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(3) 481–488, 1999.—Rats
trained to discriminate the mu agonists fentanyl or morphine from their respective vehicles generalize to the partial mu ago-
nist nalorphine incompletely and inconsistently. Any number of factors may influence the generalization patterns obtained,
one of which being the specific dose of the full opioid agonist used during training, a factor reported to influence generaliza-
tion with other partial opioid agonists. To assess if training dose influences stimulus generalization to nalorphine and to sup-
port its role in the aforementioned variability across studies, in the present experiments rats were trained to discriminate ei-
ther a low (5.6 mg/kg) or a high (10 mg/kg) dose of morphine from distilled water within the taste aversion baseline of drug
discrimination learning. Subjects were then given a range of doses of morphine, nalorphine, methadone, or naloxone to assess
the degree of substitution (if any) of these compounds for the training dose of morphine. For all subjects, morphine fully sub-
stituted for itself, and the opioid antagonist naloxone failed to substitute for the morphine cue. Rats generalized the mor-
phine cue to nalorphine in subjects trained at the lower dose but not in subjects trained at the higher dose. Rats generalized
the morphine cue to methadone in the latter group (the high dose group), indicating that the failure to generalize to nalor-
phine in this group was not a general inability of an opioid agonist to substitute for morphine. Naloxone blocked morphine
stimulus control in all subjects and nalorphine control in the low-dose group for which nalorphine substituted for morphine,
suggesting that morphine control (and the nalorphine substitution) was based on opioid activity. These results indicate that
the substitution patterns of nalorphine in morphine-trained subjects are a function in part of the dose of morphine used in
training and support the position that nalorphine is a partial opioid agonist with intermediate efficacy. © 1999 Elsevier Sci-
ence Inc.

 

Training dose Morphine Nalorphine Drug discrimination learning Conditioned taste aversion

 

IN a recent discussion of the discriminative stimulus proper-
ties of nalorphine and other mixed action opioids (2,10,20,
22,24,34), Picker suggested that nalorphine produces a kappa
(as opposed to mu)-like stimulus profile in rats [see (19,22)], a
conclusion based on a variety of sources assessing the ability
of nalorphine to substitute for mu [(3,7,9,10,17,41); however,
see (4)] and kappa [(31,32); however, see (11)] opioid agonists
within drug discrimination learning. Although nalorphine
generally fails to substitute for mu agonists in rats, this failure
may be more a function of training dose than the general ab-

sence of any similarity of discriminative effects between
nalorphine and other mu agonists. Support for this position
comes from the fact that in other assessments of mu agonists,
training dose affects the substitution of partial agonists. For
example, the partial mu opioid agonists meperidine and pro-
fadol substitute for a low, but not a high, dose of fentanyl in
pigeons trained to discriminate two doses of fentanyl from sa-
line (23). Similarly, the mu opioids nalbuphine (38,42) and cy-
clazocine (12) substitute for a low, but not a high, dose of
morphine in pigeons trained to discriminate two doses of mor-
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phine from saline. Consistent with the results described above
with other partial mu agonists, nalorphine substitutes for a
low, but not a high, dose of fentanyl in pigeons trained to dis-
criminate two doses of fentanyl from vehicle within a two-key
food-reinforced design. These results differ from those ob-
tained with the full agonists morphine and LAAM, which
completely substitute for both training doses of fentanyl (24).
Training dose has also been shown to influence the substitu-
tion patterns obtained with a number of partial opioid ago-
nists in rats trained to discriminate either a low or high dose of
morphine from its vehicle. For example, in rats trained to dis-
criminate two doses of morphine from its vehicle, the partial
mu agonists (

 

2

 

)-pentazocine, (

 

2

 

)-metazocine, proxorphan,
(

 

2

 

)-NANM, (

 

2

 

)-cyclazocine, and levallorphan completely
substitute for morphine only in the low-dose group. Partial
generalization to these partial agonists is demonstrated in
those animals trained with the higher dose of morphine (20).
In addition, the partial agonist nalbuphine substitutes for a
low, but only partially for a high, dose of morphine in rats
trained to discriminate two doses of morphine from saline
(30). Assessments of the effects of training dose on nalor-
phine substitution have been limited to a single study [see
(41)]. Conclusions from this study are difficult to make, how-
ever, given that nalorphine did not consistently substitute for
either dose of morphine used during training. When compar-
ing nalorphine’s ability to substitute for morphine across dif-
ferent studies, however, nalorphine produces partial substitu-
tion in rats trained to discriminate low (9,10,29), but not high
(7,17), doses of morphine from its vehicle, indicating that
nalorphine substitution patterns in rats might vary with the
training dose.

Although the degree to which nalorphine substitutes for
morphine appears to be a function of training dose, this effect
has not been demonstrated in rats trained and tested under
similar conditions (as noted above the substitution patterns
with nalorphine were based on between-study comparisons).
To that end, in the present experiment rats were trained to
discriminate either a low or a high dose of morphine within
the conditioned taste aversion baseline of drug discrimination
learning [see (16,25–28,33,36,37)] and then tested for the abil-
ity of nalorphine to substitute for the morphine training stim-
ulus. Specifically, animals were injected with either 5.6 (Ex-
periment 1) or 10 (Experiment 2) mg/kg morphine prior to a
saccharin–LiCl pairing and the morphine vehicle prior to sac-
charin alone. Under these conditions, subjects learned to
avoid the saccharin solution when it was preceded by mor-
phine and to consume the same solution when it was preceded
by the drug’s vehicle. Following acquisition of the morphine
vs. distilled water discrimination, subjects were administered
various doses of nalorphine to assess its ability to substitute
for morphine. Subsequently, naloxone was then administered
to test the specificity of the opioid stimulus. Finally, naloxone
was given in combination with morphine to demonstrate that
the discriminative stimulus effects of morphine resulted from
its interactions at the opiate receptor.

 

METHOD

 

Subjects

 

Subjects were 36 experimentally naive, female rats of
Long–Evans descent, approximately 200–290 g at the start of
the experiments. They were housed in individual wire-mesh
cages and maintained on a 12 L:12 D cycle and at an ambient
temperature of 23

 

8

 

C for the duration of the experiments. Rat

chow (Prolab Rat, Mouse, Hamster 3000) was available ad
lib. Fluid access was provided only during experimental ses-
sions.

 

Drugs

 

Morphine sulfate, methadone hydrochloride, nalorphine
hydrochloride (all generously supplied by the National Insti-
tute on Drug Abuse), and naloxone hydrochloride (gener-
ously supplied by DuPont Pharmaceuticals) were dissolved in
distilled water and injected intraperitoneally (IP) (1 ml/kg
body weight). Lithium chloride (purchased from Sigma
Chemical Co., St. Louis, MO) was dissolved in distilled water
and injected IP at a volume of 12 ml/kg body weight.

 

EXPERIMENT 1 (LOW-DOSE GROUP)

 

Procedure

Phase I: acquisition. 

 

At the outset of training, 18 subjects
were given 20-min access to water for 23 consecutive days in
their home cages until all subjects consistently drank levels
greater than 10 ml. On days 24–26, a novel saccharin solution
(0.1% w/v saccharin sodium salt, Sigma Chemical Co.) re-
placed water during the 20-min access period (saccharin ha-
bituation) and was preceded on the last day of saccharin ha-
bituation by an IP injection of distilled water (1 ml/kg).

On day 27, all subjects were given an IP injection of 5.6
mg/kg morphine 30 min prior to 20-min saccharin access. Im-
mediately following saccharin access, subjects were ranked
according to saccharin consumption (from lowest consump-
tion to highest) and assigned to one of two groups (groups
5.6L and 5.6W, 

 

n

 

 

 

5

 

 9 per group). Subjects in group 5.6L were
given an IP injection of 1.8 mEq/0.15 M LiCl (76.8 mg/kg),
while subjects in group 5.6W were given an equivolume injec-
tion of the distilled water vehicle. On the following 3 days, all
subjects were injected with distilled water (1 ml/kg) 30 min
prior to saccharin access. No injections were given following
saccharin access on these recovery days. The exceptions to
this procedure were two subjects in group 5.6L, who did not
acquire the morphine/distilled water discrimination by condi-
tioning trial 28. For these subjects (and for two subjects in
group 5.6W), morphine and distilled water were injected 15
min prior to saccharin access. Therefore, in this and all subse-
quent phases, four rats within this experiment received a 15-
min morphine pretreatment period, whereas all remaining
rats were given a 30-min morphine pretreatment period. This
alternating procedure of one conditioning session (morphine–
saccharin–LiCl or morphine–saccharin–distilled water) fol-
lowed by three recovery sessions (distilled water–saccharin)
was repeated until discriminative control had been estab-
lished for all experimental subjects. Discriminative control for
any specific subject in group 5.6L was defined as occurring
when that subject consumed at least 50% less than the mean
of group 5.6W on two consecutive conditioning trials. One
subject within group 5.6L did not acquire the morphine/dis-
tilled water discrimination by conditioning trial 82, so this an-
imal was removed from the experiment.

 

Phase II: generalization. 

 

The procedure followed in this
phase was identical to that of Phase I with one exception. On
the second day following conditioning (the second recovery
day within phase I, but a probe day in this phase), subjects
were administered one of a range of doses of morphine (1.8–
18 mg/kg), nalorphine (1–18 mg/kg), or naloxone (3.2–18 mg/
kg) 30 (morphine) or 15 (nalorphine and naloxone) min prior
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to saccharin access. An individual subject in group 5.6L was
tested only if its consumption was 50% or less than the mean
of group 5.6W for the two preceding conditioning trials. The
lowest dose tested of each drug was one at which subjects
in group 5.6L demonstrated vehicle-appropriate responding
(in which the mean amount of saccharin consumed by sub-
jects in group 5.6L did not significantly differ from the mean
amount consumed by group 5.6W). All drugs were tested up
to the dose that either caused subjects in group 5.6L to con-
sume amounts 50% or less than group 5.6W or that sup-
pressed responding in all subjects within groups 5.6L and
5.6W. No injections followed these probe sessions. One sub-
ject within group 5.6L and one subject within group 5.6W
died before the nalorphine generalization portion of this ex-
periment could be completed. Two subjects within group 5.6L
failed to complete the naloxone generalization portion of this
experiment. Data for these animals are missing from a por-
tion of this phase and from subsequent phases.

 

Phase III: naloxone/morphine combination. 

 

The procedure
during this phase was identical to that of phase II except that
on the second day following conditioning, a 3.2-mg/kg dose of
naloxone (or its distilled water vehicle) was administered con-
current with morphine (10 mg/kg) 30 min prior to saccharin
access. No injections followed these probe sessions.

 

Phase IV: naloxone/nalorphine combination. 

 

The procedure
during this phase was identical to that of phase III except that
on the second day following conditioning, one of three doses
of naloxone (3.2, 5.6, or 10 mg/kg) or its distilled water vehicle
was administered 15 min prior to nalorphine (10 mg/kg),
which was administered 15 min prior to saccharin access. No
injections followed these probe sessions.

 

Data Analysis

 

Statements of statistical significance are based on the
Mann–Whitney test, 

 

p

 

 

 

,

 

 0.05.

 

EXPERIMENT 2 (HIGH-DOSE GROUP)

 

Procedure

Phase I: acquisition. 

 

The procedure followed during this
phase was identical to that of phase I in Experiment 1 with
the following exceptions. On the first conditioning day, 18
subjects were given an IP injection of 10 mg/kg morphine 10
min prior to 20-min saccharin access. Immediately following
saccharin access, subjects were ranked according to saccharin
consumption (from lowest consumption to highest) and as-
signed to one of two groups (groups 10L and 10W, 

 

n

 

 

 

5

 

 9 per
group). Subjects in group 10L were given an IP injection of
1.8 mEq/0.15 M LiCl (76.8 mg/kg), while subjects in group
10W were given an equivolume injection of the distilled water
vehicle. On the following three days, all subjects were in-
jected with distilled water (1 ml/kg) 10 min prior to saccharin
access. No injections were given following saccharin access on
these recovery days. This alternating procedure of one condi-
tioning session (morphine–saccharin–LiCl or morphine–sac-
charin–distilled water) followed by three recovery sessions
(distilled water–saccharin) was repeated until conditioning
trial 14 (day 55). Because subjects in both groups showed de-
creases in consumption when injected with morphine 10 min
prior to saccharin access, the time period between morphine
administration and saccharin access was increased to 30 min
on this conditioning trial to eliminate any unconditioned sup-
pressant effects of morphine. All injections in this phase sub-
sequent to this conditioning trial were administered 30 min

prior to saccharin access. This alternating procedure of one
conditioning session (morphine–saccharin–LiCl or morphine–
saccharin–distilled water) followed by three recovery sessions
(distilled water–saccharin) was then repeated until discrimi-
native control had been established for all experimental sub-
jects.

 

Phase II: generalization. 

 

The procedure followed during
this phase was the same as that of phase II of Experiment 1
with the following exceptions. On the second day following
conditioning, subjects were administered one of a range of
doses of morphine (1.8–10 mg/kg), nalorphine (3.2–32 mg/kg),
methadone (3.2–10 mg/kg), or naloxone (1–18 mg/kg) 30
(morphine and methadone) or 15 (nalorphine and naloxone)
min prior to saccharin access.

 

Phase III: naloxone/morphine combination. 

 

The procedure
during this phase was identical to that of phase III in Experi-
ment 1. Specifically, a 3.2-mg/kg dose of naloxone (or its dis-
tilled water vehicle) was administered concurrent with mor-
phine (10 mg/kg) 30 min prior to saccharin access. One animal
in group 10W died prior to this phase, so data for this subject
are excluded.

 

Data Analysis

 

Statements of statistical significance are based on the
Mann–Whitney test, 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

Although subjects in groups 5.6L and 5.6W were tested
separately from subjects in groups 10L and 10W, the results
are grouped according to experimental phase to compare the
effects of training dose on specific drug substitution patterns.

 

Phase I: Acquisition

 

Experimental subjects within group 5.6L acquired the
morphine discrimination within 13 conditioning trials. Experi-
mental subjects within group 10L acquired the morphine dis-
crimination within seven trials from the point when morphine
administration was moved to the terminal period of 30 min
prior to saccharin access.

 

Phase II: Generalization

 

Figure 1 presents the mean amounts (

 

6

 

SEM) of saccharin
consumed for subjects in groups 5.6L and 5.6W (Fig. 1A) and
groups 10L and 10W (Fig. 1B) following various doses of mor-
phine. As illustrated, subjects in groups 5.6L and 10L, but not
in groups 5.6W and 10W, decreased saccharin consumption as
the dose of morphine increased. At lower doses of morphine
(1.8 mg/kg for subjects in group 5.6L and 1.8 and 3.2 mg/kg for
subjects in group 10L), consumption by subjects in groups
5.6L and 10L did not significantly differ from that of their re-
spective controls in groups 5.6W and 10W (

 

p

 

s 

 

5

 

 0.630, 0.185,
and 0.216, respectively). However, beginning at 3.2 (group
5.6L) and 5.6 (group 10L) mg/kg morphine, differences in
consumption began to appear; at these doses subjects in
groups 5.6L and 10L drank significantly less than their respec-
tive controls in groups 5.6W and 10W (

 

p

 

s 

 

5

 

 0.003 and 0.015,
respectively). At the highest dose tested (18 mg/kg mor-
phine), subjects in both groups 5.6L and 5.6W decreased sac-
charin consumption. The mean amounts of saccharin con-
sumed did not significantly differ between the two groups (

 

p

 

 

 

5

 

0.085), indicating that morphine had a general suppressant ef-
fect within this preparation at higher doses.
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Figure 2 presents the mean amounts (

 

6

 

SEM) of saccharin
consumed by subjects in groups 5.6L and 5.6W (Fig. 2A) and
groups 10L and 10W (Fig. 2B) following various doses of
nalorphine. As shown, subjects in group 5.6L, but not in
group 5.6W, decreased saccharin consumption as the dose of
nalorphine increased. At the lowest dose of nalorphine (1.0
mg/kg), consumption by subjects in group 5.6L did not signifi-
cantly differ from that of group 5.6W (

 

p

 

 

 

5

 

 0.115). However,
at the 1.8-mg/kg dose of nalorphine, differences in consump-
tion began to appear. That is, at this dose (and at higher
nalorphine doses), subjects in group 5.6L consumed signifi-
cantly less than subjects in group 5.6W (all 

 

p

 

s 

 

,

 

 0.046). Al-
though individual subjects in group 5.6L decreased saccharin
consumption as the dose of nalorphine increased, these sub-
jects differed in the dose of nalorphine that produced the low-

est amount of saccharin consumption. Further, two subjects
lost stimulus control with nalorphine at the highest doses
tested (10 and/or 18 mg/kg; individual data not shown). Con-
sumption for subjects in group 10L following nalorphine did
not significantly differ from the mean amount consumed by
group 10W at any dose (all 

 

p

 

s 

 

.

 

 0.3314).
Because nalorphine failed to substitute for morphine stim-

ulus control in group 10L, various doses of methadone were
administered to groups 10L and 10W to ensure that this lack
of substitutution was not due to a general inability of another
opioid agonist to substitute for the morphine cue. As illus-
trated in Fig. 3, subjects in group 10L generalized morphine
stimulus control to methadone, decreasing saccharin con-
sumption as the dose of methadone increased. Levels of con-
sumption differed significantly from those of group 10W at 7.5
and 8.7 mg/kg (

 

p

 

s 

 

5

 

 0.033 and 0.008, respectively). At the
highest dose tested (10 mg/kg methadone), subjects in both
groups 10L and 10W decreased saccharin consumption. The
mean amounts of saccharin consumed did not significantly
differ between the two groups at this dose (

 

p

 

 

 

5

 

 0.278), indi-
cating that methadone had a general suppressant effect within
this preparation at higher doses.

Figure 4 presents the mean amounts (

 

6

 

SEM) of saccharin
consumed by subjects in groups 5.6L and 5.6W (Fig. 4A) and
in groups 10L and 10W (Fig. 4B) following various doses of
naloxone. As shown, subjects in groups 5.6L and 10L failed to
generalize morphine stimulus control to naloxone. Consump-
tion for subjects in groups 5.6L and 10L following naloxone
did not significantly differ from the mean amounts consumed
by groups 5.6W and 10W (all 

 

p

 

s 

 

.

 

 0.301). The exception to
this was at the 1.0 mg/kg dose of naloxone, with subjects in
group 10L consuming a mean amount that was significantly
greater than the mean amount consumed by subjects in group
10W (

 

p

 

 

 

5

 

 0.034). Subjects in all groups showed slight de-
creases in saccharin consumption as the dose of naloxone in-
creased.

 

Phase III: Naloxone/Morphine Combination

 

Figure 5 illustrates the mean amounts (

 

6

 

SEM) of saccha-
rin consumed by subjects in groups 5.6L and 5.6W (Fig. 5A)
and in groups 10L and 10W (Fig. 5B) when naloxone was ad-
ministered in combination with morphine. For subjects in
groups 5.6L and 10L, morphine in combination with distilled

FIG. 1. Mean amounts (6SEM) of saccharin consumed for subjects in
groups 5.6L and 5.6W (A) (n 5 8 and 9, respectively) and groups 10L
and 10W (B) (n 5 9 per group) following various doses of morphine.
Mean amounts (6SEM) of saccharin consumed on recovery (R) and
conditioning (C) days for each group are noted at the left of the graphs.
In some cases, the SEM falls within the range of the data point.

FIG. 2. Mean amounts (6SEM) of saccharin consumed for subjects
in groups 5.6L and 5.6W (A) (n 5 7–8 and 8–9, respectively) and
groups 10L and 10W (B) (n 5 9 per group) following various doses of
nalorphine.

FIG. 3. Mean amounts (6SEM) of saccharin consumed for subjects
in Group 10L and 10W (n 5 9 per group) following various doses of
methadone. At 10 mg/kg methadone (group 10L), the SEM falls
within the range of the data point.
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water (the naloxone vehicle) decreased saccharin consump-
tion to mean amounts (1.5 and 0 ml, respectively, 

 

6

 

SEM) that
were significantly less than the mean amounts (14.8 and 8.1
ml, respectively, 

 

6

 

SEM) consumed by subjects in groups
5.6W and 10W (

 

p

 

s 

 

5

 

 0.003 and 0.0005, respectively). When
3.2 mg/kg naloxone was given in combination with this dose
of morphine, subjects in groups 5.6L and 10L consumed mean
amounts (7.6 and 7.2 ml, respectively, 

 

6

 

SEM) that did not
significantly differ from the mean amounts (7.9 and 5.2 ml, re-
spectively, 

 

6

 

SEM) consumed by subjects in groups 5.6W and
10W (

 

p

 

s 

 

5

 

 0.714 and 0.229, respectively). Naloxone at this
dose blocked morphine’s stimulus control for subjects in both
groups 5.6L and 10L.

Because subjects in group 5.6L, but not group 10L, gener-
alized morphine stimulus control to nalorphine, naloxone was

given in combination with nalorphine for subjects in group
5.6L to examine the ability of naloxone to block nalorphine’s
stimulus control. As illustrated in Fig. 6, subjects in group
5.6L drank amounts that were not significantly different than
the mean amount consumed by group 5.6W when nalorphine
was given in combination with the naloxone vehicle (

 

p

 

 

 

5

 

0.086). This lack of significance was due to one animal within
group 5.6L that consumed a high amount of saccharin (9 ml)
following this combination. However, at the 3.2-mg/kg dose of
naloxone (combined with 10 mg/kg nalorphine), subjects in
group 5.6L consumed a mean amount that was significantly
less than the mean amount consumed by subjects in group
5.6W (

 

p

 

 

 

5

 

 0.003). In contrast, at the higher doses (5.6 and 10
mg/kg), naloxone blocked nalorphine’s stimulus control. Con-
sumption did not significantly differ between subjects in
groups 5.6L and 5.6W at these doses (

 

p

 

s 

 

5

 

 0.296 and 0.315,
respectively). Subjects differed in the dose of naloxone that
fully blocked nalorphine’s stimulus control. That is, naloxone
at 5.6 mg/kg completely blocked nalorphine control for one
subject, whereas 10 mg/kg naloxone failed to block nalor-
phine’s stimulus properties for this animal. For three other
animals, 5.6 mg/kg naloxone partially blocked nalorphine
control, while 10 mg/kg naloxone fully antagonized nalor-
phine’s stimulus effects. In contrast, naloxone only partially
blocked nalorphine control for another animal.

 

DISCUSSION

 

Although nalorphine substitutes inconsistently for the mu
agonists fentanyl [(3); although see (4)] and morphine (7,9,10,
17,29,41) in rats, this may be more a function of the training
dose than the general absence of any similarity in their subjec-
tive effects. For example, nalorphine substitutes for a low, but
not a high, dose of the mu agonist fentanyl in pigeons trained to
discriminate two doses of fentanyl from vehicle (24). Similarly,
other partial agonists substitute for a low, but not a high, dose
of the mu agonist morphine in rats trained to discriminate vari-
ous doses of morphine from vehicle (20,30). Thus, regardless of
the species examined, partial agonist substitution appears to
depend upon the training dose utilized.

Although shown to be an important determinant of nalor-
phine substitution in pigeons, there are no studies in rats

FIG. 4. Mean amounts (6SEM) of saccharin consumed for subjects
in groups 5.6L and 5.6W (A) (n 5 5–6 and 8–9, respectively) and
groups 10L and 10W (B) (n 5 9 per group) following various doses of
naloxone.

FIG. 5. Mean amounts (6SEM) of saccharin consumed for subjects
in groups 5.6L and 5.6W (A) (n 5 5 and 8, respectively) and groups
10L and 10W (B) (n 5 9 and 8, respectively) following either the dis-
tilled water vehicle or 3.2 mg/kg naloxone in combination with 10 mg/
kg morphine. For the distilled water and morphine combination
(group 10L) , the SEM falls within the range of the data point.

FIG. 6. Mean amounts (6SEM) of saccharin consumed for subjects
in groups 5.6L (n 5 5) and 5.6W (n 5 5–8) following the distilled
water vehicle or various doses of naloxone (3.2–10 mg/kg) in combi-
nation with 10 mg/kg nalorphine.
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demonstrating that nalorphine substitution is also dependent
upon training dose. This possibility was tested in the present
experiment. As described, nalorphine substitution appeared
to be dependent on the training dose of morphine. Specifi-
cally, nalorphine substituted for morphine in the low-dose
group (group 5.6L) but failed to substitute for morphine in the
high-dose group (group 10L). Although subjects generalized
morphine to nalorphine, it appeared that this generalization
was only partial. That is, for subjects trained at the 5.6-mg/kg
dose of morphine, nalorphine did not reduce mean levels of
consumption to that consumed following the training dose of
morphine. As described, on conditioning days with the 5.6-
mg/kg training dose of morphine, subjects in group 5.6L con-
sumed a mean of 2.5 ml, whereas they consumed a mean of
5.7 ml following the highest dose of nalorphine tested on
probe days. Further, although subjects decreased consump-
tion when administered nalorphine, mean consumption did
not appear to vary at the intermediate and higher doses of
nalorphine. This partial generalization may reflect the possi-
bility that nalorphine’s subjective effects were mediated by
activity at both mu and kappa receptor subtypes (as opposed
to only the mu activity of morphine), an effect that would
likely increase with increasing doses of nalorphine. It is inter-
esting in this context that for several subjects, morphine failed
to generalize to the highest doses of nalorphine tested.

Although the substitution of nalorphine for morphine ap-
peared only partial, it may be that nalorphine fully substituted
for morphine (at the 5.6-mg/kg training dose). In this case, the
apparent partial substitution may reflect the fact that individ-
ual animals greatly differed in the dose of nalorphine that sub-
stituted for the morphine training stimulus. That is, for some
animals nalorphine substituted for morphine at intermediate
nalorphine doses, whereas other animals demonstrated substi-
tution for morphine at higher nalorphine doses. For the ani-
mals in which higher doses of nalorphine substituted for mor-
phine, nalorphine only partially substituted for morphine at
the intermediate doses described above. Further, as described
previously, two subjects completely lost stimulus control at
the highest doses of nalorphine tested. Therefore, although all
animals in group 5.6L did generalize morphine stimulus con-
trol to nalorphine, the partial generalization obtained follow-
ing nalorphine administration for the group (see Fig. 2) re-
flected an averaging of data from individual animals for which
nalorphine at a particular dose completely substituted, par-
tially substituted, and completely failed to substitute for mor-
phine [for a similar analysis of individual subject variability in
buprenorphine substitution for morphine, see (25)].

That nalorphine substituted for the low (but not the high)
training dose of morphine is unlikely due to the absence of se-
lectivity that has been reported to occur with low training
doses (21) [note that naloxone failed to substitute for mor-
phine at the low training dose; see also (11,12,14,38)]. Instead,
the differential substitution patterns are consistent with the
position that nalorphine is a partial opioid agonist [see
(2,8,15,35) for reviews of nalorphine’s partial agonist activity].
Partial opioid agonists possess opioid activity, yet are not as
efficacious as full agonists in their behavioral and physiologi-
cal effects (2,15). Therefore, if a high dose of a full agonist is
used within drug discrimination learning, partial agonists may
not possess sufficient efficacy to mimic the discriminative ef-
fects of the training compound [see (5)]. However, by lower-
ing the training dose of the fully efficacious compound, the
agonist effects of the partial agonists may be revealed
(20,24,30,38). That is, at lower doses a fully efficacious com-
pound may produce an effect that is comparable to the effects

produced by partial agonists. Consistent with this, it has been
shown that two doses of morphine (38,42) may be discrimi-
nated from each other; therefore, different doses of the same
training drug appear to produce different subjective effects.

The discussion thus far has focused on the relative efficacy
of various opioids in relation to their production of discrimi-
native stimulus effects. Such a discussion assumes that the ef-
fects of these various opioids are receptor mediated. The evi-
dence that the stimulus properties of these compounds are
mediated at the opiate receptor is that methadone, another
opioid agonist with opiate receptor activity, substituted for
morphine, and that the discriminative stimulus effects of both
morphine and nalorphine were blocked by the opiate receptor
antagonist naloxone. Although the stimulus effects of mor-
phine and nalorphine appear opiate receptor mediated, it is
not known at which specific opiate receptor subtype these ef-
fects are produced. Morphine is generally described as a mu
opioid agonist (8,11,20,34,39,43); however, it binds to and has
activity at other opiate subtypes, for example, delta and kappa
(1,6,18,40). Accordingly, it is possible that the discriminative
effects of morphine were mediated by activity at these other
subytpes and not by its activity at the mu receptor. Although
possible, it should be noted that morphine binding at subtypes
other than mu is generally expressed at high doses, doses sub-
stantially higher than that which result in binding at the mu
subtype (1,6,18,40). Furthermore, although morphine binds to
kappa receptors at higher doses, it does not appear that this
binding results in kappa-like subjective effects. For example,
in animals trained to discriminate intermediate doses of mor-
phine and U50488H (a kappa agonist) from saline within a
three-choice procedure, high doses of morphine and U50488H
did not substitute for one another (14). In the present study, if
morphine’s discriminative effects were based on activity at
multiple opiate receptor subtypes, it might be expected that
rats would generalize the higher training dose of morphine
(10 mg/kg) to nalorphine, especially given nalorphine’s
broad-based binding to both mu and kappa subtypes (13,39).
That only subjects trained at the relatively low dose of mor-
phine (5.6 mg/kg) generalized morphine control to nalorphine
is thus consistent with the position that morphine’s mu activ-
ity mediated its discriminative effects. Further, the relatively
selective mu receptor antagonist naloxone blocked the dis-
criminative effects of both morphine and nalorphine. As
noted, however, this antagonism appeared greater and oc-
curred at lower doses for morphine. For example, although
naloxone (at 3.2 mg/kg) completely antagonized morphine
stimulus control (at 10 mg/kg), this dose was ineffective
against 10 mg/kg nalorphine. As described, although 5.6 mg/
kg naloxone fully antagonized nalorphine control for a single
subject (for which a higher dose of naloxone was ineffective),
for three other subjects 5.6 mg/kg produced only partial an-
tagonism. Higher doses of naloxone (10 and 18 mg/kg) fully
antagonized nalorphine control in these subjects. For another
animal, naloxone produced only partial antagonism at any
dose tested. Although direct binding comparisons of mor-
phine and nalorphine at the mu opiate receptor subtype gen-
erally suggest comparable binding affinities (13), in at least
two studies the relative affinity of nalorphine was higher than
that for morphine [see (39)]. Such a difference would account
for the differential effect of naloxone on morphine’s and
nalorphine’s discriminative effects. On the other hand, such
differential effects of naloxone on morphine and nalorphine
might also suggest that nalorphine’s binding at other opiate
receptor subtypes (e.g., kappa) contributed (along with mu)
to its discriminative effects.
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The position that the ability of nalorphine to substitute for
morphine is dependent upon training dose does not eliminate
other factors (such as species differences) as possible influ-
ences on the patterns of morphine generalization. It is possi-
ble that nalorphine may have fully substituted for low and
high doses of a kappa compound had it been used as the train-
ing drug, a finding that would suggest that in rats nalorphine
has greater efficacy at the kappa than mu opiate receptor [see
(19,22)]. Independent of such a finding, it remains clear that

the training dose of morphine may be an important factor in
the ability of the partial agonist nalorphine to substitute for
morphine.
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