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OBJECTIVE: Chronic stress has been shown to cause oxidative damage in the central nervous system. Although stress-induced 

impairments in learning and memory have been studied extensively, very few studies have investigated possible ways to prevent 

their ill effects. The present work was designed to study the protective effects of ascorbic acid in memory loss induced by chronic 

restraint stress. 

METHODS: Adult male Wistar rats were designated into the following groups: (i) Normal control, (ii) Ascorbic acid treatment, 

(iii) Vehicle control, (iv) Restraint stress, (v) Restraint stress + vehicle, and (vi) Restraint stress + ascorbic acid treatment. At the 

end of 21 days, animals of all groups were subjected to memory tests using Morris water maze and passive avoidance apparatus. 

Then, the results obtained were compared between the experimental groups. 

RESULTS: Rats exposed to restraint stress alone and those pretreated with vehicle solution before restrained stress showed deficits 

in learning and impaired memory retention in the memory tests when compared to animals in other experimental groups. Animals 

pretreated with ascorbic acid before restraining showed significant improvement in memory retention in the same memory tests. 

CONCLUSIONS: Results of this study suggest the possibility of using ascorbic acid as a dietary supplement to prevent stress-

induced memory impairments.
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INTRODUCTION

Chronic stress has been proposed to compromise 

the function of the hippocampus, a region in the brain 

important for memory processing.1,2 Chronic exposure to 

stress steroids, known as glucocorticoids (GCs), makes 

hippocampal neurons vulnerable to GC such that over a life 

span, damage may eventually arise in the neurons.3,4 Though 

stress-induced memory impairments have been extensively 

studied, very few studies have looked into possible ways of 

preventing their deleterious effects. 

Stress exerts detrimental effects on several cellular 

functions through impairment of antioxidant defenses, 

leading to oxidative damage, a process central to many 

diseases5. Antioxidant treatment has shown modulatory 

effects on brain free radicals in restraint rats.6 Vitamin 

C (ascorbic acid) is a water-soluble vitamin. It is not 

synthesized in the body and must be obtained through 

diet or supplementation. α-tocopherol, ascorbic acid 

and reduced glutathione are important chain-breaking 

antioxidants responsible for scavenging free radicals and 

suppression of peroxidation in the cytosol and membrane of 

the cell.7,8 Ascorbic acid has been evaluated for its various 

pharmacological activities. It has been reported that ascorbic 

acid protects intestinal mucosa from ischemia.9 Ascorbic acid 

provided protection to young mice from scopolamine and 

diazepam-induced memory impairment.10 Previous studies 

have reported that intraperitoneal injections of ascorbic acid 

minimized oxidative stress in blood, liver, and muscles of 
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rats with streptozotocin-induced diabetes.11 Though various 

studies on ascorbic acid are found in the literature, effects 

on spatial memory during restraint stress and the role in 

memory retention are not well addressed. It is well-known 

that chronic restraint stress impairs acquisition and retention 

of spatial memory tasks in rats.12 The present study was 

designed to investigate the effects of orally administered 

ascorbic acid in the prevention of restraint stress-induced 

memory deficits by using the Morris water maze and passive 

avoidance tests.

MATERIALS AND METHODS

Animals

Adult male Wistar rats (3 months old) weighing 200-250 

g were used in the study. A stock of animals was obtained 

from the institutional animal facility after careful selective 

breeding. Animals belonging to six different litters (the 

average litter size being ten) were used in this study. Each 

litter had both male and female rats. We chose only male 

rats for this study. Animals from each of the six different 

litters were uniformly distributed by random allocation to 

each of the experimental groups used in this study. Three 

rats were maintained in each cage to minimize the stress 

caused by overcrowding. Rats were housed in polypropylene 

cages, (22.5 x 35.5 x 15 cm). All animals were maintained 

in a 12:12-hr light: dark environment, in an air conditioned 

room (24±1º C) of the institutional animal facility. All rats 

were provided with water and food ad libitum, except during 

the stressing procedure. All procedures for the treatment 

of animals were approved by the research committee of 

the institute and were done in accordance with the Guide 

for Care and Use of Laboratory Animals published by the 

United States National Institutes of Health (NIH Publication 

No. 85-23, revised 1985). 

Experimental Design

The rats were divided into six groups (n = 6 in each 

group) as follows: (i) Normal control (NC), remained 

undisturbed in the home cage throughout the experimental 

period; (ii) Ascorbic acid treatment (AA), these rats were fed 

with an oral dose of 100 mg /kg/b.wt of ascorbic acid daily 

for 21 days; (iii) Vehicle control (V), these rats were fed 

with equivolume of vehicle solution (0.9 % sodium chloride 

solution) orally for 21 days; (iv) Restraint stress (S), these 

rats were stressed in wire mesh restrainers, 6 hrs/ day, for 21 

days; (v) Restraint stress + vehicle (S + V), these rats were 

fed with an equivolume of vehicle solution (0.9 % sodium 

chloride solution) daily and stressed for 6 hrs/day, for 21 

days; and (vi) Restraint stress + ascorbic acid treatment (S 

+ AA), these rats were fed with an oral dose of 100 mg /

kg/b.wt of ascorbic acid daily and stressed for 6 hrs/ day, 

for 21 days. At the end of 21 days, rats in all groups were 

subjected to memory tests using passive avoidance apparatus 

and Morris water maze.

Stress Procedure

Rats were subjected to restraint stress in a wire mesh 

restrainer, 6 hours per day for 21 days.12 The stress procedure 

was carried out in the institutional animal facility throughout 

the experimental period between 10 am and 4 pm. The 

wire mesh restrainer had a wooden base and stainless steel 

wire mesh restrainer hinged to the base. A restrainer with 

dimensions of 8 cm (L) x 4 cm (B) x 4 cm (H) was used in 

this experiment. 

Ascorbic acid

Ascorbic acid (Merck, India) was administered daily with 

an oral dose of 100 mg/kg body weight/day for 21 days. 

This dose was selected based on a previous study.13 Ascorbic 

acid was dissolved in isotonic sodium chloride solution 

(Merck, India) to achieve the desired concentration. Since 

ascorbic acid is highly sensitive to degradation, solutions 

were prepared each day, just before the beginning of the 

experiment. The volume given was adjusted for the weight 

of each rat so that all animals received a dose of 100 mg/kg 

body weight. Administration of ascorbic acid was done just 

before restraining the animals. The gavage procedure was 

carried out in the same animal facility where the animals 

were housed. 

Behavioral Tests

a) Passive avoidance test

To test memory retention, rats were subjected to 

a  pass ive  avoidance  tes t . 14 The  appara tus  had 

two compartments: a large compartment and a small 

compartment. The rectangular, larger compartment had a 

50 x 50 cm grid floor and wooden walls of 35 cm height. 

It had a roof that could be opened or closed. One of the 

walls contained a 6 x 6 cm opening connecting the larger 

compartment to a dark smaller compartment. The smaller 

compartment was constructed with wooden walls of 

15 cm height and a ceiling that could be opened or closed, 

and a 15 x 15 cm electrifiable grid floor connected to a 

constant current stimulator. The passage between the two 

compartments was closed with an opaque guillotine door.

The larger compartment was illuminated with a 100 W 
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bulb placed 150 cm above the center. The experiment 

included three parts: (i) exploration, (ii) aversive stimulation 

and learning, and (iii) retention test. During exploration, 

each rat was kept in the center of the larger compartment 

facing away from the entrance to the dark compartment. 

The door between two compartments was kept open. The 

rat was allowed to explore the apparatus (both larger and 

smaller compartments) for a period of three minutes. Each 

rat had three trial sessions. After the last exploration trial 

and as soon as the rat entered the dark compartment, the 

sliding door between the two compartments was closed and 

three foot shocks (50 Hz, 1.5 mA, and 1 sec duration) were 

given at five-second intervals. The ceiling was then opened 

and the rat was returned to its home cage. The retention 

test was carried out after 24 and 48 hours. During the 

retention test each rat was placed in the larger compartment 

for a maximum of three minutes. The time taken by each 

rat to enter the dark compartment was measured using a 

stopwatch. The latency time was recorded as 3 minutes 

for animals that did not enter the dark compartment within 

the given three minutes. Absence of entry to the dark 

compartment or a longer duration in the bright compartment 

indicated a positive response.

b) Morris water maze test

Spatial memory of the rats was tested using the Morris 

water maze test15. The water maze apparatus consisted of a 

water tank of 1.80 meters in diameter and 75 cm in depth, 

which was filled with water 50 cm deep (24±1º C). Four 

points on the rim of the pool were designated as north (N), 

south (S), east (E), and west (W), thus dividing the pool into 

four quadrants. There was a 4”x4” size platform placed 2 cm 

below the water surface in one of the quadrants, the target 

quadrant. Nontoxic white paint powder was added to the 

water just before the experiment to make the water opaque. 

To provide extra-maze cues for allowing the rats to develop a 

spatial map strategy, two black and white pictures were hung 

on the walls. Positions of the cues were kept unchanged 

throughout the experimental period. 

Acquisition phase

The rats were trained in the water maze in eleven 

sessions on six consecutive days, two sessions on each day 

except on the first day in which only one session was given. 

During each training session the rats were placed in water so 

that they faced the wall of the pool. Each session consisted 

of four trials. The trials were always initiated from different 

positions in the tank. For each rat, the quadrant in which the 

platform was located remained constant, but the point of 

immersion into the pool varied between N, E, S, and W so 

that the rat was not able to predict the platform location from 

the location at which it was placed into the pool. The rat was 

then given three minutes to search for the platform. Once the 

rat located the platform, it was permitted to remain on it for 

10 s. In each training session, the latency (time) to escape 

onto the hidden platform was recorded. If the rat was unable 

to find the platform within three minutes, it was guided to 

the platform and allowed to remain on it for 10 s. After each 

trial the rats were removed, dried using a towel and put back 

to their home cages.

Probe trial

One day following completion of the last training 

session, each rat was subjected to a probe trial (30 sec) in 

which there was no hidden platform. The rat was placed 

into the water. The time taken to reach the target quadrant, 

the distance traveled by the animal in target quadrant and 

the time spent in the target quadrant were measured. All 

the events were video recorded using a video camera (Sony 

color camera with F1.2 Lens, 0.7 Lux). The data were 

analyzed using Panlab Smart Version 2.5 video tracking 

software, Barcelona, Spain. Greater latency to reach the 

target quadrant and less time spent in the target quadrant 

suggested memory impairment. 

Data analysis

Analysis of variance (ANOVA) with repeated measures 

followed by Bonferroni multiple comparison tests (post-hoc) 

were used to compare the performance of different groups 

of rats in Morris water maze training sessions. SPSS version 

10 statistical software was used. The passive avoidance test 

and probe trial test of the water maze were analyzed using 

one-way analysis of variance (ANOVA) followed by Tukey’s 

multiple comparison test (post-hoc) using Graph pad in stat 

software. In both sets of analyses, the significance level was 

fixed at P<0.05.

RESULTS

i. Passive avoidance test

The passive avoidance test revealed impaired memory 

retention in the stressed rats. In animals that were pre-treated 

with ascorbic acid before the stress procedure, memory 

deficits were minimized significantly. The stressed and 

stressed + vehicle-treated rats displayed very short latencies 

to enter the dark compartment of the passive avoidance 

apparatus when compared to normal control /vehicle control 

/ascorbic acid treated /ascorbic acid + stressed rats during 

the 24 hr retention test and the 48 hr retention test (Fig.1). 

Normal rats treated with ascorbic acid showed significant 
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improvement in memory retention during the 48 hr retention 

test compared to normal and vehicle controls. The result 

of this test suggests the protective effects of ascorbic acid 

against stress-induced memory impairment.

ii. Morris water maze test

Water maze performance during the training sessions

Analysis of water maze training sessions during the six 

successive days revealed deficits in progressive learning in 

rats that subjected to restraint stress and those pretreated 

with vehicle solution prior to restraint stress (Fig. 2A). 

However, all rats of other groups began to identify the 

platform from the second day, and continued to retain 

their learning ability throughout the training period. At the 

end of the 6th day, results showed enhanced progressive 

learning in normal control/vehicle control/ascorbic acid 

Figure 1 - Latency to enter the dark compartment of passive avoidance 

apparatus during memory retention test after 24 and 48 hr. Data represent 

mean ± SEM (n=6). Normal control/vehicle control vs. stressed, $ P<0.001; 

stressed vs. stressed + ascorbic acid treated, # P<0.001; stressed + vehicle 

vs. stressed + ascorbic acid treated, ≤ P<0.001; control vs. ascorbic acid 

treated, ∂ P<0.01; vehicle control vs. ascorbic acid,* P<0.05; after 24 hrs 

and 48 hrs, one-way ANOVA, Tukey (post-hoc)

Figure 2 - A - Progressive learning of rats in different groups during six successive days of water maze training (Fig. 2A). Data represent mean ± SEM 

(n=6). Normal control/vehicle control vs. stressed, $ P<0.001; stressed vs. stressed + ascorbic acid treated # P<0.001, stressed+ vehicle vs. stressed+ 

ascorbic acid treated, £ P<0.001; from day 2 to day 6; normal control/vehicle control vs. ascorbic acid treated, on day three,* P<0.05; analysis of variance 

(ANOVA) with repeated measures followed by Bonferroni (post-hoc). B - Latency to enter the target quadrant during the probe trial. Data represent mean 

± SEM (n=6). Normal control vs. stressed, $ P <0.001; stressed vs. stressed + ascorbic acid treated, # P <0.001; stressed+ vehicle vs. stressed+ ascorbic 

acid treated, £ P<0.001; normal control vs. ascorbic acid treated, ∂ P<0.01; vehicle control vs. ascorbic acid treated,* P<0.01; one-way ANOVA, Tukey 

(post-hoc). C - Time spent in the target quadrant during the probe trial. Data represent mean ± SEM (n=6). Normal control/vehicle control vs. stressed, $ 

P<0.001; stressed vs. stressed + ascorbic acid treated # P<0.001, stressed + vehicle control vs. stressed + ascorbic acid treated, £ P<0.001; normal control 

vs. ascorbic acid treated, ∂ P<0.05; vehicle control vs. ascorbic acid treated,* P<0.01; one-way ANOVA, Tukey (post-hoc). D - Distance traveled in the 

target quadrant during probe trial test. All data represent mean ± SEM (n=6); normal control vs. stressed, P<0.001; stressed vs. stressed +ascorbic acid 

treated, P<0.001; stressed+ vehicle vs. stressed+ ascorbic acid treated, £ P<0.001; one-way ANOVA, Tukey test (post-hoc)
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treated and stressed +AA treated groups. The stressed and 

stressed + vehicle treated rats took longer to identify and to 

reach the hidden platform, indicating memory impairment. 

The progressive learning over days in these groups was 

much lower as compared to the other groups. Normal rats 

treated with ascorbic acid showed a significant increase 

in progressive learning on day three when compared to 

normal control and vehicle-treated rats. They displayed a 

comparatively shorter duration to reach the platform of the 

target quadrant. Supplementation with ascorbic acid during 

restraint stress exerted protective effects in rats. These results 

suggest a possible facilitation of progressive learning in 

ascorbic acid-treated animals during the stress period.

Latency to enter the target quadrant during the probe trial

The stressed rats and stressed + vehicle-treated rats took 

longer to reach the target quadrant (fig. 2B), whereas rats 

pre-treated with ascorbic acid before restraint stress and 

normal control, vehicle control and ascorbic acid-treated 

animals took less time to reach the target quadrant. 

Time spent in the target quadrant during probe trial

Analysis of swimming performance during the probe 

trial evidenced that animals submitted to restraint stress 

spent significantly less time in the quadrant of the former 

platform position (Fig. 2C). Rats in the control group, 

vehicle group, ascorbic acid-treated group and stressed rats 

pretreated with ascorbic acid spent more time in the target 

quadrant. 

Distance traveled in the target quadrant during probe trial

The stressed rats and stressed + vehicle-treated rats 

traveled a shorter distance in the target quadrant, whereas 

rats in all the other groups traveled a longer distance in the 

target quadrant (Fig. 2D). These results suggest possible 

protective effects of ascorbic acid in prevention of spatial 

memory impairment in rats.

Fig. 3 shows video tracking of the swim paths of one 

representative animal from each group during the probe 

trial test. The paths taken by normal control, vehicle control, 

ascorbic acid-treated and stressed + ascorbic acid-treated rats 

were largely confined to the trained target quadrant, whereas 

the paths taken by stressed and stressed + vehicle-treated 

rats appeared as circular patterns confined more to quadrants 

other than target quadrant.

DISCUSSION

Restraint stress is known to impair spatial learning and 

memory.12 In the present study, animals receiving restraint 

stress demonstrated memory impairment that was evident in 

the Morris water maze test and passive avoidance tests. Such 

memory impairment was attenuated by oral administration 

of ascorbic acid during the stress period. 

Ascorbic acid, stress and memory

Parle and Dhingra (2003) reported that ascorbic acid 

enhanced memory in aged mice and reversed memory 

impairment in scopolamine- and diazepam-treated young 

mice when administered intraperitoneally at 60 mg/kg body 

weight.10 In our study, normal rats treated with ascorbic acid 

showed a significant enhancement in memory. We could also 

demonstrate a protective effect of ascorbic acid in preventing 

restraint stress-induced memory loss in rats. The mechanism 

of such an action of ascorbic acid may be attributed to its 

neuroprotective role.16

Oxidative stress and the brain

If an equilibrium between the rate of free radical 

formation and neutralization is not maintained, oxidative 

stress results.17 Chronic stress is known to cause memory 

impairments.12 The neural basis for such an impairment has 

been demonstrated to be due to injury in the hippocampus.18 

Neuronal damage in this region may also be mediated 

through increased glucocorticoid production and excito-

toxicity.19 The central nervous system is vulnerable to 

free radical damage because of the brain’s high oxygen 

consumption, its abundant lipid content, and the relative 

paucity of antioxidant enzymes as compared to other 

tissues.20 The brain is deficient in oxidative defense 

Figure 3 - Video tracking of swim paths taken by a representative rat in each 

group with respect to time spent in the former location of the platform dur-

ing the probe trial. Normal control (NC), vehicle control (V), ascorbic acid 

(AA), stressed (S), stressed+ vehicle (S+V) stressed + ascorbic acid treated 

(S+AA) rats. Note that stressed rats spent less time in the target quadrant 

(TQ), unlike stressed + ascorbic acid-treated rats, which spent most of their 

time there. B- beginning, E- end of the tracking
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mechanisms and hence is at greater risk of damage 

mediated by reactive oxygen species (ROS), resulting in 

molecular and cellular dysfunction.21 Oxidative stress has 

been demonstrated to be related to the pathophysiologic 

mechanisms involved in brain injury in various common 

neurodegenerative disorders, including Parkinson’s, 

Alzheimer’s and Huntington’s diseases. Stress results in 

oxidative stress and also decreases antioxidant defense 

status in the brain, which may form the basis for impaired 

memory.22,23 Thus, in the present study, the memory deficits 

observed during restraint stress might have arisen as a result 

of increased free radical formation and subsequent oxidative 

injury to neurons.

Mechanism of ascorbic acid in restraint stress

Oxygen free radicals and other products of oxidative 

metabolism have been shown to be neurotoxic.24 Restraint 

stress may cause generation of free radicals and result 

in oxidative injury to brain.13 Studies have shown that 

dehydroascorbic acid, the oxidized form of ascorbic acid, 

enters the brain by means of facilitated transport.25 GLUT-1 

transporter present on the endothelial cells of the blood-brain 

barrier helps in the transport of glucose and dehydroascorbic 

acid into the brain.26 Oral administration of ascorbic acid 

during restraint stress may have resulted in the entry of high 

levels of dehydroascorbic acid into the rat brain, which could 

protect neurons from the deleterious effects of free radicals. 

In conclusion, ascorbic acid, a simple water soluble vitamin, 

may be effectively used in stress-related neurological 

disorders where cognition is impaired.
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