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ABSTRACT

D-Galactose toxicity can upset brain chemistry leading to depression, nervousness, and destabilized immunity. In
people with Alzheimer’s disease (AD), the increasing devastation of learning and memory eventually leads to a
definitive diagnosis. The chief principle of the present study was to estimate the ameliorative effect of Red Grape
Seed Extract (RGSE) on the brain of 24 male albino rats after introduction to D-Galactose toxicity. In the present
study Age matched rats were be divided into 4 groups of six in each group and treated as follows: Group-I. Control
(CN) rats received 0.9% saline(1ml/kg body weight).Group-Il. Rats treated with intraperitoneally (IP) administered
with D-Gal (120 mg/kg body weight) up to end of the experiment. Group-I11. Rats injected with saline for first six
weeks and from 7" week onwards treated with Red Grape Seed Extract (RGSE) ethanol extract (100mg/kg body
weight) orally for 60 days. Group-1V. Rats injected with D-Galactose intraperitoneally (120 mg/kg body weight)
for six weeks, and then followed by simultaneous oral administration of Red Grape Seed ethanol extract
(100mg/kg body weight) for another 60 days. The animals were sacrificed by cervical dislocation. Mean while
isolated the Brain tissue and calculated the activity levels of Total ATPase, Mg+ and Ca?*, while the treatment
with RGSE affected the alterations in these parameters. AD induced experimental rats treated with Red Grape Seed
Extract (RGSE) recorded a phenomenal elevation in Total ATPases, Mg?+ and Ca*", ATP ases. Meanwhile the
combination treatment (RGSE+D-Gal) reveals that significant elevation of Total ATPases, Mg*+ and Ca?*,
ATPases was seen in experimental groups. Evidently, this review reveals that RGSE play a key role to enhance all
energy metabolisms in AD induced rats and increase the neurotransmitters in brain system.

KEYWORDS: Red Grape Seed Extract (RGSE), D-Gal, Total ATPase, MG®* and CA?" ATPases, Brain Tissue
and Male albino rat.

INTRODUCTION

Alois Alzheimer, a German neuropathologist, described
about 51-year-old patient who developed dementia with
predominant language and behavioral changes
(Alzheimer A et al, 1907). According to Alois
Alzheimer, About 70% of the risk is believed to
be inherited from a person's parents, with
many genes usually involved.(Ballard C et al., 2011).
Other risk factors include: a history of head
injuries, depression, and hypertension (other factors to be
mentioned). In the brain, Alzheimer's disease is
associated with progressive synaptic and neuronal loss,
in particular of basal forebrain cholinergic neurons. In

available drug therapies are based, in
the cholinergic hypothesis(Francis PT et al., 1999) which
proposes that AD is caused by reduced synthesis of
the neurotransmitter acetylcholine.  The  cholinergic
hypothesis has not maintained widespread support,
largely because medications intended to treat
acetylcholine  deficiency have not been very
effective.(Martorana A et al., 2010).

Brain aging is a risk factor of neurodegenerative diseases
such as Alzheimer’s disease (AD), the most common
cause of dementia which accounts 70% of dementia
causes in the most industrialized countries and is

addition, the Alzheimer brain shows accumulation and
spreading of two pathological features, i.e. intraneuronal
neurofibrillary tangles consisting of phosphorylated Tau
protein, and extra cellular senile plaques consisting of
amyloid- (Van der Beek, E.M. and Kamphuis, P.J.,
2008). The oldest hypothesis, on which most currently

characterized by cell atrophy and extensive neuronal
loss. It is a complex and heterogeneous disorder
particularly prevalent in those over the 60 years of age.
The incidence of AD rises from 2.8 per 1000 person in
the 65-69year age group to 56.1 per 1000 person in the
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older age group beyond 90 years. (Kukull, W.A., et al.,
2002). A Japanese pedigree of familial.

Alzheimer's disease was found to be associated with a
deletion mutation of codon 693 of APP. (Tomiyama T,
2010).

This mutation and its association with Alzheimer's
disease were first reported in 2008. (Tomiyama T, et al.,
2008).

Grapes are considered the significant crop and well
recognized worldwide. Grape Seed is one of the by-
products of wine production, accounting for 38-52% of
pomace on dry weight basis. Its importance is due to its
high polyphenol content. These phenolic compounds are
mostly known for their antioxidant properties (El
Gengaihi S et al., 2014). Consumption of grape
flavonoids has been shown to giveantioxidant protection,
reduce thrombus formation and lead to the concentration
of inflammatory biomarkers (Castilla et al.,
2006).Flavonoids include colorless flavan-3-ols (such as
catechin, epicatechin, their polymers, and their ester
forms with galactic acid or glucose), colored flavanones
(the most common flavanone in food is quercetin), and
red and blue anthocyanins (Shi, J et al., 2003). The
reported evidences of beneficial health effectsof phenolic
compounds include inhibiting some degenerative
diseases, (Shanmuganayagamet al., 2007). Hence
Flavonoids and other polyphenols found in grapes have
the capacity to scavenge ‘Reactive oxygen species’
(ROS) (Rice-Evans et al., 1996).

Thus in the present study revealed that An increasing
evidences indicates that long-term systemic exposure of
D-Galactose to rodents causes progressive decline in
cognitive function and mimics aging progress, such as
hippocampus-dependent cognitive dysfunction(Cui, X et
al., 2006) neurodegeneration and impairments in
antioxidant capacity. (Zhang, Q et al., 2005).

MATERIALS AND METHODS

Animals

Healthy young adult male albino rats of Wistar strain
(Rattus norvegicus) (3months old 180+20g) were used in
this study. The animals were maintained in a clean
rodent room in standard conditions (28+ 2°C) and the
animal room was well ventilated with a 12h light/ dark
cycle, throughout the experimental period. The animals
were housed in large spacious cages and were given
standard pellet diet and water ad libitum throughout the
experiment. Experimental animals were handled
according to the regulations of the University and
Institutional animal ethic committee.(Resolution No.
34/20122013/(i)/a/CPCSEA/IAEC/ SVU/KY
dt.01.07.2012).

Chemicals
All chemicals used in the present study were of Analar
Grade (AR) and were obtained from Sigma (St.Louis,

MO, USA), Fisher (Pittsburg, PA, USA), Merck

(Mumbai, India), Ranbaxy (New Delhi, India),

Qualigens (Mumbai, India), Loba Chemicals (Bombay,

India). In the present investigation, for biochemical

assays, the following equipments have been used:

1. Barnstead Thermoline water purification plant for
Nano pure water.

2. Hahnvapor Rotary Evaporator HS-2005V for extract
preparation.

3. Kubota KR 2000T centrifuge for centrifugation of
tissue homogenates.

4. Hitachi UV-2800 spectrophotometer for measuring
Optical Density.

Physical Properties of D-Galactose
D-Galactose (D-Gal) was used to induce AD in rat as per
(Zhang et al., 2006; Fang and Liu. 2007).

Biological effect of D-Gal

Old Age can be induced by intraperitonial (IP) injection
of D-Galactose, a reducing sugar, which reacts readily
with the free amines of amino acids in proteins and
peptides both in vivo and in vitro to form Advanced
Glycation End-products (AGE) through non-enzymatic
glycation (Song F, Schmidt AM 2012). The Advanced
Glycation End-product activates its receptors, which are
coupled to biochemical pathways that stimulate free
radical production (Yan H, Harding JJ, 1997). D-
Galactose is a physiological nutrient, but over supply of
D-Galactose will result in abnormality of metabolism.
The oxidative metabolism of D-Galactose produces
Reactive Oxygen Species (ROS), which surpass the
ability of the cells to eliminate them, consequently
causing impairment of cellular membrane, structure and
gene expression (Zhang et al., 2006). In addition, the
non-enzymatic glycation is another pathway that can
enhance oxidative lesions in ageing and age-associated
disease such as Alzheimer’s disease. Thus, long-term
intraperitoneal injection of D-Galactose induces AD in
normal rat (Zhang et al., 2006; Fang and Liu, 2007).

Red Grape Extract Preparation

Grapes, as large clusters with red berries, were bought
from a local supermarket in Tirupati, Bangalore and
identified as Vitis Vinifera (Linn). Grape seeds were
removed from the grapes, air dried in shade for 1 week
and milled to a particle size of <0.4mm. The grape seed
powder was macerated in 75% ethanol for 72h at room
temperature. The ethanol extract was evaporated to
remove ethanol, and grape seed extract was obtained as a
lyophilized powder (Alireza Sarkakiet al., 2007).

Administration of Red Grape Seed Extract (RGSE)
Grape Seed extract (RGSE) 100 mg/kg body weight was
dissolved in distilled water and given to the rat. A gavage
tube was used to deliver the substance by oral route,
which is clinically expected route for administration of
RGSE. The volume of administration was kept at 0.2 ml
to the animal.
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Induction of Alzheimer’s disease

Memory impairment was induced by an intraperitoneal
(i.p.) injection of D-Galactose (120mg/kg body weight)
and Sodium nitrite (90mg/kg body weight) by dissolving
in distilled water. (Zhang et al., 2006; Fang and Liu.
2007).

Isolation of Tissues

For biochemical estimations, all the above mentioned
four groups of rats were sacrificed on both 30" day and
60" day of experimentation by cervical dislocation. The
isolated tissue were immediately placed on a chilled
glass plate and frozen in liquid nitrogen -180° C and then
stored at -70°C until further use. At the time of
biochemical analysis, the tissues were thawed and used.
The results obtained were analyzed statistically.

Grouping of Animals

After the rats were acclimated to the laboratory
conditions for 10 days before the experimentation, they
were randomly divided into four groups. Each main
group was again divided in to 2 sub-groups of six each
and was housed in separate cages. These different groups
of rats except control were treated with selected doses of
Red grape seed ethanol extract and D-Gal as given
below. Keeping in view the altered activity of rats during
the nights compared to day time, all doses were given
once in the morning hours in between 8 A.M. to 9 A.M.

Experimental Design
Age matched rats were divided into 4 groups of six in
each group:

Group | — Normal Control:_Rats injected with saline
(Aml/kg body weight) subcutaneously.

Group Il — AD-model group: Rat, intraperitonealy (IP)
administered with D-Gal (120 mg/kg body weight) up to
end of the experiment (Zhang et al., 2006;
XiangdongHua et al., 2007).

Group Il —Red Grape Seed Extract [RGSE Group]:
Rats injected with saline for first six weeks and from 7™
week onwards treated withRed Grape Seed Extract
(RGSE) ethanol extract (100mg/kg body weight) orally
for 60 days.

Group IV — Administered with D-Gal+Red Grape Seed
Extract (AD+RGSE): Rats injected with D-Galactose
intraperitoneally (120 mg/kg body weight) for six weeks,
then followed by simultaneous oral administration of
Red Grape Seed ethanol extract (100mg/kg body weight)
for another 60 days.

In the present study the experimental duration selected
was 60days. D-Gal was given for first 6 weeks period to
observe AD symptoms with the assessment of cognitive
skills in rats (AD group). Further AD induced rats were
again treated with D-Gal as well as Red grape seed
ethanol extract simultaneously for another 60 days.

RESULTS

ATPase System

In Energy metabolism, different ATPases viz., Total
ATPases, Ca®*-ATPases and Mg®* -ATPases levels
were observed in control rats and experimental rats
treated with Red Grape Seed Extract recorded (RGSE).
A significant elevation was observed in the energy
metabolism when experimental rats were treated with
RGSE.

In the present study we observe that changes occur in the
enzyme metabolism and membrane transport functions,
viz., Total ATPases, Mg?* and Ca*"-ATPases in different
brain regions of control and experimental groups of mice
at selected time intervals. The results clearly indicate that
oral administration of RGSE significantly elevated the
levels of Total ATPases, Mg®* and Ca**-ATPases
activity whereas the i.p. administration of D-Galactose
inhibited the ATPase activity in brain region of rat,
which could be reverted the changes to the normal level
by the successive treatment with RGSE up to 60 days
continuously.

1. TOTAL ATPases

In the control rats, the total ATPases activity levels were
found to be highest and least were observed in AD rats
treated with D-Gal. In general the AD induced
experimental rats treated with Red Grape seed extract
recorded (RGSE) a phenomenal elevation in Total
ATPases and RGSE restores the total ATPases with
experimental groups.

Table 1: Alterations in Total ATPases in (umoles of
Pi formed/mg protein/h) in brain tissue of control and
experimental groups of rats.

Groups Total ATPases
Control 23.0407 + 1.09870
D-Gal 19.3330 +1.4570
RGSE 24.7588 + 1.17922
D-Gal + RGSE | 21.7588 + 1.17922

Values are Mean £ SEM of six observations each from
tissues pooled from 6 rats.
Values are significantly different from control at p < 0.01

TOTAL ATPASES (ANOVA)
Sum of Squares | df | Mean Square F Sig.
Between Groups 10.537 5 2.107
Control Within Groups 0.000 0 0.000 | 0.000
Total 10.537 5
. Between Groups 40.506 5 8.101
AD induced Within Groups 0.000 0 0.000 | 0.000
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Total 40.506 5
Between Groups 6.953 5 1.391

RGSE Within Groups 0.000 0 0.000 | 0.000
Total 6.953 5
Between Groups 6.036 5 1.207

AD+ RGSE | Within Groups 0.000 0 0.000 | 0.000
Total 6.036 5

Ca?*-ATPases

From the results it was observed that, Ca2+ ATPases
levels were found to be highest in RGSE treated rats
when compare to the other groups and least Ca*+
ATPases levels were observed in AD rats treated with D-
Gal. In general the AD induced experimental rats treated
with Red Grape seed extract recorded (RGSE) a
phenomenal elevation in total ATPases and RGSE
restores the ca+ATPases with experimental groups.

Table 2: Alterations in Ca** —ATPases in (umoles of
Pi formed/mg protein/h) in brain tissue of control and
experimental groups of rats.

Values are Mean = SEM of six observations each from
tissues pooled from 6 rats.

Values are significantly different from control at p <
0.01.

Groups Ca”*-ATPases
Control 38.4407 + .83614
D-Gal 39.1817 + 1.79502
RGSE 39.2910 + .40625
D-Gal + RGSE | 39.0696 +.6837
CA’+ATPases ANOVA
Sum of Squares | df | Mean Square F Sig.
Between Groups 16.111 5 3.222
Control Within Groups 0.000 0 0.000 | 0.000
Total 16.111 5
Between Groups .825 5 165
AD induced | Within Groups 0.000 0 0.000 | 0.000
Total .825 5
Between Groups 2.328 5 466
RGSE Within Groups 0.000 0 0.000 | 0.000
Total 2.328 5
Between Groups 3.496 5 .699
AD+RGSE | Within Groups 0.000 0 0.000 | 0.000
Total 3.496 5
Mg?+ATPases Values are Mean £ SEM of six observations each from

In the control rats the activity levels of Mg?" ATPases
were elevated in control and experimental rats when
compare with AD rats. AD rats treated with RGSE
showed progressive elevation than AD group and RGSE
restores the mg®+ ATPases with experimental groups.

Table 3: Alterations in ATPases Mg®* in (umoles of Pi
formed/mg protein/h) in brain tissue of control and
experimental groups of rats.

Groups Mg** -ATPases

Control 38.6699 + 1.05285
D-Gal 39.134 + 046250
RGSE 39.1871 + 1.79502
D-Gal + RGSE | 39.0696 + 068237

tissues pooled from 6 rats.

Values are significantly different from control at p < 0.01
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Mg®*ATPASES ANOVA
Sum of Squares | df | Mean Square F Sig.

Between Groups 1.070 5 214
Control Within Groups 0.000 0 0.00 | 0.00

Total 1.070 5

Between Groups 16.111 5 3.222 0.000 | 0.000
AD induced | Within Groups 0.000 0

Total 16.111 5

Between Groups 2.328 5 466 0.000 | 0.000
RGSE Within Groups 0.000 0

Total 2.328 5

Between Groups 5.542 5 1.108 0.000 | 0.000
AD+RGSE | Within Groups 0.000 0

Total 5.542 5

DISCUSSION

The present investigation demonstrates the changes that
occur in the enzymes connected with enzyme
metabolism and membrane transport functions, viz, Total
ATP ase, Mg*" and Ca®" -ATPases in different brain
regions of control and experimental groups of rats at
selected time intervals. The results clearly indicate that
oral administration of RGSE significantly elevated the
levels of total ATP ases, Mg** and Ca**-ATPases activity
whereas the i.p. administration of D-Galactose inhibited
the ATPase activity in brain region of rat, which could be
reverted the changes to the normal level by the
consecutive treatment with RGSE up to 60 days
continuously.

The membrane-bound ATPases are integral proteins
responsible for the maintenance of ion homeostasis
through active transport and control of delicate chemical
gradient that is necessary for the optimal function of the
central nervous system. Any alteration in the membrane
lipid components of brain results in the inactivation of
these membrane-bound enzymes (Barriviera and Hasson-
Voloch, 1996). Loss of activity of ATPases is known to
be involved in the development of a number of disorders
such as neurological diseases, hypertension, diabetes,
coronary artery diseases, stroke, tumor etc. The cation
transport across the neuronal membrane mediated by the
ATPases plays a significant role in many biological
functions such as electron transport chain, biological
oxidation in the mitochondria, synaptic transmission, and
antioxidant enzyme functions. Disturbances in the ionic
equilibrium of the cells as a result of inactivation of
ATPases are believed to be the major factors in the
pathogenesis of various neurological disorders (Vaillend
et al., 2002). Mitochondrial dysfunction contributes to
tissue degeneration and results in the etiology of the
degenerative disease of Alzheimers.

The energy needed for the active transport of these ions
is provided by the hydrolysis of ATP. In brain, ~ 40% of
the energy released by mitochondrial respiration is
utilized by ATPases to maintain the ionic gradients
across the cell membranes compared with 5% in other
tissues This indicates that normal maintenance of

membrane-bound enzymes in brain requires a high
energy supply. Mitochondria represent potential hot
spots for free radical-induced damage and the resultant
mitochondrial dysfunction leads to a decline in the
efficiency of ATP synthesis (Nicholls, 2002). Studies of
mitochondria isolated from brains of rodents of different
ages have provided evidence that the ability of
mitochondria to generate ATP is compromised with
advancing age and those mitochondria from old brain
cells exhibit increased free radical-mediated damage (V.
Toescu et al., 2004). Impaired cellular energy
metabolism may render neurons vulnerable to
excitotoxic damage (M. Flint Beal & Robert J. Ferrante .
2004), particularly when neurons are subjected to
additional stresses of A and tau accumulations (Mark P.
Mattson 2004). Oxidative stress may promote AfP
production by increasing APP cleavage by both - and y-
secretases (Dong-Gyu Jo, et al., 2010). Elevated
intracellular Ca®* levels resulting from age related
increases in oxidative stress and AP toxicity may
contribute to the increased amyloidogenic processing of
APP in Alzheimer’s disease (Bin Liang et al., 2010).
Hence disturbances in the ionic equilibrium of the cells
as a result of inactivation of ATPases are believed to be
the major factors in the pathogenesis of various
neurological disorders.(Vaillend, C et al., 2002).
Neuronal membrane damage was evident from the
decreased activities of membrane bound enzymes such as
Na+ /K+, Mg?* and Ca** -ATPases.

RGSE is used in the indigenous systems of medicine for
the treatment of various nervous system ailments such as
Alzheimer’s disease, insomnia, anxiety, epilepsy,
hysteria etc (Nadkarni, 1976). Preclinical and clinical
studies have shown that vitis vinifera improves memory
and mental function (Roodenrys et al., 2002). Hence it is
proved that consumption of grape flavonoids has been
shown to confer antioxidant protection, reduce thrombus
formation and lead to the concentration of inflammatory
biomarkers (Castilla et al., 2006). Naissides, M. et al.,
2006 said that Oxidative stress is a hallmark of various
health problems. Resveratrol is a natural phytoalexin
abundantly found in grapes and red wine, which has
potent Antioxidant property.
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D-Galactose, a normal sugar in the mammalian body, is
converted into glucose in the presence of
galactokinase (galE) and d-galactose-1-phosphate
uridyltransferase (galD) At a higher level, however, it
may lead to the formation of reactive oxygen species by
galactose oxidase (Ho et al., 2003). An increasing
evidences indicates that long-term systemic exposure of
D-Galactose to rodents causes progressive decline in
cognitive function and mimics aging progress, such as
hippocampal-dependent cognitive dysfunction (Cui et
al., 2006), neurodegeneration (Zhang et al., 2005) and
impairments in antioxidant capacity. The energy
depletion of mitochondrial phosphorylation (ATP) due to
the increased NO could lead to either necrosis or
apoptosis (Zhen Pang and James W. Geddes, 1997) and
disturbances of neuronal Ca2+ homeostasis. Brain
oxidative metabolism is very active, mostly required to
maintain cellular Na+/K+ gradients for keeping nerve
impulse propagation, neurotransmitter release and cation
homeostasis. Na®, K" -ATPase activity decreased age-
dependently in rat brain and was detected as a
consequence of oxidative damage (Hemontika
Chakraborty et al., 2003). Inhibition of Na'/K*-ATPase
can also result in increased concentrations of Ca®* by
stimulating Na‘/Ca®* exchanger and produce cellular
Mg®* depletion since excessive calcium displaces
magnesium from its binding sites thereby decreasing its
functional availability (James K.Hoga et al., 1992). The
present observations of decreased levels of Mg?*, Na*/K*
and Ca®* -ATPase in D-Galactose and NaNO, exposed
mice brain agree with the above hypothesis. Decrease in
Mg?" in turn inhibits Na*/K*-ATPase further, as ATP-Mg
complex is the actual substrate for the enzyme.

Ca’*-ATPase regulates Ca®* pump activity and
intracellular calcium functions as a second messenger in
the control of cellular processes that plays a central role
in mediating neurosecretion and release. Inhibition of
Ca®* ATPase activity can inturn increase intracellular
concentration of Ca®* and alter the signal transduction
pathways and cellular fluidity and eventually results in
cell death (GanesanMurali et al., 2008). Calcium influx
followed by D-Galactose and NaNO, exposure inhibited
Ca’*-ATPase in the rat brain. In the present study,
administration of RGSE might have attenuated the influx
of Ca®* and favored its sequestration in the stores, thus
maintaining the D-Galactose and NaNO, induced
alteration in calcium ion homeostasis through its calcium
antagonistic property.

CONCLUSION

Treatment of Alzheimer’s disease (AD) rats with Red
Grape Seed Extract (RGSE) enhanced brain histology
and electrophysiology damages as dose dependent.
Hence our findings proved that promote a possibility of
therapeutic applications of RGSE for preventing
neurodegenerative diseases, evidently, this review
reveals that RGSE play a key role to enhance all energy
metabolisms in AD Induced rats and increase the
neurotransmitters in brain system.
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