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ABSTRACT
Introduction: Lead (Pb) is a neurotoxin that its different effects on the central nervous system
are well-known. Previous studies have reported the potent effects of vitamin C on memory.
The present study was undertaken to evaluate the protective effects of vitamin C against leadinduced amnesia.
Methods: Male Wistar rats were divided into 4 groups: the control (saline), negative control
(lead), positive control (Vitamin C, 150 mg/kg), and experimental (Lead+Vitamin C). To
induce lead toxicity, the rats received water containing 0.2% Pb instead of regular water for 1
month. Passive avoidance learning was assessed by Shuttle Box 2 months later. Retention was
tested 24 hours after training.
Results: The results showed that lead causes impairment in acquisition and retrieval processes
of passive avoidance learning and memory. However, vitamin C administration reinforced
passive avoidance learning and memory. All results were significant (P<0.001).
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Conclusion: Vitamin C administration in rats counteracts the negative effect of lead on spatial
learning and memory.

1. Introduction

earning and memory are the highest levels of the central nervous system functions.
Memory is a biological adaptation that allows
the organisms to use past experience to adjust their behavior to environmental changes
[1]. Memory includes many processes such as acquisition,

encoding, consolidation, restructuring, and performance.
However, learning is a neurological phenomenon by which
organisms change their behavior through practice [2].
Lead (Pb) with atomic number 82 is a heavy metal. It is
everywhere and can cause many physiological, biochemical, and behavioral disorders in humans and animals [3, 4].
Direct neurotoxic effects of lead include apoptosis (pro-
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grammed cell death), increased irritability, disorder in the
process of storage and release of neurotransmitters, mitochondrial dysfunction, second messenger dysfunction,
damage to brain endothelial cells and glial cells [3, 5].
Effect on the brain’s development is one of the most
damaging effects of lead. In this regard, hippocampus is
one of most sensitive and vulnerable areas to lead toxicity. Many psychologists and neurologists believe that the
hippocampus plays an important role in the formation
of new memories about the observed events. Long-term
exposure to low levels of lead associates with behavioral
and learning abnormalities in humans and animals [5, 6].
However, exogenous antioxidants can neutralize major
cell damages caused by oxidative stress [7, 8]. Vitamins
are non-enzymatic antioxidants. Vitamin C (ascorbic acid)
is an essential supplement for normal metabolic reactions
in humans and animals. It has antioxidant properties that
plays an important role in cleaning up oxygen free radicals and stabilizing cell membranes as well as lowering
the risk of several diseases such as cardiovascular disease
and cancer [9-11]. Vitamin C is very effective in protecting brain cells. Oxidative damages during vitamin C deficiency increase in brain cells [12, 13]. Also, high dose
administration of vitamin E and vitamin C may decrease
the risk of Alzheimer disease [14] and improves learning
and passive avoidance memory in diabetic rats [15].
In the present study, the effects of lead on learning and
memory in male Wistar rats and the preventive effects of
vitamin C on neurotoxicity of lead on the passive avoidance memory were examined.

2. Materials and Methods
Lead and vitamin C were purchased from the Sigma
Aldrich (St. Louis, MO, USA).
Animal treatment and experimental procedures
In this experiment, 48 male Wistar rats, weighing 180±20
g were used. They kept under proper conditions of 12:12
h light/dark cycle at a temperature of 21±2°C. All rats
were fed with chow and water. This study was approved
by Ethics Committee of Hamadan University of Medical
Sciences. After 15 days of acclimatization, the rats were
randomly divided into 6 groups (n=8 per each group):
1. Control group received 2 mL saline.
2. Negative control group (Pb group) received water
containing 0.2% lead [16].
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3. Vitamin C group (positive control) received 150 mg/
kg vitamin C (Sigma Aldrich, St. Louis, MO, USA) for
2 months.
4. Treatment group received lead acetate and vitamin
C simultaneously.
5. Posttreatment group received 0.2% Pb acetate for 2
months and then vitamin C for 1 month.
6. Pretreatment group received vitamin C for the first 1
month, and lead acetate for 2 months. Passive avoidance
learning was assessed by Shuttle-Box 2 months later.
Retention was tested 24 hours after training.
Passive avoidance learning test
Passive avoidance learning (PAL) is a 2-part Plexiglas
box that has bright and dark parts. The size of the 2 parts
is equal and it has an 8×8 cm valve. At the bottom of 2
parts, the stainless steel bars are located at a distance of 1
cm. A 100W lamp is switched 40 cm over the device. An
electrical circuit is connected to the bottom of the dark
part. The test follows 3 steps [17]:
Adoption
At First, all experimental groups became accustomed
to the device. Thirty minutes after placing the animals in
the light, the valve was opened. Immediately after the arrival of the animals in the dark part the door was closed.
Animals were taken from the dark side and returned to
the cage. This procedure was repeated 30 minutes later.
2. Acquisition
Thirty minutes after the second time adaptation, the
acquisition step was trained. Immediately after the entry of the rats in the dark part, the door was closed and
electric shock (50 Hz and 0.8 mA) applied to the rats for
2 seconds. After 30 seconds, the rats were taken from the
dark part and returned to the cage. Two minutes later,
the behaviors of rats were examined as in the earlier experiment. Refusing to enter into the dark part within 120
seconds was considered as the successful acquisition of
light and dark parts. Otherwise, the rats received another
shock upon entrance to the dark part for the second time.
Retention
Two days after training, the rats were placed in the light
part and 5 seconds later the door was opened between
the light and dark parts. The time it took for the animal to
enter the dark part (step-through latency, STL) and how
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Figure 1. The mean of the STL in the passive avoidance task.
The values were shown as mean±S.E.M. (a P<0.001 vs. control group, b P<0.001 vs. lead group).

long it spend there (TDC), and the number of entries into
the dark room for 10 minutes were recorded.
Statistical analysis
The values are presented as mean±SEM. All results of
this study were analyzed by ANOVA (1-way analysis of
variance). Post hoc comparisons were performed using
Tukey test. P<0.05 was considered as statistically significant of differences.

3. Results
As shown in Figure 1, lead treatment caused impairment in acquisition and retrieval processes of PAL
and administration of vitamin C reversed learning and
memory deficits in pre-, post-, or co-exposure with leadtreated rats. Our results showed that STL decreased in
the lead group in comparison to control group (P<0.001)
and vitamin C increased that in retention trial compared
to lead group (P<0.001).
Furthermore, our results showed that lead-treated
group spent more time in the dark compartment (TDC)
compared to control group (P<0.001, Figure 2). The
TDC significantly decreased in vitamin C treated groups
compared to lead group (P<0.001).

4. Discussion
Lead is one of most poisonous chemicals in the environment that can induce acute or chronic diseases. The toxic
effects of lead have been discovered in organs like liver,
kidney, and brain. Lead can influence hippocampus, cor-

Figure 2. The mean of the time in the dark compartment
in the passive avoidance task. The values were shown as
mean±S.E.M. (a P<0.001 vs. control group, b P<0.001 vs. lead
group).

tex, and cerebellum. Since this system plays an important
role in learning and memory formation, the defect in the
communication of this system through lead exposure even
at low concentrations, impairs memory and learning [5].
Increase in STL and decrease in TDC during the retention test have positive effects on memory retention [18]. In
our study, STL decreased and TDC increased, which demonstrates memory retention deficits induced by lead. Furthermore, the toxic effects of lead on learning and memory
after 2 months confirms the results of earlier studies.
The findings of this study showed that treatment with
vitamin C for 2 months significantly improved PAL and
memory of control group rats. Pretreatment with vitamin C may help to neutralize the toxic effects of lead
on learning and memory. According to our results, treatment with vitamin C could improve memory after chronic exposure (co-exposure) to lead in rats. Also, posttreatment with vitamin C for 2 months alleviated the negative
influence of lead on learning and memory. In this regard,
the number of trials in acquisition step decreased in lead
group treated with vitamin C. Likewise, with regard to
the retention step, increased STL and decreased TDC
were observed in diabetic rats. Clinical studies have reported that vitamin C improves cognitive functions in
mice [19]. Vitamin C prevents memory loss caused by
aging in rats too [20]. It has also been shown to improve
memory in diabetic rats and combination of vitamin C
and E showed a significant improvement in learning and
memory in control rats [21].
Vitamins like antioxidants protect against memory impairment [22]. Lead causes serious damages to the mem-
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ory. Neuronal death is caused by free radical production
and the balance between oxidants and antioxidants [5,
23]. Therefore antioxidant properties of vitamin C can
protect against the toxic effects of lead.
In conclusion, vitamin C administration counteracts the
negative influence of lead on spatial learning and memory in rats. Future clinical studies are warranted to more
precisely extrapolate these findings to humans.
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