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Bacopa monnieri, Bacopa monnieri L. Pennell, is an important medicinal plant and is commonly known as Neer-brahmi that belongs to the family
Bioactive compounds, Scrophulariaceae. Bacopa is growing through vegetative propagation in nature. Bacopa is a well-known drug in Ayurveda and contain

IAuxin and Cytokine.

Received on: a variety of chemical compounds that can be used as medicines. It is used for increases intelligence & improves memory. Brahmi is

also used for antioxidant, anti-inflammatory and anti-hepatotoxic activites. Presently, Bacopa raw materials huge demand in the market,
07-01-2025 particularly in medicinal industries. But, naturally propagation of Bacopa not sufficient to provided commercial demand. So, to
overcome this problem resolved through by using micropropagation techniques to sufficient for the production of important secondary
Accepted on: metabolites. Microprogation is useful for rapid propagation and conservation of medicinally important plants with increased production
of bioactive compounds. Now this review article, we study and observed for the combination of on MS medium with auxin and cytokine
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(BAP, IAA, IBA, NAA, Kinetin, 2,4-D) for callus, shoot and root formation for cultivation of better propagation of Bacopa monnieri.
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INTRODUCTION applications of several plants. In recent years, maintaining an
adequate supply of therapeutic plants has become difficult due to
severe exploitation, inadequate environmental conservation,
rising labour costs, economic and technical challenges related to
their cultivation. Similar problem are there in selected medicinal

Nature has furnished a comprehensive repository of medicines to
address all of humanity's ailments. Higher plants function as solar-
powered biochemical factories, using sunlight, air, water, and

minerals to synthesize primary and secondary chemicals. lant of B.monnieri . for that r n lected to investigation
Currently, extensive knowledge exists regarding the therapeutic plant ot B.monniert , Tor that reason we setected to investigatio
of Bacopa'for this review article.
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Division Angiosperms

Class Dicotyledones
Sub class Gamopetalae

Series Bicarpellate
Order Personales
Family Scrophulariaceae
Genus Bacopa

Species monnieri

Fig 1. Bacopa monnieri L.
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Vernacular Names: Sanskrit: Brahmi, Nira-brahmi; Hindi: Brahmi;
Marathi: Jalnaveri English: Brahmi-sak; Bengali: Jalanimba;
Telugu: Sambrani chettu; Kannada: Nirubrahmi; Malayalam,
Marathi and Tamil: Neer Brahmi

Botanical Description:

Bacopa monnieri is popularly called "Thyme Leaved Gratiola"
or "Indian Pennywort." It is a widespread annual member of the
Scrophulariaceae family that grows in marshy or moist
environments. In conventional medicine, the entire plant is
utilized as a nerve tonic, treating epilepsy and insanity and
improving memory (Satyavati et al., 1976). It can be grown in
moist conditions around a pond or in a bog garden in Nepal, China,
Sri Lanka, Taiwan, Florida, Vietnam, and several other southern
states of the United States of America-a little succulent herb with
glabrous roots that creeps and roots at nodes.

A little, prostrate, smooth, fleshy herb that roots at its nodes.
Stem soft and obtusely angular, with ascending branches and
numerous prostrate branches about 10-30 cm long. The leaves are
sessile, oppositely arranged in a decussate pattern, succulent, and
vary in shape from oblong-concave to obovate or oblanceolate.
They are short, petiolate, and fleshy, measuring 0.6-2.5 cm by 3.3
mm. The blooms are solitary and axillary, featuring blue or white
peduncles with purple veins, campanulate in shape, and
pentamerous and ovoid capsules (Mathur and Kumar, 1998). Flora
and fruit emerge during the summer season. The entire plant
constitutes the medicinally beneficial component.

Medicinal Importance of Bacopa monnieri:

Brahmi is one of the important medicinal plants in the world,
because of there is present huge amount saponins and it is called
bacosides. Bacosides are a complex mix of chemicals with similar
structures, like either jujubogenin or pseudojujubogenin
glycosides. (Singh et al., 2006; Ali et al., 1999; Mathur et al.,
2010; De et al., 2009; Jager et al., 2007; Rastogi et al., 1964;
Zhang et al., 2011; Sivaramakrishna et al., 2005; Udgire and
Pathade, 2012; Patil et al., 2009; Behera., 2016). Bacopa has
many chemical compounds that can be used as medicines. These
include bacosides, stigmasterol, sapogenins, and flavonoids
(Rastogi et al., 1964). Bacoside is the major compound found in
Bacopa and which help to improve memory enhancement of
human being (Singh and Dhawan, 1997; Ashok et al., 2021).
Chatterji et al.,(1965) reported that Bacoside A and B are the two
saponins found in this plant. Bacoside A is made up of triglycosidic
saponins like jujubogenin, bacopaside Il, bacoside A3, and
bacopasaponin C. Many research to work done on the related topic
of quantitative and qualitative estimation of phytochemical
studies of Bacopa plants (Deepak et al., 2005; Murthy et al., 2006;
Mathur et al., 2002; Rahman et al., 2002). As antioxidants,
Bacosides A help rats' defence systems work better (Anbarasi et
al., 2006). In Ayurvedic medicine, Brahmi is often used to treat a
wide range of conditions, including nervousness, cognitive
impairment, and memory loss (Singh and Dhawan, 1997), as well
as epilepsy, insanity, and developmental delays (Mathur et al.,
2002). It is also used to heal sensory systems and ease mental
stress and neurosis (Sivarajan and Balachandran, 1994). It is
known as a nootropic plant because it has many health benefits,
such as calming effects (Malhotra and Das, 1959), heart-
strengthening effects (Mathur et al., 2002), cognitive
enhancement effects (Nathan et al., 2001; Roodenrys et al.,
2002), bronchodilator effects (Channa et al., 2003),
antidepressant effects (Sairam et al., 2002), calcium antagonist
effects (Dar and Channa, 1999), smooth muscle relaxant effects
(Dar and Channa, 1997), neuropharmacological effects
(Borrelli,2005), cell stabilising effects (Samiulla et al., 2001), and
ulcer-fighting effects (Sairam, 2001).

Micropropagation of Bacopa:

In vitro culture techniques are applied to propagate elite plants
by culturing a tiny part of them called explants. This technique
often generates mother plants to type through appropriate in-
vitro cultivation procedures. The term micropropagation derives
its name from the miniature shoots/plantlets initially produced
from tiny parts of the plant. This method offers a quick and
dependable way to generate many genetically identical plantlets
with beneficial agronomic characteristics. One of the critical
advancements in plant tissue culture for industrial propagation is
micropropagation. Additionally, this method can introduce genes
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significant to agronomy and improve genetics. The rate at which
true-to-type plants multiply and the efficiency of transplanting
can be advantageous for both conservation and the proliferation
of elite plants for commercial exploitation (Jain et al., 2013;
Himinish et al., 2017).Due to Bacopa extensive medical
applications, various research groups have investigated ways to
establish sustainable and reliable micropropagation and
conservation processes through diverse tissue culture techniques.
Techniques for in vitro enhancement of metabolite synthesis have
been extensively utilized. An overview of several understated
findings from these investigations is presented below:

Selection of Explants:

Micropropagation through shoot tip culture involves growing the
shoot tip in suitable media to stimulate the proliferation of both
apical and axillary meristems by ensuring optimal culture
conditions. Bacopa monnieri is a diminutive creeping medicinal
plant ideal for in vitro investigations owing to its rapid sensitivity
to plant growth regulators, and numerous studies on the tissue
culture characteristics of B. monnieri have been documented. In
most instances, nodal segments from healthy inter-nodal shoot
tips and leaves of Bacopa monnieri were used (Tiwari et al., 1998;
Tiwari et al., 2001). Use of explants as node, internode and leaf
(Shrivastava and Rajani 1999) and leaf and stem used as an
explants of B. monnieri (Binita et al., 2005). Utilized axillary
nodes, young leaves, internodes and shoot tips are also used as
explants to micropropagation B. monnieri (Ramesh et al., 2006;
Tiwari et al., 2006; Ceasar et al., 2010). Similarly, internode and
leaf explants for direct shoot bud regeneration (Kumari et al.,
2010; Sundriyal et al., 2013). Defoliated the removed shoots and
sectioned them into 5-7 cm segments, each containing a minimum
of 2-3 nodes (Joshi et al., 2010; Rout et al.,2011). Utilization of
whole leaves as explants (Pandiyan et al., 2012). Umesh et al.,
(2014) suggested that in vitro propagation of B. monnieri can
utilize leaf and nodal segments from the 2™ to the 6™ node.
Similarly, Richa et al., (2013) also reported that the use nodal,
inter-nodal, leaves and shoot tip of Bacopa monnieri as explant
material.

Sterilization Treatment:

Surface sterilization is the essential procedure before the
inoculation of explants. Various methods have been employed for
the treatment of explants. Mathur and Kumar (1998) used a
method wherein leaf and stem explants were stirred for 10
minutes in a solution of Tween 20 and Savlon in water,
subsequently rinsed in running water for 30 minutes, and then
subjected to a 0.1 percent HgCl; treatment for 3-4 minutes,
followed by multiple washes with sterile water to eliminate any
residual HgCl, (Shrivastava and Rajani, 1999). The application of
0.1 percent mercuric chloride (HgClz) for 2 minutes has been
detailed for the surface sterilization of Bacopa monnieri. They
additionally indicated that excessive application of HgCl: results
in browning and subsequent blackening of tissues. Consequently,
0.1 percent mercuric chloride was restricted to the plants 4 to 5
times. Multiple surfactants have been reported for sterilizing
Bacopa (Tiwari et al., 2001). Nodal segments were submerged in
running tap water for approximately one hour, after which the
container was replaced, and the explants were cleansed with a
few drops of Teepol and Tween 20 for about three minutes with
constant agitation, followed by thorough rinsing with distilled
water. The explants were subsequently treated in laminar flow
with a 0.1 percent HgCl; solution, followed by washing with sterile
double-distilled water (Binita et al.,2005). It was recommended
that for the micropropagation of B. monnieri, the explants be
thoroughly washed under running tap water for 30 minutes and
subsequently treated with a 0.2 percent (v/v) aqueous surfactant
Teepol for 15 minutes, and then rinsed repeatedly with distilled
water. The explants were treated for 20 minutes with 0.1 percent
(w/v) Carbendenzim. Subsequently, in a laminar airflow hood,
explants were subjected to surface sterilization for 1 minute using
50 percent (v/v) ethanol, followed by a 3-minute treatment with
0.01 percent (w/v) HgCl.. The explants were thoroughly rinsed
with sterile distilled water four to five times (Ramesh et al. 2006).
Explants of Bacopa were rinsed under running tap water for 20
minutes, treated with 3 percent (v/v) labolin for 3 minutes, and
then briefly washed with sterile distilled water. Subsequently,
explants were subjected to surface sterilization using 70 percent




(v/v) ethanol for 30 seconds, followed by a 3-minute treatment
with 0.1 percent HgCl, (w/v), and then rinsed four times with
sterile distilled water. Escandon et al., (2006) recommended
that, explants be washed with 70 percent ethanol for 30 seconds
to treat nodal segments of B. monnieri, followed by a 25-minute
treatment containing 25 percent sodium hypochlorite and 0.01
percent Tween 80. The segments were washed thrice with sterile
distilled water. Showkat et al., (2010) developed an alternative
approach for the sterilizing treatment of B. monnieri. The nodal
explants were subjected to a 30-minute wash under running tap
water, followed by a 15-minute immersion in a solution comprising
0.2 percent bavistin and 0.01 percent neomycin. Afterward, they
were rinsed multiple times with distilled water for 5 minutes. In
the laminar airflow hood, explants were subjected to surface
sterilization using 70 percent (v/v) ethanol for 1 minute, followed
by treatment with 0.01 percent (w/v) HgCl; for 3 minutes. The
explants were rinsed thoroughly with sterile distilled water three
to five times. Kumari et al., (2010) also recommended the
application of Tween 20, succeeded by 0.08 percent HgCl. for 10-
12 minutes, to surface sterilize the nodes of B. monnieri. The
explants were that rinsed three times with sterile distilled water.
Sharma et al., (2010) suggested that the applying a 1-2 percent
Cetavelon solution to remove dust particles and a 0.1 percent
(w/v) HgClz solution for surface sterilizing. Vijayakumar et al.,
(2010) reported that the contamination-free explants of Bacopa
monnieri were successfully established by washing the explants
under tap water, followed by treatment in a solution containing
0.2-0.5 percent bavistin and 0.03 percent streptomycin for 10
minutes. Explants were subsequently submerged in an aqueous
solution of Savlon (1.5 percent v/v Chlorhexidine gluconate
solution and 3 percent w/v Centrimide) for 10 minutes. The
explants were properly cleansed twice with sterile double distilled
water. After this treatment, the explants underwent surface
sterilization using 0.01 percent HgCl; for 1 minute (Joshi et al.,
2010;Tanveer et al., 2010; Narayan et al., 2011; Gurnani et al.,
2012). Recommended washing explants with teepol, followed by
treatment with 0.1 percent HgCl, (w/v), and thereafter rinsing
thoroughly with sterile water (Joshi et al., 2013). Leaves and stem
explants of B. monnieri were rinsed with running tap water,
subsequently treated with a solution of 2-3 drops of Tween 20 in
100 ml of water, and finally subjected to a 0.01 percent HgCl:
treatment. The explants were that rinsed three times with sterile
distilled water. Kumari et al., (2014) suggested the application
of bavistin and streptomycin, wherein nodal segments and shoot
tips were rinsed in running tap water and subsequently immersed
in a 0.2-0.5 percent bavistin and 0.04 percent streptomycin
aqueous solution for 8-10 minutes. The explants were
subsequently washed with distilled water. This procedure was
reiterated thrice. The explants were treated with a 0.01 percent
aqueous solution of HgClz for 1 minute, followed by washing with
sterile distilled water to eradicate residual chemicals.

Media Preparation:

The composition of the medium is contingent upon the explant
being cultivated and the physiological process being encouraged,
such as growth vs development. Media formulation is an empirical
process, as various explants from the same cultivar and identical
explants from different cultivars may exhibit distinct media
requirements (Hammerschlag, 1982).

Basal Medium:

The Murashige and Skoog medium (1962), modified with various
combinations of growth regulators, has been utilized to cultivate
herbaceous species. Singh et al., (1999) reported that employing
shoot tips (1-2 cm) as explants resulted in the production of
several shoots from field-cultivated Bacopa monnieri in Murashige
and Skoog's media enriched with 0.5 mg/liter BAP within six days
of culture. Mohapatra and Rath (2005) suggested that the nodal
explants inoculated (5-6 nodes; 7-8 cm length) on MS medium and
B5 medium, but MS medium has better results as compared to B5
medium. Three Sources of Carbon: Most of the media used for in
vitro shoot regeneration and rooting invariably contain 2 to 3
percent (w/v) sucrose as a carbon source for energy and
osmolarity requirements. However, tests have also been done on
alternative carbon sources. Sindhu et al., (2010) proposed that
the using 3 percent table sugar as the carbon source in the
medium for B. monnieri micropropagation; this approach lowers

22

the cost and has no discernible influence on the morphogenetic
response of the shoots.

Solidifying Agents:

Plant tissue culture has long used agar as a hardening agent. It is
the most expensive element because it frequently contains
contaminants. According to Prakash (1993), 70 percent of media
expenditures are attributable to the gelling agent, agar, which is
typically added to increase media viscosity. Suppose less
expensive, reusable alternatives to tissue culture grade pure agar
were available. In that case, the high production costs associated
with micropropagation techniques may be significantly decreased
without sacrificing the quality of regenerated plants. Physical and
chemical investigations found significant variations in how
cultures responded to different brands or varieties of agar
(Scholten and Pierik, 1998). Isabgol serves as an effective
solidifying agent. Sindhu et al., (2010) reported that isabgol (1.2
percent) serves as a gelling agent without significantly affecting
shoot morphogenetic response, merely reducing costs. Yusuf et
al., (2011) indicated that isabgol, utilized as a gelling agent,
facilitated consistent culture multiplication compared to
microbiology-grade agar, with cultures preserved in a medium
containing 3 percent (w/v) isabgol for 190 days, in contrast to an
average of 120 days in 1 percent (w/v) agar media.
Phytohormones:

Phytohormones are plant growth regulators and are essential in
tissue culture research. They regulate growth, development, and
responses to stimuli. Among the several classical plant hormones,
auxins (NAA, IAA; IBA, and 2,4-D), cytokinins (BAP, KIN, Zeatin,
2iP, and TDZ), gibberellins, and ethylene are the most extensively
utilized. Simultaneously, numerous structurally analogous
substances with phytohormonal regulating functions are
continuously synthesized.

Shoot Induction:

Shrivastava et al., (1999) reported that the induction of
adventitious shoot buds from leaf and stem explants of B.
monnieri on Murashige and Skoog's media enriched with
benzyladenine or kinetin. The optimal response was achieved
using leaf explants from shoot cultures cultivated in media
enriched with 2 pM benzyladenine and solidifying with 0.2 percent
generated. Tiwari et al., (2000) proposed an efficient and quick
technique for the in vitro growth of Bacopa utilizing liquid shake
cultures. Nodal explants were cultivated in liquid MS media,
supplemented with or without 6-benzyladenine. Compared to
single axillary shoot proliferation on a growth regulator-free agar
medium, the corresponding liquid media facilitated the induction
of 4 or 5 shoots per nodal explant after four weeks of culture. An
enhancement in morphogenetic response (quantity of shoots,
average shoot length, and number of roots per node explant) was
noted with 6-benzyladenine (0.01-0.1 ) in both types of culture
media. Tiwari et al., (2001) suggested using various cytokinins to
induce numerous shoots in B. monnieri of the four cytokinins
tested-6-benzyladenine, thidiazuron, kinetin, and 2-
isopentenyladenine-thidiazuron (6.8 pM) and 6-benzyladenine
(8.9 uM) exhibited superior responses. Optimal induction of
adventitious shoot buds occurred with 6.8 pM thidiazuron,
resulting in an average production of 93 shoot buds in leaf explants
after seven weeks of incubation. Ramesh et al., (2006) reported
that MS media augmented with various combinations of auxins and
cytokinins effectively induced shoot formation, excluding those
containing either auxin or cytokinin. 0.2 mg/l IAA and 1.5 mg/l
BAP yielded a high percentage of multiple shoot development
(96.3). The combination of 60 mg/l adenine sulphate, 0.2 mg/l
IAA; and 1.5 mg/l BAP was the most effective in generating the
maximum shoot. Sharma et al., (2007) reported an alternative
protocol for the in vitro clonal propagation of B. monnieri,
wherein single node explants were cultured on Murashige and
Skoog's medium augmented with BA (0.2 mg/l), leading to vigorous
shoot proliferation (20-22 shoots per explant in 8 weeks) without
the formation of callus. Patil et al., (2009) suggested employing
MS medium augmented with 0.5 pM BAP and 0.5 pM NAA to
facilitate caulogenesis from nodal segments of Bacopa monnieri.
Ceasar et al., (2010) developed a two-stage culture protocol for
effectively regenerating shoots from leaf and internode explants
of B. monnieri. Adventitious shoot buds were generated on the
shoot induction medium comprising MS basal salt augmented with




1.5 mg/l thidiazuron and 0.5 mg/l naphthalene acetic acid. Parale
et al., (2010) reported that shoots were raised in liquid Murashige
and Skoog's (MS) medium, which was fortified with 5 pM 6-
benzyladenine BA. Yusuf et al., (2011) investigated the impact of
antioxidants and gelling agents on the regeneration of Bacopa
monnieri. It was claimed that shoot regeneration was
accomplished from several explants wusing 4.4 pM
benzylaminopurine (BA). It was reported that callus biomass was
cultivated on agar-solidified MS medium with 1 pM 2,4-
dichlorophenoxyacetic acid (2,4-D) alongside 5 puM 1-
naphthaleneacetic acid (NAA). At the same time, shoots were
developed in liquid Murashige and Skoog's (MS) medium enriched
with 5 pM 6-benzyladenine (BA). Nodal explants produced 75-80
shoots, leaf explants generated 55-65 shoots, and internodal
explants yielded 50-55 shoots within 40 days of culture. Adding
citric acid (25 mg/l) and ascorbic acid (50 mg/l) increased the
number of shoots and the duration of culture conservation.
Pandiyan et al., (2012) suggested that nodal explants of Bacopa
monnieri exhibited superior growth compared to shoot tip
explants, yielding the highest number of shoots on a medium
supplemented with BAP, KIN, and NAA (0.5-2.0 mg/l). Sundriyal
et al., (2013) demonstrated that axillary bud break occurred in all
aseptic cultures on MS medium supplemented with 0.5-4.0 mg/l
BAP within 2 weeks of inoculation. The quantity of proliferating
shoots varied between 2 and 4. A diminished bud break response
(25 percent) was noted when axillary buds were cultivated on
hormone-free media, resulting in subsequent shoot mortality. MS
medium enriched with 2.0 mg/l BAP exhibited an optimal bud
break reaction of 90-95 percent. Kumari et al., (2014) also
advocated using BAP and Kinetin, individually or in conjunction
with IBA. At a concentration of 0.5 mg/l, BAP yielded 15.0 shoots
in shoot-tip explants and 18.0 shoots in nodal explants, whereas
KIN produced 12.0 shoots in shoot-tip explants and 16.0 shoots in
nodal explants at similar concentrations.

Root Induction:

Singh et al., (1999) stated that root induction in B. monnieri (L.)
was observed in Murashige and Skoog medium supplemented with
0.5 mg/l BAP within six days of culture. Tiwari et al., (2000)
investigated rooting in Bacopa using various media, specifically MS
media with and without hormones. They determined that the
highest rooting rate (9 %) occurred on full-strength MS medium
supplemented with 2.46 uM IBA. Rooting has also been reported
to occur on the shoot proliferation medium. The root induction
was accomplished using the same medium employed for shoot
proliferation, specifically MS media augmented with 1.1 pM BA
and 0.2 pM IAA (Binita et al. 2005). Several researchers have
examined the impact of utilizing a half-strength medium. Joshi
et al., (2010) mentioned that the regenerated shoots of B.
monnieri were successfully rooted in a half-strength MS medium
containing 1 percent sucrose and supplemented with 2 pM IBA.
Root development was observed to commence within two weeks
from the nodes of the shoots immersed in the media. By the
conclusion of four weeks, the roots had sufficiently elongated.
Showkat et al., (2010) studied that optimal results were attained,
when developed shoots were placed into rooting media devoid of
hormones, namely in MS medium containing 20 g/l sucrose and 7
g/l agar. Patil et al., (2009) supported by using hormone-free
media for rooting in Bacopa monnieri. The surgically separated
individual shoots were planted in liquid 1/4 MS basal media
augmented with different concentrations of NAA and IBA. NAA at
3.0 mg/l and IBA at 5.0 mg/l produced high-quality roots. The
absence of agar does not adversely affect root induction; instead,
it lowers costs and enhances greenhouse survival rates, as
removing agar from regenerated plantlets harms root hairs and is
laborious (Sindhu et al. 2010). The regenerated shoots of B.
monnieri were rooted on MS medium supplemented with 0.5 mg/l
NAA and 1mg/l IBA yielded favourable outcomes after ten days
(Pandiyan et al., 2012). Ahire et al., (2012) tried rooting in solid
and liquid MS medium devoid of plant growth regulators and
determined that liquid MS medium is more conducive for roots.
They also conducted rooting in liquid MS medium augmented with
varying concentrations of IAA and NAA (0.1-0.5 mg/l) and achieved
complete roots of shoots within two weeks of culture. Kaur et al.,
(2013) investigated that the influence of several hormones (IBA,
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NAA, IAA) on rooting and determined that IBA at a concentration
of 1.0 mg/l resulted in optimal rooting.

Callus Induction:

Plant callus is a proliferating aggregation of disorganized plant
parenchyma cells. In living plants, callus cells are the cells that
encapsulate a plant wound. In biological research and
biotechnology, callus development is created from plant tissue
samples (explants) following surface sterilization and subsequent
plating onto tissue culture media in vitro. The administration of
auxin and cytokinin stimulates callus formation in various plant
species (Skoog and Miller 1957). They indicated that a moderate
ratio of auxin to cytokinin facilitates callus induction. Still, a high
auxin-to-cytokinin ratio or a high cytokinin-to-auxin ratio
stimulates root and shoot regeneration. The several hormones,
including brassinosteroids and abscisic acid, also promote callus
development and may, in certain species, replace auxin with
cytokinin in this process (Goren et al., 1979; Hu et al., 2000).
Tiwari et al., (1998) suggested that calli derived from nodal
explants of Bacopa, cultured on MS medium supplemented with
0.5 mg/l 2,4-D, yielded somatic embryos upon culturing on MS
media containing either 0.1 or 0.5 mg/l BA or 0.2 mg/l 2,4-D in
conjunction with 0.1 or 0.5 mg/l Kinetin. The somatic embryos
germinated on either the same medium or MS base medium, and
the resulting plantlets were successfully transplanted into the
soil. Leaf petiole explants were used for callus induction. The
most significant growth was noted in MS medium augmented with
0.25 mg/l 2, 4-D, and 0.5 mg/l Kn, and in MS medium enhanced
with 0.25 mg/l 2, 4-D, and 0.1 mg/l BAP (Mehta et al., 2012).
Singh et al., (2012) induced callus formation from the leaves of B.
monnieri. The callus was begun on medium with two distinct
hormonal compositions: MS + (0.5 mg/l) BAP + (1.0, 2.0 mg/l) NAA
and MS + (2.0 mg/l) 2, 4-D + (0.5, 1.0 mg/l) BAP. The callus was
effectively sustained on MS medium enriched with 1.0 mg/l 2,4-D
and 0.5 mg/l BAP. Talukdar (2014) observed that callus induction
from Brahmi's nodal and leaf explants. For callus induction, he
utilized MS media individually augmented with several auxins,
including 1AA; NAA, IBA, and 2,4-D (0.2-0.5 mg/l). The optimal
outcomes were achieved with the treatment MS + 2 mg/l 2, 4-D.
Callus biomass on agar solidified MS medium containing 1puM 2,4-
dichloro phenoxy acetic (2,4-D) in conjunction with 5 pM 1-
naphthalene acetic acid (Parale et al., 2010; Yusuf et al., 2011).
Acclimatization and Transfer of Plantlets to Soil:

A significant constraint of micropropagation technique on a
commercial scale is the elevated mortality rate observed in in
vitro cultivated plants during their transition from the laboratory
to the field. When transitioned to natural circumstances, Tissue-
cultured plants encounter many factors, such as modified
temperature, light intensity, and water stress, necessitating
acclimation for plantlets' effective establishment and survival
(Chandra et al., 2010). Attempts have been undertaken to harden
and acclimatize Bacopa plantlets, a crucial feature of in vitro
cultivated plants. Several accounts indicate varying soil media
were utilized and standardized with a 50-100 percent success
rate, contingent upon the soil composition. Binita et al., (2005)
suggested that for acclimatization, in vitro regenerated plantlets
of B. monnieri were placed in small plastic pots filled with a
mixture of sand, soil, and farmyard manure in a 1:1:1 ratio.
Initially, elevated humidity was sustained with five water sprays
daily at 5-6 hour intervals and A survival rate of 98 percent for
plants was recorded. Patil et al., (2009) tested various soil
mixtures and recommended that in vitro regenerated brahmi
plantlets be transferred to polybags containing a sterile soil and
sand mixture (3:1) for hardening. When irrigated every 24 hours
with a half-strength MS salt solution, the survival frequency was
75 + 5 percent. Similarly, Narayan et al., (2011) suggested that
the most significant shoot length and root length were recorded
in plants cultivated in soil combined with VAM (10:2) and soil with
vermicompost (4:1), respectively. A survival rate of 80-90 percent
was noted in the transplantation. The plant thrived in the
cultivated field soil after 45 days. A survival rate of 90 percent
for the plant was observed in clay and red soils. Pandiyan et al.,
(2012) observed that when rooted plantlets were relocated to poly
caps and PVC pots filled with sterile soil and perlite in a 1:1 ratio,
the plantlets demonstrated adequate acclimatization and




achieved a 92 percent survival rate upon transfer to the
glasshouse.

REFERENCES

Ali, G., Ibrahim, A. A., Srivastava, P.S., Igbal M. 1999.
Structural changes in root and shoot of Bacopa monnieri
in response to salt stress. Journal of Plant Biology, 42:
222-225.

Ahire, M.L., Patil, P.P., Kishor, P.B.K. and Nikam, T.D.
2012. Micropropagation and assessment of antibiotic
selection in vitro of Bacopa monnieri (L.) Pennell. Int.
J. of Plant Dev. Biol. 6 (1): 34-39.

A, Borrelli. F. 2005. Bacopa monniera, a reputed
nootropic plant: an overview.Phytomedicine. 12(4): 305
- 317.

Ashok, V. K., Vijaykumar, D. D., Bhagwan, K. T. 2021.
Effects of Different Ph Levels on Indirect Organogenesis
in Bacopa monnieri (L.) Wettst. The Journal of Oriental
Research MADRAS. [Vol. XClI-VII]:32-42.

Anbarasi, K., Vani, G,, Balakrishna, K., Shyamala, D.
2006. Effect of Bacoside-A on brain Antioxidant status
in cigarette smoke exposed rats. Life Science. 78:1378
- 1384.

Binita, B., Ashok, D. M., Yogesh, J. T. 2005. Bacopa
monnieri (L) Pennell: A rapid, efficient and cost
effective micropropagation. Plant Tissue Culture and
Biotechnology. 15(2): 167 - 175.

Behera, S., Mallick, B., Tiwari, T.N., Mishra, P.C. 2016.
A Short Review on Physico-Chemical Properties of
Bacopa monnieri L. International Journal of Medicinal
Plants. Photon. 110: 735-741.

Chatterji, N., Rastogi, R.P., Dhar, M.L. 1965. Chemical
examination of Bacopa monnieri Wettst. Part-isolation
of chemical constituents. Indian Journal of Chemistry.
3:24-29.

Channa, S., Dar, A., Yaqoob,M., Anjum, S., Sultani, Z.,
Rahman,A 2003. Broncho- vasodilatory activity of
fractions and pure constituents isolated from Bacopa
monnieria. Journal of Ethnopharmacology 86: 27 - 35.
Ceasar, S.A., Maxwell, S.L., Prasad, K.B., Karthigan, M.,
and Ignacimuthu, S. 2010. Highly efficient shoot
regeneration of Bacopa monnieri (L.) using a two-stage
Chandra, S. R, Bandopadhyay, R., Kunur, V. and
Chandra, R. 2010. Acclimatization of tissue cultured
plants from laboratory to land. Biotech. Letts. 32:
1199-1265.

De, K., Chandra, S., Misra M. 2009. Assessment of the
effect of Bacopa monnieri (L) Wettst. Extract on the
labeling of blood elements with technetium-99m and on
the morphology of red blood cells. Journal of
Pharmacognos. 19(3): 664-671.

Deepak, M., Sangli, G.K., Arun, P.C., Amit, A 2005.
Quantitative determination of the major saponin
mixture bacoside A in Bacopa monnieri by HPLC.
Phytochemical Analysis. 16:24 - 29.

Dar, A., Channa, S. 1999. Calcium antagonistic activity
of Bacopa monniera on vascular and intestinal smooth
muscles of rabbi and guinea pig.Journal of
Ethnophramacology. 66:167 - 174.

Dar, A., Channa, S. 1997.Relaxant effect of ethanolic
extract of Bacopa monniera on trachea, pulmonary
artery and aorta from rabbit and guinea pig.
Phytotherapy Research. 11:323-325.

Escandon, A., Hagiwara, J.C. and Alderete, L.M. 2006.
A new variety of Bacopa monnieri was obtained by in
vitro polyploidization. Elect. J. Biotechnol. 9 (3): 181-
186.

Goren, R., Altman, A., Giladi, I. 1979. Role of ethylene
in abscisic acid - induced callus formation in citrus bud
cultures. Plant Physiol. 63: 280-282.

Gurnani, C., Kumar, V., Mukhija, S., Dhingra, A.,
Rajpurohit, S., and Narula, P., 2012.In vitro
regeneration of brahmi (bacopa monneiri(l.) Penn.) - A

24

threatened medicinal plant.  Journal of Science
Engineering and Technology. 8(1): 97-99.

Hu, Y., Bao, F. and Li, J. 2000. Promotive effect of
brassinosteroids on cell division involves a distinct Cyc
D3-induction pathway in Arabidopsis. Plant J. 24 (5):
693-701.

Himinish,D.,and Ajay,T. 2017. In vitro propagation of a
medicinal important plant Bacopa monnieri from nodal
explants. Indian Journal of Research in Pharmacy and
Biotechnology. 5(1): 1-4

Hammerschlag, F.A. 1982. Factors influencing in vitro
multiplication and rooting of the plum root stock
Myrobalan (Prunus ceresifera Enrh). J. of the Am. Soc.
of Hort. Sci. 107: 44-47.

Jain, R., Prasad, B. and Jain, M. 2013. In vitro
regeneration of Bacopa monnieri (L.): A highly valuable
medicinal plant. Int. J. of Curr. Microbio. and App. Sci.
2 (12): 198-205.

Jain, M., Rajput, R. and Mishra, A. 2013. Enhancement
of Secondary Metabolite Biosynthesis in Bacopa
monnieri: An in vitro Study, Research Journal of Recent
Sciences. 2(1):13-16.

Joshi, B.B., Patel, M.G.H., Dabhi, B. and Mistry, K.N.
2013. In vitro phytochemical

analysis and anti-microbial activity of crude extract of
Bacopa monnieri. Bull. Pharm. Med Sci. 1 (2): 128-131.
Jager, S., Winkle K., Pfuller, U., Scheffier, A 2007.
Solubility Studies of Oleanolic Acid and Betulinic Acid in
Aqueous Solutions and Plant Extracts of Viscum album
L.. Planta Medica. 73(2):157-162.

Joshi, A.G., Pathak, A.R., Sharma, A.M., and Singh, S.
2010.High frequency of shoot

regeneration on leaf explants of Bacopa monnieri.
Environ Exp Biol. 8: 81-84.

Kaur, J., Nautiyal, K. and Pant, M. 2013. In vitro
propagation of Bacopa monnieri (L.) Wettst. A
medicinally priced herb. Int. J. of Curr. Microbiol. and
App. Sci. 2 (8): 131-138.

Kumari, S., Starlin, N.M. and Huxley, A.J 2010. In vitro
propagation of Bacopa monnieri (L.)- A wetland
medicinal plant. J. of Basic and App. Biol. 4 (3): 138-
142.

Kumari, R., Priyadarshini, M., Anjali, K., and Shukla,
L.N. 2014. In vitro mass multiplication of Bacopa
monnieri (L.) an endangered and valuable medicinal
herb. Ind. J. Sci. Res.7(1): 1248-1253.

Tiwari, V., Singh, B.D., Tiwari, K.N. 1998.Shoot
regeneration and somatic embryogenesis from different
explants of Brahmi [Bacopa monnieria (L.) Wettest.].
Plant Cell Reports. 17: 538-543.

Tiwari, K.N., Sharma, N.C., Tiwari, V. and Singh, B.D.
2000. Micropropagation of Centella asiatica (L.), a
valuable medicinal herb. Plant Cell, Tissue and Organ
Culture. 63(1): 179-185.

Tiwari, V., Tiwari, K.N. and Singh, B.D. 2000. Suitability
of Liquid cultures for in-vitro multiplication of Bacopa
monniera Linn. Wettst. Phytomorphology. 50(3&4): 33-
34.

Tiwari, V., Tiwari, K.N.,Singh, B.D. 2000. Suitability of
liquid cultures or in vitro multiplication of Bacopa
monnieri (L.) Wettst. Phytomorphology. 50: 337 - 342.
Tiwari, V., Tiwari, K.N., Singh, B.D. 2001. Comparative
studies of cytokinins on in vitro propagation of Bacopa
monnieri. Plant Cell, Tissue and Organ Culture. 66(1):
9 - 16.

Tiwari, V., Tewari, K.N., Singh, B.D. 2006. Shoot bud
regeneration from different explants of Bacopa
monnieri (L.) Wettst. by trimethoprim and bavistin.
Plant Cell Reports. 25(7): 629 - 635.

Tanveer, A., Khan, M., and Shah, F 2010. In vitro
micropropagation of Brahmi Bacopa monnieri (L.)
Pennel- A step for conservation. Nano biotechnica
Universale. 1: 139-150.




Mathur, S., and Kumar, S. 1998. Phytohormone self-
sufficiency for regeneration in the leaf and stem
explants of Bacopa monnieri. Journal of Medicinal and
Aromatic Plant Sciences. 20(4): 1056-1059.

Murashige, T., Skoog, F 1962. A revised medium for
rapid growth and bioassays with tobacco tissue cultures.
Physiologia Plantarum. 15(3):473 - 497.

Mehta, J., Ansari, R., Syedy, M., Khan, S., Sharma, S.,
Gupta, N., Rathore, R., Vaishnav, K. 2012. An effective
method for high frequency Multiple shoots regeneration
and callus induction of Bacopa monnieri (L.) Pennel. An
important medicinal plant. Asian Journal of Plant
Science and Research. 2 (5): 620 - 626.

Mohapatra, H.P., Rath, S.P. 2005. In vitro st udies of
Bacopa monnieri - an important medicinal plant with
reference to its biochemical variations. Indian Journal
of experimental Biology. 43:373 - 376.

Murthy, P., Raju, V.R., Ramakrisana, T., Chakravarthy,
M.S., Kumar, K.V., Kannababu, S., Subbaraju, G.V.
2006. Estimation of twelve bacopa saponins in B.
monnieri extracts and formulations by High-
Performance Liquid Chromatography. Chemical and
Pharmaceutical Bulletin. 54 (6): 907 - 911.

Mathur, S., Gupta, M.M., Ram, M., Sharma, S., Kumar,
S. 2002. Herb yield and bacoside-A content of field-
grown Bacopa monnieri accessions. Journal of Herbs,
Spices and Medicinal Plants .9 (1): 11 - 18.

Malhotra, C.K., Das, P.K. 1959. Pharmacological studies
of Herpestis monniera Linn (Brahmi). Indian Journal of
Medical Research. 47: 294 - 305.

Mathur, A., Verma, S. K., Purohit, R., Singh, S. K.,
Mathur, D., Prasad, G.B.K.S., Dua, V. K. 2010.
Pharmacological investigation of Bacopa monnierion the
basis of antioxidant, antimicrobial and anti-
inflammatory properties. Journal of Chemical and
Pharmaceutical Research. 2(6): 191-198.

Nathan, P.J., Clarke, J., Lloyd, J., Hutchison, C.W.,
Downey, L., Stough, C. 2001. The acute effects of an
extract of Bacopa monniera (Brahmi) on cognitive
function in healthy normal subjects. Human
Psychopharmacology. 16 (4): 345 - 351.

Narayan, T.B., Khatri, P., Julfikar, A. and Srivastava, A.
2011. Tissue culture of endangered Brahmi (Bacopa
monnieri) (Linn) Family Scrophulariaceae. J. Pharmaco.
Herbal Formul. 1 (4): 73-84.

Pandiyan, P., Selvaraj, T. 2012. In vitro multiplication
of Bacopa monnieri (L.) Pennell from shoot tip and nodal
explants. Journal of Agricultural Technology. 8(3):
1099 - 1108.

Prakash, S. 1993. Production of ginger and turmeric
through tissue culture methods and investigation into
making tissue culture propagation less expensive. Ph. D
Thesis, Bangalore University, Bangalore.

Parale, A., Barmukh, R., and Nikam, T. 2010. Influence
of organic supplements on production of shoot and
callus biomass and accumulation of bacoside in Bacopa
monniera(L.) Pennell. Physiol. Mol. Biol. Plant. 16
(2):167-175.

Patil, G.S., Shimpi, T.S., Deshpande, H.A., Narkhede,
J.D., and Bhalsing, S.R. 2009.Tissue culture studies on
Bacopa monnieri (L.) Pennell-a threatened medicinal
herb. Int. Res. J. 1(1): 29-31.

Pandiyan, P., and Selvaraj, T. 2012. In vitro
multiplication of Bacopa monnieri (L.)

Pennell from shoot tip and nodal explants. Journal of
Agricultural Technology.8(3):1099-1108.

Patil, R. B., Vora, S. R., Pillai, M. M. 2009. Antioxidant
effect of plant extracts on phospholipids levels in
oxidatively stressed male reproductive organs in mice.
Iranian Journal of Reproductive Medicine. 7(1): 35-39.

Rastogi, S., Pal, R., Kulshreshtha, D. K. 1964. Bacoside
A3---A triterpenoidsaponin from Bacopa monniera.
Interational Journal of Plant Biochemistry. 36, 133-137.

25

Richa, J., Bheem, P. and Manju, J. 2013. In- vitro
regeneration of Bacopa monnieri.
Int.J.Curr.Microbiol.App.Sci. 2(12): 198-205.

Rout, J.R., Sahoo, S.L., Ray, S.S., Sethi, B.K. and Das,
R. 2011. Standardization of an efficient protocol for in
vitro clonal propagation of Bacopa monnieri L.- an
important medicinal plant. J. of Agri. Tech. 7 (2): 289-
299.

Ramesh, M., Saravanakumar, R.M., and Karutha, P. S.
2006. Benzyl amino purine and adenine sulphate
induced multiple shoot and root induction from nodal
explants of Brahmi, B. monnieri (L.) Penn. Green page
research article vol. 5(1): 44-51.

Rahman, L.U., Verma, P.C., Singh, D., Gupta, M.M.,
Banerjee, S. 2002. Bacosides production by suspension
cultures of Bacopa monnieri (L). Biotechnology Letter.
24:1427 - 1429.

Roodenrys, S., Booth, D., Bulzomi, S., Phipps, A.,
Micallef, C., Smoker, J. 2002. Chronic effect of Brahmi
(Bacoppa monnieri) on human memory.
Neuropsychopharmacology. 27: 279- 281.

Satyavati, G.V., Raina, M.K., Sharma, M. 1976. Indian
Medicinal Plants, vol.1Indian Council of Medical
Research, New Delhi.

Sairam, K., Dorababu, M., Goel, R.K., Bhattacharya,
S.K. 2002. Antidepressant activity of standardized
extract of Bacopa monniera in experimental models of
depression in rats. Phytomedicine. 9: 207-211.

Sairam, K., Rao, C.V, Dora, B. M., Goel, R.K. 2001.
Prophylactic and curative effects

of Bacopa monniera in gastric ulcer models.
Phytomedicine. 8: 423-430.

Sundriyal, A., Rawat, D.S. and Singh, A.K. 2013. Tissue
culture, phytochemical and pharmacological study of
Bacopa monnieri. Asian J. of Biochem. and
Pharmaceut. Res. 1 (3): 243-260.

Shrivastava, N., Rajani, M. 1999. Multiple shoot
regeneration and tissue culture studies on Bacopa
monnieri (L.) Pennel. Plant cell Reports. 18: 919 -923.
Showkat, P., Zaidi, Y., Asghar, S. and Jamaluddin, S.
2010 .In vitro propagation and

callus formation of Bacopa monnieri (L.) Penn.Plant Tiss
Cult Biotech. 20(2): 119-125.

Sharma, S., Kamal, B., Rathi, N., Chauhan, S., Jadon,
V., Vats, N., Gehlot, A. and Arya, S. 2010. In vitro rapid
and mass multiplication of highly valuable medicinal
plant Bacopa monnieri (L.) Wettst. Afr. J. of
Biotechnol. 9 (49): 8318-8322.

Scholten, H.J. and Pierik, R.L.M. 1998. Agar as a gelling
agent: Chemical & Physical analysis. Plant Cell Rep. 17:
230-235.

Showkat, P., Zaidi, Y., Asghar, S., and Jamaluddin, S.
.2010.In vitro propagation and

callus formation of Bacopa monnieri (L.) Penn.Plant
Tissue Culture Biotech. 20(2): 119-125.

Sindhu, A., Kumar, S. and Mahaja, S. 2010. Rapid clonal
multiplication through in vitro axillary bud proliferation
of Bacopa monnieri Penn.- A medicinal herb. Plant Cell
Biotechnol. and Mol. Biol. 11 (1 &2).

Skoog, F. and Miller, C.0. 1957. Chemical regulation of
growth and organ formation in plant tissues cultured in
vitro. Symp. Soc. Exp. Biol. 11: 118-130.

Singh, S.K. 2012. Phytochemical analysis of leaf callus
of Bacopa monnieri (L.). Int. J. of Scient. and Res. Pub.
2(9): 1-3.

Singh, H.K., Dhawan, B.N. 1997. Neuropsycho
pharmacological effects of the Ayurvedic nootropic
Bacopa Monnieria Linn. (Brahmi). Indian Journal of
Pharmacology. 29:359 - 365.

Sharma, N., Satsangi, R., Pandey, R., Devi, S. and
Vimala, S. 2007. In vitro clonal

propagation and medium term conservation of Brahmi
(Bacopa monnieri). J.Plant Biochem. Biotechnol. 6 (2):
139-142.




Sivarajan, V.V., Balachandran, I. 1994. Ayurvedic drugs
and their sources, Oxford and IBH Publishing Co. New
Delhi. 97 - 99.

Sivaramakrishna, C., Rao, C. V., Trimurtulu, G.,
Mulabagal, V., Subbaraju, G. V. 2005. Triterpenoid
glycosides from Bacopa monnieri. Phytochemistry.
66:2719-2728.

Singh, S., Susan, E., D’Souza, S.F. 2006. Cadmium
accumulation and its influence on lipid peroxidation and
antioxidative system in an aquatic plant, Bacopa
monnieri L. Chemosphere. 62: 233-246.

Talukdar, A. 2014. Biosynthesis of total bacosides in the
callus culture of Bacopa monnieri L. Pennel from North-
east India. Int. J. of Curr. Microbiol. and App. Sci. 3
(3): 140-145.

Umesh, M.K., Kumar, S., C.B., Hanumantappa, B.N. and
Ramesh, L. 2014. Evaluation of in vitro anti-
thrombolytic activity and cytotoxicity potential of
Typha angustifolia L. leaves extracts. Int. J. Pharm.
Sci. 6 (5): 81-85.

26

Udgire, M., Pathade, G.R. 2012. Preliminary
Phytochemical and Antifungal Screening of Crude
Extracts of the Bacpoa monnieri. Universal Journal of
Environmental Research and Technology. 2(4):347-354.
Vijayakumar, M., Vijayakumar, R. and Stephen, R. 2010.
In vitro propagation of Bacopa monnieri (L.)- A
multipurpose medicinal plant. Ind. J. of Sci. and
Technol. 3 (7): 781-786.

Yusuf, A., Kumar, R., Nikhilesh, T.S., Rao, P.S. 2011.
Effects of antioxidants and gelling agents in
regeneration, in vitro conservation and genetic stability
of Bacopa monnieri (L.) Pennell.Int.J.Ayurveda and
Herbal Med.1(3):51-67.

Zhang, S., Lu,W., Liu, X., Diao, Y., Bai, F., Wang, L.,
Lei, S., Huang, J., Li, H., Zhang, W. 2011. Fast and
effective identification of the bioactive compounds and
their targets from the medicinal plants via
computational chemical biology approach. Medicinal
Chemistry Communication. 2: 471-477.




