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ABSTRACT

Background: Stress and increase in free radicals levels are known to alter cognition, learning, memory, and emotional 
responses. There is a marked impairment of hippocampus-dependent memory and suppression of long-term potentiation 
in the CA1 region of the hippocampus during stress. Aim and Objective: The aim of this study is to evaluate the 
hypothesized neuroprotective effect of oral antioxidants and piracetam in chronic restraint stress-induced rats. Materials 
and Methods: Healthy Wistar rats were divided into 5 groups (n = 6) each. Control group received neither stress nor oral 
antioxidant. Stress group received chronic restraint stress for 6 h per day for 21 days. Three experimental groups were 
administered vitamin C (100 mg/kg), beta-carotene (7 mg/kg), and caffeine (8 mg/kg), respectively. Evaluation parameters 
were measurement of serum nerve growth factor (NGF) using ELISA method. The oxidative stress markers, glutathione 
peroxidase (GPx), glutathione reductase, and malondialdehyde were measured. Histological analysis of CA1 region of the 
hippocampus was done to evaluate the structural changes of pyramidal neurons. Results: Vitamin C caused statistically 
significant (P < 0.001) increase in serum NGF. The results revealed that vitamin C caused statistically significant (P < 0.05) 
increase in antioxidant enzymes GPx, glutathione reductase. Vitamin C caused increase in neuronal cell size and volume 
in CA1 pyramidal layer of hippocampus. Conclusion: The findings of study are suggestive of neuroprotection, offered by 
administration of vitamin C compared to other antioxidants against chronic restraint stress-induced rats. These naturally 
available dietary vitamins might serve as an adjuvant therapy to avoid progression of brain damage during stress.
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INTRODUCTION

The endogenous proteins that stimulate and control 
neurogenesis are collectively termed as neurotrophic factors. 
The neurotrophic factors are generally divided into three 
subgroups: Neurotrophins, glial cell line-derived neurotrophic 
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factor, and the neuropoietic cytokines. The neurotrophin 
family includes brain-derived neurotrophic factor (BDNF), 
neurotrophin-3, neurotrophin-4, and nerve growth factor.[1]

BDNF and NGF are the most abundant and widely distributed 
neurotrophins in the brain. It plays an important role in 
various aspects of neuronal plasticity, such as neurogenesis, 
learning and memory, long-term potentiation (LTP), and 
mood changes.

Neurotrophins are synthesized as pre-proneurotrophin 
precursors undergo post-translational modifications to 
become mature form. In the central nervous system, the main 
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target for NGF is cortex and hippocampus. The medial neurons 
of nucleus basalis magnocellularis in the cortex and medial 
septum of hippocampus where the highest amount of NGF are 
found.[2,3] NGF binds to TrkA receptors. It promotes growth 
and survival of neurons and it is important for the survival 
of forebrain cholinergic neurons project to the hippocampus, 
which are involved in cognitive function. The hippocampus 
plays an important role in spatial memory, which is essential 
to learn and remember behaviorally relevant places such as 
the location of food. The hippocampus is implicated in all 
stages of processing of spatial memory, including acquisition, 
recall, and consolidation.[4-6]

Stress may be described as any challenge, either internal or 
external, that has the potential to disturb the maintenance of 
homeostasis. Particularly, single or repeated restraint stress 
application can make modification in neurotrophin mRNA 
expression in hippocampus and hypothalamus.[7,8] There is a 
marked impairment of hippocampus-dependent memory and 
suppression of LTP in the CA1 region of the hippocampus 
during chronic restraint stress.

Diet plays a very significant role in maintaining and improving 
overall health and it is no different for mental health as 
well. Dietary antioxidants have been shown to protect 
neurons against a variety of experimental neurodegenerative 
conditions. Several natural beverages, in particular herbal teas, 
have potential against a variety of oxidative stress-induced 
neurodegenerative diseases. Foods rich in vitamins C, E, A, 
and K work as effective natural antioxidants that help improve 
memory and concentration. Several studies have shown 
antioxidant vitamins appear to enhance learning and memory 
through increase neuron survival and synaptic response. 
However, none of the studies have proved which antioxidant 
would a better one to improve cognitive function.

Objective

The purpose of this study is to evaluate and to compare the 
protective effect of various antioxidants in the development 
of cognitive function and concludes which among these 
would be a better choice to improve cognitive function during 
oxidative stress.

MATERIALS AND METHODS

Animal Model

The study was conducted at Center of Laboratory Animal for 
Research - Department of Research and Development, Saveetha 
University, Chennai. Before starting with the experiment, 
the experimental protocol was subjected to scrutiny by the 
Institutional Ethical Committee for Experimental Clearance 
with the clearance number SU/BRULAC/RD/002/2015. For 
this experiment, 42 female Wistar albino rats weighing 150-
220 g were used. The care and maintenance of the animal 

were provided as per the guidelines of the Committee for 
the Purpose of Control and Supervision of Experiments on 
Animals. All the rats were housed in a polypropylene cage 
under standard laboratory conditions with food and water 
provided ad libitum. They were housed under the same 
standard conditions: 21 ± 11°C, 40-50% humidity, and a 12 h 
light-dark cycle (light on 07:00 am).

Experimental Design

For this study, totally 30 rats were used and they were divided 
into five groups. All the rats were weighed every week and 
the oral antioxidants were given according to the body 
weight. Distilled water is used as a vehicle. Group I: (n = 6) 
control - administered distilled water for 21 days. All the 
rats underwent chronic restraint stress except normal control 
group. Group II: (n = 6) stress group - Exposed to restraint 
stress for 6 h per day for 21 days. Oral antioxidants were 
administered once a day for 21 days before restraint stress 
exposure. Group III: (n = 6) vitamin C (100 mg/kg) and 
Group IV: (n = 6) beta-carotene (7 mg/kg) were administered. 
Group V: (n = 6) caffeine (8 mg/kg).

Restraint Stress Protocol

All the rats underwent chronic restraint stress except normal 
control group. Rats were kept inside the restrainer for 6 h 
per day for 21 consecutive days. All the animals were placed 
individually inside the restrainer. Material used to produce 
chronic restraint stress is made up of stainless steel with 
length 15 cm × breadth 7 cm × width 9 cm. The starting 
time and ending time were kept constant. The temperature 
was maintained at 18 ± 2°C during stress period that was 
measured using thermometer under observation. During 
restraint period, all the rats had free access to water and food. 
After being restrained for 6 h, the animals were returned 
to their home cage and given food and water ad libitum. 
The food consumption and body weight of the mice were 
monitored daily. Unstressed controls remained undisturbed 
in the separate ventilated cages.

Measurement of Serum Neurotrophic Factor

After 16 h of last restraint session, blood is withdrawn and 
biochemical analysis was done. Serum NGF was measured 
using ELISA kit, Boster Biological Technology Co., Ltd., 
Pleasanton, CA.

Assay of NGF

Boster’s rat NGF ELISA kit was based on standard 
sandwich enzyme-linked immunosorbent assay technology. 
A monoclonal antibody from mouse specific for NGF has 
been precoated onto 96-well plates. Standards and test samples 
are added to the wells; a biotinylated detection polyclonal 
antibody from goat specific for NGF is added subsequently 
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and then followed by washing with Tris-buffered saline 
(TBS) buffer. Avidin-biotin-peroxidase complex was added, 
and unbound conjugates were washed away with phosphate-
buffered saline or TBS buffer. Horseradish peroxidase (HRP) 
substrate 3,3’,5,5’-Tetramethylbenzidine (TMB) was used 
to visualize HRP enzymatic reaction. TMB was catalyzed by 
HRP to produce a blue color product that changed into yellow 
after adding acidic stop solution. The density of yellow is 
proportional to the rat NGF amount of sample captured in plate.

Estimation of Erythrocyte Glutathione Peroxidase 
Activity (GPx)

The GPx activity in erythrocytes was estimated by the 
method of Wendel. The reaction mixture in a total volume of 
5.6 ml contained 2 ml of phosphate buffer, 0.5 ml of EDTA, 
0.5 ml of sodium azide, 0.1 ml of erythrocyte lysate, 0.5 ml 
of glutathione (4 mm), and 1.0 ml of H2O2 (1.25 mm). After 
centrifugation, the supernatants were assayed for glutathione 
content using DTNB. The activity of GPx is expressed as U/g 
hemoglobin of erythrocyte lysate.

Histological Study of Hippocampal Region

Standard procedures were followed to dissect hippocampus 
and it was processed for paraffin embedding for microscopic 
section. Routine stain combination of hematoxylin and eosin, 
commonly referred as H and E, is used to study the details. 
Analysis of neuron cell bodies in the pyramidal cell layer of 
CA-1 region of hippocampus was performed. The slides were 
viewed under a light microscope and photomicrographs were 
taken at a total (×10 and ×40).

Statistical Analysis

All behavioral data were analyzed using one-way analysis 
of variance (ANOVA) followed by post-hoc tests (Turkey, 
HSD) carried out to determine the significant level between 
groups. Results were expressed as mean ± standard error 
mean (SEM), P < 0.001 was taken as accepted level of 
significant difference from control.

RESULTS

Serum NGF Levels

The values of serum NGF among the various study groups, 
expressed as mean ± SEM, are shown in Figure 1.

Applying one-way analysis of variance, the difference 
between the mean NGF levels for study groups was found to 
be statistically significant, with P < 0.01, F = 3.215. Applying 
Tukey’s post-test, the findings are summarized in Table 1.

The mean serum NGF level, as compared to the stress group 
(Group II), was higher in the vitamin C (Group III), study 

Table 1: Serum NGF levels: Tukey’s post-test
Tukey’s post-test P value
Group II versus Group III <0.05

NGF: Nerve growth factor

group, and this difference was significant on statistical 
analysis (P < 0.05).

Glutathione Peroxidase

The reaction mixture containing 0.4 ml buffer, 0.1 ml sodium 
azide, 0.2 ml reduced glutathione, required amount of 
enzyme, 0.1 ml hydrogen peroxide and water was taken to 
a final incubation volume 2.0 ml. The tubes were incubated 
at 30˚ C for 10 minutes. The reaction was terminated by 
the addition of 0.5 ml TCA. To determine the residual GSH 
content, the supernatant was removed by centrifugation 
and added to 2.0 ml of precipitating reagent and 1.0 ml of 
DTNB reagent. The colour was read at 412 nm. A blank was 
prepared with only sodium dihydrogen phosphate and 1.0 ml 
of DTNB reagent. Suitable aliquots of the standard were 
taken and treated in the same manner.

Glutathione Reductase

The reaction mixture containing 2.2 ml of phosphate 
buffer, 0.1 ml of EDTA, GSSG and NADPH and this was 
made up to 3 ml with water. The change in absorbance was 
monitored after adding suitably diluted enzyme sample 
at 340 nm for 3 min at 30 seconds intervals in a Shimadzu 
UV spectrophotometer.

Pyramidal Neurons in CA1 Region of Hippocampus

In this study, changes in hippocampal region were examined 
histologically to establish the effect of stress and protective 
role of drugs treatment.

DISCUSSION

The present study showed a decrease in serum NGF after 
21 days of chronic restraint stress. These results suggest 
that increased oxidative stress is associated with lower NGF 
levels. Interestingly, NGF has slightly increased in caffeine 
group. Vitamin C group has shown to decrease the neuronal 
degeneration caused due to stress when compared to other 
antioxidants. In the present study, rats who received both stress 
and vitamin C (100 mg/kg dose) have shown beneficiary effect, 
as its value showed more than to the level of control group. 
In the present study, beta-carotene administration showed 
decreased neuroprotection against chronic stress. Therefore, this 
study clearly explains that administration of beta-carotene alone 
cannot produce neuroprotection against stress. Figures 3 and 4 
also showed increased neuronal survival in hippocampal region 



Sangeetha et al.  Vitamin C and cognitive function

1193 National Journal of Physiology, Pharmacy and Pharmacology  2017 | Vol 7 | Issue 11

of vitamin C group. Adding to this, Figure 2 showed increased 
glutathione reductase and glutathione peroxidase activity.

Several mechanisms by which oxidative stress could decrease 
neurotrophins have been suggested, including decreased 
CREB, increased NF-kB DNA-binding activity,[9,10] or 
energy depletion[11] According to the literature, decreased 
serum neurotrophins cause decline in cognitive function. 
Dietary antioxidants, such as vitamin C, beta-carotene, help 
to limit the excessive generation of reactive oxygen species. 
Vitamin C at 100 mg/kg dose in stressed rats has enhanced 
NGF level when compared to rats who received only stress. 
These results prove the neuroprotective effect of vitamin C in 
enhancing the NGF expression.

Considering previous findings and current results, vitamin C 
found to be a most powerful antioxidant which can combat 
stress. Vitamin C not only fights against stress but also 
enhances cognitive function. The probable mechanism 
could be due to presence of sodium-dependent vitamin C 
transporter 2 (SVCT 2), a specific transporter for vitamin C 
in brain particularly hippocampus. A sufficient local buildup 

of calcium causes postsynaptic NGF release[12] which then 
leads to an increase in presynaptic vesicle cycling.[13] These 
mechanisms all serve to support LTP and synaptic plasticity. 
SVCT 2 is found frequently in dense regions of the neurons 
in the brain such as the hippocampus and cortex where the 
issue is related to the regional distribution of ascorbate in the 
brain.[14]

Marcos Roberto de Oliveira et al. showed vitamin A 
supplementation for 28 days induced cognitive decline, 
decreased BDNF levels, impaired mitochondrial function, 
nitrosative stress, and endoplasmic stress in animals. 

Figure 3: Figure shows ×10, H and E stained histology of 
hippocampus, pyramidal layer neuronal cell bodies of CA-1 region, 
(a) (normal control) shows clear neuronal morphology, (b) (stress 
group) shows a decrease in hippocampal pyramidal layer thickness, 
(c) vitamin C-treated group had increased number of surviving 
neurons after receiving chronic stress, (d and e) received beta-
carotene and caffeine, respectively, and both the groups showed 
decrease in apical dendrites of pyramidal neurons

d

cba

e

Figure 4: Figure shows ×40, H and E stained histology of 
hippocampus, pyramidal layer neuronal cell bodies of CA-1 
region, (a) (normal control) shows clear neuronal morphology 
and arrow pointing the apical dendrites of pyramidal neurons 
extend into stratum radiatum layer of hippocampus, (b) (stress 
group) shows a decrease in hippocampal pyramidal layer 
thickness, (c) vitamin C-treated groups had increased number 
of surviving neurons and well-developed apical dendrites after 
receiving chronic stress, (d and e) (beta-carotene and caffeine 
groups, respectively) showed decrease in apical dendrites of 
pyramidal neurons

d

cba

e

Figure 1: Serum nerve growth factor in rats. Values are shown in 
mean ± standard error (n = 6). (*): Statistically significant from 
stress (P < 0.05)

Figure 2: Glutathione peroxidase and glutathione reductase 
levels in rats. Values are shown in mean ± standard error (n = 6). 
#Statistically significant from normal (P < 0.05). ###Highly 
statistically significant from normal (P < 0.001), **statistically 
significant from stress (P < 0.01), ***highly statistically significant 
from stress (P < 0.001)
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By decreasing BDNF levels, vitamin A impairs not only 
neuronal plasticity that is necessary for learning and 
memory processes but also the ability of this organelle to 
produce adequate amounts of Adenosine triphosphate (ATP) 
needed to counteract acute and chronic stress. In fact, it was 
demonstrated that vitamin A affects mitochondrial function in 
vitro and in vivo.[15] However, Kheirvari et al. has concluded 
that high dose of vitamin A may increase BDNF and NGF 
levels and low dose may decrease BDNF and NGF.[16] The 
effect would be more pronounced when it is administered 
along with vitamin E or vitamin C. Studies have reported 
variable effect of caffeine on LTP and memory whereas the 
majority studies report LTP and memory enhancement with 
caffeine[17,18] and few studies report no effect,[19,20] or few even 
show memory impairment.[21] However, the present study 
did not show clear morphology of hippocampal pyramidal 
neurons probably due to higher caffeine doses might be 
associated with a decreased density of cortical A1R and 
hippocampal BDNF levels.[22] However, an extensive study 
will be carried out further to find the effect of caffeine with 
different dosage of caffeine.

CONCLUSION

This study suggests that oral administration of vitamin C 
prevents oxidative stress and enhances synaptic activity 
and cognitive function, therefore, induce neuroprotection. 
Vitamin C found to be superior when compared other 
antioxidants and probably be used as natural dietary resources 
to improve memory and combat stress.
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