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Abstract

Background: Hazardous health effects of the exposure to radiofrequency waves (RFWs) have become of great public concern and
impaired memory has been reported following the exposure to electromagnetic radiations.
Objectives: As the deleterious effects of the RFW on passive avoidance learning and memory had already been reported, the aim of
this study was to evaluate the prophylactic effect of vitamin C on this activity.
Methods: 20 male Sprague-Dawley rats (230± 20 g) were divided randomly into four groups as: control, control-exposed (exposed
to 900 MHz RFW), control treatment (without exposure to RFW receiving 250 mg/kg of body weight/day L-ascorbic acid by gavage),
and treatment (exposed to 900MHz RFW receiving the abovementioned dose of vitamin C) groups. The exposure was performed for
30 consecutive days (4 h/day). Learning and memory were evaluated in the last day by the shuttle box and expressed as the period
of remaining within the light area; this time was called “light time”.
Results: The exposure to RFW significantly decreased the duration of light time in the control-exposed group compared to the other
three groups (P < 0.05). In the fourth group, vitamin C significantly increased the light time compared to the control-exposed group
(P < 0.05). No significant difference was observed between control, control treatment, and treatment groups.
Conclusions: Exposure to RFW significantly altered the passive avoidance behavior. Vitamin C probably due to its antioxidant effects
has facilitative results on the acquisition and retrieval activities of passive avoidance learning and memory in rats.
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1. Background

An unprecedented increase in global communication
has led to a dramatic growth in the number of wireless
devices such as mobile phones. Hazardous health effects
of the exposure to electromagnetic waves (EMW) have be-
come of great public concern. Among the effect of EMW on
various body organs, the effect of these waves on the brain
is one of the most attractive areas (1, 2).

Experimental studies have shown that exposure to
EMW from mobile phones may affect the brain by altering
oxidant and antioxidant balance (3), change of neurotrans-
mitters (4), or nerve cell damage (5). The hippocampus
plays an important role in learning and memory perfor-
mance. It has been suggested that the radiofrequency wave
(RFW) affects the activity of the hippocampus in rats (6).
Deleterious effects of RFW generated by BTS on the func-
tion of the central nervous system have been reported. The
role of oxidative stress in this process and the contribution

of the weak magnetic field to increasing free radicals have
been pointed out in the literature (7, 8).

Biological systems may be affected by mobile phone
radiation through the formation and increase of reac-
tive oxygen species (ROS) and resultant oxidative stress or
through changing the antioxidant defense systems of tis-
sues, which the brain is one of the most important ones (2).
In this context, many authors have shown that the expo-
sure to RF from mobile phones causes a marked oxidative
damage to brain tissues, accompanied by oxidative stress,
as well as, disturbances in the antioxidant defense systems
(9, 10).

Impairment in learning and memory in response to RF
radiations ranging from 900 to 1800 MHz has been widely
documented in the literature (11, 12). Several studies on
non-thermal RF levels from mobile phones have shown im-
pairments in human cognitive performances (13, 14); how-
ever, others have found no changes (15, 16). Studies on ani-
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mal learning and memory have reported significantly re-
duced memory functions due to the exposure to mobile
phone radiation (17, 18) although others have not corrob-
orated (19, 20).

Vitamin C or L-ascorbic acid has antioxidant activities
owing to 2, 3-enediol in its structure (21). Its supplement
has particularly beneficial effects in pathological condi-
tions (22). It is well accepted that the most abundant water-
soluble antioxidant in biological fluids is vitamin C, which
is essential for protection against diseases and degenera-
tive processes caused by oxidative stress (23, 24).

Several functions have been known for intracellular
ascorbate including (1) antioxidant protection, (2) am-
ination of peptides, (3) myelin formation, (4) synaptic
strengthening, and (5) protection against glutamate toxic-
ity. It has been shown that ascorbate may protect the nerve
cells from damage in neuronal degeneration diseases such
as Alzheimer’s, Parkinson’s, and Huntington diseases (25).

Supplementation with vitamin C as an important com-
ponent of antioxidant defense systems has been proposed
to prevent memory deficits and cognitive dysfunction and
enhance learning and memory (26). On the other hand,
it has been reported that in early postnatal life, vitamin C
deficiency leads to impaired neuronal development and a
functional decrease in spatial memory (27).

The deleterious effect of RFW on learning and memory
has been shown in our laboratory (28). Furthermore, there
are reports on the protective role of vitamin C in the rat
brain following the exposure to RFW generated by a BTS
(29). Hence, this study was conducted to evaluate the effect
of Vitamin C on passive avoidance learning and memory in
rats exposed to radiofrequency waves.

2. Methods

2.1. Animal Experiments

All of the procedures were conducted in accordance
with the “guiding principles for the care and use of re-
search animals” approved by the Shiraz University. 20 male
Sprague-Dawley rats (230 ± 20 g, age 5 - 8 weeks) colony-
bred at the animal house center were housed in plastic
cages (42×26.5×15 cm) under controlled light/dark (12/12)
and temperature (20 ± 2°C) with free access to food and
water.

2.2. Radiofrequency Signal Generator

To produce 900 MHz signals, a generator with an out-
put power density of 0.6789 mW/cm2 was used in the De-
partment of Electrical Engineering, Shiraz University, and
its output was monitored by a spectrum analyzer (FSH6,
from Rohde and Schwarz, Germany). Exposure to 900 MHz

was done at the average power density of 86 mW/cm2 (22.8
- 146.8 mW/cm2) with the average whole body and brain-
specific absorption rate (SAR) of 0.19 - 1.22 W/kg and 0.013
W/kg, respectively. The rat’s cages of groups 2 and 4 were
placed 1 m away from the signal generator.

2.3. Experimental Design

The effect of RFW (900 MHz) on passive avoidance
learning and memory of animals and the effect of vita-
mins C were evaluated by dividing 20 rats into four equal
groups, and the treatment was given orally, as follows:

Group 1: The control group received the vehicle, i.e., dis-
tilled water.

Group 2: The control exposed group was exposed to
RFW of 900 MHz (received vehicle, i.e., distilled water).

Group 3: The control treatment group received 250
mg/kg of body weight (BW)/day of vitamin C by gavage for
30 consecutive days, without any exposure.

Group 4: The treatment group received vitamin C (250
mg/kg BW/day) orally by gavage before exposure to RFW.

Groups 2 and 4 were exposed to the RFW 4 h/day (be-
tween 9 A.M. and 1 P.M.) during a period of 30 consecu-
tive days. The control and control treatment groups were
placed in the same conditions without applying the RFW.
At the end of the duration, learning and memory tests were
conducted by the shuttle box.

2.4. Passive Avoidance Apparatus

A shuttle-box (44 × 20 × 19 cm) was used with acrylic
walls and steel floor bars (manufactured by Aryoazma Co.).
By a vertical partition, the box was bisected into light and
dark compartments with an opening in the median that al-
lowed the animals to move freely from one part to another.
The light section was safe for animals while a foot shock of
0.6 mA for one second with a latent period of one second
was applied in the dark compartment.

2.5. Procedure

The passive avoidance test was conducted by the
method described by Bures et al. (30), with modifications.
On day one, each of the rats was individually subject to two
minutes of conformity with the shuttle box, in which the
rat could move about freely. The dark compartment was
the favorite place for the rat; thus, if the rat did not move
to the dark compartment after 120 seconds, it was elimi-
nated from the experiment. This adaptation was repeated
30 minutes later. On day two, the rats were placed in the
light compartment and one second after entering the dark
compartment, they received a 0.6 mA foot shock for one
second. The third day was analogous to the second day and
it was considered as learning. On day four, considered as
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memory consolidation, the action was similar to that of
the learning days without foot shock. On day five, regarded
as memory retention, the protocol was the same as that of
day four. If the rats did not move to the dark section after
120 seconds during the third, fourth, and fifth meetings of
experiments, they were known as completely learned (30).

2.6. Statistical Analysis

The obtained data, presented as mean ± SEM, were an-
alyzed by Statistical Package for Social Sciences (SPSS, ver-
sion 16.0). In addition, they were analyzed separately for
each group with the Kruskal-Wallis nonparametric test.
In case of significant results by Kruskal-Wallis test (Table
1), pairwise comparisons were made using Mann-Whitney
test (Table 2). A value of P < 0.05 was considered statisti-
cally significant.

Table 1 . The Kruskal-Wallis Test

Timar Learning Consolidation Retention

Chi-square 12.2235 12.4904 14.4313

DF 3 3 3

Asymp. significance 0.006 0.005 0.002

3. Results

The mean values (± SEM) of the passive avoidance
learning and memory are presented in Figures 1 - 3. On
the learning session (Figure 1), the control exposed group
spent minimum time (48 sec) while the other groups with
significant differences spent much longer time (more than
115 sec) in the light area. The value of memory consolida-
tion time is presented in Figure 2, which is minimum (53.4
sec) for the control exposed group and more than 114 sec
in the other groups with significant differences. Memory
retention time significantly decreased following exposure
to RFW compared to the other groups (63 sec vs. 114 - 120
sec) (Figure 3). Exposure to RFW significantly decreased
the time spent in the light compartment in the control ex-
posed group compared to other groups (P < 0.05); how-
ever, the administration of vitamin C to the fourth group
significantly increased the time spent in the light compart-
ment and brought its value to normal range with no signif-
icant difference compared to the control group in all ses-
sions of the test (P < 0.05). The exposed group was signif-
icantly different from the other groups but there were no
significant differences between the other study groups (P
> 0.05).
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Figure 1. Comparison of mean (± SEM) lighting time (as the index of memory and
learning) in control, control exposed, control treatment, and treatment groups dur-
ing learning. Asterisk shows a significant difference compared to other groups (P <
0.05).
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Figure 2. Comparison of mean (± SEM) lighting time (as the index of memory
and learning) in control, control exposed, control treatment, and treatment groups
during memory consolidation. Asterisk shows a significant difference compared to
other groups (P < 0.05).

4. Discussion

In the present study, exposure to 900 MHz waves
caused a significant reduction in passive avoidance learn-
ing. Furthermore, the oral administration of vitamin C
caused a significant increase in learning, memory consoli-
dation, and retention.

Exposure to RFW may impair passive avoidance learn-
ing and memory through various mechanisms such as
(1) oxidative stress and the production of reactive oxygen
species (3, 31), (2) excitation of hippocampal cells, changes
in morphology and hippocampal degeneration and de-
struction of nerve cells (32, 33), and (3) changes in the glial
cells (34).

The ROS are directly involved in damage to cellular
macromolecules, such as lipids, proteins, and nucleic acids
in tissues (35). Exposure to mobile phone radiofrequency
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Table 2. Effects of RFW on Passive Avoidance Learning and Memory

Learning Memory Consolidation Memory Retention

Control vs. Exposed Group

Z -2.643 -2.643 -2.694

Asymp. significancea 0.008 0.008 0.007

Control Treatment vs. Exposed Group

Z -2.694 -2.694 -2.785

Asymp. significancea 0.007 0.007 0.005

Treatment vs. Exposed Group

Z -2.619 -2.643 -2.643

Asymp. significancea 0.009 0.008 0.008

a Statistical significance by Mann-Whitney’s U-test is shown at P < 0.05.
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Figure 3. Comparison of mean (± SEM) lighting time (as the index of memory and
learning) in control, control exposed, control treatment, and treatment groups dur-
ing memory retention. Asterisk shows a significant difference compared to other
groups (P < 0.05).

waves may increase free radicals in biological systems by
elevating lipid peroxidation or changes in the antioxidant
defense system (9, 36).

It has been shown that the brain is deficient in oxida-
tive defense and therefore is more vulnerable to be affected
by reactive oxygen species resulting in dysfunction at the
cellular and molecular levels (37).

Furthermore, oxidative stress and increased ROS levels
in the central nervous system have been reported to link to
neurodegenerative disorders such as Alzheimer’s disease,
Parkinson’s disease, and amyotrophic lateral sclerosis (38).

It is well accepted that vitamin C is the potent antioxi-
dant (39) in biological fluids for protection against degen-
erative processes of oxidative stress in the brain and other
tissues (3, 23, 24, 40).

It was suggested that ascorbic acid could affect passive
avoidance learning and memory by changes in neuronal

activity in the hippocampus (41). In addition, reports in-
dicate that oxidative damage to the rats’ cortical and hip-
pocampal synapses is involved in cognitive function de-
fects that might be prevented by the consumption of an-
tioxidants (32, 42). The hippocampus is a brain structure
and is involved in many types of learning and memory. It
has been shown that intrahippocampal injection of vita-
min C improves memory for passive avoidance learning
(43). Furthermore, it has been reported that exposure to ra-
diation can affect hippocampal cell morphology and func-
tion in the brain region, which controls important behav-
ioral and cognitive functions (44).

It has been shown that neurons and glia interact and
possess the ability to process information and behavior
(34). The poor performance of rats in behavior may be
because of devastating effects of microwave radiation on
glial cells, which, in turn, alter neuronal activity in the hip-
pocampus and amygdala in rats (45). Vitamin C prevented
the destructive effects of microwave radiation on glial cells
and thus prevented the poor performance of rats in these
experiments.

Moreover, the increased levels of ROS may cause an in-
crease in apoptosis (35); however, vitamin C reduces free
radicals formation and may prevent the apoptosis of the
cells and impairment of passive avoidance learning follow-
ing exposure to RFW.

4.1. Conclusions

We, therefore, conclude that mobile phone radiation
could impair learning and memory. In addition, the ad-
ministration of vitamin C possibly via its antioxidant role
improves learning and memory performance in animals
exposed to RFW.
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