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ABSTRACT 

 

A successful protocol for in vitro production of bacoside A in callus and suspension cultures of Bacopa 

monnieri (L.) Pennell was described. B. monnieri is a rare medicinal herb containing bacoside A, one 

of the active principles responsible for improving memory. Leaf explants of B. monnieri were collected 

from mature plants grown in damp and marshy places in the Eastern Mediterranean coastal region of 

Egypt (North Sinai). They induced 100% of yellowish white friable callus on all tested Murashige and 

Skoog (MS) media supplemented with 2,4-dichloro-phenoxyacetic acid (2,4-D), either individually or 

in combination with 6-benzylaminopurine (BAP) or N6-furfuryladenine (Kinetin; KIN). MS medium 

supplemented with 9 µM 2,4-D and 2.3 µM KIN was the best medium for callus induction and 

proliferation from leaf segments of B. monnieri, it gave the maximum mean fresh weight of callus and 

percentage of increase in fresh weight after two subcultures, comparing to the other tested media. The 

effect of mevalonic acid, as a precursor of bacoside A and the elicitors; chitosan and methyl jasmonate, 

on the stimulation of biomass growth and bacoside A production in callus cultures of B. monnieri was 

also investigated. The greatest biomass was achieved when callus was elicited by chitosan at 100 mg/L. 

Addition of 10 mM mevalonic acid induced the highest accumulation of bacoside A in callus cultures 

of B. monnieri after six weeks of culture, representing a 9.13- and 10.51-fold increase as compared 

with that in the control cultures and intact plant, respectively. The effect of elicitation with 100 mg/L 

chitosan on biomass and bacoside A accumulation in shake-flask culture during different durations of 

incubation was studied. The maximum accumulation of bacoside A was observed after 30 days of 

culture, it reached 30.76-fold increase compared to the intact plant. This paper reports a promising 

procedure for enhancing production of bacoside A in B. monnieri callus and suspension cultures. 
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INTRODUCTION 

 

Medicinal plants produce a great number of secondary metabolites that are not only necessary 

for plant growth, but also have a crucial role in defense and adaptation to the environmental conditions 

(Ramirez-Estrada et al., 2016). Secondary metabolites produced in plants, including terpenes, steroids, 

phenolics and alkaloids, have a wide range of biological activities and various applications in the 

pharmaceutical industries (Gupta et al., 2010 and Cusidó et al., 2014).  

Bacopa monnieri (L.) Pennell, commonly known as ‘Brahmi’, is a rare medically important 

herb, from family Scrophulariaceae. The plant grows naturally in damp and marshy places of the 

Eastern Mediterranean coastal region in North Sinai, Egypt. It is mainly used to treat neurological 

disorders. The plant contains different saponins such as bacosides A, B, C, and D, which are the active 

triterpenoid principles in the plant and known as "memory chemicals" (Sivaramakrishna et al., 2005). 

Abundance of these medicinally important triterpenoid saponins in B. monnieri is very low, which 

prevents the optimal utilization of these valuable compounds.  

The in vitro production of secondary metabolites in plant cell and organ cultures can act as 

successfull alternative methods to their extraction from the whole plants, thereby conserving the natural 

plant resources (Skrzypczak-Pietraszek et al., 2014). The faster proliferation rate and shorter 

biosynthetic cycle of cell and organ cultures causes higher rates of metabolism when compared to the 

field grown plants (Rao and Ravishankar, 2002). Furthermore, plant cell and organ cultures proliferates 

at their optimum rates under controlled conditions, when compared to the field grown plants, which are 

facing climate change and the variations of the ecological conditions. 
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Many plant cell cultures are used to convert precursors into products by utilizing enzyme 

systems present in them (Murthy et al., 2014). The addition of MVA enhanced the production of 

triterpenoids. Triterpoinds are biosynthesized via MVA pathway and regulated by several enzymes 

(Sawai and Saito, 2011).  

Elicitation is a complex process and depends on many factors; such as elicitor concentration, 

growth stage of the culture and the exposure time with the elicitor (Bourgaud et al., 2001; Zhao et al., 

2005 and Namedo, 2007). Enhanced production of many valuable secondary metabolites using various 

elicitors has been reported in various plant species (Liu et al., 2007; Kamonwannasit et al., 2008; 

Shabani et al., 2009; Putalun et al., 2010; Coste et al., 2011; Zayed 2011; Siddiqui and Mujib, 2012; 

and Sivanandhan et al., 2012 and Hegazi, 2017). Chitosan (CH) is an elicitor and a natural 

polysaccharide derived from partial deacetylation of chitin (Cheung et al., 2015). Chitin is the 

structural element in the exoskeleton of insects, crustaceans (mainly shrimps and crabs) and fungi cell 

walls. Methyl jasmonate (MJ) is a volatile organic compound used in plant defense and many diverse 

developmental pathways. MJ and its derivatives are key signal compounds widely used as elicitors for 

eliciting secondary metabolism of several plant species (Yuan et al., 2002 and Qian et al., 2005).  

The aim of the present research work was to standardize parameters for maximum biomass 

production and enhancing bacoside A accumulation in callus and shake-flask suspension cultures of B. 

monnieri using MVA as a precursor and CH and MJ as elicitors.  

 

MATERIALS AND METHODS 

 

The experiments of the present study was carried out in Tissue Culture Unit, Desert Research 

Center, El-Matareya, Cairo, Egypt. 

 

1. Induction and Proliferation of Callus Culture 

Explants of B. monnieri were collected from damp and marshy places in the Eastern 

Mediterranean coastal region, North Sinai, Egypt. Leaves from field grown B. monnieri plant were 

dissected out of the cuttings and cut into approximately 1 cm 2 segments. Then, they were washed 

under running tap water for 2-3 hours. Surface sterilization was carried out using 2% aqueous solution 

of sodium hypochlorite for five minutes followed by washing in sterilized distilled water for three 

times. Subsequently, explants were treated with 0.1% (w/v) mercuric chloride for two minutes, 

followed by washing in sterile distilled water for three times.  

Explants were cultured on the surface of Murashige and Skoog (1962) medium (MS medium) 

supplemented with different concentrations and combinations of an auxin; 2,4-dichloro-phenoxyacetic 

acid (2,4-D) (2.25, 4.5 and 9 µM) or α-naphthaleneacetic acid (NAA) (2.7, 5.4 and 10.8 µM) and a 

cytokinin; 6-benzylaminopurine (BAP) (2.2 µM) or N6-furfuryladenine (Kinetin; KIN) (2.3 µM). MS 

medium without growth regulators was served as a control. Culture medium and additives were 

supplied by Duchefa Biochemie Chemical Co., Netherlands. The pH of the medium was adjusted to 

5.7-5.8 and solidified with 0.7% w/v agar. Media (40-45 ml volumes) were dispensed into glass jars. 

Jars were sealed with autoclavable polypropylene caps and autoclaved at 1.1 kg/cm2 for 15 minutes at 

121°C. Cultures were maintained under a 16-hour photoperiod provided by cool-white fluorescent 

tubes (F 140t9d/38, Toshiba) at a temperature of 25±2ºC and 70±10% relative humidity. Percentage of 

callus induction and mean fresh weight of callus (g/jar) were recorded after eight weeks of culture.  

Callus proliferation was carried out using different concentrations of 2,4-D (2.25, 4.5 and 9 

µM), either individually or in combination with BAP (2.2 µM) or KIN (2.3 µM). The mean fresh 

weight of callus (g/jar) and the percentage of its increase were recorded after six weeks of culture. 

Callus cultures thus raised were subcultured to fresh media every six weeks for proliferation. 

 

2. Precursor Feeding 

An amount of the produced callus (5 g) was cultured on MS medium supplemented with the 

best growth regulators combination for callus proliferation of 9 µM 2,4-D and 2.3 µM KIN, and 

augmented with the precursor; mevalonic acid (MVA) at 0, 2.5, 5.0, 7.5 and 10 mM. Aqueous solution 

of MVA (Sigma-Aldrich, United Kingdom) was prepared by adding 50 ml distilled water to 1 g of 

MVA. The solution was filter sterilized by filtration in Millex syringe driven filter unit (0.22 µm). 

 

3. Elicitation 

Five grams of the produced callus was cultured also on MS medium supplemented with 9 µM 

2,4-D and 2.3 µM KIN, and augmented with the elicitors; CH (Fluka, Japan) at 0, 50, 100, 200 and 250 

mg/L and MJ (Fluka, Japan) at 0, 25, 50, 100 and 200 µM. CH was prepared by dissolving 500 mg in 

about 30 ml of glacial acetic acid and the solution was titrated with 1 N NaOH to give a final pH of 5.7 
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before autoclaving. MJ was filter sterilized by filtration in Millex syringe driven filter unit (0.22 µm). 

The mean fresh weight of callus (g/jar), percentage of increase in fresh weight and bacoside A content 

(µg/g dry weight) were recorded after six weeks of culture.  

 

4. Suspension Culture 

 Fine suspension cultures were established from the produced friable callus using the best 

medium formulation, which gave the highest callus biomass, in liquid state from the previous 

experiment (9 µM 2,4-D and 2.3 µM KIN in addition to 100 mg/L CH). The suspensions were grown 

in 250 ml Erlenmeyer flasks containing 7 g of friable callus in 50 ml medium and incubated at 25±2°C 

with continuous shaking (110 rpm), in the dark.  Data were taken at different durations of 0, 1, 10, 20, 

30, 40 and 50 days. Samples (50 ml) were taken periodically in triplicates and their mean fresh weights 

(g/flask) and bacoside A content (µg/g dry weight) were recorded after each period of incubation. 

 

5. Determination of Bacoside A 

5.1. Extraction of Bacoside A 

Oven-dried plant tissues (at 40ᵒC for three days until constant weights were obtained) from 

mother plant; callus and cell cultures, which were subjected to precursor and elicitors feeding; were 

finely powdered and extracted with 10 ml of 80% methanol for 24 hours at room temperature. The 

extracts were filtered through Whatmann no. 1 filter paper, kept in the vacuum desiccator for one week 

and the residue was then dissolved in 1 ml of methanol and filtered through 0.22 µM membrane filters 

(Largia et al., 2015). 

 

5.2. Estimation of Bacoside A Content 

 Bacoside A content was determined in the samples by Dionex UltMate 3000 HPLC system 

equipped with quaternary pump LPG3400SD, a WPS 3000 SL analytical autosampler, and a DAD – 

3000 photodiode array detector (Thermo Dionex, Germany). Samples were run on an analytical column 

C18 using gradient elution. The mobile phase was a mixture of Milli Q water containing 0.2% 

phosphoric acid and acetonitrile (65:35, v/v; pH 3) at a flow rate of 1 ml/min and column temperature 

was maintained at 30ᵒC. The detection wavelength was set at 205 nm. The injection volume was 20 µl 

and the chromatography system was equilibrated by the mobile phase. Data were analyzed and 

integrated by Chromeleon 7 software (Largia et al., 2015). 

 

6. Experimental Design and Statistical Analysis 

       The experiments were subjected to completely randomized design. Each experiment was repeated 

twice and treatments consisted of at least 10 replicates. Variance analysis of data was carried out using 

ANOVA program for statistical analysis. The differences among means for all treatments were tested 

for significance at 5% level by using Duncan´s multiple range test (Duncan, 1955).  

RESULTS AND DISCUSSION 

 

1. Induction and Proliferation of Callus Culture 

The leaf segments of B. monnieri induced 100% of yellowish white friable callus on all MS 

media supplemented with 2,4-D, either individually or in combination with BAP or KIN (Table 1). On 

the other hand, MS medium supplemented with NAA, individually or in combinations with BAP or 

KIN failed to induce any callus formation from the leaf segments. Also, the control medium without 

PGRs gave a negative response. The highest mean fresh weight of callus was 3.22 g/jar on MS medium 

supplemented with 9 µM 2,4-D and 2.3 µM KIN (Fig. 1), followed by MS medium supplemented with 

4.5 µM 2,4-D and 2.3 µM KIN (2.98 g/jar), then MS medium supplemented with 9 µM 2,4-D and 2.2 

µM BAP (2.81 g/jar) and MS medium supplemented with 9 µM 2,4-D individually (2.60 g/jar). All 

these treatments gave insignificantly different results. It is noticed from the obtained data that when 

using MS medium supplemented with 9 µM 2,4-D, either individually or in combination with 2.3 µM 

KIN or 2.2 µM BAP, it gave the highest fresh weight of callus, comparing to the other tested 2,4-D 

concentrations.  

Concerning callus proliferation, Table 2 show that the highest percentage of increase in fresh 

weight of callus (34.47%) was observed on MS medium supplemented with 9 µM 2,4-D and 2.3 µM 

KIN reaching 4.33 g/jar. Followed by MS medium supplemented with 9 µM 2,4-D individually, which 

gave 3.24 g/jar with percentage of increase in callus fresh weight of 24.61%, then MS medium 

supplemented with 9 µM 2,4-D and 2.2 µM BAP (3.44 g/jar), that gave 22.41% of increase in callus 

fresh weight. Data represented in Table 2 show that fresh weight of callus and percentage of increase in 
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fresh weight attained their maximum values at 9 µM 2,4-D, either individually or in combination with 

BAP or KIN. These values decreased with the decrease in 2,4-D concentration. 

It could be concluded from the obtained data that MS medium supplemented with 9 µM 2,4-D 

and 2.3 µM KIN was the best medium for callus induction and proliferation from leaf segments of B. 

monnieri, it gave the maximum mean fresh weight of callus and percentage of increase in fresh weight, 

comparing to the other tested media (Fig. 2).  

 

Table 1. Effect of MS medium supplemented with 2,4-D individually or in combination with BAP or 

KIN on callus induction from leaf segments of B. monnieri. Data were taken after  

eight weeks of culture. 
PGRs concentration (µM) % of callus 

induction 

Mean fresh weight of 

callus (g/jar) 
2,4-D BAP KIN 

0.00 0.00 0.00 0 0.00d 

2.25 0.00 0.00 100 1.45c 

4.50 0.00 0.00 100 2.01bc 

9.00 0.00 0.00 100 2.60ab 

2.25 2.20 0.00 100 1.61c 

4.50 2.20 0.00 100 2.11bc 

9.00 2.20 0.00 100 2.81a 

2.25 0.00 2.30 100 2.05bc 

4.50 0.00 2.30 100 2.98a 

9.00 0.00 2.30 100 3.22a 

Means followed by the same letter within a column are insignificantly different at P ≤ 0.05. 

 

 
 

Fig. 1. Callus of B. monnieri induced on MS medium supplemented with 9 µM 2,4-D + 2.3 µM KIN. 
 

Table 2. Effect of MS medium supplemented with 2,4-D individually or in combination with BAP or 

KIN on callus proliferation of B. monnieri. Data were taken after six weeks of culture. 
PGRs concentration (µM) Mean fresh weight of 

callus (g/jar) 

Increase in mean fresh 

weight of callus (%) 
2,4-D BAP KIN 

0.00 0.00 0.00 0.00g   0.00i 

2.25 0.00 0.00 1.69f  16.89g 

4.50 0.00 0.00 2.45e  21.51e 

9.00 0.00 0.00 3.24d  24.61b 

2.25 2.20 0.00 1.75f   8.69h 

4.50 2.20 0.00 2.49e  18.00f 

9.00 2.20 0.00 3.44c 22.41c 

2.25 0.00 2.30 2.45e  19.51e 

4.50 0.00 2.30 3.62b  21.47d 

9.00 0.00 2.30 4.33a  34.47a 

                        Means followed by the same letter within a column are insignificantly different at P ≤ 0.05. 
 

 

 
Fig. 2. Proliferated callus of B. monnieri on MS medium supplemented with  

9 µM 2,4-D + 2.3 µM KIN. 
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From the obtained results; it could be concluded that 2,4-D played an important role in callus 

induction and proliferation. The supplementation of the culture medium with the three concentrations 

(2.25, 4.5 and 9 µM) of 2,4-D, individually or in combination with the two tested cytokinins (BAP or 

KIN) generally led to 100% of yellowish white friable callus production. However, the mean fresh 

weight of callus and percentage of increase in callus fresh weight varied depending on the PGRs 

concentrations used. Similar results were obtained by several authors; Alam et al. (2011) maintained 

successfully leaf callus of B. monnieri on MS medium supplemented with IAA (5.7 µM), 2,4-D (8.8 

µM) and KIN (18.4 µM). Begum and Mathur (2014) used leaf petiole explants for the purpose of callus 

induction of B. monnieri. The best growth was observed on MS medium supplemented with 0.25 mg/L 

(1.125 µM) 2,4-D and 2.3 µM KIN or 1.125 µM 2,4-D and 0.44 µM BAP. 

It is well known that auxins play an important role in the callus induction and the different 

types of auxins had various effects as reported by Gang et al. (2003). The superiority of 2,4-D is 

supported by Yang et al. (2008), who found that it is superior to NAA in callus induction of Leonurus 

heterophylus. Moreover, Mendhulkar et al. (2011) used the leaf explants of B. monnieri to induce 

callus on MS medium supplemented with various concentrations and combinations of IAA, NAA, 2,4-

D, BAP and KIN. Whereas, BAP (0.5 mg/L; 2.2 µM) and 2,4-D (1 mg/L; 4.5 µM) showed the 

maximum percentage of callus induction. Also, Talukdar (2014) induced callus from shoot tips of B. 

monnieri on MS medium supplemented with IAA, NAA and 2,4-D. Degree of callus induction was the 

highest when using 2 mg/L (9 µM) 2,4-D. The positive effect of 2,4-D as an auxin in combination with 

a cytokinin is supported also by Perez-Frances et al. (1995), Nowak and Miczynski (2002) and Gang et 

al. (2003), who mentioned that in order to induce callus development, explants from Artichum mosses 

are cultured on MS medium supplemented with auxins and cytokinins. 

 

2. Effect of Precursor and Elicitors Feeding on Callus Culture 

The produced callus of B. monnieri was cultured on MS medium supplemented with the best 

PGRs combination for callus proliferation of 9 µM 2,4-D and 2.3 µM KIN, and augmented with 

different concentrations of the precursor; MVA, and the elicitors; CH and MJ. Data in Table 3 show 

that the highest mean fresh weight of callus and the percentage of its increase were obtained on MS 

medium supplemented with CH at its different concentrations. The maximum mean fresh weight of 

callus and percentage of its increase were observed at the concentration of 100 mg/L CH, followed by 

200 mg/L CH, and their values reached 9.50 g/jar, 90% and 8.20 g/jar, 64%, respectively. On the other 

hand, the lowest callus formation was observed on MS medium supplemented with MVA at all tested 

concentrations. Concerning MJ, its addition to the medium increased the mean fresh weight of callus 

and the percentage of its increase as compared to the control, and the concentration of 200 µM MJ gave 

the highest values comparing to its other concentrations (Fig. 3). The same effect of CH on mean fresh 

weight of callus of Ocimum basilicum were obtained by Mathew and Sankar (2012), the highest 

accumulation of biomass of callus cultures was observed at 200 mg/L. Also, Hegazi (2017) increased 

callus biomass of Salvadora persica by elicitation with CH at 100 mg/L. 

 

Table 3. Effect of precursor feeding and elicitation on biomass of B. monnieri callus and bacoside A 

content on MS medium supplemented with 9 µM 2,4-D and 2.3 µM KIN. Data were  

taken after six weeks of culture. 
Precursor  Elicitors  Mean fresh 

weight of 

callus (g/jar)  

Increase in fresh 

weight of callus (%)  

Bacoside A 

content (µg/g 

dry weight)  

Bacoside A 

increase (fold) 

compared to intact 

plant (1.13 µg/g dry 

weight) 

MVA  

(mM)  
CH 

(mg/L) 

MJ  

(µM)  

0.0 0 0 bc6.09  j21.18  1.30  1.15 

2.5 0 0 c6.30  26.00i 7.37 6.52 

5.0 0 0 6.20c 24.00i 8.46 7.48  

7.5 0 0 6.30c 26.00i 9.76 8.63  

10.0 0 0 6.30c 26.00i 11.88 10.51 

0.0 50 0 6.90bc 38.00f 2.25 1.99  

0.0 100 0 9.50a 90.00a 3.92 3.47 

0.0 150 0 7.80bc 56.00c 4.05 3.58  

0.0 200 0 8.20ab 64.00b 2.19 1.94 

0.0 250 0 7.40bc 48.00d 1.67 1.48  

0.0 0 25 6.80bc 36.00fg 4.45 3.93 

0.0 0 50 6.60bc 32.00h 4.54 4.02  

0.0 0 100 6.70bc 34.00gh 4.80 4.24 

0.0 0 200 7.10bc 42.00e 4.46 3.94 

Means followed by the same letter within a column are insignificantly different at P ≤ 0.05. 
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Fig. 3. Callus of B. monnieri on MS medium supplemented with 9 µM 2,4-D + 2.3 µM KIN, and 

augmented with a. MVA, b. MJ and c. CH. 

 

Data in Table 3 show also the effect of various concentrations of MVA, CH and MJ on 

bacoside A accumulation in callus cultures of B. monnieri after six weeks of culture. All concentrations 

of precursor and elicitors enhanced bacoside A production. The maximum bacoside A accumulation 

was achieved in callus cultures of B. monnieri treated with MVA. Addition of 10 mM MVA induced 

the highest accumulation of bacoside A (11.88 µg/g dry weight) in callus cultures of B. monnieri after 

six weeks of MVA feeding, representing a 9.13- and 10.51-fold increase as compared with that in the 

control cultures and intact plant, respectively. 

 The effect of MJ on bacoside A accumulation was less than that of MVA. Among the tested 

concentrations, the highest accumulation of bacoside A (4.80 µg/g dry weight) was obtained with 100 

µM MJ, representing a 3.69-fold increase as compared with that in the control and 4.24-fold as 

compared with that in the intact plant. The lowest increase in accumulation of bacoside A was achieved 

with the elicitation with CH. Comparing the different concentrations of CH, it was found that the 

maximum production of bacoside A in callus of B. monnieri after six weeks of culture was shown at 

150 mg/L CH (4.05 µg/g dry weight), representing a 3.11-fold increase as compared with that in the 

control and 3.58-fold as compared with that in the intact plant. The results proved that MVA as a 

precursor of bacoside A enhanced its production in B. monnieri callus cultures more than elicitated 

callus cultures. This result was also reported by Abdul Rahman et al. (2003), who stated that 

exogenous supply of a biosynthetic precursor (MVA), to the callus culture medium may improve the 

production of limonene (mono-terpene) in Citrus grandis cell cultures. Similar pattern was observed 

also by Baldi and Dixit (2008), who studied on MVA feeding effects on artemisinin (sesquiterpene 

lactone) biosynthesis in callus culture of Artemisia annua. Moreover, it was reported that the addition 

of MVA enhanced the production of triterpenoids (Murthy et al., 2014). 

 

3. Suspension Culture  

 Fine suspension cultures were established from the produced callus of B. monnieri using the 

best medium composition in liquid state, which gave the highest callus biomass accumulation from the 

previous experiment (MS medium supplemented with 9 µM 2,4-D and 2.3 µM KIN in addition to 100 

mg/L CH). Table 4 shows the effect of elicitation with CH on mean fresh weight of callus and bacoside 

A accumulation in shake-flask suspension culture during different durations of incubation. It was 

observed that the mean fresh weight of callus in shake-flask suspension culture was positively affected 

by the increase in the duration of incubation until 40 days of incubation, then declined by increasing 

the duration of culture (Fig. 4). This is in agreement with Rahman et al. (2002), who reported that 

suspension cultures of B. monnieri, grown in modified MS medium, gave 5-6-fold increase in the mean 

weight of callus after 40 days.  

Concerning the accumulation of the target compound; bacoside A, in suspension cultures of B. 

monnieri, it was observed that the maximum accumulation of bacoside A (34.77 µg/g dry weight) was 

recorded after 30 days of culture, it reached 30.76-fold increase compared to the intact plant. Bacoside 

A accumulation increased with the increase in the duration of incubation time, until 30 days, which was 

the optimum time of incubation. After that that accumulation of bacoside A decreased gradually by 

increasing the duration of incubation. However they resulted in higher accumulation of bacoside A as 

b 

c 

a 
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compared to the short durations (1, 10 and 20 days). The minimum accumulation of bacoside A (6.97 

µg/g dry weight) was noticed after one day of culture. It did not reveal remarkable impact on product 

accumulation when compared to intact plant (6.17-fold). The results are in agreement with Rahman et 

al. (2002), who reported the potential of the suspension cultures of B. monnieri for production of 

bacoside A. Also, the duration of cell cultures with the elicitor was important for the maximum 

bacoside A accumulation. This agrees with Karwasara et al. (2011) and Ahmed and Baig (2014), who 

stated that the amount of metabolite production varied with the duration of incubation with elicitors. 

Table 4. Effect of different culture durations of B. monnieri suspension cultures grown in MS medium 

supplemented with 9 µM 2,4-D + 2.3 µM KIN, in addition to100 mg/L CH on biomass and bacoside A 

accumulation. 
Culture 

duration 

(days)  

Mean fresh weight 

of callus (g/flask)  

Bacoside A 

content (µg/g 

dry weight)  

Bacoside A content 

(fold) compared to 

intact plant (1.13 µg/g 

dry weight) 

0 9.5 3.92 3.47 

1 10.5 6.97 6.17 

10 17.0 18.37 16.20 

20 19.0 20.25 17.90 

30 32.0 34.77 30.76 

40 60.0 26.67 23.60 

50 53.0 24.37 21.56 

 

 

 
 

Fig. 4. Suspension cultures of B. monnieri grown in MS medium supplemented with 9 µM 2,4-D + 2.3 

µM KIN augmented by 100 mg/L CH for a. 40 days and b. 50 days. 

 

 

CONCLUSION 

 

To the best of our knowledge, this is the first report in Egypt on enhancing production of 

bacoside A from callus and suspension cultures of B. monnieri. Addition of 10 mM MVA induced the 

highest accumulation of bacoside A (11.88 µg/g dry weight) in callus cultures, representing a 9.13- and 

10.51-fold increase as compared with that in the control cultures and intact plant, respectively. The 

maximum accumulation of bacoside A (34.77 µg/g dry weight) was observed after 30 days of culture in 

shake-flask suspension cultures elicitated with CH (100 mg/L), it reached 30.79-fold increase compared 

to the intact plant. The results obtained from the present study can act as a stepping-stone for further 

studies regarding large-scale production of bacoside A from callus and suspension cultures of B. 

monnieri. 

 

 

 

 

 

a b 
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