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The striatum mediates several different components of appetitive ingestive behavior in a region
dependent manner. Previous work has implicated the dorsal and ventral striatum in both consumma
tory and appetitive aspects of motivated behavior. In this study, we compared the effects of excito
toxic, fiber-sparing lesions of the ventral, medial, and lateral striatum on consummatory responses to 
sucrose solution rewards. Consummatory responses were measured in terms of volume consumption 
and licking behavior, and in a successive contrast paradigm. Ventral striatal lesions shifted the 
intake-concentration function to the left but did not affect positive or negative contrast. Lateral stri
atallesions reduced volume consumption, apparently as a result of motoric impairments of licking ef
ficiency, but had no significant motivational effects. The effects of medial striatal lesions were less 
clear cut, but they probably included both motor and subtle motivational deficits. 

Considerable evidence supports a role for the ventral 

striatum in appetitive behavior (Robbins & Everitt, 1996). 

Such evidence comes from studies of striatal involvement 

in the reinforcing effects of intracranial stimulation and 
abused drugs, such as the psychomotor stimulants (Koob, 

1992; Koob & Nestler, 1997; Robbins & Everitt, 1996; 
Wise & Bozarth, 1987), and also from studies of appeti

tive behavior directed toward natural rewards such as 

food, sex, and novelty (Burns, Annett, Kelley, Everitt, & 
Robbins, 1996; Everitt, 1990; Mitchell, 1994; Robbins, 

Cador, Taylor, & Everitt, 1989; Robbins & Everitt, 1992). 

Within the striatum, distinct dorso-ventral regional differ

entiation of motivational function is likely, since the dor

sal striatum is proposed to be involved in the sensorimo

tor coordination of consummatory behavior (Berridge & 

Cromwell, 1990; Brown & Robbins, 1989; Dunnett & 

Iversen, 1980; Ungerstedt, 1971) and the ventral striatum 

is considered important in determining the control of ap
petitive aspects of behavior (Robbins & Everitt, 1992). 

The exact role ofthe striatum in motivational processes 

is complicated, however, by the preponderance of studies 
of its dopaminergic innervation (Dunnett & Robbins, 

1992). Dopamine depletion from the dorsal striatum re

sults in deficits in the capacity to initiate and execute forms 

of consummatory behavior (Bakshi & Kelley, 1991 a, 
1991 b). For example, 6-0HDA lesions of the substantia 

nigraNTA produce profound aphagia and adipsia, effects 
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which provide evidence that dopamine depletion in this re

gion induces a disturbance of the sensorimotor integration 

of ingestive behavior and impairments of the motiva

tional properties of primary rewards, such as food and 

water (Marshall, Richardson, & Teitelbaum, 1974; Zig

mond & Stricker, 1972). 

Berridge and Robinson (1998) and Salamone, Cousins, 

and Snyder (1997) have reviewed the involvement of 
dopaminergic mechanisms in reward-related behaviors 

in detail. Evidence suggests that both appetitive and con

summatory components of behavior involve the nucleus 

accumbens and that the components are separable by ma

nipulation of dopamine and opiates within this region of 

the brain (Kelley, Bless, & Swanson, 1996; Zhang & Kel
ley, 1997). Dopamine depletion from the ventral striatum 

also leads to a reduction in spontaneous motor activity, 
which is a finding that could indicate a reduction in the 

appetitive response to reward (Bakshi & Kelley, 1991 a; 
Cousins & Salamone, 1994; Cousins, Sokolowski, & Sala

mone, 1993; Koob, Riley, Smith, & Robbins, 1978). More

over, dopamine is considered important for eating, drink
ing, and orofacial motor control (Kelley, Gauthier, & 

Lang, 1989). 

The effects of manipulations of the meso limbic dopa

mine system on sucrose consumption are complex, and 

consequently, it is difficult to support a simple hypothesis 
ofthe role of the mesolimbic dopamine system in sucrose
drinking behavior. In some studies, for example, infusions 

of dopamine receptor antagonists into the ventral striatum 

have produced a rightward shift in sucrose consumption 

(Phillips, Willner, & Muscat, 1991 a, 1991 b, 1991 c), but, 

in other studies, the infusions have had no effect on the 

intake of higher concentrations of sucrose (Ikemoto & 
Panksepp, 1996; Muscat & Willner, 1989). 
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The precise roles of the dorsal and ventral striatum in 
incentive motivation, distinct from their dopaminergic 
innervation, are unclear. Balleine and Killcross (1994) 

found that when they manipulated the incentive value of 
the outcome of an operant leverpressing task, rats with 
ventral striatal excitotoxic lesions were sensitive to these 
changes on certain aspects ofthe task, but not on others. 
Within the dorsal striatum, regional functional differen
tiation may also exist, which could relate to differences in 
appetitive and consummatory responses. For example, 
considerable experimental evidence locates neurones 
within the lateral dorsal striatum that are specific to tongue 
and mouth movement (Mittler, Cho, Peoples, & West, 
1994) and potentially to the control of responses to food. 
The role of the medial dorsal striatum is less clear, but 
studies indicate a continuum of function from the ventral 
striatum, through the medial striatum and into the lateral 
striatum (Whishaw, Mittleman, Bunch, & Dunnett, 1987). 
In addition, considerable connectivity exists between 
both the medial and lateral striatum and other brain re
gions that are more clearly implicated in reward mecha
nisms (Alexander & Crutcher, 1990; Alheid & Heimer, 
1998). 

In this study, we examined the ingestive responses of 
rats with different striatal lesions to variations in sucrose 
concentration. Concentration-dependent shifts to the left 
or to the right that were produced by the lesions suggest 
motivationally dependent deficits; both parallel shifts and 
unchanged asymptotes were evidence against simple 
motor effects. We also assessed the dynamic response to 
shifts in anticipated sucrose concentrations with a succes
sive contrast procedure that measured both positive and 
negative contrast. 

Considerable evidence supports a motivational
emotional interpretation of contrast, or shifts in reward 
magnitude (Flaherty, 1982). Problems arise with anyat
tempt to equate the behavioral properties of incentive 
contrast with emotion, but analysis of this behavior can 
provide important information about the contribution of 

different regions of the brain to reward evaluation (Rob
bins & Everitt, 1992). Actual evidence of the effects on 
sucrose-related contrast is limited to a few studies. Le
sions of the parabrachial nuclei (Grigson, Spector, & 

Norgren, 1994) and amygdala (Becker, Jarvis, Wagner, 
& Flaherty, 1984; Salinas, Packard, & McGaugh, 1993) 
are effective in eliminating successive negative contrast 
effects, but there are no effects of disruption to hip
pocampal activity (Flaherty, Rowan, Emerich, & Walsh, 
1989) or to serotonergic mechanisms (Flaherty et aI., 
1990) on negative contrast. Both of the latter structures 
have specific projections to the striatum, but the effects 
of any disruption to the striatum itself on these forms of 
motivated behavior are not known. 

Therefore, in this study we evaluated the effects of ex
citotoxic lesions to the striatum on consummatory behav
ior over a range of reinforcer magnitudes, incorporated 

the effects of food deprivation on this behavior, and in
vestigated positive and negative contrast effects. This has 
enabled us to compare effectively the roles of the dorsal 
and ventral regions of the striatum in appetitive behavior. 

METHOD 

Subjects 
The subjects were 32 male hooded Lister rats (Harlan; Bicester, 

England) that weighed 315-360 g at the start of the study. The rats 
were housed in groups of 4 under a reversed 12:12-h light:dark 

cycle (lights off at 0930 h) and were tested between 1100 and 

1800 h during the dark phase of this cycle. Body weights were 

maintained at approximately 95% of the free-feeding weight by 
feeding with 15-20 g of expanded laboratory chow I h after the end 
of each daily test session. Water was available ad lib, except during 

the experimental session. 

Surgery 
The rats were randomly allocated into four groups. They received 

bilateral medial striatal lesions (n = 8), lateral striatal lesions (n = 

8), ventral striatal lesions (n = 8), or sham surgery (n = 8) divided 

among medial (3), lateral (3), and ventral (2) sites. The rats were 

deeply anesthetized (with 1.5% halothane in 2: 1 O2 and N20), and 
bilateral lesions were made by infusion of 0.09 M quinolinic acid 

(Sigma) in phosphate-buffered saline (PBS), pH = 7.4, through a 
30-gauge stainless steel cannula connected with polyethylene tub

ing to a 10-JlI glass syringe in a microdrive pump. For medial and 
lateral striatal lesions, 2 X 0.35-JlI infusions were made on each 

side, and at each lesion site, the infusion was made at two depths 

ventrally. For ventral lesions, one single-depth 0.7-JlI infusion was 
made on each side. Quinolinic acid was infused at a rate of 0.125 

Jll/min. (For medial and lateral lesions, it was infused for I min 
20 sec at the more ventral coordinate; then the cannula was raised, 

and infusion was continued for the remainder of the infusion time, 
to 2 min 48 sec.) Lesion coordinates for the medial striatum were 

anterior (A) = 0.2 mm to bregma, lateral (L) = ±2.0 mm to the mid

line, vertical (V) = 5.0 mm and 4.0 mm below dura, and A = 1.2, 
L = ±2.0, V = 5.0,4.0. For the lateral striatum, lesion coordinates 

were A = -0.3, L = ±3.6, V = 5.5, 5.0 and A = 0.7, L = ±3.6, V = 
5.0,4.5. For the ventral striatum, lesion coordinates were A = 1.6, 

L = ± 1.6, V = 6.8. The incisor bar was set 2.3 mm below the inter
aural line. Following a further I min for diffusion, the cannula was 

retracted and the wound was cleaned and sutured. The control ani

mals received identical injections of PBS, pH = 7.4. Postoperatively, 
all rats were given 1.25 mglO.25 ml i.p. diazepam (CP Pharmaceu

ticals, England) and paracetamol (Unichem; 250 mg dissolved in 
500 ml water). One of the ventrally lesioned group died following 
surgery, an event that reduced the group size to 7. 

Apparatus 
Sessions were performed in four drinking chambers (550 X 380 

X 450 mm) with black Perspex walls, clear Perspex lid, and shock

grid stainless steel flooring. Sucrose solutions were presented in 50-

ml burettes attached to stainless steel ball-tipped drinking spouts. 
These spouts were presented through holes in one wall of the cham

ber; the tip of the spout was 25 mm above the floor and 30 mm from 
the wall. The spouts were encased in plastic; the tip of the spout was 
retracted 4 mm inside the plastic sleeve. This prevented the rats 

from making continuous contact with the metal spout and enabled 

individual licks to be measured. When a rat stood on the stainless 

steel flooring and made contact with the licking tube, a circuit was 
completed, which generated a signal that was recorded on an Acorn 

A5000 microcomputer. Volumes consumed per trial were read from 
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the burette to an accuracy of 0.05 ml. Access to the drinking spouts 
was controlled by raising or lowering a Perspex panel 50 mm in front 

of the spouts or by withdrawing the drinking tube from the box. 

ExperbnentalProcedure 

The rats were presented with 0.2 M sucrose in their home cages 
for 2 h on each of2 days during the 14-day postsurgery recovery pe

riod. Following this, the rats were habituated to the drinking boxes 
in daily sessions with 2 min in the box without access to sucrose, 

followed by a 20-min drinking session, during which 0.2 M sucrose 

was available at both of two tubes that were presented. Habituation 
continued for 7 days, when the volumes of consumed sucrose had 

reached a stable level. 

Experiment 1: Sucrose consumption offood-deprived rats. 
The rats received two-tube presentations: One tube contained test 
solution, and the other contained water. Each solution strength was 

presented for two days, with at least 24 h between the presentation 

of solutions of different strengths. Six test solutions were presented 
(0.0,0.05,0.1,0.2,0.4, and 0.8 M sucrose). To control for any pos

sible position effects, the tubes were assigned randomly to their pre

sentation positions. To control for any possible effects of positive or 
negative contrast between concentrations, the solutions were pre

sented to half the rats on an ascending-descending (AD) scale of 

concentrations and to the other half on a descending-ascending 
(DA) scale. (Each rat received each two-tube pairing for 2 days as
cending and 2 days descending.) Rats were tested 4 days per week 
(2 days on, 1 day off, 2 days on, 2 days off), and testing was com

plete within 44 days of the first trial. Each rat's weight was recorded 
for each test session. 

Experiment 2: Sucrose consumption and the effects of 
prefeeding. In order to assess the effects of hunger levels on per

formance, the rats were returned to ad-lib feeding for 1 h before ex
perimental trials and then tested on the ascending regime of sucrose 

presentation. 

Experbnent 3: Affective contrast paradigm. We examined the 
effects of striatal lesions on the response to within-session succes

sive negative and positive contrast. Single-tube presentations were 

made in a 30-min trial, during which the tube was available for six 
I-min drinking periods. The drinking periods were separated by 4-

min rest periods, during which the tube was withdrawn from the 

box. We started timing the I-min drinking period from the first lick 
at the tube. The rats received one test solution for Drink Periods 1-3 

and a different solution for Drink Periods 4--6. For negative contrast 

trials, 0.2 M sucrose was switched to 0.05 M sucrose; for positive 
contrast trials, 0.0125 M sucrose was switched to 0.05 M sucrose; 

and for the no contrast trials, 0.05 M sucrose was presented for each 
of the six drink periods, but the tube was switched after the third 

drink period to control for tube-changing effects in the other two tri

als. Each rat received one positive contrast, one negative contrast, 
and one no contrast session. Testing took place over 5 days on al

ternate days. The order of presentation of positive, negative, and no 

contrast was randomized. Each rat's weight was recorded for each 
test session. 

Statistical Analyses 
For Experiments I and 2, the data were analyzed with repeated 

measures ANOVA, using the Genstat 5 statistical package (NAG, 

Oxford, England). Concentration was a within-subjects factor, and 
lesion group was a between-subjects factor. A preliminary analysis 

of data under food-deprived conditions also included schedule (AD 

or DA) and order (A or D) as between-subjects factors, but this 

analysis gave rise to no significant differences, so for simplification 

of the second part of the study, the data are presented only for the 

ascending order of presentation. Post hoc analyses were performed 
by using Dunnett's t test for comparisons between the lesion groups 

and the sham lesioned controls and by using Sidak's test for multi-

pie independent pairwise comparisons between conditions within 
groups. For cross-experiment analysis of the effect of prefeeding, 

an additional ANOVA was carried out to include food as a within
subjects factor. 

For Experiment 3, the data were analyzed for the first postshift 

drinking period (Period 4). Lesion was a between-subjects factor, 
and contrast was a within-subjects factor. 

Histological Analysis 

After behavioral testing was completed, the rats were deeply 
anesthetized by intraperitoneal injection of 0.7 ml of sodium pen
tobarbitone (Euthatal; May & Baker, Harlow, England) and were 

transcardially perfused with approximately 100 ml PBS, pH = 7.4, 

followed by 250 m14% paraformaldehyde in PBS. The brains were 
removed and post-fixed in 4% paraformaldehyde for 24 h and then 
transferred to 25% sucrose in PBS until they sank. The tissue was 

serially sectioned at 60 JlID on a freezing-stage sledge microtome, 

and two parallel 1:6 series were mounted on slides. One series was 

stained with cresyl violet, and the other for acetylcholinesterase 

(AChE) activity. Histological sections were visualized microscopi
cally under conventional bright field illumination and pho

tographed digitally, and photomicrographs were prepared with the 

use of Adobe Photoshop 3.0. 

RESULTS 

Postoperative Recovery 
The animals were allowed to recover for 14 days after 

being lesioned, and then food intake was restricted for 7 
days before testing began. Several animals with ventral 
lesions were hypophagic and suffered significant post
surgical weight loss. Consequently, the mean weight of 
the ventral lesion group was consistently lower than that 
of the control group throughout the experiment. The 
presurgery mean weights (g) were as follows: control, 
336.3; medial, 336.3; lateral, 343.8; and ventral, 336.9. 
The postsurgery mean weights ±SEM (g) were as follows: 
control, 347.7 ± 2.5; medial, 346.8 ± 2.5; lateral, 350.3 
± 2.9; and ventral, 333.5 ± 2.0. However, when weight 
was used as a covariate in the analyses, the significance 

of the outcome was not affected for any measure, and so 
for clarity, the unadjusted data are presented. 

Histology 
Figure 1 shows the extent of minimum and maximum 

striatal damage for the medial, lateral, and ventral lesion 
groups. In all cases, there was considerable cell death in 
the lesioned regions, accompanied by striatal shrinkage, 
effects which can be seen in the sections shown in Fig
ure 2. The ventral lesions were more variable in position 
and extent of damage than were the medial or lateral stri
atallesions. In all ventral lesions there was some damage 
to both the shell and core of the nucleus accumbens, al
though in some cases the damage also extended to the di
agonal band and the ventral pallidum. 

Experiment 1: 
Sucrose Consumption of Food-Deprived Rats 

Lesions of the ventral, lateral, and medial striatum all 
had significant effects on sucrose intake, with dissociation 
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Figure 1. Schematic representation of bilateral quinolinic acid lesions of (A) the ventral striatum, (8) the 
medial striatum, and (C) the lateral striatum. The black areas represent the smaUest, and the stippled areas, 
the largest, regions of neuronal loss observed in the lesion group. 

between lesion groups in the pattern of effect on sucrose 
drinking. As shown in Figure 3A, ventral striatal lesions 
produced a significant leftward shift in the inverted U
shaped intake-concentration curve, increasing the intake 
of weak sucrose solutions (0.1 M) and decreasing the in
take of the stronger solutions (0.4 M and 0.8 M) [lesion 
X concentration F(15,130) = 4.47, P < .001]. The peak 
intake was a concentration of 0.1 M by the animals with 
ventral lesions, compared with 0.2-0.4 M by the control 
animals and the other lesion groups. The overall intake 
volume by the animals with ventral striatal lesions was 
not affected, compared with the overall intake volume by 
the control animals. In contrast, medial and lateral stri
atal lesions both significantly decreased the volume in
take of sucrose by the rats [lesion F(3,26) = 3.30, p < 
.05; Dunnett's t test p < .05 for the medial and lateral 
groups], without shifting the shape of the intake func-

tion, which remained the same as for the control animals. 
Figure 3A shows that the decrease in volume intake was 
greater for laterally lesioned rats than it was for medially 
lesioned rats, and that for both lesion groups, but espe

cially for the medially lesioned group, the decrease in vol
ume intake was greater at higher sucrose concentrations. 

Licking behavior. Analysis of licking behavior also 

clearly indicated a dissociation between lesion groups, 
with lateral lesions producing a great increase in licking 
activity [see Figure 3B; lesion F(3,26) = 6.04, p < .01]. 
This effect was greatest at the concentrations around peak 
intake [lesion X concentration F(15, 130) = 2.57, P < 
.01; Dunnett's t test p < .05 for the lateral-control 
comparison at 0.1 M, 0.2 M, and 0.4 M]. Medial striatal 
lesions increased licking activity at only the concentra
tion of peak intake (Dunnett's t test p < .05 for medial 
control comparison at 0.2 M only). The licking behavior 
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Figure 2. Photomicrographs of coronal sections of rat brains with (A) sham lesion, lesions to (B) the ventral striatum, (C) the me
dial striatum, and (D) the lateral striatum. Each section shows two sections from the same animal, stained with cresyl violet (left side) 
and for acetylcholinesterase activity (right side). 

of the rats was affected very little by ventral striatal le
sions, compared with the licking behavior of the control 
animals. 

Analysis of the derived measure of lick volume (total 
volume/total number of licks; see Figure 3C) showed 
that the animals with lateral striatal lesions had signifi
cantly reduced lick volumes, compared with the lick vol
umes of the control animals [lesion F(3,26) = 8.42, P < 
.001]. The ventrally lesioned animals showed no differ
ences from the control animals on this measure, and in 
both groups, lick volume appeared to vary with total vol

ume intake. The medially lesioned animals were some
where in between the other two lesion groups, with a small, 

but overall nonsignificant, reduction in lick volume. 
Preference for sucrose over water. None of the le

sions had any significant effect on the rats' preference for 
sucrose over water in trials in which sucrose and water 
were presented simultaneously [see Figure 3D; lesion 
F(3,26) = 1.90, n.s.], and this was the case for all the con
centrations tested [lesion X concentration F( 15, 130) = 

1.17, n.s.]. Across all concentrations, the mean preference 
for sucrose over water was high, over 97%, with water 

consumption during the 20-min trials rarely more than 
0.2 mt. 

Experiment 2: Sucrose Consumption 
and the Effects of Prefeeding 

For all groups, the effect of pretrial feeding was the 
same: a considerable reduction in intake, compared with 

that seen in the food-deprived tests [see Figure 4A; food 
F( I ,26) = 222.13, P < .00 I], and a flattening of the 
intake-concentration curve. However, the ventral lesion 
effect of shifting the intake-concentration curve to the left 
was still evident, with significantly greater intake at 0.1 
and 0.2 M [lesion X concentration F(3, 150) = 1.78, P < 
.05]. The effects induced by medial and lateral striatal 
lesions on intake when the animals were food deprived 
disappeared when the animals were pre fed before trials 
[lesion F(3,26) = 1.97, n.s.]. 

Licking behavior. Although there was a significant 
effect of lesion group on the overall number of licks per 
session [see Figure 4B; lesion F(3,26) = 4.10, P < .05], 
with laterally lesioned animals showing increased licking 

activity (Dunnett's t test p < .05), the effect was consid
erably reduced in prefed animals, compared with food
deprived animals [food F(l,26) = 11.69, p < .01]. Al

though pre feeding resulted in a consistent reduction in 
volume consumption for all lesion groups, licking-activity 
levels were similar for control and ventral groups during 
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Figure 3. The effects of ventral, medial, and lateral striatal lesions, compared with control, on (A) the volume con
sumption of sucrose solution, (8) licking activity, (C) lick volume, and (D) percentage preference for sucrose over water. 
The animals were food deprived before trials. Sucrose was presented in 20-min, two-tube trials, paired with water. In aU 
cases, the error bars represent 2 SEM, derived from the relevant interaction term of the analysis of variance. The letters 
V (ventral), M (medial), and L (lateral) represent significant differences between the relevant lesion group and the con
trol group (Dunnett's t test p < .05). 

the prefeeding and food-deprived trials but were reduced 

in the lateral and medial lesion groups. 

Lick volumes were also significantly affected by 

prefeeding [see Figure 4C; food F(I,26) = 68.91, P < 
.00l], and again there were different lesion effects [food X 

lesion F(3 ,26) = 11.52, P < .001]. Control and ventrally 

lesioned animals showed a marked reduction in lick vol

ume when they were pre fed before the trial. Laterally le

sioned animals showed almost no difference in lick vol

ume when they were prefed. Nevertheless, there was still 

a significant difference between lesion groups, and the 

lick volume oflaterally lesioned animals was significantly 
less than that of control animals [lesion F(3,26) = 3.50, 

p < .05]. Pre feeding induced a small, but not significant, 

decrease in the lick volume of medially lesioned animals. 

Preference for sucrose over water. Again, there was 

no effect of any of the striatal lesions on preference for 
sucrose over water when the animals were prefed [see Fig

ure 4D; lesion F(3,26) = 0.78, n.s.]. 

Experiment 3: Affective Contrast Paradigm 
In this experiment, a successive contrast effect was de

fined as the difference in rats' consumption of a partic
ular concentration of sucrose (0.05 M), dependent upon 

previous drinking experience during the trial. Figure 5 

shows that all groups showed strong positive aI!d negative 
contrast [contrast F(2,50) = 48.49,p < .001]. Sidak's test 

was significant for the positive-no-contrast comparison, 

and the negative-no-contrast comparison, at the p < .01 

level for both, although the positive contrast effect was 

much greater. 

None of the regional striatal lesions significantly af
fected the extent of the positive or negative contrast effects 
[lesion X contrast F(6,50) = 0.81, n.s.] . The response of 

alliesioned animals was similar to that of control animals: 

increased consumption of sucrose with a positive contrast, 

and decreased consumption with a negative contrast. For 

the concentrations used in these trials, one confounding 

effect could have arisen from slight differences in over

all consumption of 0.05 M sucrose by the different lesion 

groups. However, when the volume of 0.05 M sucrose 
consumed in 20-min sessions was used as a covariate in 

the analyses, there were no significant differences in the 
overall outcome. 

DISCUSSION 

Differential Effects of Ventral and 
Dorsal Striatal Lesions on Sucrose Consumption 

This study has provided evidence that specific fiber

sparing lesions of regions of the ventral and dorsal stria
tum produce distinct functional deficits on sucrose

drinking behavior. Most strikingly, lesions of the ventral 

striatum produced a complete shift in the sucrose concen
tration-intake curve leftward, in effect causing the rats to 

react to the sucrose as ifit were more concentrated. This 
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Figure 4. The effects of ventral, medial, and lateral striatal lesions, compared with control, on (A) the volume con
sumption of sucrose solution, (B) licking activity, (C) lick volume, and (D) percentage preference for sucrose over water. 
The animals were prefed before trials. Sucrose was presented in 20-mln, two-tube trials, paired with water. In aU cases, 
the error bars represent 2 SEM, derived from the relevant interaction term of the analysis of variance. The letters V (ven
tral) and L (lateral) represent significant differences between the relevant lesion group and the control group (Dunnett's 
t test p < .OS). 

shift in intake was relatively independent of hunger level, 
since it occurred both when the animals were food de
prived and when they were prefed before drinking trials. 
However, ventrally lesioned animals were as sensitive as 

control animals to changes in food deprivation: Prefeeding 
reduced their overall consumption, by volume, of sucrose. 

In contrast, for both dorso-medial and dorso-Iateral 
striatal lesions, the concentration-intake curve was simi
lar to that of control animals, but intake was significantly 
reduced. This drinking deficit was also dependent on 
hunger level, since it was apparent only when the ani
mals were food deprived. 

Lateral striatal lesions produced a significant effect on 
licking behavior, with increased licking activity compared 
with that of control animals, and an associated reduction in 

lick volume, when rats were either prefed or food deprived. 
Volume intake appeared more closely related to licking ac
tivity than it did to lick volume. Ventral lesions did not af

fect either measure of licking significantly, compared with 
control animals. For both ventral and control groups, lick
ing activity was a relatively stable measure, and lick vol
ume appeared to change with changes in intake. Medial 
dorsal striatal lesions produced a small effect on licking 
behavior that was not consistent between concentrations, 
as well as an effect on lick volume that was intermediate 

between the effects of lateral and ventral striatal lesions. 
There was no effect of ventral, medial, or lateral stri

atallesions on positive and negative successive contrast. 
With the concentrations tested in this experiment, the pos
itive contrast was stronger than the negative contrast for 
all groups. 

Do Ventral Striatal Lesions 
Enhance "Reward Value"? 

The leftward shift in the concentration-intake func
tion after the rats received excitotoxic ventral striatal le
sions is clear evidence of the role of the ventral striatum 
in certain aspects of consummatory behavior. The shift 
in intake might be considered an enhancement of "re
ward value." This contrasts with other studies that have 
manipulated dopaminergic function within the ventral 
striatum. For example, Phillips et al. (1991 a, 1991 b, 
1991 c) found an effective rightward shift in sucrose con
sumption, or a reduction of "reward value," following 
dopamine antagonist infusion into the ventral striatum, 
which was similar to that found following lesions to nu
clei of the amygdala (Kemble & Schwartzbaum, 1969; 
Rolls & Rolls, 1973). However, similar mesolimbic do

pamine manipulations in other studies have produced only 
decreased consumption of weaker solutions, while fail

ing to find increased consumption of more concentrated 
sucrose (Ikemoto & Panksepp, 1996; Muscat & Willner, 
1989). Intra-accumbens manipulation of opiate recep
tors has produced more straightforward effects on su
crose ingestion: Opiate agonists enhance (Zhang & Kel
ley, 1997), and opiate antagonists decrease (Kelley et aI., 

1996), consumption over a whole range of concentrations. 
Although the ventral striatum, including the nucleus 

accumbens, is more conventionally implicated in the 
appetitive-approach rather than the consummatory phases 
of rewarded behavior, this study provides very clear ev
idence that the ventral striatum exerts important controls 
over the aspects of consummatory behavior related to the 
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Figure 5. The effects of medial, lateral, and ventral striatal lesions on successive positive (diamond) and 
negative (triangle) contrast, compared with no contrast sucrose presentations (open circles), during I-min 
drinking periods. Sucrose concentration was switched between Drinking Periods 3 and 4. For negative 
contrast, 0.2 M was switched to 0.05 M; for positive contrast, 0.0125 M was switched to O.OSM; and for no 
contrast, 0.05 M was switched to 0.05 M. There were no significant lesion effects on contrast. Error bars 
represent 2 SEM. 

sensory, and possibly, the incentive, qualities of food. Ex

citotoxic lesions of the ventral striatum produce a shift in 

response to sucrose rewards that is the opposite of the 

shift induced by dopamine antagonists and which is in

dependent of internal motivational states such as hunger 

level. 

In this study, there were no other clear incentive moti
vational deficits induced by ventral striatal lesions. Most 

importantly, rats with ventral striatal lesions responded 

to both positive and negative successive contrast in a 
manner similar to that of control rats. One interpretation 

of this result would be that relative reward assessment 

does not appear to be disrupted by lesions to the ventral 

striatum, including the nucleus accumbens, even though 

lesions to the corticomedial amygdala eliminated negative 
consummatory contrast (Becker et aI., 1984), and intra

amygdala infusions oflidocaine (Salinas et aI., 1993) sig

nificantly attenuated contrast responses. 

However, whereas traditional negative contrast effects 

are generally thought to reflect affective reactions (see 

Flaherty, 1996), it is possible that the procedure used in 

the present study does not do so. The relatively short pe
riods between the last experience with the preshift solu

tion and the first experience with the postshift solution 
could allow sensory factors to become involved, in a 

manner analogous to simultaneous contrast (Flaherty, 

1996). 
There were no obvious motor impairments as a result 

of ventral striatal lesions, with no differences in the over

all level oflicking behavior, and there were no differences 

in lick volume or efficiency between the controls and the 

ventrally lesioned animals. The ventral striatum appears 

to be more closely involved in the response to sucrose than 

in the performance of the consummatory response itself. 

Although this dissociation between appetitive and 

consummatory behaviors is, in general, consistent with 

previous hypotheses, it is surprising and seemingly para

doxical that ventral striatal lesions enhance the height
ened response to sucrose. This finding is clearly in con

trast to those of some studies of the effects of dopaminergic 

manipulations. Our results are paralleled by the findings 
of similar patterns of the effect of manipulations of the 

ventral striatum on progressive ratio performance, which 

is an operant measure of motivation (Bowman & Brown, 

1998; Salamone, Aberman, & Ward, 1997). The findings 

may be explained by postulating a disenabling, or gating, 
role for the ventral striatum on motivated behavior medi

ated by the structure, which is dis inhibited by mesolim

bic dopamine activity. These data thus allow a reinter

pretation of the role of the nucleus accumbens itself in 

motivation. 

Motor or Motivational 
Impairments of Dorsal Striatal Lesions? 

This study also provides evidence of the effects of both 

lateral and medial dorsal striatal lesions on consummatory 

responses to sucrose. Both lesions resulted in a reduction 

in the volume of sucrose that was consumed, although 

this difference was greater for higher concentrations, es

pecially with medial striatal lesions, a finding which could 

indicate the possibility of a motivational effect (e.g., in

creased aversion). The effects of dorsal striatal lesions 



STRIATAL LESIONS AND SUCROSE DRINKING 275 

were attenuated by prefeeding, probably because lower 
licking rates masked the deficits. However, neither lat
eral nor medial striatal lesions had any effect on positive 
or negative contrast. 

Lateral striatal lesions reduced volume intake at all con
centrations. This result, coupled with the change in lick
ing behavior, could indicate that there was a motoric def
icit, rather than a motivational deficit, associated with 
the lateral lesions. Specifically, the large increase in lick
ing activity and consequent reduction in lick volume was 
not found in animals with medial or ventral striatal le
sions, where lesioned animals' licking behavior was sim
ilar to that of control animals. Neurons connected with 
oral and facial movement are located in the lateral stria
tum (Mittler et aI., 1994), and there is evidence that ma
nipulations of the lateral striatum-in particular, the 
ventral lateral striatum (VLS)-can produce stereotypi
cally rapid oral responses. Both amphetamine (Kelley 
et aI., 1989) and 5-HT (Yeghiayan, Kelley, Kula, Camp
bell, & Baldessarini, 1997) infusions into the VLS induce 
stereotyped orofacial behaviors such as increased gnaw
ing, and it is possible that manipulations of the VLS 
could result in enhanced licking behavior when the ani
mal is provided with the opportunity to lick at a sucrose 
source. Ventral striatal lesions did not produce any sig
nificant effects on the rats' overall licking behavior. The 
effects of schedule-induced polydipsia (SIP) are consis
tent with our results. In SIp, periodic presentation of small 
food pellets to food-deprived animals resulted in excess 
drinking that could not be explained by physiological 
fluid deficits or superstitious behavior. Mesolimbic do
pamine depletion reduced this drinking behavior with
out affecting normal drinking (Robbins & Koob, 1980). 
Mesostriatal dopamine depletion was not as effective in 
reducing SIP, and, although the volume that was ingested 
decreased slightly, licking behavior actually increased, a 
result that indicated a probable effect on motor efficiency 
(Mittleman, Whishaw, Jones, Koch, & Robbins, 1990). 

The effects of medial striatal lesions were not as clear 
cut in this study. Volume consumption was reduced, but 
only following food deprivation. However, medially le
sioned animals showed a far greater reduction in con
sumption at higher concentrations of sucrose; they are on 
the downward slope of the intake-concentration func
tion. This may indicate an enhanced aversive response to 
increasing concentrations of sucrose. However, there was 
no effect ofthe medial striatal lesions on successive pos
itive or negative contrast. Motoric impairments were not 
as clear as they were with lateral striatal lesions. Thus, me
dial lesions may produce a combination of the features of 
ventral and lateral lesions. 

In summary, this study has revealed clear functional dif
ferences in sucrose drinking after rats received different 

lesions of the striatum, a finding that supports the hy
pothesis of a dorsal striatal involvement in motor capacity 
and a ventral striatal mediation of aspects of motivational 
control. However, our analysis supports the need for a 

reappraisal ofthe previous role of the ventral striatum in 
motivational processes. 
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