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ABSTRACT: Bacopa monnieri L. (Family: Scrophulariaceae), a medicinal herb of Bangladesh, has been used in 
traditional medicine to increase memory and brain power. The present research was aimed to investigate the 
phytochemical composition and biological activities of whole plant of B. monnieri. Through phytochemical analysis, 
two triterpenes, taraxerone and betulinic acid were obtained from B. monnieri. The crude methanol extract of the 
whole plant of Bacopa monnieri and its petroleum ether, dichloromethane, chloroform and aqueous fractions were 
screened for determination of several in vitro biological activities. In DPPH assay for antioxidant test, the 
dichloromethane fraction showed strong DPPH radical quenching activity (IC50 = 3.78 μg/ml). The chloroform 
fraction exhibited the maximum lethal concentration, LC50 value of 5.5 μg/ml against brine shrimp. In membrane 
stabilization assay, the crude extract and all solvent fractions revealed significant anti-inflammatory activity by 
inhibiting hemolysis of RBC induced by both hypotonic solution and heat. In thrombolytic assay, the petroleum ether 
fraction demonstrated highest thrombolytic activity (39.24%), when compared to the standard streptokinase 
(64.22%). In antimicrobial screening, the chloroform fraction displayed reasonable activity against most of the tested 
microorganisms. This study concludes that B.  monnieri has potential antioxidant, anti-inflammatory and 
thrombolytic activities. 
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INTRODUCTION 

Natural products have been documented as 
prominent sources of many important therapeutic 
agents for thousands of years. Based on their 
traditional uses, an inspiring number of clinically 
used pharmaceuticals including quinine, morphine, 
paclitaxel, vincristine, artemisinin etc. were derived 
from plant sources.1,2 Recently, there has been rising 
interest in the chemical and biological  properties of 
remedial plants so as to find out the bioactive lead 
molecules.3,4 Consequently, in extension of  the 
pharmacologic study on medicinal plants in 
Bangladesh5-7 we have selected a traditionally 
important  medicinal  plant, Bacopa monnieri L.,  a  
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memory enhancer drug of ayurveda8,9 for 
phytochemical and biological investigations using 
different published methods. 
 B. monnieri (also known as Brahmi or water 
hyssop) is a nootropic herb which generally grows as 
weed in dump area and the rice fields. B. monnieri is 
familiar as a brain tonic to boost up memory 
development.  It has been traditionally used in 
ayurvedic medicine for fever, inflammation, pain, 
asthma, epilepsy and cognitive dysfunction.10,11 The 
plant is also reported to reduce dementia by free 
radical scavenging and concentration-dependent 
acetylcholine potentiation.12 B. monnieri also 
demonstrates hepatoprotective and neuroprotective 
activities. The plant is used as a dietary antioxidant 
that can protect the brain against oxidative damage.13 
Phytochemical studies revealed the occurrence of 

mailto:ruhulkudus@du.ac.bd
https://doi.org/10.3329/dujps.v22i2.67407


156 Huraira et al. 

tetracyclic triterpenoid saponins, bacoside A and B, 
hersaponin, alkaloids and flavonoids.14,15 Bacoside A 
and B are the main constituents accountable for 
learning and memory enhnacement.16 The aim of this 
research was to explore B. monnieri for evaluation of 
its antioxidant, cytotoxic, anti-inflammatory, 
thrombolytic and antimicrobial activities. Attempts 
have been taken to isolate the pure molecules that 
may have some medicinal effect. 
 
MATERIALS AND METHODS 
 Plant materials. Whole plant of B. monnieri 
was collected from Jashore in 2020. The plant 
sample was identified (Accession number: DACB-
43597) in Bangladesh National Herbarium, Dhaka. 
Then the sample was sun dried and ground to a 
coarse powder. About 500 g of powder was 
macerated in methanol for several days. The crude 
extract of B. monnieri was then recovered by sieving 
the whole mixture through cotton plug and Whatman 
filter paper (No. 1). The filtrate thus obtained was 
subjected to a rotary evaporator to get a gummy mass 
of crude extract, designated as the methanol extract 
of B. monnieri (MEBM). The extract (5 g) was 
subjected for modified Kupchan partitioning17 

process to yield petroleum ether (PEF), 
dichloromethane (DMF), chloroform (CF) and 
aqueous (AQF) fractions.  
 An aliquot of the petroleum ether fraction (650 
mg) was fractionated by column chromatography 
over silica gel. Total 110 test tubes were collected. 
The mixture of fraction from 45 to 80 was subjected 
to gel permeation chromatography over Sephadex 
(LH-20) using n-hexane: dichloromethane: methanol 
(2:5:1) solvent system. Preparative TLC of column 
fractions 14 and 15 gave compound 1 and 2, 
respectively. 
 Taraxerone (1): 1H NMR (400 MHz, CDCl3): δ 
5.6 (1H, broad doublet, J = 6.0 Hz, H-15), 2.4 (m, H-
2a), 2.25 (m, H-2b), 1.15 (3H, s), 1.13 (3H, s), 1.08 
(3H, s), 1.03 (3H, s), 0.99 (3H, s), 0.97 (3H, s), 0.93 
(3H, s), 0.84 (3H, s). 
 Betulinic acid (2): 1H NMR (400 MHz, CDCl3): 
δ 4.71 (1H, br. s, Hb-29), 4.63 (1H, br. s, Ha-29), 3.27 

(m, H-3), 2.99 (m, H-19), 1.72 (3H, s, H-30), 0.98, 
0.94, 0.88, 0.80, 0.75 (5s, all tertiary -CH3). 
 Antioxidant activity. Antioxidant activity was 
measured by DPPH assay method.18 Briefly, DPPH 
solution (20 μg/ml) in methanol was mixed with test 
samples of B. monnieri dissolved in methanol. After 
20 min incubation, the absorbance was measured at 
517 nm. Here, tert-butyl-1-hydroxytoluene (BHT) 
and ascorbic acid (AA) were used as reference 
standards. 
 Cytotoxic activity. Brine shrimps (Artemia 
salina Leach) were used as test organisms to 
determine the cytotoxic effect of test materials.19 

Dimethyl sulfoxide (DMSO) was used to prepare 
target concentration of the test sample. Plant extracts 
were transferred to the vials containing nauplii in 
simulated sea water. The vials were scrutinized after 
24 h and the quantity of viable nauplii was 
calculated. The percent of lethality of the nauplii for 
individual sample was calculated. 
 Membrane stabilizing activity. Membrane 
stabilization properties of plant samples were studied 
with heat-induced and hypotonicity-induced 
hemolysis assays.20 
 Thrombolytic activity. Thrombolytic assay of 
the extract was conducted following a conventional 
method21 where streptokinase, SK (30,000 I.U.) and 
purified water were served as positive and negative 
thrombolytic control, respectively.  
 Antimicrobial activity. Antimicrobial activity 
was determined by disc diffusion method22 using 
ciprofloxacin (30 μg) and ketoconazole (30 μg) as the 
control agents. 
 
RESULTS AND DISCUSSION 
 Two pentacyclic triterpenoids, taraxerone and 
betulinic acid were isolated from B. monnieri by 
chromatographic techniques. Their chemical 
structures were established by analysis of NMR 
spectral data and comparison with reported values. 
The 1H NMR spectrum of compound 1 exhibited a 
broad doublet of an olefinic proton at δ 5.6 (1H, 
broad doublet, J = 6.0 Hz, H-15) and two multiplets 
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at 2.4 and 2.25 due to methylene protons of H-2a and 
H-2b, respectively of a pentacyclic triterpene 
skeleton. The spectrum also showed signals for eight 
tertiary methyl groups at δH 1.15, 1.13, 1.08, 1.03, 
0.99, 0.97, 0.93 and 0.84. The absence of oxymethine 
proton at C-3 suggested that C-3 was a ketonic 
functionality. Based on NMR data, compound 1 was 
established as taraxerone (Figure 1).23  
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Figure 1. Compounds isolated from B. monnieri 
 
 The 1H NMR spectrum of compound 2 displayed 
five signals at δ 0.98, 0.94, 0.88, 0.80, 0.75 for all 
tertiary methyl protons and a vinylic methyl proton 
signal at δ 1.72 (3H, s, H3-30). The spectrum also 
showed two broad singlets at δ 4.63 and δ 4.71 which 
are assigned for two exomethylene protons.  The 
appearance of two multiplet signals at δ 3.27 and 
2.99 have been assigned to H-3 and H-19, 
respectively. Based on the published data24, 

compound 2 was characterized as betulinic acid 
(Figure 1). 
 Polyphenolic compounds, also called plant 
secondary metabolites are well reported to ensure 
protective effects against oxidative stress which is 
linked to pathological conditions like cancer, 
atherosclerosis, diabetes, infections, inflammation 
and other chronic diseases. Different synthetic 
antioxidants are known to have carcinogenic effects 
in humans. Because of valuable effects on human 
health, the attention in natural antioxidant has 
significantly increased in current years.25  
 The antioxidant property of B. monnieri and the 
standards (BHT, ascorbic acid) was evaluated by 
DPPH assay and was presented by IC50 value (Half 
maximal inhibitory conc.). Here, the uppermost 
DPPH radical quenching potential was given by 
dichloromethane fraction (IC50 = 3.78 μg/ml) 
followed by the methanol extract (IC50 = 7.02 μg/ml), 
petroleum ether (IC50 =16.12 μg/ml), chloroform 
(IC50 = 25.53 μg/ml) and aqueous fraction (IC50 = 
261.65 μg/ml) as compared to ascorbic acid (IC50 = 
3.05 g/ml) and BHT (IC50 = 21.20 g/ml) (Table 1). 
Phenolic compounds show antioxidant properties 
because they are able to eliminate free radicals by 
donating hydrogen atom in biological systems.25 
Here, the tested samples of B. monnieri showed 
antioxidant potential by eliminating DPPH free 
radical. In a review article by Simpson et al.13 B. 
monnieri was explained as a potential antioxidant 
which can lessen oxidative stress-induced change in 
brain, and thereby enhance the cognitive function. 
 The toxic action of the plant samples to brine 
shrimp was determined by standard protocol26 and 
cytotoxicity was expressed as lethality concentration 
(LC50). The crude extract and all the solvent fractions 
were found to possess significant cytotoxic 
principles. The LC50 were 5.5, 10.25 and 11.81 g/ml 
for petroleum ether, chloroform and dichloromethane 
fraction, respectively (Table 1). Compared with the 
standard vincristine sulfate, VS (LC50 = 0.451 
g/ml), the lethal effect of the plant extractives may 
be due to the potent cytotoxic compounds present in 
B. monnieri which necessitates more investigation.  
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 Several inflammatory diseases are becoming 
prevalent in elder people. Natural products are 
considered as substitute to the synthetic anti-
inflammatory drugs. Thereby these natural 
compounds can serve as a basis in the development 
of bioactive lead compounds for treating 
inflammatory and other diseases.27 Here, the anti-
inflammatory potential of B. monnieri was 
determined by RBC membrane stabilization assay 
technique.20 RBC membrane resembles to lysosomal 
membrane. Therefore, preserving the erythrocyte 
membrane integrity can be inferred to the 
stabilization of lysosomal membrane. Stressful 
conditions like heat, hypotonic solution, oxidant etc 
can damage the membrane integrity of RBC cell. 
When RBC is placed in hypotonic solution, excessive 
fluid is accumulated inside the RBC cell leading to 
hemolysis of RBC. So, the agents than can maintain 
the membrane integrity against stressful conditions 
can be considered to have anti-inflammatory 
potential.28 Here, test samples of B. monnieri (2.0 

mg/ml) can inhibit the hemolysis against heat and 
hypotonic solution (Table 2). In hypotonic solution 
induced condition, the crude extract revealed 
maximum 83.98% inhibition of RBC hemolysis as 
compared to aspirin (89.08%). During heat-induced 
hemolysis, the chloroform fraction showed 80.82% 
inhibition of RBC hemolysis. These outcomes deliver 
the proof of anti-inflammatory potential of the extract 
which showed a worthy protective effect of RBCs 
against traumatic conditions. Therefore, B. monnieri 
might be measured as a decent source of anti-
inflammatory agents.  
 Due to high incidence of cardiovascular diseases, 
investigation has been carried out on novel 
thrombolytic agents with minimal side effects. B. 
monnieri was assessed for thrombolytic activity and 
the results are presented in figure 2. Here, the 
petroleum ether fraction exhibited highest 
thrombolytic activity (39.24%) as compared to the 
standard, streptokinase (64.22%). Negative control

 
Table 1. Antioxidant activity and cytotoxicity of the different fractions of B. monnieri. 
 

Test sample 
Antioxidant level  

(IC50 mg/ml) 
Cytotoxicity  
(LC50 g/ml) 

BHT 21.20 -- 

AA 3.05 -- 

VS -- 0.451 

MEBM 7.02 174.13 

PEF 16.12 5.5 

DMF 3.78 11.81 

CF 25.53 10.25 

AQF 261.65 272.40 

 
Table 2. Membrane stabilizing effect of the different fractions of B. monnieri. 
 

 
Sample 

 
Concentration 

 

% Inhiition of hemolysis 
Hypotonic solution-induced 

hemolysis 
Heat-induced hemolysis 

MEBM 2 mg/ml 83.98 46.82 
PEF 2 mg/ml 16.30 42.87 
DMF 2 mg/ml 4.93 42.55 
CF 2 mg/ml 44.07 80.82 

AQF 2 mg/ml 37.80 10.44 
Aspirin 0.10 mg/ml 89.08 42.12 
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Figure 2. Thrombolytic activity of different fractions of B. monnieri. 
Table 3. Antimicrobial activity of test samples of B. monnieri. 
 

Microorganism 
Zone of inhibition (mm) 

MEBM DMF CF Standard 

Gram positive bacteria                                                                                                                                                     Ciprofloxacin                                          

Bacillus cereus -- 7.0 8.0 40.0 

B. megaterium 8.0 -- -- 36.0 

B. subtilis -- -- 8.0 37.0 

Sarcina lutea 9.0 9.0 -- 46.0 

Staphylococcus aureus 10.0 12.0 12.0 38.0 

Gram negative bacteria                                                                                                                                                      Ciprofloxacin 

Escherichia coli -- -- 10.0 37.0 

Pseudomonas aeruginosa 8.0 9.0 8.0 38.0 

Salmonella Paratyphi 9.0 11.0 11.0 38.0 

Salmonella Typhi -- -- 9.0 36.0 

Shigella boydii 7.0 9.0 10.0 36.0 

S. dysenteriae -- -- 9.0 38.0 

Vibro mimicus 12.0 -- 12.0 47.0 

V. parahemolyticus 8.0 8.0 10.0 40.0 

Fungi                                                                                                                                                                                  Ketoconazole 

Aspergillus niger 8.0 -- 10.0 38.0 

Candida albicans 10.0 11.0 10.0 42.0 

Saccharomyces cerevisiae 9.0 -- 10.0 37.0 

 

(pure water) displayed little or no clot lysis activity.  
The chloroform and aqueous fractions showed 
20.43% and 19.67% clot lysis activity, respectively. 
The observed thrombolytic potential of the test 
samples could be due to the existence of bioactive 

phytochemicals. More studies are thus required for 
development of new thrombolytic agents. 
 The research interest for novel antimicrobial   
agents from plant kingdom is rising day by day.29 In 
order to find out the prospective antimicrobial 
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principles, B. monnieri was subjected for preliminary 
antimicrobial screening by disc diffusion method.22 
During antimicrobial test, the plant extract at 
concentration of 400 ug/disc showed mild to 
moderate activity against most of the test 
microorganisms (Table 3) and the outcomes were 
represented as diameter of the clear zone of growth 
inhibition. Among all, both S. aureus and C. albicans 
were sensitive to all test samples. The crude methanol 
extract exhibited moderate antimicrobial activity 
against V. mimicus (12.0 mm), S. aureus (10.0 mm) 
and C. albicans (10.0 mm). The dichloromethane 
fraction showed prominent inhibitory activity against 
S. aureus (12.0 mm), Salmonella Paratyphi (11.0 
mm) and C. albicans (11.0 mm). The chloroform 
fraction revealed activity against most of the tested 
microbial species, notably with S. aureus (12.0 mm), 
V. mimicus (12.0 mm). The present results are in 
good agreement with the previous report that 
explained the antimicrobial property of B. monnieri 
leaf extract against several pathogens.31 Therefore, B. 
monnieri can be considered as natural sources of 
antimicrobial agents. Antimicrobial properties of the 
plant extract may be due to the several 
phytochemicals (such as flavonoids, alkaloids, 
tannins, and terpenoids.) which are reported to inhibit 
the enzymes and proteins of the microbial cell 
membrane causing the cellular leakage which induces 
cell death.30 
 
CONCLUSION 
 Phytochemical studies of B. monnieri led to the 
isolation of taraxerone and betulinic acid. The results 
of our bioassay suggest that B. monnieri possesses a 
variety of biological actions including antioxidant, 
cytotoxic, anti-inflammatory, thrombolytic and 
antimicrobial activities. However, more 
investigations are needed to separate and identify the 
active molecules accountable for these 
pharmacological actions.  
 
REFERENCES 
1. Cragg, G.M. and Newman, D.J. 2013. Natural products: a 

continuing source of novel drug leads. Biochim. Biophys. 
Acta. 1830, 3670-3695.  

2. Atanasov, A.G., Zotchev, S.B. and Dirsch, V.M. et al. 2021. 
Natural products in drug discovery: advances and 
opportunities. Nat. Rev. Drug Discov. 20, 200-216. 

3. Soma, M.A., Khan, M.F., Tahia, F., Al-Mansur, M.A., 
Rahman, M.S. and Rashid, M.A. 2019. Cyclooxygenase-2 
inhibitory compounds from the leaves of Glycosmis 
pentaphylla (Retz.) A. DC. chemical and in silico studies. 
Asian J. Chem. 31, 1260-1264. 

4. Newman, D.J. and Cragg, G.M. 2020. Natural products as 
sources of new drugs over the nearly four decades from 
01/1981 to 09/2019. J. Nat. Prod. 83, 770-803. 

5. Anjum, A., Kuddus, M.R., Sultan, M.Z., Mansur, A.A., 
Hasan, C.M. and Rashid, M.A. 2021. Phytochemical and 
biological investigation of Bridelia tomentosa Blume 
growing in Bangladesh. Dhaka Univ. J. Pharm. Sci. 20, 213-
218.  

6. Jannat, T., Hossain, M.J., El-Shehawi, A.M., Kuddus, M.R., 
Rashid, M.A., Albogami, S., Jafri, I., El-Shazly, M. and 
Haque, M.R. 2022. Chemical and pharmacological profiling 
of Wrightia coccinea (Roxb. Ex Hornem.) Sims focusing 
antioxidant, cytotoxic, antidiarrheal, hypoglycemic, and 
analgesic properties. Molecules (Basel, Switzerland) 27, 
4024.  

7. Chowdhury, S.M., Sultana, I., Kuddus, M.R. and Ibrahim, M. 
2023. In vitro and in vivo pharmacological studies of leaves 
of Staurogyne argentea Wall. Bangladesh Pharm. J. 26, 89-
98. 

8. Singh, B., Pandey, S., Rumman, M., Kumar, S., Kushwaha, 
P.P., Verma, R. and Mahdi, A.A. 2021. Neuroprotective and 
neurorescue mode of action of Bacopa monnieri (L.) Wettst 
in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced 
parkinson’s disease: an in silico and in vivo study. Front. 
Pharmacol. 12, 616413. 

9. Fatima, U., Roy, S., Ahmad, S., Ali, S., Elkady, W.M., Khan, 
I., Alsaffar, R.M., Adnan, M., Islam, A. and Hassan, M.I. 
2022. Pharmacological attributes of Bacopa monnieri extract: 
current updates and clinical manifestation. Front. Nutr. 9, 
972379. 

10. Aguiar, S. and Borowski, T. 2013. Neuropharmacological 
review of the nootropic herb Bacopa monnieri. Rejuvenation 
Res. 16, 313-326.  

11. Russo, A. and Borrelli, F.  2005. Bacopa monniera, a reputed 
nootropic plant: an overview. Phytomedicine 12, 305-317. 

12. Ghosh, T., Kumar, M.T., Das, M., Bose, A. and Dash D.K. 
2007. In vitro antioxidant and hepatoprotective activity of 
ethanolic extract of Bacopa monnieri Linn. aerial parts. Iran 
J. Pharm. Res. 6, 77-85. 

13. Simpson, T., Pase, M. and Stough, C. 2015. Bacopa monnieri 
as an antioxidant therapy to reduce oxidative stress in the 
aging brain. Evid. Based Complement. Altern. Med. 
eCAM, 615384.  

14. Chatterji, N., Rastogi, R.P. and Dhar, M.L. 1965. Chemical 
examination of Bacopa monniera Wettst: part II-the 
constitution of bacoside A. Indian J. Chem. 3, 24-29. 

15. Basu, N., Rastogi, R.P. and Dhar, M.L. 1967. Chemical 
examination of Bacopa monnieri Wettst: Part III-Bacoside B. 
Indian J. Chem. 5, 84-86.  



Phytochemical and Biological Investigations of Bacopa monnieri 161 

 
 

16. Chowdhuri, D.K., Parmar, D., Kakkar, P., Shukla, R., Seth, 
P.K. and Srimal, R.C. 2002. Antistress effects of bacosides of 
Bacopa monnieri: modulation of Hsp70 expression, 
superoxide dismutase and cytochrome P450 activity in rat 
brain. Phytother. Res. 16, 639-645. 

17. Van Wagenen, B.C., Larsen, R., Cardellina, J.H., Randazzo, 
D., Lidert, Z.C. and Swithenbank, C.1993. Ulosantoin, a 
potent insecticide from the sponge Ulosa ruetzleri. J. Org. 
Chem. 58, 335-337. 

18. Brand-Williams, W., Cuvelier, M.E. and Berset, C.L.W.T. 
1995. Use of free radical method to evaluate antioxidant 
activity. LWT-Food Sci. Technol. 28, 25-30.   

19. Meyer, B.N., Ferrigni, N.R., Putnam, J.E., Jacobsen, L.B., 
Nichols, D.E. and McLaughlin, J.L. 1982. Brine shrimp: a 
convenient general bioassay for active plant constituents. 
Planta Med. 45, 31-34. 

20. Shinde, U.A., Phadke, A.S., Nair, A.M., Mungantiwar, A.A., 
Dikshit, V.J. and Saraf, M.N. 1999. Membrane stabilizing 
activity-a possible mechanism of action for the anti-
inflammatory activity of Cedrus deodara wood oil. 
Fitoterapia 70, 251-257.  

21. Prasad, S., Kashyap, R.S., Deopujari, J.Y., Purohit, H.J., 
Taori, G.M. and Daginawala, H.F. 2006. Development of an 
in vitro model to study clot lysis activity of thrombolytic 
drugs. Thromb. J. 4, 1-4. 

22. Bauer, A.W., Kirby, W.M.M., Sherris, J.C. and Turck, M. 
1966. Antibiotic susceptibility testing by standardized single 
disc method. Am. J. Clin. Pathol. 36, 493-496.  

23. Tareq, F. S., Sohrab, M. H., Chowdhury, A. S. U., Afroz, F., 
Al-Mansur, M. and Hasan, C. M. 2010. Phytochemical 
studies on the leaves of Xylia dolabriformis. Dhaka Univ. J. 
Pharm.  Sci. 8, 171-172.  

24. Haque, A., Siddiqi, M.M.A., Rahman, A.F.M.M, Hasan, 
C.M. and Chowdhury, A.M.S. 2013. Isolation of betulinic 
acid and 2,3-Dihydroxyolean-12-en-28-oic acid from the 
leaves of Callistemon linearis. Dhaka Univ. J. Sci. 61, 211-
212. 

25. Pandey, K.B. and Rizvi, S.I. 2009. Plant polyphenols as 
dietary antioxidants in human health and disease. Oxid. Med. 
Cell. Longev. 2, 270-278. 

26. Ullah, M.O., Haque, M., Urmi, K.F.M., Zulfiker, A.H., 
Anita, E.S., Bbegum, M. and Hamid, K. 2013. Anti-bacterial 
activity and brine shrimp lethality bioassay of methanolic 
extracts of fourteen different edible vegetables from 
Bangladesh. Asian Pac. J. Trop. Biomed. 3, 1-7. 

27. Gautam, R. and Jachak, S. M. 2009. Recent developments in 
anti-inflammatory natural products. Med. Res. Rev. 29, 767-
820. 

28. Yesmin, S., Paul, A. and Naz, T. et al. 2020. Membrane 
stabilization as a mechanism of the anti-inflammatory 
activity of ethanolic root extract of Choi (Piper chaba). Clin. 
Phytosci. 6, 59. 

29. Hossan, M.S., Jindal, H., Maisha, S., Samudi Raju, C., Devi 
Sekaran, S., Nissapatorn, V., Kaharudin, F., Su Yi, L., Khoo, 
T.J., Rahmatullah, M. and Wiart, C. 2018. Antibacterial 
effects of 18 medicinal plants used by the Khyang tribe in 
Bangladesh. Pharm. Biol. 56, 201-208.  

30. Mostafa, A.A., Al-Askar, A.A., Almaary, K.S., Dawoud, 
T.M., Sholkamy, E.N. and Bakri, M.M. 2018. Antimicrobial 
activity of some plant extracts against bacterial strains 
causing food poisoning diseases. Saudi J. Biol. Sci. 25, 361-
366. 

31. Khan, A., Ahmed, Q., Shukla, I. and Khan, A.A. 2010. 
Antibacterial efficacy of Bacopa monnieri leaf extracts 
against pathogenic bacteria. Asian Biomed. 4, 651-655. 

 


