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Hippocampus modulates self-stimulation reward from the 
ventral tegmental area in the rat 
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Rats with electrodes in the ventral tegmental area were tested for the threshold of intracranial reward using a rate insensitive self- 
stimulation procedure. It was found that an electrolytic lesion of a part of the dorsal hippocampus induced a marked decrease in the 
variation of thresholds across rats, while the mean reward level did not change. This indicates that a factor is removed, by the hippo- 
campal lesion, which causes differences in reward between individual rats. It is suggested that the mesolimbic dopaminergic system is 
involved in this modulatory influence of the hippocampus on reward. 

It has been suggested that mechanisms present  in 

the hippocampus interact with brain reward sys- 

temsl, 2. An  exaggerated react ion to signalled admin- 

istration of food reward has been described in rats 

with extensive bilateral  h ippocampal  damage 3. This 

reaction, which includes behavioral  s tereotypy and 

increased locomotor  activity, bears resemblance with 

amphetamine- induced behavioral  changes and is 

blocked by the dopamine  antagonist  haloperidol .  

These observations were in terpre ted  as indicating 

that the intact h ippocampus modera tes  the effect of 

reward,  probably  by opposing catecholamine mecha- 

nisms3. Indeed,  h ippocampal  damage has been found 

to influence dopaminergic  ascending systems as as- 

sessed by behavioral  and biochemical  methods s.~0. 

These systems include the mesolimbic dopaminergic  

system with cell bodies in the ventral  tegmental  area 

and terminals in a number  of limbic structures,  e.g. 

the nucleus accumbens 11. This system is thought to be 

important  for reward,  especially as assessed with 

electrical intracranial  self-stimulation (ICSS)I-L 

However ,  the interaction between the h ippocampus 

and the dopaminergic  systems is not well unders tood,  

since h ippocampal  damage has been repor ted  to re- 

sult in both increased and decreased dopaminergic  

activity 1°,14,15. Moreover ,  exper imenta l  evidence for 

a direct interact ion between the h ippocampus and 

brain reward is scarce. The present  exper iment  was 

designed to investigate whether  damage of the hippo- 

campus directly affects brain reward elicited in the 

mesolimbic system and assessed with ICSS. The per- 

formance of well t rained rats with an e lect rode in the 

ventral tegmental  area was compared  before  and af- 

ter electrolytic h ippocampal  lesions using a response 

rate insensitive self-st imulation schedule 9.~2. 

Ten male Wistar  rats (TNO,  Zeist ,  The Nether-  

lands) from our own breeding stock weighing approx- 

imately 230 g at the time of the opera t ion  were kept  

in single t ransparent  cages under  s tandard condit ions 

with laboratory  food and tap water  available ad libi- 

turn throughout  the exper iment .  Under  Hypnorm an- 

esthesia (0.7 ml/kg of the solution containing 

0.2 mg/ml fentanyl and 10 mg/ml fluanison) they 

were implanted with a bipolar  stainless steel stimula- 

tion electrode of 200 ,urn thickness that was insulated 

except at the cross section at the tip, in the ventral 

tegmental  area (coordinates:  A 2.6; D -3 .7 :  L 1.0 

according to De Groot ,  (see ref. 7) and a monopola r  

lesion electrode of 200 ~tm thickness in the ipsilateral  

dorsal h ippocampus (coordinates:  A 2.6: D 0.3; L 

3.0). One mm at the tip of this e lectrode was not insu- 

lated. The electrodes were fixed to screws in the skull 
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with acrylic dental cement and the rats were allowed 

to recover from the operation for at least 1 week. 

The experiment was performed in a standard Skin- 
ner box, made from aluminium with the size 23 x 25 

x 20 cm (length x width x height) and with a plexi- 
glass front door (Campden Instruments Ltd, U.K.). 

Two side by side levers were present, 6 cm above the 

stainless steel grid floor and 14.5 cm apart. A spring 
shielded lead and a mercury swivel connected the 
electrode to the stimulator (type ST, Janssen Scien- 

tific Instruments, Belgium). The stimulator pro- 
duced 500 ms trains of biphasic rectangular pulses 

with a frequency of 100 Hz and a pulse duration and 

interval between the positive and negative pulse of 

0.5 ms. The experimental Setup was controlled by 
standard 24 V electromechanical equipment and a 

PDP 8 computer using SCAT software. The rats were 
trained to perform a behavioral self-stimulation pro- 

cedure in which a response contingent stimulus to the 
stimulation electrode, which decreased 1% of the 

maximal current after every response, could be reset 
to the maximal current any time by a response on the 

second lever. In 7 rats no stimulation was available 

during 5 s after every reset response, the other 3 rats 

were tested without this time-out. The maximal cur- 
rent was individually adjusted to the performance of 

the rats and ranged from 150 to 220/~A. The current 

intensity at which the rat reset the current was re- 

corded and the mean reset current of the 25 min test 

session was considered as the threshold current. This 
threshold current was expressed as a percentage of 

the maximal current (relative threshold). The rats 
were trained until their performance was stable. 

Then, baseline performance was recorded during at 

least 3 days. Thereafter, in 4 rats a radiofrequency 

electrolytic lesion was made via the hippocampal 

electrode (12 mA, 120 s) with a Grass lesion maker 
under ether anaesthesia. Six rats served as controls 

and were treated identically but no current was ap- 
plied to the hippocampal electrode (sham lesions). 

From the day after the lesion or the sham lesion the 

self-stimulation threshold was recorded again for at 
least 3 days. When stable, the control rats were also 
lesioned and their performance was determined for 
at least 3 days. 

After completion of the experiment the rats were 
decapitated, their brains quickly removed and stored 
in 4% formalin. The location of the electrode and the 
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site and extension of the lesion were verified in fro- 

zen sections of 100/~m thickness, stained with thio- 

nin. 
To analyze the effect of the lesion the mean rela- 

tive threshold and the response rate of the 3 sessions 

before the (sham) lesion were compared to the mean 
threshold and response rate on the 3 days after the 

(sham) lesion. Statistical analysis involved analysis of 

variance with repeated measures and an F-test for 

homogeneity of variance. 
The tips of the stimulation electrodes appeared to 

be in the ventral tegmental area on the border of the 

substantia nigra, pars compacta (Fig. 1). Histologic- 

al analysis of the lesion site revealed that in the medi- 
al part of the dorsal hippocampus at the level of the 

hippocampal curvature a spherical lesion was formed 

with a diameter of 2-3.5 ram. This lesion involved 

the dorsal hippocampus (dentate gyms and part of 
the CA3 and CA1 fields). The cortex and other sur- 

rounding structures were hardly damaged (Fig. 1). 
The response rate per minute was calculated from 

the number of rewarded responses and the time dur- 

ing which stimulation was available to the rat in a ses- 
sion. The mean response rate (_+ S.E.M.) was 44 _+ 4 

responses/min. The number of reset responses per 
25-min session ranged from 20 to 50 when the reset 

response was followed by a time-out, and was about 
120 when no time-out was available. 

Typical examples of the effect of hippocampal le- 

sions on the relative threshold for self-stimulation be- 

havior are shown in Fig. 2. Sham lesions did not af- 
fect the rate of self-stimulation or the threshold at 

which the current was reset. Actual lesions increased 

or decreased the threshold. This change was in some 

rats constant for as long as the threshold was meas- 

ured (up to 3 weeks) (rat A, Fig. 2), while in other 
animals the threshold returned to the pre-lesion level 

within 4-7 days (rat B, Fig. 2). The effect of the le- 
sion in rats that had been sham lesioned before they 

were actually lesioned was not different from the ef- 
fect in rats that had been lesioned without the prece- 

ding sham lesion procedure. The data of all lesioned 
rats have therefore been combined. In rats that were 
both lesioned and sham lesioned the procedures were 
considered as statistically independent cases. The ab- 

sence of the time-out procedure caused a significant- 
ly higher threshold (Fl.12 = 14.7, P < 0.01) but no 
differences in response rate were present in rats with 
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Fig. 1. Histological verification of placement of stimulation electrodes in the ventral tegmental area and of the location and the size of 
electrolytic lesions produced by the hippocampal electrode. Sections have been redrawn from Pellegrino 7. e. Location of tip of stimu- 
lation electrode. +, Midpoint of hippocampal lesions. The extension of the lesion is indicated by the crossing lines. VTA, ventral teg- 
mental area; SN, substantia nigra. 

and without the time-out procedure. No interaction 

of time-out with lesion-treatment was found on both 

threshold and response rate. Thus, the thresholds of 

rats without time-out were corrected for the mean 

difference between the relative thresholds of the 
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Fig. 2. Reward thresholds of rats before and after a sham lesion 
(S) and an actual lesion (L) in the hippocampus. Two typical 
examples are shown: the decreased threshold did not return to 
the pre-lesion level (A); the threshold returned to the pre-le- 
sion levels in 4 sessions (B). 

time-out and no time-out rats, and they were consid- 

ered as one group, with adjustment  of degrees of 

freedom. The mean relative threshold of both the 

control and the lesion group was not significantly dif- 

ferent before and after the lesion procedure (differ- 

ence, F1j 2 = 0.6~ interaction with lesion procedure, 

F142 = 0.5, P > 0.2). However, as depicted in 

Fig. 3, the change in threshold in individual rats was 

large in the lesioned animals while the control rats 

had a constant threshold (F-test comparing variances 

of differences between pre- and post-treatment of le- 

sioned and sham-lesioned rats: F(max)2,s = 26.11, 

P < 0.001). It was observed that the 5 rats with the 

highest relative thresholds had decreased thresholds 

after the lesion, with one exception, while the 5 low- 

est thresholds were increased, resulting in a conver- 

gence of all thresholds into a narrow region around 

68% of the maximal current. Thus, the variance of 

the relative thresholds after the lesion is much less 

than that before the lesion (F(max)2.8 = 5.96, 

P < 0.05, sham lesioned rats: F(max)2.4 = 1.15, 

P > 0.2). This finding of the narrowed threshold 
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Fig. 3. Effect of  ipsilateral hippocampal  lesions on a response 
rate independent  reward threshold of individual rats. The 
mean  of the 3 sessions after the lesion are compared  to the 3 
days before the lesion. Rats  with high thresholds had a lower 
threshold after the actual lesion, while those with a low thresh- 
old had a higher threshold after the lesion. The mean  threshold 
did not change but  the variance decreased significantly 
(P < 0.05). Sham lesions were not  followed by a change in 
threshold. Also shown are the mean  thresholds of  the groups 
before and after the procedures.  Vertical bars indicate S.E.M. 

range was further analyzed in the consecutive 5-min 

blocks of each 25-min session (Fig. 4). The pattern of 

the mean reset level over time was the same before 

and after the lesion: in the first 5 min the threshold 

was lower than thereafter (5 min periods within rats: 

F4.9 -- 9.27, P < 0.005). This threshold change over 

time was not influenced by the lesion (F4. 9 = 2.30, 
P > 0.1). The variance of the threshold between rats 
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Fig. 4. Analysis of thresholds and response rates in the 5-min 
periods of the 25-min self-stimulation session (shown are the 
means  of 3 sessions). The variance of the threshold between 
rats decreased after the actual lesion, while the variance in re- 
sponse rate was not  changed by the lesion procedure.  
* P < 0.05, ** P < 0.01, F-test comparing the variance between 
the corresponding 5-min periods before and after the actual 
hippocampal lesion. 
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before the lesion was constant over time, while after 

the treatment a decrease of this variance was ob- 

served. 

The mean response rate and the variance in this 

rate did not change after the lesion or the sham le- 

sion, but the individual changes in response rate, 

either an increment or a decrement were large in the 

lesioned rats as compared to the sham lesioned rats 

(F(max)2,5 = 40.5, P < 0.01). Although in individual 
rats both the response rate and the threshold changed 

after the lesion, no correlation was found between 

these changes (r = -0.51, n = 10, P > 0.10). 

The present findings indicate that the hippocam- 

pus is involved in reward elicited by electrical stimu- 

lation of the mesolimbic system. The reward is mod- 
ulated by the hippocampus, as a lesion of this struc- 

ture decreased the reward threshold in rats with a 

high threshold, while this threshold was increased in 

the other rats. Thus, the variance of the threshold be- 

tween lesioned rats was small compared to the vari- 
ance before the lesion. It appears that this effect on 

reward can be achieved by a relatively small lesion of 

the dorsal hippocampus. Extensive damage is not 

necessary, suggesting that only a part of the hippo- 

campus may be involved in this regulation. It has 

been argued before that threshold determination is 
relatively insensitive to changes in motor perform- 

ance of the rats and that this threshold is a more accu- 

rate variable to measure reward than response 

rate9,XL This is stressed by the fact that, although in 
lesioned rats the changes in both the response rate 

and the threshold are much greater than in sham le- 
sioned rats, these changes are not correlated. Also, 

the response rate decrease found in the last part of 

the session, which decrease is probably due to fa- 

tigue, is not accompanied by a change in threshold, 
while in the first period of the session the lower 

threshold is attended with a low response rate. Thus, 

a change in threshold in the present procedure is 
mainly related to changes in reward and less, if any, 
to changes in motor performance. 

The lesion electrodes were placed on the same side 
of the brain as the stimulation electrode. Although 
extensive interconnections exist between both sides 
of the hippocampus, parts of the mesolimbic system 

that are important for reward, like the nucleus ac- 
cumbens, are mainly innervated by ipsilateral projec- 
tions6. Thus, the fibers to the nucleus accumbens, 
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that pass through the fornix, part of which was also 

damaged in the present experiment,  are probably in- 

volved in the influence of the hippocampus on re- 

ward. It has previously been reported that hippocam- 

pal lesions can alter reward-related locomotion and 

stereotypy in rats and change the dopamine metabo- 

lism in the nucleus accumbens and the striatum3, '0. 

Since dopamine is probably involved in reward as the 

most important neurotransmit ter  5, the connection 

between the hippocampus and the dopaminergic me- 

solimbic system may mediate the modulatory activity 

of the hippocampus on reward. However,  it cannot  

be excluded that this influence is on other structures 

involved in the general mechanism of processing of 

information and the perception (recognition) of re- 

ward. Nevertheless, somehow the intact hippocam- 

pus causes variation in reward measured with the 

rate independent  threshold. The variability in reward 

between rats before the lesion may partly be caused 

by minor individual differences in the location and 

the shape of the electrodes and in stimulation param- 

eters, but also by different experiences of individual 

rats during training and further testing. One function 

of the hippocampus is the processing of incoming in- 

formation in order to optimize behavior. It thus in- 

duces behavioral variability in the sense that animals 

more readily change their behavioral strategies de- 

pending on the situation 4. Reduction of this modula- 

tory influence by a hippocampal lesion may reduce 

the effect of information-containing stimuli and may 

lead to less variation in behavior between rats. In this 

view, the involvement of the hippocampus in reward 

processes is that differences in rewarding value of the 

stimulus are at least partly mediated through this 

structure. These differences are caused by experi- 

ences that are not strictly dependent  on the reward- 

ing stimulus. Some of these experiences apparently 

increase the rewarding value of the stimulation while 

other stimuli decrease this reward. The hippocampus 

may thus function as a structure that modulates be- 

havior to facilitate adaptation to changes in environ- 

mental circumstances. The present study suggests 

that this modulation can be extended to brain re- 

ward. 
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