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Abstract

In a previous study, intracerebroventricular calcium-dependent protein kinase (PKC) inhibition attenuated cocaine place conditioning.
This suggested the hypothesis that intra-nucleus accumbens (NAc) injections of the PKC inhibitor NPC 15437 may block place conditioning
produced by NAc injections of amphetamine. An unbiased conditioned place preference paradigm was employed to evaluate the present
hypothesis. Thus, during pre-conditioning rats had access to an apparatus consisting of two chambers connected by a tunnel for three
15-min sessions. During 8 conditioning days with the tunnel blocked, one chamber was paired with NAc injections of drug for four 30-min
sessions alternating with pairing of the other chamber with NAc injections of saline. Time spent on the drug-paired side was assessed in
a final drug-free test session and compared to the amount of time spent there in pre-conditioning; a significant increase was defined as a
place preference. Intra-NAc amphetamine (30920.5u.l/side) produced a place preference. This effect was blocked dose dependently by
NPC 15437 (0.1, 0.5 and 10y/0.5l/side). NPC 15437 (1..g) alone did not produce a place preference or aversion. None of the doses
of NPC 15437 affected the locomotor stimulant effect of intra-NAc amphetamine during conditioning revealing a dissociation between
the locomotor stimulating and rewarding effects of intra-NAc amphetamine. Results implicate PKC in the NAc in reward-related learning.
More work is needed to elucidate the signaling pathways involved in this type of learning.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction in a two-chambered apparatus. On a drug-free test day, the
compartments are connected by a tunnel and reward-related

The signaling molecule calcium-dependent protein ki- learning is defined as a significantly greater amount of time
nase (PKC) has been implicated in learning and memory spent on the drug-paired side. Previous studies have shown
in a number of central nervous system regions in a variety that systemic or intra-nucleus accumbens (NAc) injections
of paradigms. These include the hippocampus in spatial of pharmacological agents that augment dopaminergic trans-
memory[6,12], or contextual fear conditioning in midé], mission such as amphetamine or cocaine produce a place
the cerebellum in eye-blink conditioning in rabbit0], preference (reviewed ifiL9]). Results implicate dopamine
the robust nucleus of the archistriatum in song learning in in CPP learning.
zebra finche$16], and the mushroom bodies in associative ~ One previous study has evaluated the role of PKC in
conditioning of courtship inDrosophila [8]. The role of CPP produced by cocaine. Thus, Cervo et[4].reported
PKC in synaptic plasticity has been reviewed by Nogues that the PKC inhibitors H7 or chelerythrine injected in-
[13]. At present little is known about the role of PKC in tracerebroventricularly (icv) immediately following condi-
reward-related learning. tioning sessions with systemic cocaine blocked the CPP

The conditioned place preference (CPP) paradigm haseffect. They also evaluated the effects of H7, that inhibits
been used extensively to assess reward-related learning irboth PKC and cyclic adenosine monophosphate (CAMP)-
rats. In one version of the CPP paradigm, drug treatments aredependent protein kinase (PKA), injected prior to co-
differentially paired with one of two distinct compartments caine conditioning sessions but found no effect. Further

studies are needed to identify the specific roles of PKA
T ) and PKC in specific brain regions in reward-related learn-
orresponding author. . .
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S2,6-diaminoN-[[1-(1-oxotridecyl)-2-piperidinyl] methyl]- NPC 15437 (Research Biochemicals International,
hexanimide dihydrochloride (NPC 15437) will dose depen- Oakville, Ontario, Canada) (0.2, 1.0, 2.0 mg/ml) was dis-
dently block the place preference produced by amphetaminesolved in distilled water, alliquotted into equal portions

alone. and frozen until needed. Equal volumes of NPC 15437
and amphetamine were mixed together to achieve the final
concentrations.

2. Methods

2.4. Intra-cranial drug injection

2.1. Subjects

Two 10.0pl microsyringes (Hamilton Co., Reno, NV)
mounted on an infusion pump (Sage Instrument Pump Model
355) were used to infuse the drug at a constant rate of
1.0pl/min. The injection cannulae, cut 1.0 mm longer than
the implanted guide cannulae, were made from stainless steel
tubing (0.31 mm diameter). Polyethylene tubing was used
to attach injection cannulae to the microsyringe. Bilateral
drug injections (0.p.l/side) were delivered over a 30-s in-
terval and the injection cannulae remained in place for an
additional 30 s to promote diffusion.

Treatment of rats was in accordance with the guidelines
of the Animals for Research Act, the Canadian Council on
Animal Care, and relevant University policies and was ap-
proved by the Queen’s University Animal Care Committee.
Experimentally naive male Wistar ratd/ (= 72) (Charles
River, St.-Constant, Quebec) weighing between 225 and
2509 were housed in pairs in clear plastic shoebox-style
cages with sterilized wood-chip bedding material. Animals
were maintained in a temperature-controlled @211 °C)
colony room on a reversed 12-h light—dark cycle (lights off
at 07:00h). Food (Purina rodent laboratory chow #5001)
and water were freely available in the home cages through-
out the experiment. All rats were handled daily for at least
5 days prior to surgery.

2.5. Apparatus

Four rectangular wooden boxes consisted of two com-
partments (38 cnmx 27 cm x 36 cm) with removable Plex-
iglas covers, connected by a tunnel (8 en8cm x 8cm).
The tunnel could be closed by inserting removable plas-

Rats were anesthetized with an oxygen flow containing fic guillotine-style doors. The two initially neutral com-
4% halothane (Halocarbon Laboratories, River Edge, New Partments were visually distinct: each compartment wall
Jersey). During surgery the concentration of halothane wasconsisted of either urethane-sealed wood or painted black
adjusted to maintain a deep level of anesthesia. Rats therfnd White vertical stripes (1cm wide). The compartment
were placed into a stereotaxic device. An incision was made floors were also distinct: one type was made of galva-
along the midline, the scalp retracted, and the area surround1iz€d steel mesh, and the other was constructed of parallel
ing bregma was cleaned and dried. The skull was leveled Stainless steel bars (1cm apart). Tunnel floors were con-
using the line connecting bregma and lambda. Two stainlessStructed of galvanized sheet metal. The arrangement of
steel guide cannulae (0.64 mm diameter, 13 mm long) wereWalls and floor types was such that each box had a unique
lowered through two small holes drilled through the skull configuration. Six photo-cell emitters and detectors were
at the following coordinates: 1.2mm anterior to bregma, located in each box: two in each compartment (height 5 cm)
1.5mm lateral to the midline, and 6.7mm ventral to the @nd one at each end of the tunnel (height 3cm). A 6809
surface of the skul[15]. The cannulae were anchored to micro-cor_1tro||er using custom-made software, cpntrolled
the skull with four stainless steel screws and dental cement.PY @ Macintosh computer, was used to record the time spent
Stainless steel pins (0.31 mm diameter) were inserted intol" €ach compartment. For further details of the apparatus,
the guide cannulae to ensure that they remained unoccludedS€€{2]-

Each rat received a 0.2-ml subcutaneous injections of the

analgesic buprenorphine (0.03 mg/kg) (10% in saline solu- 2:6- Procedure

tion) at the onset of surgery and 8—12 h after surgery for pain ) ) N )
relief. In addition, lidocaine with epinephrine was injected  USingan unbiased conditioned place preference paradigm,
(0.3ml) in several locations around the incision for local the procedure consisted of three phases: pre-conditioning,
analgesia. Animals were allowed to recover for 1 week prior conditioning and test. For all phases, animals were tested

to testing and during this time the pins were replaced daily. during the same time period (09:00-1300h) each day and
received one session per day.

2.2. Surgery

2.3. Drugs
2.6.1. Pre-conditioning

p-Amphetamine sulphate (amph) (USP, Rockville, MD) During three 15-min sessions, rats were exposed to the
(40.0 mg/ml) was dissolved in sterile saline, and this prepa- entire box. There were no drugs administered during this
ration was made fresh daily, a maximum of 30 min prior to phase. Rats were placed in a particular compartment desig-
the onset of the experiment. nated as the start compartment. The start compartment was
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counterbalanced across rats: half of the rats started on theperformed by an observer who was blind to the behavioral
left side, and the other half started on the right side of the results. Animals were considered to be cannulated properly
conditioning chamber. The amount of time spent in each if the entire tip of both cannulae was located in the region

compartment was recorded. of core or shell of the NAc.

2.6.2. Conditioning 2.8. Satistical analyses

During eight 30-min sessions, rats were confined to one
compartment only, different compartments on alternate Plannedt-tests comparing time spent in each compart-
days. Drug injections preceded placement into one compart-ment during pre-conditioning assessed possible compart-
ment on days 1, 3, 5, and 7, while saline injections precededment bias for each group. Plannetests comparing time
placement into the other compartment on days 2, 4, 6, andspent in the tunnel during pre-conditioning versus test for
8. NPC 15437 in doses of 0, 0.1, 0.5, and ddgd0.5pl/side each group were run in order to ensure that any place pref-
was co-administered to different groups in a mixture with erence effect was not an artifact of a general increase in
20.0p.g/0.5ul/side of amphetamine; the groups were desig- compartment to tunnel time ratio.
nated amph, NPC (04ig) +amph, NPC (0.g) + amph Plannedt-tests comparing time spent on the drug-paired
and NPC (1.Qug)+amph, respectively. An additional side during pre-conditioning to time spent on the drug-paired
group received NPC 15437 (1u@/0.5pl/side) alone paired  side during test were used to assess place preference. Con-
with one side of the box during conditioning; this group ditioned place preference occurs if animals spend signif-
was designated NPC (14) alone. The designation of icantly more time in the drug-paired compartment during
the drug-paired compartment was counterbalanced, so thathe test session as compared to the average from the three
for half of the rats the start compartment (designated in pre-conditioning sessions. A mixed design two-way anal-
pre-conditioning) was paired with drug, whereas for the ysis of variance (ANOVA) followed by Tukey Honestly
other half it was paired with saline. The counterbalancing Significant Difference (HSD) post-hoc analysis comparing
procedure was determined prior to the start of the currenttime spent on the drug-paired side across treatment con-
experiment; thus, the distribution of pre-conditioning dura- ditions supplemented the initial analysis. Two two-way
tions did not influence assignment of conditioning chamber. ANOVA followed by simple effects analysis were used to
On all conditioning days, the number of beam breaks was examine activity during conditioning sessions. An alpha
recorded as a measure of activity. level of 0.05 was used for all analyses.

2.6.3. Testing
During one 15-min test session, rats were exposed again to> Results
the entire apparatus with the guillotine doors removed. The

amount of time spent in each compartment and the number3'1' Histology

of beam breaks was recorded. Histological examination revealed that of the 72 rats that
) . ) underwent surgery, 53 placements were considered to be in
2.7. Histological analysis the target region of the NAd{g. 1). Final numbers were

. ) . . » amph (v = 21), NPC (0.Jng)+amph (v = 7), NPC
Following behavioral testing, all animals were sacrificed (0.5p.g) + amph (v = 8), NPC (1.Qug) +amph (v = 7)
by carbon dioxide gas exposure and decapitated. Brains werey,q NpC (1.Qug) alone W — 10).

extracted immediately and placed in a 10% formalin/sucrose

solution. At least 2 days following extraction, brains were 3.2, Place conditioning

frozen and sliced in 7@m coronal sections using a micro-

tome. Brain slices were mounted on glass slides and stained There was no significant difference in time spent on
with Nissl cell body stain. Verification of injection sites was the drug-paired side versus the vehicle-paired side during

Table 1
Time (s) spent in the to-be-drug- and vehicle-paired sides during pre-conditioning
Treatment (dose) Time (s)

N Vehicle (S.E.M.) Drug (S.E.M.) t P
Amph (20.0) 21 428.7 (15.3) 401.4 (14.7) 0.93 n.s.
NPC (0.1)+ amph 7 435.1 (35.6) 394.0 (34.9) 0.58 n.s.
NPC (0.5)+ amph 7 455.7 (49.2) 385.6 (46.0) 0.74 n.s.
NPC (1.0)+ amph 8 427.0 (40.4) 403.8 (36.0) 0.31 n.s.
NPC (1.0) alone 10 440.8 (24.4) 388.8 (26.6) 1.02 n.s.

Abbreviations: amph: amphetamine, NPC: NPC 15437, n.s.: not significant; S.E.M.: standard error of the meanp.dt&é ml/side.



44 H. Aujla, RJ. Beninger / Behavioural Brain Research 147 (2003) 4148

+2.70

+2.20

)
i

+1.70

+1.60

g
( = (
+1.00 ) b
«! 592
+0.70 S
N ‘,27'."8‘.\,;»‘;".4?/

Fig. 1. Location of cannulae tips in the (A) amphetaming & 21), (B) NPC 15437 (0.ikg)+amphetamine N = 7), (C) NPC 15437
(0.5n9) + amphetamine N = 8), (D) NPC 15437 (1.Q.g) + amphetamine N = 7) and (E) NPC 15437 (1,0g) alone (v = 10) groups.

Table 2
Tunnel time (s): pre-conditioning vs. test
Treatment (dose) Time (s)

Pre-cond (S.E.M.) Test (S.E.M.) t P
Amph (20.0) 69.9 (2.3) 76.9 (3.0) 191 n.s.
NPC (0.1)+ amph 70.9 (5.0) 72.9 (4.6) 0.32 n.s.
NPC (0.5)+ amph 58.7 (5.2) 70.6 (3.0) 2.38 0.05
NPC (0.1)+ amph 69.3 (6.5) 66.0 (2.5) 0.62 n.s.
NPC (1.0) alone 70.4 (3.4) 70.2 (3.1) 0.04 n.s.

Abbreviations: amph: amphetamine, NPC: NPC 15437, n.s.: not significant; pre-cond: pre-conditioning, S.E.M.: standard error of the mean, dose in
rg/0.5 mi/side.
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Fig. 2. Mean time (s) spent on drug-paired side during pre-conditioning and test phases across treatment groups. The sydntateé a significant
difference from pre-conditioning. Abbreviations: amph: amphetamine; NPC: NPC 15437.
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preconditioning in any of the groups (s&&ble J). There was tor activity stimulant effects of NAc amphetamine. Thus,
no significant change in tunnel time from pre-conditioning there was a dissociation between the effects of NPC 154370n

to test in any of the treatment conditions (Seble 2; for place conditioning and locomotor activity.
the NPC (0.5.9) + amph group, thé>-value for thet-test The place preference procedure used in this study was
equaled 0.05. unbiased, i.e. there were no significant differences in time

The change in time spent in the drug-paired side from spent on the two sides during pre-conditioning. If groups
pre-conditioning to test was used to evaluate place condition-were observed to spend less time in the tunnel during the
ing for each group. The mean of the three pre-conditioning test than during the pre-conditioning sessions, it might
days for each group was used for the purpose of this anal-be possible to observe an increase in time spent on the
ysis (seeFig. 2). There was a significant increase in time drug-paired side from pre-conditioning to test that reflected
spent on the drug-paired side from pre-conditioning to test the decrease in tunnel time. This does not account for the
for the amph (200 = 9.69, P < 0.001) and the NPC  data for four of the groups. There was a marginal increase
(0.1g) +amph group (6) = 5.22, P < 0.01). There was in tunnel time from pre-conditioning to test for the NPC
no significant change in time spent on the drug-paired side 15437 (0.5.9) + amph group £ = 0.05). In spite of this
for the NPC (0.5.9) +amph ¢(7) = 2.37, P = 0.06), the increase, this group showed a significant increase in time
NPC (1.0ng) + amph ¢(6) = 0.56, P > 0.05), and the NPC  spent on the drug-paired side from pre-conditioning to test.
(1.0p.g) alone groupst(9) = 0.15, P > 0.05). Thus, differences in tunnel time from pre-conditioning to

Mean pre-conditioning and test day results were sub- test cannot account for the observed place preferences.
jected to a two-way mixed design ANOVA followed by The observation that NAc injections of amphetamine pro-
simple effects analysis and Tukey post-hoc tests. Resultsduced a place preference is in good agreement with a num-

yielded a significant group by phase interactiéii4, 48) = ber of previous studies (reviewed[t9]). The present study
1331, P < 0.01) as well as a significant main effect of did not set out to target either the shell or core subregions
group (F(4,48) = 3.65, P < 0.01) and phaseH(1, 48) = of the NAc. There is a literature evaluating these two subre-

504, P < 0.01). Simple effects analysis of group at each gions with respect to reward-related learning, reviewed by
phase revealed a significant effect of group during the DiChiara[5], but there is no consensus on the contribution
test day (4,700 = 8528, P < 0.01) but not on the  of each. As we did not differentiate these two structures in
pre-conditioning daysK(4, 70) = 0.08, P > 0.05). Tukey our surgical procedure and the drugs may have diffused into
HSD post-hoc tests revealed that the NPC (Gyp+ amph, both subregions, the present results do not contribute to the
NPC (1.0ug)+amph and NPC (1.2@g) alone groups  core versus shell debate.

spent less time on the drug-paired side than the amph and The finding that co-injection of amphetamine plus NPC
the NPC (0.3.g)+amph groups. Furthermore, the NPC 15437 dose dependently blocked the place preference ef-
(0.5n.g) + amph group spent more time in the drug-paired fect is consistent with the hypothesis that PKC inhibition

side on test than the NPC (1u@) + amph group. will block the rewarding properties of amphetamine. NPC
15437 may also have blocked learning of the association
3.3. Activity between amphetamine and the environment. The effect

of NPC 15437 cannot be attributed to an aversion as in-
Amphetamine enhanced activity in all groups that re- jection of this agent alone had no significant effect on
ceived amphetamine (sd@able 3. A two-way groupx day side preference. No claims can be made with respect to
ANOVA revealed a main effect of treatmenk@, 48) = state-dependent learning. State-dependent learning could be
11579, P < 0.01) on activity during conditioning on  assessed in test sessions conducted following administration
the drug-paired side. Tukey HSD post-hoc tests revealedof amphetamine or amphetamine plus NPC 15437.
that the NPC (1.Q.g) alone group exhibited lower activ- The present findings are consistent with those of Narita
ity counts than the other groups at each day. None of theet al. [11] who found that adminstration of the PKC in-
other treatment groups differed from one another. A similar hibitor calphostin C prior to conditioning attenuated a
ANOVA carried out on vehicle days yielded no significant morphine-induced place preference. Cervo et[4]. re-
effects. ported that the PKC inhibitor chelerythrine given icv im-
mediately after conditioning with systemic cocaine blocked
place preference in rats; H7, that also inhibits PKA, given
4. Discussion before conditioning sessions was without effect. These re-
sults support a role for PKC in reward-related learning.
Results can be summarized as follows: (1) Intra-NAc am- However, differences in route of administration of the in-
phetamine produced a place preference. (2) NAc injections hibitor (icv versus intra-NAc), the inhibitor itself (H7 versus
of the PKC inhibitor NPC 15437dose dependently blocked NPC 15437), route of administration of the psychostimulant
the place preference produced by NAc amphetamine. (3)(systemic versus intra-NAc) or the psychostimulant itself
NAc injections of NPC 15437 alone did not affect place (cocaine versus amphetamine) may account for the differing
preference. (4) NAc NPC 15437 did not block the locomo- results with respect to place preference obtained in the



Table 3
Mean @&S.E.M.) activity counts during conditioning days

Vehicle day Drug day

1 2 3 4 Mean 1 2 3 4 Mean
Amph (20.0) 279.7 (17.7) 291.6 (20.6) 272.7 (31.0) 279.6 (26.2) 280.9 (23.9) 924.9 (33.0) 945.6 (40.4) 987.1 (34.4) 943.4 (38.8)2 (369BD.3
NPC (0.1)+ amph 259.6 (35.1) 228.7 (27.0) 202.7 (33.4) 299.0 (37.2) 247.5 (33.2) 914.7 (61.1) 894.1 (67.8) 994.0 (28.3) 861.9 (44.4)2 (50045.2
NPC (0.5)+ amph 312.5 (35.9) 243.9 (28.9) 287.5 (40.0) 278.9 (34.7) 280.7 (34.9) 870.6 (102.3) 1019.8 (77.0) 1004.8 (64.8) 1052.0 (30.8)? (68996.8
NPC (1.0)+ amph 335.0 (24.9) 253.6 (28.0) 250.3 (29.9) 276.4 (35.2) 278.8 (29.5) 844.0 (38.4) 956.1 (33.5) 972.0 (41.4) 979.4 (79.0)2 (4898y.9
NPC (1.0) alone 283.9 (36.6) 257.2 (21.1) 265.1 (39.7) 264.9 (23.9) 267.8 (30.3) 264.7 (34.5) 308.3 (43.72) 310.4 (19.8) 289.8 (35.7)

293.3

Abbreviations: amph: amphetamine, NPC: NPC 15437, S.E.M.: standard error of the mean.
aSignificantly different from NPC (1.0g) alone in post hoc pairwise comparisons following significant group effect in analysis of variance.
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current study versus Cervo et al. Although chelerythrine was the task of future studies to delineate the signaling pathways

able to attenuate a cocaine place preference the differencahrough which PKC influences reward-related learning.

in the timing of the administration (i.e. post conditioning

versus prior to conditioning) makes it difficult to compare

these results to the current study. Further studies that do notAcknowledgements

differ on these methodological points need to be done to

evaluate these discrepancies between H7 and NPC 15437. This research was funded by the Natural Sciences and
The signaling pathways involved in reward-related learn- Engineering Research Council of Canada.

ing remain to be elucidated although some progress has

been made (e.d9,17]). The role of PKC remains to be

specified but there are a number of possibilities. Thus, References
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