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Abstract

Previous studies had reported that extracellular levels of ascorbic acid have modulatory
effects on dopamine receptors. Both ascorbic acid and dopamine receptor have an important
role in learning and memory processes. However, the central interaction between ascorbic
acid and dopamine D2 receptor on spatial learning and memory has not yet been elucidated.

All experiments were carried out on male Wistar rats. Animals were subjected to 5 days of
training in the Morris water maze (MWM) task; 4 days with an invisible platform to test
special learning and the 5th day with a visible platform to test motivation and sensorimotor
coordination.

The data showed that ascorbic acid (25 pg, i.c.v.) could improve spatial learning and
memory indices. Administration of bromocriptine, a D2 agonist, increased the effect of
ascorbic acid, while treatment with the selective D2 antagonist sulpiride resulted in prevention
of the ascorbate-induced memory consolidation. These results indicate that dopamine D2
receptors may be involved in ascorbic acid-induced learning and memory impairment.
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Introduction

Vitamin C may be more than simply a
“micronutrient” in the CNS, because it is
present in millimolar concentrations in neuron-
rich areas. A ascorbate has numerous functions
in the CNS and brain. Although all actions of
ascorbate involve the donation of a single
electron, they can be divided into those
considered antioxidant and non-antioxidant in
nature. Recently, a neuromodulatory effect has
been proposed for ascorbate (Fiona et al.,
2009).

Several investigators have reported that
ascorbic acid (AA) affects learning and
memory processes. It has facilitatory effects
on acquisition and retrieval processes in the rat
passive avoidance learning and memory
(Shahidi et al., 2008). In addition, ascorbic
acid could reduce the risk of dementia caused
by aging (Harrison et al., 2009a) and prevent
learning and memory impairment due to the
scopolamine (Harrison et al., 2009b).
Recently, Tveden-Nyborg and colleagues
(2009) reported that Vitamin C deficiency in
early postnatal life impairs spatial memory.

There is a well-documented role for central
dopamine systems in memory consolidation
processes (EI-Ghundi et al., 2007). Immediate
post-training systemic administration of direct
and indirect dopamine agonists can enhance
retention in several tasks, including inhibitory
avoidance, Y-maze visual discrimination and
several versions of the radial-arm and Morris
water mazes in rodents (Packard and White
1989; Castellano et al. 1991; Gasbarri et al.,
1993; Packard and McGaugh 1994).

Furthermore, dopamine  nonselective
antagonist haloperidol can impaired later
retention of a two-way avoidance task
(Gozzani and Izquierdo 1976). Microinjection
of the D2 antagonist sulpiride into either the
nucleus accumbens or posteroventral caudate—
putamen impaired different measures of
retention in the hidden platform version of the
Morris water maze (Setlow and McGaugh

1999a,b).

Systemic  administration of the D2
antagonists has memory enhancing effects
(Packard and McGaugh 1994; Setlow and
McGaugh 1999a,b).

A complex interaction between ascorbate
and dopaminergic system has been reported.
Behavioral studies have demonstrated that
ascorbate has an anti-dopaminergic property.
High doses (1 g/kg) of ascorbate could block
dopamine-mediated circling behavior,
something that may also be achieved through
dopamine receptor blockers (Tolbert et al.,
1979). Although there is a clear complex
relationship  between ascorbate and the
cholinergic and dopaminergic  systems,
available data suggest that ascorbate can
behave as a dopamine receptor antagonist. In
fact it has been shown that ascorbate inhibits
the binding of specific D1 ([3H]SKF 38393)
and D2 ([3H] N-0437) receptor agonists
(Tolbert et al., 1992, Shimizu et al., 1989). In
addition, ascorbate can be involved in the
regulation of both acetylcholine and
catecholamine release from synaptic vesicles
(Kuo CH et al., 1979). Furthermore, D2
receptor antagonist sulpiride decreases striatal
ascorbate release (Liu et al., 2000a).

However, the interaction between ascorbate
and dopamine D2 receptor on special learning
and memory has still not been elucidated and
the present study was designed to examine
such interaction.

Materials and methods

Animals

All experiments were carried out on male
Wistar rats, weighing 200-250 g, that were
housed one per cage under a 12 h light/dark
cycle in a room with controlled temperature
(22 + 1°). Food and water were available ad
libitum. Animals were handled daily (between
9:00-11:00 AM) for 3 days before the
experiment day in order to adapt them to
manipulation and minimize nonspecific stress
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responses. Rats were divided randomly into
several experimental groups, each comprising
6-8 animals. All experiments were approved
by the Animal Experimentation Ethic
Committee of Shahid Bahonar University of
Kerman. All tests were conducted between
9:00 and 13:00.

Drugs

Ascorbic acid (Sigma, USA) was dissolved

in physiological saline. Sulpiride (Sigma,
USA) was dissolved in a fresh 0.1 N HCI (pH
7.4). Bromocriptine (Sigma, USA) was
dissolved in saline, propilenglycol and ethanol.
The percentages of those solvents in the final
volume were 50%, 40% and 10% respectively.
All drugs were given in the volume of 10 pl
(i.c.v.).
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Figure 1. The effects of bromocriptiune during MWM training; Mean traveled distance (A) and escape latency (B) during 4
days of training in water maze with hidden platform. Error bars indicate + S.E.M. n=7, BR= Bromocriptine

Behavioral procedure

The Morris task was assessed in a water
tank (136 cm in diameter, 60 cm in height)
filled with water (251 °C). The tank was

located in a room containing several extra-
maze visual cues fixed to the walls that were
clearly visible from the pool. The escape
platform testing was conducted in a 107-cm
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diameter pool with a circular acrylic platform
(10 cm diameter) submerged 2 cm below the
surface of the water. The platform position
was stable over 4 days . Rats were given four
acquisition trials per day in a massed fashion
and each rat completed all four trials before
the next rat began its trials. A trail was
terminated as soon as the rat had climbed onto
the escape platform or when 90 s had elapsed.
A rat was allowed to stay on the platform for
20 s and then the next trail was started. After
completion of 4th trail, rats were gently dried
and kept warm for an hour and then returned

to their cages. On day 5 for the probe trial, the
platform was removed and rats were released
from the NE start point and were allowed to
swim freely for 60s (Esmaeilpour and
Abbasnejad., 2013). Animals were
automatically tracked by a computerized
system via an overhead TV camera. The path
of each rat on each trail was analyzed by
computing several parameters, e.g. latency to
find the platform, traveled distance and
percentage of traveled distance and time spent
in the target quadrant.
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Figure 2. The effects of bromocriptine during MWM training; Percentage of traveled distances in target quadrant (A) and
percentage of time spent in target quadrant (B) during the day 5 of training in water maze with the removal platform. Error
bars indicate + S.E.M. * p< 0.05 vs. sham. n=7, BR= Bromocriptine.
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Figure 3. The effects of sulpiride during MWM training; Mean traveled distance(A) and escape latency (B) during 4 days of
training in water maze with the hidden platform. Error bars indicate + S.E.M. n=7, Su= Sulpiride

Experimental design

Animals were maintained in a special
feeding cage for 3 days prior to the start of
behavioral testing, so as to acclimate to
procedures, including daily weighing, handling
and the injection protocol. The rats were
randomly assigned to the following groups. In
ascorbate-treated group, ascorbate (25 ug,
i.c.v.) was given. In sulpiride-treated group,
sulpiride (0.03, 0.1 and 1 pg, i.c.v.) was
administrated in 09.00 a.m. Ascorbate and
sulpiride were given concomitantly in third
group. In  bromocriptine-treated  group,
bromocriptine (12.5, 25 and 50 pug, i.c.v.) was

given. Ascorbate and bromocriptine were
given concomitantly in another group. Saline
and vehicles were injected as sham control
group.

Statistical analysis

The results are expressed as mean = SEM.
The data of first four training days with hidden
platform were subjected to a two-way analysis
of variance (ANOVA) followed by the Tukey
test. Data of the 5th day with visible platform
were analyzed by one-way ANOVA. P < 0.05
was considered significant.
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Results
1. The effect of Bromocriptine

1.1. Hidden platform trials(days 1-4)

Figs 1 shows the results obtained from the
injection of different doses of bromocriptine
(12.5, 25 and 50 pg/rat) and its vehicle. There
were no significant differences between
groups in traveled distances (fig. 1A) and
escape latency (fig. 1B).

1.2. Remove platform trials (day 5)

There were significant differences (p<0.05)
in the percentage of traveled distances in the
target quadrant of Br (25 pg/rat) and vehicle
treated animals on the day 5 (Fig. 2A). The
percentage of time spent in the target quadrant
was statistically significant between Br(25
pg/rat: p <0.05) and sham on the day 5 (Fig.
2B).
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Figure 4. The effects of sulpiride during MWM training; Percentage of traveled distances in the target quadrant (A) and
Percentage of time spent in target quadrant (B) during the day 5 of training in water maze with the removal platform. Error

bars indicate + S.E.M. * p< 0.05 vs. sham. n=7, Su= Sulpiride
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2. The effect of Sulpiride sulpiride (0.03, 0.1 and 1 pg/rat) and its
2.1. Hidden platform trials (Days 1-4) vehicle. There were no signi_ficant diff_erences

Figs 3 A and B show the results obtained between groups in traveled dlsta_nces (fig. 3A)
from the injection of different doses of and escape latency parameters (fig. 3B).
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Figure 5. The effects of Co- administration of Ascorbic acid plus bromocriptine during MWM training; Mean traveled
distance(A) and escape latency (B) during 4 days of training in water maze with hidden platform. Error bars indicate +
S.E.M. ** p <0.01 vs. Br. 25(in fig. A) , ** p < 0.01 vs. sham, +++ p <0.001 vs AA.25 (in fig. B) , n=7, AA= Ascorbic acid, BR=
Bromocriptine

2.2. Remove platform trials (day 5) percentage of traveled distances values in the

There was significant difference of target quadrant (p <0.05) (Fig. 4A). Percentage
performance among sulpiride ( 0.1 ug/rat) and of time spent in the target quadrant was not
vehicle treated animals on the day 5 in significantly different in performance between
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groups(Fig. 4B).

3. The effect of co-administration of
ascorbic acid and bromocriptine

3.1. Hidden platform trials (Days 1-4)

Figs. 5 A and B show the results obtained
from the injection of Ascorbic acid( 25 pg/rat)
plus bromocriptine(25 pug/rat) and group
receiving vehicle ( Propylenglycol+ saline) as

sham. A significant difference was found in
traveled distances between( AA 25 pg/rat: p
<0.01) and Br (Fig. 5A). A significant
difference was found in escape latency
between( AA 25 png/rat: p <0.01) and sham
and between (Br 25 pg/rat) and ( AA 25
pg/rat: p <0.001) (Fig. 5B).
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Figure 6. The effects of Co- administration of Ascorbic acid plus bromocriptine during MWM training; Percentage of
traveled distances in target quadrant (A) and Percentage of time spent in the target quadrant (B) during the day 5 of training
in water maze with the removal platform. Error bars indicate £ S.E.M. ** p <0.05 vs. Br. 25, + p < 0.05 vs. sham (fig. A), # p
<0.05 vs. Br. 25, ** p < 0.01 vs. Br.25( fig. B), n=7, AA= Ascorbic acid, BR= Bromocriptine.

Iranian Journal of Veterinary Science and Technology, Vol. 6, No. 1



Central interaction of ascorbic acid and D2 dopamine receptors 9

3.2. Remove platform trials(day 5)

A significant difference was observed in
the percentage of traveled distances in the
target quadrant between animals that had AA
(25 pg/rat) and Br (25 pg/rat, p <0.01) and also
between Br (25 ug/rat, p <0.05) and vehicle-
treated groups (Fig. 6A). Furthermore, a
significant difference was found in the
percentage of time spent in the target quadrant
between AA- and Br-injected animals (p <
0.01) as well as between animals that received
AA+Brand Bronly (p <0.05) (Fig. 6B).

4. The effect of co-administration of
ascorbic acid and sulpiride

4.1. Hidden platform trials(days 1-4)

Figs. 7 A and B show the effect of ascorbic
acid (25 pg/rat) plus sulpiride (0.1 pg/rat) on
learning and memory indices. A significant
difference was observed in the traveled
distances between AA (25 ug/rat) alone and
sham groups (p <0.01) and also between
animals that had Su (0.1 pg/rat) and AA (25
ug/rat) alone (p <0.05) (Fig. 7A). A significant
difference was also found in time spent
between AA and sham control groups (p
<0.05) and also between Su+AA and sham
groups (Fig. 7B).

4.2. Remove platform trials(day 5)

Percentage of traveled distances in the
target quadrant was significantly different
between (AA 25 pg/rat: p <0.01), (Su 0.1
pg/rat: p <0.01), (Su 0.1 pg/rat+ AA 25 pg/rat:
p <0.01) and sham (Fig. 8A) and in the
percentage of time spent in the target quadrant
between (AA 25 pg/rat: p <0.01), (Su 0.1
pg/rat: p <0.05), (Su 0.1 pg/rat+ AA 25 pg/rat:
p <0.01) and sham (Fig. 8B).

Discussion

There is no study regarding the effect of
ICV injection of AA on cognitive indices in
rats. AA is considered not only as an
antioxidant but also as a neuromodulator (Dai

et al., 2006). Our present experiments showed
that central injection of bromocriptine as a D2
selective agonist increases spatial memory,
while co-administration of ascorbic acid and
bromocriptine decreased spatial memory.
Therefore, it seems that ascorbic acid
attenuates the learning promoting effect of
bromocriptine. Injection of D2 selective
antagonist sulpiride alone or in combination
with ascorbic acid decreased spatial memory.
It is documented that AA can interfere with
glutamatergic, dopaminergic, cholinergic and
GABAergic transmission and their related
behavior (Fiona et al., 2009). These
neurotransmitter systems have a basic and
critical role in learning and memory processes
(Myhrer et al., 2003). It has been demonstrated
that method of administration, (Shahidi et al.,
2008) animal age and period of injection (Arzi
et al., 2004) have an influencing and important
role in the effect of AA on learning and
memory. In addition, numerous studies have
shown that the anti-impairment effects of AA
on learning and memory are due, at least in
part, to its antioxidant effects (Castagne et al.,
2004, Cho et al., 2003, Reis et al., 2002). This
issue is in a contradiction with our results that
show central injection of AA has a decreasing
effect on learning and memory indices in
MWM task. In our previous study, central
administration of ascorbic acid significantly
decreased learning and spatial memory
(abbasnejad et al., 2008). This study is in
agreement with previous findings (Luciana
1997, D'Esposito 2008, Ichihara 1989)
showing that ICV injection of Br can increase
but Su decrease learning and memory indices.
It has been reported that acute systemic
injection of ascorbic acid has no significant
effect on passive avoidance learning (PAL)
and memory in rats. In addition, short- and
long term ascorbic acid treatment decrease
learning acquisition (Shahidi et al., 2008). AA
could potentiate amphetamine-induced
dopamine release in both the nucleus
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accumbens and neostriatum (Pierce et al,. 1995).
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Figure 7. The effects of Co- administration of Ascorbic acid plus sulpiride during MWM training; Mean traveled distance(a)
and escape latency (b) during 4 days of training in water maze with hidden platform. Error bars indicate + S.E.M. **p< 0.01
vs. sham, + p <0.05 vs. AA.25, * p < 0.05 vs. sham, # p <0.0015 vs sham , n=7, AA= Ascorbic acid, Su= Sulpiride

It has been demonstrated that ascorbate
releasing is regulated, at least in part, by
dopaminergic mechanisms, which appear to be
involved through both the D1 and D2 family
of dopamine receptors (Rebec et al., 1994). In
both normal and 6-hydroxydopamine-treated
rats sulpiride has a decreasing effect on basal
and ethanol-induced ascorbic acid release (Liu
et al.,, 2000a). Furthermore, AA can

modulates dopamine and glutamate in
mammalian telencephalon (Majewska et al.,
1990, Rebecca et al., 1994) and dopamine
regulates brain extracellular AA levels
(Phebus et al., 1990).

AA releasing from glutamatergic neurons is
a D1 and D2 receptor mediated mechanism.
Dopamine agonists facilitate the release of AA
from glutamatergic terminals and dopamine

Iranian Journal of Veterinary Science and Technology, Vol. 6, No. 1



Central interaction of ascorbic acid and D2 dopamine receptors 11

antagonists can inhibit this phenomenon
(Rebec et al., 1994). It has been reported that
ascorbate facilitates spatial learning when is
used in low or average doses and conversely
impairs it when used in high doses (Esmaili et
al., 2003). Ascorbic acid with low and high
concentration has agonistic and antagonistic
effects on  both  dopaminergic  and
glutamatergic systems, respectively. It seems
that these two systems directly affect learning
and memory.

The above mentioned documents suggest
that dopamine D2 receptors might be involved
in central AA-induced learning and memory
impairment. However, further investigation is
necessary to evaluate the exact mechanism(s)
of learning and memory decreasing effect of
AA in lateral ventricles. Taken together, this
study shows that the ICV injection of AA
attenuated the positive effects of D2 dopamine
receptors agonist on spatial memory and
learning.
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Figure 8. The effects of Co- administration of Ascorbic acid plus sulpiride during MWM training; Percentage of traveled
distances in target quadrant (A) and Percentage of time spent in target quadrant (B) during the day 5 of training in water
maze with the removal platform. Error bars indicate + S.E.M. ** p <0.01 vs. sham, ++ p <0.01 vs. sham, ## p <0.01 vs. sham,

+p < 0.05 vs. sham, n=7, AA= Ascorbic acid, Su= Sulpiride.
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