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SNODDY, A. M. AND R. E. TESSEL. Nisoxetine and amphetamine share discriminative stimulus properties in mice.
PHARMACOL BIOCHEM BEHAV 19(2) 205-210, 1983.—The interaction of amphetamine with noradrenergic neurons
could mediate a portion of the drug’s discriminative stimulus properties. To test this hypothesis, mice were trained to
discriminate 1.0 or 3.2 mg/kg amphetamine, 32 mg/kg of the selective norepinephrine uptake inhibitor, nisoxetine, or 32
mg/kg nisoxetine + 1.0 mg/kg amphetamine from saline. Differential drug- or saline-appropriate responding was determined
using a two photocell-beam procedure with beam interruption as the operant. Reinforcement (5-sec access to evaporated
milk) was presented on a fixed-ratio 20 (FR-20) schedule. Mice trained to discriminate 1.0 mg/kg amphetamine from saline
generalized to nisoxetine (32 mg/kg) alone and to doses of 0.56 mg/kg amphetamine and above but not to lower doses unless
pretreated with nisoxetine (20 or 32 mg/kg). Mice trained to discriminate nisoxetine (32 mg/kg) from saline generalized to
0.56, 1.0 and 3.2 mg/kg amphetamine and generalized to all amphetamine doses when pretreated with nisoxetine (32
mg/kg). Mice trained to discriminate the drug combination from saline generalized to nisoxetine (32 mg/kg) alone, and to 3.2
mg/kg amphetamine tested alone, to 0.56 mg/kg of amphetamine or above when the lower dose of nisoxetine (20 mg/kg) was
used, and to all test doses of amphetamine with nisoxetine (32 mg/kg) pretreatment. Mice trained to discriminate 3.2 mg/kg
amphetamine from saline generalized to no test dose of amphetamine following either saline or nisoxetine (32 mg/kg)
pretreatment. Testing with several doses of pentobarbital (1.0, 3.0, 10.0 and 18.0 mg/kg) resulted in saline-appropriate
responding regardless of training group. These observations indicate that the mouse may be a useful subject for drug
discrimination experiments and are consistent with the notion that the discriminative stimulus properties of a low dose of
amphetamine are at least partially noradrenergically mediated.

Drug discrimination d-Amphetamine Nisoxetine

Mice

LIKE a number of other drugs, amphetamine possesses rein-
forcing and discriminative stimulus properties as well as the
capacity to elicit changes in gross motor activity and
schedule-controlled responding |3, 15, 17, 29]. It is generally
held that these effects are dopaminergically mediated since
they can be antagonized by dopaminergic receptor
antagonists [19], and are at least to some extent mimicked by
reputedly direct and indirect dopamine agonists [11, 19, 20],
and the dopamine reuptake inhibitors bupropion and
nomifensine [2, 11, 24].

However, data from our laboratory suggest the involve-
ment of central noradrenergic neurons in some of the behav-
ioral effects of amphetamine. Nisoxetine, a potent inhibitor
of central norepinephrine but not dopamine uptake [12, 25,
26, 27, 34, 35], at doses which have no consistent effects on
behavior per se, but inhibit amphetamine-induced norepi-
nephrine release in the mouse cerebral cortex in vivo [27],
abolishes the locomotor stimulation and increases in fixed-
interval responding in mice induced by amphetamine [6, 26,
27]. In contrast, such pretreatment potentiates amphet-
amine-induced decreases in fixed- ratio responding [6, 26,

27] and amphetamine-induced stereotypy in mice (an action
presumed to be due to amphetamine-induced striatal
dopamine release [32]).

The purpose of the present experiment was to extend
these findings in the mouse to the discriminative stimulus
(cue) properties of amphetamine, an action that appears to
depend on central and not peripheral catecholamines [10]. It
was hypothesized that if the discriminative-stimulus com-
plex elicited by amphetamine importantly involved amphet-
amine-induced norepinephrine release then nisoxetine might
antagonize this effect. Alternatively, since nisoxetine can
potentiate the stereotypy elicited by amphetamine [6, 26,
27], it might be that the cues associated with nisoxetine plus
amphetamine are mediated primarily by central dopamine
and thus are qualitatively different from those of either drug
alone.

Finally, since inhibitors of norepinephrine reuptake, like
amphetamine, can increase the net efflux of this transmitter
from at least some brain regions [27], nisoxetine might share
discriminative stimulus properties with amphetamine. The
results support the final hypothesis.

'This work was supported in part by a grant from the University of Kansas General Research Fund and ADAMHA Grant DA01614.
*A preliminary abstract of this study appears in the Fed Proc 41: 1072, 1982.

“Requests for reprints should be addressed to R. E. Tessel.

205



206

METHOD
Subjects

Male ICR mice (30-35 g) were purchased from Harlan
Sprague-Dawley (Indianapolis, IN). At the start of the study
the mice were food deprived to 80% of their free feeding
weights. The animals were given ad lib access to food ap-
proximately every three months and their 80% weights ad-
justed to this new ad lib weight to allow for growth through-
out the lifetime of the animals. Mice were housed individu-
ally under a 12-hr light/dark cycle. Sessions were conducted
between 0800 and 1700 hours five days per week. Each of
four training groups contained two animals.

Apparatus

Animals were trained and tested in a modified rodent test
chamber (BRS/LVE RTC-020) housed in a sound attentuated
cubicle with a ventilating fan. The chamber was modified to
contain two photocell corridors of the type described by
Wenger and Dews [30]. Each reinforcer consisted of S-sec
access to 0.01 ml of evaporated mild. Milk was delivered by
operation of a small liquid dipper (BRS/LVD SLD-002) lo-
cated between the two corridors (Fig. 1). All programming
and recording was done by electromechanical control
equipment in an adjoining room.

Discrimination Training and Testing

Discrimination training was begun with the first operant
training session. Animals were trained to discriminate one of
four drug conditions from saline starting with continuous
reinforcement (fixed-ratio 1; (FR-1)]. Training was continued
until the terminal schedule was reached, a fixed-ratio 20
(FR-20). Forty minutes prior to a drug training session
animals were injected intraperitoneally (IP: 0.01 ml/g body
weight) with either 32 mg/kg nisoxetine or saline (0.9%
NaCl). Ten minutes prior to the start of the session, animals
were injected with saline, 1 mg/kg amphetamine, or 3.2
mg/kg amphetamine. The times of pretreatment and treat-
ment were chosen such that the maximal effect of the drugs
would occur within the operant session [26,36]. On saline
training days, two saline injections were given at the above
times prior to the session. Thus mice were trained to dis-
criminate saline plus 1.0 mg/kg amphetamine from saline
plus saline (i.e., the 1.0 mg/kg amphetamine group), saline
plus 3.2 mg/kg amphetamine from saline plus saline (i.e., the
3.2 mg/kg amphetamine group), 32 mg/kg nisoxetine plus
saline from saline plus saline (i.e., 32 mg/kg nisoxetine
group), or 32 mg/kg nisoxetine plus 1.0 mg/kg amphetamine
from saline plus saline (i.e., the combination group). For
one-half of the animals, breaking a photocell beam only on
the left side of the chamber was reinforced on drug days;
responses on the right side were reinforced only on saline
training days. For the other half of the animals the situation
was reversed such that the right side was drug-appropriate
and the left side saline-appropriate. All responses activated a
feedback relay but responses emitted on the injection-
inappropriate side had no other programmed consequences.
Following reinforcement there was a 45-sec time-out during
which responses had no programmed consequences. Ses-
sions were terminated after 20 reinforcers had been pre-
sented or after 30 min. and a random schedule of drug and
saline training sessions was used with the added contingency
that no more than two saline or drug training sessions oc-
curred on consecutive days. This random schedule allowed
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FIG. 1. Diagram of the experimental chamber as viewed from above
and facing one photocell corridor.

for the occurrence of a nearly equal number of drug and
saline sessions during each two-week period. Once animals
responded on the terminal schedule such that at least 90%
of the completed ratios during a two-week period occurred
on the injection-appropriate side, test sessions were begun.

Test Sessions

Test sessions differed from training sessions only in that
during test sessions reinforcement could be obtained by
completing the response requirement using either photocell
corridor. Test sessions with pentobarbital utilized saline pre-
treatment with pentobarbital as the treatment. Drugs and
doses were tested in a nonsystematic order.

Drugs

The drugs used in the study were d-amphetamine sulfate
(Smith, Kline and French, Philadlphia, PA), nisoxetine-HCl
(Eli Lilly, Indianapolis. IN), and sodium pentobarbital
(Merck, Sharpe and Dohme, West Point, PA). All drugs
were dissolved in saline (0.9% NaCl) solution and doses ex-
pressed as the salt.

Data Analysis

Generalization data were analyzed by the Kruskal-Wallis
test. The decreases in operant responding were analyzed
using Dunnett’s test.

RESULTS

Mice trained to discriminate 32 mg/kg nisoxetine from
saline took longer (mean=40 sessions) to meet the discrimi-
nation criterion than mice trained to discriminate 1.0 mg/kg
amphetamine, 32 mg/kg nisoxetine + 1.0 mg/kg am-
phetamine or 3.2 mg/kg amphetamine from saline (mean =30
sessions). Once the discrimination was established in each
group, responding was nearly 100% accurate on both saline
and drug training days.

As illustrated in Fig. 2, animals received 100% of the ses-
sion’s reinforcers using the drug-appropriate photocell cor-
ridor on drug days and 0% on saline days regardless of train-
ing condition. When various doses of amphetamine were
substituted for the training condition, mice trained to dis-
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criminate 1.0 mg/kg amphetamine from saline (Fig. 2a) gen-
eralized only to 0.56 through 3.2 mg/kg amphetamine (i.e.,
during test sessions, a mean of at least 80% of the fixed-ratio
trials were completed using the drug-appropriate corridor).
However, pretreatment with nisoxetine (32 mg/kg) combined
with either saline or amphetamine (0.10, 0.32, 0.56, 1.0 and
3.2 mg/kg) treatment resulted in complete generalization to
the training condition in these animals. Generalization to all
test doses of amphetamine was also achieved when a lower
dose of nisoxetine (20 mg/kg) was used as the pretreatment.
However, this dose of nisoxetine when combined with saline
showed only a partial generalization to the 1 mg/kg am-
phetamine cue (approximately 63% drug-appropriate re-
sponding). Thus the percent of drug-appropriate trials com-
pleted in animals pretreated with either 20 or 32 mg/kg
nisoxetine was significantly greater (p <0.05) than that asso-
ciated with saline pretreatment when the treatment consisted
of saline, 0.10, 0.32 or 0.56 mg/kg amphetamine (Fig. 2a).

Similarly, mice trained to discriminate 32 mg/kg
nisoxetine from saline generalized only to the three highest
doses of amphetamine tested (0.56. 1.0 and 3.2 mg/kg) when
saline pretreatment replaced nisoxetine (Fig. 2b). However,
all doses of amphetamine substituted for the training condi-
tion when combined with 32 mg/kg nisoxetine pretreatment.
Thus, there were significant reductions (p<<0.01) in the per-
centage of drug-appropriate trials when saline replaced 32
mg/kg nisoxetine as the pretreatment for animals treated
with amphetamine doses of 0.10 or 0.32 mg/kg. The ability of
1.0 mg/kg amphetamine to substitute for the training condi-
tion of this group (32 mg/kg nisoxetine + saline) and the
ability of 32 mg/kg nisoxetine to substitute in animals trained
to discriminate saline + 1.0 mg/kg amphetamine from saline
(Fig. 2a), indicates that there was a marked cross-general-
ization between nisoxetine and amphetamine.

Mice trained to discriminate 32 mg/kg nisoxetine plus 1.0
mg/kg amphetamine from saline (Fig 2¢) generalized to 32
mg/kg nisoxetine alone and to 3.2 mg/kg amphetamine alone.
Generalization to all test doses of amphetamine occurred
when 32 mg/kg nisoxetine was the pretreatment. Generaliza-
tion to the lower dose of nisoxetine (20 mg/kg) alone did not
occur. However, the combination of nisoxetine with various
amphetamine doses resulted in a shift to the left in the am-
phetamine generalization curve as compared to the curve
associated with saline pretreatment.

In contrast to the above, no dose of amphetamine below
3.2 mg/kg substituted in mice trained to discriminate 3.2
mg/kg amphetamine from saline (Fig. 2d) and pretreatment
with 32 mg/kg nisoxetine instead of saline had no effect on
the amphetamine dose-generalization curve. There were no
significant differences between the pretreatments at any of
the amphetamine doses. The pharmacological specificity of
the cross-generalization between nisoxetine and amphetamine
is supported by the failure of behaviorally active doses of
pentobartial (1, 3, 10, or 18 mg/kg; Ganousis and Tessel,
unpublished observations, [29]) to generalize to the drug-
training condition of any group tested (data not presented).

Table 1 presents the amphetamine dose-generalization
data obtained for each of the drug-training conditions so that
the potency of amphetamine can be compared directly (see
also saline pretreatment, Fig. 2). The data suggest that the
potency of amphetamine as a discriminative stimulus de-
pended markedly on the training condition, with the order of
potency being: saline plus 1.0 mg/kg amphetamine> 32
mg/kg nisoxetine plus saline > 32 mg/kg nisoxetine plus 1.0
mg/kg amphetamine > saline plus 3.2 mg/kg amphetamine.
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FIG. 2. Discrimination of various doses of amphetamine following
pretreatment with saline (O—0J), 20 mg/kg nisoxetine (O- - -0), and
32 mg/kg nisoxetine (@— - —@) in mice trained to discriminate 1.0
mg/kg amphetamine (2a), 32 mg/kg nisoxetine (2b), 32 mg/kg
nisoxetine + 1.0 mg/kg amphetamine (2c) or 3.2 mg/kg amphetamine
(2d) from saline. The dependent variable was the number of trials
completed using the drug-appropriate photocell corridor divided by
the total number of trials completed in a given session. Each point
represents the mean+SEM of two to three observations in each of
two mice.

Evidence for behavioral toxicity in the saline plus 3.2
mg/kg amphetamine group and the 32 mg/kg nisoxetine plus
saline training group was also obtained (Tables 2A and 2B,
respectively). The proportion of the total available reinfore-
ers obtained by animals in both groups decreased over the
course of the experiment, with the reductions beginning
eleven weeks after the study was initiated (first two-week block
indicated in Table 2). In the amphetamine group, this pro-
portion decreased only during drug-training sessions. In the
nisoxetine group, however, the decline in total available
reinforcers obtained was associated with a reduction in re-
sponding under both injection conditions (drug and saline).
In neither group was the degree of discrimination affected.
There was no clear pattern of reduction in either of the other
two training groups (saline + 1.0 mg/kg amphetamine and 32
mg/kg nisoxetine + 1.0 mg/kg amphetamine; data not
shown).
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TABLE 1

PROPORTION OF TOTAL TRIALS THAT WERE COMPLETED USING THE DRUG-APPROPRIATE CORRIDOR AS A FUNCTION
OF TRAINING CONDITION

Training Conditions*

Amphetamine Dose (mg/kg) Combined with Saline Pretreatment

Pretreatment Treatment 0.00 0.10 0.32 0.56 1.00 3.20

Saline 1.0 Amphetamine 0.00=+0.00 5.50+5.50 19.50+4.01% 85.17+ 3.38% 100.00+0.00% 98.75+1.25
32 Nisoxetine Saline 0.00+0.00 0.00+0.00 0.00+0.00 81.25+11.97F 94.00+6.00% 100.00+0.00
32 Nisoxetine 1.0 Amphetamine 0.00+0.00 0.00+0.00 2.00=2.00 8.40+ 5.28 74.29+4.52% 97.71+3.25
Saline 3.2 Amphetamine 0.00+0.00 0.00+0.00 0.00+0.00 0.00+ 0.00 18.75+3.75 100.00+0.00

Data are expressed as a percentage of the total number of trials that were completed on the drug-appropriate side.
Each value represents the mean (+S.E.M.) of four to six observations.

*Numbers in the column indicate dose in mg/kg.
tSignificantly greater than other training groups—p <0.01.

1Significantly greater than 32 mg/kg nisoxetine + 1.0 mg/kg amphetamine and saline + 3.2 mg/kg amphetamine animals—p <0.05.
§Significantly greater than saline + 3.2 mg/kg amphetamine—p <0.05.

TABLE 2

EFFECTS OF LONG-TERM AMPHETAMINE (A) OR NISOXETINE (B) TRAINING ON THEIR
DISCRIMINATION FROM SALINE, AND ON TRIAL COMPLETION

(A) Mice Trained to Discriminate 3.2 mg/kg Amphetamine from Saline

Proportion of

Proportion of
Trials Completed

Total Available
Reinforcers Obtained

Proportion of Total
Available Reinforcers

Two-week on the Injection- During Saline Obtained During
Period Appropriate Side Sessions Drug Sessions
(1) 100.00 = 0.00 92.50 = 4.33 90.00 = 4.08
(2) 94.71 = 5.29 100.00 = 0.00 71.66 = 6.00
3) 94.67 = 4.14 92.00 = 3.72 36.25 = 7.47%
(4) 100.00 = 0.00 95.00 = 3.87 42.50 = 11.09*
(5) 99.44 = 0.55 97.50 = 2.50 23.00 = 6.04%
(6) 100.00 = 0.00 97.50 = 2.50 23.33 = 8.82%
(B) Mice Trained to Discriminate 32 mg/kg Nisoxetine from Saline
(1) 96.70 = 2.40 83.00 = 10.17 90.83 = 5.23
(2) 95.50 = 3.00 69.00 = 14.18 89.00 = 6.00
3) 94.00 = 3.93 71.25 = 8.26 60.00 = 5.40%
4) 94.00 = 2.64 47.50 = 12.65* 51.67 = 8.03*
(5) 94.25 = 3.43 65.00 = 12.08 57.50 = 12.99
(6) 100.00 = 0.00 78.33 = 6.01 76.25 = 10.08

Mean = SEM of data obtained from 3 to 5 sessions in each of two mice.
*p<.0.01 Compared to value of Two-Week Period number one.

DISCUSSION

The present study has demonstrated that amphetamine
and nisoxetine share discriminative stimulus properties, an
effect that contrasts with previous behavioral studies using
nisoxetine and amphetamine {6, 26, 27]. Amphetamine has
previously been shown to possess discriminative stimulus
properties in both the rat [8,9] and pigeon {33]. The present
paper has extended this species generality to include a spe-
cies not previously used in drug discrimination studies, the
mouse.

Amphetamine both and

releases norepinephrine

dopamine in brain [1]. Yet it is generally believed that the
cues produced by amphetamine depend predominantly if not
exclusively on the drug’s ability to release central dopamine,
since they can be antagonized by dopamine receptor block-
ade [19]. On the other hand, administration of nisoxetine in
vitro has little effect on dopamine uptake, spontaneous
dopamine efflux or amphetamine-induced dopamine release
in brain tissue at concentrations that markedly affect similar
parameters of noradrenergic function [12, 25, 26, 27, 34, 35].
In vivo, nisoxetine antagonizes a-methyl-n-tyrosine-induced
central norepinephrine, but not dopamine, depletion [5].
Therefore the most parsimonious explanation to account for
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the present findings is that the shared discriminative stimulus
properties of amphetamine and nisoxetine depend on synap-
tic concentrations of norepinephrine.

It has been shown in previous studies that the training
dose has marked effect on the dose-generalization curves
obtained such that the curve is shifted to the right as training
dose increases [31]. The present study was no exception
(Table 1 and Fig. 2). In addition, it is important to note that
animals trained to discriminate 3.2 mg/kg amphetamine from
saline failed to generalize to any other test condition. This
disparity from the other generalization curves may be at-
tributable to either of two possibilities. It may be that 3.2
mg/kg amphetamine is associated with a qualitatively similar
but quantitatively more intense stimulus complex than that
produced by the other doses tested. Alternatively, the large
amphetamine dose may elicit a stimulus complex that is
qualitatively different from that produced by nisoxetine or
lower amphetamine doses.

For example, the cue associated with 1.0 mg/kg am-
phetamine could be dependent upon the release of norepi-
nephrine whereas that associated with 3.2 mg/kg am-
phetamine could be dependent upon the release of norepi-
nephrine plus the release of dopamine (a qualitatively differ-
ent cue). If this were the case, 3.2 mg/kg amphetamine could
substitute in mice trained to discriminate 1.0 mg/kg am-
phetamine from saline because the “*dopamine’’ portion of
the cue is not attended to (i.e.. is masked [33]: see [14] for
discussion of cue masking). However, in animals trained to
attend to this *‘dopamine™ cue (3.2 mg/kg amphetamine ver-
sus saline), its absence in the effects of lower amphetamine
doses and of nisoxetine results in no generalization to these
lower doses. Neither possibility can be eliminated entirely.
However, it was observed that 3.2 mg/kg amphetamine sub-
stituted for the training condition in animals trained to dis-
criminate 1.0 mg/kg amphetamine from saline. In addition, a
drug previously shown to be associated with cues that are
qualitatively different from those produced by amphetamine,
pentobarbital {13,33], in the present study did not substitute
for the 1.0 mg/kg amphetamine cue at any dose tested. These
findings suggest that if qualitative differences existed be-
tween the stimuli elicited by the two amphetamine doses,
they do not appear to have been of overwhelming impor-
tance in determining dose-generalization.
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Long-term administration of 3.2 mg/kg of amphetamine or
3.2 mg/kg of nisoxetine was found to disrupt operant re-
sponding. The reasons for these effects are unclear but, in
the case of long-term amphetamine administration, could be
attributable to the elicitation of a motor behavior, probably
stereotypy. that is incompatable with performance of the
operant response. Certainly, daily injections of am-
phetamine, combined with daily measurements of the drug’s
ability to stimulate locomotion and stereotyped grooming.
licking and chewing result in shifts to the left in the drug’s
dose-response curves [21]. In addition, chronic am-
phetamine administration may have neurotoxic properties
[4, 16, 18]. Data concerning the behavioral effects of long-
term norepinephrine uptake inhibitor administration have
been infrequently reported. However, a behavioral disrup-
tion similar to those obtained in the present study using
nisoxetine, were reported by Shearman ¢r af. [22] in rats
when desmethylimipramine was used. Regardless, it is inter-
esting to note the apparent ability of amphetamine (1.0
mg/kg) to antagonize the disruptive effect of 32 mg/kg
nisoxetine (see Results).

Previous research suggests that amphetamine only par-
tially substitutes for desmethylimipramine (DMI) in rats
trained to discriminate the norepinephrine uptake inhibitor
from saline [22]. In the present study, however, a specific
and selective norepinephrine reuptake inhibitor completely
generalized to amphetamine and vice versa. This disparity
may be due to the multiple neurochemical actions produced
by DMI at higher doses (e.g.. a-adrenergic, histaminergic
and muscarinic receptor antagonism) [7, 23, 28], such that
the cues produced by higher DMI but not nisoxetine doses
are qualitatively different from those produced at lower
doses. Preliminary studies from our laboratory have shown
that DMI (20 mg/kg) at least partially substitutes in animals
trained to discriminate 1.0 mg/kg amphetamine from saline.

In conclusion, bidirectional similarity between the dis-
criminative stimuli associated with the administration of am-
phetamine and the norepinephrine uptake inhibitor,
nisoxetine, has been demonstrated in a species not previ-
ously used for operant drug discrimination studies, the
mouse. The present data therefore suggest that norepineph-
rine may mediate the discriminative stimulus properties of at
least low doses of amphetamine. More definitive statements
await additional research.

REFERENCES

1. Arnold, A. B., P. B. Molinoff and C. O. Rutledge. The release
of endogenous norepinephrine and dopamine from cerebral cor-
tex by amphetamine. J Pharmacol Exp Ther 202: 544-557, 1977.

2. Braestrup, C. and J. Scheel-Kriiger. Methylphenidate-like ef-
fects of the new antidepressant drug nomifensine (HOE 984).
Euwr J Pharmacol 38: 305-312, 1976.

3. Cole, S. O. Brain mechanisms of amphetamine-induced
anorexia, locomotion and stereotypy: A review. Neurosci
Biobehav Rev 2: 89-100, 1978.

4. Ellison, G., M. S. Eison, H. S. Huberman and F. Daniel. Long-
term changes in dopaminergic innervation of caudate nucleus
after continuous amphetamine administraiton. Science 201:
276-278, 1978.

5. Fuller, R. W., H. D. Snoddy and K. W. Perry. Nisoxetine an-
tagonism of norepinephrine depletion in brain and heart after
a-methyl-m-tyrosine administration. Newropharmacology 18:
767-770, 1979.

6. Ganousis. L. G. and R. E. Tessel. Interactions of catecholamine
uptake inhibitors and receptor blockers with amphetamine-
induced changes in locomotion, stereotypy. and milk-
maintained operant responding in mice. Fed Proc 40: 276, 1981,

7. Green, J. P. and S. Maayani. Tricyclic antidepressant drugs
block histamine H, receptors in brain. Nature 269: 163-164,
1977.

8. Ho, B. T. and J. T. Huang. Role of dopamine in ¢-amphetamine
induced discriminative responding. Pharmacol Biochem Belay
3: 1085-1092, 1975.

9. Huang, J. T. and B. T. Ho. Discriminative stimulus properties
of d-amphetamine and related compounds in rats. Pharmacol
Biochem Behav 2: 669-673, 1974,

10. Jones, C. N., H. F. Hill and R. T. Harris. Discriminative re-
sponse control by d-amphetamine and related compounds in the
rat. Psychopharmacologia 36: 347-356, 1974,



210

11.

12.

13.

4.

15.

16.

20.

21.

22.

23.

24.

. Schechter,

Jones, C. N., J. L. Howard and S. T. McBennet. Stimulus
properties of antidepressants in the rat. Psychopharmacology
(Berlin) 67: 111-118, 1980.

Koe, B. K. Molecular geometry of inhibitors of the uptake of
catecholamines and serotonin in synaptosome preparations of
rat brain. J Pharmacol Exp Ther 199: 659-661, 1976.
Krimmer, E. C. and H. Barry IIl. Pentobarbital and chlor-
diazepoxide differentiated from each other and from nondrug.
Commun Psychopharmacol 3: 93-99, 1979.

Mackintosh, N. J. Stimulus Control. In: Handbook of Operant
Behavior, edited by W. K. Honig and J. E. R. Staddon. New
Jersey: Prentice-Hall, 1977, pp. 481-513.

McKim, W. A. The effect of caffeine, theophylline and am-
phetamine on operant responding of the mouse. Psychophar-
muacology (Berlin) 68: 135-138, 1980.

Nwanze, E. and G. Jonsson. Amphetamine neurotoxicity on
dopamine nerve terminals in the caudate nucleus of mice. New-
roscience Lett 26: 163-168, 1978.

. Poling, A. D. and J. B. Appel. d-Amphetamine and fixed-

interval performance: Effects of establishing the drug as a dis-
criminative stimulus. Pharmacol Biochem Behav 9: 473-476,
1978.

. Ricaurte, G., R. Guillery, L. S. Seiden, C. R. Schuster, R. J.

Miller and J. C. Westley. Dopamine nerve terminal destruction
produced by high doses of d-amphetamine in the rat brain. Brain
Res 235: 93-103, 1982.

M. D. Effect of neuroleptics and tricyclic
antidepressants upon d-amphetamine discrimination. Phar-
macol Biochem Behav 12: 1-5, 1979.

Scheel-Kruger, J., C. Braestrup, M. Nielson, K. Golembiowska
and E. Megilnicka. Cocaine: Discussion on the role of dopamine
in the biochemical mechanism of action. In: Advances in Behav-
ioral Biology vol 21, edited by E. H. Ellinwood, Jr. and M. M.
Kilbey. London: Plenum Press, 1977, pp. 373-407.

Segal, D. S. and A. J. Mandell. Long-term administration of
d-amphetamine: progressive augmentation of motor activity and
stereotypy. Pharmacol Biochem Behav 2: 249, 1974,
Shearman, G., S. Miksic and H. Lal. Discriminative stimulus
properties of desipramine. Neuropharmacology 17: 1045-1048,
1978.

Snyder, S. H. and H. Yamamura. Antidepressants and the mus-
carinic acetylcholine receptor. Arch Gen Psychiatry 34: 236-
239, 1977.

Soroko, F. E., N. B. Mehta, R. A. Maxwell, R. M. Ferris and
D. H. Schroeder. Bupropion hydrochloride (= «-
t-butylamino-3-chloropropiophenone HCl): a novel
antidepressant agent. J Pharm Pharmacol 29: 767-770, 1977.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

SNODDY AND TESSEL

Tessel, R. E. and S. L. Myers. Desipramine releases endoge-
nous dopamine from rat hypothalamus but not striatum. Fed
Proc 40: 316, 1981.

Tyler, T. D. and R. E. Tessel. Amphetamine’s locomotor-
stimulant and norepinephrine-releasing effects: Evidence for
selective antagonism by nisoxetine. Psyvchopharmacology 64:
291-296, 1979.

Tyler, T. D. and R. E. Tessel. Norepinephrine uptake inhibitors
as biochemically and behaviorally selective antagonists of the
locomotor stimulation induced by indirectly acting sym-
pathomimetic amines in mice. Psychopharmacology (Berlin) 69:
27-34, 1980.

U’Prichard, D. C., D. A. Greenburg, P. P. Sheehan and S. H.
Snyder. Tricyclic antidepressants: therapeutic properties and
affinity for a-noradrenergic receptor binding sites in the brain.
Science 199: 197-198, 1978.

Wenger, G. R. Cumulative dose-response curves in behavioral
pharmacology. Pharmacol Biochjem Behayv 13: 645-651, 1980.
Wenger, G. R. and P. B. Dews. The effects of phencyclidine,
ketamine, d-amphetamine and pentobarbital on schedule-
controlled behavior in the mouse. J Pharmacol Exp Ther 196:
616-624, 1976.

White, F. J. and J. B. Appel. The role of dopamine and seroto-
nin in the discriminative stimulus effects of lisuride. J Phar-
macol Exp Ther 221: 421-427, 1982.

Wilcox, R. E., R. V. Smith, J. A. Anderson and W. H. Riffee.
Apomorphine induced stereotypic cage climbing in mice as a
model for studying changes in dopamine receptor sensitivity.
Pharmacol Biochem Behav 12: 29-33,1979.

Witkin, J. M. , R. B. Carter and L. A. Dykstra. Discriminative
stimulus properties of d-amphetamine-pentobarbital combina-
tions. Psychopharmacology (Berlin) 68: 269-276, 1980.

Wong, T. T. and F. P. Bymaster. Effect of nisoxetine on uptake
of catecholamines in synaptosomes isolated from discrete re-
gions of rat brain. Biochem Pharmacol 25: 1979-1983.

Wong, D. T. and F. P. Bymaster. The comparison of fluoxetine
and nisoxetine with tricyclic antidepressants in blocking the
neurotoxicity of p-chloroamphetamine and 6-hydroxydopamine
in the rat brain. Res Commun Chem Pathol Pharmacol 15:
221-231, 1976.

Wong, D. T., J. S. Horng and F. P. Bymaster. d 1I-
N-methyl-3-(o-methoxyphenoxy)-3-phenylpropylamine hydro-
chloride, Lilly 94939, a potent inhibitor for uptake of norepi-
nephrine into rat brain synaptosomes and heart. Life Sci 17:
755-760, 1975.



