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ABSTRACT 

Meert, T.F. and C.J.E. Niernegeers: Effects of loperamide-oxide on fentanyl drug dis- 
crimination in rats. Drug Dev. Res. 15:415-418, 1988. 

The effects of loperamide and loperamide-oxide were studied in rats trained to discriminate 
0.04 mgikg fentanyl from saline. After oral pretreatment with the doses of 0.63, 2.50, 10.0, 
and 40.0 mgikg, neither loperamide nor loperamide-oxide produced any generalization with 
fentanyl. Both compounds depressed the response rate at 10 and 40 mgikg. These results 
indicate that loperamide and loperamide-oxide produce no fentanyl generalization in rats up 
to doses at least 250 times their antidiarrheal dose and that both drugs are expected to be 
devoid of an opiate-like addiction liability in man. 
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INTRODUCTION 

Recently the antidiarrheal activity of loperamide-oxide, a prodrug of loperamide, has 
been described [Niemegeers et al., 19861. When given orally, loperamide-oxide did not differ 
from loperamide in terms of potency and specificity. With both drugs no central opiate-like 
effects were apparent. Intravenously injected loperamide revealed maximal plasma concen- 
trations resulting in a maximal availability of this drug for the opiate receptors and leading to 
opiate-like central effects. Upon intravenous injections with loperamide-oxide, the prodrug 
was only slowly converted to loperamide. As a consequence, there was a more gradual 
development of intestinal activity, an absence of opiate-like central effects, and much less 
toxicity as compared to loperamide [Niemegeers et al., 19861. 

To investigate further the pharmacology and the safety of loperamide-oxide, its potential 
generalization with the opiate fentanyl was studied in a discrimination test. This procedure was 
used as a preclinical evaluation of the narcotic-like addiction liability of the compound since 
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earlier studies indicated that the subjectively experienced effects of systemic administered 
opiates in rats were exclusively associated with specific central narcotic actions induced by 
these agents in man [Colpaert, 1978, 1985; Herling and Woods, 1981; Holtzman, 19821. 

MATERIALS AND METHODS 
Animals 

Five male Wistar rats, weighing 240 2 20 g at the beginning of the experiment, were 
used. They were individually housed in standard rodent cages, tapwater being available ad 
libitum, and access to standard dry powdered food being limited to 1 hr daily. 

Apparatus 

Test cages (Coulbourn Instruments@) fitted with a house light and two levers were 
programmed by solid-state logic modules. Between the two levers, a food pellet receptacle was 
mounted 2 cm above the floor of the cages. The cages were placed in a light- and 
sound-attenuating outerbox. The experiments were conducted in a continuously illuminated 
and air-conditioned room (temp.: 21°C 5 1°C; R.H.: 65% ? 15%). 

Compounds 

of 0.63, 2.50, 10.0; and 40.0 mgikg. 

Procedure 

The procedure has been described extensively in previous papers [see Colpaert et al., 
1975a1. In short, after initial shaping, the rats were trained to discriminate fentanyl from 
saline. Thirty minutes before a 15-min session, the rats were injected subcutaneously with 
either 0.04 mgikg fentanyl or saline. When given fentanyl, the rats obtained reinforcement (a 
45-mg food pellet) for every 10th press of the drug lever. When given saline, the same 
reinforcement was obtained by pressing the saline lever. Responses on the incorrect lever 
produced no programmed consequences. After each session, the rats were allowed to feed 
freely for 1 hr. Each rat was run once a day, except vn weekend days, during which the rats 
were given free access to food between 10 and 12 A . M .  Once the animals were trained, 
generalization experiments using loperamide or loperamide-oxide started. The drug doses were 
given 60 min before the test sessions, followed 30 min later by a subcutaneous injection of 
saline. The lever on which ten responses were first completed was considered the selected 
lever. All responses were recorded and the percentage on the selected lever was calculated. 
The response rate was expressed as a percentage of the previous saline session. 

Loperamide and loperamide-oxide were both tested orally in a random order at the doses 

RESULTS 

The results obtained with loperamide and loperamide-oxide are qhown in Table I .  All 
rats selected the saline lever and delivered on this lever from 98.70 to 100% of all responses. 
No differences (P > .05; Wilcoxon. two-tailed) [Siegel, 19561 were observed between solvent 
and loperamide or loperamide-oxide treated rats in terms of percentage of responding on the 
saline lever. Stimulus generalization with fentanyl after oral loperamidc or loperamide-oxide 
was, therefore, completely absent. 

In terms of the total response rate, expressed as a percentage of the total number of 
responses during the last saline session, both loperamide and loperamide-oxide decreased 
responding below the solvent control level (P < .05; Wilcoxon, two-tailed) [Siegel, 19561 at 
10 and 40 mgikg. At 10.0 mg/kg, a reduction of 39.4% and 24.6% was observed with 
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TABLE 1. Effects of Loperamide and Loperamide-Oxide (Oral, t-60) in Rats Trained to 
Discriminate 0.04 mg/kg Fentanyl (s.c., t-30) From Saline 

% responding Response rate 
Dose orally No. of rats ?h generahation on selected lever % of last saline 

Compound (mg/kg) tested with fentanyl (mean f SEM) session (mean f SEM) 
Solvent - 5 0 100 ? 0 
Loperamide 0.63 5 0 100 * 0 96 2 1 

102 * 2 

2.50 5 0 100 f 0 96 ?r 3 
10.00 5 0 99 2 1 61 ? 12* 
40.00 5 0 99 f 0 42 2 12* 

Solvent - 5 0 100 % 0 100 f 2 
Loperamide- 0.63 5 0 100 k 0 95 f 6 

oxide 2.50 5 0 100 * 0 88 * 5 
10.00 5 0 I 0 0  If: 0 15 f I *  
40.00 5 0 loo c 0 51 rt 11* 

*Wilcoxon, two-tailed, P < .05. 

loperamide and loperamide-oxide, respectively. At 40 mg/kg the corresponding values were 
S8.3% and 48.9%. 

DISCUSSION 

The effects of loperamide and loperamide-oxide were studied on fentanyl-trained rats in 
the drug discrimination test procedure. Neither loperamide nor loperamide-oxide produced any 
generalization with the opiate fentanyl. After oral pretreatment with both compounds at doses 
ranging from 0.63 to 40 mgikg, all rats selected the saline lever with great accuracy and 
responded almost exclusively on that lever; an effect already described for loperamide by 
Colpaert et al. [ 197Sbl. Loperamide and loperamide-oxide are equipotent antidiarrheals with 
lowest oral ED,,’s in the castor-oil test of 0.15 and 0.16 mg/kg, respectively [Niemegeers et 
al., 19861. Because both drugs lack stimulus generalization with fentanyl at doses up to 
40 mgkg and because the discriminative stimulus properties of fentanyl in rats are argued to 
be homologous to the subjective effects of this opiate in man [Colpaert, 19851, it may be 
stated, therefore, that both compounds will be devoid of any narcotic-like addiction liability up 
to doses at least 250 times their antidiarrheal dose. This statement has been confirmed 
clinically for loperamide since, during the more than 10 years of extensive use as an 
antidiarrheal worldwide, not a single case of drug addiction has been reported. 

In agreement with previously reported effects of loperamide [Colpaert et al., 1975b], 
there was a dose-dependent decrease in response rate at the highest test doses of 10.0 and 
40.0 mgkg. The same doses of loperamide-oxide reduced response rates but to a smaller 
extent than loperamide. Adverse effects therefore appear to he less pronounced with 
loperamide-oxide, and this is in agreement with the toxicity studies in which loperamide-oxide 
was found to be less toxic than loperamide [Niemegeers et al., 19861. 

In conclusion, the present study shows that loperamide-oxide does not produce fentanyl 
generalization in rats and is, therefore, expected to be devoid of narcotic-like addiction liability 
in man. The lower level of response inhibition with loperamide-oxide furthermore is an 
indication that systemic effects, ultimately leading to toxicity, are less pronounced than with 
loperamide and may result in an even safer antidiarrheal action. 
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