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ABSTRACT

Background: Oxidative stress leads to many disorders and this can be overcome using plants sources, rich in antioxidants that can reduce the
damage caused by these stress markers. Prolonged oxidative stress to neurons in the brain leads to increased formation of lipofuscin. Lipofuscin is a
yellow-brown product which accumulates in various cells like nerve cells, ganglia cells, heart and muscle cells and it is the end product of oxidation
of lipids, protein and other biomolecules present in the cell and it is found to be a principal marker of brain vulnerability, stress, aging and related
pathology.

Materials and Method: Hippophae rhamnoides is a rich source of anti-oxidants. Present study was conducted to evaluate the neuroprotective and
antioxidant activities of H. rhamnoides. Sprague dawley rats of different age groups were used for the study. The neuroprotective activity of the
plant was assessed by its ability to maintain the level of neurotransmitters. The antioxidant activity was measured from the level of stress markers
and lipofuscin pigmentation. Lipofuscin pigment formation was estimated by a quantitative method based on fluorescence spectroscopy.

Results: It was observed that there was an increase in the level of the neurotransmitters in treated animals it is also seen the lipofuscin
concentration was (6-8 times) less in H. rhamnoides treated animals when compared with normal aged animals.

Conclusion: The results conclude that H. rhamnoides has a therapeutic potential to act as a neuroprotective and antioxidant agent by reducing

oxidative stress markers and lipofuscin pigments.
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INTRODUCTION

Brain is a metabolically active organ which utilizes nearly 20% of
oxygen even at rest and has relatively reduced space for cellular
regeneration, hence more susceptible to reactive oxygen species
(ROS) damage. Studies have reported that oxidative damage is
evident in age-related neurodegenerative diseases Alzheimer’s
disease (AD), Parkinson’s disease (PD), and Amyotrophic Lateral
Sclerosis (ALS), Huntington disease, Progressive Supranuclear Palsy,
and Prion disorders have particularly been reported for ROS damage
in the specific regions of the brain [1-3] Markers of lipid oxidation,
malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) are found
in the cortex and hippocampus in AD patients and in the substantial
nigra of the PD cases [4-6]

Oxidative stress is responsible for wear and tear of the cells and
excessive exposure of the cells to these free radicals can cause
severe damage to it. It is evident from earlier studies that intrinsic
oxidative stress and cell damage increases with age due to
diminished antioxidant defenses or with an increase in
mitochondrial dysfunction [7]-A number of studies have shown an
age-related increase in oxidative damage to molecules like lipid,
protein and DNA which occurs in organisms ranging from
invertebrates to humans [8-10]-There is a wide variety of ROS found
in the biological systems which are neutralized with the help of
antioxidant enzymes. An increase in oxidative damage could result
either from deficiencies in the normal cell antioxidant defenses or an
increased production of free radicals.

In aged cells there is excessive oxidative stress and lack or deficiency
of anti-oxidant enzyme, this leads to the excess lipofuscin deposition.
These pigments are membrane-bound cellular waste, which can be
neither degraded nor ejected from the cell but can only be diluted
through cell division and subsequent growth. Postmitotic cells
generally accumulate lipofuscin, which is an "aging pigment" has
been considered as a reliable biomarker for the age of cells.
Lipofuscin pigments are not uniformly distributed but are
concentrated in specific regions in the aging brain [11].

Antioxidant like vitamins, flavonoids and polyphenolic compounds
of plant origin has been extensively investigated as scavengers of
free radicals and inhibitors of lipid peroxidation. H. rhamnoides is a

natural reservoir of vitamins, minerals, antioxidants and flavonoids
[12-14]. The in-vitro studies show that H. rhamnoides has strong
antioxidant and immunomodulatory properties [15].The berries of
the plant have carotenoids, Pro Vitamin A, tocopherols-Vitamin E,
Vitamin K, Vitamin C, essential fatty acids, Vitamin B-12 and the
leaves of H. rhamnoides contains flavonoids which show effective
anti oxidant and anti inflammatory activity [16]. The leaves of H.
rhamnoides were also considered for their antioxidant potential
correlated to flavonoids and phenolic acids derivatives [17].

In the present study attempt has been made to find the efficacy of H.
rhamnoides in alleviating the formation of lipofuscin by reducing the
formation of ROS and RNS production in aged rats and also the
effectiveness of H. rhamnoides to increase the level of
neurotransmitters in the aged rat’s brain.

MATERIALS AND METHODS
Chemicals

Thiobarbituric acid, 1,1,3,3-tetramethoxypropane, glutathione
reduced and quercetin and other chemical required for the
measurements of the neurotransmitters and ChAT was procured
from Sigma Aldrich Ltd USA (Biotech India local distributors). The
entire chemicals used were of analytical grade.

Animals and Care

Adult male Sprague dawley rats of various age groups (4-10, 10-12,
20-22 and 22-24 month old) have been procured from central
animal house of SRM University. The animals were housed in
stainless cages with 4 rats kept per cage in limited-access facility.
The animal house was maintained at 232C+2°C with a relative
humidity at 50%+*10%. Artificial light in cage was used for 12 hours
in each day. Sterilized drinking water and standard chow diet (ad
libitum) were given to animals during the whole period of the
experiment. The guide for the care and use of laboratory animals
was adopted from the international guidelines to carry out the
present animal study. Institutional animal ethical committee (IAEC),
SRM University, Kattankulathur, Tamilnadu, provided ethical
clearance for the experiment. The animals were acclimatized in
laboratory condition for one week prior to the experiment.


mailto:spsk99@gmail.com

Dubey et al.

Experimental design

The Sprauge Dawely rats are divided into 4 following groups, with 4
rats in each group.

Group-I, 4-6 months old rats were used, (normal control group),

Group-II, 10-12 months old rats were used (normal control for
significant age increase comparison),

Group-III, 20-24 months old rats were used (disease control group),

Group-IV, 20-22 months old rats were used (treated group) given
test drug H. rhamnoides (250mg/kg) for 6 weeks.

Test drug formulation

The dose dependent activity of the plant extract was done using
different plant extract concentration 150, 250, 350mg/ml of which
250 mg/ml showed the maximum activity hence this was taken as
the active dose concentration for the present study. The test
formulation consists of hydro-alcoholic extracts of H. rhamnoides
fruits 125mg/kg body weight and Leaves 125mg/kg body weight.
Were orally administered (through gastric incubation) for 6 weeks.
0.5ml/kg is taken as constant dose volume.

Tests conducted

Tests were conducted in the experimental animals with standard
protocol. The rats were killed by decapitation, tissue sample were
taken from brain and analyzed for lipofuscin pigment and the
lipofuscin concentration was calculated as relative fluorescence
units per gram of wet tissue [18]. Acetylcholine and Nor-adrenaline
estimation have been performed by fluorometric method [19].
Dopamine and Glutamate estimated by HPLC method. The choline
acetyltransferase (ChAT) activity was measured by radiometric
method [20]. Lipid peroxidase activity is being analyzed by TBARS
method [21]. Total glutathione content was measured by
colorimetric method [22] and Active avoidance test [23].

RESULTS

Statistical tools were used to compare the results of the
experimental groups. The variability of result is expressed as the
mean * SEM. Statistical analysis for the mean difference between the
experimental groups is done with by using Students “t - test”.

Beneficial role of H. rhamnoides on neurotransmitters

Table 1, 2 illustrates the level of neurotransmitters (acetylcholine,
glutamate, dopamine and nor-adrenaline) with age. The level of
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Acetylcholine in group IV was 16.128+2.056 and group III was
12.985+1.853, there was an increase in the level but the p value
between groups was less significant (P<0.05). The level of glutamate
in group IV was 15.128+2.174 and group III was 20.42+4.110, there
was a decrease in the level and when the p value was compared
between groups it was less significant (P>0.05). The level of
dopamine in group IV was 0.352%0.093 and group III was
0.268+0.045, there was an increase in the level but when the p value
was compared between the groups it was significant (P<0.01). The
level of nor-adrenalin in group IV was 0.319+0.085 and group III
was 0.243+0.044, there was an increase in the level, when the p
value was compared between group Il and 1V it was less significant
(P>0.05). From the result it is seen that the drug increases the level
of neurotransmitters in treated group but the increase was less
significant.

Effect of H. rhamnoides on retention of active avoidance
learning and ChAT activity

Table 2 explains the age consistent ChAT enzyme activity and
retention of active avoidance learning (RAAL) score. The ChAT
enzyme activity and RAAL was higher in the H. rhamnoides treated
group. The level of ChAT enzyme activity in group IV was
19.885+3.012 and group III was 15.316£2.112, there was an
increase in the level, when the p value was compared between group
Il and IV and it was less significant (P>0.05). The retention of active
avoidance score in group IV was 11.780+2.851 and group III was
14.251+2.752, there was an decrease in the level and when the p
value was compared between group III and IV and it was less
significant (P>0.05). Hence the test drug acts efficiently on the
cognitive process and increases the learning capacity of animals in
the treated group.

Age consistent status of oxidative stress markers and role of H.
rhamnoides

The status of stress markers with age is shown in table 3. The level
of oxidative stress markers was measured by TBARS assay the level
of stress marker in group 1V was 67.913+13.805 and group III was
88.942+9.346, there was a considerable decrease in the level, while
comparing the p value between group III and IV and it was less
significant (P>0.05). The level of glutathione enzyme in group IV was
48.993+£9.226 and group III was 32.758+5.902, there was an
increase in the level of glutathione, but while comparing the p value
between group III and IV, it was less significant (P>0.05). Thus the
test drug H. rhamnoides acts as an active antioxidant agent by
reducing the level of TBARS and increasing the level of the anti
oxidant enzyme Glutathione in the treated group.

Table 1: Age consistent status of neurotransmitter and beneficial role of H. rhamnoides

Groups Acetylcholine Glutamate (pmol/gm wt. Dopamine
(nm/gm) tissue) (ng/gm)
Group-I (4-6 month old rats)* 21.342+3.086 10.94+2.153 0.434+0.072
Group-II (10-12 month old rats)** 17.934+2.705 16.83+3.412 0.330+0.028
Group-III (20-24 month old rats)*** 12.985+1.853 20.42+4.110 0.286+0.045
Group-1V (20-22 month old rats) + H.rhamnoides treated **** 16.128+2.056 15.128+2.714 0.352+0.093

Comparison:

FystE P>0.05 P>0.01 P<0.01
*ys** - P<0.001 P>0.05 P<0.01
FHkys*RR* P<0.05  P>0.05 P<0.01

Table 2: Age consistent neurotransmitter activity including behavioral pattern and effect of H. rhamnoides

Groups Nor-adrenaline ChAT activity (nmol/mg RAAL (score)
(ng/gm) protein/hour)

Group-I (4-6 month old rats)* 0.458+0.062 21.842+3.014 7.910£1.336

Group-II (10-12 month old rats) ** 0.281+0.036 17.442+2.498 10.886+2.119

Group-III (20-24 month old rats) *** 0.243+0.044 15.316+2.112 14.251+2.752

Group-1V (20-22 month old rats) + H.rhamnoides (N=4)**** 0.319+0.085 19.885+3.012 11.780+2.851

Comparison:

Fystx P<0.01 P>0.05 P>0.05
ys*** - P>0.05 P>0.05 P>0.05
ekystEk P>0.05  P>0.05 P>0.05
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Table 3: Age consistent status of oxidative stress markers and effect of H. rhamnoides.

Groups TBARS (n.mTBARS/g.tissue) Glutathione (mg GSH/mg. protein)
Group-I (4-6 month old rats)* 36.852 £6.014 65.163+8.891

Group-II (10-12 month old rats)** 63.942+7.335 43.992+10.801

Group-III (20-24 month old rats)*** 88.942+9.346 32.758+5.902

Group-IV (20-22 month old rats) + H.rhamnoides **** 67.913+13.805 48.993+9.226

Comparison:

*ystx P<0.01 P<0.05
Fys*¥* - P>0.05 P>0.05
FHrys*ERx p>0.05  P>0.05

Table 4: Age consistent lipofuscin pigments and beneficial role of H. rhamnoides extract

Groups

Lipofuscin (Relative Fluorescence/g tissue +SEM)

Group-I (4-6 month old rats)*

Group-II (10-12 month old rats) **

Group-III (20-24 month old rats) N=4 ***

Group-1V (20-22 month old rats) + H.rhamnoides (N=4)****

429.886+72.539
768.364+116.993
1129.649+274.923
816.345 +146.760

Comparison:

*ystx P>0.05
*ys*tRx - P>0.05
***Vs**** P>005

Age consistent lipofuscin pigmentation and beneficial role of H.
rhamnoides

Table 4 shows the amount of lipofuscin pigment formed in relation
to age. Oxidative stress increases with age due to decrease in the
level of biological antioxidants leading to large amount of lipofuscin
deposition. The concentration of lipofuscin pigments in group IV was
816.345+146.760 and group III was 1129.649+923, there was a
considerable decrease in the level of lipofuscin, while comparing the
p value between group Il and IV and it was less significant (P>0.05).
Thus H. rhamnoides is a natural antioxidant prevents accumulation
of lipofuscin pigments in aged cells by reducing the oxidative stress.

DISCUSSION

Studies have revealed that oxidative stress is associated with the
pathogenesis of a number of diseases mainly neurodegenerative
disorders, ischemia, etc. Oxidation of biomolecules due to ROS
activity may lead to cellular dysfunction which has been noticed in
studies [24-27]. A balance between the pro-oxidant and anti-oxidant
levels is required for normal physiological conditioning of the cells,
and its imbalance may lead to increased production of ROS and RNS.
In turn, these ROS and RNS react with biomolecules like proteins,
lipids, carbohydrates, DNA and RNA [28]leading to oxidative damage
of the cells by producing large amount of lipofuscin deposition. Our
study has also revealed that the ROS increases with age and causes
excess oxidation of biomolecules which, can be seen from the
increased level of lipofuscin Pigment in the group IIL

There are evidences that natural anti-oxidants, such as carotenoids,
tocopherols and flavanoids, can effectively prevent and cure
oxidative stress related disease [29]. Flavonoids show effective anti-
oxidant property which protects against disease and aging process
[30]. Studies have shown that the antioxidant activity of H.
rhamnoides is due to vitamins, trace elements, amino acids and other
bioactive substances, such as [-carotene, zeaxanthin, lycopene,
flavonoids, folic acid, , fatty acids, tannic acid polyphenols present in
it and also the fruits of H. rhamnoides have antioxidant properties
and they can protect human body against the damaging effect of
oxidized radicals [31].

Glutathione plays a key role in maintaining the redox homeostasis in
the cell [32] and the age associated glutathione depletion leads to
shifting of redox status towards the more oxidized state which alters
the receptors, proteins kinase, transcription factors and several
signaling cascade. The magnitude of an oxidative event is associated
with cellular proliferation, differentiation, and death which in turn
depend on the GSH content of the cell [33]. The results of the study
shows increased TBARS content and decreased glutathione content
in aged or disease control brain. The drug reverse the glutathione

content to significant level thus helps in maintaining the redox status
to normal.

Antioxidants are bioactive substances that prevent oxidation or
inhibit reactions promoted by triterpene oxygen or peroxides and
thereby protect cells from damage caused by oxidative stress. Free
radicals like ROS, hydroxyl radicals cause damage and are also
responsible for the degeneration of the nerve cells causing aging
[34]. ROS can easily initiate the lipid peroxidation of the membrane
lipids which causes damage of the cell membrane of phospholipids,
lipoprotein by propagating a chain reaction cycle [35-36].

The neuroprotective effect of the drug attributed anti-oxidant
activity which is influenced through glutathione peroxidase (GSH) a
key anti-oxidant enzyme. Our observations revealed that
supplementations with plant extracts significantly influenced the
concentration LFP during the therapy period. In brief, LFP, as the
end product of oxidative damage, exhibit marked changes when
determined in relation to ageing process. The H. rhamnoides extract
with its micronutrient properties have shown significant effect on
the anti-oxidant defense mechanism in aged brain. Further the test
drug show maximum bioactivity through anti-oxidant defense
mechanism in aged brain by reducing the lipid peroxidation and
increasing glutathione content required for free radical scavenging
activity.

Several studies have been investigated on the hypothesis behind the
decline of the neurotransmitter on aging and the mechanism
underlying in cognitive, behavioral, and motor changes during
normal aging and related complications [37]. Studies support
significant relationship between ageing, cholinergic impairment, and
cognitive decline. In the present study the level of acetylcholine and
ChAT activity is found to decrease in the aged brain also support
significant relationship between ageing, cholinergic impairment and
cognitive decline. The test drug increases the acetylcholine and
ChAT activity by stimulating the acetylcholine synthesis.

Apart from cholinergic disruption abundant evidences revealed
significant monoaminergic deficits with progressive ageing [38].
Studies have shown that metabolism of monoamine
neurotransmitter changes significantly when ageing, such as
reduction of nor-epinephrine (NE) and dopamine (DA) in the brain
stem of aged rat’s, etc.,, which may be an important cause of ageing
[39]. In the present study also there is a reduced content of NE, DA in
the cortex of the aged rats. The extracts of Hippophae rhamnoides
increases the level of these neurotransmitters, thus the result
implies that the test drug may significantly alleviate age related
neurodegenerative complications by modulating the
neurotransmitter system
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It is seen that natural products have proved to be a great source of
biologically active compounds [40]. Recently researches on
medicinal plants have attracted a lot of attention and there is large
evidence to demonstrate the potential of medicinal plants used in
various traditional, complementary and alternate systems of
treatment of human diseases [41]. In the present study, it is evident
that the plant H. rhamnoides which is rich in flavonoids, tocopherols,
carotenoids and vitamins proved to be a neuroprotective and
natural antioxidant and can effectively reduce the formation of ROS
and RNS which in turn can help in alleviating the formation of
lipofuscin in aged rat’s brain.

CONCLUSION

The test drug show protective effect on aging and age related
pathologies by ameliorating various pathways such as
neurochemical modulation and oxidative stress. In the present study
a positive correlation has been established between TBARS and GSH
content with the neurotransmitter system and cognitive decline in
aged rat’s brain (cortex), and the treatment with H. rhamnoides
extract significantly prevented this redox imbalance. The study
concludes that H. rhamnoides is an antioxidant agent, very effective
in controlling the ROS and RNS production, and thus alleviates the
formation of lipofuscin in the brain cortex region. Thus the test drug
is a neuroprotective agent has it increases and maintains the level of
neurotransmitter and prolongs aging process.
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