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Abstract

Impaired antioxidant system and structural changes in hippocampus are considered as key
instigators of neurodegenerative diseases. The present study aimed to investigate the antioxidant and
tissue protective properties of Bacopa monniera whole-plant extract (BME) against aluminum (Al)-
induced oxidative stress and hippocampus damage in rats. Male Wistar rats were evenly divided into
four groups, nine in each and labeled as control, Al treated (10 mg/kg), BME administered (40 mg/kg)
and combination of both Al plus BME (Al+BME) treated groups. After one month of treatment by oral
administration, antioxidant status was determined, and structural changes in the hippocampus were
evaluated by electron microscopy. Al-induced increased oxidative damage in the hippocampus was
revealed by elevated thiobarbituric acid reactive substances (TBARS). This increased lipid peroxida-
tion was associated with significantly decreased antioxidant enzyme activities, such as superoxide dis-
mutase (SOD), catalase (CAT) and glutathione peroxidase (GPx). However, Al intoxicated rats treated
with BME for 30 days showed significantly restored antioxidant enzyme activities along with decreased
TBARS (P < 0.01). Further evidences from electron micrographs clearly indicated that Al-induced
vacuolation, lipofuscin deposition and pyramidal cell degeneration in the hippocampus was attenuated
with co-administration of the whole-plant extract. Our results demonstrate that structural derangement
in hippocampus by Al is directly proportionate with increased lipid peroxidation. Nevertheless, B.
monniera treatment potentiates the antioxidant status and suppressed the tissue damage induced by
Al-intoxication. These findings suggest that B. monniera whole-plant extracts can be considered as a
possible remedy to counteract Al-associated neurological disorders.
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Introduction herb locally known as ‘Brahmi’ in India, belongs to
the family of Scrophulariaceae, and is mostly found
Bacopa monniera (B. monniera), a small creeping throughout India, Nepal, Sri Lanka, China and Taiwan.
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Extracts of B. monniera have been recommended
by ancient Ayurvedic treatises for improvement
of memory and for treatment of mental disorders
(32). Regular use of B. monniera leaf as a natural
health supplement is beneficial in the treatment of
neurological disorders associated with free radical-
induced damages (5, 6, 35). Bacopa extracts are able
to cure anxiety, epilepsy, bronchitis and asthma, irri-
table bowl’s syndrome and gastric ulcers (31). Further-
more, B. monniera extracts have been shown to in-
crease endogenous antioxidant enzyme activities in
brain tissues of rats (5).

Aluminum (Al) is a common nonessential metal
presents in processed foods, cosmetics, toothpastes, anti-
perspirant and adjuvants in various parenteral prepa-
rations (4); however, it has no identified biological
function in the body. Several studies have demon-
strated that Al is a possible causative factor in
Alzheimer’s disease (14, 18). Population residing
nearby cement factories are more susceptible to Al-
induced neurodegenerative diseases, since these
residents contain high amounts of Al deposits in
their bodies (13). Al is biologically considered as a
pro-oxidant, and chronic exposure to this metal results
in the production of excessive free radicals/reactive
oxygen species (ROS), which are responsible for neu-
rotoxicity (16, 19). Al-induced ROS can diminish the
activities of primary antioxidant enzymes, and trigger
membrane peroxidation (37). The brain is the most
sensitive organ to oxidative damage due to high levels
of ROS and lipofuscin pegmentation (17, 30, 34).
Complexing with Al, therefore, enhances the ability
of B-amyloid protein to penetrate the blood brain
barrier (3). Al-induced oxidative damages in brain-
cell components lead to neurotoxicity (29, 33), and
continuous exposure to Al may produce structural
derangements and impairment of redox balance in
the hippocampus.

We hypothesized that occurrence of oxidative
damage and impaired antioxidant status by Al exposure
may be proportionate with structural derangements
in the hippocampus of the rat brain. On the other
hand, improved antioxidant status in the brain may
attenuate the hippocampus structural damage. In
this context, treatment with whole-plant extract of B.
monniera that possess antioxidant properties may halt
further damages against continuous exposure to Al.
Therefore, we proposed in this study to evaluate the
neuroprotective properties of B. monniera whole-plant
extract on ruined antioxidant status in Al-intoxicated
rats. The lipid peroxidation marker and associated
architectural damage, and subsequent rescue by the
treatment were evaluated through electron micro-
scopic images of the hippocampus.

Materials and Methods

Animals

In this study, male albino rats of 3 months of
age, with bodyweights 200-250 g, were used. The
rats were procured from an authorized vendor (Sri
Venkateswara Enterprises, Bangalore, India). After
one week acclimatization to laboratory conditions,
the rats were randomized into groups (n = 9 per group)
and maintained in polypropylene cages (47 x 34 x 20
cm) containing sterile paddy husk as bedding, and
maintained at 22 - 25°C under a bell-regulated light
and dark cycle (12 h:12 h) at the animal facility of
the Sri Padmavati Mahila University. The rats were
fed on standard rodent diet (Sai Durga Feeds and Foods,
Bangalore, India) and water provided ad libitum. The
study design and protocols were approved by the
Institutional Animal Ethics Committee of Sri Ven-
kateswara University, India (No. 03/2012-13/(i)a/
CPCSEA/IAES/SVU/PJD-RPC/dated 1/2/2012).

Preparation of B. monniera Whole-Plant Extract (BME)
and Dose

Fresh B. monniera plant was obtained from the
Tirumala hills, Andhra Pradesh, India, and the whole
plant was dried under shade dust-free conditions, and
was ground into fine powder. The powder was ex-
tracted with double distilled water. The aqueous ex-
tract was discarded and the residual plant materials
were extracted thrice with 90% ethanol. The residue
obtained after removing the solvent was dried in vacuum,
and macerated with acetone to give the free-flowing
powder. Without further purification, the whole-plant
extract was used in this study. The whole-plant ex-
tract of B. monniera has previously been claimed to
be composed of a variety of chemical ingredients, in-
cluding alkaloids (brahmine, herpestine) and saponins
(bacosides) (32). The dose equivalent to 40 mg/kg body
weight was chosen based on the previous studies per-
formed on rats (20).

Chemicals and Drugs

Al maltolate was purchased from the Sigma
Chemical Co., (St. Louis, MO, USA), H,O,, BSA and
other chemicals were obtained from Merck (Mumbai,
India), Ranbaxy (New Delhi, India), Qualigens
(Mumbai, India).

Experimental Design
Thirty six rats were equally randomized into
four groups, 9 animals in each, and were treated as

follows;

Group 1:  Control (Con): Rats in this group were
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administered with 0.9% saline for 30 days.

Group 11: Al treated: Al maltolate, dissolved in 0.9%
saline solution, was administered orally
at the dose of 10 mg/kg body weight (b.w.)
for one month.

Group 1ll: B. monniera treated: All rats in this group
were treated with BME at the dose of 40
mg/kg b.w. via an orogastric tube for one
month.

Group IV: Al maltolate plus B. monniera treated
(Al+BME): Rats in this group were ad-
ministered with Al maltolate and simul-
taneously received B. monniera extracts
as described in Groups II and III for one
month.

After the last treatment, six rats from each group
were sacrificed for biochemical analyses, and three rats
were used for transmission electron microscopy (TEM)
studies. Hippocampus was separated from the brain
region under cold conditions, and homogenates were
prepared in 10 mM sodium phosphate buffer using
an electric motor with teflon glass and pestle.

Determination of Lipid Peroxidation Index

Thiobarbituric acid reactive substances (TBARS),
an index of lipid peroxidation, was estimated in the
hippocampus as described by Ohkawa et al. (28). The
amount of TBARS was determined spectrophotometri-
cally by UV-Vis spectrophotometer UV-2450 (Shimadzu
Corporation, Kyoto, Japan) at 532 nm, and the values
were expressed as milligram of TBARS per mg pro-
tein.

Measurement of Antioxidant Enzyme Activities

Superoxide dismutase (SOD) activity was esti-
mated in tissue homogenates as described by Misra
and Fridovich (25). SOD activity was measured as the
inhibition of photo-reduction of nitro blue tetrazolium
(NBT) by the enzyme. Enzyme activity was expressed
as unit of SOD per min per mg protein. Hippocampus
catalase (CAT) activity was assayed spectrophoto-
metrically by the method of Aebi et al. (1). The
decrease in absorbance was read for 60 s with 15 s
interval at 240 nm. CAT activity was expressed as pmol
H,0, decomposed per min per mg protein. Activity of
glutathione peroxidase (GPx), the major antioxidant
enzyme in the glutathione cycle, was measured as de-
scribed by Flohe and Gunzler (15). GPx activity was
expressed as umol per min per mg protein. Protein
concentration in tissue homogenates were determined
by the standard protocol of Lowry et al. (23). Bovine
serum albumin (BSA) was used as standard, and the
color developed was read at 660 nm.

Transmission Electron Microscopy (TEM)

The hippocampus tissues of different groups were
fixed in 2.5% - 3% glutaraldehyde prepared in 0.1 M
phosphate buffer, pH 7.2, for 24 h at 4°C, and post
fixed in 2% aqueous osmium tetroxide in the same
buffer for 2 h. The slides were then dehydrated in a
series of graded alcohols, infiltrated and embedded
in Araldite® 6005 Resin or Spurr Resin. Ultrathin
(50-70 nm) sections were made with a glass knife
on an ultramicrotome (Leica ultra cut UCT-GA-D/
E-1/00). Then slides were mounted on copper grids
and stained with saturated aqueous uranyl acetate
and counter stained with Reynolds lead citrate was
done by the method of Bozzola and Russel (8). These
sections were carefully viewed under the transmission
electron microscope (Hitachi H-7500, Hitachi Ltd.,
Tokyo, Japan), and images were captured to demon-
strate structural changes in the hippocampus.

Statistical Analysis

The obtained results are expressed as mean =+
SD (standard deviation). All the data were analyzed
using one way analysis of variance (ANOVA) and
statistical significance was done by Scheffe’s post
hoc test. The level of significant was set at P < 0.05.

Results
B. monniera Attenuates Al-Induced Lipid Peroxidation

Al-induced chemical damage to polyunsaturated
fatty acids of cell membranes was determined by mea-
suring the TBARS, the products of lipid peroxidation
process. We found that Al administration signifi-
cantly (P < 0.01) elevated TBARS in the hippocam-
pus compared to the control. However, B. monniera
treatment to the Al group resulted in significantly
(P < 0.01) decreased TBARS compared to the Al
alone administered group (Fig. 1). Regard-less of
mild elevation in TBARS with B. monniera alone,
Al-induced further exacerbation was prominently sup-
pressed with a combination of B. monniera and Al
administration. The decreased lipid peroxidation with
the combination treatment was consistent with less
lipofuscin deposits and less architectural damage as
we observed through electron microscopic studies
(see below).

Effects of B. monniera on Impaired Antioxidant Status
in Hippocampus

Statistical analyses clearly indicated a negative
impact of Al intoxication on the antioxidant enzyme
status of the hippocampus. All primary antioxidant
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Fig. 1. Effects of B. monniera whole-plant extract (BME) on
hippocampal TBARS levels in rats intoxicated with Al
Values are significant compared to control (*) and Al
treated (#) groups at P <0.01.
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Fig. 2. Effects of BME on hippocampal SOD activity in rats
intoxicated with Al. Values are significant compared to
control (*) and Al treated (#) groups at P <0.01.

enzyme activities, including SOD, CAT and GPx, were
significantly (P < 0.01) decreased in the Al group com-
pared to the control (Figs. 2, 3 and 4). It is noteworthy
that the Al group treated with whole-plant extract of
B. monniera for 30 days significantly (P < 0.01) restored
the decreased antioxidant enzyme activities in the hip-
pocampus. The restored CAT activity with B. monniera
treatment was more prominent than the activities of
other two enzyme, SOD and GPx.

TEM Studies

Ultrastructural changes in the hippocampus were
evaluated by electron microscopic studies, and the tissue
protective properties of BME were demonstrated against
Al-induced damage. Evidence from electron micro-
graphs clearly indicated that daily administration of
Al for 30 days produced profound structural derange-
ments in the hippocampus. The destructive effects of
Al were evidenced by observing the several small
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Fig. 3. Effects of BME on hippocampal CAT activity in rats
intoxicated with Al. Values are significant compared
to control (*) and Al treated (#) groups at P <0.01.
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Fig. 4. Effects of BME on hippocampal GPx activity in rats
intoxicated with Al. Values are significant compared to
control (*) and Al treated (#) groups at P < 0.01.

cavities (vacuolation, V), pyramidal cell degeneration
(PCD), lipofuscin (LP) deposition in the hippocam-
pus (Fig. 5B). The most interesting finding of this
study is that Al-induced architectural damages were
lessened by treatment with the whole-plant extract.
Electron micrograph of B. monniera-treated hippocam-
pus showed less vacuolation, less degenerated neu-
rons and less lipofuscin deposition compared to Al
alone treated group, which indicated tissue protec-
tive properties of the whole-plant extract of Bacopa
(Fig. 5D).

Discussion

Exposure to Al toxicity for a period of time
can ruin the antioxidant homeostasis and produce
structural derangement in hippocampus that may
contributes to the development of neurodegenerative
diseases. In this study, we demonstrated that whole-
plant extracts of Bacopa monniera was able to atten-
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Fig. 5. Electron microscopic analyses of hippocampus damage and recovery. A. Electron micrograph of control rat hippocampus
showing normal blood vessels (BV) and synaptic vessels (SV). B. Electron micrograph of Al intoxicated rat hippocampus
showing nucleus (N), vacuolation (V), lipofuscin pigment (LP) and pyramidal cell degeneration (PCD). C. Electron micro-
graph of the hippocampus of BME-treated rat showing nucleus (N) and blood vessels (BV). D. Electron micrograph of the
hippocampus of Al plus BME-treated rat demonstrating less vacuolation (V), pyramidal cell degeneration (PCD) and less
lipofuscin pigments (LP). Magnification in all subfigures was 1,074X.

uate the Al-induced increased lipid peroxidation and
restored the decreased activities of the antioxidant
enzymes SOD, CAT and GPx in the hippocampus
of rats. Strong supportive evidences from electron
micrographs further indicated the tissue protective
properties of B. monniera as the rescued pyramidal
cell degeneration and less deposition of lipofuscin
were observed. Since neurodegenerative diseases could
be influenced by structural damages in hippocampus
regions, preventing hippocampus damages by the ad-
ministration of BME implies beneficial effects of
BME against Al toxicity.

Lipid peroxidation is the crucial step in the patho-
genesis of several diseases, which is fundamentally
initiated by free radicals (24). Al administration has
been shown to increase the excessive amount of free

radicals/ROS (19), which destructively attack the poly-
unsaturated fatty acids of the fatty acid membrane,
and initiate self-propagating chain reactions. The
elevated TBARS with Al intoxication in our study
clearly indicated increased membrane damage in the
hippocampus of rats. The destruction of vital mem-
brane lipids and increased end products of lipid per-
oxidation are harmful to cell and tissue viability (9,
26). Lipid peroxidation results in the loss of membrane
fluidity, changes in membrane permeability and altera-
tion in receptor functions (2, 16, 27). On the contrary,
the reason behind slightly elevated TBARS with B.
monniera alone treatment in our study remains unclear.
It appears that some unknown compounds in the B.
monniera extract may cause diverse effects. However,
Al-induced increased lipid peroxidation was attenuated
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by the combined administration of the B. monniera
extract, as shown by decreased TBARS in the hip-
pocampus. Our findings are in agreement with Jyoti
and Sharma (21), who reported similar results with
ethanolic extracts of B. monniera. Decreased lipid per-
oxidation by BME could be possible, because BME
contains a variety of compounds, including triterpenoid
saponins, mainly bacoside A & B, which may inhibit
elongation of lipid peroxidation chain reaction (32).
On the other hand, decreased lipofuscin and increased
antioxidant enzyme activities by B. monniera treat-
ment, as also reported in this study, may explain the
decreased lipid peroxidation against Al exposure.

The enzymatic antioxidant system plays a front-
line defense against ROS toxicity in brain cells and
other tissues (2, 22, 36). The primary antioxidant en-
zyme, SOD, rapidly scavenges the superoxide anion
radials to hydrogen peroxide. Hydrogen peroxide is
an unstable byproduct, which is then converted into
less toxic water and oxygen by CAT and GPx in a site-
specific manner (16, 19). Decreases in these enzyme
activities imply the level of oxidative stress in the
tissues. In our study, chronic Al intoxication signifi-
cantly decreased the hippocampal SOD, CAT and GPx
activities. Decreased SOD activities may explain the
pro-oxidant properties of Al, since Al is capable of
formation of Al-superoxide semi-reduced radical ions
(A10,*") (12). Al-induced increased ROS production
is a crucial step, where antioxidant enzymes act to
eliminate excessive ROS to prevent oxidative damages.
Thus, excessive utilization of enzymes may lead to
decreases in the net enzymatic activities in the hip-
pocampus. Interestingly, all primary antioxidant en-
zymes, such as SOD, CAT and GPx, were significantly
restored on treatment with the BME. Increased anti-
oxidant enzyme activities indicate effective elimina-
tion of toxic superoxide anion and H,O, from the
cells. Bhattacharya and colleagues reported that etha-
nolic extracts of B. monniera were able to increase
SOD, CAT and GPx activities in different brain regions
of the rat (5). Other previous studies also demonstrated
neuroprotective properties of B. monniera extracts
against Al-induced toxicity, which might be due to
the improved antioxidant status (7, 20). The detailed
mechanism involved in the regulation of antioxidant
enzyme activities by treatment with different extracts
of B. monniera remains to be elucidated. However,
we speculate that unique ingredients present in BME
may stimulate expression of antioxidant genes directed
against Al-induced ROS, thereby preventing or re-
ducing possible oxidative damages.

Another novel finding from this study is that
Al-induced architectural changes in hippocampus were
ameliorated by 30 days of treatment with B. monniera
extract. Continuous exposure to Al alone produced
mild to severe damages in the hippocampus as seen

by vacuolation, lipofuscin deposition and degenera-
tion of pyramidal cells through electron microscopic
images. These structural derangements in the hip-
pocampus may lead to tissue damage and impair cog-
nitive functions. A recent study by Dede et al. (10)
demonstrated that hippocampal damage impairs
both component processes of recognition memory in
humans. It has been well documented that hippocam-
pus exhibits an increased peroxidation process fol-
lowed by Al administration compared to other brain
regions. Increased lipid peroxidation is one of mech-
anisms which renders cellular damages in a variety
of neurological disorders, including aging. Further-
more, hippocampus is one of the brain regions in
which Al deposition is most severe compared with
other regions (11). Therefore, there may be more
Al-induced structural damages in the hippocampus.
Nevertheless, co-administration of BME along with
Al showed its protective effects against Al-induced
architectural damage. The lower extents of forma-
tion of cavities, lipofuscin deposition and pyramidal
cells degeneration indicated tissue protective prop-
erties of the B. monniera extracts. Since ROS plays
a key role in tissue damage, the beneficial outcome
of B. monniera could be associated with enhanced anti-
oxidant defense system in the hippocampus. Several
naturally occurring compounds, including flavonoids,
alkaloids and saponins (bacoside A and B), were iden-
tified in Bacopa extracts. These compounds have
been claimed to be the responsible factors for most
of the pharmacological efficacies of the extracts, such
as antioxidant and neuroprotective properties and en-
hancing the memory and learning skills (7, 21, 32).
The lack of statistical analysis for the electron micro-
graphs is a limitation in this study, which need to be
extended in further studies.

This study concludes that Al-induced increased
lipid peroxidation was parallel with LP deposition and
architectural damage in the hippocampus, which
indicated membrane damage and structural derange-
ment. However, treatment with BME for 30 days
significantly decreased the lipid peroxidation, LP
deposition and attenuated structural derangements
in the hippocampus. Improved antioxidant enzymes
activities by the whole-plant extracts against Al-
induced loss possibly contributed to the inhibition of
the elongation of lipid peroxidation process, thereby
preventing the hippocampal damage in rats. These re-
sults suggest that BME can be used as pharmacological
compounds to protect neurodegenerative diseases.

Acknowledgments

The corresponding author Dr. Nannepaga is thank-
ful to the University Grants Commission (UGC), New
Delhi, India for the financial support in the form of



Effect of Bacopa monniera on Hippocampus Damage 285

Major Research Project, grant number F.N0.39-262/
2010 (SR).

11.

12.

13.

14.

References

Aebi, H. Catalase in vitro. Methods Enzymol. 105: 121-126, 1984.
Balcy, S.S., Pepe, H., Giiney, S., Ozer, C. and Revan, S. Effects of
gender, endurance training and acute exhaustive exercise on oxi-
dative stress in the heart and skeletal muscle of the rat. Chinese J.
Physiol. 55: 236-244,2012.

Banks, W.A., Niehoff, M.L., Drago, D. and Zatta, P. Aluminum
complexing enhances amyloid  protein penetration of blood—brain
barrier. Brain Res. 1116: 215-221, 2006.

Becaria, A., Campbell, A. and Bondy, S.C. Aluminum as a toxi-
cant. Toxicol. Ind. Health 18: 309-320, 2002.

Bhattacharya, S.K., Bhattacharya, A., Kumar, A. and Ghosal, S.
Antioxidant activity of Bacopa monniera in rat frontal cortex,
striatum and hippocampus. Phytother. Res. 14: 174-179, 2000.
Bhattacharya, S. and Ghosal, S. Anxiolytic activity of a standard-
ized extract of Bacopa monniera: an experimental study. Phyto-
medicine 5: 77-82, 1998.

Bommavaram, M., Korivi, M., Borelli, D.P.R., Pabbadhi, J.D. and
Nannepaga, J.S. Bacopa monniera stabilized gold nanoparticles
(BmGNPs) alleviated the oxidative stress induced by aluminum
in albino mice. Drug Inven. Today 5: 113-118, 2013.

Bozzola, J.J. and Russell, L.D. Electron Microscopy: Principles
and Techniques for Biologists. Massachusetts, U.S.A.: Jones &
Bartlett Learning, 1999.

Chen, Y., Ji, L.L., Liu, T.Y. and Wang, Z.T. Evaluation of gender-
related differences in various oxidative stress enzymes in mice.
Chinese J. Physiol. 54: 385-390, 2011.

Dede, A.J.O., Wixted, J.T., Hopkins, R.O. and Squire, L.R. Hip-
pocampal damage impairs recognition memory broadly, affecting
both parameters in two prominent models of memory. Proc. Natl.
Acad. Sci. USA 110: 6577-6582, 2013.

Deloncle, R., Huguet, F., Fernandez, B., Quellard, N., Babin, P. and
Guillard, O. Ultrastructural study of rat hippocampus after chronic
administration of aluminum L-glutamate: an acceleration of the
aging process. Exp. Gerontol. 36: 231-244,2001.

Exley, C. The pro-oxidant activity of aluminum. Free Radic. Biol.
Med. 36: 380-387, 2004.

Fatima, S.K., Prabhavathi, P.A., Padmavathi, P. and Reddy, P.P.
Analysis of chromosomal aberrations in men occupationally ex-
posed to cement dust. Mutat. Res. 490: 179-186, 2001.

Flaten, T. Aluminium as a risk factor in Alzheimer’s disease, with
emphasis on drinking water. Brain Res. Bul. 55: 187-196, 2001.
Flohe, L. and Gunzler, W.A. Assays of glutathione peroxidase.
Methods Enzymol. 105: 114-121, 1984.

Gomez, M., Esparza, J.L., Nogués, M.R., Giralt, M., Cabré, M. and
Domingo, J.L. Pro-oxidant activity of aluminum in the rat hip-
pocampus: gene expression of antioxidant enzymes after mela-
tonin administration. Free Radic. Biol. Med. 38: 104-111, 2005.
Guo, H., Hu, L.M., Wang, S.X., Wang, Y.L., Shi, F,, Li, H., Liu, Y.,
Kang, L.Y. and Gao, X.M. Neuroprotective effects of scutellarin
against hypoxic-ischemic-induced cerebral injury via augmenta-
tion of antioxidant defense capacity. Chinese J. Physiol. 54: 399-
405, 2011.

Gupta, V.B., Anitha, S., Hegde, M.L., Zecca, L., Garruto, R.M.,
Ravid, R., Shankar, S.K., Stein, R., Shanmugavelu, P. and Jagan-
natha Rao, K. Aluminium in Alzheimer’s disease: are we still at
a crossroad? Cell. Mol. Life Sci. 62: 143-158, 2005.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Han, S., Lemire, J., Appanna, V.P., Auger, C., Castonguay, Z. and
Appanna, V.D. How aluminum, an intracellular ROS generator
promotes hepatic and neurological diseases: the metabolic tale.
Cell. Biol. Toxicol. 29: 75-84, 2013.

Jyoti, A., Sethi, P. and Sharma, D. Bacopa monniera prevents from
aluminium neurotoxicity in the cerebral cortex of rat brain. J.
Ethnopharmacol. 111: 56-62,2007.

Jyoti, A. and Sharma, D. Neuroprotective role of Bacopa monniera
extract against aluminium-induced oxidative stress in the hippocam-
pus of rat brain. Neurotoxicology 27: 451-457, 2006.

Korivi, M., Hou, C.W., Huang, C.Y., Lee, S.D., Hsu, M.F.,, Yu, S.H.,
Chen, C.Y., Liu, Y.Y. and Kuo, C.H. Ginsenoside-Rg! protects the
liver against exhaustive exercise-induced oxidative stress in rats.
Evid. Based Complement. Alternat. Med. 2012: 932165, 2012.
Lowry, O.H., Rosebrough, N.J., Lewis Farr, A. and Randall, R.J.
Protein measurement with the Folin phenol reagent. J. Biol. Chem.
193:265-275, 1951.

Mallikarjuna, K., Reddy, T.B., Shanmugam, K.R. and Reddy, K.S.
Attenuation of age dependent lipid profile by treadmill running
in different skeletal muscle fibers of old rats. Adapt. Med. 4: 33-
39,2012.

Misra, H.P. and Fridovich, I. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase. J. Biol. Chem. 247: 3170-3175, 1972.

Mylonas, C. and Kouretas, D. Lipid peroxidation and tissue damage.
In vivo (Athens, Greece) 13:295-309, 1999.

Nehru, B. and Anand, P. Oxidative damage following chronic
aluminium exposure in adult and pup rat brains. J. Trace Elem.
Med. Biol. 19:203-208, 2005.

Ohkawa, H., Ohishi, N. and Yagi, K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal. Biochem. 95:
351-358, 1979.

Ohyashiki, T., Suzuki, S., Satoh, E. and Uemori, Y. A marked
stimulation of Fe?'-initiated lipid peroxidation in phospholipid
liposomes by a lipophilic aluminum complex, aluminum acety-
lacetonate. Biochim. Biophys. Acta 1389: 141-149, 1998.
Olanow, C.W. and Arendash, G.W. Metals and free radicals in
neurodegeneration. Curr. Opin. Neurol. 7: 548-558, 1994.
Paulose, C., Chathu, F., Khan, S. and Krishnakumar, A. Neuro-
protective role of Bacopa monnieri extract in epilepsy and effect
of glucose supplementation during hypoxia: glutamate receptor
gene expression. Neurochem. Res. 33: 1663-1671, 2008.

Russo, A. and Borrelli, F. Bacopa monniera, a reputed nootropic
plant: an overview. Phytomedicine 12: 305-317, 2005.

Savory, J., Herman, M.M. and Ghribi, O. Intracellular mechanisms
underlying aluminum-induced apoptosis in rabbit brain. J. Inorg.
Biochem. 97: 151-154, 2003.

Srivastava, A. and Shivanandappa, T. Hexachlorocyclohexane dif-
ferentially alters the antioxidant status of the brain regions in rat.
Toxicology 214: 123-130, 2005.

Stough, C., Lloyd, J., Clarke, J., Downey, L.A., Hutchison, C.W.,
Rodgers, T. and Nathan, P.J. The chronic effects of an extract of
Bacopa monniera (Brahmi) on cognitive function in healthy hu-
man subjects. Psychopharmacology 156: 481-484,2001.

Su, C.L., Du, W.Y., Chiang, L.L., Lin, Y.K., Lee, H.L., Chen, K.H.,
Wang, J.J. and Wang, D. Amelioration of superoxide dismutase
on ventilator-induced lung injury by suppressing leukocyte in the
lungs and systemic circulation. Chinese J. Physiol. 56: 219-229,
2013.

Yousef, M.I. Aluminium-induced changes in hemato-biochemical
parameters, lipid peroxidation and enzyme activities of male rab-
bits: protective role of ascorbic acid. Toxicology 199: 47-57, 2004.



