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Vide Enclosure – 1

OBJECTIVES OF THE PROJECT

The aim of this study was to investigate the immunological changes in colchicine induced AD rats
and to explore its association with the neuropathological changes of brain and alteration of
cognitive functions.

The objectives were
1. To study the alteration of memory (incorrect choice and latency) in radial arm maze,
histopathology of the brain (Nissl granules staining, staining of plaques and tangles),
haematological changes (TC of RBC and WBC and DC of WBC) and immunological
changes (phagocytotic activity of blood WBC, Phagocytosis of splenic mononuclear cells,
Leucocyte adhesive inhibition index and cytotoxicity of splenic MNC, Delayed type of
hypersensitive reaction, serum level of (IL1,2,6,TNFα and IFN-γ), in colchicine induced
AD rats at 2 weeks and 4 weeks after i.c.v. injection of colchicine. The serum
corticosterone will also be measured.These parameters will also be measured in control
and sham operated rats.
2. To study the above mentioned parameters after administration of Naproxen (5,10,20,40
mg/kg body wtp.o) in control, sham operated and colchicine induced AD rats after 2
weeks and 4 weeks of i.c.v. administration of colchicine.

3. To study the above mentioned parameters after administration of Celecoxib (5, 10, 20, 40
mg/kg body wt, p.o) in control, sham operated and colchicine induced AD rats after 2
weeks and 4 weeks of i.c.v. administration of colchicine.
4. To study the above mentioned parameters after administration of vitamin C (5,10,20,40
mg/kg body wt, p.o) in control, sham operated and colchicine induced AD rats after 2
weeks and 4 weeks of i.c.v. administration of colchicine.

5. To study the above mentioned parameters after administration of Aminoguanidine (5, 10,
20, 40 mg/kg body wt, p.o) in control, sham operated and colchicine induced AD rats after
2 weeks and 4 weeks of i.c.v. administration of colchicine.
6. To study the above mentioned parameters after administration of Naproxen + Vitamin C
(optimum dose) in control, sham operated and colchicine induced AD rats after 2 weeks
and 4 weeks of i.c.v. administration of colchicine.
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7. To study the above mentioned parameters after administration of Naproxen +
Aminoguanidine (optimum dose) in control, sham operated and colchicine induced AD
rats after 2 weeks and 4 weeks of i.c.v. administration of colchicine.
8. To study the above mentioned parameters after administration of Naproxen + Vitamin C +
Aminoguanidine (optimum dose) in control, sham operated and colchicine induced AD
rats after 2 weeks and 4 weeks of i.c.v. administration of colchicine.

9. To study the above mentioned parameters after administration of Mannitol (that can
temporarily disrupt blood-brain barrier) (1.4-1.6 M/kg body wti.v.) in control, sham
operated and colchicine induced AD rats after 2 weeks and 4 weeks of i.c.v. administration
of colchicine.
10. To study the above mentioned parameters after administration of Mannitol + Naproxen
(optimum dose) in control, sham operated and colchicine induced AD rats after 2 weeks
and 4 weeks of i.c.v.administration of colchicine.
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Vide Enclosure – 2
WHETHER OBJECTIVES WERE ACHIEVED (GIVE DETAILS)

The major objectives of the project was to investigate the immunological changes in the
intracerebroventricular (icv) colchicine injected AD rats (cAD rats) and to explore its association
with neurodegeneration and memory impairments. The hippocampal and serum inflammatory
markers [TNF α, IL 1β and Reactive Oxygen Species (ROS), nitrite] were progressively increased
in cAD rats and probably resulted in neurodegeneration (increased chromatolysis and plaques in
hippocampus) and memory impairments in the two time duration studies. COX2 and PGE2 in
hippocampus were increased and serum corticosterone level was decreased in cAD rats. The
peripheral immune parameters (Leukocyte adhesion inhibition index, Phagocytic index of blood
WBC, Phagocyic activity of splenic polymorphonuclear cells and cytotoxicity of splenic
mononuclear cells) were found to be related with neuroinflammation, serum inflammatory
markers and corticosterone in this animal model. The blood brain barrier (BBB) as assessed in
cAD rats appeared to be leaky, probably due to neuroinflammation. The resultant effect was the
passage of brain inflammatory markers to the periphery that caused changes of peripheral immune
parameters. The mechanism of induction of neuroinflammation in cAD rats was investigated by
the use of blocker of different inflammatory inducer. The inhibitor of COX (naproxen) and COX
2 (etoricoxib), oxidative stress (vitamin C) and nitric oxide synthase (NOS inhibitor
aminoguanidine) were able to reduce neuroinflammation, neurodegeneration, peripheral immune
changes and memory deficits in cAD rats in a dose dependant manner. It appears form these
studies that the neuroinflammation in cAD rats is induced by COX, NOS and oxidative stressor.
The interactions of inducers of neuroinflammation in cAD rats were assessed by the concurrent
blocking of COX/oxidative stress, COX/NOS and oxidative stress/NOS by administering two
compounds simultaneously in the same rats. A common mechanism is probably operating for
neuroinflammation in cAD rats by different inducers of inflammation. Hippocampal TNFα, IL1β
and ROS were found to be associated with the number of amyloid plaques in hippocampus and
with memory parameters WME, RME.

Objectives achieved out of the project:
(1)

The hippocampal inflammatory markers [TNFα, IL1β and Reactive Oxygen Species (ROS),
nitrite] and serum inflammatory markers (TNFα, ROS, nitrite) were increased in cAD rats
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compared to that of control and sham operated rats. The changes were more in rats of 21day study duration than that of 15-day study duration. IL1β level in serum was not
significantly changed in cAD rats. The serum corticosterone level was decreased in cAD
rats. There was no significant difference in TC and DC of WBC in cAD rats. Increased
phagocytic activity of blood WBC and splenic polymorphonuclear cells (PMN), and
increased cytotoxicity and decreased leucocyte adhesive inhibition index (LAI) of splenic
mononuclear cells (MNC) were noted in cAD rats. The changes are more in rats of 21-day
study duration than that of 15-day study duration. Increased chromatolysis and presence of
amyloid plaques in hippocampus were found in cAD rats and again these changes are more
in 21-day study than that of 15-day study duration. In cAD rats the working memory error
(WME) and reference memory error (RME) were increased, and the latency to enter first
baited arm (LE1A, prospective memory) and latency to enter four baited arms (LE4A,
spatial memory) were also increased than that of control and sham operated rats. The
memory parameters in 21-day study showed higher changes than that of 15-day study
duration.

The

colchicine

induced

neuroinflammation

is

probably

resulted

in

neurodegeneration, memory impairments and peripheral immune responses. Hippocampal
TNFα, IL1β and ROS were found to be associated with the number of amyloid plaques in
hippocampus but not with the intensity of Nissl stain. Hippocampal TNFα, IL1β, ROS and
nitrite showed significant association with WME and RME.
(2)

The administration of three doses of naproxen, a non- specific COX inhibitor (5, 10, 20
mg/kg body wt, p.o.) in cAD rats in two study durations (15 and 21- day) showed a dose
dependant inhibition of the parameters of neuroinflammation (TNFα, IL1β, ROS, nitrite),
neurodegeneration (chromatolysis and amyloid plaques in hippocampus) and memory
impairments ( increased WME, RME, latency to enter first baited arms and latency to enter
four baited arms) compared to that of the naproxen treated control and sham operated rats.
The higher inflammatory markers in serum (TNF α, ROS, nitrite) of cAD rats were also
inhibited by naproxen and here again a dose dependant response was observed in both the
study durations. The decreased serum corticosterone level in cAD rats showed gradual
recovery to the control value with the graded dose of naproxen and regained the control
value at the dose of 20 mg of naproxen/kg body wt. The increased phagocytic activity of
blood WBC and splenic PMN in cAD rats was inhibited by naproxen. The increased
cytotoxicity of splenic MNC was similarly inhibited by naproxen. After administration of
naproxen the lower LAI in cAD rats gradually recovered to the value on control rats treated
7

with naproxen. The dose dependant response of naproxen was observed in these immune
parameters in both the study duration (15-day and 21-day study). The importance of cox
enzyme in the colchicine induced neuroinflanmmation

is evident from these results.

Hippocampal TNFα and nitrite level were found to be associated with the number of
amyloid plaques in hippocampus but not with the intensity of Nissl stain. Hippocampal
nitrite was found to be associated with RME, LE1A (prospective memory) and LE4A
(spatial memory).

(3)

The role of COX2 in the neuroinflammation and neurodegeneration, memory impairments,
peripheral immune responses was assessed by administration of three doses of etoricoxib, a
specific cox 2 blocker ( 10, 20 and 30 mg/kg body wt, p.o.) in two study durations (15 and
21- day). Control and sham operated rats were similarly treated with etoricoxib. All the
deficits in memory parameters ( increased WME, RME, latency to enter first baited arms
and latency to enter four baited arms) of cAD rats showed gradual recovery with the
increasing doses of etoricoxib in two study durations (15 and 21- day). The increased level
of the

markers of neuroinflammation (TNFα, IL1β, ROS, nitrite, COX2 and PGE2),

neurodegeneration (chromatolysis and amyloid plaques in hippocampus) in hippocampus
also showed a gradual inhibition with increasing dose after administration of etoricoxib in
cAD rats in two study durations. In serum inflammatory markers (TNF α, ROS, nitrite) in
cAD rats were similarly inhibited after administration of etoricoxib. The lower serum
corticosterone level in cAD rats also regained control value gradually with increasing doses
of etoricoxib. The changes of peripheral immune responses in cAD rats were also inhibited
/blocked gradually with increasing doses of etoricoxib. The results shows COX2 played a
role in the colchicine induced neuroinflammation which resulted in reurodegeneration,
memory impairments and peripheral immune changes in this rat model of AD. Hippocampal
nitrite was found to be associated with WME, and RME and LE1A (prospective memory).

(4)

The role of oxidative stress on the neuroinflammation, neurodegeneration and memory
impairments and peripheral immune responses was assessed by administration of three
doses (200, 400 and 600 mg/kg body wt. p.o. ) of vitamin C (oxidative stress blocker) in a
21- day study. Control and sham operated rats were similarly treated with vitamin C.
Administration of vitamin C in cAD rats at the dose of 200 and 400 mg/kg body wt resulted
in the recovery of the impairments of memory parameters (working memory error, reference
memory error, latency to enter first baited arms and latency to enter four baited arms).
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However, the memory impairments were not recovered at the dose of 600 mg/kg body wt of
vitamin C. The increased neuroinflammation in cAD rats was also inhibited by vitamin C at
dose of 200 and 400 mg/kg body wt. Vitamin C at the dose of 600 mg/kg body wt not only
failed to inhibit these parameters but increased it further. The higher chromatolysis and
increased number of amyloid plaques in cAD rats were inhibited by vitamin C at the dose of
200 and 400 mg/kg body wt but chromatolysis and number of amyloid plaques were further
increased in cAD rats treated with vitamin at the dose of 600 mg/kg body wt. The increased
serum inflammatory markers (TNF α, ROS, nitrite) in cAD rats was inhibited after
administration of vitamin C at the dose of 200 and 400 mg/kg body wt but these markers
were further increased at the dose of 600 mg/kg body wt. Serum IL1β which was not
significantly increased in cAD rats showed a pronounced higher level after administration
of vitamin C at the dose of 600 mg/kg body wt but other lower doses of vitamin C (200 and
400 mg/kg body wt) did not show any effect on the serum IL1β level. The lower serum
corticosterone level in cAD rats however regained the control level after administration of
all the three doses of vitamin C (200, 400 and 600 mg/kg body wt). The changes of
peripheral immune responses in cAD rats were inhibited/blocked at the lower doses of
vitamin (200 and 400 mg/kg body wt). Vitamin C at the dose of 600mg/kg body wt not only
failed to inhibit the changes of immune responses in cAD rats but also increased them
further. Thus the results showed a dual role of vitamin C on the icv colchicine induced
neuroinflammation, neurodegeneration, memory impairments and peripheral immune
responses.

(5)

Aminoguanidine [nitric oxide synthase (NOS) blocker] was administered in cAD rats at
two doses (30 and 50 mg/kg body wt, p.o.) in a 21- day study to assess the role of
nitrosative stress on the neuroinflammation, neurodegeneration and memory impairments
and peripheral immune responses induced by colchicine in rats. Control and sham operated
rats were similarly treated with aminoguanidine. Administration of aminoguanidine in cAD
rats resulted in recovery of neuroinflammation (at 50 mg/kg body wt) and partial prevention
of neurodegeneration which could be corroborated with partial recovery of memory
impairments in this model. The higher serum inflammatory markers (TNF α, ROS and
nitrite) in cAD rats was inhibited by aminoguanidine and the control level was attained at
the dose of 50 mg/kg body wt. The lower serum corticosterone also regained the control
value with the administration of 50 mg/kg body wt of aminoguanidine. The changes in
peripheral immune responses in cAD rats were inhibited/blocked by aminoguanidine and
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complete recovery occurred at the dose of 50 mg/kg body wt. This study shows the nitric
oxide synthase played a role on the colchicine induced neuroinflammation in this rat model.
(6)

Combined dose of naproxen (20 mg) and vitamin C (400mg) was given in cAD rats in a 21day study to assess the individual participation of COX enzyme and oxidative stress in the
colchicine induced neuroinflammation in the present rat model. These doses were selected
from previous study which produced maximum inhibition on neuroinflammation. The
observed parameters of neuroinflammation, neurodegeneration, memory impairments and
peripheral immune responses did not show additive effects by these two compounds. The
individual compound showed recovery of the parameters to the control value in study of 2
and 4. Thus it appears oxidative stress and COX are inducing neuroinflammation by a
common mechanism.

(7)

Combined dose of naproxen (20 mg) aminoguanidine (50 mg/kg body wt) was given in
cAD rats in a 21-day study to assess the individual participation of COX and NOS in the
colchicine induced neuroinflammation in the present rat model. The markers of
neuroinflammation, neurodegeneration, memory deficits and peripheral immune responses
showed the effects that were elicited by the use of naproxen in study of 2. The effects of
aminoguanidine on the parameters of neurodegeneration and memory impairments as
observed in 5 were increased in this study of combined dose. From these results it may be
surmised that the oxidative and NOS are inducing neuroinflammation in cAD probably
through a common pathway.

(8)

Combined dose of aminoguanidine (50 mg/kg body wt from the study in 5) and vitamin C
(400 mg/kg body wt. from the study in 4) was given in cAD rats in a 21-day study to assess
the individual participation of oxidative stress and NOS in the colchicine induced
neuroinflammation in the present rat model. These doses were selected from previous study
which produced maximum inhibition on neuroinflammation. The combined dose of
aminoguanidine and vitamin C showed that the hippocampal neuroinflammatory markers
(TNF α, IL 1β, ROS and nitrite) did not show pronounced additive effects as the individual
drug produced maximum inhibition.

However, the effect of combined dose on the

parameters of neurodegeneration and memory impairments were more than individual effect
of aminoguanidine, but similar to that of vitamin C. These parameters were partially
recovered with 50 mg/kg body wt of aminoguanidine in study 5. The serum inflammatory
10

markers did not show prominent additive effect by these two compounds. The additive
effects were also not found on peripheral immune responses. Thus, it appears the oxidative
and nitrosative stress on neuroinflammation in cAD rats are probably operating through a
common pathway.
(9)

The status of blood brain barrier in cAD rats was assessed by measuring hippocampal and
serum level of inflammatory markers and peripheral immune response in two time points
after iv injection of 1M mannitol (30 and 60 min) in cAD rats in a 21- day study. Control
and sham operated rats were similarly treated with mannitol and the parameters were
measured as in cAD rats. Although the hippocampal inflammatory markers did not further
change after mannitol injection in cAD rats, the serum inflammatory markers and peripheral
immune responses were altered and these changes were greater after 60 min than that of 30
min of mannitol injection. It can be concluded that the blood brain barrier (BBB) is impaired
in cAD rats and this impairment is related with the serum inflammatory markers and
peripheral immune responses observed in that condition.

(10) The effect of naproxen (COX inhibitor) on the BBB in cAD rats was investigated by
measuring hippocampal and serum level of inflammatory markers and peripheral immune
response in two time points after iv injection of 1M mannitol (30 and 60 min)) in cAD rats
treated with naproxen ( 20mg/kg body wt) a

21- day study. The changes of serum

inflammatory markers and peripheral immune responses in cAD rats treated with naproxen
were lower than that of the cAD rats. The inhibition of neuroinflammation by naproxen
probably helped to maintain the status of BBB in cAD rats treated with naproxen and
mannitol could not make it more leaky like that of cAD rats without naproxen treatment.
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ACHIEVEMENTS FROM THE PROJECT

(a) The peripheral immunological changes in icv colchicine injected AD rats (cAD rats) were
first reported from the study of this project. In the human AD patients some peripheral
immunological changes were reported previously.
(b) It has also been first identified and reported that the leaky blood brain barrier in cAD rats is
probably the cause of peripheral immunological changes in cAD rats.
(c) The association between neuroinflammation and neurodegeneration/memory deficits was also
revealed from two study durations in cAD rats. The increasing neuroinflammation in cAD
rats with time is related with greater memory deficits and neurodegeneration. The colchicine
induced neuroinflammation is mediated through COX, COX2, NOS and oxidative stress as
the specific blockers were able to inhibit neuroinflammation which resulted in the reduction
of neurodegeneration and memory deficits. The level of COX 2 and PGE2 in hippocampus
was measured directly and found to be increased in cAD rats. COX 2 and PGE2 in
hippocampus were inhibited by etoricoxib in a dose dependant manner.
(d) The interactions of inducers of neuroinflammation in cAD rats were assessed by the
concurrent blocking of COX/oxidative stress, COX/NOS and oxidative stress/NOS by
administering two compounds simultaneously in the same rats. A common mechanism is
probably operating for neuroinflammation in cAD rats by different inducers of inflammation.
(e) It was found that the hippocampal TNFα, IL1β and ROS were associated with the number of
amyloid plaques in hippocampus and with memory parameters WME, RME.
(f) Ten Journal articles have been published in different journals on the basis of this study (Vide
Enclosure 6).
(g) Recognitions and awards received by the project fellow for paper presentation based on the
results of this project work:

1.

Paper entitled “Effect of Naproxen on the cognitive-immune association in colchicine induced
rat model of Alzheimer’s disease” got selected for Young Scientist Award Programme in
Indian Science Congress Conference 2013, Kolkata, West Bengal.

2.

Received R. Nath Memorial Travel Award in IAN [Indian Academy of Neurosciences,
Allahabad, India (2013)].
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3.

Received Best Poster Presentation Award on “Neuroinflammation linked neurotoxicity in
experimental rat model of Alzheimer’s disease” in Indian Science Congress Conference 2014,
Jammu, India.

Paper entitled “Regional pattern of neuroinflammation linked with neurodegeneration
and cognitive impairment in intracerebroventricular colchicine injected rats”got selected
for Young Scientist Award Programme in Indian Science Congress Conference 2015, Mumbai,
India.
7. Paper got selected for Young Scientist’s Award programme (Tulsabai Somani Educational
Trust Award) for the annual conference of Indian Academy of Neurosciences at Panjab
University, 31st Oct – 2nd Nov, 2015.
4.
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SUMMARY OF THE FINDINGS (IN 500 WORDS)
Alzheimer’s disease (AD) is characterised by progressive cognitive impairments which is a
consequence of extensive neuronal loss. The mechanism of neurodegeneration in AD is not
clearly understood. Intracerebroventricular (icv) injection of colchicine in rats induces memory
impairments and histopathological changes that are found in AD. The aim of this study was to
investigate the immunological changes in icv colchicine injected AD (cAD) rats and to explore its
association with the neuropathological changes of brain and alteration of cognitive functions.
Neuroinflammation in hippocampus and serum, neurodegeneration in hippocampus, memory
impairments and some peripheral immune responses were measured in cAD rats, control and
sham operated rats in this his study. The memory parameters such as working memory error
(WME), reference memory error (RME), latency to enter first baited arm (LE1A for assessment of
prospective memory) and latency to enter four baited arm (LE4A for assessment of spatial
memory) were measured in radial arm maze. The hippocampal and serum inflammatory markers
[TNF α, IL 1β and Reactive Oxygen Species (ROS), nitrite] and hippocampal COX2 and PGE2
were progressively increased in cAD rats and probably resulted in neurodegeneration (increased
chromatolysis and amyloid plaques in hippocampus) and memory impairments (increased WME,
RME, LE1A and LE4A) in the two time duration studies. The serum corticosterone level was
decreased in cAD rats. The peripheral immunological changes such as increased phagocytic
activity of blood WBC and splenic polymorphonuclear cells (PMN), and increased cytotoxicity
and decreased leucocyte adhesive inhibition index (LAI) of splenic mononuclear cells (MNC) in
cAD rats were found to be related with neuroinflammation, serum inflammatory markers and
corticosterone in this animal model. The mechanism of induction of neuroinflammation in cAD
rats was investigated by the use of blocker of different inflammatory inducer. The inhibitor of
non-specific COX (naproxen) and COX 2 (etoricoxib), oxidative stress (vitamin C) and nitric
oxide synthase (NOS inhibitor aminoguanidine) were able to reduce neuroinflammation,
neurodegeneration, peripheral immune changes and memory deficits in cAD rats in a dose
dependant manner. It appears form these studies that the neuroinflammation in cAD rats is
induced by COX, NOS and oxidative stressor. The interactions of inducers of neuroinflammation
in cAD rats were assessed by the concurrent blocking of COX/oxidative stress, COX/NOS and
oxidative stress/NOS by administering two compounds simultaneously in the same rats. A
common mechanism is probably operating for neuroinflammation in cAD rats by different
14

inducers of inflammation. The blood brain barrier (BBB) as assessed in cAD rats appeared to be
leaky, probably due to neuroinflammation. The resultant effect was the passage of brain
inflammatory markers to the periphery that caused changes of peripheral immune parameters.
The association of neuroinflammation with the neuropathological changes of hippocampus and
alteration of memory parameters has been examined in this study. It was found that the
hippocampal TNFα, IL1β and ROS were found to be associated with the number of amyloid
plaques in hippocampus and with memory parameters WME, RME. Thus the present study
characterized the immunological changes in cAD rats and the association of these changes with
neurodegeneration and memory deficits.
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CONTRIBUTION TO THE SOCIETY (GIVE DETAILS)
Alzheimer’s disease (AD) is considered to be a degenerative brain disease and is characterized
by progressive cognitive impairments including memory deficit and personality changes. More
than 25 million people in the world are currently affected by dementia, most suffering from
AD, with around 5 million new cases occurring every year. The World Health Organization
(WHO) predicts that by 2025, about 75% of the estimated 1.2 billion people aged 60 years and
older would reside in developing countries. It is estimated that the number of people living
with dementia will almost double every 20 years to 42.3 million in 2020 and 81.1 million in
2040. There are 2 million AD patients in India in 2020 and it is expected to be 2.7 million in
2030 and 4.6 million in 2050. The prevalence of familial AD (FAD) is much lower (5-10 % of
the patients) compared to sporadic AD (SAD) (90-95 % of the patients). At present there is no
cure of this disease. As the aged population is increasing worldwide and even in India, it is
expected that the health care system will be over burdened in future for increasing AD
patients. Though animal study cannot be extrapolated to human patients, the present study
attempted to pave the path for future management of AD patients.

The neurodegeneration in FAD has been explained on the basis of amyloid cascade
hypothesis. Although the amyloid cascade hypothesis has been considered important for
explaining the mechanism of neurodegeneration in AD patients for the last 20 years, several
reports indicate the inadequacies of this hypothesis specially in SAD. Thus, it appears that the
amyloid cascade hypothesis explaining the neurodegeneration in AD needs to be reconsidered
as it is inadequate to explain the neurodegeneration in most of SAD. An alternative hypothesis
is probably required to explain the mechanism of neurodegeneration in AD which may provide
alternative therapeutic strategies for AD. SAD is a heterogeneous disease in which the process
of neurodegeneration is probably more complex and different in individual AD patients, and is
not clearly known.

The icv colchicine injected rat model is considered as an animal model of sporadic AD. The
immunological changes of this animal model has been characterised from this study. On the
basis of the present finding this model may better be used for the development of drugs for
sporadic AD.
16

The results of the present study showed that non-specific COX and COX 2 blocker is effective
in inhibiting the colchicine induced neuroinflammation. Involvement of the inflammation and
immune system in neurodegeneration of AD patients was indicated by epidemiological studies
which had shown that the use of non-steroidal anti-inflammatory drugs (NSAID)in people
suffering from arthritis might reduce the risk of this disease. Though NSAID are not found to
be suitable from the preliminary studies in AD patients, once the disease process has been
initiated, the possibility of the use of NSAID for inhibiting the progression of AD cannot be
ruled out. This study indicated the possibility of NSAID in AD patients may be re-examined.

The results of this study shows that the mechanism of neuroinflammation may be inhibited by
inhibitor of oxidative and nitrosative stress. The natural food rich in antioxidants (specially
vitamin C) or antioxidant enriched foods may be recommended to healthy population for
prevention of AD in old age. The life style is related with stresses and different well
recognised methods to reduce stress such as yoga and exercise may be recommended for
population as preventive measure for AD.
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