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Role of dopamine – D2 receptor in spatial memory retention and
retrieval determined using Hebb-Williams complex maze
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Abstract

Effects of bromocriptine and sulpiride were observed on encoding and retrieval of spatial memory in wistar
rats using Hebb-Williams complex maze. Rat was placed in entry chamber and allowed to reach reward
chamber. Ten trials were given each day per rat for 3 consecutive days. Within-day encoding score indicative
of learning and between-day retrieval score indicative of memory were calculated. Effects of bromocriptine
and sulpiride were observed on encoding and retrieval of spatial memory. General learning index was
calculated to compare the effect on spatial memory between groups. Bromocriptine increased while sulpiride
decreased within-day encoding index but had no effect on retrieval index. In general learning index, sulpiride
group showed more errors whereas bromocriptine group did not show any difference as compared to control.
These results suggest that dopamine D2 receptors are involved in memory encoding but not retrieval. Also
general learning is under positive modulation by D2 receptors.
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Introduction

Storage of memory in brain occurs by changing the
basic sensitivity of synaptic transmission between
neurons as a result of previous neural activity. The
new or facilitated pathways are called memory traces
and once the traces are established, they can be
select ively act ivated by the th inking mind to
reproduce the memory. Currently acetylcholine is
implicated as the most important neurotransmitter
involved in memory storage (1, 2). The evidence for
this “cholinergic hypothesis” comes from the fact that

there is loss of cholinergic neurons in hippocampus
in Alzheimer’s disease and cholinesterase inhibitors
show beneficial effects in Alzheimer’s associated
dementia. Recent research suggests that the
cholinergic hypothesis is not complete and various
other neurotransmitters are also involved in learning
and memory processes. The neurotransmitters
Dopamine (3), Noradrenaline (4), Glutamate (5), and
Gamma amino butyric acid (GABA) (6) are shown to
have effects on different stages of memory.

Experimental evidence suggests the involvement of
brain dopaminergic system in working memory (3)
and persistence of memory traces in hippocampus
(7). Using the immunofluorescence technique in BAC
transgenic mice Gangarossa et al haves shown that
D2 receptors are present in the hippocampus which
is the central brain region involved in learning and
memory (8).
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Sulpiride, a D2 receptor antagonist (20 mg/kg)
dissolved in normal sal ine were administered
intraperitoneally to the respective groups (13, 14).
The control group received equivalent amount of
normal saline.

Hebb-Williams maze (15)

The Hebb-Williams maze is an incentive based
behavioral model useful for measuring spatial working
memory of rats. It is assumed that encoding and
retrieval interact on a trial-by-trial basis and thus
indices are developed to d issociate the two
processes. Encoding allows the information to be
converted into a construct that can be stored within
the brain and recalled later from short term or long
term memory. Retrieval is the process of recalling
information that is stored in memory.

The original Hebb-Will iams maze (H-W Maze)
consists of a series of 12 problems, in which a unique
route with varying difficulty was required to reach
the goal. The H-W maze used in the present study
was a modified version of the original maze. The
modified version comprised of an enclosed hexagonal
box with an entry and a reward chamber appended
at opposite ends. The box was partitioned with
wooden slots into blind passages, leaving just one
twisting corridor leading from the entry to the reward
chamber. This provision of fixed configuration of inner
barriers facilitated spatial learning with a moderate
level of difficulty.

Study procedure

All rats were handled for at least 5 days (15 min per
day for each rat) before the study began. To ensure
adequate motivation during the learning assessments,
the animals were exposed to food for just one hour
a day, after the maze exposure for the day was
completed. On the day of experiment, a rat was
placed in the entry chamber and allowed to reach
the reward chamber. Both the study drugs were
administered 30 minutes before the start of first trial
every day for a period of 3 days to the respective
groups. In each trial, the rat had to learn to eliminate
inappropriate navigational movements to derive the
shortest path to the goal box, in which there was a
food reward. An inter-trial interval (30–45 s) was used

Dopamine D1 receptor is known to be involved in
encoding spatial learning and memory (9). The role
of dopamine D2 receptor in spatial memory is not
clear with contradictory evidence in literature. A study
by Glickstein et al showed that mice lacking D2
receptor have deficit in spatial working memory (10).
Similarly it has been shown that injecting D2 receptor
antagonist in prefrontal cortex impairs spatial learning
(11). This suggests that D2 receptors are necessary
for spatial memory whereas another study by Setlow
et al demonstrated that D2 receptor blockade
enhances spatial learning and memory (12). Moreover
whether dopamine D2 receptor is involved in encoding
or retrieval of spatial memory is not known. The
present study aims to evaluate the effect of
modulators of dopamine D2 receptors on spatial
memory retention and retrieval using Hebb Williams
complex maze.

Bromocriptine, a D2 dopamine agonist and Sulpiride,
a D2 receptor antagonist which blocks D2 dopamine
receptors were selected to study the role of dopamine
D2 receptor in spatial memory encoding and retrieval
in wistar rats using Hebb-Williams complex maze.

Methods

Permission of  the Inst i tut ional  Animal Ethics
Committee was taken before commencement of the
study. The study was conducted in accordance with
the Committee for the Purpose of Control and
Supervision on Experiments on Animals (CPCSEA)
guidelines.

Animals

Wistar rats of either sex, weighing 150-250 gm were
used in the study. Rats were kept at 80–90% of
their original body weight by restricting their feed 3
days prior to experiment. Four rats were housed in
each cage during the study period. Rodent feed in
the form of pellets was provided. Water was provided
ad libitum.

Drugs

Rats were divided in 3 groups of 15 animals each.
Bromocriptine, a D2 dopamine agonist (5 mg/kg) and
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to clean the maze and allow the rat to finish eating
the food reward. The time required to reach the reward
chamber and the number of errors were calculated.
The maximum time for which each animal was allowed
to be in the chamber per trial was 300 s. Ten such
trials were given each day per rat for all the groups
for 3 consecutive days.

The following variables were recorded for comparison
among different study groups: A within-day (W/D)
encoding score was calculated by subtracting the
average number of errors across the last three trials
of Day 1(B) from the average number of errors across
the first three trials of Day 1(A), and the average
number of errors across the last three trials on Day
2 (D) from the average number of errors across the
first three trials on Day 2(C). The encoding index
was then derived from the average of the W/D
encoding scores calculated for the first 2 days. A
between-day (B/D) retrieval score was calculated by
subtracting C from B and the average number of
errors across the first three trials of Day 3 (E) from
D. The retrieval index was then derived from the
average of the B/D retrieval scores calculated between
Days 1 and 2 and between Days 2 and 3. Errors
were recorded when a rat chose the wrong alley.
Numbers of errors taken to reach the food chamber
were averaged across blocks of the first and last 3
trials for each day (a total of 18 trials over 3 days)
to produce a general learning index.

Statistical analysis

An ANOVA test with a repeated measures design
was used to compare general learning index within
each group over a period of 3 days. A one-way
ANOVA was used for comparison of each data set
of the encoding, retrieval and general learning index
of the 3 study groups. A post hoc analysis (Tukey’s
test) was used to compare the results between the
study groups.

Results

The results showed that bromocriptine increased
within-day (W/D) encoding index as compared to
cont ro l .  On the o ther  hand,  su lp i r ide group
demonstrated encoding deficit with low W/D) encoding

index compared to control (Table I). There were no
significant differences in the values of between-day
(B/D) retrieval indices in both bromocriptine and
sulpiride groups compared to control (Table II).

TABLE II : Effect of sulpiride and bromocriptine on between-
day (B/D) retrieval index determined using Hebb-
Williams maze.

Groups No. of (B/D) retrieval index
animals (Mean±SD)

Control 15 9.93±5.78
Control 15 –1.47±5.80
Sulpiride 15 3.30±6.00
Bromocriptine 15 –5.93±4.38

One-way  ANOVA,  pos thoc :  Tukey  HSD,  P<0.05 :
significant vs control.

TABLE I : Effect of sulpiride and bromocriptine on within-day
(W/D) encoding Index determined using Hebb-
Williams maze.

Groups No. of W/D encoding index
animals (Mean±SD)

Control 15 9.93±5.78
Sulpiride 15 2.07±8.34*
Bromocriptine 15 16.60±6.87**

One-way  ANOVA,  pos thoc :  Tukey  HSD,  *P<0.05 ,
**P<0.001 : significant vs control.

When general learning index was compared across
the 3 groups in terms of number of errors committed
during trials, sulpiride group showed far more errors
compared to control on day 1 (P<0.001). Further,
the number of errors did not decrease in sulpiride
group to the same extent as control group by day 3.
The bromocriptine treated group did not show any
difference in general learning index as compared to
the control (Fig. 1).

Discussion

Learning and memory involve an interaction of several
brain regions within an integrated circuit (16, 17,
18). Studies of dopaminergic cell in substantia nigra
and ventral tegmental area indicate that dopamine
could serve as signal of reward prediction needed to
reinforce behavior that maximize the acquisition of
future reward (19, 20).
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The Hebb-Williams maze was selected because it is
a spatial task that can be learned quickly, and
requires serial organization of specific response
patterns to achieve optimal performance on the maze.
During acquisition of the Hebb-Williams maze, it is
assumed that the encoding phase dominates as the
rat learns the maze within a day of testing, whereas
the retrieval phase dominates as the rat initially runs
on the maze after a 24-h delay during which some
consolidation may have occurred. The purpose of
these experiments was to test computational models
using behavioral paradigms; therefore, the terms
“encoding” and “retrieval” are used and are defined
as they are.

A within-day (W/D) encoding score taken as evidence
for learning. A positive encoding score indicates that
errors are decreasing between the first three trials of
day 1 and the last three trials of the same day
suggesting successful encoding whereas, a negative
index indicates that errors are increasing between
the first three trials of day 1 and the last three trials
of the same day suggesting a disruption in encoding.

Our study demonstrated that administration of
bromocriptine; a D2 receptor agonist prior to learning,
increased the encoding of spatial information while
sulpiride; a D2 receptor antagonist decreased
encoding of spatial information. The deficit in the
ability of rats to encode spatial information in Hebb
Wi l l iams maze may be  due to  b lockade o f
mesocortical dopaminergic system. In a previous
study conducted by Srikumar et al it has been shown
that bromocriptine prevents stress induced spatial
learning impairment in radial arm maze task (21).
Previous study conducted to evaluate the role of D2
receptors in learning/memory processes during ovary
cycle in female rats has shown that sulpiride impairs
spatial learning during all phases of ovarian cycle
(22). Another study showed that blockade of D2
dopamine receptors in the prelimbic region of the
prefrontal cortex produced a specific impairment in
the ability of mice to react to a spatial change, thus
indicating the involvement of the mesocortical
dopaminergic system in spatial learning (22). In the
same study, focal administration of sulpiride in the
prelimbic region of the PFC was shown to induce a
deficit in spatial learning (22).

In another study, Coccurello and others investigated
the role of the mesoaccumbens dopaminergic system
in spatial learning. It was shown that intraaccumbens
focal injection of sulpiride induced impairment of
reaction to both spatial and non-spatial changes (23).
The results of our study match with the findings of
the aforementioned studies. From the effects induced
by D2 receptor manipulation within prefrontal cortex
and nucleus accumbens, it can be implied that
encoding of visuo-spatial information involves D2
receptors.

A between-day (B/D) retrieval score is taken as
evidence for retrieval of memory. A positive retrieval
index indicates that errors are decreasing between
the last three trials of day 1 and the first three trials
of the next day suggesting successful retrieval,
whereas, a negative index indicates that errors are
increasing between the last three trials of day 1 and
the first three trials of the next day suggesting a
disrupt ion in retr ieval .  In the present  study,
administration of D2 receptor agonist or antagonist
did not have any significant effect on memory
retrieval. Our results are in contrast to the study
conducted by Fujishiro et al which showed that
administration of D2 receptor agonist improved spatial
memory retrieval (24). General learning ability was
calculated taking into consideration the average
number of errors over the first and last three trials
every day. Lesser number of errors as compared to
control over 3 days is indicative of increased general
learning ability and vice versa. Sulpiride reduced the
general learning ability indicating role of D2 receptors
in memory. However, the failure of bromocriptine to
show any effect on general learning ability could not
be explained.

To summarize, the results of our study suggested
that dopamine D2 receptors are involved in memory
encoding but not retrieval. The findings of the present
study considered alongside the previous work by
other researchers highl ight the complexity of
dopamine receptor involvement in learning and
memory.

Dopamine antagonists are one of the first lines of
treatment in patients of schizophrenia. The possibility
of disruption of learning indicated by the present
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study should be borne in mind while managing of
schizophrenia. Since our study showed no effect of
modulation of D2 receptors on memory retrieval, D2
receptor modulators may not have any role in
management of dementia.

No attempt was made in the present study to
demonstrate involvement of specific brain regions to
show effects of D2 receptor modulators using
functional MRI. Also, radiolabelled imaging could have
been done to demonstrate that the effects of drugs
were mediated by D2 receptors only. Hence further

studies are needed to confirm our findings.

Conclusion

Results of our experiment suggest that dopamine
D2 receptors are involved in memory encoding but
not retrieval. Also general learning is under positive
modulation by D2 receptors.
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