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JARBE, T U C,  P LOMAN AND M D B SWEDBERG Evidence supporting lack of discriminative sttrnulus 
propertws of a comblnanon of naltrexone and morphme PHARMAC BIOCHEM BEHAV 10(4) 493--497, 1979--The 
mm of the present experiment was to study the potentmlly discriminable effects of combinations of morphine and 
naltrexone dunng long-term treatment Three groups of gerbds had to &scnmmate the effects of morphine (12 mg/kg) and 
those of either sahne (4 ml/kg), naltrexone (2 mg/kg), or a combmatmn of this dose of morphine plus naltrexone injected IP 
60 mm prior to the start of the &scnmlnatlve training in a T-shaped maze. Rapid development of drug &scnmmatwe control 
of choice behavmr (left or nght turn m the maze) was ewdent in these 3 groups which ts m marked contrast to the 
performance of gerbils trained with morphme-naltrexone combmatmn vs sahne or gerbils trained with naltrexone only vs 
saline Neither of these latter groups reached the criterion of performing 8 correct first-trial chmces m 10 consecutive 
training sessmns dunng the 60 tralmng sessions allowed, while the 3 other groups began their cntenon performance after 
only 7-8 trmmng sessmns Thus the &scnmmaUve properties of certain combmatmns of morphine and naltrexone are weak 
and therefore are not easdy discriminable from the effects induced by sahne 

Drug discrimination Morphine Naltrexone Long-term treatment Gerbils 

THE DRUG &scnminaUon paradigm appears to be an inter- 
esting model to study the "subjective" response char- 
actenstics to drugs in laboratory animals. Drugs are studied 
with reference to their ability to act as discriminative stimuli, 
thereby guiding the choice behavior of animals [1, 2, 3, 11, 
12, 18, 24, 25, 32] The procedure may be considered a coun- 
terpart of the use of experienced human subjects to indicate 
slmdarlties or dissimilarities between drugs as assessed by 
various self-rating procedures [7, 10, 13, 22] 

Dependence on narcotics presumably occur because of 
the pleasurable effects these drugs evoke as experienced by 
the drug taker Naltrexone, the N-cyclopropyl-methyl con- 
gener of naloxone, may be of value in drug detoxlfication 
programs because of its remarkable long duration of an- 
tagonism of the effects of opiates. The blockade would hin- 
der the post-addmt from experiencing euphoria in case of 
relapse [5, 9, 20, 21, 31] 

Animals trained to discnrmnate the effects of opiate 
agonists and saline respond as tf not being drugged when 
tested with comhinatlons of naloxone or naltrexone and the 
opiates [4, 14, 16, 17, 18, 26, 27, 28, 29, 30, 33] That is 
animals perform the response associated with the saline 
condition and it is concluded that the antagonists blocked the 
stimulus or cue effects of the opiates. However, this does not 
necessarily mean that the effects of the drug combination is 
equal to the nondrug condition (saline) but only that the drug 

combination is not perceived as similar to the drugged 
(opiate) training condition. 

It is generally found that animals trained to discriminate 
between a certain psychopharmacological compound and the 
vehicle .ondltlon will emit nondrug associated responses 
when tested by substitution with certain drugs of dissimilar 
pharmacologmal character This occurs in spite of the fact 
that the drugs used for the substitution tests may well serve a 
discriminative function when used as training drugs [6]. Thus 
in the usual drug discrimination procedure only the drug 
condition is defined. Therefore in the present study we 
examined whether or not drug &scnminahve control would 
be evident when gerbils explicitly were trained to discrimi- 
nate a mixture of naltrexone and morphine from the vehicle 
condition. Such an approach may be useful for determining 
whether the combined effects of two drugs results in a con- 
dltlon similar to that produced by the vehicle An alternative 
conclusion is that the drug combination induced a new, 
" third" condition which is separable from the vehicle condi- 
tion 

METHOD 

Ammals 

Our animals were adult male (60-80 g) mongolian gerbils 
(Merlones unguiculatus) which were maintained in pairs in 

'A port~on of the results was presented at the "Fifth Scandinavian Meeting on Physiology and Behavior," May 20-22, 1977, Helslnkl, 
Finland 
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TABLE 1 

SCHEMATIC PRESENTATION OF THE EXPERIMENTAL PLAN 

Session-Treatments 
Group Symbol D~scnmmaUon Before After 

1 ® Morph a) Morph a ) -  
vs Sahne b) Sahne b) Morph + Nax 
n=20 

2 I~1 Morph a) Morph a ) -  
vs Morph + Nax b) Morph + Nax b) Sahne 
n=8 

3 ,~ Morph a) Morph a ) -  
vs Nax b) Nax b) Sahne 
n=8 

4 0 Morph + Nax a) Morph + Nax a ) -  
vs Saline b) Sahne b) Morph 
n=8 

5 ~- Nax a) Nax a ) -  
vs Saline b) Saline b) Morph 
n=4 

Experimental plan showing the various groups and the corresponding dis- 
criminative con&t~ons The treatments g~ven IP (4 ml/kg) 60 mln before sessions 
constituted the &scnmmauve con&t~ons for the T-maze trmmng To equahze the 
amount drug gwen the various groups received an addmonal reJection after the 
training Drug combinations were mixed shortly prior to use and were given m a 
single reJection (4 ml/kg IP) Stock solut|ons of the respect|ve drugs were not older 
than 48 hr Doses refer to the forms indicated t e ,  Morph = morphine HCI (12 
mg/kg) and Nax = naltrexone HCI (2 mg/kg) Symbols are those used m Figs 1 
and 2 

macrolone cages under standard laboratory condmons (12 
hrs hght/dark cycle, temperature 20-22°C, humidity 50%) 
The gerbils had free access to pelleted food and tap water 
and once a week cabbage, hemp- and sunflower seeds were 
supplied. 

Apparatus and Procedure 

The apparatus (electrified T-shaped maze) and procedure 
have been described elsewhere m more detail [15] In brief, 
the animals had to escape aversive stimulation by running to 
the "co r rec t "  side alley in a T-shaped maze. Training ses- 
sions started 60 min after injection when the ammal was 
dropped on the activated grid flood in the center alley of the 
maze The gerbil had to run in the maze until it reached the 
appropriate side alley. Escape through the left alley of the 
maze was required for 50% of the animals m a group when 
trained under one drug condition whereas the opposite alley 
was correct when trained under the other condition The 
reversed order was required for the remaining gerbils On a 
given training session escaping through the inappropnate 
alley was prevented by a barrier not visible to the animal 
when making the choice (left or right turn) The &scrimma- 
tlve conditions (cf Table 1) usually alternated on successive 
sessions as did the required choice Gerbils were trained 1 
session of 5 tnals per day for 4 days a week (Wednesdays 
and weekends were drug free) On a given training session 
the exit was found on the same side of the maze at all trials 
Thus escaping the maze was contingent upon the prevmling 
tramlng condition 

Test sessions for assessing dose-generahzat~on gradients 
of morphine in groups 1, 2 and 3 (cf Fig 2, see below) were 
similar to the regular training except that only 1 trial (instead 
of 5) was run and that escape was possible through either of 
the side arms of the maze. Two training sessions preceded a 
test Two drug-free days intervened between the 1st and 2nd 
test period Test trials were scheduled according to a cross- 
over design 

RESULTS AND DISCUSSION 

The results from the discriminative training are illustrated 
m Fig. 1 This figure shows that animals trmned with mor- 
phine only as one of the two conditions learned and main- 
tamed the T-maze task during the 52 sessions allotted The 
performance of these 3 groups never fell below 80% correct 
first-trial choices after session block 5 The average number 
of sessions (-+ S E.M ) until beginning a criterion of perform- 
mg 8 correct first-trial choices in 10 consecutive trmmng 
sessions were group 1.8.8 (2.7), group 2" 7 8(1 6), and group 
3 7.0(1 7). One gerbil in group 1 never met the criterion and 
was assigned a score of 52 One-way analysis of variance 
(ANOVA) suggested no significant effects 60<0 05) meaning 
that the rapidity by which these 3 groups evidenced drug 
discriminative control was similar None of the gerbils in the 
two other groups met this criterion during the entire period 
of 60 training sessions Probably a more sensmve measure of 
differential responding because of less vanabihty is the quo- 
tient between the number of correct versus the total number 
of first-trial choices The mean quotients (+- S E M.) for the 
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FIG 1 Acquisition of drug discriminations based upon the effects of morphine and/or naltrexone Ordinate, percent correct first-trial choices, 
abscissa, blocks of training sessions, each block composed of 2 sessions under each trmning condition Details about the various groups and 
treatments are found in Table 1 Eight gerbils from group 1 (morphine vs saline) were trained with morphine plus naltrexone rather than 
morphine singly after session block 10, and for group 4 (morphine plus naltrexone vs saline) naltrexone was withdrawn after session block 15 

and training continued with morphine only for the next 20 sessions Injections were given IP 60 min prior to the sessions 

initial 40 sessions were  group 1 0 80(0 03), group 2. 
0 80(0 02), group 3 0 78(0 04), group 4 . 0  36(0 03), and group 
5 0 32(0 04) A N O V A  suggested that groups 4 and 5 did not  
differ significantly (p >0  05) and that also this measure  failed 
to separate  groups 1, 2, and 3 (.0>0.05) F o r  these analyses  
group 1 was split into two groups (n = 8 and n -- 12) 
A N O V A  was also applied to the scores for all the 52 (all 
groups) and 60 (groups 4 and 5) training sessions and the 
results were  simdar to those  based on the initial 40 training 
s e s s I o n s  

That  the discr iminat ive proper t ies  of  the combina t ion  of  
morphine  plus nal t rexone are weak is fur ther  indicated by 
the per formance  of  the gerbils that  originally had learned the 
discr iminat ion be tween  morphine  and saline but af ter  session 
40 were  trained with nal t rexone plus morphine  versus  the 
saline condi t ion (cf  Fig. 1). The  animals did not  regain a 
drug discr iminat ion during 40 sessions,  a per iod dunng  
which all these gerbils originally had met  the cr i ter ion per- 
formance  This port ion o f  the study was run with the expec-  
tation that animals acquainted with drug discr iminat ive re- 
sponding would be more  sensit ive to the discr iminat ive ef- 
fects o f  drugs and hence be able to use drug effects  of  less 
magni tude as discr iminat ive events .  Such an increased sen- 
Sltlvity to drug discr iminat ive effects  has been descr ibed 
previous ly  for rats trained with L S D  [8] When nal t rexone 
was wi thdrawn in group 4 after session 60 and trmning con- 
t lnued with morphine  only there  was a significant increase in 
the number  of  correct  first-trial choices;  5 gerbils now 
reached the aforement ioned cr i ter ion per formance  with the 
20 sessions of  trmning Therefore  the lack o f  discr iminat ion 
for the group retrmned with the combinat ion  o f  morphine  
plus nal t rexone (8 gerbils f rom group 1) cannot  simply be  
attr ibuted to possible deve lopment  of  tolerance to the 
stimulus effects  of  morphine  Fur the rmore  when  groups 1, 2 
and 3 were  tested with novel  doses  o f  morphine  (3 and 6 
mg/kg) there were  no marked differences in the resulting 
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FIG 2 Dose-generalization gradients for morphine Ordinate, pre- 
cent choices into morphine "correct" arm of the maze, abscissa, 
doses of morphine Data points for novel, morphine doses (3 and 6 
mg/kg) are based on 7 observations each while the 2 other data 
points represent average percentage first-trial choices into 
morphine-associated side of the maze dunng 4 traimng sessions (14 
observations for each training condition) The number of gerbils per 
group=7 The results from l gerbil in each group were excluded 
because of incorrect first-trial choices during tralmng The training 

conditions are described in Table I 
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dose-effect lines (cf. Fig 2). The calculated ED~ovalues, i.e., 
the dose yielding 50% drug responses, were slmdar (4.4, 3.7, 
and 4.0 mg/kg respectively) and potency ratio deternunatlons 
suggested no signtficant differences (p>0.05) for the dose- 
effect lines [19]. 

Taken together the data suggest that a non&scnminable 
dose of naltrexone not only blocks the stimulus properties of 
morphine acutely but also hinders a drug discrimination with 
a discriminable dose of morphine to develop dunng a long 
period of trmning. Thus the combination of  naltrexone plus 
morphine reduces effects more similar to a nondrug cond~- 
Uon and therefore is not eastly &scrimmable from sahne 
under the present experimental conditions. 

Apart from the obvious poss~bihty of studying dis- 
cnminat~ve effects during long-term treatment of opiate 
agonists and antagomsts, the experimental protocol de- 
scribed should be a useful complement also in other areas of  
research For example Meyer and colleagues [23] found that 
rats with an extended history of 'voluntary'  drinking of 
opiold (etomtazene) solutions continued to dnnk significant 

amounts of these solutions in spite of being pretreated with 
naloxone. The present results would suggest that the most 
likely explanatton relates to secondary reinforcement prop- 
erties of  st~muh present during the acquisition of the 
etonitazene preferance 0 e., the pairing of the taste of the 
drug solution and alleviation of possible drug-withdrawal ef- 
fects) rather than state-dependency effects or lack of block- 
ade by naloxone [23] 
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