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Ischaemia Induced Oxidative Stress in Brain and Its
Management with Natural Anti-oxidants

Sandip K Bandyopadhyay

Introduction

Bacopa monniera, commonly called
Brahmi, a member of Serophulariaceac

family, is used in traditional folklore medicine
as a brain tonic to enhance memory
development, learning and concentration
(Mukherjee et al) and also to provide relief to
patients with anxiety or epileptic disorders
(Chopra et al). Brahmi has been frequently
mentioned in classical Indian texts since
about 800 B.C. (Singh et al) Bacopa contains
different types of saponins. The steroidal
saponins, notably bacoside A and B are
regarded as the main active principles Bone
K et al, Rastogo S). Other constituents include
alkaloids (herpestine and brahmine),
flavonoid, glycosides, betulic acid and
phytosterols (Anonymous Indian Herbal
pharmacopoeia Volume 1, Kapoor). Saponins
are natural products which have been shown
to possess antioxidant property. The brain is
vulnerable to oxidative damage because of a
relative lack of antioxidant enzymes like
catalase and glutathione peroxidase and
abundance of oxidizable substrates like
polyunsaturated fatty acids, catecholamines
etc. (Halliwell and Gutteridge, 1985; Cohen,
1988). Oxidative insult has been implicated
in various forms of brain damage or altered
neuronal functions (Using in 1999; Mishra and
Delivoria-Papadopoulos, 1999; Chinopoulos et
al., 2000; Pocernich et al., 2000). The role of
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Reactive Oxygen Species (ROS), responsible
for oxidative stress has been implicated in
the genesis of several neuro-degenerative
diseases is also well-established. Halliwell,
1992; Selley, 1998; Gibson et al., 2000. The
brain contains a higher level of ascorbate
compared to most other tissues and several
regions of the brain are also rich in transition
metals like iron (Spector and Eells, 1984;
Halliwell, 1992). Although generally
considered as a potent antioxidant, ascorbate
in presence of transition metals can promote
oxidative damage to lipid and protein in
purified preparations or crude tissue fractions
in several different ways (Levine, 1983;
Haliwell and Gutteridge, 1989), the most
accomplished being a combination of
ascorbate and iron, which can trigger a
Fenton-reaction with formation of highly
reactive hydroxyl radicals that can cause
chain-initiation reaction of lipid peroxidation
or trigger complex pathways of protein
oxidation (Dean et al., 1997). The cellular and
molecular basis of oxidative stress induced
neuronal disorders emphasize that
mitochondrial decay may be a primary factor
for oxidative damage as they are the chief
source of endogenous oxidants. We thought
it interesting, therefore, to analyse the
effectiveness of BAM in preventing oxidative
damage to lipid and protein portions of rat
brain crude mitochondrial fraction exposed
to iron and ascorbate.

Based on our findings, it is not unlikely
that Bacopa extracts can be used as a
cytoprotective agent against several neuro-
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degenerative disorders as also in ageing of
brain where oxidative insult has been
implicated.

Methodology

Estimation of Total Phenolics

The method (Singleton and Rossi, 1965)
downscaled to 1 ml final volume was followed
to determine the amounts of total phenolics
in the test samples. The test samples (each
100 µL) were mixed with 500 µL of 1:10 Folin-
Ciocalteau’s reagent followed by addition of
Na2CO3 (400 µL, 7.5%). After incubating the
reaction mixture at 24oC for 2 h, the
absorbance at 765 nm was recorded. Gallic
acid monohydrate was used as the standard.
The total phenolic contents of the test samples
are expressed as Gallic acid equivalents (µg
GAE)/mg dry weight of the samples.

Estimation of Total Flavonoids

The known method (Jia et al., 1999)
downscaled to 1 ml was followed. The sample
(100 µg) was added to 0.4 ml distilled water
followed by NaNO2 (0.03 ml, 5%). After 5 min
at 25oC, AlCL3.6H2O (0.03 ml, 10%) was added
followed by aqueous NaOH (0.2 ml, 1 M) after
6 min. The mixture was diluted with water
to 1 ml and the absorbance at 510 nm was
read. Epicatechin was used as the standard
and the total flavonoid content of the test
samples was expressed as epicatechin
equivalents (µg ECE)/mg dry weight of the
samples.

DPPH Scavenging Assay

An ethanolic solution of DPPH (100 µM)
was incubated with an ethanolic solution of
each of the test samples at various
concentrations and the absorbance monitored
spectrophotometrically at 517 nm. The 50%
reduction of the DPPH absorbance at the
given concentration of the test samples was
used to calculate the IC50 values (Mellors and

Tappel, 1966). Ethanol solution of the
respective test samples were used as the
blank, while alpha tocopherol was the positive
control.

Hydroxyl  Radical Scavenging Assay

Reaction mixture (1mL) contained 2-
deoxyribose (2.8 mM), Fe (III) chloride (20µM),
EDTA (100µM) [EDTA and Fe (III) chloride
were mixed prior to the addition of 2-
deoxyribose] and H2O2 (200 µM) without or
with the test samples or mannitol (50-500 µg/
ml) in a 10 mM potassium phosphate buffer
pH 7.4. The reaction was triggered by adding
ascorbic acid (300 µM) and subsequent
incubation of the mixture for 1 h at 37 oC.
Solutions of Fe (III) chloride, ascorbic acid
and H2O2 were prepared in deaerated water
just prior to use. A solution of TBA in 50 mM
NaOH (1 mL, 1% w/v) and TCA (1 mL, 2.8%
w/v aqueous solution) was added, the mixture
heated for 15 min on a boiling water bath
and the amount of chromogen produced was
spectrophotometrically measured to find out
the IC50 values of the test samples (Halliwell
and Gutteridge, 1987) at 532 nm.

Febric Reducing/Anti-oxidant Power

The antioxidant capacity of each sample
(aqueous, methanolic, ethanolic solutions)
was estimated according to the procedure
described by (32 Benzie and Strain 1996) with
some modifications. Briefly, 900 µL of FRAP
reagent, prepared freshly and warmed at 37oC
was mixed with 90 µL of distilled water and
30 µL of test sample, water, methanol or
ethanol as appropriate for the reagent blank.
The final dilution of the test sample in the
reaction mixture was 1/34. The FRAP reagent
contained 2.5 mL of a 10 mmol/L TPTZ
solution in 40 mmol/L HCl plus 2.5 mL of 20
mmol/L FeCl3.6H2O and 25 mL of 0.3 mol/L
acetate buffer, pH 3.6 (34.Benzie and Strain,
1996). Readings at the absorption maximum
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(595 nm) were taken after 30 minutes using
a Jasco V-550 spectrophotometer (Jasco-
Japan) equipped with thermostatized auto-
cell-holder. Temperature was maintained at
37oC and the reaction monitored for up to 30
min. Aqueous, methanolic, ethanolic solutions
of known Fe (II) concentrations is used for
calibration.

Mitochondrial Lipid Peroxidation

Rat brain mitochondria were isolated by
differential centrifugation as  published
earlier (Berman and Hastings, 1999). Briefly,
the brain from one adult rat was homogenized
in 10 ml of buffer containing 225 mM
Mannitol, 75 mM sucrose, 5 mM HEPES,
1mM EGTA, 1 mg/ml BSA, pH 7.4. The
homogenate was brought to 30 ml with the
same buffer and centrifuged at 3000 X g for 3
min. at 4oC. The supernatant  was divided
into 2 tubes and centrifuged at 12,000 X g for
10 min. The pellet containing the mixture of
syanptosome and mitochondria was
suspended in 10 ml of homogenization buffer
containing 0.02% Digitonin to lyse the
synaptosome followed by centrifugation at
12,000 Xg for 10 min to pellet down both
extrasynaptosomal and intrasynaptosomal
mitochondria. The mitochondrial pellet was
washed twice in the same buffer without
EGTA and BSA and Digitonin and family
resuspended in 100 mM phosphate buffer for
further experiments.

Mitochondria were incubated in 100 mM
phosphate buffer pH 7.4 (200-300 µg)
mitochondrial protein for lipid peroxidative,
protein crosslinking and protein carbonyl
measurement in the absence (Control) or
presence of FeSO4 (100 µM) and Ascorbate (2
mM) with or without other additions like BHT
(0.2 mM) or BAM (50 µg/ml) for 1 hr. The
extent of lipid peroxidation in mitochondrial
sample during in vitro incubation was
measured by quantitating the amount of

Malondialdehyde (MDA) formed by 2-
thiobarbituric acid (TBA (reaction Ohkawa et
al., 1979)) The maount of malon dialdehyde
(MDA) produced was calculated using the
molar extinacion co-efficient of MDA-TBA
adduct as 1.56 X 105 cm2 mmol-1 (Chakrabarty
et al, 2001).

Protein Cross-Linking

In some experiments, the incubation was
terminated by the addition of electrophoresis
sample buffer containing 35 SDS followed by
heating for 3 min and the mitochondrial
protein was analysed by SDS-Polyacrylamide
gel electrophoresis using 10% separating gel
and 4.5% stacking gel. The gels were stained
by coomassie brilliant blue R followed by
destaining in 5% methanol and 7.5% acetic
acid until the background was clear (Laemmli
et al, 1970).

Protein Carbonyl Western Blot

At the end of incubation the samples of
mitochondria were solubilized in 6% SDS and
the protein carbonyls derivatized to
hydrazones by treatment with 20 mM 2,4-
Dinitro phenylhydrazine (DNPH) in 10% TFA
for 10 min (Shacter et al., 1996). The samples
were then neutralized with 2M tris/30%
glycerol/19% β-mercapto ethanol and
subjected to sodium dodecylsulphate-
polyacrylamide gel electrophoresis (SDS-
PAGE) following the method described
previously (Laemmli et al, 1970). The proteins
were then transferred to a nitrocellulose
membrane by electroblotting. The
dinitrophenylhydrazone derivatives of protein
carbonyls were probed with polyclonal anti-
DNP antibodies and detected by goat anti-
rabbit IgG conjugated to alkaline phosphatase
using BCIP/NBT as the substrates.

Measurement of MMP using JC-1

For spectrofluorometric experiments,
isolated mitochondria were incubated in



Bombay Hospital Journal, Vol. 51, No. 4, 2009 463

buffer A at 37.8oC for 1h with or without FeSO4

(50 mM) and ascorbate (2 mM) and/or other
additions, followed by pelleting of the
mitochondria at 4.8oC by centrifugation with
an excess of buffer A. The mitochondrial
pellet was subsequently suspended in
appropriate dilution in buffer A containing 10
mM succinate and reincubated at 37.8oC for
30 min either in the presence of ‘mitosensor
dye’ (5 mg/ml) or JC-1 (10 mg/ml). After 30
min, the dye loaded mitochondria were
collected by centrifugation at 4.8oC with an
excess of buffer A, washed once more with
the same buffer to remove thoroughly the
dye remaining outside and finally resuspended
in appropriate dilution in buffer A for
spectrofluorometric measurements (Hitachi
F-4010). The spectrofluorometric readings
normalized to 1 mg/ml protein were expressed
as relative fluorescence units as described
earlier in the text (Reers et al., 1991).

Assay of Mitochondrial Cardiolipin
Content

Mitochondria were incubated in Isotonic
buffer-a (containing 145 mM KCl, 50 mM
sucrose, 5 mM NaCl, 1 mM egta, 1 mM MgCl2,
10 mM phosphate buffer, pH 7.4), (300-500
µg mitochondrial protein for CL
measurement), in the absence (control) or
presence of FeSO4 (50 µM) and Ascorbate (2
mM) with or without BHT (0.2 mM) or plant
extract (BAM) (2 mg/ml) for 1 hr at 37oC.

Cardiolipin content of mitochondria was
measured using the cardiolipin specific dye,
NAO. Rat brain mitochondria (incubated for
in vitro oxidative stress) were suspended in
isotonic Buffer-A, pH – 7.4 containing
succinate (10mM) and incubated at 37oC for
45 minutes with 5 µM NAO. The excess dye
was washed out by centrifugation and the
mitochondrial pellet was appropriately diluted
in Buffer-An for fluorescence measurements
(lex-485 nm, lex – 535 nm) in a

Spectrofluorometer (JASCO, model no. FP-
6300). The fluorescence values normalized to
1 mg protein/ml were converted to relative
fluorescence units using quinine (1 µg/ml in
0.1 N H2SO4, lex – 360 nm, lem – 475 nm) as
the reference (Petit et al., 1992).

Establishment of Cell – Culture

A Cell culture laboratory has been set up
consisting of a Buffer (Anti) room and Main
cell – culture room. Instruments used are
Vertical Laminar Hood (TECHNOLAB),
Carbon dioxide Incubator (LISCHEN). Aseptic
conditions are maintained by fumigation (40%
formaldehyde) and autoclaving the glass
wares.

Cultured cells (Primary cell culture) of
neural cell origin (Neura-2, rat neuroblastoma
cell-line) were procured from National Centre
for Cell Sciences, NCCS, Pune. The cultured
cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% FBS (Foetal
Bovine Serum) and 2% Glutamine, incubated
at 37oC in 95% Air/5% CO2 atmosphere. The
confluent cells were being assayed. Some of
the preliminary works have been done like
Cell-Viability Assay (LDH assay), Induction
of Oxidative-stress etc which is still in the
process of standardization. Detailed studies
with cultured Neural Cell Line will be
reflected in the next report.

1. MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-
biphenyl tetrazolium bromide) assay for cell
proliferation : As 2O3 showed cytotoxicity on
Nura-2 cell line and it induced apoptosis in
this Nura 2-cell line by generating reactive
oxygen species (ROS). To study the effects of
Bacopa on As2O3 treated Nura-2 cell, MTT
assay was carried out following the kit
protocol purchased from Roche. For the MTT
assay, cells (5 x 104 per well) were added to a
serial dilution in 96-well plates. After
incubation for 20 h, 50 µl of the MTT solution
(1.1 mg/ml) was added to each well and
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incubated for an additional 4 h. The coloured
formazan crystal produced from the MTT was
dissolved in 150 µl of dimethyl sulphoxide
(DMSO). The optical density (OD) values of
the solutions were measured at 540 nm using
a plate reader.

2. Caspase-3 assay : This assay was done
using an Apo-Alert colorimetric caspase assay
kit from BD Biosciences Clontech. Cells (1 x
106 cells per well) were plated into 6 cm dishes
and subjected to various treatments. Cells
were then collected and lysed in lysis buffer
provided in the kit. Caspase-3 activity was
measured at a wavelength of 405 nm using
the detection of chromophore p-nitroaniline
(pNA) after its cleavage by caspase-3 from the
labelled caspase-3 specific substrate, DEVD-
pNA.

3. Measuring The Intracellular ROS
Generation :  Time course experiments were
done to compare ROS production in Nura-2
cells after the various different treatments.
ROS production was detected using 2-
dihydroethidium (10 µmol/L). Cells were
incubated for 30 minutes at 37oC before the
reaction was terminated. Cells were
subsequently washed twice in PBS and
analysed by flow cytometry.

Results

Flavonoid and total phenol contents of the
extracts  :  It has been recognized that
flavonoids show antioxidant activity and their
effects on human nutrition and health  are
considerable. The mechanism of action of
flavonoids are through scavenging or
chelating process. Phenolic compounds are a
class of antioxidant agents which act as free
radical terminators. Table 1 show the
contents of total phenols that were measured
by Folin Ciocalteau reagent in terms of Gallic
acid equivalent. The BE extract had
marginally high phenolic content as compared
to BAM and BA extract, but the flavonoid

contents of the BAM was the highest (95.90 ±
4.79 µg), followed by BE (81.45 ± 5.16 µg) and
BA (36.25 ± 1.94 µg) extracts in terms of
Epicathecin equivalent per mg of extract
(Table 2). The aqueous extract of Bacopa has
the least flavonoid and phenolic content.

DPPH scavenging activity

Free radicals are involved in many
disorders like neurodegenerative diseases,
cancer and AIDS. Antioxidants through their
scavenging power are useful for the
management of those diseases. DPPH stable
free radical method is an easy, rapid and
sensitive way to survey the antioxidant
activity of a specific compound or plant
extracts. Table 3 shows the amount of each
extract needed for 50% inhibition (IC50). IC50

of the standard alpha tocopherol was 29.66 ±
1.78 µg/ml. The highest DPPH radical
scavenging activity was showed by BAM
extract with IC50 = 46.40 ± 4.10 µg/ml, which
is higher than that of BE extract (57.50 ± 5.41

Table 2 : Epicatechin equivalent in per mg of
different extracts of Bacopa monneri. The

values are mean ± SEM (n=3). *p < 0.001 with
respect to aqueous extract, **p < 0.05 with

respect to ethanolic extract

Test sample µg of Epicatechin equivalent
per mg of plant extract

Aqueous extract 36.25 ± 1.94

Aqueous methanolic extract 95.90 ± 4.79**

Ethanolic extract 81.45 ± 5.16*

Table 1 : Gallic acid equivalent in per mg of
different extracts of Bacopa monneri. The

values are mean ± SEM (n=3). *p < 0.001 with
respect to aqueous extract

Test sample µg of Gallic acid equivalent
per mg of plant extract

Aqueous extract 29.25 ± 3.1

Aqueous methanolic extract 82.25 ± 7.3*

Ethanolic extract 87.75 ± 9.5*
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µg/ml; p < 0.05). Aqueous extract did not show
any significant DPPH scavenging activity
(data not shown).

Hydroxyl Radical Scavenging

Hydroxyl radicals are the major active
oxygen species causing lipid peroxidation and
enormous biological damage. In this study,
hydroxyl radicals were generated by
incubating ferric-EDTA with ascorbic acid and
H2O2 at pH 7.4, and reacted with 2-deoxy-2-
ribose to generate a malondialdehyde (MDA)-
like product. This compound forms a pink
chromogen upon heating with TBA at low pH.
When Bacopa extracts were added to the
reaction mixture, it removed the hydroxyl
radicals from the sugar and prevented the
reaction. The IC 50 values of BAM and BE
extract was 41.5 ± 2.3 µg/ml and 45.25 ± 3.8
µg/ml respectively, which indicates that the
BAM extract is a better hydroxyl radical
scavenger than BE extract (p < 0.05) and the
standard mannitol (IC50=331.31 ± 25.64 µg/
ml; p < 0.001) (Table 4).

Ferric Reducing/Anti-oxidant power

The antioxidant potentials of the Bacopa
extracts were estimated from their power to
reduce the TPTZ-Fe (III) complex to TPTZ-
Fe (II) complex (FRAP assay), which is simple,
fast, and reproducible (Wong et al., 2006). The
FRAP is versatile and can be readily applied
to both aqueous and alcohol extracts of

different plants. The results are expressed
as µmol ferrous equivalents per mg of
sample. Table 5 shows the antioxidant activity
of Bacopa extracts including positive control
of ascorbate and gallic acid. For the BAM
extracts, the antioxidant activity ranged from
246 to 1290 µmol Fe (II)/mg. Ethanol extract
showed the highest antioxidant activity (1290
µmol Fe (II)/mg), followed by the methanol
extract (876 µmol Fe (II)/mg) and the water
extract (261 µmol Fe (II)/mg). Wong et al
(2006) classified categories of medicinal plants
based on their antioxidant activit ies:
extremely high (> 500 µmol Fe (II)/g), high
(100-500 µmol Fe (II)/g), medium (10-100 µmol
Fe (II)/g), and low (< 10 µmol Fe (II)/g). Under
this classification, all the extracts exhibited
extremely high antioxidant activity, with
distilled water extract (BA) being the highest.

Mitochondrial lipid peroxidation

Iron-ascorbate induced peroxidative
damage to mitochondrial l ipid :  Lipid
peroxidation is a unique mode of oxidative
injury which is triggered and promoted by
different radical and nonradical members of
reactive oxygen species (ROS) family or by
the catalytic decomposition of performed lipid
hydroperoxides in tissues by several agents
including most notably the transition metals
and microsomal cytochromes. The results
show that an exposure of mitochondria to a
mixture of Fe2+ (50 mM) and ascorbate (2 mM)

Table 3 : IC
50
 values (µg/ml) of test samples in

scavenging DPPH radical. Values are Mean
SEM (n=3). *p < 0.001 when compared to the

standard alpha tocopherol, **p < 0.05 between
the Aqueous methanolic and ethanolic

extract

Test sample Concentration (µg/ml)

Alpha tocopherol 29.66 ± 1.78

Aqueous methanolic 46.40 ± 4.10*,**
extract (BAM)

Ethanolic extract (BE) 57.50 ± 5.41*

Table 4 : IC
50
 values (µg/ml) of test samples in

scavenging hydroxyl radical. Values are
Mean SEM (n=3). *p < 0.001 when compared to
the standard mannitol, **p < 0.05 between the

Aqueous methanolic and ethanolic extract

Test sample Concentration (µg/ml)

Mannitol 331.31 ± 25.64

Aqueous methanolic 41.5 ± 2.3*,**
extract (BAM)

Ethanolic extract (BE) 45.25 ± 3.8*
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led to a striking increase in MDA production.
When brain mitochondria were incubated in
the presence of BAM extract for 1 h the
formation of MDA was negligible in
comparison to that induced by iron-ascorbate.
The lipid-soluble antioxidant BHT (0.2 mM)
exhibited similar results (Fig. 1).

Protein Cross-linking

The SDS-gel  electrophoretic pattern of
proteins from purified mitochondrial pellet
shows that the oxidative stress induced by
iron-ascorbate resulted in the formation of
distinct high molecular weight aggregates
along with partial or complete disappearance
of many other protein bands. Preincubation
with BAM inhibited the formation of high
molecular weight cross-linked protein and
also significantly prevented the disappearance
of other protein bands (Fig. 2). The
antioxidant BHT (0.2 mM) produced similar
effects.

Protein Carbonyl Western blot

The formation of protein carbonyls is
considered as a hallmark of oxidative protein
damage and may result from a primary
damage inflicted by ROS or secondary
modifications due to formation of stable
adduction compounds between reactive
aldehydic end products of lipid peroxidation
(e.g. 4-HNE) and amino acid side chains. Our
results indicate that iron-ascorbate mediated

Table 5 : Comparison of FRAP values at 30 minutes (µmol) equivalent of FeII/L) of aqueous,
aqueous methanolic, and ethanolic extract (1 mg). Calculated with the respective calibration
curve of FeSO

4
 in distilled water, methanol, and ethanol. Values are Mean SEM  (n=3). Ascorbic

acid and Gallic Acid were used as standard. ap < 0.01, ep < 0.01, hp < 0.01 with respect to Ascorbate.
bp < 0.001, f p < 0.001, ip < 0.001 with respect to Gallic acid. cp < 0.01 with respect to methanolic

solution of Bacopa monneri. dp < 0.001 with respect to ethanolic solution of Bacopa monneri.
gp < 0.05 with respect to ethanolic solution of Bacopa monneri

Sample Distilled water Aqueous-Methanol Ethanol

Ascorbate 15367 ± 834.54 11193 ± 577.55 21273 ± 978.34

Gallic acid 26147 ± 768.21 17232 ± 896.0 29083 ± 1063.60

Bacopa monneri 246 ± 15.88a,b,c,d 833 ± 45.32e,f,g 1236 ± 65.31h,i

Fig. 1 :Lipid peroxidat ion in mitochondrial
fractions exposed to iron-ascorbate, with or
without additions. Lipid peroxidation was
induced in mitochondria in the persence of
FeSO4 (100 µM) and Ascorbate (2mM) with
or without BHT (0.2 mM) or BAM (100 µg/
ml),  fol lowed by the est imation of
malondialdehyde (MDA) as described in the
test. #p < 0.001 when compared to control;
*p < 0.001 when compared to only Fe-
Ascorbate treated mitochondria; **p < 0.05
when compared to BHT treatment.

protein carbonyl formation in incubated
mitochondria is ably prevented by BAM
extract which is comparable to BHT (Fig. 3).

Effect on Mitochondrial Member
Potential

A quantitative assessment of mitochondrial
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transmembrane potential was made by the
measurement of fluorescence emission of J-
aggregate at 595 nm within control as well
as oxidatively damaged mitochondria. The
results (Fig. 4) indicate that in mitochondria
treated with Fe2+ (50 mM) and ascorbate (2
mM) for 1 h, J-aggregate fluorescence was
diminished remarkably indicating a loss of
mitochondrial transmembrane potential by
oxidative injury. However, BAM extract (50
µg/ml) prevented the mitochondrial
membrane depolarization induced by Fe2+ -
ascorbate very significantly. Similar results
were obtained with BHT.

Mitochondrial Cardiolipin Content

Cardiolipin (CL) is a mitochondrion specific

Fig. 2 :Protein cross-linking/degradation in rat
brain mitochondria by iron ascorbate. Rat
brain mitochondria were incubated with
Fe2+ (100 µM) and Ascorbate (2mM) for 2 h
at 37oC in presence or absence of BHT (0.2
mM) or BAM (50 µgm/ml) followed by SDS
gel electrophoresis. All the lanes contained
equal  amount of  protein.  Lane a :
mitochondria + Fe 2+  + ascorbate + BHT;
Lane b : mitochondria + Fe 2++ascorbate +
BAM; Lane c : mitochondria + Fe 2+  +
ascorbate; Lane d : mitochondria incubated
alone. The cross linked protein (indicated
by an arrow) is visible in lane c only, where
several protein bands have also disappeared.

Fig. 3 : Immunodetection of mitochondrial protein
carbonyls after oxidative stress. Rat brain
mitochondria were incubated with or
without Fe2+ (100 µM) and Ascorbate (2mM)
in vitro for 1 h at 37oC in the presence or
absence of BHT (0.2 mM) and BAM (50
µgm/ml) followed by the detection of protein
carbonyls by DNPH-derivatization and
immunoblotting using anti-DNP antibodies
as described. Lane a : mitochondria + Fe2+ +
ascorbate + BHT; Lane b : mitochondria +
Fe2++ascorbate + BAM; Lane c : mitochondria
incubated alone; Lane d : mitochondria +
Fe2+ + ascorbate.

phospholipids located exclusively in the inner
membrane of mitochondria. It has a pivotal
role as the boundary lipid of various proteins,
such as NADH-ubiquinone oxidoreductase,
Cytochrome-C oxidase and Cytochrome-C in
the inner mitochondrial membrane (serves
as an insulator and stabilizes the activity of
protein complexes). Generation of ROS in
mitochondria might be expected to induce the
peroxidation of CL because CL in
mitochondria contains significant quantity of
highly unsaturated fatty acids. The Acridine
orange derivative, 10N-nonyl acridine orange
(NAO) interacts with acidic phospholipids,
more particularly with CL. Therefore, the
high affinity of NAO for CL was used to
quantify this phospholipids in freshly isolated
mitochondria.
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The plant extract (BAM) has a synonymous
action as that of BHT (standard antioxidant)
as concluded by the data from measurement
of mitochondrial membrane potential using
JC-1 and assay of cardiolipin, and has shown
to reduce oxidative stress in rat brain
mitochondria (Table 6).

Effects of BAM on Caspase Activity
and Cellular Proliferation in Nura-2
cell line

As2O3 showed cytotoxicity on Nura-2 cell
line and it induced apoptosis in this Nura-2
cell line by generating reactive oxygen species
(ROS). To study the effects of Bacopa on As2O3

treated Nura-2 cell, MTT assay was carried
out following the kit protocol purchased from
Roche. For the MTT assay, cells (5 x 104 per
well) were added to a serial dilution in 96-
well plates. After incubation for 2 h, 50 µl of
the MTT solution (1.1 mg/ml) was added to
each well and incubated for an additional 4 h.
The coloured formazan crystal produced from
the MTT was dissolved in 150 µl of dimethyl
sulphoxide (DMSO). The optical density (OD)
values of the solutions were measured at 540
nm using a plate reader.

Caspase-3 activity

This assay was done using an Apo-Alert
colorimetric caspase assay kit from BD
Biosciences Clontech. Cells (1 x 106 cells per
well) were plated into 6 cm dishes and
subjected to various treatments. Cells were
then collected and lysed in lysis buffer
provided in the kit. Caspase-3 activity was
measured at a wavelength of 405 nm using
the detection of chromophore p-nitroaniline
(pNA) after its cleavage by caspase-3 from the
labelled caspase-3 specific substrate, DEVD-
pNA.

Data showed that As2O3 treatment induced
cell death but when the cells were treated
with BAM then it curbed the cytotoxic effects
of As2O3, whereas the cell line only treated
with BAM did not show any significant
changes in comparison to the Control or
untreated cell (Figs. 5,6,7).

Effect of Intracellular ROS Generation

Time course experiments were done to

Fig. 4 :Graph showing relative fluorescence unit
using JC-1. Mitochondrial  suspension was
treated in the presence of FeSO4 (100 µM)
and Ascorbate (2mM) with or without BHT
(0.2 mM) or BAM (100 µg/ml). #p < 0.001
when compared to control; *p < 0.001 when
compared to only Fe-Ascorbate treated
mitochondria.

Table 6 : Cardiolipin loss in mitochondrial fraction exposed to Iron – Ascrobate stress

Incubation mixture Cardiolipin content (relative fluorescence unit/mg protein)

Mitochondria alone (Control) 0.150 ± 0.008

Mitochondria + Fe++ + Ascorbate 0.110 ± 0.006

Mitochondria + Fe++  + Ascorbate + BHT 0.146 ± 0.007

Mitochondria + Fe++ + Ascorbate + BAM 0.138 ± 0.008
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compare ROS production in Nura-2 cells after
the various different treatments. ROS
production was detected using 2-
dihydroethidium (10 µmol/L). Cells were
incubated for 30 minutes at 37oC before the
reaction was terminated. Cells were
subsequently washed twice in PBS and
analyzed by flow cytometry (Fig. 8).

Intracellular ROS generation was induced
in the As 2O3 treated cell and that in turn
resulted in cell death now when those cells
were pretreated with BAM prior to the As2O3

treatment the ROS production were
suppressed. This effect of BAM was similar
as like catalase treated cell.

Discussion

In l iving systems, free radicals are
constantly generated and they can cause
extensive damage to tissues and biomolecules
leading to various disease conditions,
especially degenerative diseases, and
extensive lysis. Many synthetic drugs protect
against oxidative damage but they have
adverse side effects. An alternative solution
to the problem is to consume natural
antioxidants from food supplements and
tradit ional medicines. Recently, many
natural antioxidants have been isolated from
different plant materials.

The powder obtained from the whole plant
of brahmi is an ayurvedic medicine, which is
clinically used for memory enhancing,
epilepsy, insomnia and as a mild sedative.
Due to its neuroprotective properties is
considered a potential curative for
neurodegenerative disorders. It was
envisaged that the beneficial properties of
brahmi, in part, be attributed to its anti-
oxidative properties. So, we evaluated the
radical scavenging property/anti-oxidant
potential of Brahmi extract in different
solvent systems. For this, the constituents
of the plant were fractioned in terms of their

Fig. 5 :Caspase 3 activity was inhibited by Bacopa
treatment.

Fig. 6 :Bacopa suppresses caspase 3 activity and
inhibits apoptosis.

Fig. 7 :Effects of Bacopa on cell viability.

Fig. 8 :Effect of Bacopa on ROS scavenging.

polarity by successive extraction with ethanol,
aqueous-methanol (1:1) and water.
Concentration of these extracts under
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reduced pressure gave the respective extracts
termed as BA, BAM and BA. The polyphenol
and flavonoids contents as well as the
antioxidant activity of Bacopa monniera
extracts have been determined using DPPH,
Hydroxyl radical scavenging and FRAP assay.
The DPPH method revealed their good radical
scavenging properties. BAM was found to be
most effective in scavenging the DPPH
radicals followed by BE and BA. The hydroxyl
radical scavenging property of the extracts
also corroborated well with theDPPH radical
scavenging properties in the same order.
Although the total phenolics content of BE
and BAM extracts were comparable, BAM
extract had far better flavonoid content than
BE and BA. All studies showed promising
results, the order of efficacy being BAM > BE
> BA. Based on these initial findings, BAM
was obviously the extract of choice for further
work.

The next step was to mimic a condition of
oxidative stress in-vitro which seems to be
prevalent in brain and subsequently check
the protective action of BAM. Hence, a
combination of iron and ascorbate has been
used to induce lipid peroxidation and protein
oxidation in-vitro in rat brain mitochondria.
This combination represents a physiologically
relevant pro-oxidant system in the context of
brain, since ascorbate content of brain is very
high and several regions of the brain are
enriched in iron. It is a well known
phenomena that iron and ascorbate mixture
generates damaging hydroxyl radical by the
Fenton-mechanism, which induce lipid
peroxidation in rat brain mitochondria. Our
results suggests that preincubation with BAM
confers significant protection against lipid
peroxidation which is comparable with BHT,
which may be indicative of the fact that the
extractives in BAM works as a chain breaking
inhibitor of lipid peroxidative process.

Oxidative damage inflicted by ROS or
formation of stable adduction compounds
between reactive aldehydic end products of
lipid peroxidation and amino acid side chains
leads, to the formation of protein carbonyls
and incorporate carbonyl groups into
polypeptide chains or cause covalent cross-
linking of different protein molecules or
fragmentation of polypeptide chains leading
to impairment of protein functions.

Carbocyanine dye JC-1 is used for the
assessment of mitochondrial membrane
potential in control and experimental
samples. The negative transmembrane
potential of mitochondria caused a directional
uptake of the cationic dye into the matrix with
subsequent formation of concentration-
dependent J-aggregates and the fluorescence
intensity of J-aggregate at 590 nm, therefore,
reflected changes in mitochondrial membrane
potential.

Our results suggest that pre-incubation
with the BAM extract reverted back the loss
of mitochondrial membrane potential by iron-
ascorbate to near normal.

Cardiolipin is an important constitutent of
the mitochondrial membrane and maintain
the mitochondrial integrity and functions.
BAM confers protection to iron-ascorbate
mediated cardiolipin loss to mitochondria,
significantly.

Cell culture experiments also yielded
similar results.

Conculsion

On the basis of the results obtained in the
present study, it is concluded that aqueous
methanolic extract of Bacopa monnieri, which
contains large amounts of flavonoids and
phenolic compounds, exhibit high antioxidant
and free radical scavenging activities. It also
chelates iron and has reducing power. These
in vitro assays indicate that this plant extract
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is a significant source of natural antioxidant,
which might be helpful in preventing the
progress of various oxidative stresses.
However, the components responsible for the
antioxidative activity are currently unclear.
Therefore, further investigation is needed to

isolate and identify the antioxidant
compounds present in the plant extract.
Furthermore, the in vivo antioxidant activity
of this extract needs to be assessed prior to
clinical use.

INCREASING OPTIONS FOR THE TREATMENT OF OSTEOPOROSIS

Efficacy of a human monoclonal antibody to receptor activator of nuclear factor kappars ligand
(RANKL), denosumab, in reducing fractures.

Subcutaneously every 6 months for 3 years. As compared with placebo, denosumab reduced the 3-
year incidence of new vertebral fractures from 7.2% to 2.3% (a 68% decrease), of hip fractures from
1.2% to 0.7% (a 40% decrease), and of all nonvertebral fractures from 8.0% to 6.5%.

If the drug goes on to be approved by the food and drug administration (FDA), what effect will it have
on the care of patients with osteoporosis?

The only currently approved anabolic agent for treating osteoporosis is teriparatide (human
parathyroid hormone 1-34), which stimulates new bone formation.

The predominant competitors for denosumab are the four bisphophonates, which have varying
routes and frequencies of administration. Costs of these drugs also vary widely, with average
wholesale.

Since denosumab will be entering this possibly saturated antiresorptive-drug market, where will it
fit in terms of clinical use?

In the absence of head-to-head comparator trials, it is difficult to compare the antifracture efficacy
of the various drugs. Nonetheless, the magnitude of risk reduction for vertebral fractures with
denosumab appears to be similar to that reported for intravenous zoledronic acid or teriparatide and
perhaps somewhat greater than that seen with oral bisphophonates. Thus, denosumab seems at
least as efficacious as the best of the currently approved alternatives.

Since denosumab is given subcutaneously twice yearly and could be self-administered, obviating the
need for a clinic visit for an intravenous infusion, it is possible that patients taking denosumab would
have higher compliance rates.

Potential adverse events associated with longterm bisphophonate use, including osteonecrosis of
the jaw and atypical femoral subtrochanteric fracture have attracted recent attention.

Perhaps the major concern about long-term use of denosumab relates to its possible effects on the
immune system. An increased rate of serious infections related to denosumab. In rates of eczema
and hospitalizations for cellulitis.

Finally, cost is increasingly relevant, a higher cost of denosumab would considerably limit its use.

The real need in osteoporosis treatment is for additional anabolic agents. The use of teriparatide
leads to new bone formation, but not all patients have a response to treatment, and the skeletal
response wanes over time, limiting its anabolic effect.

N Engl J Med, 2009; 361 : 818-19.


