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Abstract: Bacopa monnieri Linn. Pennell (Scrophulariaceae) is a memory enhancer which is used in
phytopharmaceuticals. Its scarcity has increased the scope of its in vitro production.To compare various
pharmacological activities of tissue cultured plants with conventionally grown plant.Nodes of Bacopa were
surface sterilized and cultured using callus culture and organogenesis. The methanol extract of callus (CE),
organogenetic (OE) and field grown plants (FE) were evaluated for antibacterial, antioxidant and antiinflammatory activity using agar disc diffusion method/ minimum inhibitory concentration (MIC), 1,1diphenyl-2-picryl-hydrazyl radical scavenging activity and human red blood cell membrane stabilization
method, respectively. Bacoside A was identified in all extracts using high performance liquid
chromatography.Treatment with mercuric chloride (0.05%) for 5 min yielded aseptic nodes. Zone of inhibition
(ZOI) (mm) formed against Staphylococcus aureus by FE was 22, followed by CE (18). Salmonella typhi was
best inhibited by FE (11). For Escherischia coli, ZOI of FE, CE and OE were 14, 10 and 12, respectively. MIC
of CE; OE; FE on S.aureus; S.typhi; E.coli was found to be 0.4; 0.4; 0.2%, 0.2; 0.8; 0.4%, 0.2; 0.2; 0.1%,
respectively [1]. None of the extracts showed activity against Klebsiella pneumonia. IC50 (mg/mL) of CE
(0.109 ± 1.96) was higher than FE (0.292 ± 1.74). At 300 µg, CE exhibited higher anti-inflammatory activity
(96.1%) as compared to diclofenac sodium (70.0%). Chromatography confirmed the presence of Bacoside A in
all extracts.This study enlightens the scope of conservation and large-scale production of Bacopa plants using
in vitro techniques.
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INTRODUCTION

MATERIALS AND METHODS

The transformation in the frame of mind of society
has revived the use of indigenous system of
medicine. Increased demand has led to the depletion
of many natural sources which has enforced the
scientists to use strategies that would help in their
rapid multiplication. The escalation in population as
well as consumption has also resulted in
unavailability of the natural sources [2]. Bacopa
monnieri (Linn.) Pennell (Synonyms: Bacopa,
Brahmi), belonging to the Scrophulariaceae family,
is a traditionally used Indian medicinal herb [3,4].
Besides its reputation as a memory enhancer, it is a
well-established
anxiolytic,
antiepileptic,
antipyretic, analgesic, antidepressant, sedative,
antioxidant, etc. [3,5,6].

Procurement and identification of plant: Plants
of Bacopa monnieri were collected from district
Dehradun in the month of August and were
authenticated by Dr. Giri Raj Singh Panwar from
Botanical Survey of India, Dehradun, Uttarakhand,
India.

The concomitant increase in the demand for
preparation of plant derived medicines and
formulations has led to the enlisting of B. monnieri
as threatened species. Hence, there is a need to
develop approaches which protect the plant, and at
the same time, ensure its availability as a high
quality raw material [7,8]. The development of
various phyto-friendly and innovative methods for
swift, easy and large scale production of this vital
plant has promoted its availability with consistent
quality. Recent studies also suggest the production
of Brahmi using in vitro techniques [8,9]. However,
none of them has demonstrated its pharmacological
activities. The authors have presented a comparative
pharmacological (i.e. antibacterial, antioxidant and
anti-inflammatory) study on Bacopa monnieri
plants established using plant tissue culture (PTC)
and conventional technique. They have also
standardized the surface sterilization technique
which could be used for production of long lasting
aseptic explants of Bacopa monnieri.
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PTC studies: All the glass wares were thoroughly
cleaned and sterilized. The equipments used during
the study were also properly sterilized. All the tools
(scalpels, forceps) were sprayed with rectified spirit,
flamed and cooled before conducting the
experiment. All the aseptic operations were
conducted in laminar airflow cabinet having ultra
violet (UV) light.
Surface sterilization of explants: The nodes of the
Bacopa monnieri plant were used as explants for
establishment of cultures. The sterilizing agents i.e.
mercuric chloride (HgCl2), sodium hypochloride
(NaOCl), and hydrogen peroxide (H2O2) were used
at different concentrations for the sterilization of
nodes. The sterilizing agents were allowed to
sterilize the nodes for different time durations to
standardize a surface sterilization technique [10].
The sterilization procedure adopted has been
presented in Figure 1.
Establishment of Culture: The MS basal medium,
supplemented with required amount of plant growth
regulators and hormones, was poured in culture
tubes and flasks followed by their sterilization [11].
Suitable conditions were established for the
development of two tissue culture systems i.e.
organogenesis and callus culture [12].
Phytochemical Study
Preparation of extracts: The in vitro cultured
plants and field grown plants of Bacopa were
extracted using methanol to yield extract of
organogenetic plant (OE), callus cultured plant (CE)

Page 27

Academica Editores:

Acta Velit

Vol: 2 Issue: 3,
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were stored for further investigation.
Phytochemical
tests:
The
phytochemical
investigation was carried out on OE, CE and FE to
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determine the presence or absence of
phytoconstituents i.e. carbohydrates, alkaloids,
flavonoids, amino acids, tannins, anthraquinones
and terpenoids using standard procedures [13].

Fig. 1: Surface sterilization procedure for Bacopa monnieri nodes; MC: Mercuric chloride;
SH: Sodium hypochloride; HP: Hydrogen peroxide
High performance liquid chromatography
(HPLC): The OE, CE and FE were analyzed
against a reference solution of a 0.2% w/v solution
of Bacoside A in methanol. The HPLC system was
equipped with a stainless steel column (25.0 cm ×
4.6 mm) packed with octadecylsilane bonded to
porous silica (5 µm). The mobile phase was a
mixture of methanol and water (4:1) at a flow rate
of 1.5 mL/min. The detection wavelength was 205
nm. The injection volume was 20 µL [7, 13].
Pharmacological Study
Antibacterial activity: All the extracts i.e. OE, FE
and CE were assessed for their antibacterial activity
using agar disc diffusion method [15]. The
suspension culture (100 µL) prepared with loopful
Dec. Feb 2016

of respective bacterial pure cultures were
transferred to the surface of a pre-sterilized petriplates containing sterilized nutrient broth media.
The medium contained beef extract (10 gm),
peptone (10 gm), sodium chloride (5 mg) and agar
1-2% w/v with pH 7.3. Pre-sterilized discs of 6 mm
in diameter prepared from whatmann filter paper
No.1 were dipped in the methanol extracts (1
mg/mL) of callus, organogenetic and field grown
plants of Bacopa monnieri (dissolved in 1 mL of
dimethyl sulphoxide (DMSO) separately and placed
on appropriate position. Disc dipped in DMSO was
also placed in each petri-plate as control. All these
procedures were performed in aseptic environment.
Then, plates were kept in incubator for further
growth at 37°C for 24 h. Zone of inhibition was
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observed after 24 h. Ampicillin was used as a
standard. The test organisms used are listed in Table
3.

antioxidant to scavenge the DPPH cation radical.
Rutin and ascorbic acid were used as standard. IC50
value was also calculated [17, 18].

Minimum inhibitory concentration was also
determined using the method of Falci et al. [16]
(Falci et al., 2015). A loop full of each
microorganism was dipped in pre-sterilized test
tubes containing sterilized thioglycollate medium
(Himedia). It was incubated at 37°C for 24 h. A
control tube was also used to ensure the sterility of
media. The turbidity of solution confirmed the
presence of microorganisms in media.

Anti-inflammatory activity: Human red blood cell
(HRBC) membrane stabilization method was used
to evaluate the in vitro anti-inflammatory activity of
Bacopa monnieri plants. Different concentrations
(100, 200, 300 µg/mL) of OE, CE and FE were used.
Diclofenac sodium was used as a standard [19].

A total of 45 test tubes, each one containing 5 mL
of thioglycollate medium were used to determine
the MIC of each isolate. The concentrations (for
each extract) used were 10, 8; 4; 2; 1; 0.4; 0.2; 0.1;
0.05 and 0.025%. The 41st- 43rd were treated as
control (no inoculums with small amount of
extract). The 44th tube was treated as positive
growth control which contained inoculum but no
extract, whereas, the 45th (negative control)
contained only medium. The test tubes were labeled
and extracts were added in the respective presterilized test tubes containing nutrient broth in
progressive concentration. Then, the respective
tubes received 250 µL of inoculum. All the tubes
were incubated at 37ºC for 24 h followed by visual
examination for the presence of turbidity. The first
tube showing turbidity was considered to be that
containing the MIC. The assay was carried out in
triplicate.
Antioxidant activity: The effect of extracts on 1, 1diphenyl-2-picryl-hydrazyl (DPPH) radical was
estimated using the method of Liyana-Pathirana and
Shahidi. This method is based on the ability of the
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RESULTS
Surface sterilization of explants: Surface
sterilization of explants using 0.05% mercuric
chloride (HgCl2) for 5 min resulted in 90% aseptic
cultures. It was found to be the best sterilizing agent
as it produced the maximum number of aseptic and
green explants with an appropriate bud break
response, as compared to others. During the
treatment, the improvement in the surface
sterilization of nodal segments was observed when
they were cleaned with ethyl alcohol (70%)
swabbed cotton prior to mercuric chloride solution
treatment. The treated nodal segments required 3-5
washing with autoclaved distilled water. Without
washing, bud break response was either delayed or
occurred before time. Table 1 represents the effect
of surface sterilization by various sterilizing agents
on explant.
Phytochemical investigation:
Phytochemical tests: FE exhibited positive tests for
amino acids, alkaloids, glycosides, flavonoids,
tannins and terpenoids, whereas, CE and OE
revealed the presence of amino acids,
carbohydrates, alkaloids, glycosides, flavonoids and
terpenoids (Table 2).
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Table 1: Effect of different concentrations of sterilizing agents on the survival of explant
Sterilizing agent

Concentration (%) Duration (min.)

Survival %age

Condition of explant

Mercuric chloride

0.01

5

30

Green

10

40

Brown

5

90

Green

10

35

Brown

5

10

Brown

10

Dead

Black

5

20

Pale yellow

10

30

Green

5

75

Green

10

50

Green

5

Dead

Brown/black

10

Dead

Black

5

20

Green

10

30

Black

5

25

Green

10

30

Brown

5

60

Green

10

50

Green

0.05

0.10

Sodium

10

hypochloride
20

30

Hydrogen

10

peroxide
20

30

HPLC: FE, OE and CE were analyzed through
HPLC where, a matching profile of retention time
(RT) and area under curve (AUC) was observed
(Table 3). It was observed from the AUC value that,
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the amount of Bacoside A present in CE was highest
followed by FE. OE contained the least amount of
Bacoside A.
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Table 2: Phytochemical tests for the presence and absence of phytoconstituents in various
extract of Bacopa
Phytoconstituents

CE

OE

FE

Amino acids

+

+

+

Carbohydrates

+

+

-

Alkaloids

+

+

+

Glycosides

+

+

+

Flavonoids

+

+

+

Tannins

-

-

+

Anthraquinones

-

-

-

Terpenoids

+

+

+

+: Present; -: Absent; CE: Callus cultured plant extract; OE: Organogenetic plant extract; FE:
Field grown plant extract
Table 3: High performance liquid chromatography of bacoside A in the methanol extracts of
callus, organogenetic and field grown plant of Bacopa monnieri
Sample

Retention time

Area under curve (µV.Sec)

CE

5.383

2874917.000

OE

5.358

1677414.123

FE

5.317

2327261.529

CE: Callus cultured plant extract; OE: Organogenetic plant extract; FE: Field grown plant extract
Pharmacological activity
Antibacterial activity: It was observed that CE, FE and OE exhibited antibacterial activity against S. aureus,
S. typhi and E. coli where maximum activity was observed against S. aureus. No activity was observed against
K. pneumoniae. The FE extract showed maximum activity against test organisms followed by callus (Table 4).
The MIC of CE on S. aureus, S. typhi and E. coli was found to be 0.4, 0.2 and 0.2% respectively, whereas, for
OE, MIC was 0.4, 0.8 and 0.2% respectively. The values obtained from FE for MIC on S. aureus, S. typhi and
E. coli was 0.2, 0.4 and 0.1% respectively. No MIC was expressed against K. pneumonia by any of the extracts.
Antioxidant activity: IC50 value in DPPH radical scavenging activity has been represented in Table 5.
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Table 4: Antibacterial activity of various extracts of B. monnieri plants using Agar disc diffusion method
Test organisms

Zone of inhibition (mm)
Type

OE C

FE

Ampicillin

Control

22

25

-

E
Staphylococcus

Gram positive

17

aureus (MTTC

1
8

441)
Klebsiella

Gram positive

-

-

-

12

-

Gram negative

9

1

11

-

-

14

24

-

pneumonia
(MTTC 737)
Salmonella
typhi

(MTTC

0

1687)
Escherischia
coli

(MTTC

Gram negative

12

1
0

1771)

CE: Callus cultured plant extract; OE: Organogenetic plant extract; FE: Field grown plant extract

Table 5: IC50 (mg/ mL) of Bacopa monierri extracts in DPPH radical scavenging assay
Extracts

IC50 (50 % Inhibitory concentration)

Ascorbic acid

0.07± 0.23

Rutin

0.08 ± 0.49

OE

0.326 ± 2.14

CE

0.109 ± 1.96

FE

0.292 ± 1.74

CE: Callus cultured plant extract; OE: Organogenetic plant extract; FE: Field grown plant extract
Dec. Feb 2016
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Anti-inflammatory activity: All the plant extracts
exhibited significant anti-inflammatory activity in
concentration dependent manner. B. monnieri
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extract obtained from callus exhibited a higher
membrane protection activity of 96.1% as compared
to that of the diclofenac sodium having 70%
protection activity (Figure 2).

Fig. 2: Effect of Brahmi plant extracts on human red blood cell membrane stabilization; CE: Callus cultured
plant extract; OE: Organogenetic plant extract; FE: Field grown plant extract
DISCUSSION
The minimal side effects and inclination of people
towards phytopharmaceticals has brought the plants
into limelight. Therefore, the conservation and
propagation of plants is the need of the hour.
Development of efficient in vitro systems for the
production of medicinal plants might reduce the
challenges faced by industries [20]. Brahmi is a
naturally growing Indian herb with an extended
history in Ayurveda for its use in various disorders,
especially, related to memory [21]. It is widely used
indigenously as well as in western countries, and
this has increased its popularity to a higher extent.
The field of Biotechnology is progressively
continuing to establish itself in terms of
advancement in pharmaceutical research and
discovery, especially, for the multiplication and
genetic enhancement of the medicinal plants by
adopting various techniques such as in vitro
regeneration and genetic transformation [22]. In
vitro regenerating approaches have led to the
Dec. Feb 2016

conservation as well as use of plant germplasm to
oﬀer some distinct advantages over alternative
strategies. Evergreen supply of biochemicals
(independent of plant availability), potential to
eliminate contamination, scope to produce clonal
material, rapid multiplication, easy germination and
distribution, limited storage space requirement, etc.
are some of the advantages of in vitro culturing of
plants [2].
PTC has also improved the utilization of land. The
increasing population, accompanied with the
extreme pressure on the available cultivable land to
produce food and fulfill the needs has been taken
care of by PTC as a valuable alternative approach to
produce pharmaceuticals and chemicals from plants
as well use the available land effectively. Hence, it
is appropriate to develop modern technologies
leading to plant improvement for better utilization
of the land to meet the requirements [23].
An explant is a tiny piece removed surgically from
the plant, surface sterilized and placed on a nutrient
medium to initiate the PTC [24]. A nodal segment,
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as an explant, consists of a piece of stem with
axillary bud with or without a portion of shoot,
whereas, a callus is a mass of unorganized cells,
which in many cases, upon transfer to suitable
medium, is capable of giving rise to shoot-buds and
somatic embryos, which then form complete plants
[24].
Surface sterilization of explants is an important step
for the initiation of PTC. It sterilizes the explants
and gives a material ready to be used for in vitro
production. Our study evaluated various sterilants
where treatment of explants with 0.05% mercuric
chloride for 5 min was found to give the best results
i.e. green, aseptic explants with an appropriate bud
break response. Previous studies report the use of
2% aqueous solution of sodium hypochlorite
solution followed by 0.1% mercuric chloride also
[8].
Pharmaceutical companies continue to invest
enormous capital in utilizing phytochemicals that
could be used to alleviate mental disorders.
Therefore, the present investigation and comparison
of field grown Brahmi with in vitro produced
Brahmi plants would be a beneficial study for the
biological conservation as well as for the worldwide
pharmaceutical industry.
Development of resistance for antibiotics is the
major reason of ever progressing research on
microorganisms [25]. The infection through S.
aureus is usually spread through contact with pus
form an infected wound as well as from skin of an
infected person [26]. K. pneumonia is highly
pathogenic and is an important causative agent of
community-acquired
infections,
such
as
pneumonia, urinary tract infections, etc. [27]. S.
typhi is the causative organism of typhoid fever in
humans which is transmitted by the fecal-oral route,
mainly via contaminated food and water in the
developing world [28]. E.coli is a microorganism
found in the intestines of human beings. Some of its
strains cause intestinal infection. Elderly people, or
Dec. Feb 2016
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people with weak immune system are usually at
increased risk. Previous studies report the effect of
Bacopa as an antibacterial agent where various
extracts of Bacopa were evaluated on different types
of pathogenic microorganisms [25,29].
The free radical scavenging activity of methanol
extract was evaluated through its ability to quench
the synthetic radical, DPPH. It absorption occurs at
517nm, and the decrease in absorbance attributes to
the antioxidant activity of sample. The predominant
use and popularity of this method can be to the
resultant of simplicity and speed of analysis, which
is achieved at a potential price. However, the data
generated during these procedures are found
relevant, if the experiments are performed carefully
[30]. The antioxidant activity of Bacopa plant has
already been reported in previous studies [18,31].
Studies have also revealed that antioxidant property
of Brahmi is the source of treatment of asthma,
epilepsy, insanity, inflammation and CVS diseases.
It is also demonstrated that various fractions and
sub-fractions isolated from Bacopa monnieri
produced significant inhibition of carbacholinduced bronchial constriction, hypotension and
bradycardia in anaesthetized rats, where they caused
marked reduction in calcium chloride- induced
contraction on guinea-pig ileum, indicating their
interference with calcium ion movement [32,33].
Inflammation is a participant of host defensing
mechanism which occurs against infections and
injuries. Moreover, it also contributes to the pathophysiology of many chronic diseases [34]. The
inhibition of hypotonicity and lysis of heat induced
HRBC membranes has been considered as the
measure of the mechanism of anti-inflammatory
activity of methanol extract of Bacopa plants [35].
Bacopa monnieri inhibited about 82% edema at a
dose of 100 mg/Kg when compared to indomethacin
(3 mg/Kg) that showed 70% edema inhibition [36].
The active constituents i.e. Bacosides majorly
contribute in representing memory enhancing
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property. Bacoside A is a mixture of saponins with
Bacoside A3, bacopaside II, jujubogenin isomer of
bacopasaponin C and bacopasaponin C as major
constituents [37,38]. Upon hydrolysis, Bacoside A
yields bacogenin A1, A2, A3 and A4 [7]. Many
pharmacological studies of brahmi are attributed
with the presence of Bacoside A. Quantitative
determination of Bacoside A in brahmi using HPLC
has been reported by Deepak et al. [36].
The present study demonstrates the usefulness of
PTC in in vitro production of Brahmi plants. For
success in PTC, the conditions under which cultures
are housed and treated must be strictly adhered to
the standards. The minor changes in conditions,
especially in chemical composition of the culture
medium, temperature, etc. should be recorded and
analyzed [39].
CONCLUSION
This study also opens up the possibilities of using
these techniques for large scale production of plants.
Since, the antibacterial, antioxidant and antiinflammatory activity of field grown Brahmi plants
have already been proved, the focus was to evaluate
the in vitro grown plants for the same, followed by
their comparison.
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