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SHEARMAN, G. T. AND A. HERZ. D-Ala? D-Leu®-enkephalin generalizes to a discriminative stimulus produced by
fentanyl but not ethylketocyclazocine. PHARMAC. BIOCHEM. BEHAV. 16(2) 249-252, 1982.—Male Sprague Dawley
rats were trained to discriminate between the effects of saline and either fentanyl (0.04 mg/kg) or ethylketocyclazocine (0.32
mg/kg) by responding on a FR 10 schedule of food reinforcement with a lever on one side of a food cup following a
subcutaneous saline injection and responding with a lever on the alternate side following the subcutaneous injection of one
of those drugs. The effects of an intracerebroventricular injection of either fentanyl (2.89-14.45 nmol) or D-
Ala?,D-Leu®-enkephalin (0.172-1.72 nmol) dose-dependently generalized to the discriminative stimulus produced by fen-
tanyl injected subcutaneously. Intracerebroventricular injection of ethylketocyclazocine (15.7-125.8 nmol) but not
D-Ala?,D-Leu-enkephalin (1.72-13.76 nmol) dose-dependently generalized to the discriminative stimulus produced by
ethylketocyclazocine injected subcutaneously. These data demonstrate similarities in the discriminative stimulus proper-
ties of proposed w and & but not x and 8 opiate receptor agonists.
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IT is well established that narcotic drugs can function as
discriminative stimuli to reliably control the operant behav-
ior of laboratory animals (for reviews see [6, 10, 12]). Re-
cently, it was suggested that differences in the discriminative
stimulus properties amongst narcotics are related to their
interaction with different opiate receptors [9, 19, 23].

It was the purpose of this study to evaluate the dis-
criminative stimulus effects of the proposed opiate & recep-
tor agonist [14, 21, 29-32] D-Ala? D-Leu’-enkephalin
(DADL) in rats trained to discriminate between the effects of
saline and either the proposed opiate u receptor agonist [16,
21, 30-32] fentanyl or the proposed x receptor agonist [11,
15, 21] ethylketocyclazocine (EKC). We now report that
DADL generalizes to a discriminative stimulus produced by
fentanyl but not EKC.

METHOD
Animals

Male Sprague Dawley rats (Musratus GmbH., Brunnthal,
F.R.G.) weighing between 300 and 350 g were used. The
animals were housed in single cages in a large colony room
thermostatically maintained at 24+1°C. The room lights
were turned on from 7:00 a.m. to 7:00 p.m. Water was con-
tinuously available in the home cages but food was restricted
to 20 g a day made available approximately 4 hr following
each operant session.

Apparatus

The behavioral apparatus consisted of six identical con-
ventional Skinner boxes housed in lightproof, sound-
attenuated, and fan-ventilated chambers. Each Skinner box
contained a houselight which was located above a food re-
ceptacle that was installed in the center of one wall equidis-
tant from two response levers. Scheduling of behavioral
contingencies and recording of data was made with solid-
state programming modules (Coulbourn Instrument Inc.,
Lehigh Valley, PA).

Discrimination Training

The rats were first trained to discriminate reliably be-
tween the effects of saline and either 0.04 mg/kg fentanyl
(n=12) or 0.32 mg/kg EKC (n=12) according to the proce-
dure of Colpaert et al. [7]. The rats were trained to respond
with one of the levers 30 min following training drug injection
and with the other lever 30 min following a saline (1 ml/kg)
injection. Every tenth response (FR 10) with the appropriate
lever resulted in the delivery of a food pellet. Responses with
the inappropriate lever (i.e., drug lever after saline injection)
were recorded but were not reinforced by the delivery of
food.

The drug lever was on the right side of the food receptacle
for half of the rats and on the left side for the remaining
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animals. For each rat, the position of the drug and saline
lever remained constant on each subsequent session. The
sequence of drug-saline injections was varied separately for
each group of rats trained successively on the same day.
Initially, the sequence of drug-saline injections alternated.
This training continued until five such alternations were
achieved and responding was stabilized with the appropriate
lever. Following this, the rats entered the final phase of train-
ing where drug-saline sessions were carried out 7 days a
week according to an irregularly alternating sequence of
drug-saline injections. In this and all subsequent phases of
the experiment, the session length was fixed at 15 min. The
rats were trained to a criterion of emitting four or less re-
sponses with the incorrect lever (i.e., drug lever after saline
injection) prior to the first reinforcement (10 responses with
the correct lever) on 9 out of 10 consecutive sessions.

Surgical Procedure

Following acquisition of this criterion level of perform-
ance, guide cannulas were implanted into the right lateral
ventricle (for technical details see [13]). At the end of the
experiment, 10 ul of 1% trypan blue solution was injected
into the cannula and the rats were immediately sacrificed by
decapitation to examine the placement of cannulas. Data
were evaluated only from those animals in which the spread
of dye indicated a correct injection site.

Discrimination Testing

One week following surgery, ten additional saline-
fentanyl or saline-EKC practice sessions were given to in-
sure maintenance of the discrimination. No deficit of reten-
tion of the discriminations was noticed. Discrimination tests
consisted of 15 min sessions separated by at least four prac-
tice sessions in which four or less responses were emitted
with the incorrect lever before lever selection. If the rat’s
performance on these practice sessions deteriorated with re-
spect to the number of responses with the incorrect lever
prior to lever selection, further training sessions were given
before testing was reinstated. For half of the rats, test ses-
sions were preceded by a saline practice session whereas for
the remaining rats, test sessions were preceded by a drug
practice session. For generalization testing, 15 min following
intraventricular injection or 30 min following subcutaneous
injection of the test drug each rat was placed in its assigned
Skinner box and allowed to respond with levers. The lever
with which 10 responses were emitted first was considered
the selected lever and was subsequently fixed to be rein-
forced (FR 10) for the remainder of the test session. Re-
sponses emitted with the other lever were recorded but not
reinforced.

Data Analyses

Data were expressed as a percentage of rats selecting
training drug lever following each drug treatment. The Fisher
Exact Probability Test was used to determine statistical sig-
nificance of results. Regression analysis was performed to
determine whether generalization to the training drug dis-
criminative stimulus was a dose-related effect. ED 50’s and
95% confidence limits were calculated according to the
method of Finney [8].
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TABLE 1

GENERALIZATION TESTS WITH RATS TRAINED TO DISCRIMINATE
BETWEEN THE EFFECTS OF SUBCUTANEQUSLY ADMINISTERED
FENTANYL (0.04 mg/kg) AND SALINE*

Dose % Rats Selecting

Test Drug (mg/kg) N7 Fentanyl Lever
Fentanyl 0.04 12 100
Saline — 12 0

nmol/rat

Fentanyl 2.89 6 0
7.23 6 50
14.45 6 100
Saline — 6 0
DADL 0.172 6 0
0.86 6 33
1.72 6 100

*Following injection of the test drug, the rats were placed in their
assigned Skinner boxes and allowed to make a lever selection. The
lever with which ten responses were completed first was considered
the selected lever.

tNumber of rats tested.

Drugs

The following drugs were used: ethylketocyclazocine
methanesulfonate (generously supplied by Sterling-Winthrop
Research Institute, Rensselaer, NY), fentanyl citrate
(Janssen Pharmaceutica, Beerse, Belgium), and D-
Ala?,D-Leu®-enkephalin (Bachem Feinchemikalien AG,
Bubendorf, Switzerland). Fentanyl and ethylketocyclazo-
cine were dissolved in 0.9% sterile saline and adminis-
tered SC in a volume of 1 ml/kg or intraventricularly in a
volume of 5-10 ul. DADL was dissolved in 0.9% sterile
saline and administered intraventricularly in a volume of 5
ul. Drug doses were calculated in terms of the free base.
Doses of each test drug were administered in an irregular
order.

RESULTS

As shown in Table 1, all of the rats selected the fentanyl
lever after subcutaneous injection of fentanyl (0.04 mg/kg)
whereas none selected this lever following a saline injection.
Intraventricular injection of either fentanyl (2.89-14.45
nmol/rat; 1-5 ug/rat) or DADL (0.172-1.72 nmol/rat; 0.1-1.0
pgfrat) dose-dependently (r's=1.0 and 0.91 respectively,
p’s<0.05) generalized to the discriminative stimulus
produced by fentanyl (0.04 mg/kg) administered subcutane-
ously. The ED 50’s were 7.23 (5.58-9.34) and 1.01 (0.80-
1.28) nmol/rat respectively.

Data summarized in Table 2 show that all of the rats in-
jected subcutaneously with EKC (0.32 mg/kg) selected the
EKC lever and none selected this lever after a saline injec-
tion. Whereas intraventricular injection of EKC (15.7-125.8
nmol/rat; 5-40 ug/rat) dose-dependently (r=0.99; p<0.05)
generalized (ED 50 39.8 (28.8-55.0) nmol/rat) to the dis-
criminative stimulus produced by EKC injected subcutane-
ously, DADL (1.72-13.76 nmol/rat; 1-8 wg/rat) did not.
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TABLE 2

GENERALIZATION TESTS WITH RATS TRAINED TO DISCRIMINATE
BETWEEN THE EFFECTS OF SUBCUTANEOUSLY ADMINISTERED
ETHYLKETOCYCLAZOCINE (0.32 mg/kg) AND SALINE

Dose % Rats Selecting
Test Drug (mg/kg) N EKC Lever
EKC 0.32 12 100
Saline — 12 0
nmol/rat
EKC 15.7 6 0
314 6 33
62.9 6 83
125.8 6 100
Saline — 6 0
DADL 1.72 6 0
3.44 6 33*
6.88 6 0
13.76 3 No Selectiont

For details see Table 1.

*p<0.05 versus EKC (0.32 mg/kg; SC or 125.8 nmol/rat; ICV),
Fisher Exact Probability Test.

+No Selection indicates that ten responses were not emitted with
either lever during the entire fifteen minute test session.

DISCUSSION

Recently, we reported [19] that fentanyl did not general-
ize to the discriminative stimulus produced by EKC and vice
versa and that the discriminative stimulus properties of fen-
tanyl and EKC were mediated by an interaction with u and x
opiate receptors respectively. The present experiment
demonstrates that the discriminative stimulus effects of the
proposed & opiate receptor agonist, DADL, dose-
dependently generalize to the discriminative stimulus effects
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produced by fentanyl but not EKC. Previously, it was re-
ported [29] that the effects of systemic administration of
D-Ala?,D-Leu’-enkephalinamide (10 mg/kg) did not general-
ize to a discriminative stimulus produced by either the non-
selective [21, 28-30] opiate agonist, etorphine or EKC. Al-
though amidation of enkephalin decreases its selectivity for
d receptors [30-32], D-Ala?-enkephalinamide [5] and D-Met*-
Pro®-enkephalinamide [3] have been reported to generalize to
a discriminative stimulus produced by the u-agonist [15, 21,
28-30] morphine.

In agreement with our present finding are the reported
similarities between p and 8 but not x and & opiate receptor
agonists with respect to their effect on dopamine [26] and
acetylcholine [25,27] metabolism. In addition, like fentanyl
[20] but unlike k agonists [28], the & agonist [14, 30-32] leu-
enkephalin was self-administered by laboratory animals
[1,22].

The exact mechanism by which DADL generalized to the
fentanyl discriminative stimulus remains to be determined.
In drug binding studies, *H)-DADL displays at least a 500-
fold higher affinity to & than x receptors but only a 5-8 fold
higher affinity for 8 than u receptors [11,17]. Furthermore,
30% of (1'5)-DADL has been shown to bind to u receptors in
rat brain [4]. Thus, the generalization of the effects of DADL
to those of fentanyl but not EKC may be the result of its
interaction with u and 8 but not « opiate receptors. Alterna-
tively, it was recently suggested that an interconversion [2]
or coupling [18,24] occurs between u and 6 receptors. There-
fore, interaction of DADL with the & receptor may result in
an interconversion or coupling to a u receptor and result in a
w or fentanyl-like effect. The lack of DADL generalization to
EKC in the present study suggests that interconversion or
coupling between 8 and « receptors may not occur.

In summary, these data demonstrate similar discrimina-
tive stimulus effects of proposed u and & but not x and 8
opiate receptor agonists.

ACKNOWLEDGEMENTS

This work was supported by the Deutsche Bundesgesundheit-
samt. The skilled technical assistance of Frau Ursula Bauerle is
greatly appreciated.

REFERENCES

1. Belluzzi, J. D. and L. Stein. Enkephalin may mediate euphoria
and drive-reduction reward. Nature 266: 556-558, 1977.

2. Bowen, W. D., S. Gentleman, M. Herkenham and C. B. Pert.
Interconverting u- and 8-forms of type I opiate receptors in rat
striatal patches. Proc. natn. Acad. Sci. U.S.A. 78: 4818-4822,
1981.

3. Browne, R. G. and B. Fondren. g-Endorphin and the narcotic
cue. In: Stimulus Properties of Drugs, edited by F. C. Colpaert
and J. A. Rosecrans. Amsterdam: Elsevier/North Holland,
1978, pp. 137-147.

4. Chang, K.-J., A. Killian, E. Hazum and P. Cuatrecasas. Mor-
phiceptin (NH,-Tyr-Pro-Phe-Pro-CONH,): A potent and spe-
cific agonist for morphine (u) receptors. Science 212: 75-77,
1981.

5. Chipkin, R. E., J. M. Stewart, D. H. Morris and T. J. Crowley.
Generalization of [DAla?]-enkephalinamide but not of Sub-
stance P to the morphine cue. Pharmac. Biochem. Behav. 9:
129132, 1978.

6. Colpaert, F. C. Discriminative stimulus properties of narcotic
analgesic drugs. Pharmac. Biochem. Behav. 9: 863-887, 1978.

7. Colpaert, F. C., C. J. E. Niemegeers and P. A. J. Janssen.
Theoretical and methodological considerations on drug dis-
crimination learning. Psychopharmacology 46:169-177, 1976.

8. Finney, D. J. Probit Analysis. London: Cambridge University
Press, 1952.

9. Herling, S. and J. H. Woods. Discriminative stimulus effects of
narcotics: Evidence for multiple receptor-mediated actions. Life
Sci. 28: 1571-1584, 1981.

10. Holtzman, S. G., H. E. Shannon and G. J. Schaefer. Dis-
criminative properties of narcotic antagonists. In: Discrimina-
tive Stimulus Properties of Drugs, edited by H. Lal. New York:
Plenum Press, 1977, pp. 47-72.

11. Kosterlitz, H. W. and S. J. Paterson. Characterization of opiate
receptors in nervous tissue. Proc. R. Soc. 210: 113-122, 1980.

12. Lal, H. G., G. Gianutsos and S. Miksic. Discriminative stimuli
produced by analgesics. In: Discriminative Stimulus Properties
of Drugs, edited by H. Lal. New York: Plenum Press, 1977, pp.
23.45.

13. Laschka, E., H. Teschemacher, P. Mehraein and A. Herz. Sites
of action of morphine involved in the development of physical
dependence in rats. Psychopharmacologia 46: 141-147, 1976.

14. Lord, J. A. H., A. A. Waterfield, J. Hughes and H. W. Koster-
litz. Endogenous opioid peptides: multiple agonists and recep-
tors. Nature 267: 495-500, 1977.



252

15.

17.

19.

20.

21.

22.

23.

Martin, W. R., C. G. Eades, J. A. Thompson, R. E. Huppler
and P. E. Gilbert. The effects of morphine- and nalorphine-like
drugs in the non-dependent and morphine-dependent chronic
spinal dog. J. Pharmac. exp. Ther. 197: 517-532, 1976.

. Martin, W. R., P. E. Gilbert, J. A. Thompson and C. A. Jessee.

Use of the chronic spinal dog for the assessment of the abuse
potentiality and utility of narcotic analgesics and narcotic
antagonists. Drug Alcohol Depend. 3: 23-34, 1978.

Pfeiffer, A. and A. Herz. Demonstration and distribution of an
opiate binding site in rat brain with a high affinity for ethyl-
ketocyclazocine and SKF 10,017. Biochem. biophys. Res.
Commun. 101: 38-44, 1981,

. Rothman, R. B. and T. C. Westfall. Direct evidence for allo-

steric coupling between distinct morphine and enkephalin re-
ceptors in vitro: Receptor-receptor coupling. Fedn Proc. 40:
305, 1981.

Shearman, G. T. and A. Herz. The different discriminative
stimulus properties (DS) of narcotics in the rat are the result of
their interaction with different opiate receptors. Neurosci. Lett.
Suppl. 7: 222, 1981.

Shearman, G. T., M. Hynes, S. Fielding and H. Lal. Clonidine
self-administration in the rat: A comparison with fentanyl self-
administration. Pharmacologist 19: 256, 1977.

Snyder, S. H. and R. A. Goodman. Multiple neurotransmitter
receptors. J. Neurochem. 35: 5-15, 1980.

Stein, L. and J. B. Belluzzi. Brain endorphins; possible
mediators of pleasurable states. In: Endorphins in Mental
Health Research, edited by E. Usdin, W. E. Bunney, Jr. and N.
S. Kline. London: Macmillan Press, 1979, pp. 375-389.

Teal, J. J. and S. G. Holtzman. Discriminative stimulus effects
of prototype opiate receptor agonists in monkeys. Eur. J.
Pharmac. 68: 1-10, 1980.

24.

25.

26.

27.

28.

29.

30.

31.

32.

SHEARMAN AND HERZ

Vaught, J. L., R. B. Rothman and T. C. Westpall. In vivo evi-
dence for the coupling between mu and delta receptors: Impli-
cations for analgesia. Fedn Proc. 40: 305, 1981.

Wood, P. L. and L. M. Stotland. Actions of enkephalin, mu and
partial agonist analgesics on acetylcholine turnover in rat brain.
Neuropharmacology 19: 975-982, 1980.

Wood, P. L., M. Stotland, J. W. Richard and A. Rackham.
Actions of mu, kappa, sigma, delta and agonist/antagonist
opiates on striatal dopaminergic function. J. Pharmac. exp.
Ther. 215: 697-703, 1980.

Wood, P. L. and A. Rackham. Actions of kappa, sigma and
partial mu narcotic receptor agonists on rat brain acetylcholine
turnover. Neurosci. Lett. 23: 75-80, 1981.

Woods, J. H., C. L. Gly and H. H. Swain. Behavioral actions of
some N-furyl benzomorphans and ketazocines in rhesus mon-
keys and mice. In: Characteristics and Function of Opioids,
edited by J. M. van Ree and L. Terenius. Amsterdam: Elesvier/
North Holland, 1978, pp. 403-411.

Woods, J. H., D. W. Hein, S. Herling, A. M. Young and R. J.
Valentino. Discriminative and reinforcing effects of some sys-
temically active enkephalin analogues. In: Endogenous and Ex-
ogenous Opiate Agonist and Antagonists, edited by E. L. Way.
New York: Pergamon Press, 1980, pp. 443-446.

Wiister, M., R. Schulz and A. Herz. Specificity of opioids
towards the u-, 8- and e-opiate receptors. Neurosci. Lett. 15;
193-198, 1979.

Wiister, M., R. Schulz and A. Herz. The direction of opioid
agonists towards u-, 8- and e-receptors in the vas deferens of the
mouse and the rat. Life Sci. 27: 163-170, 1980.

Wiister, M., R. Schulz and A. Herz. Multiple opiate receptors in
peripheral tissue preparations. Biochem. Pharmac. 30: 1883~
1887, 1981.



