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Effects of Amphetamine and Methylphenidate 
on Fixed-Interval Responding 

in the Squirrel Monkey' 
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ni l ' ers i tv  o.t" (;er~rgia, A H w m ,  (L.1 306(~2 

Rece ived  30 ..\ll~tl>;l lU70 )  

(701" IHI' .  K. li. ANI)'iV. ISAA('. l'.i(ti'ctv o(ampIwtamim'  and mct/#ylp/wntdatc on li\ , 'd-mterial rcq)<mdin~, m t/~" ~qu#'r<'l 
tmmkcv. PIIARMA(' .  BI(Xt l I 'M.  BIHAV.  7(1) 79 82, 1977. • The ei:ect~ of -~H d<)~e~ of d-~lmphehmfinc m~d 
meehylphenJdaic on :1 f i \ed-interval operan! response were quelled in !'~,111 ~, oun.L' male squirrel monkeys. A :i\cd-in~crv~ll 
of 80 sL'c" ~i t l l  ;i l inl i ted hold of 2() sec' ~:l~ Ll~,ed. Mcihylphenidnlc prnduccd no oh<,crvtlhlc chali~C <, in bClhl~hu. \~hlie 
d-anlrqlt'l~.lrtlillL, pioduced clo~e relalcd C']l{lll!2C~* it1 h~qh tilt" rule <)l r t '~,r) l )ndJl l~ ;liltl !lit.' !¢lllportl] p{ l l~CFl l i l lk '  ~11 rc'xp()nscx. 
Since' rinse le~eh tl~,ed included, and ,2\t'ccdcd, hurnnll clinical dn,:,.,2c~, lhc proven" thldm.u, illti)' h;l~,c implJc;lli(m~, 1(,: 
ltlltlrc' rc~earch im.olving lh0 clinit'al u,;e of  fl~c'~,e drug,,. 

Sqtlirrel nloi lkey s (.)peran! d-Amphelanfinc Moth) Iphcnidalc 
Oral doses 

( O M P A R A F I V t - ;  SiLl)lies o f  the e f f e c t s  o f  d c x l r o a n l r q l c l -  
am ine  sul fate ( I ) c x e d r i n e  I and m e l h y l p h e n i d a l ¢  t l ycho-  
ctHoricle (R i l a l in ) ,  r ipen t~¢haviors o I  Fl()rl-htl l l lan ~,tibj¢¢ts 
;ire fcv,'. ] ' l i t  > e f fec ts  o f  c l -a l l l phe lan l in¢  and n l ¢ l h v l -  
p h e n i d a t o  tlpoI1 I o c o l n o t o r  a c t i v i t y  o f  the rat has; hccn 
sh id iod  by  K a l l m a n  and Isaac I3 i .  w h o  r e p o r t e d  tha i  
m e ~ i l y l p h ¢ n i d a t e  i l lc rcased ]ot. ' t ) l l lotor a c t i v i t y  in a i l l ; inl lOr 
s im ih i r  to d -c imphcta t l l i nc .  I~ut %~,cis less p o l c i l l  on a 
mi l l i g ra In  l lcr  k i l o g r a m  I~asis. Bo th  drLlgS; i i l lorcit ' lL'd w i t h  
an lh l cn l  i l l u n l i n a l i o n  levels and prodl . iced the i r  grc, i lesi  
e l feLts  in thc l ight ,  w i t h  :l lesser  el ' loci  in the dark .  

Po l lo~v ing aT1 ex tens ive  rcvic~v o f  the ol~¢ral l [  cond i -  
t i o n i n g  l i l c ra tu re ,  .~trclch and D M r y n l p l ¢  I~1 Lent i l . ideal 
l t lat  ill a wide  v, i rJoty o f  non-h t l l l l , l n  subjects  psyc i lO l i lO lo r  
s t imu lan t s  such tis d -an lphe tam i t l e  : ind mc th .v lphcn idc l l c  
increased lt'~;|~()IISC iIatC's t ln( i t ' r  schedules o f  rc ' i l l forct ' l l l t . ' l l t  
that  lead to ;.i l o \  ~, r a i l  o f  r espond ing  wt f i lc  t lccrcasing 
rosr)onsu r.tiI¢~, I.llldc'r sc' i lcdules o f  zeJnforcei i1¢I l l  tha! lead 
t() ci h igh rate o f  respond ing .  Tha t  this e f fect  n lay  hc ci 
I u i l c l i o n  o f  [hc rcJlll"orc'OlllCnl schedule,  ra ther  ih i l I l  
icsptnlSC la te.  wcls s t lgges t t 'd  hv ~ t i r n l c l l ¢  anti ]~;aac 171 
w h o  fo t lnd  oi l  Ctll FI ~0 sec schedule l i lzi l  d - : t n l p h e l a m m e  
deciea<~ed the resr~()nse-' ra ic  (.)i the squ i r re l  m o n k e y  in t i l t '  
( lark. <i l o w  rcsr)onso rate c o n d i t i o n ,  as wel l  ;is in the l igh t ,  ci 
high rc'spOilSe rate c o n d i t i o n .  r h c , :  f ound ,  ho,,vcvL'r, that  
th is  is 11c)[ ~t chctrac'(cr isl lc o I  all s l i t t ln lci i l lS, si)ICC ca f temc  
ii lcrcas;cd lhc lcspcqlsc rd lc  in the l ight .  

I s i n g  ¢ o n s i d c r a l q y  Ion.err i n t e rva l s  t han  S t innc l l u  and 
Isaac [ 7 ] .  ())her i n v e s t i g a t o r s  ]lave nt~Ncr,,cd un /llclca~,c' iR 
response rules x~ilh d-{ l l l lphola l t lJ l lC /I1 sqtl irrc'] Illollkc%~; (lit 
a f i x c d - i n t e r x a l  ta.sk. ~ , lc \ l i l lan I.~1. USillg a $ ll lJll i r l tc rva l ,  
:tnd l<c l lcher  ~.iild Morse I41. us/ng ;.i ]0  i t l ln in l c rvu l ,  
ohserv¢d rate incrcascs; i l l  d()sc~., ()I less lh, l t l  I.O Illgk,ff,; I~olh 
studie~> repr~r lcd :.1 dcc'reasc in rL'sp(Hl~,¢ lalC ,il tlost.'s ()I ] .0  
mg.. k 7 . 

l i l t '  t~ rt'st'll I s[tid.v nlci ist irccl tilL" t ' i t t ' c ls  o f  ct- 
HI I l l~hclat i l inc rind n l c t h . v l phcn ida le  on o p c r a n l  hchciv ior  o f  
squir re l  IllOll~O)'S t)n {t f i x c d - / n l e r v a l  schedule  el  rc in fo rcc -  
i l l cn l .  ()n t l ic  hasis o f  the i r  c l in ica l  use m ht in lar ls rind the i r  
observed e f fcc ls  ()tl FLITS. {I s imi la r  e f fcc l  (m icsp(~l~sc r;l lt ' i11 
suctl a s i l u a l i o n  was It) t~c cxpcch_'d. 

\11. l l t ( ) l )  

..I n ima l . s  

[ ,nur  lna]c S(luirr¢l rllot]kt.'~'s t.~'di#llir/ g'Cll4t'('llg ) ['l(2[Wt_'t.'t'l 
oi1¢ al ld tv,,o v¢;Jrs o ld  werc' used. l h e  ;lllil'll;.llS \v(.'FC housed 
in the c o l o n y  r o o m  w h e r c a  12 hr l i g h t 1 2  h r d a r k  schedule 
was m : i i n h i i n e d .  I h c  a n i m a l s  v<crc fed a no,"m,il c o l o n y  cliel 
c o n s i s t i n g  o f  m o i s t e n e d  Pur ina  M o n k c y  ( ' h o w ,  frc~>h 
vegetal t ics,  a v i t a m i n  stl|'~r~lcRicnl a l ld ad l ib water .  An ima ls  
were fed at 6 : 00  a.m..  tester[ in the attCrl lOOll ,  and lct l  
ahot l t  ~ln ho t i r  a f t¢ r  tcslJll~. 

' Ibis x~,,rk x~as ,,uppc~rtcd b5 a ,-'rant I?',Ill 25164) from HIe National Insti tute ot 'McnlM Ilcahh.  
: I'rc,;ent ~td<,tress: l )cpartment of  Ps.,.cl oh;,<-'; Vir.<,,inia ('t)lllrllOll\,.ealth L'nivcrsity, Riclunond. \ 'A.  
' Rcquu,,l,, !'0r reprint,, ,;hotlld he :Mdre,;'.;ed to "~Valter Isaac, I)cpartmcnt of P<,yt+hohL,-'v, L'ni',cr'dty (H" Gct)r,lzia, ..\then~.. (;..',. 3(1602. 
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,,Ipparatus 

An expanded-meta l  t ranspor t  cage measuring 25 cm 
wide. 25 cm high, anti 38 cm long served as tile operant  
chamber .  The cage ends  were opaque  Plexiglas n'lodi/ied to 
allow in t roduc t ion  of  a 5 cnl high and 1 cm d iamete r  
pedestal  at one end through which re in fo rcements  were 
delivered. A lever, 10 cm Ring and 2 cm wide, was mo u n t ed  
8 cm above tile floor, at the opposi te  end. Sweetened 
llawaiian l)unch was used as re in forcement .  The pump 
delivering re in forcement  p roduced  an audible click when 
re inforcement  was delivered. 

l h e  t ranspor t  cage was centered  in a white wooden  
enclosure 56 cnl high, 41 cnl wide and 44 cnl hmg which 
was open at lhc top.  "]he enclosure ',,,as centered in a s o u n d  
a t tenua ted  cubicle 87 ctn high, 92 cm wide and 54 cm deep 
that was ()pen in the front .  A f luoresccnl  light moun t ed  77 
cnl from the floor of the cubicle provided an il lunlinalion 
level t)l appro×imate ly  55 ft-c (5b~4.65 Ix) at the floor of 
tile a p p a r a t u s .  

Solid state prt)granllning equ ipmen t  (BRS I)igi-Bits), 
h(~tlsed ill ano the r  rOOll/, cont ro l led  the sequence of events 
and recorded resp(mses and tile nunlt~ey of  r e i n f o r c e n l e n t s  

received by tile anintal. 

Pl'o('('dlO'C 

All ammals  were trained to press the lever to obtain 
rg inforcen ' lcnt  on  a c o n l i n u o u s  re in forcement  schedule and 
then shaped It) an 80 see fixed-interval schedule with 
re inforcenlent  art.liable for a nlaximunl  of an addi tmnal  20 
set:. :\ cunlulative summary  of the number  of responses 
made in each quar ter  of the b;0 sec inteFval, as well as the 
nunlber  of r e in fo rcements  delivered, was obta ined ill the 
end o f  each sess ion.  

I)rug adminis t ra t ion  began after  a consis tent  fixed- 
interval pa t tern  and rate of  responding occurred on the 
re inforcemenl  schedule.  Six levels of d -amphetan i ine  sulfate 
(placebo,  0.025, 0.05,  0.1. 0.2, 0.4 mg/kg) and six levels 
of me thy lphen ida t e  hydroch lo r ide  (placebo,  0.05,  0 . 1 , 0 . 2 .  
0.4. 0.8 mg.'kg) were adminis tered ,  t l h e  d -amphe tamine  
sulfate was generously provided by Smith ,  Kline and 
t-rench l,al~oratories: tile mc thy lphen ida t e  hydrochh) r ide  
was generously provided by ( ' iha-Geigy Corpora t ion . )  All 
drug dosages were mixed with 5 cc of  swee tened  Ilawaiian 
Punch and were adminis tered  orally. On placebo days 
animals x~.cre given 5 cc of swee tened  Hawaiian Punch 
wilhout  drug. Animals were weighed every. six days and 
drug doses v, cre adjusted at those times. 

l)rug doses were assigned to each animal according to a 
sequence generated from a rand(rally selccled six lactc)r 
latin square. One replicat ion required six days for tile 
presenta t ion  of  cach drug dose a n d  placebo,  and a total of 
six repl icat ions under  each drug was per forn led ,  for a total 
of 3~ days. l h e  tirst three repl icat ions were pe r fo rmed  for 
adapta t ion to tile drug and only the last three replications 
under  each drug were analyzed.  All animals received both  
drugs, I~tll t,.v,:) received d-al l lphetanline first anti two 
receivcd mc thy lphen ida t c  firsl. 

Upon colnple t ion  of  the total  of the 12 replications,  
during which lime all animals exper ienced  a range el doses 
of bo th  drugs, the effect of a combined  dose e l  0.2 reg.'ks 
d-anlphetamine  and 0.4 mg:kg me thy lphen ida t e  was ad- 
minis tered to all animals t<~r five consecut ive days 
I:urlher, tt~ evaluale l]le cffecls  of a largc dose ~l 

me thy lphen ida t e  and an.',' cun~ulative effects  that might 
appear,  the animals were given a daily dose of 3.2 mg.kg of  
the drug for five consecut ive days. 

Punch with the appropr ia te  drug dosage was given each 
animal in the t . anspor t  cage 15 rain before being placed in 
the test ing room. Each exper imenta l  session provided 30 
oppor tun i t i e s  for re in forcement  and required abotll 40 rain 
for comple t ion .  

R l.,,,z, [: l . i  S 

The effect  of each drug was evaluated separately by 
analysis of  variance with the appropr ia te  par t i t ioning of 
error variance and degrees of f reedom.  Under  both  drug 
condi t ions  tile number  of responses in the 20 sec quarters  
o f  the  80 sec interval differed significantly (d- 
amphe tamine :  F(3,6)  = 13.96, p~ 0.01, me thy lphen ida te :  
F{3,6) = 11.65. p < 0 . 0 1 L  The f ixed- in te~a l  pat tern  e l  
responding,  or scalloping, seen under  the placebo condi- 
t ions for both  drugs was modif ied  only by lhe d- 
amphe tamine .  A significant interact ion between tile dosage 
of d -amphe tamine  and the dis t r ibut ion of  responses among 
the 20 sec quar ter  intervals was obta ined,  t " 1 1 5 , 3 0 )  = 7 . 7 ( ,  ~, 

V" 0.01. The effect  of d -amphe tamine  upon the total 
number  of  responses  was also significant,  1:(5,10) = (~.13, 
p~0 .01 .  As shown in Fig. 1, doses of 0.1, 0.2, anti 0.4 
mg/kg of  d-amphetan l ine  decreased response rates under  
the 80 sec fixed interval schedule and altered the temporal  
pa t te rn ing  of  responses  as well. Methy lphen ida te ,  howevcr,  
did not alter tile total n u mb e r  of responses nladc o r  
int luence the tempora l  pa t te rn ing  of those responses (Fig. 
2). 
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I.l(;. 1. The distribution of responses among the four 20 sec 
quarters of the 80 sec interval for each of lhe oral d-amphetamine 

dmev 

Whether  the aninlals had exper ienced  d -amphe tamine  or 
me thy lphen ida le  as the first or second drug produced  no 
significant effect  (m any measure. I:urther, tile animals 
showed normal  gains in Body wcight under  both  drugs. 

The combined  dose of 0.2 nlg/kg d -amphe tamine  and 
0.4 rag/ks me thy lphen ida te  did not produce  a changc in 
response f requency over tile five days that it was adnlinis- 
tered. When the mean scores for the five days with the 
conlhJned dose werc conlpared to the mean scores (}t tile 
separate doses of  0.2 mg/kg d -amphe lamine  and 0.4 ms. 'ks  
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quarlers of I:he 80 sec interval for each of the oral me!hylphcnidate 

cioses .  

methy lphen ida t e  the drug effect  was found not significant 
at the 5'? level. 

Similarly, when the effect  of  the large close, 3.2 mg:'kg, 
of m e thy lphen ida t e  was evaluated,  no significant d i f ference  
was found over the five day period that it was adminis tered .  
When a compar i son  was made of the mean scores for the 
five day period with the mean scores made undcr  the 
placebo cond i t ions  the decrease ill response rates was found 
not to be significant at the 5"; level. 

The absence of d i f ferences  in response rates over orders,  
or days, o f  drug adminis t ra t ion  argue against the develop- 
ment  o t  tolerance to the drttgs. 

DISCUSSION 

D-amphe tamine  and me thy lphen ida t e  do not produce  
/he same ef fec ts  in squirrel n tonkeys  as they do in rats 
where d -amphe tamine  and me thy lphen ida t e  appear  to have 
s t imulant  effects .  The results of  S t innet te  and Isaac ]7l 
were repl icated and the conclusion that d - amphe t amine  re- 
duces the response tale on an 8() sec fixed-interval schedule 
was verified: no s l imulant  ef fect  was ohserved at even low 
dose levels. The effect  of  d -amphe tan | i ne  upcm the squirrel 
monkey  over a wide range of dose levels was that  of  a 
depressant .  

Methy lphen ida te ,  having similar effects  in rats to d- 
amphetamine 131, had no effect  upon the f ixed-inte~'al  
task s tudied.  Thus, unlike caffeine which produces  an 
increase in responding and d -amphe tamine  which produced  
a decrease in responding [7 ] ,  n te thy lphen ida te  had no 
effect  upon responding.  Methy lphen ida te ,  unlike d- 

anlphetanl ine  which altered not only the rale of  responding 
but also the temporal  pa t tern  of responses,  had no effect  
upon e i ther  aspect o f  the hehavior. ( 'ons idermg their similar 
effect  upon l o c o m o t o r  activity m the rat and lheir similar 
clinical effect  in humans  at comparab le  doses,  these 
findings were surprising. 

Other  investigators have examined the e t tec ts  of  
d-amphetan~ine t, pon pe r fo rmance  on a fixed-interval task 
by the squirrel monkey .  ( s i n g  interv~,ls of five mm [5] .  and 
10 rain J4J,  an increase in response rates at low doses <~I 
the drug has been obscrvcd. Because of  the small numher  of  
measures ()l 'qaiiled on small samples ¢~t food deprived 
aninlals, along with no stalistica] evalLialion of  Iht  cffects  
obta ined ,  it is ditfictHt lo inlegrate their work with the 
present f/ridings. Fur ther ,  a lack of  adapta t ion  to injection 
procedures  and altered physioh~gy produced  by the drugs 
conlOtllldS their findings. 

I ) ex t ro amp h e t ami n c  sulfate and me l h y l p h en i d a t e  hydro-  
chloride are repor ted  to be similar m their efk 'cl  ()t 
reducing hyperacl iv i ly  m children ]2.q~l. While meth.vl- 
phenidate  has been repor ted  to he the ~llost popular  drllg iT1 
the I rea tment  of  h,, peraclivi l},  lhere is d isagreement  as [o 
the relative eff icacy or the tw¢~ drtlgs. Reg;,rdless ¢~I 
preferences  bet,,veen lhe drugs, rhe v arc c o n s i s t e n l h  listed 
as the lnost eI lect ive {)I sec{}nd nlos[ elfecti~,e drugs ill l.he 
t rea tment¢~l  hyl~erkinesis [ I . 2 l .  

At1 L l t t e n l p t  :.v;Js l l l a d e  t o  H i e ] t i d e  a r a n g e  ~)I d o s e s  I o r  

bolh  drugs thai IIiJgllt be of clinical useluhlesS. A survey ¢4 
several s o u r c e s  s t igges led  that a dose of ] 5 i11g is a 
reasonable dose o t  both  drugs for the hunlan. l rans lorming 
this dose to ~,n equivalent dose Ior the squirrel monkey  
would illdicate that a dose of  appl t}x i l l l a [c ly  0. l lllg iX 
appropri~,te if body  weight is tlsed i l l Ihe calculation of 
dosage. If body  surlace area is used i11 tilt' calctilaticnn. 
about 0.3 mg is appropr ia te ,  l h e  dose range used in the 
present  s tudy encon~passcs both values oI both  drugs. Sirlce 
lherc are suggestions in lhe l i terature that total daily doses 
of up to 60 mg of  mc lhy lphcn ida l c  may be used clinically 
[6[ a single high d¢~se equivalent to ahnost  t~vice this value 
was included. ()ral doses of d-~,mi~hctamme within ~, d¢~se 
range of  that used clinically produced a decrease m ihc 
response rate of the squirrel monkey .  Oral doses of 
n~cthylphenidate ,  on lhe o the r  hand,  prodm:ed no si,e, nifi- 
oant effect  even at very high doses. 

l h e  present  s tudy would suggest that general izat ions 
concern ing  the s t imulant  effect  of  drugs across phylo- 
genetic levels is hazardous.  Further .  if the effects  ~ these 
drugs upon the squirrel monkey  arc morc similar to the 
effect  of  these drugs oll hunlans than are the effects  of 
these drugs on rats when generalized to hunlans,  the present 
findings tllaV also have impl icat ions  for fur ther  hunlan 
investigations.  
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