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ABSTRACT 
The effects of the auxins [indole-3-acetic acid (IAA), 1-napthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D)], 
cytokinins [6-benzyladenine (BA), Kinetin (Kin) and thidiazuron (TDZ)] and biotic elicitors were evaluated individually and in combina-
tions, on callus proliferation, shoot growth and accumulation of bacoside-A through liquid and semi-solid nutrient media. Maximum shoot 
proliferation (19.4 ± 0.91 shoots/explant) was observed in liquid MS medium containing 5 μM BA, which was 1.3 times higher than 
semi-solid MS medium fortified with same concentration of BA. The callus and shoots showed sustained growth and accumulation of 
bacoside-A even after two years of initiation of subcultures. The nature of nutrient media did not influence the accumulation of bacoside-
A in shoot biomass. Except for Saccharomyces cerevisiae-derived elicitors that showed about a 20% increase in shoot biomass production, 
the growth of callus as well as shoots was inhibited after the addition of other fungal elicitors in MS medium. Among the shoot and callus 
cultures exposed to Pencillium notatum, Rhizopus stolonifer, Coriolus versicolor, Mucor sp. and S. cerevisiae-derived elicitors, incorpora-
tion of 750 mg/l S. cerevisiae or Mucor sp. showed about 3.2- and 1.7-fold higher production of bacoside-A in callus and shoot biomass, 
respectively. This protocol would be helpful in reducing pressure on natural populations of Bacopa monniera (L.) Pennell. harvested 
indiscriminately for bacoside-A. 
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INTRODUCTION 
 
Bacopa monniera (L.) Pennell, (Scrophulariaceae) is an 
important plant in the Ayurvedic system of medicine, 
mainly used for treating age-related brain disorders, and for 
improving cognitive processes. Among the 12 tritepenoids 
reported from B. monniera, bacoside-A is the major consti-
tuent believed to be responsible for its cognitive effects 
(Singh and Dhawan 1997; Mahato et al. 2000; Deepak et al. 
2004). The plant is widely used as a nervine tonic, cardio 
tonic and diuretic in Indian traditional medicine (Chopra et 
al. 1969). Now, brain tonics available under different trade 
names consist of B. monniera extract. The annual require-
ment of Bacopa biomass during 2004-2005 was 6651.8 tons 
and demand for it is increasing with an annual growth rate 
of 7% (Banerjee et al. 2008). 

B. monniera commonly grows in marshy areas through-
out India, Nepal, Sri Lanka, China, Taiwan, and Vietnam. It 
is also found in Florida and other southern states of USA 
where it grows in damp conditions alongside ponds or bog 
gardens. Apart from its memory-enhancing property, it is 
believed to be an aphrodisiac in certain parts of India. In Sri 
Lanka it is prescribed for fevers under the name of Loo-
nooweella, whereas in the Philippines, it is used as a diu-
retic (Russo et al. 2005). Though in India it is cultivated in 
some parts of Tamil Nadu and West Bengal, biomass pro-
duction is insufficient to meet increasing demands. Its col-
lection from natural wetlands may be ecologically dama-
ging and therefore is controlled by state regulation. Impro-
per harvesting from natural resources, seedling death at the 
2-leaf stage and specific habitat requirement have lead to 

rapid depletion of B. monniera from its natural habitat and 
is now included in the list of endangered plants of India 
(Tiwari et al. 2001). Recently, Prasad et al. (2007), the Nat-
ional Medicinal Plant Board (NMPB), Government of India 
and the Technology Information Forecasting and Assess-
ment Council (TIFAC) have suggested immediate attention 
for the conservation of this plant species (http://www.nmpb. 
nic.in/prioritisedmedicinalplants.htm). Plant tissue and cell 
culture can be used as an alternative source to the whole 
plant under such circumstances and also for conservation of 
plant species as well as production of medicinally important 
compounds. Moreover, these methods allow amendments 
for enhanced production of specific phytochemicals. 

Elicitors of fungal origin have been widely used to 
enhance production of secondary metabolites in plant cell 
cultures. This strategy has been effective in stimulating the 
production of secondary metabolites from various chemical 
classes (Namdeo 2007). An effective in-vitro technique for 
biomass production is an important prerequisite for the ap-
plication of such strategy. So far, several reports on tissue 
culture of B. monniera have focused mainly on improving 
its propagation (Srivastava et al. 1999; Tiwari et al. 2001; 
Binita et al. 2005; Tiwari et al. 2006; Sharath et al. 2007). 
Verghese and Sathyanarayana (2007) obtained variants in B. 
monniera cv. ‘Pragyashakti’ and ‘Calcutta Local’ with a 
high content of bacoside (3.03%) by using in vitro tech-
niques and applying gamma irradiation (30-100 Gy). Rah-
man et al. (2002) reported the production of bacoside-A 
through cell culture. However, information available on 
factors influencing the production of in-vitro biomass and 
secondary metabolites is meagre. 
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The present study is an attempt to understand the influ-
ence of cytokinins and auxins on organogenesis, callus pro-
liferation and accumulation of bacoside-A, and to explore 
the possibilities of enhanced production of bacoside-A in 
callus and shoot culture through application of fungal elicit-
ors. 

 
MATERIALS AND METHODS 
 
Plant materials, shoot regeneration and culture 
conditions 
 
Healthy plants of B. monniera procured from the Medicinal Plants 
Conservation Centre, Pune, were established in the Botanical Gar-
den of Department of Botany, University of Pune, India, and used 
as an explant source. The branches with 3-4 nodes were excised 
and washed five times with sterile distilled water. These branches 
were surface disinfected with 0.1% aqueous mercuric chloride 
(w/v) for 10 min followed by five thorough rinses with sterile dis-
tilled water (SDW). The stem segments consisting of single node 
and entire leaf were placed on Murashige and Skoog (1962) 
medium (MS) devoid of plant growth regulators (PGRs) and MS 
medium containing cytokinins, BA (6-benzyladenine), Kin (kine-
tin), TDZ (thidiazuron) and auxins, IAA (indole-3-acetic acid), 
NAA (1-napthaleneacetic acid) and 2,4-D (2,4-dichlorophenoxy-
acetic acid), individually and in combinations. The cultures were 
maintained at 25 ± 2°C and illuminated for 8 h with 40 μmol m-2  

s-1 light provided by cool white fluorescent tubes (Champion 40W, 
Philips Electronics. India Ltd.) followed by a 16-h dark phase. 
 
Maintenance of shoot culture and callus culture 
 
Since maximum shoot multiplication was observed from leaf and 
stem explants cultured on MS medium containing 5 μM BA, the 
explants from in-vitro raised shoots were subcultured on this 
medium at 4-week intervals for about 2 years. Callus was main-
tained on MS medium fortified with auxins and cytokinins, indi-
vidually and in combinations (Table 4). Callus was maintained for 
about 2 years by subculturing about 500 mg fresh callus on the 
parental medium at 4-week intervals. 
 
Shoot multiplication in semi-solid and liquid 
media 
 
The in-vitro raised aseptic shoots with 2 to 3 nodes and intact 
apical meristem were cultured on agar solidified MS medium and 
liquid MS medium containing BA and Kin individually, and in 
combination with IAA or NAA (Table 3). The data on shoot multi-
plication and biomass production was recorded after 4 weeks of 
culture initiation. 
 
Influence of fungal elicitors 
 
The strains of Pencillium notatum, Rhizopus stolonifer, Coriolus 
versicolor, Mucor sp. and Saccharomyces cerevisiae were ob-
tained from the National Collection of Industrial Microorganisms, 
and the National Chemical Laboratory, Pune, India. The fungal 
cultures were established and maintained in the dark on PDA 
(Potato Dextrose Agar) medium at 25 ± 2°C. About 10 mg mycelia 
were inoculated in 1 l sterilised liquid potato dextrose medium and 
incubated for 4 weeks. The mycelial mat was separated by filtra-
tion and washed thoroughly with SDW five times and dried in an 
oven at 60°C for 72 h. The dried mycelial mass was homogenised 
to fine powder. Liquid MS medium containing 5 μM BA was used 
as control for the shoot culture experiment whereas MS medium 
containing 5 μM NAA in conjunction with 1 μM 2,4-D was selec-
ted as control for the callus culture experiment. The mycelial pow-
der was added in the callus and shoot regeneration media at con-
centrations of 0.0, 250, 500, 750, 1000 mg/l. The data on shoot 
and callus biomass production and accumulation of bacoside-A 
was recorded after four weeks of culture initiation. 
 
Estimation of bacoside-A 
 
The control and treated callus and in-vitro raised shoots were har-

vested after 4 weeks of culture initiation and after recording their 
fresh weight, were dried in an oven at 60°C until constant weight 
was obtained (Sestak 1971). Bacoside-A was extracted from these 
samples following the method of Watoo et al. (2007). One gram of 
dried biomass was soaked in 10 ml distilled water. Water was 
squeezed out of the plant material after 24 h and the residue was 
extracted with 50 ml 95% ethanol. The ethanolic extract was con-
centrated and dried under vacuum. The dried residue was redis-
solved in 1 ml methanol. Bacoside-A was quantified by using 
HPTLC (Anonymous 1998; Prakash et al. 2008). The samples 
were applied on aluminium sheets of silica gel 60F254 (Merck) 
using a CAMAG sample applicator. The chromatogram was deve-
loped in toluene: ethanol: methanol: glacial acetic acid (4: 3: 3: 1) 
mobile phase. Methanolic sulphuric acid (5%) was used for detec-
tion. The peaks were analyzed by a CAMAG TLC scanner-III at 
500 nm. The peak corresponding to bacoside-A was confirmed by 
spiking the samples with standard (Natural Remedies, Bangalore, 
India). The bacoside-A content in the crude extract was determined 
by comparing the peak areas with those of standard (Figs. 1-3). 
 
Statistical analysis 
 
All the experiments were arranged in a complete randomised de-
sign. Each experiment consisted of four explants per bottle and 10 
replicate bottles per treatment. All the experiments were repeated 
at least three times. The data were subjected to one-way ANOVA 
followed by Duncan’s Multiple Range Test (DMRT) (1955) at the 
5% level of significance. Data were collected from three indepen-
dent experiments on the quantitative analysis of bacoside-A, and 
presented as mean ± standard error (SE). 
 
RESULTS AND DISCUSSION 
 
Shoot regeneration and accumulation of  
bacoside-A 
 
The developmental processes ranging from seed germina-
tion to root, shoot and flower formation and corresponding 
accumulation of metabolites are affected by the type of 
PGR, its concentrations and environmental conditions 
(Mulabagal et al. 2004). Shoot formation was the common 
response of all the explants in the present study. Stem and 
leaf explants cultured on PGR-free medium produced 
shoots as well as roots. In a previous study, the petiole pro-
ximal leaf segments and nodal and internodal segments of B. 
monniera were observed to regenerate roots and shoots on 
solid MS medium lacking PGRs (Mathur et al. 1998). 
These results indicate that the endogenous concentration of 
shoot and root inducing PGRs is sufficiently in the aerial 
portion of B. monniera plants. However, root explants failed 
to respond to shoot regeneration on PGR-free and PGR-
containing medium (data not shown). Though the shoot pro-
liferation response of the explant was not dependent on its 
position along the stem (apical, basal or intermediate), it 
was influenced by the type of cytokinin and its concentra-
tion in the medium. Similar results were recorded on the 
position of leaf explants (Table 8). Thus, for shoot multipli-
cation in B. monniera, explants from apical, basal or inter-
mediate parts of the stem can be used. 

Incorporation of BA and Kin in the medium improved 
the shoot regeneration response in the explants. Direct shoot 
formation occurred from the entire surface of the explants 
on medium containing 1 to 10 μM BA or Kin. No callusing 
was observed on explants cultured on medium with these 
concentrations of BA or Kin. Inclusions of 5 μM BA in-
duced maximum number (11.0 ± 0.9) of shoots per leaf 
explant (Table 1). Comparatively fewer shoots per explant 
were produced when the same concentration of Kin was 
added (Table 1). Srivastava and Rajani (1999) noted that 
the entire surface area of leaf explants were covered by 
shoot buds on MS media fortified with 2 μM BA, which 
made it impossible to count the number of shoot buds. 
Similarly, adventitious shoot buds induced form leaf ex-
plants cultured on media containing TDZ (6.8 μM) or BA 
(8.9 μM) and a higher number (129.1) of shoot buds was 
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recorded by the end of the third subculture on media for-
tified with 2.2 μM BA (Tiwari et al. 2001). Also, Binita et 
al. (2005) induced about 110 shoot buds per leaf explant on 
medium containing 1.1 μM BA + 0.2 μM IAA. There is 

also a report on a higher number (98.6) of shoot bud forma-
tion in the absence of PGRs on media into which 300 mg/l 
bavistin (methyl benzimidazole carbonate), a fungicide, was 
incorporated (Table 9). In the present investigation, numer-

Table 1 Effect of cytokinins on leaf explants for shoot induction and bacoside-A production in shoots derived from leaf explants of Bacopa monniera. 
Cytokinins (μM) 

BA Kin TDZ 
Explants forming shoots (%) No. of shoots per explant Bacoside-A (mg/g DW) 

- - - 80.9 ± 1.8 b 2.5 ± 0.9 h 1.3 ± 0.2 k 
1 - - 95.6 ± 2.7 a 7.1 ± 0.2 e 3.3 ± 0.3 i 
2.5 - - 99.9 ± 0.0 a 7.5 ± 1.0 d 5.3 ± 0.1 e 
5 - - 100 ± 0.0 a 11.0 ± 0.9 a 7.7 ± 1.0 a 
7.5 - - 100 ± 0.0 a 9.8 ± 0.9 b 6.4 ± 0.1 c 
10 - - 100 ± 0.0 a 7.0 ± 0.8 e 5.3 ± 0.1 f 
- 1 - 98 ± 1.2 a 4.0 ± 0.2 g 5.2 ± 1.0 g 
- 2.5 - 100 ± 0.0 a 6.2 ± 0.9 f 6.3 ± 0.1 d 
 5 - 100 ± 0.0 a 9.7 ± 0.4 bc 7.0 ± 0.5 b 
- 7.5 - 100 ± 0.0 a 9.6 ± 0.3 c 4.3 ± 0.7 h 
- 10 - 100 ± 0.0 a 9.6 ± 0.2 c 3.2 ± 0.2 j 
- - 1 39.3 ± 0.8 c 0.8 ± 0.04* i 1.0 ± 0.03 l 
- - 2.5 38.6 ± 1.3 c 0.5 ± 0.03* j 0.9 ± 0.02 m 
- - 5 30.1 ± 1.7 d 0.2 ± 0.05* k 0.8 ± 0.02 n 
- - 7.5 - - - 
- - 10 - - - 

Data scored after 4 weeks of culture incubation 
*: Callus formation, DW: dry weight 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 
 

Table 2 Effect of cytokinins on stem explants for shoot multiplication and bacoside-A production in shoot derived from stem explants of Bacopa 
monniera. 

Cytokinins (μM) 
BA Kin TDZ 

Explants forming shoots (%) No. of shoots per explant Bacoside-A (mg/g DW)  

- - - 99.5 ± 2.7 a 1.9 ± 0.2 i 1.2 ± 0.3 i 
1 - - 99.7 ± 0.0 a 6.0 ± 0.3 e 2.2 ± 0.3 h 
2.5 - - 100 ± 0.0 a 7.1 ± 1.0 c 3.3 ± 0.4 f 
5 - - 100 ± 0.0 a 8.3 ± 0.2 a 6.4 ± 0.8 b 
7.5 - - 100 ± 0.0 a 7.5 ± 0.6 b 5.4 ± 1.0 c 
10 - - 99.5 ± 0.5 a 5.9 ± 0.8 e 3.3 ± 0.2 f 
- 1 - 98.8 ± 1.2 a 2.7 ± 0.2 h 2.2 ± 0.2 h 
- 2.5 - 100 ± 0.0 a 4.9 ± 0.1 g 3.2 ± 0.3 g 
  5 - 100 ± 0.0 a 6.8 ± 0.3 d 5.3 ± 0.5 d 
- 7.5 - 100 ± 0.0 a 6.0 ± 1.1 e 5.2 ± 0.8 e 
- 10 - 99.7 ± 0.0 a 5.4 ± 0.2 f 1.2 ± 0.3 i 
- - 1 65.2 ± 0.9 b 1.0 ± 0.02 j 1.0 ± 0.1 j 
- - 2.5 60.3 ± 1.1 c 0.6 ± 0.04 k 1.0 ± 0.1 k 
- - 5 61.7 ± 1.4 c 0.5 ± 0.04 k 0.9 ± 0.1 l 
- - 7.5 - - * 0.8 ± 0.02 n 
- - 10 - -* 0.7 ± 0.01 n 

Data scored after 4 weeks of culture incubation. 
*: Callus formation, DW: dry weight 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 

 
Table 3 Effect of cytokinins in conjunction with auxins on leaf explants for in-vitro shoot multiplication and accumulation of bacoside-A in shoot cultures 
of Bacopa monniera. 

Cytokinins (μM) Auxins (μM) 
BA Kin TDZ IAA NAA 2,4-D 

Cultures showing shoot 
formation (%) 

Shoot per explants Bacoside-A (mg/g DW )

- - - -  100.0 ± 0.0 a 11.0 ± 0.1 a 7.7 ± 1.2 a 
- - 1 - - 93.7 ± 1.7 ab 6.9 ± 0.7 e 7.8 ± 1.1 b 
- - 5 - - 92.6 ± 1.1 ab 7.0 ± 0.2 e 4.9 ± 1.3 h 
- - - 1 - 93.2 ± 2.3 ab 10.4 ± 1.0* b 6.7 ± 1.4 e 
- - - 5 - 92.8 ± 1.1 ab 6.6 ± 0.2* f 5.8 ± 1.2 f 
- - - - 1 65.3 ± 2.8 c 3.0 ± 1.1* i 6.8 ± 1.1 d 

5 

- - - - 5 64.8 ± 2.3 c 1.3 ± 0.2* m 4.2 ± 1.3 k 
- - - - - 100 ± 0.0 a 8.7 ± 0.3 d 7.3 ± 1.4 c 
- - 1 - - 96.8 ± 2.5 a 5.8 ± 1.5* h 4.5 ± .98 i 
- - 5 - - 98.3 ± 1.1 a 9.3 ± 1.0* c 3.5 ± 1.0 m 
- - - 1 - 93.6 ± 1.7 ab 2.7 ± 0.8* j 5.6 ± 1.1 g 
- - - 5 - 93.8 ± 1.5 ab 1.0 ± 0.1* n 4.5 ± 1.0 i 
- - - - 1 68.9 ± 2.5 b 1.8 ± 0.02* l 4.4 ± 1.3 j 
- 

5 

- - - 5 97.0 ± 1.1 a 1.0 ± 0.1* n 2.4 ± 1.2 n 
- - 5 - 98.6 ± 1.1 a 2.0 ± 0.1* k 3.7 ± 1.3 l 5 5 
- - - - 98.9 ± 0.6 a 6.0 ± 0.1* g 3.7 ± 1.2 l 

Data scored after 4 weeks of culture incubation. 
DW: dry weight, *: callus formation. 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 
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ous small shoot buds formed on the entire surface of leaf 
explants on MS media fortified with 5 μM BA. However, 
one main difference should be noted: ~11 shoots per explant 
elongated on the same medium within four weeks of culture. 
TDZ is a potent bioregulant of in-vitro morphogenesis 
(Murthy et al. 1998). It is the most effective cytokinin for 
shoot regeneration in herbaceous medicinal-plants like Ar-
nebia euchroma (Jiang et al. 2005) and Psoralea corylifolia 
(Shinde et al. 2009). However, inclusion of 1 to 10 μM 
TDZ was not very effective for shoot multiplication from 
stem as well as leaf explants of B. monniera in the present 
investigation (Tables 1, 2). A similar effect of TDZ on shoot 
regeneration has been previously documented in other plant 
species. Incorporation of TDZ caused browning in several 
shoot buds and was detrimental to shoot regeneration in 
Melia azedarach (Vila et al. 2005). According to Tiwari et 
al. (2001), optimum adventitious shoot bud induction in 
leaf explants of B. monniera occurred when 6.8 μM TDZ 
was included, but the further development of shoots was 
poor on TDZ-containing media. Further, incorporation of 
8.9 μM BA was superior to other treatments for induction 
and multiplication of shoots. In the present investigation, 
similar results were recorded and effectiveness of BA in 
induction and growth of multiple shoots in B. monniera is 
confirmed. Inclusion of auxins, either IAA (1-5 μM) or 
NAA (1-5 μM) along with optimum concentration of BA or 
Kin (5 μM) in the culture medium reduced the frequency of 

shoot multiplication (Tables 3, 4). However, these treat-
ments produced scanty callus from the cut end of explants 
and occasional formation of adventitious roots. These re-
sults indicate that addition of auxins counteract the action of 
cytokinins for shoot regeneration. 

When all other parameters were kept at the optimal 
level, the nature of medium (liquid or agar solidified) in-
fluenced the shoot multiplication frequency in B. monniera. 
Extensive shoot proliferation was observed in liquid medium 
compared to the agar-solidified medium (Table 5). These 
results are in line with the findings of previous studies on B. 
monniera (Tiwari et al. 2000; Praveen et al. 2009) and the 
other members of the Scrophulariaceae, Isoplexiz canarien-
sis L. (Arrebola et al. 1997). It is quite likely that the availa-
bility of nutrients is easier in liquid medium than in agar-
solidified medium. Since agar is the costliest constituent of 
the media (US$ 64.44/kg), its elimination would help in 
reducing the cost of shoot biomass production in vitro. 
Secondly, it would be more appropriate growth condition 
for B. monniera as its most important adaptation is to wet-
land environments. 

There are few methods reported in the literature for 
quantification of bacosides in B. monniera plant extracts 
and formulations. The spectrophotometric methods deve-
loped by Pal and Serin (1992) and Singh et al. (1998) were 
based on the hydrolysis of bacosides to an aglycone that has 
an absorption maximum at 278 nm. However, these methods 

Table 4 Effect of cytokinins in conjunction with auxins on stem explants for in-vitro shoot multiplication and accumulation of bacoside-A in shoot 
cultures of Bacopa monniera. 

Cytokinins (μM) Auxins (μM) 
BA Kin TDZ IAA NAA 2,4-D 

Cultures showing shoot
formation (%) 

No. of shoot per explant Bacoside-A (mg/g DW)

- - - - -  100.0 ± 0.0 a 8.3 ± 0.2 a 6.4 ± 0.3 a 
 - - 1 - - 89.7 ± 1.1 b 6.9 ± 0.5 c  5.6 ± 0.2 c 
 -  - 5 - - 89.6 ± 0.6 b 6.2 ± 0.5 d  3.6 ± 0.1 j 
 - - - 1 - 88.4 ± 1.7 b 7.7 ± 0.7 b  5.6 ± 0.1 b 
-   -  - 5 - 88.9 ± 1.1 b 7.4 ± 0.7 b  4.7 ± 0.3 e 
 - - - - 1 78.1 ± 0.6 c 2.1 ± 0.4 i  4.5 ± 0.6 g 

5 

-  - - - 5 78.5 ± 1.1 c 0.8 ± 0.8 l 3.5 ± 0.5 k 
 - - -  - - 99.7 ± 0.0 a 5.8 ± 0.3 e 5.3 ± 0.8 d 
 -  - 1  - -  78.6 ± 0.5 c 5.8 ± 0.8 e 4.5 ± 0.1 g 
 -  - 5 -  - 86.1 ± 1.1 b 7.0 ± 0.4 c 4.5 ± 0.2 f 
 - -  - 1 - 75.2 ± 2.8 c 4.0 ± 0.7 f  4.5 ± 0.3 g 
-  - - 5 - 75.9 ± 1.1 c 2.6 ± 0.7 h  3.5 ± 0.4 k 
 - -  - - 1 70.1 ± 0.6 d 1.1 ± 0.4 k 3.4 ± 0.9 l 
 - 

5 

-  - - 5 70.8 ± 1.1 d 1.9 ± 0.9 j  3.4 ± 0.9 m 
- - 5 - 98.4 ± 1.2 a 3.8 ± 0.7* g  3.7 ± 0.2 i 5 5 
- - - - 98.6 ± 1.4 a 2.5 ± 0.9* h 3.7 ± 0.3 h 

Data scored after 4 weeks of culture incubation. 
*: Callus formation, DW: dry weight 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 
 

Table 5 Effect of liquid and semisolid nature of nutrient medium on shoot multiplication and bacoside-A accumulation in shoot cultures of Bacopa 
monniera. 

MS+ PGR (μM) Liquid medium Semi-solid medium 
Cytokinins Auxins No. of shoot/ explant Bacoside-A (mg/g. DW) No. of shoot/ explant Bacoside-A (mg/g. DW)
BA IAA   
0 0 6.8 ± 0.8 h 2.4 ± 0.1 f 4.4 ± 0.9 h 2.2 ± 0.1 f 
5 0 19.4 ± 0.9 a 7.3 ± 0.1 a 12.5 ± 0.5 a 7.0 ± 0.1 a 
5 1 10.1 ± 0.5 e 4.8 ± 0.1 d 8.2 ± 0.6 d 4.5 ± 0.3 d 
5 5 9.4 ± 0.6 f 4.6 ± 0.1 e 8.0 ± 0.5 e 4.2 ± 0.2 e 
 NAA   
5 1 11.4 ± 0.4 d 5.7 ± 0.2 c 9.4 ± 0.7 c 5.6 ± 0.2 c 
5 5 10.1 ± 0.6 e 5.6 ± 0.2 c 7.6 ± 0.8 de 5.6 ± 0.3 c 
Kin IAA  
5 0 14.5 ± 0.5 b 6.8 ± 0.1 b 10.7 ± 0.8 b 6.5 ± 0.2 b 
5 1 7.8 ± 0.5 g 5.5 ± 0.2 c 5.8 ± 0.7 g 5.4 ± 0.2 c 
5 5 12.8 ± 0.7 c 5.5 ± 0.2 c 10.3 ± 0.5 b 5.5 ± 0.1 c 
 NAA  
5 1 7.8 ± 0.5 g 5.5 ± 0.2 c 6.7 ± 0.5 f 5.5 ± 0.2 c 
5 5 6.3 ± 0.4 i 5.5 ± 0.1 c 6.1 ± 0.8 g 5.5 ± 0.2 c 

Data scored after 4 weeks of culture incubation. 
D.W.: dry weight. 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 
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lack specificity and have interference from other hydrolyzed 
compounds (Murthy et al. 2006). Murthy et al. (2006) and 
Watoo et al (2007) reported a reverse phase HPLC method 
for quantification of different saponins in B. monniera. But 
this method is costly and time-consuming for analysis of a 
large number of samples. On the other hand, HPTLC is 
becoming a routine analytic technique because of low ope-
rating cost, high sample throughput, simplicity, reproducibi-
lity, accuracy, reliability and robustness (Agrawal et al. 
2006). The added advantage of HPTLC is the minimum 
sample clean up requirement and hence it is highly suitable 
for herbal extracts (Srinivasa et al. 2004). This technique 
has been successfully used for quantification of active meta-
bolites in different medicinal plants like, Plantago lanceo-
lata (Rischer et al. 1998), Linum spp. (Vasilev et al. 2004) 
and Nymphaea stellata (Rakesh et al. 2009). A simple sensi-
tive HPTLC method has been developed for the analysis of 
bacoside-A in the plant B. monniera and in its commercial 
monoherbal capsule formulations (Gupta et al. 1998; Pra-
kash et al. 2008). A similar method was adapted for quanti-
tative determination of bacoside-A in cell suspension cul-
tures of B. monniera (Rahman et al. 2002). In the present 
study, the HPTLC fingerprint analysis of in in-vitro raised 
biomass with the different treatments showed the variation 
in spot intensity and peak area as per the accumulation of 
bacoside-A (Fig. 1, 3). Maximum bacoside-A content was 
observed in shoot biomass raised in liquid MS medium con-
taining 5 μM BA together with 750 mg/l S. cerevisiae (Fig. 
1, Lane No. 2; Fig. 2). 

Variable amounts of bacoside-A were detected in shoot 
biomass obtained through all the culture treatments (Tables 
1-4). Maximum growth and biomass production of B. mon-
niera shoots occurred in medium containing 5 μM BA 
(Table 1) whereas Kin and TDZ used over the entire range 
of concentrations were less effective. Likewise, a higher 
bacoside-A accumulation was observed in shoots biomass 
obtained on BA-containing medium. Maximum accumula-
tion of bacoside-A (7.7 ± 1.0 mg/g DW) occurred in the 
shoot biomass obtained on MS medium fortified with 5 μM 
BA. These results are in line with the findings of Misra et al. 
(2005) in shoot culture of Hemidesmus indicus wherein 
maximum shoot growth with highest lupeol content was 
observed at similar combination and concentrations of BA 
with NAA. 

The leaf explant-derived shoots accumulated more 
bacoside-A compared to the shoots produced from stem 
explants cultured on MS medium with same concentrations 
of PGRs. Likewise, the yield of lepidine was dependent on 
source and type of explant used for in-vitro regeneration of 
plantlets in Lepidium sativum (Pande et al. 2002). Recently, 
Praveen et al. (2009) reported a 2.2-fold higher accumula-
tion of bacoside-A in the shoots of B. monniera regenerated 
in liquid medium containing 2 mg/l Kin compared to shoots 
grown on semi-solid medium. In the present investigation, 
although nature of the medium influenced shoot multiplica-
tion, growth of shoots, and overall biomass production, ac-
cumulation of bacoside-A was not significantly affected 
(Table 5). Nonetheless, liquid MS medium containing 5 μM 
BA was superior for in vitro production of bacoside-A since 
biomass production was higher and therefore a correspon-
dingly higher production of bacoside-A was possible. How-
ever, Piatczak et al. (2005) reported the accumulation of 
almost the same amount of secoiridoid in Centuaurium ery-
troea shoots grown on liquid as well as agar-solidified 
medium. On the contrary, the use of liquid medium dras-
tically reduced the cardenolide content in Digitalis minor 
shoots raised in vitro (Sales et al. 2002). The authors sug-
gested that the negative effect of liquid medium was asso-
ciated with hyperhydricity in the shoots. In the present in-
vestigation, hyperhydricity of the cultures was not observed 
since the species is adopted to wetland conditions and 
therefore the use of liquid state culture medium was benefi-
cial for accumulation of bacoside-A. 
 
 

Callus culture 
 
Callus cultures were initiated from stem and leaf explants 
on MS medium supplemented with different concentrations 
of auxins and cytokinins (Table 6). The colour, structure 
and proliferation of callus varied depending on the PGR 
used. Among the cytokinins (BA, Kin and TDZ) used, in-
clusion of 1 to 10 μM TDZ individually in MS medium was 
effective in induction of callus. The callus produced on such 

Fig. 1 HPTLC fingerprint profile and densitometric scanning of in 
vitro-raised shoot biomass of B. monniera. The sample chromatogram 
lane from left to right (1-12) were derived on liquid MS + 5 μM BA; 
liquid MS + 5 μM BA + 750 mg/l S. cerevisiae; MS +5 μM BA + 1 μM 
IAA; MS + 5 μM Kin + 1 μM NAA; MS + 5 μM Kin + 1 μM IAA; 
standard bacoside-A; standard bacoside-A; MS + 5 μM BA; liquid MS + 5 
μM BA + 250 mg/l C. versicolor; liquid MS + 5 μM BA + 500 mg/l 
Mucor sp.; liquid MS + 5 μM BA + 750 mg/l P. notatum; and liquid MS + 
5 μM BA + 500 mg/l S. cerevisiae, respectively. 

Fig. 2 HPTLC chromatogram showing peak of bacoside-A in shoot 
biomass obtained on liquid MS + 5 μM BA + 750 mg/l S. cerevisiae). 

Fig. 3 HPTLC fingerprint profile of leaf derived callus of B. monniera. 
The sample chromatogram lane from left to right (1-12) were derived on 1 
μM 2,4-D + 1 μM NAA; 1 μM 2,4-D, 5 μM 2,4-D +1 μM NAA; 1 μM 
2,4-D + 5 μM NAA; 10 μM 2,4-D + 10 μM NAA; standard bacoside-A; 
standard bacoside-A; 5 μM TDZ; 5 μM NAA + 1 μM 2,4-D +1000 mg/l 
C. versicolor; 5 μM NAA + 1 μM 2,4-D + 250 mg/l Mucor sp.; 5 μM 
NAA + 1 μM 2,4-D + 750 mg/l S. cerevisiae; and 5 μM NAA + 1 μM 2,4-
D + 500 mg/l S. cerevisiae, respectively. 
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medium was green and compact. The incorporation of BA 
or Kin induced only shoot regeneration. However, BA or 
Kin along with 2,4-D had a synergistic effect on callus 
formation. The callus formed on such medium was greyish 
and smooth. The use of IAA, NAA and 2,4-D singly resul-
ted in callus formation. Inclusion of 1 μM 2,4-D together 
with 5 μM NAA was most effective for callus induction in 
leaf and stem explants. The incorporation of 2,4-D together 
with NAA was superior to other PGRs for extensive proli-
feration of callus in leaf as well as stem explants. Such 
callus was soft and whitish in colour. Maximum dry weight 
of callus was obtained on MS medium containing 1 μM 
2,4-D in conjunction with 5 μM NAA. Considerable callus 
growth was observed on other combinations of 2,4-D and 
NAA (Table 6). A synergistic effect of auxins in the pre-
sence of 2,4-D was reported in cucumber callus culture 
(Debeaujon and Branchard 1993). Likewise, in Oryza sativa 
unpollinated ovary culture, N6 medium containing 2,4,5-T 
or 2,4-D with NAA was effective for reasonably good callus 
induction (Rongbai et al. 1998). In the present investigation, 
incorporation of IAA individually and together with other 
PGRs was not effective in callus proliferation and was evi-
dent from the callus turning brown-blackish after the 2nd 
and 3rd week of culture initiation on MS medium fortified 
with IAA. 

The effect of PGRs on production of callus biomass and 
bacoside-A content is shown in Table 6. The maximum 
growth rate in terms of dry weight (244 ± 1.5 mg/culture) of 
callus and maximum accumulation of bacoside-A (3.0 ± 0.6 
mg/g DW) was obtained on MS medium containing 1 μM 
2,4-D in conjunction with 5 μM NAA. Roostika et al. 
(2007) reported that the combination of 2,4-D and picloram 
could produce good quality callus which can be used for 
secondary metabolite (stigmasterol) production. The baco-
side-A content was comparatively less in callus grown on 
MS medium containing other PGRs (Table 4). 
 
Effect of fungal elicitors 
 
It is well known that specific allelochemical interactions be-
tween microorganisms and higher plant cells exert stress, 
which influences the growth and development of plants 
(Taiz and Zeiger 2006). To overcome stressful conditions, 
plant cells produce active metabolites which might be medi-
cinally important for humans and animals. In the present 
investigation the incorporation of mycelial powder of Peni-
cillium notatum, Rhizopus stolonifer, Coriolus versicolor, 

Mucor sp. and Saccharomyces cerevisiae might have acted 
as an allelochemical and created stressful conditions in the 
callus and shoot cultures of B. monniera. The decline in 
growth of callus and shoot cultures in terms of dry weight is 
suggestive of the presence of such stressful conditions 
(Table 7). Fungal chemicals in contact with callus or shoots 
probably induced a defence mechanism which resulted in 
the additional accumulation of bacoside-A (Table 7). 

The elicited production of bacoside-A was observed 
when Mucor sp. and S. cerevisiae were incorporated, where-
as the content of bacoside-A was nearer to the control in the 
callus and shoot cultures treated with mycelial biomass of P. 
notatum, R. stolonifer and C. versicolor (Table 7). Maxi-
mum bacoside-A production (14.7 ± 1.1 mg/g DW) was 
observed in shoots cultured on MS medium containing 750 
mg dry biomass of S. cerevisiae that resulted in a 1.7-fold 
higher accumulation of bacoside-A over the control. A 3.2-
times higher accumulation of bacoside-A (11.0 ± 0.4 mg/g 
DW) was also recorded in callus grown on medium con-
taining the same amount of S. cerevisiae biomass as com-
pared to the control (3.4 ± 0.1 mg/g DW). However, for 
higher biomass production and accumulation of bacoside-A, 
the shoot culture method was superior to the callus culture 
method (Table 5, Fig. 4A, 4B). Concurrent to this, micro-
propagated plants in association with fungus Glomus mos-
seae and Trichoderma viride were superior to non-mycor-
rhizal micropropagated and normal plants in growth, carbo-
hydrates, protenin, phenolics and bacoside content (Sow-

Table 6 Influence of auxins and cytokinins on callogenesis and bacoside-A production in callus of Bacopa monniera. 
MS + PGR(s) (μM) Leaf derived callus Stem derived callus 

2,4-D NAA IAA BA Kin TDZ DW (mg) Bacoside-A (mg/g DW) DW (mg) Bacoside-A (mg/g DW)
1 - - - - - 165 ± 2.4 i 1.51 ± 0.4 n 86 ± 1.5 i 0.84 ± 0.1 k 
5 - - - - - 198 ± 3.1 c 1.02 ± 0.5 p 72 ± 1.5 m 0.65 ± 0.02 o 
10 - - - - - 119 ± 3.0 n 0.98 ± 0.01 q 70 ± 1.8 n 0.45 ± 0.04 s 
- 1 - - - - 146 ± 2.2 m 2.41 ± 0.2 e 95 ± 2.0 g 0.68 ± 0.01 n 
- 5 - - - - 158 ± 2.0 j 2.68 ± 0.6 d 105 ± 1.0 e 0.97 ± 0.05 f 
- 10 - - - - 155 ± 2.0 k 1.69 ± 0.6 l 86 ± 1.0 i 0.89 ± 0.06 j 
- - 10 - - - 168 ± 1.9 h 1.80 ± 0.0 k 75 ± 1.0 l 0.82 ± 0.06 l 
- - - - - 1 95 ± 3.1 o 0.90 ± 0.03 t 81 ± 2.0 j 0.57 ± 0.05 p 
- - - - - 5 157 ± 3.0 j 0.91 ± 0.03 s 98 ± 3.0 f 0.53 ± 0.05 q 
- - - - - 10 150 ± 3.2 l 0.94 ± 0.01 r 112 ± 2.6 d 0.48 ± 0.01 r 
5 - - 5 - - 65 ± 2.6 p 1.68 ± 0.5 m 89 ± 2.6 h 0.80 ± 0.04 m 
5 - - - 5 - 166 ± 1.6 i 2.91 ± 0.2 b 94 ± 1.0 g 0.90 ± 0.04 i 
5 - - - - 5 154 ± 1.5 k 1.81 ± 0.1 j 86 ± 1.0 i 0.65 ± 0.01 o 
1 1 - - - - 201 ± 1.1 b 2.33 ± 0.1 f 116 ± 1.1 c 0.95 ± 0.02 h 
1 5 - - - - 244 ± 1.5 a 3.01 ± 0.6 a 179 ± 1.1 a 1.64 ± 0.1 a 
1 10 - - - - 196 ± 1.3 d 2.89 ± 0.8 c 147 ± 1.5 b 1.51 ± 0.1 b 
5 1 - - - - 170 ± 1.4 g 1.19 ± 0.5 o 116 ± 2.0 c 1.34 ± 0.1 c 
5 5 - - - - 189 ± 1.4 e 2.30 ± 0.5 g 88 ± 2.0 h 1.12 ± 0.5 d 
10 10 - - - - 172 ± 1.6 f 2.11 ± 0.6 h 77 ± 1.0 k 0.96 ± 0.05 g 
10 1 - - - - 154 ± 3.0k 1.83 ± 0.8 i 75 ± 1.5 l 0.98 ± 0.08 e 

Data scored after 4 weeks of culture incubation. 
DW: dry weight. 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 

 

A B 

Fig. 4 Callus and shoot cultures of Bacopa monniera (L.) Pennell. (A) 
Multiple shoot proliferation from shoot explants on MS + 5 μM BA+ 750 
mg/l mycelial biomass of S. cerevisiae (bar: 10 mm). (B) Leaf derived 
callus on MS + 5 μM NAA + 1 μM 2,4-D + 750 mg/l S. cerevisiae (bar: 
10 mm). 
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mya et al. 2007). The cell wall of yeast and Mucor contain 
chitoglucan and peptidoglycan, respectively (Wang et al. 
2006). It is possible that yeast and Mucor sp. contain more 
ingredients advantageous for bacoside-A synthesis. The 
constructive effect of yeast elicitors on triterpenoid produc-
tion has been reported in other plant species like Scutellaria 
baicalensis (Yoon et al. 2000) and Unacaria tomentosa 
(Feria-Romero et al. 2005). 

 
CONCLUSION 
 
The present study demonstrates that in-vitro shoot and cal-
lus cultures of B. monniera can be maintained over a period 
of 2 years on transfer to fresh parental medium at an inter-
val of 4 weeks and are capable of bacoside-A production. 
Application of 750 mg/l S. cerevisiae in agar-solidified MS 

medium containing 5 μM NAA together with 1 μM 2,4-D 
for callus culture and in liquid MS medium fortified with 5 
μM BA for shoot culture, significantly enhance the biomass 
production and accumulation of bacoside-A. This procedure 
may be adapted for in-vitro multiplication and sustainable 
production of bacoside-A through shoot and callus cultures 
of B. monniera and is comparable or superior to other stu-
dies using the same or different media and explants (Tables 
8, 9). 
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Table 7 Effect of fungal elicitors on growth and bacoside-A accumulation in shoot and callus cultures of Bacopa monniera. 
Shoot culture Callus culture Nutrient medium with fungal 

elicitors (mg/l) DW (mg) Bacoside-A (mg/g DW) DW (mg) Bacoside-A (mg/g DW) 
C. versicolor              0 426 ± 1.3 def 8.7 ± 1.1 p 270 ± 2.3 a 3.4 ± 0.1 q 

250 451 ± 1.2 cd 8.8 ± 1.1 m 232 ± 1.0 g 3.9 ± 0.1 m 
500 412 ± 1.4 efg 9.2 ± 1.0 i 207 ± 1.2 j 4.3 ± 0.1 i 
750 402 ± 1.3 fghi 8.8 ± 1.2 n 190 ± 1.1 m 5.4 ± 0.0 f 

1000 226 ± 1.1 i 6.7 ± 1.2 r 176 ± 1.2 p 3.2 ± 1.0 r 
Mucor sp.              250 391 ± 1.0 ghi 9.0 ± 1.3 k 262 ± 1.1 b 4.6 ± 0.1 h 

500 381 ± 1.9 hij 10.2 ± 1.0 d 244 ± 1.0 de 5.6 ± 0.2 e 
750 340 ± 1.0 jk 13.9 ± 1.0 b 197 ± 1.0 l 10.9 ± 0.2 b 

1000 329 ± 1.0 k 8.7 ± 1.7 o 190 ± 1.2 m 6.0 ± 0.3 d 
P. notatum              250 395 ± 1.0 ghi 8.9 ± 1.1 l 184 ± 1.0 n 3.6 ± 1.0 o 

500 372 ± 1.0 ij 9.7 ± 1.0 g 183 ± 0.9 n 4.2 ± 0.1 j 
750 328 ± 1.0 k 5.8 ± 1.0 s 107 ± 1.2 q 3.2 ± 0.1 s 

1000 284 ± 1.1 k 5.5 ± 1.0 t 181 ± 1.0 o 3.0 ± 0.1 t 
R. stolonifer            250 389 ± 1.2 hi 8.9 ± 1.3 l 251 ± 1.0 f 4.0 ± 1.0 k 

500 350 ± 1.3 ijk 9.0 ± 1.3 j 245 ± 1.1 e 3.9 ± 0.5 l 
750 316 ± 1.1 kj 9.4 ± 1.1 h 245 ± 1.0 c 3.8 ± 0.5 n 

1000 289 ± 1.0 hi 7.6 ± 1.2 q 243 ± 1.1 d 3.5 ± 0.3 p 
S. cerevisiae            250 508 ± 1.0 b 9.5 ± 1.2 f 202 ± 1.2 k 5.0 ± 0.1 g 

500 511 ± 1.9 a 10.4 ± 1.1 c 239 ± 1.2 f 9.9 ± 0.4 c 
750 463 ± 1.3 c 14.7 ± 1.1 a 220 ± 1.1 i 11.0 ± 0.4 a 
100 433 ± 1.1 cde 9.9 ± 1.1 e 225 ± 1.0 h 5.6 ± 1.0 e 

Data scored after 4 weeks of culture incubation. DW: dry weight. 
Mean values within a column followed by the same letters did not differ at 5% level of probability by DMRT. 
Shoot culture medium: MS + 5 μM BA; Callus culture medium: MS + 5 μM NAA+ 1 μM 2, 4 –D 
 

Table 8 Effect of position of explant on shoot regeneration in Bacopa monniera. 
Explants responding for shoot regeneration (%) No. of shoots per explant Position of stem and leaf explant 

(node no. from shoot apex) Leaf explant Stem explant Leaf explant Stem explant 
1- 5 100.0 ± 0.0 a 100.0 ± 0.0 a 11.0 ± 0.9 a 8.3 ± 0.2 a 
11 - 15 100.0 ± 0.0 a 100.0 ± 0.0 a 11.0 ± 0.2 a 8.3 ± 0.6 a 
21- 25 100.0 ± 0.0 a 100.0 ± 0.0 a 11.0 ± 0.5 a 8.3 ± 0.5 a 

Data scored after 4 weeks of culture incubation. 
Cultures were incubated on MS + 5 μM BA. 
Mean values within a column followed by the same letters did not differ at the 5% level of probability by DMRT. 
 

Table 9 In vitro shoot regeneration in Bacopa monniera. 
Best explant and media Explants used Range of PGR(s) and 

additives used Shoot induction Shoot elongation 
No. of shoots/explant Reference 

Stem, leaf BA (1-6 μM) 
Kin (1-6 μM) 

Leaf 
MS + 2 μM BA 

Subcultured on MS + 2 
μM BA 

Large number, impossible 
to count the number of 
shoot buds per unit area. 

Srivastava and 
Rajani 1999 

Node, internode, leaf BA (0-22.2 μM) 
Kin (0-23.2 μM) 
TDZ (0-22.7 μM) 
2-iP (0-24.6 μM) 

Leaf 
MS + 6.8 μM TDZ 

MS + 2.2 μM BA 92.7 Tiwari et al. 2001

Node, young leaf, 
internode, shoot tip 

BA (0.0-4.4 μM) + IAA 
(0.2 μM) 

Leaf 
MS + 1.1 μM BA + 0.2 
μM IAA 

Subcultured on MS + 1.1 
μM BA + 0.2 μM IAA 

110 Binita et al. 2005

Node, internode, leaf TMP (150-350 mg/l) 
BVN (150-350 mg/l) 

Internode 
MS + 300 mg/l BVN 

MS + 0.1 mg/l BA + 0.2 
mg/l IAA 

98.6 Tiwari et al. 2006

Leaf, stem BA (0-10 μM) 
Kin (0-10 μM) 
TDZ (0-10 μM) 

Leaf  
MS + 5 μM BA 

On the same medium 
without subculture shoot 
elongation observed. 

11.0 Present study 

TMP: Trimethoprim; BVN: Bavistin 
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