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FRIEDMAN, H. AND R. J. CAREY. Acute and chronic single dose effects of LSD-25 on visual diserhnination #~ rats. 
PHARMAC. BIOCHEM. BEHAV. 5~2) 223 226, 1976. - Rats subjected to either a frontal cortex lesion or to a sham 
operation were trained to discriminate between a lighted and unlit alley to escape shock. Following intubation with either 
placebo or LSD-25 (1.0 mg/kg), they were given discrimination trials 2 hr, I week, and 1 month later, but with an 
increased level of task difficulty. Single dose effects of LSD-25 were observed acutely in a transient impairment of visual 
discrimination accuracy, and more chronically in slower running time. Although no significant drug-lesion interactions 
were noted, the results were in the direction of a eombinatory effect. The value of increasing the level of post-treatment 
task was confirmed. 
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IN a previous  s tudy  [ 2 ] ,  the  possibi l i ty  of  a synergis t ic  
effect  of  a single dose of  lysergic acid d i e thy l amide  
(LSD-25)  and pre-exis t ing in t racrania l  organic  pa tho logy  
upon  behav ior  was invest igated exper imen ta l ly .  ] 'h is  likeli- 
hood  had been raised no t  only by clinical observa t ions  in 
humans ,  but  also by some repor t s  [3,5]  of  significant  
effects  fol lowing the  ingest ion of  a single drug dose of  
LSD-25 in subjec ts  with pre-exis t ing brain damage.  Thus  
the analogue s tudy  examined  the visual d i sc r imina t ion  
pe r fo rmance  of  rats subjec ted  e i the r  to a f ron ta l  cor tex  
lesion or  to a sham ope ra t ion  unde r  cond i t ions  of  single 
dose LSD-25 ( I . 0  mg/kg)  or p lacebo  in tuba t ion ,  t -vidcncc 
was ob ta ined  for  a relat ively long- te rm drug effect  by 
decreased accuracy  of pe r f o r m ance  and a drug-lesion 
in te rac t ion  was ref lected in s lower  runn ing  t ime.  The  la t te r  
f inding,  suggestive of a synergist ic  effect ,  was observed,  
however ,  only  when  the task d i f f icul ty  was increased,  and 
this s t ra tegy of  uncover ing  drug effects  which might  
o therwise  be obscured  was in keeping with the m e t h o d o l o -  
gy used by o t h e r  invest igators  [1 ,8 ,91.  Since, in the pr ior  
s tudy,  the  change  in task di f f icul ty  was ins t i tu t ed  fo l lowing 
two sets of  trials 24 hr  and 1 week p o s t i n t u b a t i o n  using no 
increase in level of  d i sc r imina t ion  di f f icul ty ,  it was not  
possible to d e t e r m i n e  w he t he r  any acute  ef fec t  existed.  The 
present  s tudy ,  using the s t ra tegy of  an immed ia t e  post in-  
t u b a t i o n  increase in task level d i f f icul ty ,  is conce rned  with 

acute ,  as well as the longer  last ing single-dose drug effects  
upon  visual d i sc r imina t ion  pe r fo rmance  of animals  b o t h  
with and w i thou t  pre-exist ing bra in-damage.  Fur the r ,  it 
a t t e m p t s  to repl icate  the previous obse rva t ion  of a drug- 
lesion in te rac t ion .  

METHOD 

Animals 

A total  of  112 exper imen ta l ly  naive Sprague-Dawlcy 
rats, a p p r o x i m a t e l y  I 00 days old, were used, with  80 in the 
main  e x p e r i m e n t  and 32 in an anci l lary con t ro l  expe r imen t .  
Upon arrival each was housed  separate ly  and al lowed one 
week of  ad lib food and water  prior to ass ignment  to 
surgery. Fol lowing surgery,  and t h r o u g h o u t  test ing,  water  
in take  was m o n i t o r e d  as a check on well-being. 

,4 pparatus and Procedure 

The animals  were subjected  to e i ther  bilateral  f ronta l  
cor tex  lesion or to sham opera t ion ,  al lowed 2 we~.ks of  
pos topera t ive  recovery,  and then  received I 1 prcdiscr imina-  
t ion t ra in ing trials, fol lowed by d i sc r imina t ion  t ra ining 
consis t ing of  2 successive blocks of  10 trials each daily to a 
cr i ter ion of  9 correc t  choices  for each 10-trial block.  The  
d i sc r imina t ion  box,  with  a shock grid f loor  and two alleys 

~ "l'his study Was performed as part of VA Research Project No. 2935-02. LSI) tartrate solution was supplied by tile Biomedical Research 
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in the choice chamber ,  used a light bulb  of  281 millilam- 
hefts  luminance  as a cuc for correct  choice.  

Inasmuch  as the  appara tus ,  surgery and his to logy,  
p red i sc r imina t ion  and d i sc r imina t ion  t ra in ing  were all iden- 
tical with tha t  repor ted  in the previous  s tudy [ 2 ] ,  f u r the r  
detai ls  will no t  be repeated  here.  

Testing procedure 

On the first day af ter  the  week of  d i sc r imina t ion  
training,  each animal  was given 20 retest  trials to assure 
adequa te  re ten t ion .  As in the previous  s tudy,  immedia te ly  
fol lowing the retest  trials, the animals ,  unde r  light e the r  
anaesthesia ,  u n d e r w e n t  in t ragastr ic  i n t u b a t i o n  with e i the r  
I,SI)-25 or p lacebo at the dosage level of 1.0 mg/kg body  
weight and at the  c o n c e n t r a t i o n  of  0.1 mg/ml.  The  dosage 
lcvel was the same as used in the previous  s tudy  [2] where  
it had been de t e rmined  as the lowest  effect ive single dose 
af te r  p re l iminary  screening with squads  of  animals  receiving 
four  lower concen t r a t i ons .  (Again,  it shoukt  be no ted  tha t  
i n t u b a t i o n  ra ther  than  in jec t ion was used in order  to 
a p p r o x i m a t e  more  closely the  oral type  of  admin i s t r a t i on  
c o m m o n l y  repor ted  wi th  h u m a n  subjects  as wcll as the 
rou te  used a lmost  exclusively by d rug -dependen t  pa t ien ts . )  
l h r o u g h o u t  the invest igat ion,  there  was no evidence of 
toxic effccts  as d e t e r m i n e d  by water  in take  and observa t ion  
of  behavior .  

Animals  were assigned to 1 of the 4 t r e a t m e n t  groups:  
drug-lesion (D-L), drug-sham (D-S}, placebo-les ion (P-L), or 
pk, cebo-sham (P-S). Each animal  was then  tested for visual 
d i sc r imina t ion  in the same m a n n e r  descr ibed in the  discrim- 
ina t ion  t ra in ing  with test  per iods given 2 hr, one  week. and 
onc m o n t h  pos t i n t uba t i on .  During all test  per iods in the 
main expe r imen t ,  a l i g h t - d a r k  d i sc r imina t ion  more  diffi- 
cult  than  the p r e i n t u b a l i o n  d i sc r imina t ion  t ra in ing level 
(unl i t  alley vs 281 mi l l i l amber t s  l uminance )  was used. This  
was ob ta ined  by changing the unl i t  alley to) a luminance  of 
50 mil l i lamberts ,  i.e., the same di f ferent ia l  as used for the 
initial increase in dif f icul ty  level in the previous  s tudy  [ 2 ] .  

In order  to highlight  the  eff icacy of using a more  
diff icul t  d i sc r imina t ion  level to reveal possible acute  experi-  
menta l  effects  which o therwise  might  be obscured ,  an 
anci l lary expe r imen t  with  32 animals  18 squads of 4 
animals)  was conduc ted .  The fo rmat  was ident ical  to the 
main expe r imen t  bu t  used only a single acute  set of test  
trials with luminance  unchanged  from that  of the discrimi- 
na t ion  t ra in ing trials, i.e.. of fer ing no increase in d i f f icul ty  
level. (The effect iveness  of increasing p o s t i n t u b a t i o n  dis- 
c r imina t ion  dif f icul ty  at o the r  than  acute  per iods had been 
po in ted  out  in the previous  s tudy [2] with  the same 
n u m b e r  of animals . )  

1~, I'~S U t . T S ,  

In order  to e l iminate  initial group di f ferences  and to 
take in to  accoun t  ceiling effects  on sc(~res, the analyses of 
results are based on data  f rom animals  ma tched  in all 4 
groups  as closely as possible on the p r e i n t u b a t i o n  r e t en t i on  
trials. For  accuracy of pe r fo rmance ,  this, then ,  provided 15 
squads of 4 animals  ma tched  for exact  n u m b e r  of errors.  
For  t ime scores, it yeas possible to ob ta in  [4 squads 
ma tched  within 1 sec on runn ing  t ime.  An error  score is the 
total  n u m b e r  of errors  made on a 20 trials test run by an 
animal ,  and a t ime score is the median  n u m b e r  of seconds  
required to run from start  cham be r  to goal box on  the 
successful trials of  the block of 20. 

For the  e r ro r -ma tched  animals  thcre  was a mean  body  
weight of  468.3  g (o = 50.5),  mean  n u m b e r  of 4.3 (o -- 1.0) 
days f rom the  end of  d i sc r imina t ion  t ra ining to r e t en t i on  
trials, a mean  of  54.7 (o = 18.9) t ra in ing trials to  reach 
cr i ter ion,  and a mean  of 0.3 (or = 0.4)  errors  on r e t en t ion  
trials. There  were no significant  d i f ferences  be tween  the 
various subgroups  in any of the above -men t ioned  variables. 
The t ime-ma tched  animals  had a mean  body  weight of  
467 .6  g (c~ = 53.9),  mean  n u m b e r  of  4.3 (o = 1.1) days f rom 
end of  t ra in ing  to r e t en t i on  trials, a mean  of  57.3 (o = 18.1 ) 
t ra in ing trials to reach cr i ter ion,  and a mean t imc of  11.2 
secs. (~J = 2.1) on the  r c t en t ion  trials. Again there  were no 
signif icant  sub-group di f ferences  on these variables. 

Both error  and t ime scores were subjected  to a three-  
fac tor  analysis  of  variance with 2 be tween  animal  variables 
(drug, lesion) and I within animal  variablc (trial per iods)  as 
descr ibed in W i n e r [  10].  As expec ted ,  and ref lect ing s imply 
increased task famil iar i ty,  pe r fo rmance  for the groups in 
bo th  measures  varied signif icant ly as a func t ion  of  trial 
periods:  errors  F ( 2 , 1 1 2 ) =  17.40, p < 0 . 0 0 1 :  t ime,  F (2 ,104)  
= 15.99, p < 0 . 0 0 1 .  

In the error  scores, a significant  drug-trials in te rac t ion ,  
F(2 ,112)  = 3.75, p < 0 . 0 5 ,  was observed.  Figure 1 plots  the 
error  scores of  the co inb ined  drug groups anti c o m b i n e d  
p lacebo groups by sets of  trials and po in t s  to a t rans ient  
acute  (2 hr) drug effect .  Analysis of  the s imple main effects  
at each t ime period conf i rmed  this  observa t ion  since only at 
the  acute (2 hr)  trials was the c o m b i n e d  drug group 
signif icant ly d i f fe rent  f rom the c o m b i n e d  placebo group,  
F ( 1 , 1 6 8 ) =  6.69,  p < 0 . 0 5 .  
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Analysis  of  t ime scores revealed again a significant  
drug-trials in te rac t ion ,  F ( 2 , 1 0 4 ) =  4.26,  p < 0 . 0 5 ,  wi th  no  
o the r  s ignif icant  f indings.  Figure 2 indicates  tha t  the ef fec t  
was more  chronic ,  beg inning  to appea r  at 1 week post in-  
t uba t i on  and increasing with trial per iods  to the  last 
m e a s u r e m e n t  per iod  at 1 m o n t h .  Simple main  effects  
analyses indica ted  tha t  the c o m b i n e d  drug group showed a 
t rend toward  signif icant  d i f fe rence  f rom the  c o m b i n e d  
p lacebo group  at 1 week p o s t i n t u b a t i o n ,  F ( I , 1 5 6 ) =  3.49,  
p < 0 . 0 7 ,  which  increased in s ignif icance to an F ( 1 , 1 5 6 ) =  
5.15, p < 0 . 0 5 ,  at 1 m o n t h .  The  relatively more  a b r u p t  
i m p r o v e m e n t  in error  scores, as con t r a s t ed  with t ime  scores, 
may in large part  be due to the design of  the s tudy  in which  
only  errors  resul ted,  as in t ra ining,  in c o n t i n u e d  grid shock.  
Al though  a s ignif icant  " b e t w e e n  g r o u p s "  lesion effect  
appeared  in er ror  scores, F ( 1 , 5 6 ) =  8.23, p < 0 . 0 1 ,  there  was 
no signif icant  i n t e rac t ion  with drug. Thus,  the clearest  
evidence for a possible synergist ic  or c o m b i n a t o r y  effect ,  
drug-lesion in te rac t ions ,  was not  observed in e i the r  e r ror  or 
t ime scores. It is of in teres t  to note ,  however ,  tha t  in those  
sets of  trials in which a drug effect  was appa ren t ,  the 
order ing  of  the  subgroups  was in the  expec ted  di rect ion.  
Figures 3 and 4 exempl i fy  this. 
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In the  anci l lary expe r i m en t ,  the  mean  body  weight  of  
the animals  was 444 .4  g (c, = 50.1),  the mean  n u m b e r  of  
days f rom end of  d i sc r imina t ion  t ra in ing to r e t en t i on  trials 
was 3.¢. ~ (a = 0.8), the mean  n u m b e r  of  t ra in ing trials to 
reach cr i ter ion was 55.9 (o = 15.8), and there  was a mean  
of  0.8 (o = 0.7) in errors  and a mean  of  10.1 (o = 2.6) sees. 
in runn ing  t ime for the r e t en t i on  trials. There  were no 
s ignif icant  subgroup  d i f fe rences  on the above variables. It 
was appa ren t  f rom the small  mean  pre-and p o s t i n t u b a t i o n  
subgroup  changes  in error  scores, ranging f rom - 0 . 4  to  
+0.1, and  in runn ing  t ime scores, ranging front --1.6 to 
-0 .3  sees., tha t  the  groups  did not  differ  s ignif icant ly.  
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Analysis of  variance con f i rmed  this with a l l F v a l u e s <  1.0. 
This, then ,  also indica ted  that effects  observed in the main 
e x p e r i m e n t  were not  due simply to some type  of  e ther -drug  
in te rac t ion .  

DIS('USSION 

The current  s tudy  pr imari ly  reveals s o m e w h a t  more  
clearly the effects  of  a single drug close upon  br ightness  
d i sc r imina t ion  than was appa ren t  front a previous initial 
inves t igat ion [2J conce rned  with the possible synergist ic  
effect  of  drug and pre-exist ing brain damage. Fol lowing a 
single dose of  LSD-25 (1.0 mg/kg),  there  is an immedia te  (2 
hr)  d e c r e m e n t  in accuracy of  pe r fo rmance  when  the 
animals  are required to cope wi th  a s o m e w h a t  more  
diff icul t  level of  d i sc r imina t ion  than  tha t  to which they had 
been trained.  This effect  appears  t rans ient  in tha t  at 1 week 
and I m o n t h  p o s t i n t u b a t i o n ,  d r u g p e r s e  was not  d i f ferent i -  
ally a f fec t ing  error  scores. 

The effect  of  a single drug close upon  runn ing  t imes 
appears  in a more  chron ic  fashion.  With successive t ime 
periods,  the c o m b i n e d  drug group d e m o n s t r a t e d  increasing- 
ly s lower t imes than  did the c o m b i n e d  p lacebo  group.  The 
f indings again conf i rm the conc lus ion  of  Rosen and Buga 
17] tha t  behaviora l  consequences  out las t  the drugged state.  
A l though  not  dealing with the same issue as the cur ren t  
s tudy ,  at least two o the r  invest igat ions  [4,6]  have also 
no ted  r e t a rda t ion  in m o t o r  behavior  fol lowing single dose 
admin i s t r a t i on  of  LSD-25. 
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A l though  the long-ternt  single dose drug effect  in error  
scores observed in the previous  s tudy [2] was not  replica- 
ted, the cur ren t  f indings are not  incons is ten t .  The  design of  
the previous s tudy  uti l ized increasing levels of discr imina-  
t ion dif f icul ty  which thus  may have uncovered  chronic  

learning dec rement s ,  appa ren t  only  as the task subt ly  
changed.  The present  simplif ied design with only  a single 
pos t - in tuba t ion  increase in d i sc r imina t ion  di f f icul ty  does  
not  provide the same o p p o r t u n i t y  to e lucidate  chron ic  
pe r fo rmance  dec remen t s  in accuracy,  but instead offers  
i n f o r m a t i o n  as to  a more  acute  (2 hr)  effect .  These 
cons idera t ions ,  toge the r  with the results  of the anci l lary 
acute  expe r imen t ,  conf i rm the value of the t e chn ique  of  
increasing task dif f icul ty  p o s t t r e a t m e n t .  In the ancil lary 
expe r imen t  the animals,  r a ther  than  being exposed to a 
more  diff icul t  p o s t i n t u b a t i o n  d i sc r imina t ion  level, were 
given the  identical  task upon  which they had been t ra ined,  
and no  effects  were observed.  Thus ,  it appears  tha t  the 
most  sensit ive design to uncover  acute  and chron ic  drug 
effects  should  involve p o s t t r e a t m e n t  changes  in task 
diff icul ty  in o rder  to  avoid obscur ing  such effects  by  
examin ing  s imply over learned behavior .  

Drug-lesion in te rac t ions ,  necessary evidence for conclu-  
sions regarding a synergist ic  or c o m b i n a t o r y  effect ,  were 
not  repl icated in the  present  s tudy,  it should  be po in ted  
out ,  however ,  tha t  in bo th  error  anti t ime scores the 
order ing of the wtrious groups was in the expec ted  d i rec t ion  
for such an effect .  As such,  it is in keeping with the  
previous f indings even though  in tile present  s tudy tha t  
degree of d i f ference  of  the drug-lesion subgroup  f rom all 
o thers  was insuff ic ient  to es tabl ish this  f inding with 
conf idence .  

In general ,  the f indings point  to a t rans ien t  acute  
impa i rmen t  in accuracy of  visual d i sc r imina t ion ,  and a 
relatively chronic  effect  upon  runn ing  t ime,  as the results  of  
a single dose of LSD-25. There  is also the suggest ion of a 
c o m b i n a t o r y  effect of  drug and pre-exist ing in t racrania l  
organic pa tho logy  such thal  the drug-lesion group tends to 
d e m o n s t r a t e  the most  s t r iking drug effect ,  acute  and 
chronic .  Some insight,  then .  may be provided in to  the 
disparate  clinical observa t ions  in h u m a n  subjects  where in  
chronic  i m p a i r m e n t  f rom a single dose of  1.SD-25 have very 
rarely been repor ted ,  and yet some associa t ion  be tween  
single drug dose and pre-exist ing organic brain dalnage has 
been noted.  
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