanced accuracy at any of the doses tested, 
the lower dose~ of methylphemdate shghtly decreased total trml time under both the learning and performance cond,tlons 

Acqu,s,t,on Performance Behavioral chains Methylphenldate lmlpramme 

A prev ious  s t u d y  f rom this  l a b o r a t o r y  [12]  assessed the  (2)  a d i rec t  c o m p a r i s o n  o f  the  behav iora l  eff, 
acute  ef fec ts  of  varying doses o f  d - a m p h e t a m i n e  on  learning maipramme and m e t h y l p h e n i d a t e  is cu r r en t l y  of  
by  us ing a new m e t h o d  m wh ich  each  an imal  served as has in te res t  (e.g., [9] ). 
own  con t ro l .  T h e  m e t h o d  involved the  r epea ted  acqu is i t ion  
of  behav io ra l  chains .  Pigeons worked  for  food in a c h a m b e r  METHOD 
con ta in ing  3 response  keys. All 3 keys  were d l u m l n a t e d  at 
the same t ime  b y  1 o f  4 colors.  For  each  sesslon the  Ammals 
pigeon ' s  task was to learn a new 4- response  chain  b y  Three  adu l t  male White  Ca rneaux  p l g e o n s ( N o s .  : 
pecking the  cor rec t  key  in the  presence of  each  color.  Drug and  8) were used. All had b e e n  used previous ly  
adm~mst ra t lon  began  af te r  to t a l  errors  per  session and  e x p e r i m e n t s  mvolwng  the  repea ted  acqms i t i on  a~ 
wl thm-sess ,on  er ror  reductxon ( learning)  had  s tab lhzed .  The  fo rmance  of  response  sequences  [12,  13, 14, 15 
highest  dose of  d - a m p h e t a m i n e  (4 mg/kg)  was f o u n d  to pigeons were m a i n t a i n e d  wi th in  10 g of  80% c 
xmpalr overal l  accuracy  and  to decrease  the  rate of  learning;  f ree-feedmg weights  t h r o u g h o u t  the  research  b 
lower  doses  e i the r  p roduced  progresswely  less xmpal rment  p resen ted  dur ing  the  sessions and  b y  post-sess~c 
or had no  effect ,  p l e m e n t a l  feeding.  The 80% values ranged b e t w e e n  

The  p resen t  research  used th~s m e t h o d  of  r epea ted  510 g. Water  and  grit  were a lways  available m th~ 
acqms l t i on  to assess the  acute  effects  of  varying doses of  2 cages. 
o t h e r  s t i m u l a n t / a n t i d e p r e s s a n t  drugs, m e t h y l p h e m d a t e  and  
lmlpramxne.  To pe rmi t  add i t i ona l  compar i sons ,  the  drugs  
were also tes ted  u n d e r  a p e r f o r m a n c e  c o n d i t i o n ,  m wh ich  Apparatus 
the 4- response  chain was the  same f rom session to sessaon. A s t andard  3-key pigeon c h a m b e r  (Leh igh  Valk 
The o n l y  previous  s tudy  of  the  effects  of  m e t h y l p h e n l d a t e  t romcs ,  Model  1519B)  and c o n n e c t i n g  a u t o m a t i c  
on  learning and  pe r f o r m ance  in pxgeons [13]  involved e q u i p m e n t  were used. Each  t r a n s l u c e n t  respon 
chronic  a d m i n i s t r a t i o n  of  f ixed doses.  I m l p r a m m e  was requt red  a s ta t ic  force  of  18 g (0 .177  n e w t o n )  to  c 
s tudied  because  (1)  previous  research  w~th pigeons u n d e r  mic roswi tch .  Each  key  could  be t r an s f l l ummated  I~ 
o the r  learnmg and  p e r f o r m a n c e  condl t~ons (e.g., [ 1 , 1 1 ] )  Sylvama 24ESB ind ica to r  lamps,  one  w i th  a red pla 
had ind ica ted  t ha t  ~mapramine-hke c o m p o u n d s  were ca- cap, one  w i th  a g reen  cap and  the  th i rd  w i th  no 
pable  of  p roduc ing  s u b s t a n t m l  error- increas ing ef fec ts  and  three  keys  were i l lumina ted  at  the  same t ime  b y  tl 

~Thls research was supported by Pubhc Health Service Grants MH 22340, FR 5360 and FR 5306 The methylphenldate (Rlt 
lmipramme (Tofranll) were kindly donated by CIBA-GEIGY Corporation. I wish to thank Dr. Annette S. Thompson for commen 
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color, either white, red, green or yellow. The yellow determinahons for each dose were taken with eaclq 
(actually yellow-orange) was produced by the red and green The drug testing followed the design MIIM, where 
hghts being on simultaneously. The scheduling of events represent the blocks of 4 doses of methylphenk 
was accomphshed by means of  timers, steppers and ~mipramme, within each block, the doses were te~ 
associated relay circuitry, the recording was by counters, a random order. The drugs were dissolved m sal 
running-hme meter, and an l l - pen  event recorder. White injected into the pectoral muscles 30 rain presessic 
noise was continuously present in the chamber to mask sessions were separated by 5 days, during which til 
extraneous sounds, were basehne sessions and a control session (salil 

injected intramuscularly, 30 mm presession). The vc 
Procedure each Injection was 0.1 ml/100 g body weight. Tt 

were tested first under the learning condition a: 
Throughout the following procedures, the primary rein- under the performance condition with Nos. 7 am 

forcer was food (5 sec access to mixed grain). Presentation conditions were reversed with No 2276 
of the reinforcer was accompanied by the offset of the 
keylights and the onset of the hght in the food magazine. RESULTS 
Each session terminated after 40 food reinforcements. A 
blackout (all lights off) of variable duration preceded and Figure I shows the effects of varying doses 
followed each session. With few exceptions there were 7 pramlne and methylphemdate (both determlnati 
daily sessions a week. total errors per session under the learning and perf~ 

Basehne eondmons. All 3 response keys were ilium1- conditions Note the different scales on the ordm 
hated at the same time by 1 of 4 colors, either yellow, the 2 condmons. The drug data for mdiwdual anita 
green, red or white. The pigeon's task was to peck the analyzed by comparing a given drug session with tt 
correct key in the presence of each color, e.g., keys yellow sessions and all of the baseline sessions during dru~ 

- Left correct, keys green - R~ght correct; keys red - except the one after the drug session. The brackets 
Center correct, keys white - Right correct, reinforcement, the ranges of variability for the basehne (B) and s~ 
The same chain (in this case, Left-Right-Center-Right or sessions. A drug was considered to have an effect or 
LRCR) was repeated throughout a gaven session and each accuracy to the extent that the dose data fell ou 
completmn of the chain was considered a trial Food both ranges. The first and second determlnatlom, 
reinforcement was on a fixed-ratio (FR 5) schedule the dose-effect curves yielded similar results (1) m 
completion of every fifth trial was followed by 5 sec access both drugs increased total errors per session as a fun 
to gram The complehon of all other trials was followed by dose under both  the learning and performance con 
a 0.5 sec presentation of the food magazine. The number of (2) the error-increasing effect of a g~ven dose was 
correct responses per session was fixed 4-response chain on with ~mipramme than with methylphenidate und. 
an FR 5 schedule for 40 food reinforcements = 800 correct conditions, and (3) the error-increasing effect was d 
responses. When the pigeon pecked an incorrect key (a key at lower doses of both drugs under the learning cc 
not included m the 4-response chaml, the error was than under the performance condition. Note the r 
followed by a 5 sec hmeout .  During the t~meout, the nature of the inethylphenldate increases in 2 bird 
keyhghts were off  and a response had no effect An error the performance condition 
d~d not reset the chain, Le., the keylights after the t lmeout Figure 2 illustrates the within-session effects on a 
were the same color as before the timeout, obtained with imxpramme and methylphemdate (10 

When the repeated acqmsitlon baseline (learning) was m mg/kg, first determinations) under the learning col 
effect, the 4-response chain was changed from sessmn to The errors are plotted cumulatively so that the 
session. The chains were carefully selected to be eqmvalent errors during a gaven part of a session can be es 
m several ways and there were restrachons on their ordering easdy from the slope of  the curve. The curves for t 
across sessmns (see [ 12]). An example of a typical set of 6 sessions should be compared to the saline (ram) an 
chains is as follows LRCR, CLRL, LRLC, RCRL, CLCR, (max) sessions Although there was a decrease it 
RCLC; the order of the assomated colors was always the across trials (Le., learning) during each session 
same. yellow, green, red, white (food on the FR 5 reduction generally occurred at slower rates in t] 
schedule), sessions than m the sahne sessions. There was less 

Each pigeon was also exposed to a performance baseline, session error reduchon at 20 mg/kg than at 10 m 
in which the 4-response chain was the same from session to each drug. The second determmahons for thesq 
sesmon. Different chains were arbitrarily selected for the yielded similar results. 
three pigeons CLRC for No. 2276; CRLR for No. 7, RCRL The change m error rate (negatave acceleration) 
for No. 8. each sessmn shown m Fig. 2 was quantified by appl) 

Drug testing Before the drug testing began, the baseline Index of Curvature [5] to the cumulative d 
(either learning or performance) was stabilized. The base- computing the Index, each session of 200 trials was 
hne was considered stable when total errors per session and into 10 equal intervals of 20 trials each. If all the err 
within-session error rates no longer showed systematic session occurred during the first 20 trials, the Inde~ 
change from session to sessmn. Such stabihzation required take on ~ts maximum value of -0 .900 .  If the eri 
3 0 - 4 0  sessions under the learning condlhon and 15-20  were constant during the session, the Index would 
sessions under the performance condition. After stabali- The Index of Curvature values are shown in Table 
zatmn under a given condition, the next 12 weeks were column). In general, the degree of negative accelera 
used to obtain dose-effect data for methylphenidate hydro- error rate was less (smaller Index values) m th 
chloride and lmlpramine hydrochlor~de. Four doses of each sessmns than m both s_alme sessions. The only ex 
drug were tested (2.5, 5, 10 and 20 mg/kg) and 2 (No. 8, tmipramxne, 10 mg/kg)was  related to the f~ 
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FIG. 1. Effects of imlpramlne and methylphemdate on total errors per session under the learning and performance 
conditions Under the learning condition, the 4-response chain was changed from session to session, whereas under 
the performance condition, it was the same from session to session Four doses of each drug were tested under 
each condition and there were 2 determinations for each dose with each of the 3 pigeons The brackets indicate 

the ranges of varlabihty for the baseline (B) and saline (S) sessions. 

the ini tml  values ( the  n u m b e r  of  errors  an the  first b lock  of  The  Index  of  Curva tu re  was no t  c o m p u t e d  for  : 
five trials shown  m Fig. 2) were not  the  same unde r  the  unde r  the  p e r f o r m a n c e  c o n d i t i o n  because  on ly  a fex 
saline and  drug cond i t ions .  The  init ial  values were equa ted  were made  dur ing  the  saline sessions (see Fig. 1, b, 
as follows. Fo r  a given drug or sahne  (max)  session s h o w n  and the  Index  would  be mis leading in such cas 
m Fig. 2, a c o n s t a n t  was s u b t r a c t e d  f rom all o f  the  data  Inspec t ion  of  the  event  recordings  ind ica ted  t ha t  t l  
po in ts  so t h a t  these  sessions had  the  same m]tml value as rate u n d e r  the  p e r f o r m a n c e  cond i t i on  was relative 
the  sahne  ( r am)  sesston. The  index t hen  was c o m p u t e d  s tant  across trials,  bu t  was h~gher in the  drug sessio 
again, the  values for  the  ad jus ted  Index  are s h o w n  m Table  m the  saline sessions.  
1 ( second  c o l u m n )  On the  basra of  the  adjus ted  Index,  the  A l t h o u g h  errors  were the da ta  of  ma jo r  mteres  
degree of  nega twe acce le ra t ion  of  e r ror  ra te  was less in the  were o t h e r  behav iora l  measures  a f fec ted  by  the  dru 
drug sessions t han  m b o t h  sahne  sessions for  all 3 pigeons,  of  these  was the  to ta l  tr ial  t ime per  session (1.e., tl 
Moreover,  the  ad jus ted  Index revealed 2 o t h e r  con-  n u m b e r  of  m i n u t e s  tha t  the  keyhgh t s  were on),  
sistenc~es (1)  there  was a lways  less negat ive acce le ra t ion  m indica tes  the  a m o u n t  of  pausing t h a t  occur red .  F 
the  saline session wi th  the  m a x i m u m  to ta l  e r rors  t han  in the  shows the  drug effects  o n  to ta l  t r ial  t ime  per  sesslo: 
saline session wi th  the  m ] m m u m  to ta l  errors,  and (2)  at  the  the  learning and  p e r f o r m a n c e  condzt ions.  The  fi 
same dose, there  was always less nega twe acce le ra t ion  m the  second d e t e r m i n a t i o n s  yie lded s imilar  results" ( 
n 'n ipramine session t h a n  in the  m e t h y l p h e m d a t e  session, p ramine  genera l ly  increased the  t o t a l  t rml  h m e  per 
Such cons is tenc ies  po in t  to a more  general  re la t ionsh ip ,  as a f u n c t i o n  of  dose u n d e r  b o t h  the  learni  
namely ,  the  grea ter  the  to ta l  errors  per  session, the  s lower  pe r fo rmance  cond i t ions .  The  on ly  e x c e p t i o n  
the  ra te  of  w~th]n-sesslon error  r e d u c t i o n  
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FIG. 2. Ettects of the higher doses of lmlpramme and methylphemdate (first determinations) on wltlun-session 
error reduction under the learning condition The saline (mm) and saline {max) sessions were the sessions with the 
mlmmum and maximum total errors of all the sahne sessions (16 for each pigeon) conducted during both 

determinations of the dose-effect curves. 

instance in which there was a sltght decrease m pausing (No tota l  trml t ime per session at the lower doses,  at th( 
8, pe r formance ,  2 5 mg/kg, second de termmatxon) .  (2) With doses, m e t h y l p h e m d a t e  e~ther had no effect  on pat 
Nos. 2276 and 7, the pause-increasing effect  was de t ec t ed  p roduced  an increase that  was smaller than  that  p~ 
at lower doses of  lmipramine  under  the  learning cond i t ton  by xm~pramxne 
than  under  the pe r fo rmance  condxtxon. (3) Under  b o t h  A compar i son  of  F~g. 3 wi th  Fig 1 indicates  tha 
condi t ions ,  m e t h y l p h e n i d a t e  p roduced  a slight decrease m b o t h  the learning and pe r fo rmance  condi t ions ,  the C 

" IABLE I 

DEGREE OF NEGATIVE ACCELERATION OF ERROR RATE UNDER THE LEARNING CONDITION 

Index of Adjusted 
Pigeon Sess,on Curvature Index 

No 2276 Sahne (minimum total eiior~) 0 711 --0 711 
Saline (max,mum total errors) 0 671 - 0  647 

lnupramme, IO mg/kg 0 415 - 0  399 
Imlplamme, 20 mg/kg - 0  318 --0 294 

Methylphemdate, 10 mg/kg - 0  550 -0 525 
Methylphemdate, 20 mg/kg - 0  444 - 0  429 

No 7 Sahne (minimum total el]ors) - 0  746 - 0  746 
Sahne (maximum total errors} - 0  704 - 0 679 

Imtpramlne, 10 mg/kg 0 409 - 0  403 
lmiptamme. 2(1 mg/kg - 0  127 - 0  116 

Methylphemdate. 10 mg/kg - 0  617 - 0  602 
Methylphemdate, 20 mg/kg - 0  474 - 0  428 

No 8 Sahne (m,n,mum total eliots) - 0  700 - 0  700 
Sahne (maximum total enols)  0 706 - 0  674 

Imlpramme, I0 mg/kg - 0  703 - 0  631 
Im]pramme, 20 mg/kg - 0  471 - 0  284 

Methylphemdate, I0 mg/kg 0 685 - 0  658 
Methylphemdate, 20 mg/kg - 0  363 - 0  329 
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FIG 3. Effects ~)f lmlpramme and methylphemdate on total trial time per session under the learning and 
performance condlhons (See legend for Fig. 1 ) 

m e t h y l p h e n i d a t e  t ha t  decreased  pausing had no ef fec t  on  responses  made  dur ing  the  5 sec t i m e o u t  per iods  w 
accuracy.  On the  o t h e r  hand ,  there  were Ins tances  o f  hghts  were o f f  and  a response  had no effect .  F igure ,  
accuracy  bemg  impai red  (e r rors  increased)  by  doses o f  b o t h  the  drug ef fec ts  on  t i m e o u t  responses  per  session ur 
drugs  t ha t  had  no  ef fec t  on  paus ing (e g ,  No. 7 at  5 mg/kg  learning cond i t ion .  (Cor r e spond ing  data  o b t a i n e d  ur 
u n d e r  the  learn ing  cond i t i on ) ,  p e r f o r m a n c e  c o n d i h o n  are no t  s h o w n  since vir tu 

A n o t h e r  behav io ra l  measure  af fec ted  by  the  drugs was t i m e o u t  responses  were made  b y  any  o f  the  pigeon,, 
the  t i m e o u t  responses  per  session,  1.e., the  to ta l  n u m b e r  o f  e i the r  c o n t r o l  or  drug sessions.)  The  first and 

4 0 0 '  400 -  400 "  Determmohon 
P Fwst Second / 

z No 2276  No 7 ' Im=promme • 
0 

/ ~ ' /  Methylphemdote • o 
300 3oo ~,.-',~' 3oo ,, 

tO 11 
¢n // NO 8 
" '  / i~" 
Z I l /  
o zoo /~  200 ;i I 200  , , ,  
Ill 11 
f~ | I  i i  l 
IJJ 11 ~,f 
02 I t  

,, /... 
V- .L~ 

o o o I I  
, i i " 

B s 25 g ,b ~o E3 s z~s g ,b io B s 25 5 ,o 20 
DOSE (mg/kg) 

FIG 4. Effects ot ~m~pramme and methylphemdate on timeout responses per session under the learning cond~uon. 
(See legend for F~g. 1 ) 
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determinations yielded similar results: imipramme increased The results obtained with methylphemdate 
timeout responses per session as a function of dose in all present research are in basic agreement with those o 
pigeons, whereas methylphenidate had this effect m only m a previous study of the behavioral effects of this 
one pigeon (No. 7) A comparison of Fig. 4 with Fig 1 pigeons [13]. In that study, the repeated acquisit 
(top) indicates instances of errors being increased by doses performance of  behavioral chains served as basel: 
of both drugs that had no effect on t imeout responses (e.g., assessing the effects of chronic administration of 
No. 2276 at 10 mg/kg), phenidate. A fixed dose was administered each da3 

muscularly, 30 mm presession) for a number of ses 
DISCUSSION until behavioral tolerance developed, in which case t 

was doubled. Under the learning condition, the 
The accuracy of pigeons working in a repeated acqul- administration of each dose (5, I0 and 20 mg/kg) 1J 

sitlon procedure was affected by methylphenldate and overall accuracy; the magnitude of the effect increa~ 
imipramine in a manner similar to that found previously dose. Although total errors per session gradually r 
with d-amphetamine [12]. The highest doses of all 3 drugs to control levels during repeated administration 
impaired overall accuracy and decreased the rate of lower doses, the error-increasing effect of the high~ 
learning, lower doses either produced progressively less persisted. The chronic drug regimen produced i 
impairment or had no effect on accuracy. Although the havloral disruption under the performance conditi, 
drugs had the same type of effect on accuracy under the under the learning condition. 
learning condition, one quantitative difference between The substantial error-increasing effect obtame 
methylphenldate and lmlpramme was apparent. The mag- unlpramine in the present research complements the 
nltude of the error-increasing effect was greater with obtained with imipramme-like compounds in pigeon 
lmipramine than with the same doses of methylphenidate, other learning and performance conditions For e" 
The possibility exists, of course, that the dose-effect curves Bloomfield [1 ] found that desmethylimlpramme 
for the 2 drugs would have converged at doses higher than 20 muscularly, 10 man presession) increased the lr 
mg/kg. The only apparent qualitative differences between responding of pigeons learning a "'difficult left/rll 
the drugs under the learning condition (at the doses tested) crlmmatlon," as compared to a saline group Unl 
involved their effects on total trial time and t imeout present research, however, Bloomfield tested only 
responding. First, unlike lmlpramine, methylphenidate pro- dose (5 mg/kg) and was therefore unable to draw a 
duced small but reliable decreases in total trial time at the conclusions about the behavioral pharmacology 
lower doses. Second, unlike methylphenidate,  lmipramine compound used. In another situation, which mvol 
generally increased t lmeout responding as a function of performance of pigeons on a discrimination 
dose. vertical and horizontal hnes, Terrace [11] four 

The disruptive effects of  methylphenidate and lml- lmlpramme ( 1 - 1 7  mg/blrd, intramuscularly, 30 ri 
pramine on overall accuracy generally occurred at lower session) increased errors as a function of dose, p 
doses under the learning condition than under the per- that the discrimination had previously been learm 
formance condition. This finding is conststent with the errors The drug had no effect on performance accur 
widely held view that difficult tasks are more susceptible to fading procedure had been used to produce e 
drug effects than simple tasks [3, 8, 13, 14, 15, 18]. The discrimination learning. Results obtained with ptge~ 
fact that the control error levels under the learning variety of other performance situations have radical 
condition were much greater than those under the per- imipramme can either increase or decrease respon 
formance condition indicates that learning was a more depending on the dose, the schedule of relnforcem~ 
difficult task. The 2 conditions may also be considered as the rate of ongoing behavior [2, 4, 7, 10, 16, 17, 1 
representing strong versus weak stimulus control (cf. [6]).  Previous research in this laboratory [12, 13, 14, 
Under the performance condition, the stimulus-response shown that repeated acquisition of behavioral 
sequence remains constant from session to session and the provides a stable, sensitive and recoverable basel 
animals are highly practiced. One would assume that this assessing the effects of drugs on learning in tm 
behavior is strongly controlled by the stimuli and would animals. This conclusion is further supported by the 
therefore be resistant to disruption by drugs. Under the research, which revealed certain similarities and dlff~ 
learning condition, where the stimulus-response sequence is both qualitative and quantitative, between the bel 
changed dally, stimulus control would be relatively weak effects of a stimulant (methylphenidate) and a 
and the behavior would therefore be more readily disrupted depressant (lmtpramme) in pigeons. 
by drugs. 
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