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HIRSCHHORN, I. D. AND J. A. ROSECRANS. A comparison of the stimulus effects of morphine and lysergic acid 
diethylamide (LSD). PHARMAC. BIOCHEM. BEHAV. 2(3) 361-366, 1974. - Morphine and lysergic acid diethylamide 
(LSD) each was used as a discriminative stimulus for rats. After the injection of drug (morphine or LSD), depression of 
one lever of an operant test chamber resulted in positive reinforcement according to a variable interval schedule of 15 
sec (VI-15 sec). When saline was given, responses on the opposite lever were reinforced. Discriminated responding occurred 
when either morphine or LSD served as the discriminative stimulus. When animals which were trained to 
discriminate morphine from saline were given LSD, they pressed predominantly the saline-correct lever. Similarly, LSD 
discrimination did not generalize to morphine. Two 5-hydroxytryptamine (5-HT) antagonists, cyproheptadine and 
methysergide, and one acetylcholine (Ach) antagonist, atropine, did not effect morphine or LSD discrimination. The 
narcotic antagonist, naloxone, blocked the stimulus effect of morphine, but did not alter LSD discrimination. These 
results indicate that the morphine and LSD stimuli are dissimilar and that the integrity of 5-HT or Ach nervous systems 
is not essential for morphine or LSD to serve as a discriminative stimulus. 

Morphine Lysergic acid diethylamide (LSD) Discriminative stimulus Cyproheptadine Methysergide 
Atropine Naloxone 

MANY DRUGS can serve as discriminative stimuli in 
laboratory animals. Among these are morphine [4,6] and 
lysergic acid diethylamide (LSD-25) [5].  These two drugs 
produce very different effects in man and in animals and 
belong to different pharmacological classes; morphine is 
classified as a narcotic analgesic and LSD as a hallucinogen. 
The mechanisms by which either drug produces its various 
effects are not known, but several investigators have 
suggested that at least some of the effects of both drugs are 
mediated through putative 5-hydroxytryptamine (5-HT) 
nervous systems in the brain [1, 7 81. Previously, we 
reported that p-chlorophenylalanine (PCPA), a drug which 
markedly reduces the quantity of 5-HT in the brain, antag- 
onized the discriminative stimulus effect of morphine [6]. 
In the present experiments, we sought to further test the 
hypothesis that the neuronal pathways which contain 5-HT 
must be functioning normally for morphine to serve as a 
discriminative stimulus, and to test whether the same condi- 
tion is necessary for LSD discrimination. This hypothesis 
was tested by the administration of 5-HT receptor blockers 
to rats trained to discriminate between drug (LSD or 
morphine) and nondrug (saline) states. In addition, we 
compared the morphine and LSD stimuli in stimulus 
generalization tests and investigated the effects of atropine 
(cholinergic antagonist) and naloxone (narcotic antagonist) 
on the morphine and LSD cues. 

METHOD 

Animals 

Male Sprague-Dawley rats (Flow Research Animals, 
Dublin, Va.) were approximately 9 weeks old at the begin- 
ning of the experiments. They were housed in individual 
cages in air-conditioned quarters with an automatically 
timed cycle of 12 hr of light and 12 hr of darkness. The 
animals were maintained at 70 -80% of their expected free 
feeding weights by adjusted feedings following each experi- 
mental session. Water was freely available in the home 
cages. 

Procedure 

Discrimination training procedures were similar to those 
previously described [5]. First, animals were trained to 
press both bars of a standard operant test chamber (Lehigh 
Valley Electronics). The reinforcer was sweetened con- 
densed milk diluted 2:1 with tap water. After bar pressing 
was established on both levers, drug administration began. 
Each daily session was preceded by the injection of either a 
drug or normal saline. Depression of one of the 2 levers 
resulted in reinforcement after the administration of drug 
(morphine or LSD) and responses on the opposite lever were 
reinforced following saline. For one-half of the animals in 
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any group ,  the  r ight  lever was re in forced  w h e n  drug was 
given and  the  left  lever was cor rec t  fo l lowing saline;  these  
c o n d i t i o n s  were reversed for  the  r ema in ing  animals .  Dis- 
c r im ina t i on  t ra in ing  began  w i th  4 p re l imina ry  t ra in ing  
sessions of  15 rain  d u r a t i o n  in wh ich  drug and  saline 
a d m i n i s t r a t i o n  were a l t e rna t ed  daily and  each cor rec t  ba r  
press resul ted  in r e i n f o r c e m e n t .  S u b s e q u e n t  sessions,  also of  
15 rain  du ra t i on ,  were c o m p o s e d  of  an ini t ia l  2.5 rain 
per iod  dur ing  wh ich  no  responses  were r e in fo rced  and a 
l a t t e r  12.5 ra in  per iod  in w h i c h  responses  on  the  cor rec t  
lever were r e in fo rced  accord ing  to a var iable  in terval  
schedule  of  15 seconds  (VI-15 sec). Dur ing these  sessions,  2 
days of  d rug  t r e a t m e n t  were fo l lowed  by 2 days  of  saline 
t r e a t m e n t  ( d o u b l e  a l t e rna t ion ) .  Two groups  of  6 rats  each  
were  used. One  group  received LSD t a r t r a t e  (0.15 ~ tool /  
kg) and  n o r m a l  saline as the  2 t r e a t m e n t s  and  the  o t h e r  
received m o r p h i n e  su lpha te  ( l  0 mg/kg)  and  saline. LSD was 
admin i s t e r ed  5 m i n  before  the  session and  m o r p h i n e  was 
given 45 min  be fo re  the  session.  Saline was admin i s t e r ed  at 
a t ime  before  the  session wh ich  c o r r e s p o n d e d  to the  t ime  of  
a d m i n i s t r a t i o n  of  e i the r  drug, respect ively.  

Drug i n t e r a c t i o n  and  s t imulus  genera l i za t ion  experi-  
m e n t s  were accompl i shed  in sessions des igna ted  as tes t  
sessions. Af te r  40 d i s c r imina t i on  t ra in ing  sessions,  dis- 
c r imina ted  r e spond ing  was relat ively stable.  The  same 
an imals  c o n t i n u e d  to receive m o r p h i n e  and  saline or  LSD 
and  saline accord ing  to  a doub le  a l t e r na t i on  sequence .  
However ,  tes t  sessions were now  in t e rposed  a m o n g  dis- 
c r i m i n a t i o n  t ra in ing  sessions.  Test  sessions were sessions of 
2.5 m in  d u r a t i o n  in wh ich  no  responses  were re in forced .  An  
odd  n u m b e r  of  t ra in ing  sessions,  genera l ly  3, separa ted  any  
2 test  sessions. 

Drugs 

LSD t a r t r a t e  was o b t a i n e d  f rom the  Na t iona l  Ins t i tu t e s  
of  Menta l  Heal th .  All o the r  drugs were ob t a ined  f rom 

commerc i a l  sources.  C y p r o h e p t a d i n e  HCL (50 mg) was 
dissolved in 0.5 ml of  abso lu te  e thano l .  This  was d i lu ted  
w i th  0.7 ml  of  a p o l y e t h o x y l a t e d  vegetable  oi l -absolute  
a lcohol  vehicle  [2] and  t h e n  w i th  3.3 ml of  0.9% sod ium 
chlor ide  to  make  a so lu t ion  of  10 mg/ml ,  wh ich  was fu r t he r  
d i lu ted  wi th  n o r m a l  saline to make  so lu t ions  of  lesser 
c o n c e n t r a t i o n s .  All o the r  drugs were dissolved in 0.9% 
sod ium chlor ide .  With  the  e x c e p t i o n s  of  a t rop ine  sulfa te  
and LSD ta r t r a t e ,  wh ich  were ca lcula ted  as free bases 
(0.15 ~ moles  of  LSD = 72 ~zg), all drug doses refer  to  the  
salts. Drugs were in jec ted  i n t r ape r i t onea l l y  in a vo lume  of  
1 ml /kg  wi th  the  e x c e p t i o n  of  a t rop ine  sulfa te  which  was 
admin i s t e r ed  s u b c u t a n e o u s l y  in the  same vo lume.  

RESULTS 

The  d e v e l o p m e n t  of  d i sc r imina ted  re spond ing  w h e n  
e i the r  LSD or  m o r p h i n e  was used as a d i sc r imina t ive  stim- 
ulus is s h o w n  in Fig. 1. When  the  da ta  are r ep resen ted  as 
t hey  are in th is  figure, d i sc r imina ted  r e spond ing  is mani-  
fested by  a grea te r  pe rcen tage  of  responses  on  the  drug- 
cor rec t  lever fo l lowing the  a d m i n i s t r a t i o n  of  drug t h a n  af te r  
saline. Thus ,  d i sc r imina ted  re spond ing  was ev ident  f rom the  
first session b lock  w h e n  LSD and  saline were the  discrimi-  
nat ive  s t imul i  (70% LSD-correc t  responses  af te r  LSD; 47% 
LSD-correc t  responses  a f te r  saline) and f rom the  th i rd  
session b lock  w h e n  m o r p h i n e  and saline were the  s t imul i  
(64% m o r p h i n e - c o r r e c t  responses  af te r  m o r p h i n e ;  23% 
m o r p h i n e - c o r r e c t  responses  a f te r  saline). Wi lcoxon ' s  signed 
ranks  tes t  for  paired obse rva t ions  [ 3 ] ,  w h e n  appl ied to all 
10 session blocks,  ind ica tes  tha t  the  d i sc r imina ted  respond-  
ing is s ignif icant  in b o t h  cases ( p < 0 . 0 1 , 2 - t a i l ) .  

F igure  2 represen ts  the  da ta  ob t a ined  w h e n  an imals  
which  had  been  t r a ined  to d i sc r imina te  m o r p h i n e  and  saline 
were given various doses of  LSD and those  which  had  been  
t ra ined  w i th  LSD and  saline were given m o r p h i n e .  Each  
dose of  m o r p h i n e  tes ted  in the  LSD-t ra ined  animals  (Fig. 
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FIG. 1. Discriminated responding following the administration of LSD (a) or morphine (b). One group of 6 rats received 
0.15 ~ mol/kg of LSD or saline 5 min before the session. A second group of 6 rats were given 10 mg/kg of morphine or saline 
45 min before the session. On any given day, one-half of the animals of either group were given drug and the remainder given 
saline. Ordinate: number of responses in the first 2.5 min of the session on the LSD or morphine-correct lever expressed as a 

percentage of total response. Abcissa: successive blocks of 4 sessions. 
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FIG. 2. Generalization o f  discriminated responding following the adminis t ra t ion o f  LSD (a) or morphine  (b). Two and 
one-half  min test sessions during which no responses were reinforced were interposed among discrimination training 
sessions subsequent  to those represented by Fig. 1. Animals  which learned to discriminate LSD and saline received various 
doses o f  morphine  45 min  before the test sessions. Those animals which discrimined morphine  and saline were given LSD 5 
min before the session. Each point  is the mean  of  two determinat ions  in each of  6 animals. Vertical lines indicate + S.E.M. 
The open triangle and open square represent responding following LSD in LSD-trained animals and after morphine  in 
morphine-trained animals,  respectively. Ordinate: number  of  responses on LSD- or morphine-correct  lever expressed as a 

percentage o f  total responses.  Abcissa: Dose of  morphine  sulfate or LSD tartrate plot ted on a log scale. 

2a) produced responding appropriate to saline treatment, 
i.e. a very low percentage of LSD-correct responses. Increas- 
ing doses of LSD appear to have resulted in a concomitant 
increase in the percentage of morphine-correct responses 
made by the morphine-trained animals (Fig. 2b). These data 
suggest that a higher dose of LSD might produce a majority 
of responses on the morphine-correct lever. However, 
depression of response rate prohibited the testing of a 
higher dose of LSD. 

Figure 3 indicates that atropine did not decrease discri- 
minated responding following LSD (Fig. 3a) or morphine 
(Fig. 3b). In fact, a slight increase in discrimination after 
each drug is suggested by the data. Atropine caused an 
increased variability in responding as indicated by larger 
standard errors, following saline administration, but no 
consistent change in lever choice pattern was noted. 

The results obtained with cyproheptadine and methyl- 
sergide are shown in Table 1 and Fig. 4, respectively. 
Neither 5-HT antagonist markedly altered LSD or morphine 
discrimination. Data from only one dose of cyprohep- 
tadine, 3 mg/kg, are shown because the next higher dose 
tested, 6 mg/kg, severely depressed the response rate. No 
effect of methysergide on lever choice after saline injection 
was observed, but as in the case of atropine an increase in 
variability was apparent. 

Naloxone (Fig. 5) caused a decrease in the percentage of 
morphine-correct responses following morphine and the 
magnitude of the decrease was proportional to the dose of 
naloxone. LSD discrimination was not greatly changed by 
naloxone nor was responding following saline administra- 
tion in either group of animals. 

The absolute rates of responding after the various drug 
pretreatments are presented in Table 2. During discrimina- 
tion training (no pretreatment), the response rates under 
the drug and saline conditions were similar in each group. 
Both decreases and increases in response rate were observed 
after drug pretreatments. These changes of response rate 
had no apparent effect upon lever choice. 

DISCUSSION 

Morphine or LSD can serve as a discriminative stimulus 
in the rat when either drug state is paired with the injection 
of saline. The development of discriminated responding 
followed a similar time course for both drugs (Fig. 1). Thus, 
the doses of LSD and morphine used in the present study 
appear to be approximately equal in terms of their ability 
to produce discriminated responding. However, the results 
of stimulus generalization and drug interaction experiments 
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sessions and other details are as described in Fig. 2. 

T A B L E  1 

E F F E C T  O F  C Y P R O H E P T A D I N E  H C L *  O N  L S D  O R  M O R P H I N E  
D I S C R I M I N A T I O N  

Dose of Cyproheptadine (mg/kg) 

0 3 

LSD-correct responses (% of total) 

LSD$ 87.2 ÷ 4.2-~ 90.6 -+ 9.4 

Saline 30.9 _+ 3.0 17.4 +_ 10.1 

Morphine-correct responses (% of total) 

Morphine§ 98.4 ± 1.3 97,5 +- 2.5 

Saline 20.4 _+ 4.5 7.2 _+ 4.6 

*Cyproheptadine was administered, i.p., 1 hr before session. 
Time of administration of LSD, morphine and saline were same as 
for discrimination training. 

tData are presented as mean -+ S.E.M. 
:~n=5  
§ n = 6  

ind ica te  t h a t  the  s t imulus  effects  of  m o r p h i n e  and LSD are, 
in o the r  ways,  very d i f fe rent .  

When  an imals  which  were t r a ined  to  d i sc r imina te  LSD 
f rom saline were given var ious  doses of  m o r p h i n e ,  they  
pressed p r e d o m i n a n t l y  the  sa l ine-correct  bar  (Fig. 2a). 
Similar ly,  LSD p r o d u c e d  sa l ine-appropr ia te  r e spond ing  in 
animals  wh ich  had  learned  to d i sc r imina te  m o r p h i n e  and 
saline (Fig. 2b).  These  da ta  provide  no  evidence  for  stim- 
ulus genera l i za t ion  b e t w e e n  m o r p h i n e  and LSD. These  
results  are no t  surpr is ing in view of  the  fact  t ha t ,  in man ,  
the  perce ived  effects  of  these  two  drugs are very  dissimilar.  

Ne i the r  c y p r o h e p t a d i n e  or  me thyse rg ide ,  b o t h  of  which  
are 5-HT an tagonis t s ,  no r  a t rop ine ,  an an t i cho l ine rg ic  agent ,  
b locked  m o r p h i n e  or LSD d i sc r imina t ion .  The  on ly  drug 
which  did a l ter  d i sc r imina ted  r e spond ing  in the  p resen t  
s tudy  was na loxone .  This  na rco t i c  an tagon i s t  clearly 
b locked  the  s t imulus  ef fec t  of  m o r p h i n e ,  bu t  did no t  ef fec t  
LSD d i sc r imina t ion .  The  presen t  f ind ing  t ha t  5-HT antag-  
onis ts  do no t  e f fec t  the  m o r p h i n e  or  LSD s t imulus  does  no t  
s u p p o r t  the  h y p o t h e s i s  t ha t  the  n e u r o n a l  p a t h w a y s  which  
con t a in  5-HT mus t  be f u n c t i o n i n g  no rma l ly  for  m o r p h i n e  or 
LSD to  serve as a d i sc r imina t ive  s t imulus .  The  results  w i th  
m o r p h i n e  are in d i sagreement  w i th  the  results  of  a previous  
s tudy  [6] in wh ich  p a r a c h l o r o p h e n y l a l a n i n e  (PCPA),  a 
dep le to r  of  5-HT, b locked  m o r p h i n e  d i sc r imina t ion .  How- 
ever, a l t h o u g h  it is k n o w n  tha t  these  drugs an tagon ize  the  
effects  of  5-HT in the  pe r iphe ry  and t ha t  t hey  can pene t r a t e  
the  b lood  bra in  barr ier ,  the  e x t e n t  to  wh ich  c y p r o h e p t a d i n e  
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T A B L E  2 

EFFECT OF DRUG PRETREATMENTS ON RATE OF RESPONDING IN FIRST 2.5 MIN OF THE SESSION 
(UNREINFORCED) 

Pretreatment (mg/kg) Replications Saline 

Rate (responses/min) 

Morphine (10 mg/kg) Saline LSD (0.15 ~mol/kg) 

none 20 8.2 8.2 5.3 4.2 

atropine (0.5) 1 7.3 3.2 3.0 4.1 

(1.0) 1 7.1 5.0 3.7 5.6 

(2.0) 1 7.5 2.3 5.3 7.5 

methysergide (3) 1 10.3 10.2 4.3 2.1 

(6) 1 5.9 3.3 7.4 4.5 

(10) 1 6.0 4.8 6.5 2.8 

cyproheptadine (3) 1 10.6 5.3 2.3 1.6 

naloxone (0.1) 1 19.6 13.7 5.2 7.5 

(0.2) 1 20.3 8.6 4.6 6.0 

(0.4) 1 l 1.2 11 .l 3.5 2.1 

and me thyse rg ide  ac tua l ly  b lock  5-HT recep to r s  in the  b ra in  
is no t  k n o w n .  In add i t ion ,  it c a n n o t  be d e t e r m i n e d  w h e t h e r  
the  b lockade  of  m o r p h i n e  d i sc r imina t ion  in the  earl ier  s t udy  
was caused by  5-HT dep l e t i on  or by  some o t h e r  ef fec t  of  
PCPA. P rob l ems  such  as these  p r o b a b l y  c o n t r i b u t e  to  the  
c o n t r a d i c t o r y  resul ts  wh ich  are c o m m o n  in e x p e r i m e n t s  
inves t igat ing the  re la t ionsh ip  b e t w e e n  pu ta t ive  neuro -  
t r a n s m i t t e r  sys tems  and  drug effects .  Such conf l ic t ing  

resul ts  are well i l lus t ra ted  by  the  l i t e ra tu re  on  m o r p h i n e  
[9 ] .  Thus ,  a l t h o u g h  the  p resen t  s t udy  does  no t  suppo r t  the  
h y p o t h e s i s  t h a t  the  s t imulus  effects  of  m o r p h i n e  and LSD 
are med ia t ed  by  5-HT c o n t a i n i n g  neurons ,  ne i t he r  does  it 
en t i re ly  re fu te  this  possibi l i ty .  Perhaps  the  d e v e l o p m e n t  of  
more  specific and  clearly def ined  m e t h o d s  of  a l ter ing the  
f u n c t i o n  of  se ro tonerg ic  n e u r o n s  will c o n t r i b u t e  to  answer-  
ing this  ques t ion .  
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