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ROSEN, A. J. AND J. A. BUGA. Effects of lysergic acid diethylamide on simple instrumental conditioning, extinction and 
discrimination learning in the rat. PHARMAC. BIOCHEM. BEHAV. I (6) 619-627,  1973. Hungry rats were trained under 
placebo or LSI) (high and low dose) conditions to either run in a straight alley for food or lever press (FR20) in a Skinner 
box in the presence of one of two spatially positioned bars associated with food reward. A testing phase followed in which 
animals continued to perform under either the same injection conditions or under one of the alternative injection 
conditions. The results indicated that high drug doses (0.20 mg/kg) increased resistance to extinction in the runway but 
impaired both running acquisition and discrimination whereas low doses (0.05 mg/kg) impaired running but improved 
discrimination. There were some indications that LSD had long-term behavioral consequences which outlasted the drugged 
state, suggesting an effect on learning as well as on performance. 

LSD Instrumental conditioning Di.~rimination learning Extinction 

CLINICAL tests  have repor ted  tha t  subjects  given LSD 
(d-lysergic acid d i e t h y l a m i d e )  in p s y c h o t h e r a p e u t i c  se t t ings  
learned a var ie ty  of  concep t s  while unde r  the  in f luence  of  
the  drug and t ha t  the  ensuing  behaviora l  changes  ou t l a s t ed  
the  drugged state .  [ 8 ] .  These  data  however ,  wh ich  derive 
largely f rom u n c o n t r o l l e d  observa t ions ,  are at  var iance wi th  
a large body  of  l i t e ra ture  conce rned  wi th  the  effects  of  LSD 
on lower  an imals  which  suggests t ha t  the  effects  of  the  drug 
art: largely t r ans i to ry  in na tu re  and are related to per- 
f o rmance  variables such as a t t e n t i o n  and m o t i v a t i o n  ra the r  
than  to long- te rm learning variables [ 1 ]. 

Many a t t e m p t s  to  expla in  the  behaviora l  ef fects  o f  LSD 
have focused on wha t  Key [14]  has descr ibed as the  level 
of  s ignif icance of  sensory  s t imul i .  LSD is p resumed  to 
change  the  level of  responsiveness  to  e n v i r o n m e n t a l  events  
and thus  a l ter  the mean ing  of  the  sensory  inpu t .  A biphasic  
effect  of  the  drug is suggested wi th  low doses increasing 
s t imulus  s ignif icance and high doses p roduc ing  d i s t rac t ion .  
Biphasic dosage results  have in fact been  repor ted  in a 
var ie ty  of  d i sc r imina t ion  tasks [ 1 ]. A similar  exp l ana t i on  of  
the  drug ' s  behaviora l  ef fects  has been  offered  by  Bignami 
[5] who  suggested tha t  LSD affects  the  mean ing  of  the 
s t imuli  tha t  the  organism has exper ienced  in the  past.  

Within  this  theore t ica l  c o n t e x t ,  the  behav io r  seen af te r  LSD 
admin i s t r a t i on  would  be re la ted to c o n c u r r e n t  percep tua l  
or mo t iva t iona l  d i s to r t ions  t ha t  may faci l i ta te  or impai r  
pe r fo rmance .  These  behaviora l  changes  however  would  be  
conf ined  to the  presence of  the  drug and should  not  ou t las t  
its immed ia t e  CNS inf luences ,  w h e t h e r  direct  or indirect .  
The  effects  of  the  drug the re fo re  would be relegated to 
p e r f o r m a n c e  variables having to do  wi th  pe rcep t ion ,  
mo t iva i t on ,  or  i nh ib i t i on  ra ther  t han  learning.  

The  present  inves t igat ion provides  a test  of  the  hypo-  
thesis  tha t  LSD effects  learning a n d / o r  p e r f o r m a n c e  by 
ut i l iz ing a factorial  design p rocedure  [ 16 ]. Previous invest-  
igat ions [1] have typical ly  used an imals  tha t  were a l ready 
t ra ined in a d i sc r imina t ion  task before  drug in jec t ions  were 
admin i s te red .  There fore ,  none  of  the  repor ted  effects  can 
be specifically t ied to a m o d u l a t i o n  of  the  learning process  
i tself  s ince changes  in behav io r  such as those  repor ted  may  
derive f rom in t e r f e rence  wi th  p e r f o r m a n c e  variables. In a 
factorial  design,  animals  are t ra ined unde r  e i ther  p lacebo  or 
drug cond i t i ons  selected to p roduce  d i f fe ren t  p e r f o r m a n c e  
levels and then  are tes ted unde r  the  same or swi tched  injec- 
t ion  cond i t ions .  If long te rm consequences  or residual 
effects  of  the t ra in ing  variables,  as indexed  by  slow behav-  

I.SD Tartrate was supplied by the FDA-PHS Psychotomimetic Agents Advisory Committee. The authors wish to thank Barbara Collins 
and Bob l..avicka for assistance in the collection of the data for Experiment 2. Experiment 1 was performed in partial fulfillment of the junior 
author's requirements for the M.A. degree at the University of Illinois. 
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ioral ad ju s tmen t s  to changed in jec t ion  cond i t ions  in test ing,  
are ob ta ined ,  then  effects  on  learning are suggested.  
Effects  on pe r fo rmance  are ref lected in relatively ab rup t  
behaviora l  ad ju s tmen t s  to the changed in jec t ion cond i t ions ,  
indica t ing  no residual effect  of  the  previous  t ra in ing condi-  
t ions,  in the c o n t e x t  of  avoidance  cond i t i on ing  Baner[ee 
[3] has in fact hypo thes i zed  that  LSD may have d i f fe rent  
effects  on learning and pe r fo rmance .  

The specific pa ramete r s  used in the present  s tudy  derive 
f rom previous repor ts .  Invest igat ions  deal ing wi th  behav ior  
ma in ta ined  by i n t e r m i t t e n t  r e i n f o r c e m e n t  schedules  have 
shown  that  ip doses of  LSD be tween  0.04 mg/kg  and 
0.50 mg/kg p roduced  decreases in ope ran t  pe r fo rmance  and 
periodic i n t e r rup t i ons  of r esponding  in the  rat [ 1 ]. Disrup- 
t ions  in r e spond ing  have been no ted  be tween  5 anti I0 rain 
af te r  in jec t ion [2] and peak effects  occurred  wi th in  30 mm 
af ter  in jec t ion  regardless of  dose level [ 8 ] .  "[he effects  of 
the drug were found  to persisl for a p p r o x i m a t e l y  ~ t0min  
af ter  in jec t ion [ 1 2 ] .  Most of the s tudies  tha t  have investi- 
gated the behaviora l  effects  of the drug over a wide range of 
doses have shown the resul tant  dose-response  curve to be a 
decreasing negat ively accelera ted func t ion  [ 2 , 1 0 ] .  Jarrard  
[13]  has suggested tha t  I.SI) may have dose -dependen t  
biphasic  effects  on behavior .  

E X I ' E RI ME N T  1 

M I.; I ' t  t 0  D 

.,:1 n imals  

Forty-f ive  naive male a lb ino rats, a p p r o x i m a t e l y  ¢~0 days 
old upon  arrival f rom I lo l t zman  ( 'o . ,  Madison,  Wise. were 
used. 

,,I ppara  t us 

Two Lehigh Valley test cages (Model 131(~) with  sound 
a t t enua t i ng  hulls (Model 13 I~C)  were used. Each cage con-  
tained two re t rac tab le  levers (Model 123-05)  and a pellet 
d ispenser  tha t  provided food r e in fo rcemen t  (0 .045 g Noyes 
pellets). A non re t r ac t ab l e  lever (LVE Model 121-05)  was 
added to the test cage for pre t ra in ing.  P rogramming  of  con- 
t ingencies  was accompl i shed  with BRS solid s ta te  nlodule  
circui t ry.  Presin (Model  ( '-3 Modupr in t )  p r in tou t  counte rs  
were used for record ing  of dependen t  variables. 

Pro('('dltl'c 

Animals  were housed in individual  cages and placed on a 
23 hr food depr iva t ion  schedule  wi th  wate r  available ad lib. 
They  were given one hou r  of  free access to Purina Lab 
(?how tt0 rain af te r  the  c o m p l e t i o n  of an expe r i m en t a l  ses- 
sion Io con t ro l  for the possibi l i ty  of  residual drug effects  
depress ing food c o n s u m p t i o n .  Pre t ra in ing began af ter  3 
days of  magazine training.  The animals  were t ra ined for a 
period of three  weeks at the same t ime of  day,  to press a 
lever that  was cen te red  on the  wall oppos i t e  to, and the 
same height  as, the  re t rac table  levers, and the rat io  of  res- 
ponses  necessary for r e in fo rcemen t  was gradually raised to 
FR 20. During this phase the  two levers tha l  were later  used 
for d i sc r imina t ion  t ra in ing were re t rac ted .  

Animals  were then divided in to  3 groups  equa ted  for 
body  weight and F R  20 rate at the end of  the  p re t ra in ing  
phase. The first group of 15 rats received I P i n j e c t i o n s  of 
isotonic  saline equal  in volume to the highest drug dosage 
given o the r  animals.  The second group  of  15 animals  re- 

ceived IP in ject ions  of  0.05 mg/kg  I.SD in saline so lu t ion  
(0 .10 mg/cc) ,  anti the th i rd  group received 0.20 mg/kg LSD 
IP. In jec t ion days were always separated by  72 hr. LSD 
solu t ions  were prepared f rom the t a r t ra te  salt in saline and 
were kept  f rozen in sealed 30 cc vials when  not  in use. 

Twenty- f ive  min af te r  in jec t ion  the animal  was placed 
into the test appa ra tus  and a f te r  1 2 0 s e c  e i the r  the left or 
right bar was presented .  For  hall" of  the  animals  in each 
group the  left bar  was posit ive (S+). C o m p l e t i o n  of  a FR 20 
on this bar  led to a 10 pellet reward and the  trial ended .  
fol lowed by an inler t r ia l  inlerval  of  1 2 0 s e e  wi th  house 
lighl off  and b o t h  bars re t rac ted .  Bar pressing on the right 
bar, when  it was presen ted ,  was not re inforced for these 
animals  and a negative I rial ended af ter  e i ther  20 bar  presses 
or 30 sec. The posit ive and negative s t imuli  were reversed 
for half  the animals  in each group.  All animals  received I0 
trials per  session with the left and right levers presented 5 
t imes each in a p r ede t e rmined  r a n d o m  order  thal was 
changed daily. Sessions always began with a p resen ta t ion  of 
the posit ive s t imulus  ~,ntl no more  than 2 posit ive or 2 
negative s t imulus  p re sen ta t ions  occurred  consecut ively .  
This t ra in ing phase con t inued  unt i l  all animals  comple ted  5 
sessions t5(1 trials, 25 Io S+ and 25 Io S ). 

During the tes t ing  phase each group was split in to  3 
subgroups  that  were equa ted  for body  weight  and FR 20 
rate on b o t h  posil ive and negative bars dur ing  the last 20 
trials of t raining.  An addi t iona l  50 trials were run in which 
one subgroup  con t inued  at the t ra in ing  phase in jec t ion con- 
d i t ion  and the o t h e r  2 subgroups  were swi tched to the aher-  
nal ive in jec t ion  cond i t ions .  Thus  in the tes t ing phase 0 
groups were formed de t e rmined  by the  factorial  combin-  
at ion of t ra in ing  and test ing in jec t ion  cond i l ions :  < 11 S A I -  
SAI.; (21 SAI. -LSD.05:  i3)  SAI_.-LSD.20; ~41 I .SI).05-SAI : 
15 ~ LSI).05-1_SD.05: ((~) I .SI) .05-LSI) .20;  (7 ~ LSD.20-SAI. :  
(81 LSD.20-I .SD.05;  (¢~)I  SI).20-1.S11.2(1. The  dependen l  
variaMe was response la tency,  recorded to the nearest  t en th  
of a second,  f rom lhe inser t ion  of the lever to the firsl bar  
press. 

Rt.iSUI, IS  

Response  [atencies were reciprocal ized,  conver ted  to 
speed scores, and subjected  to mixed design analyses of 
variance [17] with  in jec t ion cond i t ions  as the  be tween  
animals  sources  of variance and trial b locks  as the wi th in  
animals  source of  variance.  For  each pair of  trials a differ- 
enl ial  response speed,  def ined as the d i f ference  be tween  
response speed on the posit ive and negative bar  {DRS = 
R(S+I R(S t), was calculated and these data were used in 
the analyses and are presented  graphical ly in l.'ig. 1. I 'he  use 
of  lhe DRS measure reflects the  d i sc r imina to ry  behav ior  of  
the animals  more  clearly than  separate  cons idera t ion  of  the 
positive and negalive bar  data  a l t hough  analyses of  these 
separate  data  were pe r fo rmed  and will be discussed where  
appropr ia te .  

7raip~/p,g 

All groups  improved over trials with  tile low dosage 
animals  responding  faster  than  subjecls  in the  o the r  two 
groups  toward  the end of  training.  The analysis revealed a 
s ignif icant  trial b locks  effect (1: = 35 .37 ,  d f  = 4 ,144 ,  
p,  0.()I ) and a signific~,nt groups  x trial b locks  in te rac t ion  
IF = 2.25, d l =  g.144,  p<0 .051 .  I :ur ther  analysis revealed 
t h a l  the low dose group was super ior  to tile o the r  two 
grmlps on trial b locks  four  and five <t: = 11.2(~, d / =  1.144. 
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p < 0 . 0 1 ) .  This d i f fe rence  in DRS resul ted f rom super ior  
posi t ive bar  r e spond ing  by the  low dose subjects  (F = 
38 .18 ,  d f  = 1,144, p < 0 . 0 1 )  on the  last two trial blocks.  
There  were no d i f fe rences  be t w een  the  groups  on negative 
bar  pe r fo rmance .  Addi t iona l  analyses revealed tha t  there  
were no d i f ferences  wi th in  each of  the  groups  (n = 15) 
when  each group was cons idered  as compr i sed  of  three  
i n d e p e n d e n t  subgroups  (n = 5) tha t  received d i f fe ren t  
tes t ing t r e a tmen t s .  

Testing 

There  were clear ind ica t ions  of  b o t h  t ra in ing  and tes t ing  
effects  as well as i n t e rac t ions  in the  overall  data  (Fig. 1) and 
the analyses  of  these data  were b r o k e n  d o w n  in to  specific 
p r e d e t e r m i n e d  compar i sons  of  in teres t .  The  first compar -  
ison cons idered  on ly  those  g roups  whose  in jec t ion  condi-  
t ion  remained  unchanged  (SAL-SAL;  LSD.05-LSD.05;  and 
LSD.20-LSD.20) .  The  second compar i son  (SAL vs LSD.05)  
inc luded on ly  those  groups  tha t  received e i ther  saline or the  
l o w  LSD dose  (SAL-SAL;  LSD.05;  LSD.05-LSD.05;  
and LSD.05-SAI,) .  The  th i rd  compar i son  (SAL vs I ,SD.20) 
inc luded  only  those  groups  that  received e i the r  saline or the  
high I,SD dose (SAL-SAI, ;  S A L - I S D . 2 0 ;  LSD.20-LSD.20;  
and LSD.20-SAL).  The  final compar i son  (LSD.05 vs 
LSD.20)  cons idered  on ly  those groups  tha t  received high or 
l o w  I, S D  d o s e s  t h r o u g h o u t  ( L S D . 0 5 - L S D . 0 5 ;  
I ,SD.05-LSD.20;  LSD.20-LSD.20;  and LSD.20-LSD.05) .  

Analysis  of  the  th ree  unswi tched  groups  (SAL-SAL,  
I.SD.O5-LSD.05, and kSD.20 -LSD.20 )  revealed a clear 
b iphasic  effect  of  the  drug. In jec t ions  o f  0 .20 mg/kg  caused 
s ignif icant ly  lower DRS scores than  p lacebo  in jec t ions  (F = 
4.8.6, d f  = 1,16, p < 0 . 0 5 ) ,  whereas  0 .05 mg/kg  in jec t ions  
resul ted in s igni f icant ly  h igher  DRS scores than  p lacebo  (F  
= 8.33,  d r =  1.16 p < 0 . 0 5 )  over the  five b locks  of  test  trials. 

SA I. vs LSD. 0,5 

The DRS exh ib i t ed  by the  LSD.05-LSD.05 g roup  was 
s ignif icant ly  larger than  tha t  of  the  o t h e r  3 groups  (F = 
13.41,  d r =  1,16, p < 0 . 0 1 )  which  did not  d i f fer  f rom each 
o ther .  There  was a s ignif icant  effect  for the  0.05 mg/kg  
LSD in jec t ion  dur ing  t ra in ing  (F = 4 .94 ,  dr= 1,16, p < 0 . 0 5 )  
and the t ra in ing  by  tes t ing  in t e rac t ion  was s ignif icant  (F = 
6.03,  d f  = 1,16, p < 0 . 0 5 ) .  The s ignif icant  results  in this  
analysis  were caused by  the  large DRSs exh ib i t ed  by  the  
LSD.05-LSD.05 group.  These f indings were ref lected in the  
analysis  of  posi t ive bar  speeds a lone.  There  were no  
signif icant  d i f fe rences  in response  speed to the  negat ive bar.  

S A L  vs LSD.20  

The two groups  that  were tes ted  u n d e r  the  saline injec- 
t ion cond i t i on  showed  larger DRSs than  the  two groups  
tes ted unde r  the  0 . 2 0 m g / k g  LSD c o n d i t i o n  (F = 4 .64 ,  dr= 
1,16, p < 0 . 0 5 ) .  The analysis of  the  posi t ive bar  speeds them-  
selves revealed the same findings.  Analysis  of  the  negative 
bar  speeds separa te ly  revealed tha t  groups  tes ted unde r  the  
saline cond i t i on  re sponded  faster  than  groups  tes ted  unde r  
the 0 . 2 0 m g / k g  I,SD cond i t i on  (F = 4 .75 ,  d f  = 1,16, 
p < 0 .05/ .  

LSD. 05 vs I .SD.20 

There  was a s ignif icant  t ra in ing  effect  (F = 18.24,  d r =  
1,16, p < 0 . 0 1 )  but  no signif icant  tes t ing  effect  and no 

s i g n i f i c a n t  in t e rac t ion .  The  LSD.05-LSD.05 and the  
LSD.05-LSD.20  groups  were not  s ignif icant ly  d i f fe ren t  
f rom e a c h o t h e r  but  the  I ,SD.05-I ,SD.05 g roup  showed a 
l a r g e r  D R S  t h a n  t h e  L S D . 2 0 - L S D . 0 5  group.  The  
LSD.20-I ,SD.20 group  exh ib i t ed  a smaller  DRS than  the  
LSD.05-LSD.05 and the  LSD.05-LSD.20  groups  (F = 
21.07,  d r =  1,16, p < 0 . 0 1 )  but  this fo rmer  g roup  was not  
s ignif icant ly  d i f fe ren t  f rom the  LSD.20-LSD.05 group.  The  
analysis  of  the  posi t ive bar  data  a lone  revealed the  same 
findings.  There  were no  s ignif icant  d i f fe rences  b e t w e e n  the  
4 groups  in p e r f o r m a n c e  on the  negative bar.  

Differences  in the  overall  weight of  the  subjec ts  in the  
nine groups  were tes ted for s ignif icance at the  0.05 level by 
app ly ing  the  t-test .  The  groups  did not  show signif icant  
d i f fe rences  in weight  relative to each o the r  over the  course 
of  the  expe r imen t .  

DISCUSSION 

The results of the testing phase of the experiment 
suggest that high doses of LSD have an adverse effect on 
performance whereas low doses of LSD facilitate learning 
and performance. A facilitation of acquisition in an avoid- 
ance situation has been reported by Bignami fl6]. The 
contention that high doses of LSI) effect performance 
variables only is supported by the significant testing effect 
for the saline-high dosage analysis. Groups tested under 
high doses of LSD showed a significantly smaller DRS than 
groups tes ted  under  saline regardless of  t ra in ing  phase 
in jec t ion  cond i t ion .  In add i t ion ,  the  SAL-LSD.20 group  
showed an immed ia t e  pe r fo rmance  d e c r e m e n t  a f te r  be ing  
swi tched  to the  high drug dosage.  Learning effects  are 
suggested pr imar i ly  f rom the  super ior  p e r f o r m a n c e  of  the  
group ma in t a ined  on the low dose con t ras t ed  wi th  the  
saline g roup  swi tched  to the low dose. This la t te r  g roup  
(SAL-LSD.05)  however  was not  super ior  to the  SAL-SAL 
cont ro l  group in tes t ing  a l though  it did improve  its perfor-  
mance  and f inished the  tes t ing phase wi th  higher  DRS score 
than  the SAL-SAL cont ro l .  More t ra in ing  phase trials 
appear  to be necessary to br ing animals  to a s y m p t o t e  in 
o rder  to make  the ensuing  behaviora l  changes  more  readily 
de tec tab le .  

The data  f rom the 3 unswi tched  groups  of  subjects  indi- 
cate tha t  LSD has biphasic  effects  on food ma in ta ined  
behav io r  wi th  low doses faci l i ta t ing d i sc r imina t ion  perfor-  
mance  and high doses impai r ing  p e r f o r m a n c e  relative to 
p lacebo  cont ro ls .  In view of  the  previous  l i te ra ture  these 
results  could be in t e rp re t ed  as indica t ing  tha t  LSD in low 
doses, in add i t ion  to its effect  on learning,  p roduces  an 
increased arousal  or readiness  to respond whereas  high 
doses of  LSD lea.d to a pe r fo rmance  d e c r e m e n t  because 
animals  are more  easily d is t rac ted  by in te rna l  and ex te rna l  
s t imuli .  

The analysis of  the  pe r fo rmance  of  the  3 unswi tched  
groups  in the tes t ing  phase also suggests tha t  low and high 
doses of  I,SD produce  the i r  effects  pr imar i ly  t h rough  ac t ion  
on the posit ive s t imulus .  It is conce ivable  the re fore  tha t  the  
drug changed the  perceived value of  the  reward or tha t  it 
a t t e n u a t e d  the  genera l iza t ion  of  inh ib i t ion  f rom the neg- 
ative s t imulus .  However,  it should  be no ted  tha t  the  neg- 
ative bar  was w i t h d r a w n  if a subject  did not  comple t e  the  
FR 20 wi th in  30 sec. It is possible tha t  the  use of  a 30 sec 
l imit on  negative bar  avai labi l i ty  a t t e n u a t e d  group  differ- 
ences  on S -  pe r fo rmance .  Halasz and Marrazzi [11]  have 
repor ted  tha t  low doses of  LSD given to cats in a s imilar  
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d i s c r i m i n a t i o n  p rocedure  increased r e spond ing  to the  
negative s t imulus .  

A n u m b e r  of  invest igators ,  using similar LSD dosages,  
did not  report  behaviora l  fac i l i ta t ion [7 ,13]  bu t  the  con-  
fl icting results  may be  due to the  d i f fe rent  behaviors  tha t  
were s tudied.  Animals  in the  present  e x p e r i m e n t  were re- 
qui red  to d i scr imina te  be tween  a right and left lever 
whereas  subjects  in the  above s tudies  were re inforced for 
rat io or interval  r e spond ing  to a single s t imulus .  Jarrard  
[ 131, however ,  found  t ha t  in jec t ions  of  0.05 mg/kg  LSD 
increased the n u m b e r  of  responses  emi t t ed  dur ing  a variable 
interval  schedule  of  r e i n f o r c e m e n t  and higher  doses de- 
creased operan t  responding.  Behavioral  fac i l i ta t ion wi th  low 
doses of  LSD in s tudies  involving d i sc r imina t ion  tasks has 
been repor ted  by Blough [61 and Becker,  Appel  and 
F r e e d m a n  141 using pigeons,  and by Meltzer  [18]  and 
Dykstra  and Appel 19] using rats. 

It is evident  f rom Fig. 1 tha t  all three  groups  learned the 
d i sc r imina t ion  by the  end of  the  t ra in ing phase a l though ,  in 
the case of  the low dose group,  a s y m p t o t i c  pe r fo rmance  
had not  yet  been reached.  These data  are in accord wi th  
those  repor ted  by Dykstra  and Appel [9] who  found  no 
a l te ra t ion  of  s t imulus  con t ro l  in a discrete  trial aud i to ry  

d i sc r imina t ion  in rats using doses (0.04 and 0 .16 mg/kg)  
comparab le  to those  used in the  present  s tudy .  

A n o t h e r  in teres t ing  aspect  of these  data derives f rom the  
pe r fo rmance  of  the groups  tha t  were swi tched f rom one 
dose of  LSD to ano the r .  The LSD.20-LSD.05 group did not  
show any fac i l i ta t ion  in tes t ing compared  to the  saline con- 
trols and the  LSD.05-I ,SD.20 group did not  show any 
response impa i rmen t .  Thus  high LSD doses given in t ra in ing  
seem to prevent  lower  doses f rom exercis ing the i r  posi t ive 
effects  a l t hough  in this case it may s imply  be the effects  of 
the t ra in ing  itself. More in te res t ing  is the  fact tha t  the 
deb i l i t a t ing  effects  of  the  high dosage were prevented  by 
low dose t raining.  The effect  does  not  seem amenab le  to a 
simple t ra in ing  i n t e rp r e t a t i on  since SAL-LSD.20 animals  
showed immedia t e  and pro longed response  impa i rmen t s .  
This  qui te  clearly d e m o n s t r a t e d  the  pers is tence of t ra in ing  
variables in to  the  tes t ing phase. 

EXPERIMENI"  2 

MEI'HOI) 

Animals  

For ty- f ive  naive, male a lb ino  rats  (} lo l t zman  Co., 
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Madison, Wisc.) approximately 90 days old and weighing 
between 325 and 375 g were used. 

A ppara tus 

A wooden, straight alley, with interior dimensions of 
73 in long x 4 1/2 in wide x 5 1/2 in high was used. The 
entire alley was painted flat black and was covered by 
Plexiglas hinged 3 1/2 in above the floor. Start and goal 
boxes were partitioned by means of two aluminum 
guillotine doors, one 12 in and the other 59 in from the 
beginning of the alley. 

Start, run and goal times were measured by means of a 
microswitch coupled to the start gate and three photocell 
assemblies 5 in., 38 in. and 50 in. from that gate appro- 
priately wired, through BRS solid state circuitry, to three 
Hunter Klockounters. 

Procedure 

Upon arrival animals were placed in individual cages and 
given ad lib food and water for 3 days. On Days 4 and 5 all 
animals were weighed, marked and randomly assigned to 
one of 3 groups of 15 each and placed on a 23 hr food 
deprivation schedule comparable to that of Experiment I. 
The three injection conditions were: saline, 0.05 mg/kg 
LSD, and 0.20 mg/kg LSD. The LSD solutions were pre- 
pared from the tartrate salt (75.1% LSD by weight) in 
saline, so that the injection volume was 2 ml/kg, and all 
injections were IP. Solutions were kept frozen when not in 
u s e .  

On Days 6 - 1 0  each animal was handled daily. On Days 
11 -- 15, the animals were given 5 direct placements into the 
goal box with five 0.045 g Noyes food pellets in a small 
coaster present on each placement. No injections were given 
during this pretraining phase. Training trials began on 
Day 16. Each weekday one of 5 squads was run for 15 
trials. A squad consisted of three animals from each group. 
One week separated these experimental sessions for each 
squad. Over the course of 3 weeks all animals completed 45 
training trials. On any given running day animals were 
injected 10 rain prior to the first trial. Three animals were 
injected at one time and the completion of the 15 trials 
typically was accomplished within 45 min to one hour. The 
i n t e r t r i a l  interval (ITI) during the day's trials was 
approximately 3 4 rain. 

A. trial consisted of placing an animal in the start box 
and opening the door when the animal oriented toward it. 
As soon as the animal left the start box, the door was 
closed behind it. When the animal entered the goal area the 
goal box door was closed behind it to prevent retracing. 
Reinforcement on each trial always consisted of five 
0.045 g Noyes food pellets. Animals were fed for one hour 
after completion of their day's trials. Those animals not run 
on any given day were also fed for 1 hr at the appropriate 
time in order that the deprivation schedule be maintained 
for all animals throughout the course of the experiment. 

Following the 45 training trials, each group (N = 15) was 
divided randomly into 3 subgroups (n = 5) with 1/3 of the 
animals remaining in the same injection condition and the 
other 2/3 switched to either of the alternative injection 
conditions. Each daily squad now consisted of one animal 
from each of 9 groups determined by the factorial com- 
bination of 3 training injection conditions and three testing 
i n j e c t i o n  c o n d i t i o n s :  SAL-SAL; SAL-LSD.05; SAL- 
LSD.20; LSD.05-LSD.05; LSD.05-LSD.20; LSD.05-SAL; 

LSD.20-LSD.20; LSD.20-LSD.05 ; and LSD.20-SAL. Thirty 
additional trials were run (testing) at 15 per day, one day 
per week per squad, for two weeks. Magnitude of reward, 
deprivation level, daily ITI, and injection times were 
identical to those used in the training phase. 

The testing phase was followed by a 15 trial, one week, 
extinction phase in which all animals were injected one 
more time under the testing injection condition (9 groups). 
An empty foodcup was present in the goal box during these 
trials. All other parameters were identical to the testing 
phase. 

RESULTS 

Start, run and goal speeds (I / latency) are presented in 
Figs. 2, 3 and 4 respectively. Separate analyses of variance 
were performed on each of these measures, and within each 
measure separate analyses were performed on each phase of 
the experiment. Since, in this experiment, each measure 
yielded different results, all three are presented. Injection 
conditions in training and testing were considered as be- 
tween subjects sources of variance and days (5 trial blocks) 
was considered as the within subjects source or variance or 
repeated measure. Training and extinction data were 
analyzed for three groups whereas testing was analyzed for 
nine groups. 

Start Speed 

Training. All groups improved over days and LSD pro- 
duced a dose related decrease in start speeds as is evident in 
Fig. 2. The analysis revealed significant effects for injection 
condition (F = 6.86, d f  = 2,36, p<0.01 ), trials (F = 43.28, 
d f  = 8,288, p<0.01) and their interaction (F = 1.91, d f  = 
16,288, p<0.05). Subsequent analyses revealed that high 
dosage animals were inferior to both saline animals (F = 
10.69, d f  = 1,28, p<0.01) and low dosage animals (F = 
6.73, d f  = 1,28, p<0.05) whereas these latter two groups 
did not significantly differ from each other (p>0.05). 

Testing. There were no significant effects of training var- 
iables in the testing phase. Group performance was deter- 
mined primarily by testing injection condition and training 
phase asymptote. As in training, LSD produced dose related 
decreases in starting speed (F = 19.74, dJ= 2,36, p<0.01) 
and animals continued to improve over trials (F = 25.58, d f  
= 5,180, p<0.01 ). Subsequent analyses revealed that groups 
receiving high dosage in the test phase were inferior to both 
saline (F = 32.41, d f =  1,28, p<0.01) and low dosage ( F =  
17.81, d r =  1,28, p< 0.01) groups. Once again these latter 
two sets of groups (L and S) were not significantly different 
from each other (p>0.05). 

Extinction. Figure 1 presents extinction data collapsed 
across training phase conditions since there were no training 
phase effects in either testing or extinction. It is clear from 
Fig. 1 that high dosage animals responded more slowly 
across extinction trials than did animals in the other condi- 
tions, ltowever high dosage animals improved over the 
course of the extinction day whereas saline and low dosage 
animals showed marked performance declines with saline 
groups extinguishing somewhat more rapidly than low 
dosage groups. 

Overall analysis of variance for the nine groups revealed 
a significant testing conditions effect (F = 10.44, dr= 2,36, 
p<0.01),  a significant trials effect (F = 5.23, d f  = 2,72, 
p<0.01 ) and a significant interaction of these two variables 
(F = 5.27, d f  = 4,72, p<0.01 ). 
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Run Speed 

Training. On this measure too all groups improved over 
trials and there was a dose related pe r fo rmance  dec remenl .  
3"he di f ferences  were not ,  however ,  as large as those for 
start speed as is evident in Fig. 3. The analyses revealed 
overall ef fects  of injection condi t ion  (F = 3.73, df  = 2,36, 
p<0 .05 ) ,  trials (F = 7q.51, d,f= 8,288, p<O.O1), and their  
in teract ion (F = 2.64, dJ = 16,288, p~() .01) .  Subsequent  
analyses revealed that  high dosage subjects  differed from 

bo th  saline (F = 5.82, d.f= 1,28, p<O.05)  and low dosage (F 
= 4.60, dJ = 1,28, p<O.01 ) animals. In addi t ion ,  a saline vs 
low dosage in teract ion (F = 2.56, dJ = 8,224,  p < 0 . 0 5 )  
suggested that  low dosage animals were responding sig- 

nificantly more slowly than saline animals over the last 
training day. 

Testing. Once again training phase variables had little or 
no effect  on test phase per formance .  Animals that  received 
high doses in testing per formed more  poorly than low dose 
subjects  which in turn were slower than saline animals. The 
overall analysis revealed effects  of  test injection condi t ions  
/F = 1%05, d~ = 2,36, p<0 .01 ) ,  and lrials (F = 32 .24 ,d )  ' =  
5.180, p<O.01).  There was in addi t ion  a significant triple 
interacl ion IF = 2.03, df = 20 , t80 ,  p < 0 . 0 1 ) b e t w e e n  train- 
ing condi t ions ,  lest ing condi t ions  and trials. Subsequent  
analyses collapsed across training condi t ions  revealed that 
high dosage animals per formed more poorly than did low 
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FIG. 3. Run speed (l/latency) as a function of 5 trial blocks for training, testing and extinction phases. The heavy lines represent all animals 
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dosage an imals  (F  = 9.02,  d f  = 1,28, p < 0 . 0 1 )  and low 
dosage animals  in t u rn  pe r fo rmed  more  poor ly  t han  did 
saline an imals  (F  = 9 .86,  d f  = 1,28, p < 0 . 0 1  ). 

Goal Speed 

"1"raining. All groups  (Fig. 4)  improved  over  trials (F  = 
83 .30 ,  d f  = 8 ,288,  p < 0 . 0 1 )  and,  in marked  con t ras t  to  the  
start  and run  speed da ta ,  t he re  were no  s ignif icant  
d i f fe rences  b e t w e e n  the  groups  (p> 0.05) .  

Testing. Groups  given saline in tes t ing  general ly  per- 
fo rmed  s o m e w h a t  b e t t e r  than  groups  given e i the r  low or 
high dosage a l t hough  the  d i f fe rences  b e t w e e n  groups  were 
m u c h  smaller  than  for  s tar t  or run.  There  were s ignif icant  
effects  of test  in jec t ion  cond i t i ons  (F  = 3.27,  d f  = 2,36,  
p < 0 . 0 5 )  and trials (F  = 15.99,  d f  = 5 ,180,  p < 0 . 0 1 ) .  In 
add i t ion ,  there  was a s ignif icant  t r iple  in t e rac t ion  of  
t ra in ing  x tes t ing  x trials (F  = 2.58,  d f  = 20 ,180 ,  p < 0 . 0 1 ) .  

l;'xtinction. High dosage animals  were clearly more  resis- 
t an t  to e x t i n c t i o n  than  e i the r  low dose or saline animals  

which  did not  differ  f rom each o ther .  The  overall  analyses 
revealed s ignif icant  effects  of  e x t i n c t i o n  (i.e., tes t ing)  injec- 
t ion cond i t i on  (F  = 10.41, d r =  2,36,  p < 0 . 0 1 ) ,  trials (F  = 
25.76,  d f  = 2,72,  p < 0 . 0 1 ) ,  and the i r  i n t e rac t ion  (F  = 8.95,  
d f  = 4,72,  p < 0 . 0 1 ) .  No o the r  effects  reached signif icance.  

DISCUSSION 

Unlike the  previous  s tudy  ( E x p e r i m e n t  1), b o t h  low and  
high doses of  LSD produced  behaviora l  impa i rmen t s  to the  
e x t e n t  tha t  drugged animals  ran more  slowly than  p lacebo  
animals  in a dose-rela ted fashion.  These  data  on  appe t i t ive  
cond i t i on ing  may  be con t r a s t ed  wi th  the  aversive s i tua t ion  
in which  fas ter  r unn ing  speeds to escape f rom shock have 
been  r epo r t ed  wi th  LSD [ 1 2 ] .  There  was no  evidence of  
any b iphas ic  effects.  

The  r a the r  severe de t e r io ra t ion  of  start  speeds compared  
to the  m o d e r a t e  and  minimal  de t e r io ra t ions  in run and goal 
speeds respect ively  suggest an exp l ana t i on  in terms of  
s t imulus  genera l iza t ion .  At the  outse t  it might  be t e m p t i n g  



626 ROSEN AND BUGA 

3.5 

3.0 

2.5 

2.0 
O 
O 

1.5 

1.0 

I'/,'"J/ / / , / "  

. . . .  

- -  TESTING 

S o 

L ,, 

H a 

TRAINING 

I i i i i i t l 
I 2 3 4 5 6 7 8 

! 

I I I  

s% 

TESTING EXT 

i i i i I I i i I I 
9 I0 11 12 13 14 15 16 17 18 

5 T R I A L  B L O C K S  

FIG. 4. Goal speed (I/latency) as a function of 5 trial blocks for training, testing and extinction phases. The heavy lines represent all animals 
that received a particular injection (S, I, or H) for that phase regardless of prior injection history. 

to  explain the start  speed effects  s imply  in te rms of  drug- 
induced  d is t rac t ion  or e n h a n c e m e n t  of  c o m p e t i n g  behaviors  
elicited by the open ing  of  the s tar t  door  or an in te r fe rence  
with the  h a b i t u a t i o n  process related to this repet i t ive  
s t imulus .  Key [15]  has repor ted  tha t  LSD increased the  
reac t ion  t ime of cats t ra ined to avoid shock  in the  presence  
of a visual CS when  d is t rac t ing  tones  were presented  bu t  
tha t  LSD decreased reac t ion  t ime in the  absence  of  d is t ract -  
ing st imuli .  However,  the fact tha t  run speeds too  were 
af fec ted  by the drug suggests tha t  this exp l ana t i on  of  the 
data  is inappropr ia te .  Indeed these  effects  argue against  any 
exp lana t ion  in terms of an impa i rmen t  of general  arousal  or 
general  per ipheral  changes  and fu r the r  suggest tha t  the  res- 
ponse impa i rmen t  ob ta ined  in E x p e r i m e n t  I wi th  the  high 
LSD dose was not  s imply a func t ion  of general  tox ic i ty .  
The e n h a n c e m e n t  of ex t inc t i on  pe r f o r m ance  also suppor t s  
this no t ion .  An a l ternat ive  i n t e r p r e t a t i on  might  focus on 
the  d i f ferent ia l  ef fects  of  the  drug as represen t ing  an 
impa i rmen t  of  s t imulus  genera l iza t ion .  Studies using aud- 

i tory  signals have failed to ob ta in  changes  in genera l iza t ion  
slope wi th  LSD [9 ] ,  bu t  there  are repor t s  of  a change in 
visual s t imulus  genera l iza t ion  [1 ] .  In Exper imen t  1 these 
effects  on  genera l iza t ion  may have been c o n f o u n d e d  by  the  
use of b o t h  positive and negative st imuli  and the  mutua l  
genera l i za t ion  of exc i t a t ion  and  inh ib i t i on  tha t  they 
generate .  

The  present  data  may be direct ly  con t ras t ed  wi th  an 
identical  s tudy  tha t  used Cinanser in ,  a p o t e n t  se ro ton in  
an tagonis t ,  r a ther  than  ESD [ 2 0 ] .  In tha t  e x p e r i m e n t  no 
d i f ferent ia l  effects  on s tar t ,  run and goal speeds were ob- 
ta ined wi th  e i ther  of  the  doses used (12 and 36 mg/kg) .  
LSD thus  appears  to be much  more  selective in its behav-  
ioral effects  than  Cinanser in  and less open  to the  cri t icism 
of  p roduc ing  its effects  t h rough  general  toxic i ty .  Whe the r  
or not  these d i f ferences  reflect d i f ferent ia l  in te rac t ions  wi th  
a centra l  t ryp tamine rg ic  sys tem is, of  course,  still open  to 
ques t ion .  

The increased resis tance to e x t i n c t i o n  observed in the  
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presen t  s tudy  c o n f o r m s  to earlier repor t s  of  response  per- 
severa t ion  unde r  LSD [7 ] .  These  data  might  also reflect  
decreased f rus t r a t ion  or  drive m o d u l a t i o n  [16]  u n d e r  the  
drug toge the r  wi th  an a t t e n u a t i o n  of  the  capac i ty  to  relearn 
c o m p e t i n g  responses.  It is unl ikely ,  however ,  t ha t  the  drug  
is s imply  in te r fe r ing  wi th  the  an imal ' s  abi l i ty  to  discr im- 
inate  acquis i t ion  f rom e x t i n c t i o n  or  presence  vs absence  of  
r e i n f o r c e m e n t  since in E x p e r i m e n t  1 high dose animals  
were clearly capable  of  making  such a d i sc r imina t ion .  

With regard to the  learn ing  vs p e r f o r m a n c e  d i s t inc t ion ,  
the major  effects  of the  drug appear  to be  on pe r f o rmance ,  
a l t h o u g h  the  a d j u s t m e n t  of  the  g roup  tha t  received high 
dose in t ra in ing  and  saline in tes t ing was relat ively slow. 
The i m m e d i a t e  de t e r io ra t ion  of  the  sal ine-high group ,  
however ,  argues for  a s t rong p e r f o r m a n c e  effect  of  the  
drug. Once again these  data  may be con t r a s t ed  wi th  those  
previously  r epo r t ed  for  Cinanser in  in which  no  learning 
effects  of  any  kind were ob ta ined .  

G E N E R A L  DISCUSSION 

(1) A biphasic  effect  of  LSD was observed in spat ial  
d i sc r imina t ion  learning bu t  no t  in s imple i n s t r u m e n t a l  con-  
d i t i o n i n g  w h i c h  suggests tha t  task r e q u i r e m e n t  are 
i m p o r t a n t  d e t e r m i n a n t s  of LSD dose-response  in te rac t ions .  

(2)  LSD increased res is tance  to ex t inc t i on ,  an ef fec t  tha t  
is more  apt ly  i n t e rp re t ed  in t e rms  of  response  persevera t ion  
than  drive m o d u l a t i o n  or an a t t e n u a t i o n  of  i nh ib i t i on  or 
f rus t ra t ion  since no effect  on  t h ~  negative s t imulus  in 
d i sc r imina t ion  learning was ob ta ined .  

(3)  The  d i f fe rent ia l  ef fects  of  LSD on s tar t ,  run  and goal 
speeds in E x p e r i m e n t  2 suggest tha t  some of  the  drug 's  
p e r f o r m a n c e  e f f e c t s  m a y  b e  re la ted  to  s t imulus  
genera l i za t ion  defici ts .  

(4)  The  slow response  a d j u s t m e n t s  made  b y  the  group  
swi tched  f rom high LSD dose to saline in E x p e r i m e n t  2 and 
the  absence  of rapid response  i m p r o v e m e n t s  in the  g roup  
swi tched  f rom saline to low LSD dose in E x p e r i m e n t  1 
s u g g e s t  t h a t  the  drug a f fec ted  learning as well as 
pe r fo rmance .  
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