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INtrODuctION

Bacopa monniera (L.) Wettst. (Scrophulariaceae), also 
referred to as water hyssop, and ‘‘Brahmi,’’ has been in 
use since time immemorial as nerve tonic for improvement 
of  memory. B. monniera is a perennial creeping plant found 
throughout India in wet, damp and marshy areas.[1-2] The 
plant has been used in Indian folklore as a nerve tonic.[3] 
Traditionally, it was used as a brain tonic to enhance 
memory development, learning and concentration[4] and 
to provide relief  to patients with anxiety or epileptic 
disorders.[5] Alcoholic extract of  B. monniera has shown 
cognition facilitating effect in normal rats[6] and in different 
behavioral response studies[7] and also inhibited the 
amnesic effects of  scopolamine, electroshock and 
immobilization stress.[8] B. monniera extract shown 
phenytoin- induced cognitive deficit in mice by both 
acquisition and retention of  memory without affecting 
its anticonvulsant activity.[9]

Bacopa extract contains two prominent constituents 
namely, bacoside-A [10-11] and bacoside-B.[11-12] It has also 
been shown to exert antioxidant effects through the 

chelating of  metal ions, breaking oxidative chain 
reaction,[13] improving activities of  anti oxidative defense 
enzymes such as superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPx),[14] and 
scavenging other free radicals.[15] It also exhibits antistress 
activity in rat by modulating the activities of  Hsp70, P450, 
and SOD,[16] repairing the damaged neurons by enhanced 
kinase activity, neuronal synthesis coupled with restoration 
of  synaptic activity, and nerve impulse transmission.[17] 

Synthetic antioxidants like butylated hydroxytoluene 
(BHT) and butylated hydroxyanisole (BHA) commonly 
used in processed foods have side effects and are 
carcinogenic.[18] In recent years, the use of  natural 
antioxidants present in food and other biological materials 
has attracted considerable interest due to their presumed 
safety, nutritional and therapeutic value. Epidemiological 
and in vitro studies strongly suggest that food containing 
phytochemicals with antioxidants have potentially 
protective effects against many diseases, including cancer, 
diabetes and cardiovascular diseases.[19] Plant and plant 
products are being used as a source of  medicine since 
long. The medicinal properties of  plants have been 
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investigated in the recent scientific developments 
throughout the world, due to their potent antioxidant 
activities, no side effects and economic viability.[20] 
Phenolic and flavonoid compounds widely distributed in 
plants which have been reported to exert multiple 
biological effect, including antioxidant, free radical 
scavenging abilities, anti-inflammatory, anticarcinogenic 
etc.[21]

Nowadays, there is an increasing interest in the 
biochemical functions of  natural antioxidant extracts 
from vegetables, fruits and medicinal plants, which can 
become candidates to prevent oxidative damage, 
promoting health. The phenolic constituents found in 
vegetables have received considerable attention for being 
the main components of  antioxidant activity, in spite of  
not being the only ones. The antioxidant activity of  
phenolic constituents has been attributed to its oxide-
reduction properties, which play an important role in the 
adsorption or neutralization of  free radicals.[22]

Based on its reputation to improve health condition 
Bacopa monniera has been selected for the present study 
and evaluated for its antioxidant properties and DNA 
damage prevention using various in vitro systems. 

MAterIALs AND MethODs

Plant material 

Bacopa monniera (L) Wettst. aerial plant material was 
collected from the foot hills of  Tirumala, Tirupati, 
Andhra Pradesh, India, and identified with the help of  
herbarium collection, Department of  Botany, Sri 
Venkateswara University, Tirupati, Andhra Pradesh. The 
plant material was allowed to dry in shade for three days. 
The shade dried plant material was taken for further 
studies.

Chemicals and reagents 

Hexane, chloroform, ethyl acetate, acetone, methanol and 
distilled water were used as solvent for extraction of  
antioxidant compounds. Other solvents and chemicals 
used in this study were dimethyl sulphoxide (DMSO), 
petroleum ether (40- 60ºC), H

2
SO

4
, NaOH, HCl, H

3
BO

3
, 

DPPH (1,1,Diphenyl 1-2,picryl hydrazyl), BHA, Gallic 
acid, Folin-Ciocalteu reagent, FeCl

2
, ferrozine, potassium 

ferricyanide, NaEDTA, ascorbic acid, TCA, FeCl
3
, 

Na
2
CO

3
, catechin, deoxyribose, H

2
O

2
, thiobarbituric acid 

(TBA). All the chemicals and reagents were of  analytical 
grade and were stored at prescribed conditions in the 
laboratory.

Sequential extraction 

Fifty gram of  crushed leaf  sample was taken for extraction 
procedure. Cold extraction method was followed for 
sequential extraction of  Bacopa from non polar to polar 
solvents viz., hexane, chloroform, ethyl acetate, acetone, 
methanol and water. The extract was filtered through 
whatman No.1. The filtrate was flash evaporated using a 
round bottom flask of  known weight. Each of  the extract 
was weighed and total yield was calculated for each solvent 
system. A known weight of  each dried extract was 
dissolved in the respective solvents to prepare a stock 
solution of  100mg/ml. All the stock solutions were kept 
at 4ºC until further use.

Total polyphenols estimation

Total polyphenols content of  each extract was determined 
using folin-ciocalteu reagent (FC reagent) method of  
Singleton & Rossi.[23] Briefly, sample in different amounts 
was mixed with distilled water to make up final volume (3 
ml). Then, 0.5 ml FC reagent was mixed and incubated 
for 10 min at room temperature. Two milliliter 7% Na

2
CO

3
 

was added and boiled the content in a boiling water bath 
for one minute. After cooling, absorbance was measured 
at 650 nm (there is no distinct absorbance maximum 
wavelength for polyphenols, so 650 nm wavelength was 
used). Gallic acid was used as a standard and amount of  
total polyphenols content was expressed as µg gallic acid 
equivalent per milligram (µg GAE/mg) extract.

DPPH radical scavenging activity

The antioxidant activity of  different extracts was checked 
on the basis of  1, 1 diphenyl–2–picrylhydrazyl (DPPH) 
free radical scavenging activity. DPPH assay was 
performed as per the method described by Eberhardt et 
al.,[24] DPPH (500 µl, 0.5 mM in methanol) solution was 
mixed with different amounts of  sample and volume was 
made to 3.5 ml with methanol. The mixture was incubated 
in dark for 45 min at room temperature. Absorbance was 
recorded at 515 nm in a spectrophotometer. BHA was 
used as standard antioxidant compound. A positive 
control was prepared by mixing 3 ml methanol and 0.5 
ml of  DPPH solution. Sample blanks were prepared in 
methanol without DPPH solution to eliminate the 
absorbance of  crude extracts. Methanol was used as 
blank. The DPPH radical scavenging activity percentage 
was calculated by using the formula as given below:

DPPH° scavenging activity (%) =  [   (Ac
-A

s
)
 _____ A

c
   ]  × 100
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Where A
c
 is the absorbance of  positive control solution 

and A
s
 is the absorbance of  test solution. IC

50
 value, the 

concentration of  sample or extract required to scavenge 
50% of  the DPPH free radicals in the mixture, was 
calculated using a linear regression equation derived from 
the graph of   % DPPH scavenging activity and sample 
concentration.

Hydroxyl radical scavenging activity

Deoxyribose degradation assay was performed as per the 
method of  Halliwell et al., [25] with slight modification. 
Briefly, different concentrations of  extracts were mixed 
with 200 mM FeCl

3  
and 1.04 mM EDTA (0.2 ml 1:1), 

1 mM H
2
O

2 
(0.1 ml), 28 mM deoxyribose (0.1 ml) and 

1mM ascorbic acid (0.1 ml) and the final volume was 
made to 1.1 ml with phosphate buffer (0.2 mM, pH = 
7.2). The mixture was incubated at 37o C for 1 h. Then, 
1 ml of  thiobarbituric acid (1% in 50 mM NaOH) and 
1 ml of  5% TCA was added followed by boiling in a 
boiling water-bath for 20min. After cooling, absorbance 
of  the mixture was measured at 532 nm and the percentage 
inhibition was calculated.

Total reducing power estimation

The total reducing power of  different extracts was 
determined following the method of  Oyaizu.[26] Different 
amount of  extract was mixed with equal volume of  
phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and potassium 
ferricyanide (2.5 ml, 1%). The mixture was incubated at 
50o C for 20 min. A portion (2.5 ml) of  trichloroacetic 
acid (10%) was added to the mixture followed by 
centrifugation at 3000 rpm for 10 min. A 2.5 ml portion 
of  supernatant was mixed with 2.5 ml of  distilled water 
and 0.5 ml of  0.1% FeCl

3
. The absorbance was measured 

at 700 nm. Increased absorbance of  the reaction mixture 
indicated increased reducing power.

DNA damage protective activity

DNA damage preventive property of  Bacopa monniera was 
checked using pRSETA plasmid grown in E. coli. Plasmid 
DNA was isolated using QIA prep Spin Mini prep kit. 
Plasmid DNA was oxidized with H

2
O

2 
+ UV treatment 

in presence of  plant extract (PE) and checked on 1% 
agarose according to Russo et al.[15] with minor 
modifications. In brief, the experiment was performed in 
a 10µl in a micro centrifuge tube containing 200ng of  
pRSETA plasmid DNA in TE buffer (10mM Tris-Cl and 
1mM EDTA) pH 8.0.  H

2
O

2
 was added at final 

concentration of  10 mM/ml with various concentrations 
of  plant extracts (1 µl of  10mg/ml concentration). Along 
with plant extract, known antioxidants such as quercetin 
and gallic acid were also used at the concentration of  100 
µm. The reactions were initiated by UV irradiation and 
continued for 5 min on the surface of  a UV trans-
illuminator (312nm) under room temperature. After 
irradiation the reaction mixture along with gel loading dye 
(6X) was loaded on to 1% agarose gel and run at 200v for 
1hr. Untreated pRSETA plasmid DNA was used as a 
positive control in each run of  gel electrophoresis. 

resuLts AND DIscussION

Total polyphenols

Plant phenolics constitute one of  the major groups of  
compounds acting as primary antioxidants or free radical 
terminators. Phenolics are ubiquitous secondary 
metabolites in plants and possess a wide range of  
therapeutic uses such as antioxidant, antimutagenic, 
anticarcinogenic and anti-inflammatory, prevention of  
low density lipoprotein oxidation, free radical scavenging 
activities and also decrease cardiovascular complications.[27] 
In the present study it was found that highest polyphenols 
content was in methanol extract (55.0 µg/mg) followed 
by water extract (52.0 µg/mg), followed by chloroform 
(35.0 µg/mg) (Fig. 1). It is known that poly phenolic 
compounds have inhibitory effects on mutagenesis and 
carcinogenesis in humans when ingested up to 1 g daily 
from a diet rich in fruits and vegetables.[28] However, the 
activity of  synthetic anti oxidants was often observed to 
be higher than that of  natural anti-oxidants.[29] 

DPPH radical scavenging activity

Determination of  antioxidant activity of  different solvent 
extracts of  Bacopa was based on DPPH radical scavenging 
activity. The reduction capability of  DPPH radicals was 
determined by the decrease in its absorbance at 515 nm 
induced by antioxidants. On the DPPH radical, methanol 
fraction had significant scavenging effects with increasing 
concentration in the range of  0.1–0.8 mg/ml when 
compared with that of  BHA. The IC

50
 values were found 

with 0.052mg/ml and 0.42 mg/ml for methanol fraction 
and BHA respectively. The DPPH activity of  methanol 
fraction was found to increase in dose dependent manner. 
The antioxidant activity of  different extracts was 
calculated as their capacity to scavenge free radicals of  
DPPH, which has been widely used to evaluate the 
antioxidant activity of  natural products from plant and 
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microbial sources.[30] Although radical scavenging activity 
should not be considered as being synonyms with 
antioxidant activity, it is a fact that almost all of  the 
powerful natural antioxidants, such as tocopherol, 
carnosal and ascorbic acid are also strong scavengers of  
the DPPH radical. Thus, good activity in this test is also 
an indication of  the presence of  possible antioxidants. 
All the six extracts were used to check DPPH activity and 
IC

50
 values were calculated using regression equations 

derived from graph shown in Fig. 2A-F The IC
50

 values 
clearly indicate that methanol fraction has highest free 
radical scavenging activity while hexane fraction is least 
potent. The highest free radical scavenging activity of  
methanol extract can be attributed to the presence of  
polyphenols as this fraction contains maximum amount 
of  these secondary metabolites.

Hydroxyl radical scavenging activity

The hydroxyl radical is an extremely reactive free radical 
formed in biological systems and has been implicated as 
a highly damaging species in free radical pathology, 
capable of  damaging almost every molecule found in 
living cells.[31] The highly reactive hydroxyl radicals can 
cause oxidative damage to DNA, lipids and proteins. The 
Fentone reaction generates hydroxyl radicals (OH) which 
degrade DNA deoxyribose, using Fe2+ salts as an 
important catalytic component. Oxygen radicals may 
attack DNA either at the sugar or the base, giving rise to 
a large number of  products. 

Hydroxyl radicals are most reactive ROS, capable of  
attacking most of  the biological substrates. The prevention 

of  such deleterious effect is very necessary in terms of  
both human health and the self-life of  food, cosmetics 
and pharmaceuticals. So, it was considered important to 
assess the protective ability of  the sample extract against 
.OH radicals. In the .OH radical mediated 2-deoxy ribose 
degradation assay, .OH radicals are generated by Fenton 
chemistry using EDTA, Fe3+

 
ions, ascorbic acid and H

2
O

2
. 

The .OH radicals degrade the 2- deoxy ribose molecule 
into 2-thiobarbituric acid reactive substances (TBARS), 
which can be quantified spectrophotometrically at 532 
nm. Methanol and water extracts showed more or less 
similar hydroxyl radical scavenging activity i.e. IC

50
= 0.345 

and 0.350mg/ml respectively, remaining all extracts 
showed their IC

50
 values in between 0.45 to 0.60 mg/ml 

(Fig. 3). 

Total reducing power

Ferric ion reduction to ferrous ion reducing power was 
observed more in methanol extract followed by water 
extract and least power in hexane fraction (Fig. 4).

DNA damage protective activity

DNA damage protection studies were performed using 
methanol extract and water extract. Protection of  DNA 
strand breaks was observed more in methanol extract 
followed by water extract. Fig. 5A & B showed protection 
of  super coiled plasmid is directly proportional to the 
activity of  plant extract. Well known anti-oxidants such 
as gallic acid and quercetin did not protect the DNA 
damage at the concentration of  100mM in a pure form.

Total Polyphenols present in Brahmi
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Figure 1. Total polyphenols in different extracts of  B. monniera.
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Figure 2. DPPH radical scavenging activity of  different extracts of  B. monniera.
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Figure 3. Hydroxyl radical scavenging activity of  different extracts of  B. monniera.
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these results of  total polyphenols presence in methanol 
extract strengthen the biological activity.
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