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KSIR, C. AND S. NELSON. LSD and d-amphetamine effects on fixed interval responding in the rat. PHARMAC. 
BIOCHEM. BEHAV. 6(3) 269-272, 1977 . -  Food-deprived rats were trained to press a key which produceda food pellet 
for the first press after 3 rain had elapsed (FI 3 rain). Daily sessions consisted of 10 such intervals. Graded doses of LSD 
(0.04 1.28 mg/kg) and a d-amphetamine (0.5 2.0 mg/kg) were given 30 rain befl~re sessions. LSD produced a decrease in 
response rate at doses of 0.32 mg/kg and above, bul did not disrupt the typical t:I pattern of responding except at the 
highest dose (1.28 mg/kg). Amphetaminc did not significantly alter the overall response rate, but caused a dose-related 
disruption of the H response pattern, with previously low response rates increased more than higher rates, and occasional 
decreases in the previously highest rates. The experiment was repeated using the same rats responding on a multiple FIFR 
schedule. The presence of a 2000 Hz tone signalled FR periods; the tone was absent during FI periods. During the FR 
components, a pellet was produced after 30 responses had been emitted. The F1 components were unchanged. LSD 
(0.08 0.32 mg/kg) again produced decreases in F'I rate without altering the pattern, and amphetamine again altered thel: l  
pattern without significantly changing overall rate. 

Fixed interval responding LSD d-Amphetamine 

DEWS [2] was the first to suggest that  the di rect ion and tried (0.01 to 0.32 mg/kg)  and decreases in the high rates 
magni tude  of  amphe tamine - induced  changes in behavior  later in the interval with high doses (0.16 and 0.32 mg/kg).  
depended  on the rate of  occur rence  of  the behavior  prior to At the t ime that  repor t  appeared we had just  comple ted  
drug adminis t ra t ion .  If a food-depr ived animal is enclosed exper imen t s  compar ing  LSD and amphe tamine  effects  on 
in a chamber  and, af ter  being trained to press the key, is fixed interval and on mult iple  f ixed interval, fixed ratio 
given access to food for the first response on the key after  schedules,  also using rats. Those results are presented  in the 
some cons tan t  interval of  t ime has elapsed, the rate of current  paper.  
responding on the key typical ly is low at the beginning of  
the interval, increasing to some higher rate at the end of the EXPERIMENT 1 

interval. When a m p h e t a m i n e  is given to animals responding  The first expe r imen t  examined  the effects  of  several 
on such a fixed interval schedule the low rates early in the doses of  LSD and of d -amphe tamine  on a simple fixed 
interval are increased while the higher rates at the end of i n t e rva l (F I )  r e in forcement  schedule.  
the interval may be decreased.  Kelleher and Morse [4] 
reviewed evidence that  the r a t e -dependen t  effects  o f  

Method 
amphe tamine  may be seen e i ther  within fixed interval 
pe r formances  or when compar ing  the drug effects  on Animals. The six male Long-Evans derived hooded  rats 
behaviors mainta ined t inder d i f ferent  r e in fo rcement  sched- were 90 120 days old at the beginning of  theexper inaen t .  
ules which generate  d i f ferent  predrug response rates. Sanger The rats were housed individually with free access to water  
and Blackman [8] have recent ly  reviewed evidence for the in the home  cages. Each rat was fed 10 12 g of Purina Lab 
ra te -dependen t  effects  o f  several psychoact ive  drugs. Ksir (?how daily. 
[6] has poin ted  out  that  drugs which disrupt  the typical  Apparatus. The operant  condi t ion ing  chamber  (15 x 25 
pat tern  of  responding  on fixed interval schedules  such that  x 20 cm) conta ined  a single Gerbrands  model  B response 
response rates are cons tan t  t h roughou t  the interval are key and a pellet magazine mo u n t ed  on one end wall. The 
producing effects  which have been called rate dependen t .  In magazine was in the center  of the end wall, 2.5 cm from the 
fact, any t r ea tmen t  which reduces d i f ferences  in response grid floor. The response key, 5 cm to the left of the 
rates can be though t  of  as p roduc ing  r a t e -dependen t  effects ,  magazine and 5 cm above the floor, was t ransi l luminated 

Al tman and Appel  [1] recent ly  repor ted  that  LSD from behind by a 7.5 W white lamp. This lamp was 
produced  ra t e -dependen t  ef fec ts  on fixed interval respond-  cont inuous ly  lit during the exper imenta l  sessions and 
ing in rats. These effects  consis ted of  increases in the low provided the only i l lumination inside the sound and light 
response rates early in the interval with all doses of LSD a t tenuat ing  enclosure surrounding the operant  chamber .  
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Events in the chamber  were cont ro l led  and recorded by The Index of  Curvature [3] was developed a s a m c a s u r c  
e lec t romechanica l  p rogramming  equ ipmen t ,  of  the degree of  rate change during fixed intervals. This 

Beha~,ioral procedure .  Each rat was t rained to press the statistic,  based on a division of each interval into four  
response key by present ing  a 45 mg Noyes  lab animal food segments ,  was employed  by Al tman and Appel  [ 1 ] in their  
pellet  af ter  each opera t ion  of  the key. The min imu m time s tudy of  LSD effects  on FI responding.  The Curvature 
interval be tween  pellet  p resen ta t ions  was gradually in- index compar ing  response  rates in each t en th  of  the interval 
creased over several sessions unti l  the F1 3 rain schedule  with the average rate was calculated for all control  and drug 
was reached.  A food pellet  fo l lowed the first response  after  sessions for each rat. Figure 2 shows the mean curvature 
3 min had elapsed wi thou t  a pellet. Each session consis ted index for all rats at each dose, and for the contro l  sessions 
of  l 0 s u c h i n t e r v a l s .  Responses  in each t en th  (18 sec) o f t h e  nearest  each dose, for LSD and d-amphetamine .  It is 
interval were cumula ted  during each session. Sessions were obvious from Fig. 2 that  d -amphe tamine  produced  a 
conduc ted  daily excep t  Saturday and Sunday.  consis tent ,  dose-related decrease in the curvature index. 

Pharmacological  procedure .  After  18 sessions on the F 1 This ef fect  was found to be highly significant by an analysis 
3 min schedule,  drug inject ions  were begun. All in ject ions  of  variance, F(3,15)  = 38 . . . .  p < 0 . 0 0 1 .  LSD also p roduced  
were given in t raper i tonea l ly ,  30 min before the session, in a a significant ef fect  on the curvature index,  F(6,30)  = 7.41, 
volume of  1 ml/kg body  weight.  Each rat received two p <0 .0 0 1 .  Individual t- tests compar ing  drug and contro l  
in ject ions  of  each of the fol lowing doses of  LSD: 0.04, values at each dose found  that  only the highest (1.28 
0.08, 0.16, 0.32, 0.64 and 1.28 mg/kg. Doses were given in mg/kg) dose p roduced  a significant ef fect  t = 4.16, d / =  5, 
an ascending,  then  descending  order ,  excep t  tha t  the two p<0 .01 .  
inject ions of  1.28 mg/kg were given after  the o the r  doses. 
LSD was supplied by the National  Ins t i tu te  on Drug Abuse 
(NIDA). Each rat was then  given two inject ions  of  each of LSD d-omphet0mine 
the fol lowing doses of  d - amphe t amine  sulfate: 0.5, 1.0, and - T 

2.0 mg/kg (salt weights).  These doses were also given in an x .4 ~ 
ascending,  descending order.  Inject ions  were given twice a 7 ° 
week (Tuesdays and Fridays).  w3 \ 

Resu l t s  ~ .2 > ~. 

Rate of  responding  ( responses /sec)  for the entire session ,~ ,  '~ 
was calculated,  and a mean c o m p u t e d  for each rat for each 
dose of  LSD and for  all con t ro l  days during the LSD 
por t ion  of  the expe r imen t  (cont ro l  days were Thursdays  .04 .o8 .,6 .3a .64 ,.28 .~o to 
no inject ions  were given). A mean was also c o m p u t e d  for 
each rat for each dose of  d -amphe tamine  and for the DOSE (m0/k0) 
cor responding  con t ro l  days. Figure 1 shows the cont ro l  
mean for all rats and the mean for all rats at each dose. It FIG. 2. Effects of LSD and d-amphetamine on the index ol" 
can be seen that  LSD produced  a dose-related decrease in curvature, which indicates the amounl of change in response rate 

during the EI. Solid circles represent the mean for all rats of the two 
responding  at doses of  0.32 mg/kg and above. An analysis sessions on which a particular dose was given. Open circles represent 
of  variance for repeated  measures  examined  the effect  of the mean for all rats of the two control sessions nearest in time to 
drug dosage (cont ro l  data were included as one level of  the the two drug sessions. Bars show the standard error of the mean fl)r 
dose factor) .  The dose effect  was found  to be significant,  the control sessions. 
F(6,30)  = 6.44, p < 0 . 0 0 1 .  Similar data are given for 
d -amphe tamine .  There was no significant e f fec t  o f  d- 
amphe t amine  on overall FI rate, F(3 ,15)  = 0.23. Discussio~l 

Although we had not  yet  seen the Al tman and Appel 
data, we had expec ted  to see d is rupt ions  of the FI pa t tern  
at doses of  LSD below the clearly debi l i ta t ing level of 1.28 
mg/kg. Since the procedure  was sensitive enough to de tec t  

LSD d-omphetamine highly significant changes in FI pat tern  with d-amphet -  
-a.' amine,  it seemed possible that  the LSD used, althottgh il 

was carefully mixed and s tored,  may have lost some 
potency .  A n o t h e r  possible approach  was to try to increase 

~~ ~ ~ the sensitivity of  the behavior  to drug influence.  

el/ 

u . . a  E X P E R I M E N T  2 

A fresh supply of  LSD was ob ta ined  f rom NIDA, and an 
0 .o~ .o~ . . . . .  ~ . . . . . . .  a t t empt  was made to increase the sensitivity of  the 

DOSE (mcJ/kcj) behavioral  procedure .  Several previous repor ts  have indi- 
cated,  under  a wide variety of  condi t ions ,  that  behavior 

FIG. 1. Effects of LSD and d-amphetamine on mean overall under  weaker cont ro l  is more  susceptible to drug effects  
response rate during a FI 3 min schedule for all six rats. Bars above than behavior  which is more  s trongly control led  by the 
and below the open circle represent the range of mean nondrug rates schedule and st imulus condi t ions  [ 5,7] .  It was felt that  the 

associated with each dose. addi t ion of a fixed ratio (FR)  c o m p o n e n t  to the procedure ,  
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with a tone  signalling when  the FR was in effect ,  might  
weaken the con t ro l  exer ted  by the FI c o m p o n e n t  suffi- LSD d-amphetamine 
ciently to enable even a weak drug ef fec t  to be seen. 

X 
L t J ' 4  

Method c3 z_ 

Animals and apparatus. The same rats were used as in ua .3 T , 
Expe r imen t  1. The operan t  chamber  was modi f ied  by the 
addi t ion of  a loudspeaker ,  t h rough  which could be pre- t-- 
sented a 90 dB, 2000 Hz tone (background noise was ~ .a 
measured at app rox ima te ly  80 dB). rr D 

Behavioral procedure. The r e in fo rcemen t  schedule was co .~ 
altered by the addi t ion  of  ano the r  c o m p o n e n t .  With a 
probabi l i ty  of  0.50, the tone would begin immedia te ly  

i i i i fol lowing presen ta t ion  of  a food pellet. In the presence of  .o8 .is .3z o15 i.o 21o 
the tone,  a fixed n u m b e r  of  responses  p roduced  a pellet ,  
regardless of  how much  t ime had elapsed. The n u mb er  of  DOSE (mg/kg) 
required responses  s tar ted at 10 and was increased over the 
next  6 sessions to 30 (f ixed ratio of  30, FR 30). The tone FIG. 4. Effects of LSD and d-amphetamine on the index of 
t e rmina ted  upon  presen ta t ion  of a pellet,  and the next  curvature for the FI component of the multiple schedule. Solid 

circles: mean for all rats for the two drug sessions at each dose. 
c o m p o n e n t  was again chosen at random.  When the tone  was Open circles: mean control rates _+ standard error of the mean. 
no t  present ,  a FI 3 min schedule  was in ef fec t ,  as in 
Expe r imen t  1. The entire schedule  is referred to as a 
mult iple  f ixed interval 3 min,  f ixed ratio 30 response  
schedule  of  r e in fo rcemen t  (mult  FIFR) .  Each session lasted 
for one hour.  highly significant effect ,  F(3,15)  = 14.47, p < 0 . 0 0 1 ,  where-  

as LSD did no t  p roduce  a significant effect ,  F(3,15)  = 0.33. Pharmacological procedure. After  38 sessions on the 
mult  F I F R  schedule ,  the session was shor t ened  to 30 min Response  rates during the FR  c o m p o n e n t s  were calcu- 
and drug inject ions were resumed.  Inject ions  were given as lated for each session, and mean rates for cont ro l  sessions 
in Expe r imen t  I, excep t  tha t  the d -amphe tamine  inject ions and for  each dose of  LSD and of  d -amphe tamine  are 
were all given before  the LSD inject ions,  and only the 0.08, presented  in Fig. 5. LSD produced  a significant decrease in 
0.16, and 0.32 mg/kg doses of  LSD were given. Doses were FR rates, F(3,15)  = 6.43, p < 0 . 0 1 ,  whereas amphe tamine  
again given in an ascending,  then  descending order ;  a total  p roduced  a significant increase in FR rates, F(3,15)  = 9.20, 
of  two inject ions per dose per rat. p<0 .005 .  

Results 

Mean response  rates during the FI c o m p o n e n t  were z.4 LSD d-amphetamine 
calculated as in Expe r imen t  1 and are shown in Fig. 3. LSD 
produced  a dose-related decrease in FI responding,  F(3,15)  ,~ a.o 
= 7.91 p < 0 . 0 0 5 .  There was no re la t ionship be tween  
amphe t amine  dose and FI response  rate, F(3,15)  = 0.91. ~ ,.6 

k S D d- amphetamine <~ 
I.O Q~ 1.2 t 

" d . 8  " 
0 . 8  ~ i 

0 .08 .16 .312 I I I 0.5 LO 2.0 

~ .6 DOSE (mg/kg) 
FIG. 5. Effects of LSD and d-amphetamine on mean response rate 

uJ during the FR30 components of the multiple schedule. Bars above F -  .4  

< and below the open circle represent the range of mean nondrug rates rv- 

associated with each dose. 

Discussion 

. . . .  LSD again decreased response rates, this t ime in bo th  0 .08 .16 .3:~ 0 0,5 1.0 2,0 
componen t s ,  and amphe t amine  did not  change overall FI 

DOSE (mg/kg) rates. The increase in FR rates seen with amphe t amine  was 
FIG. 3. Effects of LSD and d-amphetamine on mean overall unexpec ted  and is not  cons is tent  wi th  previous findings 
response rate during the FI portion of a mulitple schedule. Bars [4] .  
above and below the open circle represent the range of mean The failure of  LSD to disrupt  the pa t te rn  of  responding  

nondrug rates associated with each dose. on El is consis tent  with the results o f  Exper imen t  1, and 

shows that  the increased complex i ty  of  the schedule did 
Figure 4 presents  the mean curvature index for each no t  render  the pe r fo rmances  more  susceptible to LSD 

dose of  d -amphe tamine  and of  LSD, compared  wi th  the effects ,  even though  the greater  overall FI rates and lower 
nearest  cont ro l  sessions. A m p h e t a m i n e  again p roduced  a curvature indices under  the mult iple  schedule indicate  that  
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FI responding  was not  as well cont ro l led  by the mult iple  significant effects  of  L S D o n  F l c u r v a t u r e .  T h e p r e s e n t  data 
schedule,  place those results into perspect ive by demons t ra t ing  that  

amphe t amine  produces  much greater  effects  on F1 curva- 
CONCLUSIONS ture than LSD, and does so under  condi t ions  in which LSD 

produces  no disrupt ion of LSD pat tern while decreasing 
There are a n u m b e r  of  procedura l  d i f ferences  be tween  overall FI response rate. 

the Al tman and Appel  [ 1 ] s tudy and this one,  including the 
strain of  rats used, the session length and t ime of inject ion,  
and the FI dura t ion  (5 rain vs 3 rain). In light of  their  data 
showing LSD effec ts  on FI curvature af ter  very careful ACKNOWLI~;I)(]EMENTS 
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