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ABSTRACT 

Bacopamonnieri (BM) which is commonly known as “Brahmi,” belongs to the family Scrophulariaceae, 

(BM) is an herbaceous plant traditionally used from time immemorial in Ayurvedic and folklore 

medicines, found throughout the Indian subcontinent in wet, damp and marshy areas. Tissue culture 

studies were performed on Bacopamonnieri (Brahmi). Nodal explants containing preformed axillary 

buds were used as the starting material. Sterilized explants were aseptically cultured on MS medium 

supplemented with different plant growth regulators.This study aimed at evaluating the anticancer 

activity of extraction of (BM) with different solvents according to polarity, namely (methanol, 

chloroform, and acetone) against two different cell lines of colorectal cancer. Cell cytotoxicity effects of 

each extract of (BM)was carried out by means of3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide(MTT) cell viability assay using (human colorectal carcinoma) hct116 and (human epithelial 

colorectal adenocarcinoma) caco2 cell lines. The acetone extract showed the potent cytotoxicity at 48 

hr (IC50 6.79 –6.1 μg/Ml) for hct116 and Caco2, respectively. 
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INTRODUCTION 

Medicinal plants are considered one of the 

essential sources of life-saving drugs for the 

majority of the world’s population. Natural 

products derived from medicinal plants act as 

fertile ground both to be used as Phytotherapy 

and to isolate phytochemicals with interesting 

pharmacological features for treatment of 

infectious diseases and cancer, which is 

subjected to be the major cause of death in 

this century. In-vitro regeneration holds 

enormous prospective for the production of 

high-quality plant-based medicine (Tripathi et 

al., 2003(. 

Bacopamonnieri (BM) is a medicinal plant 

belonging to the Scrophulariaceae family, and 

it's commonly called Brahmi (Srivastava et al., 

2017).In the conventional system of medicine 

in Indian (Ayurveda) as a memory enhancer, 

antipyretic, antioxidant, anti-inflammatory, 

sedative analgesic, and anti-epileptic agent 

(Sharma, 2005; Bhusari et al., 2013).Plant 

Tissue Culture is application of biotechnology 

for growing and multiplication of the cells, 
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tissues, and organs of the plant in a controlled 

environment of light, temperature, pH, 

etc.(Lakhera, K et al., 2018) and also plant cell 

and organ cultures are promising technologies 

to obtain plant-specific valuable metabolites 

(Verpoorte et al., 2002). Cell and organ 

cultures have higher rate of metabolism than 

field-grown plants because the initiation of 

organ and cell growth in culture leads to the 

fast proliferation of cells/organs and to a 

condensed biosynthetic cycle (Rao and 

Ravishankar, 2002). plant cell/organ cultures 

are not limited by environmental, ecological, 

and climatic conditions, and cells/organs can 

thus proliferate at higher growth rates than the 

whole plant in cultivation(Naik et al., 2017). 

Several biotechnological advances have been 

developed in tissue culture that improve 

secondary metabolite production such as 

optimization of cultural conditions, selection of 

high-producing strains of lines, precursor 

feeding, elicitation, metabolic engineering, 

transformed root cultures, micropropagation, 

and bioreactor cultures, among others (Sarin, 

2005; Murthy et al., 2014(. Cancer generally 

defined as a term for a large group of diseases 

specified by uncontrolled growth of cells that 

produce invasion of surrounding tissues and 

cause metastasis (Bazrafshan and Lotfi, 

2016). Colorectal cancer (CRC) consider as 

the third most commonly diagnosed cancer 

and is a leading cause of cancer-related 

deaths ( Ferlay et al., 2015 ) . Colorectal 

carcinogenesis is a complex multistep process 

that involving progressive disruption of 

intestinal epithelial-cell proliferation, 

differentiation, apoptosis, and survival 

mechanisms (Calvert and Frucht, 2000). The 

using of cancer drugs (chemotherapy, 

biological therapies, and hormones) is the 

current choice for the treatment of metastatic 

cancer(Pérez-Herrero and Fernández-

Medarde, 2015).Chemotherapeutic drugs are 

based on compounds that primarily inhibit the 

fast proliferation of cancer cells but, 

unfortunately, due to the non-selectivity of the 

drugs that may target the healthy organs, so 

they also inhibit the rapid growth needed for 

the maintenance other healthy tissues which 

lead to the undesirable side effects (Chabner, 

and Roberts, 2005(. MTT assay is a 

quantitative, reliable, sensitive, and 

colorimetric method for the determination of 

cell survival and proliferation (Shashi et al., 

2006).MTT assay was conducted to measure 

the median inhibitory concentration (IC50) of 

compounds After 48 hours of incubation of 

hct116 and caco2 cells in 96-well plate at a 

density of 2.0 × 104 in 200 μL of medium per 

well. 

Aim of the present research is to perform the in 

vitro cytotoxic prospective of BM different 

extracts (methanolic, chloroform, and acetone 

extract ) against two different colon cancer cell 

lines ( hct-116, caco-2 ) .The acetone extract 

showed the highest cytotoxicity.
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PATIENTS AND METHODS 

Plant material and sterilization of explants 

Young and healthy plants collected 

from the farm of Genetic Engineering and 

Biotechnology Research Institute (GEBRI), 

University of Sadat City (USC), Egypt. Shoot 

tips explants were surface sterilized by 

cleaning thoroughly under running tap water 

for 15 min followed by immersing in 10% (v/v) 

Clorox for 5-7 min. They were washed thrice 

with double distilled water and kept in laminar 

airflow. The cleaned explants were surface 

sterilized with 5 min treatment with 0.1% (w/v) 

HgCl2 under aseptic conditions and washed 

five times with sterile double distilled water to 

remove traces of HgCl2 before cultured 

(Mohanta and Sahoo, 2014). Following 

disinfection, explants were cultured in a 

hormone-free MS medium (Murashige and 

Skoog, 1962) supplemented with (1mg/l BA 

30g/L sucrose and 7g/L agar), pH was 

adjusted to 5.7 with KOH. The explants were 

grown in a 16 hrs light photoperiod under an 

irradiance of 2,000 lux, and an average 

temperature of 25oC ± 2oC for six weeks at 

Germplasm Conservation and Gene transfer 

Laboratory at Genetic Engineering & 

Biotechnology Research Institute (GEBRI). 

In vitro shoot regeneration 

Effect of BA and Auxin (NAA, IAA, and IBA) 

at different concentrations on shoot 

proliferation 

In order to achieve shoot proliferation of 

Bacopamonnieri (shoots of about 2cm long 

with 2-5 leaves) obtained from the previous 

stage which is cultured in tissue culture jars 

(350 ml) containing 60 ml MS medium 

supplemented with 1mg/l benzyl amino purine 

(BA) and auxin, Napthaline acetic acid (NAA), 

Indol acetic acid    (IAA) and  Indol -3-byuteric 

acid (IBA) at different concentrations (0.0, 0.2, 

0.4 and 0.6 mg/l) each alone. After three 

subcultures, data were recorded as a number 

of shoots and shoot length (cm)/culture (jar(. 

In vitro roots induction and acclimatization 

of plants 

For rooting, shoots raised from in vitro 

proliferation (3-5cm long) were excised and 

transferred to MS basal medium containing 

30gl sucrose and 7g/l-1 agar. The medium was 

further supplemented with1mg/l IBA for four 

weeks (Kaur et al.,2013). The rooted plantlets 

were transferred to 5 cm plastic pots 

containing peatmoss and sand soil in the ratio 

of 3:1.  In vitro plants were finally transferred to 

a greenhouse where 98% of plants survived fig 

1. Then whole plant was dried in an oven at 

42°C (Kahol et al., 2004). For two days, then 

dried plant was grained to get coarse powder 

to be subjected to suitable extraction process.
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 Fig 1. Acclimatization ofBacopamonnieriin 

greenhouse. 

 

Extraction Preparation 

The dried plant material was coarsely 

powdered; the coarse powder of (BM) (90 g) 

was extracted with 1200 ml of different 

solvents according to polarity, namely 

methanol, chloroform, and acetone using a 

Soxhlet apparatus set at 50o C for 3 hrs. The 

extract was filtrated and dried under reduced 

pressure (Phrompittayarat et al., 2007). 

 

Cytotoxicity assay of Bacopamonnieri 

extracts 

Sample preparation 

It was prepared by dissolving 10mg of 

each extract in 1mlDimethyl sulfoxide (DMSO). 

These solutions were filtered and stored at 4°C 

until used.DMSO control was also prepared 

and used in both the cell line. 

Cell line 

Caco-2 and HTC-116 cells obtained 

from Holding Company for Biological Products 

& Vaccines (VACSERA, Egypt). In the T-75 

sterile tissue culture flask, Caco-2 cells were 

grown using Dulbecco’s Modified Eagle’s 

Medium (DMEM) (Huang et al., 2014) while 

HTC-116 cells were incubated in Roswell Park 

Memorial Institute (RPMI)-1640 medium 

(Hussien et al., 2013). Both were 

supplemented with heat-inactivated 10% FCS 

(fetal calf serum) and1% antibiotic solution (a 

mixture of 100 μg/ml streptomycin and 100 

U/ml penicillin. Cells were maintained at 37°C 

using CO2 incubator under a mixture of air 

(95%) and carbon dioxide (5%). Cells were 

dissociated using 0.25% trypsin and were sub-

cultured into 75 cm2 flasks and 96-well plates 

(TPP-Swiss). Each extract fraction was 

suspended in cell culture medium and diluted 

to appropriate concentrations. 

 

In vitro cytotoxicity (MTT assay( 

Viability of caco2 and hct116 cell lines 

was assessed by the MTT assay, as described 

by Mossman(Mossman, 1983).This assay was 

carried out by adding 0.5 mL of each extract 

fraction at the concentrations of (5000μg/mL, 

2500μg/mL, 1250μg/mL 625μg/mL and 

312.5μg/mL, 156.25μg/mL, 78.125μg/mL, 

39.06μg/mL, 19.53μg/mL, 9.76μg/mL and 

4.88μg/mL)for 48 hours. Treated cell lines 

were microscopically examined for detection of 

morphological changes and detached cells. 

Cell growth  calculated by comparing the 

absorbance of treated versus untreated cells. 

Cells treated with an equivalent concentration 

of DMSO were used as negative control.Dead 

cells washed-out using phosphate buffer 

saline, pH 7.2 ±0.2 (PBS-0.05% Tween). 

Residual live cells treated with 0.5% MTT stain 

as 25 µl/ well. Plated were incubated for 3-4 

hrs. at 37oC in the dark. Developed intra-

cytoplasmic MTT formazan crystals dissolved 

using 0.05 ml Dimethyl sulphoxide (DMSO) for 

30 minutes on plate shaker.The resulting 

formazan product was dissolved in 0.4% 

acidified isopropanol.Optical densities OD was 
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measured using ELISA plate reader at λ540nm (reference wavelength, λ620nm).

 

RESULTS 

Effect of BA and Auxin (NAA, IBA, 

and IAA) at Different Concentrations on 

Shoot Proliferation  

Proliferation shoots were achieved 

after three subcultures in all cultures on MS 

medium supplemented with 1 mg/l BA and 

different concentrations of auxin NAA, IBA and 

IAA (0.0, 0.2, 0,4, 0.6 mg/l). The number of 

proliferating shoots significantly enhanced the 

percentage of bud break and healthy shoots 

formation at NAA. The axillary bud break 

response increased with increased 

concentration of auxin from 0.2-0.6 mg/l. A 

maximum shoots proliferation response of 350 

was obtained on MS medium supplemented 

with 0.6 mg/l NAA (Table 1 fig 2).  

 

Table 1.Effect of MS medium supplemented with 1mg/l BA and different concentrations of NAA, IBA 

and IAA on shoot proliferation of Bacopamonnieriin vitro after three subcultures 

 

Auxin conc. 
mg/l 
(A) 

Auxin types (B) 

NAA IBA IAA Mean 

No. of  shoots 

0.0 253.33 253.33 253.33 253.33 

0.2 266.66 263.33 186.66 238.88 

0.4 283.33 286.66 180.00 250.00 

0.6 350.00 276.66 180.00 268.88 

Mean 288.33 270.00 200.00  

LSD at 5% A 
B 

AXB 

13.45 
15.53 
26.90 

 

Shoot length (cm) 

0.0 1.40 1.40 1.40 1.40 

0.2 1.50 1.06 1.23 1.26 

0.4 1.23 1.43 1.23 1.30 

0.6 1.20 1.36 1.06 1.21 

Mean 1.33 1.31 1.23  

LSD at 5% A 
B 

AXB 

0.05860 
0.06767 
0.1172 
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Fig 2. In vitro shoot proliferation of Bacopa after three subcultures on MS medium supplemented with 

1mg/l BA and 0.6mg/l NAA 

 

IC50 using MTT assay 

To examine the anticancer efficacy of 

BM different extracts, the viability of HCT-116 

and caco2 cells was determined by MTT cell 

proliferation assay after 48hr. Metahol extract 

showed an IC50 concentration 

14.99µg/mland8.42µg/ml against hct116 and 

caco2 cell lines respectively, chloroform 

extract show 14.26µg/ml and 24.16µg/ml 

against hct116 and caco2 cell lines 

respectively and acetone extract show 

6.79µg/ml and 6.10µg/ml against hct116 and 

caco2 cell lines respectively Figure 3, 4.

 

 

 Figures 3, 4.  Show cytotoxicity of BM different extracts (methano, chloroform and acetone) 

Symbolizes (1,2and 3) for each extract solvent methanol, chloroform and acetone respectively. 

Fig. 3 

Fig. 4 
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DISCUSSION 

Natural products have regarded as 

important sources that could produce potential 

chemotherapeutic agents (Prakash et al., 

2011). Plant-derived compounds, in particular 

have gained importance in anticancer therapy, 

and some of the new chemotherapeutic agents 

currently available for use include paclitaxel, 

vincristine, podophyllotoxinandcamptothecin, a 

natural product precursor from water-soluble 

derivatives. Obviously natural products are 

extremely an important source of medicinal 

agents. Although there are some new 

approaches to drug discovery, such as 

computer-based molecular modeling design 

and combinatorial chemistry, none of them can 

replace the importance of natural products in 

drug discovery and development (Jagetia and 

Rao, 2006). 

The degree of growth, differentiation, 

and metabolite accumulation varies 

considerably with the medium constitution 

(Bhaskaran and Jayabalan, 2005). The 

optimum nutrient concentration is a critical 

determinant in controlling the growth of the 

cells/organs and the accumulation of 

secondary metabolites (Murthy et al., 2008). 

Many studies that show the effect of 

combination of plant growth regulators 

(PGRS)showed best results on MS with 1 mg/l 

IAA and 1 mg/l IBA for culture initiation, 

multiple shoot proliferation, bud breakage, 

shoot length, shoot numbers and cluster 

formation (Showkat et al., 2010) In our current 

study BM highest shoot number (350) was 

obtained when we use NAA (0.6 mg/l), while 

the highest shoot length (1.5 CM) was 

obtained when we use NAA (0.2 mg/l).  Control 

response to longest shoots than other 

treatments. The effect of auxin was tested for 

in vitro shoot multiplication, and the 

multiplication rate declined on NAA 

supplemented MS medium.  result of axillary 

bud of Bacopamonnieri induction and 

observed on medium containing 1.0 mg /l BAP 

(Kaur et al., 3013). The best performance for 

shoot multiplication was showed in MS 

medium supplemented with 1.5 mg/l BAP+ 

0.5mg/l IAA (Kapil and Sharma, 2014).  

Maximum shoots obtainedon MS 

medium supplemented with 1.5mg/l BA where, 

1mg/lBA was to be superior to give maximum 

leaves. Height shoot length was observed on 

MS medium free hormone (Badr Elden,2014). 

Optimum micropropagation with 34.9 

elongated shoots per explant was recorded in 

Murashige and Skoog medium containing 1.5 

mg/L BAP and 2.0 mMspermidine 

)Haque et al.,2017( 

The various available anticancer 

drugs have limited therapeutic potential 

because of their high toxicity and inefficiency in 

cancer therapy (Shishodia et al., 2007). 

Therefore, the development of novel agents 

from a natural source for treatment of cancer is 

highly regarded. Bacobamonerrie, as a non-

toxic natural product, and it has anti-tumor 

activity (Peng, L et al., 2010). Bacopamonnieri 

is shown to have potent antitumor and 

anticancer activities (Warrier et al. 1993).There 

are many studies that show cytotoxicity of BM 

different extracts the dichloromethane 

(DCM)extract show the best result against 

Ehrlich ascites carcinoma (EAC)tumor-bearing 

mice since it showed the best cytotoxicity at 72 

h (IC5041.0–60.0 μg/mL) (Mallick et al., 2017), 

Ethanolic extract of whole plant of 
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Bacopamonnieri shows cytotoxicity for Dalton’s 

lymphoma cells at a concentration of 150 

μg/mL. Oral administration of this extract 

reduces the risk of solid tumor formation 

(Kumar et al., 1998). Ethanolic extract of 

Bacopamonnieri, when administered in mouse 

S-180 cells, results in cytotoxicity in a dose- 

and time-dependent manner. The peak 

cytotoxic effect is shown at 48 h of 

administration of 550 μg/mL. Apoptosis was 

associated with decreased glutathione levels in 

treated cells (Rohini and Devi 2008).Whole-

plant ethanolic extract of BM, when tested in 

sarcoma-180 culture cells, showed inhibition of 

cell growth with the increase in concentration 

of extract. The results proved that 

Bacopamonnieri shows anticancer effects in a 

dose-dependent manner (Elangovan et al. 

1995). The present investigation was carried 

out to evaluate the anticancer activity of 

Bacopamonnieiri different extracts. In vitro 

cytotoxicity study using hct116 and caco2 cell 

lines showed potent activity with acetone 

extract against hct116 6.79 µg/ml, and its 

value against caco2 6.1µg/ml.
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