
 
Iranian Journal of Veterinary Research, Shiraz University, 2013, Vol. 14, No. 2, Pages 126-132 

 

 126

Effect of administration of ascorbic acid and dopamine 
D2 receptors agonist in the hippocampal CA1 area on 

spatial learning and memory in adult male rats 
 

Esmaeilpour-Bezenjani, Kh.1, 2 and Abbasnejad, M.1* 
 
1Department of Biology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran; 2Kerman 
Neuroscience Research Center (KNRC), Kerman University of Medical Sciences, Kerman, Iran 
 
*Correspondence: M. Abbasnejad, Department of Biology, Faculty of Sciences, Shahid Bahonar University 
of Kerman, Kerman, Iran. E-mail: mabbas@uk.ac.ir 
 

(Received 24 Dec 2011; revised version 31 Oct 2012; accepted 5 Dec 2012) 
 
Summary 
 
  Previous studies have shown that ascorbic acid (AA) plays a crucial role in mammalian brain as a 
vitamin and neuronal modulator. There is increasing evidence indicating that dopaminergic system and AA 
could affect learning and memory processes. In addition, vitamin C acts as a dopamine antagonist in the 
brain. The aim of the present study was to evaluate the intra-hippocampal co-administration of AA and 
bromocriptine (Br), a dopamine D2 receptor agonist, on spatial memory and learning. Adult male rats were 
trained in Morris Water Maze task. Intra-hippocampal injection was performed through an implanted cannula 
in the CA1 region. Animals were divided into 12 experimental groups (n=7) including: control, AA (6, 12, 24 
and 48 µg/rat), Br (0.5, 1, 2 and 2.5 µg/rat), AA plus Br (24 and 2 µg/rat), AA and Br related sham. The 
results showed that injection of AA caused a significant decrease in both learning and spatial memory. 
However, administration of Br alone or concomitant with AA caused a significant increase in learning and 
spatial memory as compared to the control and AA groups. These findings indicate that AA could attenuate 
the effects of D2 dopamine receptors agonist on spatial memory and learning. 
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Introduction 
 
  Ascorbic acid (AA) is believed to be a 
neuromodulator in the CNS in addition to its 
anti-oxidant role (Dai et al., 2006; Fazeli et 
al., 2010). Ascorbate is transported and 
concentrated into the brain and neurons via 
the sodium-dependent vitamin C transporter 
2 (SVCT2). So, brain depletion of ascorbate 
is a difficult procedure. Ascorbate is 
proposed as a neuron modulator of 
glutamatergic, dopaminergic, cholinergic, 
and GABAergic transmission and their 
related behaviors. AA can protect nerve cells 
against glutamate excitotoxicity (May, 
2012), It also has a crucial role in immune 
system (Lotfollahzadeh et al., 2005). 
  It is reported that intraperitoneal (i.p.) 
injection of ascorbate (125 mg/kg) reverses 
age and scopolamine-induced memory 
deficits in the rat elevated plus-maze test 
(Parle and Dhingra, 2003). Chronic 

administration of ascorbate accompanied by 
vitamin E in aged rats also improves 
performance on a passive avoidance task 
(Arzi et al., 2004). In addition, repeated 
ascorbate treatments (60-120 mg/kg) could 
improve both acquisition and retention of 
passive avoidance task (Shahidi et al., 
2008). In contrast, AA (1 g/kg, i.p.) 
significantly decreases the rate of 
conditioned avoidance response (CAR) in 
the shuttle box avoidance test (Desole et al., 
1987). Furthermore, treatment with 
amphetamine increases the number of 
avoidance responses in the shuttle-box task 
blocked by ascorbate treatment (Fiona et al., 
2009). 
  Dopamine has an important role in 
memory processes, especially in three inter-
connected brain regions i.e., striatum, 
hippocampus and prefrontal cortex (Amico 
et al., 2007). The hippocampal dopamine 
receptors are involved in the modulation of 
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memory (Rezayof et al., 2007). It has been 
demonstrated that dopamine (DA) finely 
tunes prefrontal neuronal activity associated 
with working memory performance 
(Stuchlik et al., 2007). Intra-hippocampal 
administration of D2 but not D1 agonist and 
antagonist elicit significant effect on 
memory or learning processes (Amico et al., 
2007). There are several investigations 
indicating the relationship between AA with 
dopaminergic system as well as glutamate 
(Rebec and Pierce, 1994; Rice, 2000). 
Specially, the relationship between 
dopaminergic system and AA has been an 
attractive subject for scientists. For example, 
vitamin C can act as a DA antagonist in the 
brain (Tolbert et al., 1992). One report 
indicates that AA reduces d-amphetamine-
induced behavioral changes (Rebec and 
Pierce, 1994). In addition, AA can block the 
d-amphetamine-induced stereotypy and 
enhance the anti-dopamine effect of 
haloperidol in rats. It directly alters striatal 
dopamine binding sites and inhibits the 
binding of DA antagonists to DA receptors 
(Liu et al., 2000). Taken together, it seems 
that brain extracellular ascorbate level can 
be modulated by dopaminergic neuro-
transmission and this modulation varies 
quantitatively in different dopamine-
containing brain structures. 
  Since dopamine and ascorbic acid 
display a reciprocal interaction in some 
physiological activities and have critical 
effects on learning and memory processes, 
we decided to investigate the effect of intra-
hippocampal co-administration of AA and 
D2 receptor agonist on learning and memory 
in Morris Water Maze task (MWM). 
 
Materials and Methods 
 
  Adult male Wistar rats (n=84), weighing 
250-300 g, were obtained from Pasteur 
Institute of Iran. Animals were housed four 
per cage at room temperature (24±1°C) 
under a 12-hour light/dark cycle. Food and 
water were available ad libitum throughout 
the experiment. The protocol was approved 
by the Animal Experimentation Ethic 
Committee of Neuroscience Research 
Center (EC/KNRC/87-5). All animals were 
handled (5 min/day) by the experimenter for 

seven consecutive days before the beginning 
of the experiments. Rats were randomly 
allocated into 12 experimental groups, each 
comprising 7 animals. 
 
Surgery 
  Rats were anesthetized with ketamine 
hydrochloride (50 mg/kg i.p.) plus xylazine 
(5 mg/kg i.p.), (Netherlands Alfasan Co.) 
and placed in a stereotaxic apparatus 
(Stoeling, USA). Bilateral guide cannulae 
were placed 1 mm above the intended site of 
injection according to the atlas of Paxinos 
and Watson (1986). Stereotaxic coordinates 
were AP: -3.80 mm from Bregma, ML: ±2.2 
from the midline and DV: -3.2 mm from the 
skull surface. Two screws were inserted into 
the skull and cannulae, fixed with dental 
cement. Stainless steel styles (23-gauge) 
were inserted into the guide cannulae to 
keep them free of debris. The rats had a one 
week recovery period after surgery. 
 
Drugs 
  Ascorbic acid was purchased from 
Sigma Chemical Co., (dissolved in 0.9% 
sterile saline solution), Bromocriptine 
(Tocris Cookson) was dissolved in saline, 
propyleneglycol and ethanol solution. 
  Intracerebral injections were 
administered through guide cannulas (23-
gauge) using injection needles (27-gauge) 
connected with polyethylene tube to 1-µl 
Hamilton microsyringes (1 µl/min/each 
side). The injection needle was inserted 1 
mm beyond the tip of the cannula. All 
injections were done 30 min before test 
sessions in each experimental day. 
 
Behavioral assessment 
  The learning and memory was assessed 
in a water tank as described by (Morris et 
al., 1982). The water maze was a black 
circular tank with 136 cm diameter and 60 
cm height. The tank was filled with water at 
20±1°C to a depth of 25 cm. Extra maze 
cues consisted of geometric shapes on the 
walls, posters, shelves, etc.; there were no 
intra maze cues. The maze was divided into 
four quadrants. A hidden circular platform 
(diameter: 10 cm) was located in the center 
of the South-West (SW) quadrant which was 
submerged 1.5 cm below the surface of the 
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water. A tracking system was used to 
measure the escape latency, the traveled 
distance of each rat, the percent of distance, 
and also the time in each quadrant. 
  Each rat received a block of four trials 
during five daily sessions. During the first 4 
days, the platform, situated in the center of 
the South-West quadrant, was submerged 
1.5 cm below the surface of water and 
therefore invisible, for testing spatial 
learning. On day 5 the platform was elevated 
above the water level and covered with a 
piece of aluminum foil and placed in the 
center of the southeast quadrant, and used 
for the assessment of sensory motor towards 
a visible platform. As soon as the rat had 
climbed onto the escape platform or when 
90 s had elapsed each trial was terminated. 
Rats were allowed to stay on the platform 
for 20 s. The next trial was started if the rat 
did not find the platform within 90 s. Rats 
were put on the platform by the 
experimenter and allowed to stay there for 
20 s. All tests were conducted between 
09:00 and 13:00 h. 
  In order to determine the placement of 
micro-injector tips the rat brains were 
removed and stored in 20% formalin 
solution for 48 h. Histological sections (150 
µm thick) were prepared using a Vibrotome 
(WPI, USA), and stained with cresyl violet. 
Sections were examined under a light 
microscope. Animals were included for data 
analysis only if both needle placements were 
located within the CA1 region, regardless of 
their memory performance. 
  Rats were randomly assigned to the 
following groups (n=7): ascorbate-treated 
group (6, 12, 24 and 48 µg ascorbate/rat was 
given); bromocriptine-treated group (0.5, 1, 
2 and 2.5 µg bromocriptine/rat was given); 
AA plus Br (24 and 2 µg/rat). Saline and 
vehicles were injected to the animals in the 
control group. 
 
Statistical analysis 
  The mean data obtained from hidden 
platform tests during four training days was 
analysed by one-way analysis of variance 
(ANOVA) followed by Tukey’s test for 
multiple comparisons. In all comparisons, 
P<0.05 was used as the criterion for 
statistical significance. 

Results 
 
  Figure 1 shows intrahippocampal 
injection of ascorbic acid at doses of 12 and 
24 µg/rat significantly increased escape 
latency as compared with control during the 
4 days of training in the water maze with the 
hidden platform (F=4.895, P<0.01). 
Platform remove trials (day 5) related results 
showed that there was a significant 
difference of performance among the 
ascorbic acid (24 µg/rat) and control groups 
with regard to the percentage of time spent 
in the target quadrant (12 µg/rat: P<0.05 and 
24 µg/rat: P<0.01) (F=5.756) (Fig. 2). 
  Intrahippocampal injection of 
bromocriptine related results show no 
significant difference in the escape latency 
between groups during hidden platform 
trials (days 1-4) (Fig. 3) and also in 
percentage of time spent in the target 
quadrant during platform remove trials (day 
5) (Fig. 4). 
  Figure 5 shows the results obtained from 
the ascorbic acid plus bromocriptine 
injection and group receiving vehicle 
(propylenglycol+saline). A significant 
difference was generally noticed in the 
escape latency between (AA, 24 µg/rat + 
BR, 2 µg/rat) and (BR, 2 µg/rat: P<0.05), 
between (BR, 2 µg/rat: P<0.01) and control 
during hidden platform trails (Days 1–4) 
(Fig. 5). 
  A significant difference was generally 
found in the percentage of time spent in the 
target quadrant (AA 24 µg/rat + BR 2 
µg/rat), (AA 24 µg/rat) and (BR 2 µg/rat) 
(P<0.05, F=1.28) during platform remove 
trials (day 5) (Fig. 6). 
 
Discussion 
 
  The primary finding of the present study 
was that intrahippocampal AA treatment 
decreased traveling distance as well as time 
spent in the target quadrant and increased 
traveling escape latency. As it was expected 
D2 agonist, Bromocriptine, could increase 
traveling distance and time spent in the 
target quadrant and had a decreasing effect 
on escape latency. Administration of AA 
prior to bromocriptine injection attenuated 
the observed effect, but does not eliminate it. 
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  It seems AA may act like a dopamine 
antagonist in hippocampus. No record is 
available regarding the effect of 
intrahippocampal     injection    of    AA    on 
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Fig. 1: The effects of ascorbic acid (AA) on the 
mean escape latency during the 4 days of 
training in a water maze with the hidden 
platform. Bars indicate mean±SEM (n=7).       
* P<0.05, and ** P<0.01 vs. control 
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Fig. 2: The effects of ascorbic acid (AA) on 
percent time spent in the target quadrant 
during the day 5 of training in a water maze 
with the removed platform. Error bars 
indicate ±SEM. * P<0.05 vs. control, and         
** P<0.01 vs. control. n=7, and AA: Ascorbic 
acid 
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Fig. 3: The effects of bromocriptine during 
water maze training. Mean escape latency 
during 4 days of training in a water maze with 
the hidden platform. Error bars indicate 
±SEM. n=7, and BR: Bromocriptine 
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Fig. 4: The effects of bromocriptine during 
water maze training. Percentage of time spent 
in the target quadrant during day 5 of 
training in a water maze with the removed 
platform. Error bars indicate ±SEM 
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Fig. 5: The effect of co-administration 
ascorbic acid plus bromocriptine during 
MWM training. Mean escape latency during 
the 4 days of training in a water maze with the 
hidden platform. Error bars indicate ±SEM. 
## P<0.01 vs. AA and control, + P<0.05 vs. BR 
and control. n=7, and BR: Bromocriptine, 
AA: Ascorbic acid 
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Fig. 6: The effect of co-administration 
ascorbic acid plus bromocriptine during 
MWM training. Percentage of time spent in 
the target quadrant during day 5 of training 
in a water maze with the removed platform. 
Error bars indicate ±SEM. + P<0.05 vs. AA 
and Br. n=7, Br: Bromocriptine, and AA: 
Ascorbic acid 
 
cognitive indices in rats. It is considered that 



 
Iranian Journal of Veterinary Research, Shiraz University, 2013, Vol. 14, No. 2, Pages 126-132 

 

 130

AA is not only a simple antioxidant but also 
a neuromodulator in CNS (Dai et al., 2006). 
In addition, it can interfere with 
glutamatergic, dopaminergic, cholinergic 
and GABAergic transmission and related 
behaviors (Fiona et al., 2009). These 
neurotransmitter systems have a basic and 
crucial role in learning and memory 
processes (Myhrer, 2003). It has been 
reported that peripheral administration of 
AA decreases the learning and memory in 
the shuttle box avoidance test (Desole et al., 
1987), while acute peripheral AA injection 
has no significant effect on passive 
avoidance learning in rats. Short and long-
term supplementation with AA can facilitate 
the acquisition and retrieval processes of 
passive avoidance learning and memory in 
rats (Shahidi et al., 2008). Intrastriatal 
ascorbate oxidase (AAO) inhibits behavior-
related neuronal activity in the striatum but 
AAO administration into dorsal 
hippocampus fails to alter behavioral 
activation (George and Zhongrui, 2001). The 
results of this study are different from other 
studies which suggested that AA could 
repair or prevent memory deficits (Parle and 
Dhingra, 2003; Monteiro et al., 2005; 
Delwing et al., 2006; Landmark, 2006). This 
can be explained by the age of the animals 
under study as intact young rats were used in 
the present study, but aged rats were tested 
in other studies. 
  It has been reported that AA-related 
changes in learning and memory depend on 
the method of administration (Shahidi et al., 
2008), animal age and period of injection 
(Arzi et al., 2004). In addition, numerous 
studies have shown that the anti-impairment 
effects of AA on learning and memory are 
due to its antioxidant effects (Reis et al., 
2002; Cho et al., 2003; Castagne et al., 
2004). This issue is in contradiction with our 
results that show AA has a decreasing effect 
on learning and memory indices in Morris 
Water Maze task. 
  Therefore, it is possible that ascorbic 
acid-induced learning and memory 
impairment is due to its neurotransmitter and 
neuromodulatory properties. It has been 
shown that local application of AA 
interferes with the response of neurons to 
dopamine and glutamate (Rebec and Pierce, 
1994). Injection of dopamine D2 receptor 

antagonist into the hippocampus impairs 
memory performance and is ameliorated by 
an agonist (Fujishiro et al., 2005). On the 
other hand, there is behavioral evidence 
supporting the anti-dopaminergic action of 
AA (Rebec and Pierce, 1994). Our results 
showed that a combination of AA with 
bromocriptine attenuated the increasing 
effects of bromocriptine on learning and 
memory indices in MWM task. In the 
shuttle-box task, amphetamine, as dopamine 
agonist, increases the number of avoidance 
responses blocked by AA (Fiona et al., 
2009). AA blocks the D-amphetamine-
induced stereotypy and also enhances the 
anti-dopamine effect of haloperidol (Liu et 
al., 2000), also there is some evidence to 
show that AA is able to modulate the effect 
of DA in the mammalian forebrain. 
Moreover, it inhibits binding of both DA 
agonists and antagonists in a dose-dependent 
manner (Tolbert et al., 1992). One of the 
earliest observations about the interaction of 
AA with the dopaminergic system is that 
ascorbic acid could completely inhibit the 
DA-stimulated adenylate cyclase activity in 
rats (Thomas and Zemp, 1997) AA may act 
in part via cholinergic signaling because its 
intraperitoneal administration attenuates 
scopolamine-induced cognitive deficits in 
young mice (Harrison et al., 2008). In 
addition, AA may interfere with nicotine-
induced place preference and behavioral 
sensitization in mice (Sahraei et al., 2007). 
  The cooperation of AA and glutamate is 
important for neuron metabolism so that 
ascorbic acid participates as a metabolic 
switch modulates neural metabolism 
between resting and activation periods 
(Fiona et al., 2009). Furthermore, glutamate 
stimulates AA release from astrocyte in the 
CNS (Maite et al., 2009). More recent 
studies relating ascorbate modulation of 
glutamate dynamics with changes in rat 
behavior show that such modulation is 
complex, because it depends on the sites in 
the brain, level of behavioral activity and 
level of extracellular ascorbate (Fiona et al., 
2009). There is a significant interaction 
between DA and glutamate in CA1, for 
example, DA in the CA1 evokes a protein 
synthesis-dependent LTP that requires 
synergistic NMDA-receptor activation and 
protein synthesis (Navakkode et al., 2010). 
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AA entry into the neurons and within the 
cell can inhibit glucose consumption and 
stimulate lactate transport (Maite et al., 
2009). 
  The above mentioned documents 
suggest that different neurotransmitters or 
neuromodulators might be involved in 
intrahippocampal AA-induced reduction in 
learning and memory. However, further 
investigation is necessary to evaluate the 
exact mechanism(s) underlying the effect of 
AA in the lowering of learning and memory. 
Taken together, this study showed that the 
central injection of AA caused a significant 
decrease in both learning and spatial 
memory and attenuates the positive effects 
of D2 dopamine receptors agonist on spatial 
memory and learning in rats. 
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