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ABSTRACT 
The current review focuses on the plant Bacopa monnieri, one of prominent 
medical herbs in Indian ayurvedic system. The plant is well known for its cog-
nitive and memory enhancing capabilities. The plant contains many useful al-
kaloids and secondary metabolites. Studies have shown that it has various 
promising pharmacological properties which have the potential to treat many 
illnesses and disorders such as asthma, bronchitis, rheumatism also in for renal 
disease, water retention, blood cleaning etc. This leads to the over exploitation 
of the plant which puts a stress on the naturally available stock of the plant, 
therefore, it becomes a necessity to find optimum methods for mass production 
of the plant and its important secondary metabolites. This review attempts to 
compile and to discuss the advancements in methods and techniques including 
type of culture vessels, plant growth regulators (PGRs), effect of stress, plant 
growth promoting rhizobacteria (PGPRs) interactions; for in vitro propagation 
of Bacopa monnieri and the enhanced production of its important bioactive 
(bacoside) for its sustainable exploitation. 
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INTRODUCTION 
The Bacopa, also commonly referred to Water hyssop or the Brahmi 
plant, is a creeping herb mostly found in wetlands and muddy regions. 
Belonging to the Scrophulariaceae family, it is a key component in many 
Ayurvedic medicines. The plant leaves are thick and succulent in nature, 
flower’s small and white. The entire plant is medically useful (Bone 
1996). It is a perennial plant and distributed among tropical and subtrop-
ical regions such as India, China, Nepal, Pakistan, Viet Nam and Sri 
Lanka. Also, its occurrence has been reported in Florida, some states of 
USA, and Hawaii. Its presence has also been noted in the Mediterranean 
basin. The areas of the Arabian Peninsula where this plant has been ob-
served include: Kuwait, UAE, Saudi Arabia, southern and northern parts 
of Oman, Yemen, Bahrain, and Socotra. Additionally, reports of its pres-
ence throughout the western and southern Peninsula have also been rec-
orded. In India, the Bacopa plant has been found in many states including 
Delhi, Andhra Pradesh, Kerala, Goa, Assam, Orissa, Bihar, Gujarat, An-
daman, Karnataka, Tamil Nadu, Manipur, West Bengal, Punjab, and Ra-
jasthan. 
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Since ancient times, the Bacopa has been utilised in many Ayurvedic 
treatments. It has been valuated as an important herb in many literatures 
since about 800 BC, one of its treatments for mental ailments has been 
documented in the text Charaka Samhita (Singh & Dhawan 1997). It is 
primarily used to improve cerebral capacities, but there are several re-
ports where it has been used against inflammatory diseases including 
asthma, bronchitis, rheumatism and for treating of numerous kidney dis-
orders like blood purification, water retention etc. (Singh & Dhawan 
1982; Channa et al. 2006; Rao et al. 2012). 

The presence of several compounds like alkaloids (nicotine and her-
pestine), flavonoids (apigenin and luteolin), glycosides (thanakunicide, 

asiaticoside), and phytochemicals like wogonin, betulinic acid, β-
sitosterol, betulic acid, stigmasterol, oroxindin and brahmic acid, bra-
hamoside, iso-brahmic acid, brahminoside, vallerine, volatile oil, pectic 
acid, ascorbic acid,  fatty acids, asiatic acid, tannins, thanakunic acid etc. 
has been documented by (Chopra et al. 1956; Sivaramakrishna et al. 2005; 

Mathew et al. 2010). Of these, Bacoside-A (3-(α- L-arabinopyranosyl)-O-

β- D – glucopyranoside-10, 20-dihydroxy-16-keto-dammar-24-ene) is 
thought to be the key active compound which helps in assisting memory 
(Chatterji et al. 1965). 

The Bacopa plant has been ranked second on the importance for its 
commercial worth, therapeutic value, and potential for future research 
and development, based on a study undertaken by The Export-Import 
Bank of India.  Therefore, the estimated annual dry weight demand for 
the plant is about 12.700 tons, which is around Rs 15 billion (Ahmed 
1993). Almost the entirety of this need is satisfied by the existing natural 
stock or by traditional methods of propagation. 

This present study focuses on the effectiveness of secondary metab-
olites production from Bacopa monnieri using various in-vitro propagation 
methods. 

The whole B. monnieri plant is medically significant (Bone 1996). 
Plants collected from wild, greenhouses or in vitro grown plantlets have 
been used for micropropagation. Stem, shoot tips, nodal and internodal 
segments from mature plants as well as from plantlets cultured in in-vitro 
has been used for the micropropagation of Bacopa monnieri. Even though 
different culture medias can be used for micropropagation, a comparative 
study between t Murashige and Skoog (MS (Murashige & Skoog 1962)) 
and Gamborg’s (B5) media, where no additional plant growth regulators 
(PGR) were used, showed that MS media is better suited for B. monnieri 
plant for both shoot and leaf multiplication in vitro (Koul et al. 2014). 

The most widely used plant parts for B. monnieri clonal growth are 
shoot tips and nodes, which are generated from ex-vitro (~45% of reports) 
and in-vitro cultivated plants (~16% of reports), amongst which the nodal 
explants were reported to yield better results for enhanced in-vitro cau-
logenesis (Saha et al. 2020).  

Impact of explant size has also been evaluated in one study where 
explants of size 0.5 cm and 20 explant/40 millimetre (1 explant/2 milli-
metre) yielded the best explant response in terms of number of shoots per 
explants regenerated and shoot length. Also, increase in size of explant 
did not make for an increment in the number of shoots in the same pro-
portion (Jain et al. 2012). 

 
In-vitro Callogenesis 
The induction of callus using leaf explants on semi-solid MS basal media 
supplemented with various concentrations of Kinetin (Kn) or 6-
Benzylaminopurine (BAP) alone; as well as varied quantities of 1-
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Naphthaleneacetic acid (NAA) or Indoleacetic acid (IAA) in combination 
with BAP were tried by (Rout et al. 2011) in which it was observed that a 
combination of BAP (2.0 mgL-1) with NAA (0.5 mgL-1) gave maximum 
callusing rate of 71±2.2%. Callus of 1-2 cm in diameter were suitable for 
organogenesis after sub-culturing in the same media (Sheikh et al. 2015). 
The impact of growth regulators; cytokinin and auxin, when coconut 
milk was used as an adjuvant was studied by (Kumari 2019).  

The callus obtained from explants (leaf and stem) were pale, with 
soft surfaces, curled to compact, and turned green when exposed to light. 
Maximum calli development was obtained from 1-Naphthaleneacetic acid 
(2.5 mg-1) which gave a (94.22 %) of calli formation in leaf explants; and 
from nodal explants 2,4-D showed maximum calli formation (of 71.41 %) 
on 2.5 mg-1 and internodal explants on 2,4-D showed 65.21% on 2.5 mg-1 
(Ali et al. 2020). 

According to (Patra et al. 2018) leaf explants grown on MS medi-
um + 0.5 mg L−1 1-Naphthaleneacetic acid + 0.1 mg L−1 6-
Benzylaminopurine showed the fastest growth in green callus of 01.83 ± 
0.23 g/L biomass (on the basis of dry cell weight) in less than two weeks 
(12 days). 

 
Regeneration by Nodal Segment 
Multiple shoot proliferations by using varied intensities of 6-
Benzylaminopurine and Kinetin alone or with combination of Indoleace-
tic acid were demonstrated by (Sape et al. 2020). When shoot bud induc-
tion was tested on nodal explants cultured in MS media fortified with N 6

- benzyl adenine (BA), it resulted in gradual swelling of the base and the 
emergence of multiple shoot buds from both above and below the medi-
um, though only a small number of the shoot buds located above the me-
dium was able to elongate in it. (Behera et al. 2015). 

 In an assessment conducted by (Chaudhry et al. 2019) with differ-
ent concentrations of MS media and combinations BAP and NAA, it was 
reported that the use of MS basal media at full strength was able to pro-
duce 100% bud break after 3-4 days of culture. In addition, a maximum 
number of 12-13 shoots were produced per culture. 

The BAP and NAA also were seen to be a crucial factor as 0.5mg 
L−1 of BAP gave good results (10.2±0.1 shoots per culture), but bud 
break and shoot regeneration decreased as BAP increased (Dixit & 
Thakur 2017; Chaudhry et al. 2019). Higher concentrations of NAA 
(1mg L−1) caused callus induction. Maximum shoot elongation is more 
than any other culture and combination in the study took place in simple 
MS basal media with full strength, where it produced a maximum shoot 
elongation of 9 cm and 12.0±0.2 shoots per culture, after 4 weeks of cul-
turing and sub-culturing in the same media composition (Chaudhry et al. 
2019). The combination of BAP, Kn and NAA, each 1mg./l, also proved 
as very effective in obtaining a maximum mean number (18.4±0.8) of 
shoots per explant (Pandiyan & Selvaraj 2012). 

 
Direct Regeneration by Leaf Explant 
Direct regeneration has had the most succeed, as plants grown using di-
rect organogenesis are significantly more stable than those grown 
through indirect organogenesis (callus) (Kamenickà & Rypák 1989). 
Based on a study conducted by (Nagella et al. 2009), leaf explants, alt-
hough they were able to successfully regenerate shoot buds in culture, 
required a two-stage culture setup. In which the first stage involved 
growth of the explants in a static medium and in the second stage, they 
were transferred from the static to liquid medium. Here, the leaf explants 
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produced shoot buds which were too small and made it impossible to be 
counted and took longer time in becoming shoots. 

There are existing numerous records by which successful leaf ex-
plant cultures have been established on different media, as well as with 
different media composition (Joshi et al. 2010; Koul et al. 2014; Umesh et 
al. 2014; Rahe et al. 2020) etc. 

Leaf explants cultured in full strength MS basal media showed 
shoot bud break and shoot bud proliferation (90%) in 10 days along the 
leaf margins. As seen in the case of nodal explants, higher concentrations 
of NAA induced callus formation. Yellowing of shoot buds were observed 
in two-week-old cultures composed of MS medium + BAP + NAA com-
binations. Maximum number of shoots were observed full strength MS 
basal media with 4 weeks of culture, (10.9±0.3). After 3 weeks of sub cul-
ture, maximum shoot elongation of 8.5±0.11 was observed in full 
strength MS media (Chaudhry et al. 2019) (Table 1). 

 
In vitro Rhizogenesis  
Root induction was carried out by using different concentrations of In-
dole-3-butyric acid (IBA) and MS media (Jain et al. 2013; Dixit & Thakur 
2017; Ali et al. 2020), of which half strength MS with 0.2 mgL-1 IBA 
showed maximum root formation with an average of 10.2 roots, with an 
average length root length of 4.2 cm in four days from shoot inoculation 
(Behera et al. 2015). When in IBA concentration was increased to 0.3 mg 
L−1, it produced short and thick roots (Dixit & Thakur 2017). 

 
Hardening and Acclimatization 
Plantlets grown in vitro via tissue culture cannot be planted directly into 
the field as they are grown in controlled environmental conditions and 
therefore, they need to be acclimatized, as to reduce the overall mortality 
rate (Chaudhry et al. 2019). This can be achieved by a number of means. 
The type of potting mixture used always serve as a vital component of 
this process. Several potting mixtures like sand, soil, cocopeat, cow dung, 
vermiculite, farmyard manure, soilrite, peatmoss etc. have been used in 
different ratios and combinations resulting in the hardening and acclima-
tization process of B. monnieri (Joshi et al. 2010; Rout et al. 2011; Bhusari 
et al. 2013; Umesh et al. 2014; Naik et al. 2014; Hegazi 2016; Sharma et 
al. 2018; Chaudhry et al. 2019) (Table 1). 

Rooted shoots after sufficient period of culturing, has to be trans-
ferred to pots for hardening. These plantlets have to be carefully de-
tached from their in vitro culture media. This is followed by thoroughly 
cleaning the roots with sterile distilled water under lab conditions, to re-
move any media remains attached to the roots. These washed plantlets 
are then transferred to small containers such as plastic cups with potting 
mixture composed of uncontaminated soil and vermiculture in the ratio 
(2:1 vol./vol.). They are maintained under (16/8 hr Light/Dark) photo-
periods. Primary hardening is done in laboratory conditions by regularly 
pouring salt solution of half strength MS media. Hardened plantlets were 
initially encased in polythene bags to maintain a sufficient high humidity 
of 80%. In two weeks, the polythene covers were removed and direct 
light exposure was given to these potted plants.  Sterile distilled water 
was used to water the plants under these conditions. A survivability rate 
of 100% was reported for these plants under glass house conditions 
(Sharma et al. 2016; Ali et al. 2020). 

 
Bacoside Production 
By using the Plackett-Burman (PB) method of study, four factors essen-
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Explant-
source/Type 

Observation Media (shoot 
induction/ 
multiplica-
tion) 

Rooting 
Media 

Acclimatization Reference 

Leaf explant (ex 
vitro) 

Multiple shoot formations; 
rooting. 

MS+6.0µM 
BAP+3% su-

crose. 

Half 
Strength 
MS +1% 
sucrose+ 
2.0 µM 

IBA. 

Sand: soil (3:1) (Joshi et al. 
2010) 

Leaf explant (ex 
vitro) 

Callus induction; multiple 
shoot formations; rooting. 
(Mean no. of roots/ shoot 

6.8±0.72) 

MS + 0.5 
mg l-1 

NAA+ 2.0 
mg l-1 
BAP. 

Half MS 
+ 2.00 
mg L−1 

IAA 

Mixture of soil: 
sterilized sand: 
Powdered dry 

cow dung (1:1:1) 
for 1 week. 

86% survival. 

(Rout et al. 
2011) 

Stem and leaf 
explants (ex 

vitro) 

Bioreactor as well as differ-
ent culture vessels used; 

Multiple shoot formations; 
Phenolic determination. 

  

MS+ IAA 
00.01 mg 
l−1+ BAP 

02.5 mg l−1 
+ 3 % su-

crose. 

_ _ (Jain et al. 
2012) 

Axillary nodes, 
shoot tips and 

young leaves (ex 
vitro) 

Cost effective method 
for some culture com-

ponents; Multiple shoot 
formations; rooting. 

Half semi solid 
MS +3.0 mgL-

1 Kn +00.5 
mgL-1 IBA. 

 Half 
MS+ 

NAA 0.5 
mgL-1 + 
IBA 0.5 
mgL-1 

In pots contain-
ing soil: farmyard 

manure: sand 
(1:1:1). 

(Bhusari et al. 
2013) 

Leaf and nodal 
explants (ex 

vitro) 

Multiple shoot formations; 
Bacoside production; detec-

tion by HPLC method. 

MS + 2.0 mg 
L−1 Kn. 

MS. soil rite (Mixture 
of coco brick, 

vermiculite and 
cocopeat perlite). 

(Umesh et al. 
2014) 

Leaf, node and 
internode seg-

ments (ex vitro) 

Multiple shoot formations; 
rooting. 

MS + 2.0 mg 
L−1 Kn. 

MS + 2.0 
mg L−1 

Kn 

soil rite. 95% sur-
vival. 

(Naik et al. 
2014) 

Shoot cultures 
from nodal seg-

ments. 

Bioreactor based cultures; 
Growth index measured in 
terms of dry wet; Multiple 
shoot formations; bacoside 

production. 
(Maximum GI 5.84) 

MS+ 3% su-
crose+ 1mg 

L−1 BAP 

_ _ (Sharma et al. 
2015) 

Shoot tips (ex 
vitro) & in-vitro 

sub-cultured 
shoot tips (for 
encapsulation). 

  

synthetic seeds; encapsula-
tion, storage and recovery; 

rooting. 

MS+ 0.1 mg/
L myo-

inositol+ 3% 
sucrose+ 00.53 

μM NAA + 

04.44 μM 
BAP. 

MS. Peatmoss:sand 
(1:1) 93% surviv-

al. 

(Hegazi 2016) 

Nodal segments 
with single axil-

lary buds (ex 
vitro) 

Multiple shoot formations; 
rooting. 

MS + IAA 
00.5 mg L−1 + 
BAP 1.0 mg 

L−1 

MS+ 00.2 
mg L−1 

IBA 

_ 
70% survival in 

hardening. 

(Dixit & 
Thakur 2017) 

Table 1. Some methods used in micropropagation of Bacopa monnieri 
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tial for producing secondary metabolites were examined by (Patra et al. 
2018).  Four main factors: size of the inoculum, NO3 

−/NH4 + ratio, su-
crose concentration, and KH2PO4 concentration were studied in high 
yield producing variety of plants (bacoside-A of content up to 10.0 mg g-1 
dry weight in whole plant, obtained from CIMAP- Lucknow, India). 
Here, as some reports had suggested that one -fourth strength of MS me-
dium was more preferable to half-strength MS media for both bacoside 
and biomass production, one-sixth strength MS media was optimised op-
timized and used in this case (Wu et al. 2006; Fadel et al. 2010; Patra & 
Srivastava 2016). It was found that biomass production was affected by 
sucrose, KH2PO4 and inoculum concentration (Patra et al. 2018). The 
limited effect of sucrose and KH2PO4 on bacoside and biomass was also 
reported by (Seth et al. 2020). 

Biomass production was not affected by NO3 
−/NH4 + ratio (Patra 

et al. 2018). The inoculum size had a direct effect on the production of 
secondary metabolites and its growth rate, as the larger the inoculum 
size, the higher the production of secondary metabolites and the slower 
the rate of growth. (Patra et al. 2018). As shown (Trejo-Tapia et al. 2003) 
in Lavandula spica, it also imparted a positive impact on enzymes that 
regulates metabolic path ways. 

The buffering ability of the culture medium determines how much 
cell biomass can increase, which accounts for the positive effect of 
KH2PO4 (Patra et al. 2018). The positive impact of sucrose, as a crucial 
factor in biomass development because of how it affects osmo-regularity 
of the culture, as cell signalling molecule and as a carbon source for bio-
mass production (Weathers et al. 2004; Patra et al. 2018). 

To analyse and for the further optimization of the media, response 
surface methodology (RSM) was applied. In accordance to dry weight, 
3.65 g/L of maximum biomass was obtained in one-sixth strength of MS 
medium + 0.1 mg L−1 BAP + 0.5 mg L−1 NAA with 30 grams per litre 
sucrose, 1.24 mM KH2PO4 and 2.0 g/L inoculum.  One--sixth strength of 
MS medium + 0.1 mg L−1 BAP +0.5 mg L−1 NAA with 41.92 gram per 
litre sucrose, 0.22 mM KH2PO4 and 2.0 g/L inoculum predicted the high-
est bacoside yield of 0.49 mg g-1 (Patra et al. 2018). It was also found that 
as KH2PO4 was only suitable for high biomass production and not in pro-
duction of bacoside-A, as bacoside-A being a secondary metabolite which 
observes a non-growth associated production kinetics (Patra et al. 2018). 

 
Upscaling Using Bioreactors 
Different culture vessels have been used in the micropropagation of the 
B. monnieri plant, large scale cultivation of shoots is possible by using bi-
oreactors. It is one of the best available methods for commercial use, in 

Explant-
source/Type 

Observation Media (shoot in-
duction/ multipli-

cation) 

Rooting 
Media 

Acclimatization Reference 

Nodal segments 
with axillary 
buds (ex vitro) 

Multiple shoot for-
mations; rooting. 

Semi solid MS+ 
01.5 mg L−1 Kn + 
02.5 mg L−1 BAP 

Half liquid 
MS+ IBA 
1.0 mg L−1 

Sand + Soil+ 
FYM (1:1:1). 
100% survival 

(Sharma et al. 
2018) 

Leaf explants, 
nodal segments 

with axillary 
buds (ex vitro) 

Multiple shoot for-
mations; rooting. 

MS Half MS + 
0.5 mg L−1 

IAA 

Soil: vermiculite 
mixture (50:50) 

(Chaudhry et 
al. 2019) 

BAP- 6-Benzylaminopurine; FYM- Farm Yard Manure; GI- growth index; IBA- Indole-3-butyric acid; IAA-
Indoleacetic acid; Kn- Kinetin; MS- Murashige and Skoog medium; NAA- 1-Naphthaleneacetic acid. 

 

Table 1. Contd. 
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the propagation and production of phytomedicines. This method of prop-
agation has been known to increase the rate of multiplication of cultures 
and thereby making the overall process more costs and the energy be-
comes efficient. It also reduces labour which makes commercial produc-
tion using bioreactors a more feasible approach (Bhanja et al. 2007; Khan 
et al. 2009; Koul et al. 2015). Among which, maximum growth index (GI) 
on the basis of dry weight was recorded in air lift bioreactor system 
(5.84), which is followed by Growtek bioreactor (4.22) (Sharma et al. 
2015) then by magenta box, 100 ml conical, glass jars, 250 ml conical 
flask. Variations were observed in the results, in depending on the num-
ber of shoots per litre and the type of vessels used (Jain et al. 2012). In 
which air lift bioreactor system showed an increase in shoot number of 
~48.33 to ~443.33, while Growtek bioreactor showed an increment from 
~9.00 to ~42.67 (Sharma et al. 2015). 
 
Effect of Plant Growth Promoting Rhizobacteria (PGPRs) 
Plant growth promoting rhizobacteria (PGPR) are rhizosphere bacteria 
helping in the promotion and enhancement of plant growth by the use of 
different mechanisms like biological nitrogen fixation, phosphate solubili-
zation, phytohormone production, rhizosphere engineering, antifungal 
activity etc. (Bhattacharyya & Jha 2012). PGPRs can also be inducted 
into various stages of plant tissue culture such as in hardening and root-
ing, to increase the overall health, survivability and productivity of the 
plant (Ahemad & Kibret 2014). When halotolerant species of PGPRs 
were utilised to observe the effects of salt stress in B. monnieri plant, it 
was found that the rhizobacteria E. oxidotolerans (GenBank accession no: 
JQ804988) produced a higher plant yield and greater bacoside-A content 
than that of non-inoculated plants (Bharti et al. 2012). Here, primary and 
secondary salinity stresses were established. The primary salinity was 
achieved by mixing 4 g of sodium chloride per kg of soil with sterilized 
field soil, followed by irrigation using non-saline sterilised water. Sec-
ondary salinity level was achieved by the by irrigating pots with saline 
solution. The desired concentration of 4 g of sodium chloride kg-1 soil 
was achieved by the gradual incrementation of sodium chloride concen-
tration every seven days at a gradient of 50 mM, to avoid osmotic shock 
(Kohler et al. 2010). A 50% increase in fresh weight was reported in inoc-
ulated plants in non-saline (control) conditions in comparison to non-
inoculated plants.  Plants inoculated with E. oxidotolerans when exposed 
to primary and secondary salinity, gave 109 and 138% better herb yield 
respectively than non-inoculated plants. Non-salinized E. oxidotolerans 
inoculated plants showed a 36% increase in bacoside-A content. Plants 
inoculated with E. oxidotolerans produced 44 and 76 % more bacoside-A 
content in salinized plants under primary and secondary salt stress, re-
spectively, while non-inoculated plants had a reduction of 33-50% in ba-
coside-A content (Bharti et al. 2012). 

An increase of 1.5% in bacoside-A production was also reported in 
bacopa plants treated with chitinolytic microbes namely, Streptomyces sp. 
MTN14 and Chitiniphilus sp. MTN22 alone or in combination. In plants, 
that were treated with the microbial combination, its bacoside biosyn-
thetic pathway genes were upregulated, and helped in the plant’s defen-
sive mechanism by enhancing chlorophyll-a, and defensive enzymes and 
phenolic compounds like cinnamic acid, ferulic acid, gallic acid and syrin-
gic acid; against the pathogen Meloidogyne incognita (Gupta et al. 2017). 

PGPR inoculation can have strain-specific impacts on the second-
ary metabolites production in plants as shown by (Walker et al. 2011) 
which implies the existence of a fine-tuned interaction mechanism. And 
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as reported by (Bharti et al. 2012), that PGPR inoculated plants, both 
under stressed condition (salinity stress) as well as under non-stressed 
condition (non-saline condition) exhibited a higher level of bacoside-A 
content, which could mean their potential role in secondary metabolite 
pathway. The increased bacoside content could also be because of the im-
proved leaf-stem ratio of the inoculated plants (Phrompittayarat et al. 
2011). 

 
Effect of Abiotic Stress on B. monnieri 
The effect of drought (mannitol) and salinity (NaCl) was studied on B. 
monnieri plant, it was found that the growth rate was decreased in cul-
tures under both kind of stress. Also, elevated amount of proline content 
was found in mannitol induced osmotic stress and in salinity stress. 
Whereas protein content increase was reported in lower concentration of 
NaCl and mannitol stress, and a reduction of protein content in higher 
concentrations of the same (Debnath 2008; Dogan 2020).  

According to another study conducted by (Dogan 2020), salt stress 
also affected callus formation and its density. With increase in salt con-
centration, callus density decreased and loss in callus colour (browning 
and yellowing) was also reported. Even though low levels of salt stress 
did not have much of an effect on in-vitro culture, high salinity has had an 
impact on many physiological and biochemical parameters due to de-
creased chlorophyll content in shoots from applying salt stress, which 
lead to conditions like chlorosis, lipid peroxidation, and protein degrada-
tion (Ashraf & Bhatti 2000; Dogan 2020). Lipid peroxidation can be 
caused by the reactive oxygen species found in the cell membrane, which 
can affect the cell permeability, composition, and structure as well as 
membrane integrity of the plant (Bose et al. 2014). Chlorosis or reduced 
chlorophyll content is plants under salt stress is caused by membrane 
degradation due to lipid peroxidation as well as increased chlorophyllase 
enzyme activity, which degrades chlorophylls, as well as a decrease in 
chlorophyll production (Ashraf & Bhatti 2000; Santos 2004). The in-
crease in proline content was thought to be causes of more proline pro-
ductions or because stress conditions decreased the incorporation of pro-
line into other macro molecules like protein. The increased activity of 
Pyrroline 5-carboxylate reductase (P5CR), proline oxidase, and ornithine 
amino transferase (OAT) could also give high proline content (Debnath 
2008). 

Secondary metabolites production increased gradually when treat-

ed with Cd up to 10.0 μM which then showed a decrease at higher con-

centrations of 50.0 μM and 100.0 μM. It indicates that the abiotic stress, 
which in this case the Cd treatment, increased the secondary metabolite 
production to a certain limit and then decreases due to Cd at higher con-
centrations. Increase in bioactive compounds like bacoside A and toxicity 
bacoside I in all Cd treated plants were found by the use of TLC finger-
printing (Gupta et al. 2014). 

The effect of abiotic stress on bacoside production was studied us-
ing abiotic elicitors like salicyclic acid (SA), jasmonic acid (JA) and copper 
sulphate (CuSO4), which were used in different concentrations, it was 
found that a maximum concentration in bacoside of 08.73 mg g-1 dry 
weight was given by CuSO4 (45 mg L-1) in an elicitation period of 6 and 9 
days. Both JA and SA produced higher concentration of bacoside than 
that of control but less than CuSO4 induced cultures. JA (1 mg L-1) gave a 

bacoside yield of 08.46 mg g-1 DW and SA (50 μM) gave 08.14 mg g-1 

DW of bacoside yield (Sharma et al. 2014). 
Seasonal variation i.e., the influence of temperature on wild varie-

ties of B. monnieri plant on bacoside production was estimated by collect-



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb74937 

-9- 

ed samples from different regions (in India) and growing them in a uni-
form environment for one year. It was found that even though there were 
variations due to genotypic differences, the greatest amount of bacoside-
A content (6.82 mg/plant) was documented during the summer, when 
the mean temperatures reached 40.0o C and the lowest values (0.34 mg/
plant) during winter which recorded a mean temperature lower than 5.0o 

C (Bansal et al. 2016). 
 

CONCLUSION  
Throughout the years, there has been a significant amount of research 
done on various parameters of micropropagation of Bacopa monnieri. Cul-
tures were mostly set up by extracting explants from ex vitro plants ra-
ther than from in vitro ones. Nodal explants were used more extensively 
than leaf explants for in vitro propagation. 

The use of bioreactors as a culture vessel have aided in acquiring 
increased biomass and bacoside production. Several key factors like size 
of the inoculum, sucrose concentration, NO3 

−/NH4 + ratio, KH2PO4 con-
centration, PGRs etc. play a significant role in biomass and bacoside pro-
duction directly or indirectly. Plant growth prompting rhizobacteria’s 
(PGPR) like E. oxidotolerans, incorporated plants were able to successful-
ly produce higher results in herb yield and in bacoside production com-
pared to non-inoculated plants. Temperature, salinity, and other abiotic 
elicitors like Cd, JA, CuSO4, SA were also found to have an impact on ba-
coside production in in vitro cultures. Even though some crucial factors 
and parameters have been identified, further studies are still required so 
as to incorporate the current research parameters to find optimum re-
quirements to enable the mass production of Bacopa monnieri as well as 
its important secondary metabolites. 

 
AUTHOR CONTRIBUTION 
A.V. has written the manuscript. S.S. has done the review, editing and 

proof-reading of the manuscript. V.S. has conceptualized and supervised 

the study.  

ACKNOWLEDGMENTS 
The authors duly acknowledge the cooperation of department of molecu-
lar biology & Genetic engineering, Lovely professional university, Jalan-
dhar, Punjab, India. 

 
CONFLICT OF INTEREST 
The authors declare that they have no conflict of interest. 

 
REFERENCE  
Ahemad, M. & Kibret, M., 2014. Mechanisms and applications of plant 

growth promoting rhizobacteria: Current perspective. Journal of 
King Saud University - Science, 26(1), pp.1-20. doi: 10.1016/
j.jksus.2013.05.001 

Ahmed, R., 1993. 'Medicinal Plants Used in SM--Their Procurement, Culti-
vation, Regeneration, and Import/Export Aspects--A Report', New Del-
hi: Today and Tomorrow Publishers and Printer. 

Ali, D., Alarifi, S. & Pandian, A., 2020. Somatic embryogenesis and in 
vitro plant regeneration of Bacopa monnieri (Linn.) Wettst., a po-
tential medicinal water hyssop plant. Saudi Journal of Biological Sci-
ences, October, 28(1), pp.353-359. doi: 10.1016/j.sjbs.2020.10.013 

Ashraf, M. Y. & Bhatti, A., 2000. Effect of salinity on growth and chloro-
phyll content of rice. Pak J Sci Ind Res, Volume 43, pp. 130-131. 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb74937 

-10- 

Bansal, M., Reddy, M.S. & Kumar, A., 2016. Seasonal variations in har-
vest index and bacoside A contents amongst accessions of Bacopa 
monnieri (L.) Wettst. collected from wild populations. Physiology 
and Molecular Biology of Plants, 22(3), pp. 407-413. doi: 10.1007/
s12298-016-0366-y 

Behera, S. et al., 2015. An efficient micropropagation protocol of Bacopa 
monnieri (L.) Pennell through two-stage culture of nodal segments 
and ex vitro acclimatization. Journal of Applied Biology & Biotechnol-
ogy, 3(03), pp.016-021. doi: 10.7324/JABB.2015.3304 

Bhanja, T. et al., 2007. Comparative profiles of alpha-amylase production 
in conventional tray reactor and GROWTEK bioreactor. Bioprocess 
Biosyst Eng, 30(5), pp.369-76. doi: 10.1007/s00449-007-0133-0 

Bharti, N. et al., 2012. Exiguobacterium oxidotolerans, a halotolerant 
plant growth promoting rhizobacteria, improves yield and content 
of secondary metabolites in Bacopa monnieri (L.) Pennell under pri-
mary and secondary salt stress. World J Microbiol Biotechnol, 29, 
pp.379-387. doi: 10.1007/s11274-012-1192-1 

Bhattacharyya, P.N. & Jha, D.K., 2012. Plant growth-promoting rhizo-
bacteria (PGPR): emergence in agriculture. World J Microbiol Bio-
technol, 28(4), pp.1327-50. doi: 10.1007/s11274-011-0979-9 

Bhusari, S., Wanjari, R. & Khobragade, P., 2013. Cost Effective In vitro 
Clonal proagation of Bacopa monnieri L. Penell. International Jour-
nal of Indigenous Medicinal Plants, 146(2), pp.1239–1244. 

Bone, K., 1996. Clinical applications of Ayurvedic and Chinese herbs: mono-
graphs for the western herbal practitioner. Queensland, Australia: 
Physiotherapy press. 

Bose, J., Bose, J. & Rodrigo-Moreno, A., 2014. ROS homeostasis in halo-
phytes in the context of salinity stress tolerance. J Exp Bot, 65, 
pp.1241-1257. doi: 10.1093/jxb/ert430 

Channa, S. et al., 2006. Anti-inflammatory activity of Bacopa monniera in 
rodents. Journal of Ethnopharmacology, 104(1-2), pp.286-289. doi: 
10.1016/j.jep.2005.10.009 

Chatterji, N., Rastogi, R. & Dhar, M., 1965. Chemical examination of Ba-
copa monniera Wettst: part II—the constitution of bacoside A. In-
dian journal of chemistry, 3, pp.24-30. 

Chaudhry, B. et al., 2019. Micropropagation of a medicinally important 
plant: Bacopa monnieri. Medicinal Plants- International Journal of 
Phytomedicines and Related Industries, 11(2), pp.177-182. doi: 
10.5958/0975-6892.2019.00022.4 

Chopra, R.N., Nayar, S.L. & Chopra, I.C., 1956. Glossary of Indian medic-
inal plants. Council of Scientific and Industrial Research, p. 32. 

Debnath, M., 2008. Responses of Bacopa monnieri to salinity and 
drought stress in vitro. Journal of Medicinal Plant Research, 2(11), 
pp.347-351. 

Dixit, H. & Thakur, A., 2017. In vitro propagation of a medicinal im-
portant plant Bacopa monnieri from nodal explants. Indian Journal 
of Research in Pharmacy and Biotechnology, 5(1), pp.1-4. 

Dogan, M., 2020. Effect of salt stress on in vitro organogenesis from 
nodal explant of Limnophila aromatica (Lamk.) Merr. and Bacopa 
monnieri (L.) Wettst. and their physio-morphological and biochem-
ical responses. Physiology and Molecular Biology of Plants, 26(4), 
pp.803-816. doi: 10.1007/s12298-020-00798-y 

Fadel, D. et al., 2010. Effect of Different Strength of Medium on Organo-
genesis, Phenolic Accumulation and Antioxidant Activity of Spear-
mint (Mentha spicata l.). The Open Horticulture Journal, 3, pp. 31-35. 
doi: 10.2174/1874840601003010031 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb74937 

-11- 

Gupta, P. et al., 2014. Effect of Cadmium on Growth, Bacoside A, and 
Bacopaside I of Bacopa monnieri (L.), a Memory Enhancing Herb.  
Scientific World Journal, 2014, 824586. doi: 10.1155/2014/824586 

Gupta, et al., 2017. Microbial modulation of bacoside A biosynthetic 
pathway and systemic defense mechanism in Bacopa monnieri un-
der Meloidogyne incognita stress. Scientific Reports, 7(1). doi: 
10.1038/srep41867 

Singh, H.K. & Dhawan, B.N., 1982. Effect of Bacopa monniera Linn. 

(Brā hmi) extract on avoidance responses in rat. Journal of Eth-
nopharmacology, 5(2), pp.205-214. doi: 10.1016/0378-8741(82)90044
-7 

Hegazi, G.A.E.M., 2016. In vitro Preservation of Bacopa monnieri (L.) 
Pennell as a Rare Medicinal Plant in Egypt. Journal of Basic and 
Applied Scientific Research, 6(12), pp. 35-43. 

Jain, N., Sharma, V. & Ramawat, K.G., 2012. Shoot culture of Bacopa 
monnieri: standardization of explant, vessels and bioreactor for 
growth and antioxidant capacity. An International Journal of Func-
tional Plant Biology, 18(2), pp.185-190. DOI: 10.1007/s12298-012-
0103-0 

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

Joshi, A.G. et al., 2010. High frequency of shoot regeneration on leaf ex-
plants of Bacopa monnieri. Environmental and Experimental Biology, 
Volume 8, pp.81-84. 

Kamenickà, A. & Rypák, M., 1989. The regeneration of Actinidia chinesis 
Pl. cultured in vitro. Polnohospodarvo, Volume 35, pp.811-818. 

Khan, M. Y. et al., 2009. Recent advances in medicinal plant biotechnolo-
gy. Indian Journal of Biotechnology, 08, pp.9-22. 

Kohler, J., Caravaca, F. & Roldán, A., 2010. An AM fungus and a PGPR 
intensify the adverse effects of salinity on the stability of rhizo-
sphere soil aggregates of Lactuca sativa. Soil Biology and Biochemis-
try, 42(3), pp.429-44. doi: 10.1016/J.SOILBIO.2009.11.021 

Koul, A. et al., 2014. Cost Effective Protocol for Micropropagation of Ba-
copa Monnieri Using Leaf Explants. International Journal of Science 
and Research (IJSR), 3(4), pp.210-212. 

Koul, A. et al., 2015. Regenerative potential and phytochemical diversity 
among five accessions of bacopa monnieri (l.) Wettst. International 
journal of pharma and bio sciences, 6, pp. 746-756. 

Kumari, R., 2019. Induction of callus from different explants of bacopa 
monnieri and effect of adjuvant on the growth rate of the calli. Indi-
an Journal of Scientific Research, 10(1), pp. 113. doi:10.32606/
IJSR.V10.I1.00017 

Mathew, J. et al., 2010. Bacopa monnieri and Bacoside-A for ameliorating 
epilepsy associated behavioral deficits. Fitoterapia, 81(5), pp.315-
322. doi: 10.1016/j.fitote.2009.11.005 

Murashige, T. & Skoog, F., 1962. A revised medium for rapid growth and 
bioassays with tobacco tissue culture. Physiol Plant, 15, pp.473-497. 
doi: 10.1111/j.1399-3054.1962.tb08052.x 

Nagella, P. et al., 2009. In vitro regeneration of brahmi shoots using sem-
isolid and liquid cultures and quantitative analysis of bacoside A. 
Acta Physiologiae Plantarum, 31(4), pp.723-728. doi: 10.1007/s11738
-009-0284-5 

Naik, P.M. et al., 2014. Rapid one step protocol for in vitro regeneration 
of bacopa monnieri (L.). Journal of Cell and Tissue Research, 14(2), 
pp.4293-4296. 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb74937 

-12- 

Pandiyan, P. & Selvaraj, T., 2012. In vitro multiplication of Bacopa mon-
nieri (L.) Pennell from shoot tip and nodal explants. Journal of Agri-
cultural Technology, 8(3), pp.1099-1108. 

Patra, N. & Srivastava, A.K., 2016. Artemisinin production by plant hairy 
root cultures in gas- and liquid-phase bioreactors. Plant Cell Reports, 
35, pp.143–153. doi: 10.1007/s00299-015-1875-9 

Patra, N. et al., 2018. Statistical optimization for enhanced bacoside A 
production in plant cell cultures of Bacopa monnieri. Plant Cell Tis-
sue and Organ Culture, 133, pp.20-214. doi: 10.1007/s11240-017-
1373-6 

Phrompittayarat, W. et al., 2011. Influence of seasons, different plant 
parts, and plant growth stages on saponin quantity and distribution 
in Bacopa monnieri. Songklanakarin J. Sci. Technol., 33(2), pp.193-
199. 

Rahe, M. A. et al., 2020. In vitro Micropropagation of Bacopa monnieri 
(L.) Penn. - An Important Medicinal Plant. Plant Tissue Cult. & Bi-
otech., 30(1), pp.57-63. doi: 10.3329/ptcb.v30i1.47791 

Rao, R. V.  et al., 2012. Ayurvedic medicinal plants for Alzheimer's dis-
ease: a review. Alzheimer's Research &, 4(3), 22. doi: 10.1186/
alzrt125 

Rout, J. R. et al., 2011. Standardization of an efficient protocol for in vitro 
clonal propagation of Bacopa monnieri L. - an important medicinal 
plant. Journal of Agricultural Technology, 7(2), pp. 289-299. 

Saha, P.S. et al., 2020. In Vitro Propagation, Phytochemical and Neuro-
pharmacological Profiles of Bacopa monnieri (L.) Wettst.: A Re-
view. Plants, 9(4), 411. doi: 10.3390/plants9040411 

Santos, C.V., 2004. Regulation of chlorophyll biosynthesis and degrada-
tion by salt stress in sunflower leaves. Scientia Horticulturae, 103(1), 
pp.93-99. doi: 10.1016/j.scienta.2004.04.009 

Sape, S.T., Kandukuri, A.V., Owk, A.K., 2020. Direct axillary shoot re-
generation with nodal explants of Bacopa monnieri (L.) Pennell – A 
MULTI MEDICINAL HERB. Journal of AppliedBiologicalSciences, 
14(2), pp.190-197. 

Seth, B. et al., 2020. Statistical optimization of bacoside A biosynthesis in 
plant cell suspension cultures using response surface methodology. 
3 Biotech, 10(6), 264. doi: 10.1007/s13205-020-02258-6 

Sharma, M. et al., 2014. Enhanced bacoside production in shoot cultures 
of Bacopa monnieri under the influence of abiotic elicitors. Natural 
Product Research, 29(8), pp.745-749. doi: 
10.1080/14786419.2014.986657 

Sharma, M. et al., 2015. Bacoside biosynthesis during in vitro shoot mul-
tiplication in Bacopa monnieri (L.) Wettst. grown in Growtek and 
air lift bioreactor. Indian Journal of Biotechnology, 14, pp.547-551. 

Sharma, N., Singh, R. & Pandey, R., 2016. In Vitro Propagation and Con-
servation of Bacopa monnieri L.. In: Protocols for In vitro Cultures 
and Secondary Metabolites Analysis of Aromatic and Medicinal Plants. 
New York: Springer, pp.153-171. doi: 10.1007/978-1-4939-3332-7 

Sharma, M. et al., 2018. Scaling up of Protocol for in vitro Multiplication 
and Conservation of Elite Genotype of Bacopa monnieri L. Pennell. 
International Journal of Current Microbiology and Applied Sciences, 7
(10), pp.3225-3236. doi: 10.20546/ijcmas.2018.710.374 

Sheikh, S.S., Dakhane, V.P. & Chaudhary, A.D., 2015. Callus Induction in 
Bacopa monnieri (Linn.) Pennell by Nodal, Internodal, Young and 
Mature Leaf Explants. International Journal of Research In Biosciences, 
Agriculture & Technology, Special Issue 1, pp.101-108. 

Singh, H. & Dhawan, B., 1997. Neuropsychopharmacological effects of 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb74937 

-13- 

the Ayurvedic nootropic Bacopa monniera Linn. (Brahmi). Indian J 
Pharmacol, 29, pp.359-365. 

Sivaramakrishna, C. et al., 2005. Triterpenoid glycosides from Bacopa 
monnieri. Phytochemistry, 66(23), pp.2719-2728. doi: 10.1016/
j.phytochem.2005.09.016 

Trejo-Tapia, G., Arias-Castro, C. & Rodríguez-Mendiola, M., 2003. In-
fluence of the culture medium constituents and inoculum size on 
the accumulation of blue pigment and cell growth of Lavandula spi-
ca. Plant Cell, Tissue and Organ Culture, 72, pp.7-12. doi: 10.1023/
A:1021270907918 

Umesh, T.G., Sharma, A. & Rao, N.N., 2014. Regeneration potential and 
major metabolite analysis in nootropic plant bacopa monnieri (l.) 
Pennell. Asian J Pharm Clin Res, 7(1), pp.134-136. 

Walker, V. et al., 2011. Host plant secondary metabolite profiling shows 
a complex, strain-dependent response of maize to plant growth-
promoting rhizobacteria of the genus Azospirillum. New Phytol, 189
(2), pp. 494-506. doi: 10.1111/j.1469-8137.2010.03484.x 

Weathers, P.J. et al., 2004. Alteration of biomass and artemisinin produc-
tion in Artemisia annua hairy roots by media sterilization method 
and sugars. Plant Cell Reports, 23(6), pp.414–418. 

Wu, C.H. et al., 2006. Optimization of culturing conditions for the pro-
duction of biomass and phenolics from adventitious roots of 
Echinacea angustifolia. Journal of Plant Biology, 49, pp.193-199. doi: 
10.1007/BF03030532   


