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BENINGER, R. J., C. M. D'AMICO AND R. RANALDI. Microinjections of flupenthixol into the caudateputamen of 
rats produce intrasession declines in food-rewarded operant responding. PHARMACOL BIOCHEM BEHAV 45(2) 343- 
350, 1993.-Results of recent studies suggest that dopamine (DA) transmission in the caudate putamen may be involved in 
food reward-related learning. The purpose of the present study was to evaluate the contribution of DA terminals in the 
dorsal caudate putamen to food-rewarded operant responding. Experiment 1, a study measuring circling behaviour in 18 rats 
receiving systemic amphetamine (1.5 mg/kg) and unilateral intracaudate putamen injections of c/s-flupenthixol (0.0, 1.0, 
10.0, and 25.0/~g in 0.5 ;d), a DA receptor antagonist, or its pharmacologically inactive isomer trans-flupenthixol (25.0/~g in 
0.5 ~d), determined a behaviourally effective dose of c/s-flupenthixol. Results showed that c/s-flupenthixol dose dependently 
increased ipsiversive turning and trans-flupentlfixol did not. In Experiment 2, an operant study, 36 rats were trained to press 
a lever for food on a variable interval 30-s schedule. Rats were then randomly assigned to four groups, three of which 
received one of the following bilateral intracaudate injections prior to three subsequent test sessions: saline (n = 6; 0.5 t~l), 
c/s-flupenthixol (n = 10; 25.0 ~g/0.5/zl), and trans-flupentlfixol (n = 10; 25.0 #g/0.5 #1). Rats in the home cage control 
group (n = 10) received two bilateral intracaudate putamen injections of c/s-flupenthixol (25.0 ~g/0.5 td) in their home cages 
and a final injection of c/s-flupenthixol prior to a test session. The results showed that c/s-flupenthixol, but not trans- 
flupenthixol or saline, produced a time-dependent intrasession decline in operant responding. This pattern resembled that 
seen in extinction. The intrasession pattern of responding in the home cage control group did not differ significantly from 
that of the first test day but did differ significantly from that of the third test day of the c/s-flupenthixol group, suggesting 
that the extinction-like pattern of responding in the c/s-flupenthixol group was not a result of repeated central injections per 
se. These results provide support for the hypothesis that DA transmission may be involved in incentive learning and, further, 
that dopaminergic projections to the dorsal caudate putamen may play a role in food reward-related incentive learning. 

Caudate putamen Circling c/s-Flupenthixol Food Operant responding R e w a r d  trans-Hupenthixol 

THERE now exists good evidence that dopaminerglc neurons 
form a critical link in the neuronal circuitry mediating the 
effects of reward on behaviour [for reviews, see (3,29)]. For 
example, Wise et al. (30) showed that blockade of dopamine 
(DA) receptors with pimozide decreased the response rates of 
animals pressing a lever for food reward. It is noteworthy 
that the pattern of responding resembled that typically seen in 
extinction, that is, response rates did not decrease immediately 
following pimozide but rather declined progressively across 
test sessions. This extinction-fike pattern of responding 
strongly suggested that the effect of pimozide was to attenuate 
the rewarding impact of food. It also ruled out explanations 
based upon simple motor deficits or decreases in motivation 

to eat that might have been expected to have uniform effects 
throughout the session. 

Studies have been undertaken to investigate the role of the 
dopaminerglc projections to the nucleus accumbens and to the 
caudate putamen in reward. There are now many data that 
show that the rewarding properties of psychomotor stimulants 
and opiates are mediated by dopaminerglc projections to the 
nucleus accumbens (6,26,29). The nucleus accumbens and 
caudate putamen have both been implicated in brain- 
stimulation reward (22,23,25). However, the role of dopamin- 
erglc projections to the nucleus accumbens and caudate puta- 
men in food reward is less clear. 

The results of neurochemical studies of postmortem levels 
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of  DA or its metabolites have revealed evidence of  increased 
activity in mesolimbic DA neurons projecting to the nucleus 
accumbens (5,12,13) and/or  nigrostriatai DA neurons (5,7) 
following feeding or lever pressing for food. These observa- 
tions have been corroborated by in vivo electrochemical stud- 
ies similarly showing that feeding or lever pressing for food 
increased accumbens and/or caudate putamen DA release 
(14,15). These results implicate dopaminergic projections to 
both the accumbens and caudate putamen target regions in 
food reward. 

There are a number of observations that might suggest that 
dopaminergic projections to the caudate putamen are critical 
for food reward. Thus, it has been reported that neurotoxic 
destruction of  dopaminergic projections to the caudate puta- 
men but not the accumbens impaired lever pressing for food 
(2). Evenden (11) similarly found that DA-depleting lesions 
of  the caudate putamen but not the accumbens produced an 
extinction-like effect in his analysis of  win-stay patterns of  
lever pressing for food. Other findings provide indirect sup- 
port for the hypothesis that dopaminergic projections to the 
caudate putamen are critical for food reward. Roberts et al. 
(26) and Wise and Rompr~ (29) reported that 6-hydroxydopa- 
mine lesions of  the nucleus accumbens impaired stimulant 
self-administration but not lever pressing for food. It also has 
been found that kainic acid lesions of  the nucleus accumbens 
impaired lever pressing for morphine but not food (10). Thus, 
there is evidence that impaired DA neurotransmission in the 
caudate putamen reduces the effects of  food reward on behav- 
iour and that lesions of  the nucleus accumbens do not. 

On the basis of  these results, it is hypothesized that disrup- 
tion of  dopaminergic neurotransmission in the caudate puta- 
men using local injections of  the DA receptor antagonist c/s- 
flupenthixol will lead to a reduction in the ability of  food 
reward to maintain lever pressing. It is expected that such an 
effect will involve a gradual within- and/or between-session 
decline in responding suggestive of  the gradual loss of  re- 
sponding seen in animals experiencing nonreward. Extinction 
curves for animals trained in the present paradigm have been 
published previously (4). 

An initial experiment using the circling paradigm was car- 
ried out to establish a behaviourally effective dose of  c/s- 
flupenthixol for use in the operant experiments. It was ex- 
pected that animals pretreated systemically with amphetamine 
would show dose-dependent ipsiversive circling following uni- 
lateral injections of c/s-flupenthixol into the dorsal caudate 
putamen. 

METHOD 

Treatment of  rats in the present study was in accordance 
with the Animals for Research Act, the Guidelines of  the Ca- 
nadian Council on Animal Care, and relevant university pol- 
icy and was approved by the Queen's University Animal Care 
Committee. 

Subjects 

Male Wistar rats (obtained from Charles River Canada) 
weighing between 200 and 250 g were individually housed in 
hanging wire cages and maintained in a climactically con- 
trolled environment (21 °C) on a 12 L : 12 D cycle (fights on a 
0600 h). Rats used in the operant experiments were maintained 
at 850/0 of  their free-feeding weights through daily measured 
food rations (Purina Rat Chow); the average daily ration was 
from 12-15 g. Rats used in the circling studies had access to 

food ad lib. Water was continuously available in the home 
cage for all rats. 

Apparatus 

Operant chambers. Operant conditioning occurred in four 
identically constructed experimental chambers. Each operant 
chamber (23.0 x 20.4 x 19.5 cm) consisted of  aluminum 
plate sides and a transparent Plexiglas top and door. The grid 
floor was composed of  aluminum rods spaced 1.5 crn apart. 
A feeder cup was positioned to the right of  the lever; the lever 
was 5.0 cm wide at a height of 5.5 cm. The chamber was 
illuminated by a light (7 W) and enclosed in an outer plywood 
box insulated with sound-attenuating styrofoam and venti- 
lated by a small fan. Data collection and schedules of  food 
reward were controlled by a Digital Equipment Corporation 
LSI 11/2 computer. 

Circling arenas. Circling was measured in three polyure- 
thane-sealed circular wooden bases (30.0 cm in diam.) en- 
closed within a cylinder of  wire mesh (36.0 cm high) and fitted 
with a Plexiglas cover. 

Surgery 

Animals were anaesthetized with an IP injection of  sodium 
pentobarbital (60.0 mg/kg, MTC Pharmaceuticals) and se- 
cured in a Kopf stereotaxic instrument (Kopf, Topanga, CA) 
with the incisor bar set at 5.0 mm above the horizontal plane 
passing through the interanral line. The 18 rats in the circling 
experiment received unilateral guide cannulae implanted into 
the left dorsal candate putamen. The 36 rats in the operant 
experiment received bilateral guide cannulae implants in the 
dorsal caudate putamen. The stainless steel guide cannulae 
(0.64 mm diam.) were implanted at the following coordinates 
(21): 1.4 mm anterior to bregma, 3.0 mm lateral to the mid- 
line, and 4.0 mm ventral to the dura mater. Guide cannulae 
were anchored to the skull with four stainless steel jeweler's 
screws and acrylic cement. They were occluded between injec- 
tions with stainless steel pins (0.31 mm diam.). 

Central Injections 

Stainless steel injection cannulae (0.31 mm diam.) were cut 
to extend 1.0 mm beyond the tip of the guide cannulae. They 
were attached to a 10-/~1 Hamilton microsyringe (Hamilton 
Co., Reno, NV), mounted in an infusion pump (Sage Instru- 
ments), by a length of polyethylene tubing. Injections were 
delivered over 45 s and the injection cannula was left in place 
for 60 s. The doses used in the circling study were 1.0, 10.0, 
and 25.0 /~g c/s-flupenthixol dihydrochloride (Lundbeck, 
Copenhagen, Denmark) dissolved in 0.5/~1 distilled water. The 
pH level of  the c/s-flupenthixol solution was approximately 
3.0. trans-Flupenthixol dihydrochloride (Lundbeck), the phar- 
macologically inactive geometric isomer of  c/s-flupenthixol 
(20), in a dose of  25.0 #g in 0.5 #1 distilled water served as the 
control for the nonspecific effects of  pH and osmolality. In 
the operant experiment, either 25.0/~g c/s-flupenthixol in 0.5 
#1 distilled water, 0.5 #1 0.9% saline, or 25.0/~g trans-flu- 
penthixol in 0.5/~1 distilled water were infused bilaterally. 

Behavioural Testing 

Experiment 1. Testing of  the 18 animals involved in the 
circling study began 6 days following surgery. Nine animals 
were tested each day, thereby allowing 48 h between test days. 
Animals were injected with (+)-amphetamine sulphate (1.5 
mg/kg, IP, Smith, Kline & French, Philadelphia, PA) 15 min 
prior to each session. Each test session (except no-injection; 
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see below) began with a central injection and placement into 
the circular arena. Complete turns (360 °) ipsi- or contralateral 
to the side of  the cannula were counted for each rat during 
seven separate sessions: a) no central injection; b) central in- 
jection of  trans-flupenthixol (25.0 #g in 0.5 ~tl); c), d), and e) 
injection of each of  three doses of  cis-flupenthixol (1.0, 10.0, 
and 25.0 #g in 0.5 #1) with the order of  administration coun- 
terbalanced across rats over three sessions; f) replication of  
trans-flupenthixol; g) replication of  no central injection. 

Three animals were observed over 60 rain with central in- 
jections given at staggered intervals of  5 min. Each animal 
was scored at 0-5, 15-20, 30-35, and 45-50 rain. The clock 
was stopped for the time taken (maximum 2 rain) to adminis- 
ter a central injection. Thus, each animal was scored for a 
total of 20 min in four 5-min blocks at approximately equal 
intervals throughout the 60-rain session. Circling behaviour 
was expressed as the ratio of ipsiversive turns to total turns 
(ipsiversive + contraversive). Ratio values greater than 0.5 
indicate a tendency toward ipsiversive turning and values less 
than 0.5 toward contraversive turning. Total turns per session 
constituted a second dependent variable. 

Experiment 2. The effect of  bilateral intracaudate putamen 
injections of  cis-flupenthixol (n = 10), trans-flupenthixol 
(n = 10), or saline (n = 6) on three separate occasions was 
compared to baseline (i.e., nondrug) responding of  the same 
animals over three sessions. An additional group, the home 
cage control group (n = 10), also was included. Thirty-six 
animals were trained to press the lever for food reward con- 
sisting of  one 45-rag food pellet (Bioserv) delivered on a vari- 
able interval (VI) 30-s schedule, that is, response-contingent 
reward became available every 30 s on average (range: 5-90 
s). Predrng sessions lasted for 30 rain per day for 10 days. 
Individual animals were tested in the same box, in the same 
order, and at the same time of  the day. Animals were tested 
in the experimental chamber every day unless they received an 
injection, in which case a 72-h waiting period was imposed 
before the next session. This was included to minimize any 
possible carryover effects from one injection to the next. Ani- 
mals remained in their home cages for the intervening 2 days. 
cis-Flupenthixol was expected to produce a day-to-day and /  
or within-session decline in responding. The saline group was 
included to control for possible nonspecific effects of  repeated 
injections and the trans-flupenthixol group was included to 
control for possible nonspecific effects resulting from re- 
peated microinjections of  an acidic solution. 

The home cage group served as a control for cumulative 
pharmacological effects, that is, if the cis-flupenthixol group 
showed a day-to-day decline one possibility is that the effec- 
tive dose increased from injection to injection [cf. (30)]. If  
this was the case, animals receiving home cage injections of  
cis-flupenthixol prior to their first test under the drug would 
be expected to respond less than animals receiving the drug 
for the first time. Thus, home cage control animals received 
three bilateral central injections of  cis-flupenthixol (25.0/zg/ 
0.5/~1). They were returned to their home cages following each 
of  the initial two injections but were tested in the operant 
chambers on the third day. On the test day, these animals 
had pharmacological histories identical to the c/s-flupenthixol 
group on test days. They differed in their experience with the 
lever-press situation while drugged. In this latter respect, they 
were similar to the cis-flupenthixol group on their first drug 
day. 

Histology 
At the conclusion of  behavioural testing, rats were killed 

with a lethal dose of  sodium pentobarbital,  exsanguinated 

with 0.9% saline, and perfused intracardially with 10% for- 
malin. Brains were removed and stored in 4% formalin for 1 
week. Frozen coronal sections (50 /~m) were mounted and 
stained with formal-thionin (9) to verify cannulae placements. 

RESULTS 

Histology 

Cannulae for 17 of  the 18 rats in Experiment 1 and all 
rats in Experiment 2 were in the dorsal region of  the caudate 
putamen as indicated by the representative section from Ex- 
periment 2 shown in Fig. 1. The rejected rat from Experiment 
1 had its cannula positioned too medially, invading the ven- 
tricle. 

Experiment 1 

Some animals exhibited a marked turning bias during the 
first no-injection test. Six animals with turning ratios less than 
0.15 or greater than 0.85 during the first session were ex- 
cluded. Student's t-tests for correlated measures indicated that 
the mean (+SEM) turning ratios, although increasing from 
session to session, were not significantly different for the ini- 
tial and final no central injection [0.50 (=1=0.08) vs. 0.68 
(+0.09)],  t(10) = 1.50,p > 0.10, or trans-flupenthixol [0.58 
(+0.08) vs. 0.73 (=l:0.08)], t(10) = 1.94, p > 0.10, condi- 
tions. Therefore, the ratios for these initial and final sessions 
were averaged for each rat for subsequent analyses. 

The effects of  no-injection and cis- and trans-flupenthixol 
on mean turning ratios are shown in Fig. 2. The data showed 
increasing ipsiversive turning with increasing doses of  cis- 
flupenthixol. The reliability of this effect was confirmed by a 
repeated-measures analysis of variance (ANOVA) revealing a 
main effect of  dose, F(4, 40) = 4.42, p < 0.005. Note that 
the Greenhouse-Geisser adjusted degrees of  freedom were 
used to reduce type I errors associated with repeated measures 
[see (18)]. Post-hoc comparisons using the Dunnett method 
showed that the trans-flupenthixol condition did not differ 
significantly from the no central injection condition; conse- 
quently, the trans-flupenthixol condition was used as the con- 
trol for the remaining comparisons. The Dunnett tests re- 
vealed that the 25.0-#g dose of  c/s-flupenthixol produced a 
significantly greater amount of ipsiversive turning than trans- 
flupenthixol. 

A second dependent measure from Experiment 1 was the 
total number of turns (ipsiversive + contraversive). The mean 
(+  SEM) total for no-injection 1, trans-flupenthixol 1, cis- 
flupenthixol 1.0, 10.0, and 25.0 #g, trans-flupenthixol 2, and 
no-injection 2, respectively, were: 24.5 (+3.6) ,  29.0 (+4.2) ,  
36.0 (+  8.3), 35.9 (+  3.9), 34.6 (+  7.3), 53.9 (+  8.2), and 48.0 
(+  9.1). It appeared that total number of  turns increased from 
session to session in these amphetamine-pretreated animals 
and ANOVA confirmed a significant treatment effect, F(4, 
40) = 3.71, p < 0.05. The values given above for the three 
cis-flupenthixol doses are not representative of  the order in 
which the doses were given as that order varied from rat to 
rat. When mean (+  SEM) total turns were computed for the 
first, second, and third cis-flupenthixol sessions ignoring dose, 
the corresponding values were: 29.0 (+  3.7), 39.1 (+  7.2), and 
39.2 (+  7.9). These means and those presented above for no- 
injection and trans-flupenthixol sessions confirm that total 
turns increased from session to session. 

Turning ratios showed that intracaudate putamen injec- 
tions of  a 25.0-#g dose of  the DA antagonist cis-flupenthixol 
affected behaviour significantly. Therefore, the 25.0-#g dose 
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FIG. 1. Representative photomicrograph showing dorsal caudate putamen site of bilateral can- 
nulae for an animal from Experiment 2. Rats from Experiment 1 had unilateral cannulae located 
in the same target site. 
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FIG. 2. Mean turning ratios [ipsiversive/(ipsiversive + contraver- 
sive)] for no-injection (no-inj), trans-flupenthixol (trans-Flu), and cis- 
flupenthixol treatments for Experimem 1. No-inj ratios for each rat 
(n = 11) were averaged over sessions 1 and 7 and trans-Flu ratios for 
sessions 2 and 6. Ratios greater than and less than 0.5 (broken line) 
indicate a tendency toward ipsiversive and contraversive turning, re- 
spectively. Vertical bars represent SEMs. *Significantly more ipsiver- 
sive turning compared to trans-Flu condition. 

was chosen for the evaluation of responding for food follow- 
ing intracaudate putamen injections of c/s-flupenthixol. 

Experiment 2 

Mean (+ SEM) lever press responses per rain for each 5- 
min segment of the last three 30-rain baseline sessions and the 
three (or one) test sessions for the saline, trans-flupenthixol, 
c/s-flupenthixol, and home cage control groups are shown in 
Fig. 3. For all groups, intrasession response rates during the 
three baseline sessions tended to increase over 5-min blocks. 
For the saline and trans-flupenthixol groups, the pattern was 
similar for the three test sessions following intracandate injec- 
tions. This was confirmed by statistical analyses. For each 
group, a three-variable repeated-measures ANOVA with time 
(six 5-rain blocks), day (3 days), and phase (baseline and test) 
as the variables analysed was carried out. The Greenhouse- 
Geisser corrected degrees of freedom was used for all repeat- 
ed-measures factors. For the saline group, only the time effect 
was significant, F(5, 25) = 13.16,p < 0.005. This result con- 
-firmed that central administration of saline had no significant 
effect on food-rewarded operant responding. 

Results from the ANOVA for the trans-flupenthixol group 
revealed a significant effect of time, F(5, 45) = 11.09, p < 
0.005, and an interaction of phase and time, F(5, 45) = 3.20, 
p < 0.01; this suggested that the time effect differed from the 
baseline to the test phase. However, tests of simple main ef- 
fects revealed significant time effects in each phase, F(5, 45) 
= 7.86, p < 0.005, and F(5, 45) = 10.82, p < 0.005. Tests 
of simple main effects of phase at each time revealed no signif- 
icant phase effects. Thus, the source of the significant interac- 
tion was not revealed by these tests. Inspection of Fig. 3 (also 
see Table 1) suggested that trans-flupenthixol produced a 
small decrease in responding during the first 5-min block of 
test sessions 2 and 3, possibly producing the interaction. Apart 
from this initial slowing of responding, trans-flupenthixol ap- 
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FIG. 3. Mean number of bar presses per minute for each of the six 5-min blocks in each session for 
the last three baseline sessions (days 8, 9, and 10) and the three test sessions for all groups from 
Experiment 2. Vertical bars represent SEMs. 

pcared to have little effect on the intrasession pattern of  lever 
pressing for food reward. 

For the c/s-flupenthixol group, following drug injections 
response rates were generally lower than in baseline. Response 
rates showed an initial baseline-like increase over the fh-st 
three 5-min blocks but then began to decline over the last 
three 5-min blocks. Statistical analyses confirmed that these 
effects were reliable. The ANOVA revealed significant time, 
F(5, 45) = 16.69, p < 0.005, phase, F(1, 9) = 13.10, p < 
0.01, and time × phase interaction effects, F(5, 45) = 7.14, 
p < 0.005. Tests of  simple main effects revealed a time effect 

in each phase, F(5, 45) = 14.68, p < 0.005, and F(5, 45) = 
10.12, p < 0.005, and a phase effect at each time, F( I ,  9) 
= 12.07, 6.50, 6.67, 8.68, 16.53, and 14.19, at times 1-6, 
respectively, p < 0.05. Thus, c/s-flupenthixol significantly 
changed the intrasession pattern of  responding but tests of  
simple main effects failed to reveal any differential effects at 
different time blocks. 

In comparison with baseline, it appeared that the magni- 
tude in the decrease in responding produced by c/s- 
flupenthixol was greater in the last 5-min blocks of  test ses- 
sions than in the first 5-min blocks. The magnitudes of  these 
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TABLE 1 
MEAN DIFFERENCES IN RESPONSES/rain (PHASES 1 MINUS 2) 

DURING EACH 5-rain BLOCK FOR EACH GROUP (SEM IN PARENTHESES) 

Time (5-min Blocks) 

Group T 1 T2 T3 T4 T5 T6 

Saline - 3.43 - 2.90 - 7.63 - 8.87 - 3.73 - 2.33 
(2.05) (2.46) (2.90) (3.54) (4.96) (5.57) 

trans 7.37 0.47 0.53 - 1.57 0.50 - 0.57 
(4.68) (3.14) (3.49) (3.69) (3.04) (3.99) 

c/s 4.97 6.90 8.20 11.63 15.77 17.90 
(1.43) (2.72) (3.19) (3.95) (3.88) (4.75) 

Home 12.54 9.20 14.93 15.55 15.37 17.76 
(4.32) (5.32) (3.55) (2.98) (4.78) (4.98) 

c/s, c/s-flupenthixol group (n = 10); home, home cage control group (n = 10); saline, saline group 
(n = 6); trans, trans-flupenthixol group (n ffi 10). 

differences were computed by subtracting the response rates 
for each 5-min block of the combined test days from the corre- 
sponding 5-rain block of the combined baseline days. These 
values for all groups are shown in Table 1. It can be seen that 
the magnitude of the difference score increased from block 
to block for the c/s-flupenthixol group. A one-way ANOVA 
confirmed that these values changed significantly over time, 
F(5, 45) -- 7.14,p < 0.01. Thus, c/s-flupenthixol produced a 
significant intrasession decline in food-rewarded operant re- 
sponding. 

The home cage control group was included to evaluate the 
possibility that repeated central administrations of c/s-flu- 
penthixol would lead to a decrease in responding unrelated to 
experience in the test environment. When this group was 
tested following their third injection of c/s-fhipenthixol, their 
response rates were generally lower than in baseline and re- 
sponse rates in the final four 5-min blocks failed to show 
progressive increases like those seen in baseline. For data 
analyses, response rates for each 5-min block of the three 
baseline sessions were averaged and compared to the response 
rates in the test using a two-variable ANOVA with repeated 
measures on 5-min block and phase. Significant 5-min block, 
F(5, 45) = 29.31, p < 0.005, phase, F( l ,  9) = 11.64, p < 
0.01, and interaction effects were seen, F(5, 45) = 3.72, p < 
0.01. Tests of simple main effects revealed significant time 
effects in each phase, F(5, 45) -- 52.18, p < 0.005, and F(5, 
45) = 8.80, p < 0.005. Tests of simple main effects of phase 
for each 5-min block revealed significantly less responding in 
the test phase for each 5-min block except the second, F(1, 9) 
= 8.41, 17.66, 27.29, 10.36, and 12.69 for the first, third, 
fourth, fifth, and sixth 5-rain blocks, respectively, p < 0.05. 
These tests might suggest that the interaction occurred because 
c/s-flupenthixol reduced responding in all but the second 5- 
min block. 

As was the case for the c/s-fhipenthixol group, difference 
scores were computed by subtracting response rates in each 
5-min block in the test from the corresponding block in base- 
line (Table l). The magnitude of these differences tended to 
increase within the session. This was confirmed to be reliable 
by the results of a one-way repeated-measures ANOVA reveal- 
ing a significant block effect, F(5, 45) = 3.72, p < 0.05. 
Thus, when given for the first time in the test environment 
c/s-flupenthixol produced a significant intrasession decline in 

food-rewarded operant responding, replicating the results seen 
in the c/s-flupenthixol group. 

The c/s-flupenthixol group was expected to show an in- 
creasing effect of the drug over days. Although there appeared 
to be less responding and a greater intrasession decline on the 
third injection day for the c/s-flupenthixol group, neither of 
these effects achieved significance in the ANOVA reported 
above. The home cage control group was included to evaluate 
the possibility that the expected trends were due to the effects 
of repeated injections per se rather than an effect of the com- 
bination of drug injection and behavioural testing. It was 
planned to compare the test results of the home cage control 
group to test days 1 and 3 of the c/s-flupenthixol group. If 
possible increasing effects of the drug in the c/s-fiupenthixol 
group were related to experience with the test environment 
while drugged, the home cage control group, although receiv- 
ing the drug for the third time, should have performed like 
the c/s-flupenthixol group on the first test day. The ANOVA 
comparing the results of the home cage control group to test 
day 1 of the c/s-flupenthixol group revealed no significant 
main effect of group or interaction, suggesting that perfor- 
mance was similar. On the other hand, the ANOVA compar- 
ing the home cage control group to test day 3 of the c/s- 
flupenthixol group revealed a significant time × group 
interaction, F(5, 90) = 2.45, p < 0.05. Tests of simple main 
effects of group at each 5-rain block revealed that the c/s- 
flupenthixol group responded significantly less than the home 
cage control group during the sixth 5-min block, F(I ,  18) = 
4.52, p < 0.05. These results suggest that the c/s-flupenthixol 
group tended to respond less with repeated injections of the 
drug and that this tendency was not simply related to the 
effects of repeated drug injections. 

DISCUSSION 

Results of Experiment 1 revealed that unilateral intracau- 
date putamen microinjections of c/s-flupenthixol dose depen- 
dently (25.0 but not 10.0 or 1.0 ~g in 0.5 ~l) increased ipsilat- 
eral turning in amphetamine-pretreated rats. In Experiment 2, 
when the effective dose (25 ~g), but not saline or the geometric 
isomer trans-flupenthixol, was injected bilaterally into the 
dorsal caudate putamen of animals responding for food on a 
variable interval schedule a time-dependent decrease in re- 
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sponding was seen. This effect was similar to the gradual loss 
of  responding seen in animals no longer receiving reward [cf. 
(4)]. Results from the home cage control group suggested that 
the pattern of  responding seen over days in the c/s-flupenthix- 
ol group did not result simply from having received c/s- 
flupenthixol previously. Overall, results may indicate a role 
for dopaminergic projections to the dorsal caudate putamen 
in mediating the ability of  food reward to maintain operant 
responding. 

The finding that intracaudate putamen injections of  c/s- 
flupenthixol dose dependently produced ipsilateral turning in 
amphetamine-treated animals is in excellent agreement with 
previous studies showing ipsilateral asymmetry following in- 
tracaudate putamen c/s-flupenthixol plus systemic apomor- 
phine (8). It is noteworthy that when c/s-flupenthixol was in- 
jected into the caudate putamen of  animals not pretreated 
with a stimulant drug no turning was seen (8,16). The series 
of  five central injection sessions in Experiment 1 was preceded 
and followed by no-injection sessions. Although ipsilateral 
turning scores appeared to be higher in the second no-injection 
session, the difference was not significant, suggesting that nei- 
ther chronic cannulation of  the dorsal caudate putamen nor 
the series of  five central injections had significant enduring 
effects on directional bias, as reported previously in studies 
from this laboratory (16,27). The related finding that trans- 
flupenthixol injections, which preceded and followed the 
series of  three c/s-flupenthixol sessions, did not produce a sig- 
nificant directional bias further shows that c/s-flupenthixol- 
produced turning did not result from mechanical stimulation 
of  striatal tissue with fluid or from other properties of  the 
drug not related to its action as a DA receptor antagonist. 
Finally, the observation of  significant dose-dependent turning 
following c/s-fiupenthixol, even though the doses were given 
in a counterbalanced order across rats, provides strong sup- 
port for the conclusion that the effects of  the drug were related 
to its action as an antagonist of  DA receptors. 

In Experiment 1, directionality and total turns were evalu- 
ated. However, it appeared that only the former dependent 
variable was influenced in a consistent manner by the treat- 
ment condition; total turns were observed to show a signifi- 
cant increase across treatments regardless of  treatment condi- 
tion. As turning ratios were dose dependent despite this trend, 
this finding underscores the utility of  directional bias or rela- 
tive turning as a sensitive measure reflecting bilateral differ- 
ences in striatal function. The general increase in total turns 
across sessions may reflect a sensitization to the effects of 
systemic amphetamine, which was injected prior to each ses- 
sion. Thus, it has been reported frequently that the stimulant 
effects of  amphetamine increase with repeated injections, es- 
pecially if those injections are paired with a particular test 
environment (17,19). 

An issue that pertains to both Experiments 1 and 2 con- 
cerns the possibility of  diffusion of  c/s-flupenthixol [cf. (28)]. 
I f  c/s-flupenthixol diffused away from the site of  injection, to 
ventral regions of  the striatum, for example, it would be incor- 
rect to attribute its behavioural effects to an action in the 
dorsal caudate putamen. Ahlenius et al. (1) investigated this 
question by taking advantage of  the effects of  DA receptor 
antagonists on levels of  DA metabolites. They injected c/s-flu- 
penthixol (40/~g in 1.0 #1) into either the caudate putamen or 
nucleus accumbens and measured the concentrations of  the 
DA metabolites 3,4-dihydroxyphenylacetic acid and homova- 
nillic acid at the site of  injection and in neighboring areas. 
They found that the metabolites were affected only at the site 
of  injection and concluded that c/s-flupenthixol has a low rate 

of  diffusion from the site of  injection. Especially when it is 
emphasized that the dose and volume of  c/s-flupenthixol used 
in the present experiments were lower than those used in the 
studies of  Ahlenius et al. (1), it seems possible to attribute the 
behavioural effects of  c/s-flupenthixol observed here to its 
action in the dorsal caudate putamen. 

In Experiment 2, c/s-fiupenthixol, but not its inactive geo- 
metric isomer trans-flupenthixol or saline, produced a time- 
dependent intrasession decline in operant responding for 
food. Although there was a tendency for response rates to 
decline over c/s-flupenthixol test sessions, this effect was not 
statistically significant. However, when the home cage control 
group, which had received two home cage injections of  c/s- 
flupenthixol several days prior to its first test session with the 
drug, was compared to the c/s-flupenthixol group, evidence 
supporting an increasing effect of  c/s-flupenthixol over days 
of  testing was found. Thus, the intrasession pattern of  re- 
sponding for food of  the home cage control group did not 
differ significantly from the day 1 pattern of  the c/s-flupen- 
thixol group but did differ from the day 3 pattern; the home 
cage control group responded significantly more than the c/s- 
flupenthixol group in the latter 5-min blocks of  the session. 
The observation of  an intrasession decline in responding for 
food of  rats having received c/s-flupenthixol into the dorsal 
caudate putamen and the finding of  some evidence for an 
increasing effect of  the drug with repeated testing resemble 
the extinction patterns of  responding seen in animals no longer 
receiving food reward [cf. (4,30)]. These results support the 
hypothesis that dopaminergic projections to the dorsal cau- 
date putamen may mediate the usual effects of  food reward 
on operant responding. 

Some recent results are congruent with the present find- 
ings. G. Phillips et al. (24) reported that the dopamine D2 
receptor antagonist sulpiride, when injected into the dorsal 
caudate putamen, produced a gradual intrasession decline in 
operant responding. Further, they found that intraaccumbens 
sulpiride, although decreasing responding, did not produce a 
gradual extinction-like pattern. The finding from the dorsal 
caudate putamen is in excellent agreement with the present 
results. The additional finding that accumbens injections of  a 
DA antagonist failed to produce a gradual effect provides 
further indirect support for the present hypothesis that dopa- 
minergic projections to the dorsal striatum play a critical role 
in mediating the usual effects of food reward on operant be- 
haviour. 

A number of other findings are consistent with this hypoth- 
esis. Thus, neurotoxic destruction of  dopaminergic projec- 
tions to the caudate putamen but not the accumbens impaired 
lever pressing for food (2); further, in that study the effect of  
the lesion was observed to increase from test session to test 
session, suggesting a gradual loss of  the effects of  food reward 
on operant behaviour. Evenden (11) similarly found that DA- 
depleting lesions of  the caudate putamen but not the accum- 
bens produced an extinction-like effect in his analysis of  win- 
stay patterns of  lever pressing for food. Indirect support also 
comes from the observation that 6-hydroxydopamine lesions 
of  the nucleus accumbens that impaired psychomotor stimu- 
lant self-administration failed to affect operant responding 
for food (26,29). Similarly, excitotoxic destruction of the nu- 
cleus accumbens impaired lever pressing for morphine but not 
food (10). Together with the present findings, these results 
suggest that dopaminergic projections from the substantia ni- 
gra to the caudate putamen may mediate the ability of  food 
reward to maintain operant responding for food. 

There is evidence from postmortem neurochemical studies 
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that levels of DA and its metabolites in the caudate putamen 
may increase following feeding or lever pressing for food (5, 
7). In vivo electrochemical studies similarly have shown that 
eating or lever-pressing for food increased accumbens and/or  
caudate putamen DA release (14,15). These results further 
implicate candate putamen DA in food reward. 

In conclusion, the present results, showing that intracau- 
date putamen injections of the DA receptor antagonist c/s-flu- 
penthixol produced intrasession decreases in food-rewarded 
operant responding, support the hypothesis that dopaminergic 
projections to the caudate putamen play a critical role in medi- 
ating the effects of food reward on operant responding. It has 

been suggested that food reward, and therefore DA, produces 
incentive learning involving a change in the ability of stimuli 
associated with reward to elicit approach and other responses 
in the future (3). Present and related results would suggest 
that incentive learning involving food reward may be mediated 
by dopaminergic projections to the dorsal candate putamen. 
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