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Abstract

The present study aims at confirming the antibacterial activity of the stem barks of Bridelia micrantha and to appreciate the
influence of fractionation on the methanol extract antibacterial activity. The crude extract was prepared by maceration of plant
powder in methanol. The dichloromethane portion was further fractionated by adsorption chromatography on silica gel. The
antibacterial activity of the extract and fractions were evaluated by broth microdilution method. The phytochemical analysis of
extract and fractions was done using standard phytochemical methods.

The extract showed moderate activity against most of the tested strains with MIC value of 512 pg/ml. Nine fractions designated F1
to F9 were obtained after column chromatography. F5 and F6 fractions were found to be the most active. F6 exhibited strong activity
on all the tested bacteria with MIC values of 128 pg/ml on nine strains. The phytochemical analysis of the methanol bark extract of B.
micrantha and fractions revealed the presence of triterpenes, phenols, tannins, flavonoids, saponins.

The results confirmed the antibacterial activity of methanol bark extract of B. micrantha and showed an increase in antibacterial

activity with fractionation.
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Introduction

Plants have been used throughout history in traditional medicine for the treatment of a wide range of diseases [1]. Infectious diseases
caused by bacteria, fungi and viruses are a critical challenge to health and they are believed to be one of the main causes of increasing
rate of morbidity and mortality worldwide [2,3]. The ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) are responsible for the top 6 health care-
associated infections (HAIs) and many have been identified as priority antibiotic-resistant bacteria [4,5]. Despite the significant progress
made in the field of antibiotic therapy, medicine continues to face therapeutic failures partly due to the emergence of these resistant
bacteria [6]. It is therefore necessary to ensure a therapeutic watch. Among the multitude of potential sources of antimicrobials, plants
occupy a prominent place [7,8]. Previous investigations showed that many plant species were identified in Cameroon for their use in
infectious diseases treatment by traditional healers [9] and some of these were proven to contain active ingredients with significant
antibacterial activity [10]. Bridelia micrantha commonly known as coastal golden leaf is a member of the family Phyllanthaceae [11].
Ethno pharmacological knowledge revealed that its water boiled stem bark is commonly used in Cameroon to treat several ailments
including amoebic dysentery, cough, diarrhoea, gastric ulcer, eye diseases, infertility and tapeworms [12,13]. Previous studies on this
plant showed antibacterial [14,15], hepatoprotective [16], antioxidant [17,18], antitumor [19,20] and antiviral activities [21]. Recent
studies have shown that B. micrantha root, stem bark and leaf contain various phytochemical compounds such as flavonoids, tannins,
sterols, saponins, anthocyanins, triterpenes some of which possess potent antibacterial activity [7,22]. Therefore, the present study was
undertaken to confirm the antibacterial activity of the stem barks of Bridelia micrantha and to appreciate the influence of fractionation on

the methanol extract antibacterial activity.
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Materials and Methods
Materials
Plant material

Fresh barks of B. micrantha used in this experiment were collected in January 2017 in the Centre Region of Cameroon. The plant was

identified at the Cameroon National Herbarium where a voucher specimen N° 5714 HNC (YA) was deposited.

Chemicals

Ciprofloxacin (Sigma-Aldrich, Germany) was used as reference antibiotic. p-lodonitrotetrazolium chloride [23] was used as microbial
growth indicator.

Microorganisms and culture media

The antibacterial activity was carried out on two reference and eighteen routine strains. The routine strains of Escherichia coli,
Enterobacter aerogenes, Klebsiella pneumoniae and Staphylococcus aureus were obtained from patient suffering from gastroenteritis at the
Bafang ADLUCEM hospital. Those of Salmonella enterica serovar typhi, Salmonella enterica serovar paratyphi B, and Salmonella enterica
serovar typhimurium were obtained from the Laboratory of Bacteriology and Mycology of the “Centre Pasteur” Yaoundé-Cameroon.
Methicillin-resistant Staphylococcus aureus strains were obtained from the culture collection of the Laboratory of Microbiology, Graduate
School of Pharmaceutical Sciences, University of Tokyo, Japan. Multidrug resistant Providencia stuartii strain was obtained from the
culture collection of the University of Mediterranean, France. The bacterial features are summarized in table 1. These microorganisms
were maintained at 4°C on Mueller Hinton Agar (MHA) (Liofilchem, Italy). Mueller Hinton Broth (MHB) (Liofilchem, Italy) was used for

Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) determination.

Bacteria ‘ Characteristics

Gram-

Escherichia coli

E.C96 Routine strain: IPMS, AUG!, NORS, CFMS, CROR, CIPS, AN!, CHLS
E.C99 Routine strain: IPMS, AUG!, NORS, CFMS, CROS, CIPS, AN!, CHLS
E.C136 Routine strain: IPMS, AUGR, NORS, CFMS, CROS, CIPS, ANS, CHLS
E.C137 Routine strain: IPMS, AUGS, NORS, CFMS, CROS, CIPS, AN/, CHLS
Enterococcus aerogenes
ENT 119 Routine strain: IPMS, AUG!, NORS, CFMS, CROS, CIPS, AN!, CHLS
ENT 144 Routine strain: IPMS, AUGR, NORR, CFM®, CROS, CIPS, CHLR
Klebsiella pneumoniae
KL 111 Routine strain: IPMS, AUG!, NORS, CFMS, CRO!, CIPS, AN/, CHLS
Salmonella enterica serovar Typhi
SAL 9 Routine strain: IPM®, AUGR, NORS, CFMS, CROR, CIPS, AN!, CHL!
Salmonella enterica serovar Paratyphi B Routine strain: AMR, TER®, SXT ®, NAR, CIP S, CHLS
Salmonella enterica serovar Typhimurium Routine strain: AMR, TER, SXT R, NAR, CIP 5, CHLS
Providencia stuartii
PSNEA 16 Routine MDR strain, AcrAB-TolC
Pseudomonas aeruginosa
ATCC 27853 Reference strain
PACIP 76110 Reference strain
Gram+

Staphylococcus aureus

ST9 Routine strain: [PMS, AUGS, AMS, DOS, VAS
ST 113 Routine strain: IPMS, AUGS, AMS, DOS, VAS, ES
ST 120 Routine strain: IPMS, AUGS, AMS, DOS, VAS, ES
MRSA 3 Routine multidrug strain: OFX®, K®, ER, CIPR
MRSA 9 Routine multidrug strain: OFX®, FLX®, K} E®, CHLR, IM/CS®
MRSA 12 Routine multidrug strain: OFX®, FLX®, K® E & IM/CSR

Table 1: Features of bacteria strains and clinical strains used in the study.
AN: Amikacin; AM: Ampicillin; AMC: Amoxicillin-Clavulanate; CHL: Chloramphenicol; CFM: Cefixime; CIP: Ciprofloxacin;
CRO: Ceftriaxone; DO: Doxycycline; E: Erythromycin; FLX: Flomoxef; IMP: Imipenem; IM/CS: Imipenem/Cilastatin Sodium;
K: Kanamycin; NA: Nalidixic acid; NOR: Norfloxacin; OFX: Ofloxacin; TE: Tetracycline; SXT: Trimethoprim-Sulfamethoxazole;

VA: Vancomycin. R: Resistant; S: Sensible and I: Intermediate.
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Methods
Plant extraction

B. micrantha barks were collected and dried for 21 days in an ambient environment under shade and ground into powder. The powder
(500 g) was soaked in 2.5L of methanol for 3 days. The mixture was filtered using a Whatmann N°1 filter paper and the residue was re-
extracted four times as previously described. The total methanol extract was concentrated using rotatory evaporator. The extract was

further dried in an oven at 45°C for 24 hours.

Fractionation

The extract (128g) was dissolved in a mixture of methanol (500 mL), distilled water (250 mL) and dichloromethane (500 mL). The
dichloromethane phase and the methanol/water phase were separated. Each phase was concentrated using a rotatory evaporator. The
dichloromethane phase (31.2g) was chromatographed through a silica gel (250 - 300 Mesh) column (5 cm of internal diameter and 40 cm
of height) using n-hexane-EtOAc (90:10; 80:20; 70:30; 50:50; 70:30; 0:100) and EtOAc-MeOH (100:0; 95:5; 90:10; 80:20; 70:30; 50:50;
0:100) as eluent. Seventy-two fractions of 250 mL each were collected and combined on the basis of their thin layer chromatography
(TLC) profiles into nine major fractions labelled F1 to F9 (F1: 1-3; F2: 4-10; F3: 11-23; F4: 24-44; F5: 45-49; F6: 50-57; F7: 58-66; F8:
67-69; F9: 70-72).

Antibacterial activity assay

The in vitro antibacterial activity of the crude extract and fractions were evaluated by determining the Minimum Inhibitory
Concentrations using broth microdilution method [24]. Briefly, the stock solution of the extract was prepared with 5% DMSO in broth
culture medium. Bacterial suspension of about 1.5 x 108 CFU/ ml following N° 0.5 Mc Farland turbidity standards was prepared from 18
hours old bacterial culture. These suspensions were further diluted in Mueller Hinton broth to give 1.5 x 10° CFU/ml. The antibacterial
susceptibility tests were performed in 96-well microtiter plates. A serial two-fold dilution of the plant extract and fractions was performed
to obtain final concentrations ranging from 1024 to 8 ug/ml in a total volume of 100 pl/well. These wells were finally inoculated with
100 pl inoculum. The plates were incubated at 37°C for 18h. Following incubation, bacterial growth was monitored colorimetrically using
p-iodonitrotetrazolium chloride (INT). Viable bacteria change the yellow dye of p-iodonitrotetrazolium violet to a pink colour. Minimum
inhibitory concentration (MIC) value was recorded as the lowest concentration of the test substance that completely inhibited bacterial
growth [23]. The antibacterial activity was classified as strong if the extract displayed a MIC values less than 500 pg/ml, moderate from
500 to 1500 pg/ml and weak when over 1500 pg/ml [25].

The Minimum Bactericidal Concentrations (MBC) were determined by adding 50 ul aliquots of the preparations which did not show
any growth after incubation during MIC assays to 150 uL broth culture medium. These preparations were incubated at 37°C for 24h.
The MBC values were regarded as the lowest concentration of extracts which did not produce any color change after addition of INT as

mentioned above [26].

The experiments were performed in duplicate and repeated thrice. Ciprofloxacin was used as positive control while 5% dimethylsulfoxide

(DMSO0) was used as negative control.

Phytochemical analysis

Qualitative phytochemical tests were conducted on the methanol extract and fractions using standard methods [27].

Results
Antibacterial activity

The methanol extract and fractions from stem bark of B. micrantha were evaluated for their antibacterial activities on a panel of
bacteria strains including two reference and eighteen routine strains (Table 2). These results showed moderate activity of the methanol
extract against most of the tested pathogenic bacteria strains (MIC = 512 pg/ml). Strong antibacterial activity of this extract was obtained

on three bacteria strains with MIC value of 256 pg/ml.

Nine fractions were obtained from B. micrantha methanol extract. Among them, F1 was found to be inactive while F2 to F9 exhibited
antibacterial activity with MIC values ranging from 128 pg/ml to 1024 pg/ml. F5 and F6 fractions were the most active. F5 showed strong
activity on ten of the twenty tested bacteria strains with MIC value of 256 pg/ml while F6 exhibited strong activity on all the tested
bacteria with MIC values of 128 pg/ml on nine strains, including Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus,

Enterobacter aerogenes and Salmonella sp strains (Table 3).
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Organisms Extract F1 F2 F3 F4 F5 Fé6 F7 F8 F9 Ciprofloxacin
K. pneumoniae
KL111 512/512 -/- 1024/1024 | 1024/1024 | 1024/1024 | 512/512 | 256/256 | 512/512 | 512/1024 | 512/1024 1/16
E. aerogenes
ENT167 512/512 -/- 512/512 1024/1024 1024/- 256/256 | 128/512 | 512/512 512/512 512/512 8/128
ENT144 256/512 -/- 512/- 512/1024 1024/- 256/256 | 256/256 | 512/512 | 512/1024 | 512/1024 1/128
ENT119 512/512 | 1024/- 512/- 512/1024 1024/- 512/512 | 256/512 | 512/1024 | 512/1024 | 512/1024 1/-
S. aureus
ST9 512/512 -/- 512/- 1024/1024 1024/- 256/512 | 128/512 | 512/512 512/512 512/512 1/64
ST113 256/256 | 1024/-| 512/1024 512/- 1024/1024 | 256/1024 | 128/512 | 512/1024 | 512/512 512/512 1/64
ST120 256/256 -/- 512/- 1024/1024 512/- 256/256 | 256/512 | 512/512 512/512 512/512 8/128
MRSA9 512/512 -/- 512/- 1024/1024 512/- 512/512 | 256/256 | 512/1024 512/- 1024/- 2/4
MRSA3 512/512 -/- 512/- 1024/1024 | 512/1024 | 256/512 | 128/256 | 512/512 512/512 512/1024 32/-
MRSA12 512/512 -/- 512/- 1024/1024 | 1024/1024 | 512/512 | 256/512 | 512/512 512/- 512/- 2/16
E. coli
EC96 512/1024 -/- 1024/- 512/1024 512/- 256/1024 | 128/512 | 512/512 512/512 512/1024 1/128
EC99 512/512 -/- 512/- 1024/- 1024/1024 | 512/512 256/- 512/512 512/- 512/- 4/16
EC136 512/512 -/- 1024/1024 | 1024/1024 | 1024/1024 | 512/512 | 256/256 | 512/512 512/512 | 1024/1024 1/8
EC137 512/512 -/- 512/- 1024/1024 | 1024/1024 | 256/512 | 128/256 | 512/512 | 512/1024 512/512 16/128
P. stuartii
PSNEA16 512/1024 -/- 512/- 1024/1024 1024/- 512/- 256/- 512/512 512/- 512/- 1/16
S. enterica
serovar Typhi
SAL9 512/- -/- 1024/- 1024/1024 | 1024/1024 | 512/512 256/- | 512/1024 256/- 512/1024 1/16
S. enterica
serovar 512/512 -/- 512/512 1024/1024 1024/- 256/256 | 128/512 | 512/512 | 1024/1024 | 512/512 32/64
Typhimurium
S. enterica
serovar 512/512 | 1024/-| 512/512 1024/1024 1024/- 512/512 | 128/512 | 512/512 | 1024/1024 | 512/512 1/128
paratyphi B
P. aeruginosa
ATCC 27853 512/512 -/- 512/512 1024/1024 1024/- 512/512 | 256/512 | 512/512 512/512 512/512 1/64
CIP 76110 512/512 -/- 512/1024 | 1024/1024 | 512/1024 | 256/256 | 128/512 | 512/512 512/- 512/512 1/64

Table 2: Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of B. micrantha methanol extract and its fractions.

Extract Fractions
F1 | F2 | F3 | F4 | F5 F6 F7 F8 F9
. +
Saponins ++ - - + + + + ++ ++
+
Polyphenols +++ + + + |+ | A | A |t +++ +++
Anthraquinones + [+ |+ |+ - - + + +
Anthocyanes ++ 6 - + + + +++ ++ + +
Triterpenes ++ + - + |+ | + +++ + +
Sterols - - + - - - - - - R
Flavonoids + + o+ |+ + ++ ++ - + +
Alkaloids ++ + | | | F ++ + + ++ ++
Coumarins ++ R I S S ++ FH+ |+t + +
Tannins +++ + + + | A | | - +++ +++
Glucosides ++ - - - - - e+ + 4 +

Table 3: Phytochemical composition of B. micrantha methanol barks extract and fractions.

(-): Absence; (+): Presence of chemical compound; (+) < (++) <(+++): Base of the intensity of characteristic colour.
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Phytochemical screening

The qualitative phytochemical composition showed that polyphenols, tannins, anthocyanins, triterpenes, glucosides, coumarins,

alkaloids and saponins are the major compounds in the methanol extract of B. micrantha bark.

Phytochemical composition of sub-fractions revealed that except triterpenes, F1 and F2 fractions have the same composition as well
as F3 and F4 had the same compositions. Moreover, saponins, polyphenols, anthocyanins, triterpenes and alkaloids were found in all

fractions while flavonoids, anthraquinones, tannins and glucosides were selectively present.

Discussion

The use of medicinal plants in the treatment of diseases is an ancient tradition that has co-existed with human habitation [28].
Nowadays, with the increase of resistance of numerous microorganisms to conventional drugs [29], these medicinal plants could be
used as an alternative as the antibacterial activity of some of them have been well established in most bacteria including drug resistant
bacteria [10,30,31]. The Cameroonian flora is very rich and varied, and many plants have not yet been explored for their pharmacological

properties including antibacterial activity.

The methanol extract of B. micrantha stem bark revealed moderate antibacterial activity on most microorganisms tested. This result
is in line with previous authors who reported the antibacterial activity of this plant [32-34]. However, the activity of this extract, although
moderate, appears relevant compared to the results mentioned by these authors. Indeed, Steenkamp et al. [32] using broth micro-dilution
method found that the extract showed no activity against E. coli and P. aeruginosa while MIC value of 4000 pg/mL was obtained against
S. aureus. The very weak activity obtained by these authors might be due to the impact of geographical and therefore climatic differences
since these factors have been reported to affect plant secondary metabolite composition [35,36]. Adefuye,, et al. [34] revealed MIC,
values of ethyl acetate and acetone stem bark extract of B. micrantha ranged from 0.078 to 1.25 mg/ml and 0.078 to 0.625 respectively
on Staphylococcus aureus, Shigella sonnei, Salmonella Typhimurium and Helicobacter pylori strains. These values, which inhibit 50% of the
bacterial growth, are clearly greater than those reported in the present work and which, contrary to them, represent concentration that
inhibit any bacterial growth. Some phytochemicals; polyphenols, tannins, anthocyanins, triterpenes, glucosides, coumarins, alkaloids and
saponins, found in this extract may explain the antibacterial capacity. These secondary metabolites serve a defense mechanism against
invasion by many microorganisms, insects and other herbivores [37]. Significant inhibitory properties against different pathogens have
been reported. For example, flavonoids are hydroxylated phenolic substance known to be synthesized by plants in response to microbial
infection [38]. Antimicrobial property of saponin is due to its ability to cause leakage of proteins and certain enzymes from the cell [39].
Tannins bind to proline rich proteins and interfere with the protein synthesis [40]. The obtained results may justify the use of the plant

for ethnomedicine [41].

The antibacterial activity of the methanol extract of the stem bark of B. micrantha was distinguished from their fractions. F5 and F6
fractions were found to be more active than the crude methanol extract on most of the tested bacteria. Increase antibacterial activity with
fractionation reveals that the active principles of the stem barks of this plant are concentrated during fractionation in some fractions and
highlights the fractionation as alternative to ameliorate plant extracts antimicrobial activity. Similar approach was reported by several
authors [15,42,43].

The fraction F6 was found to be the most active with this activity extended to methicillin-resistant Staphylococcus aureus (MRSA
strains). Infections caused by MRSA are generally severe with the highest mortality rate [44]. Actually, very few antibiotics as Lysocin E
are efficient against MRSA [45].

The activity of the fraction F6 was extended to ESKAPE pathogens, particularly S. aureus, K. pneumonia, P. aeruginosa, E. aerogenes
strains. The ESKAPE pathogens are differentiated from other pathogens due to their increased resistance to commonly used antibiotics.
This increased resistance, combined with their clinical significance in the medical field, results in a necessity to combat them with novel
antibiotics [2]. Therefore, the fraction F6 could be used directly as antibacterial or could provide molecules which could be useful as
antibacterial or substrates for the synthesis of new broad spectrum antibiotics which could overcome gastrointestinal tract infection

bacteria.

Regarding the MBC values of the extract and fractions, it was seen that MBC/MIC ratio was less than 4 in many cases meaning that they

all exerted a bactericidal activity on many of the tested organisms [46].
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Conclusion

The study aimed at confirming the presence of antibacterial substances in B. micrantha stem barks and to appreciate the influence of
fractionation on the methanol extract antibacterial activity. The results confirmed the antibacterial activity of the stem barks methanol
extract of B. micrantha and revealed an increase activity with fractionation with the F6 fraction obtained with AE/MeOH (20%) being the

most active.

Acknowledgement

Authors are grateful to Pr Victor Kuete for microorganisms supply.

Funding

The authors received no direct funding for this research.

Competing Interests

The authors declare no competing interest.

Bibliography

1. Samuelsson G. “Drugs of natural origin: a textbook of pharmacognosy”. 5" Swedish pharmaceutical press, Stockholm (2004).
2. TerralL, et al. “A Novel Alkaliphilic Streptomyces Inhibits ESKAPE Pathogens”. Frontiers in Microbiology 9 (2018): 2458.

3. Mukesh R and Namita P. “Medicinal plants used as antimicrobial agents: a review”. International Research Journal of Pharmacy 3.1
(2012): 31-40.

4. Founou RC, et al. “Clinical and economic impact of antibiotic resistance in developing countries: a systematic review and meta-
analysis”. PLoS One 12.12 (2017): e0189621.

5. Tacconelli E,, et al. “Discovery, research, and development of new antibiotics: the WHO priority list of antibiotic-resistant bacteria
and tuberculosis”. Lancet Infectious Diseases 18.3 (2018): 318-327.

6. O’Neill J. “Antimicrobial resistance: tackling a crisis for health and wealth of nations”. Review on Antimicrobial Resistance (2014).
7. Saxena M, et al. “Phytochemistry of medicinal plants”. Journal of Pharmacognosy and Phytochemistry 1.6 (2013): 168-182.

8. Schippmann U, et al. “Impact of cultivation and gathering of medicinal plants on Biodiversity: FAO. Biodiversity and the Ecosystem
Approach in Agriculture, Forestry and Fisheries. Satellite event on the occasion of the Ninth Regular Session of the Commission on
Genetic Resources for Food and Agriculture”. Rome, Inter-Departmental Working Group on Biological Diversity for Food and Agri-
culture (2002): 12-13.

9. Adjanohoun JE,, et al. “Contribution to Ethnobotanical and Floristic Studies in Cameroon: Traditional Medicine and Pharmacopoeia”.
Technical and Research Commission of Organisation of African Unity (OAU/STRC) (1996): 60-61.

10. Kuete V. “Potential of Cameroonian plants and derived products against microbial infections: a review”. Planta Medica 76.14 (2010):
1479-1491.

11. Bosch CH. “Bridelia micrantha (Hochst.) Baill”. In Plant Resources of Tropical Africa volume 7, no. 2. Timbers 2; RHM] Lemmens, D
Louppe, AA Oteng-Amoako, Eds.; PROTA Foundation: Wageningen, The Netherlands (2012): 169-171.

12. Maroyi. “Ethnopharmacology and Therapeutic Value of Bridelia micrantha (Hochst.) Baill. in Tropical Africa: A Comprehensive Re-
view”. Molecules 22.9 (2017): E1493.

13. Ngueyem TA, et al. “The genus Bridelia: A phytochemical and ethnopharmacological review”. Journal of Ethnopharmacology 124.3
(2009): 339-349.

14. Traoré MS,, et al. “The malaria co-infection challenge: An investigation into the antimicrobial activity of selected Guinean medicinal
plants”. Journal of Ethnopharmacology 174 (2015) 576-581.

Citation: Rosalie Anne Ngono Ngane,, et al. “Antibacterial Activity of Methanol Extract and Fractions from Stem Bark of Bridelia micrantha
(Hochst.) Baill. (Phyllanthaceae)”. EC Pharmacology and Toxicology 7.7 (2019): 609-616.


https://www.ncbi.nlm.nih.gov/pubmed/30459722
https://www.researchgate.net/publication/285309397_Medicinal_plants_used_as_antimicrobial_agents_A_review
https://www.researchgate.net/publication/285309397_Medicinal_plants_used_as_antimicrobial_agents_A_review
https://www.ncbi.nlm.nih.gov/pubmed/29267306
https://www.ncbi.nlm.nih.gov/pubmed/29267306
https://www.ncbi.nlm.nih.gov/pubmed/29276051
https://www.ncbi.nlm.nih.gov/pubmed/29276051
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://www.researchgate.net/publication/284425734_Phytochemistry_of_Medicinal_Plants
https://pdfs.semanticscholar.org/1699/83f9fd7e6fdbe74aa8748f14279b0aeeaafb.pdf
https://pdfs.semanticscholar.org/1699/83f9fd7e6fdbe74aa8748f14279b0aeeaafb.pdf
https://pdfs.semanticscholar.org/1699/83f9fd7e6fdbe74aa8748f14279b0aeeaafb.pdf
https://pdfs.semanticscholar.org/1699/83f9fd7e6fdbe74aa8748f14279b0aeeaafb.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20533165
https://www.ncbi.nlm.nih.gov/pubmed/20533165
https://www.ncbi.nlm.nih.gov/pubmed/28885590
https://www.ncbi.nlm.nih.gov/pubmed/28885590
https://www.ncbi.nlm.nih.gov/pubmed/19477259
https://www.ncbi.nlm.nih.gov/pubmed/19477259
https://www.ncbi.nlm.nih.gov/pubmed/25773488
https://www.ncbi.nlm.nih.gov/pubmed/25773488

Antibacterial Activity of Methanol Extract and Fractions from Stem Bark of Bridelia micrantha (Hochst.) Baill. (Phyllanthaceae)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

615

Adefuye A and Ndip RN. “Phytochemical analysis and antibacterial evaluation of the ethyl acetate extract of the stem bark of Bridelia
micrantha”. Pharmacognosy Magazine 9.33 (2013): 45-50.

Nwaehujor CO and Udeh NE. “Screening of ethyl acetate extract of Bridelia micrantha for hepatoprotective and antioxidant activities
on Wistar rats”. Asian Pacific Journal of Tropical Medicine 4.10 (2011): 796-798.

Adika OA.,, et al. “Antidiabetic and antioxidant effects of the methanol extract of Bridelia micrantha (Hochst.) Baill. (Euphorbiaceae)
leaves on alloxan-induced diabetic Albino mice”. Comparative Clinical Pathology 21.5 (2012) 945-951.

Onoja S,, et al. “Antinociceptive and antioxidant effects of hydromethanolic extract of Bridelia micrantha stem bark”. Journal of Experi-
mental and Integrative Medicine 4.4 (2014): 273-277.

Munayi RR. “Phytochemical Investigation of Bridelia micrantha and Tabernaemontana ventricosa for Cytotoxic Principles against

Drug Sensitive Leukemia Cell Lines”. Master’s Thesis, University of Nairobi, Nairobi, Kenya (2016).

Ochwang’l DO, et al. “Medicinal plants used in treatment and management of cancer in Kakamega County, Kenya”. Journal of Ethno-
pharmacology 151.3 (2014): 1040-1055.

Bessong PO, et al. “Further screening of Venda medicinal plants for activity against HIV type 1 reverse transcriptase and integrase”.
African Journal of Biotechnology 5.6 (2006): 526-528.

Narasinga R. “Bioactive phytochemicals in Indian foods and their potential in health promotion and disease prevention”. Asia Pacific
Journal of Clinical Nutrition 12.1 (2003): 9-22.

Mouokeu RS, et al. “Antifungal and antioxidant activity of Crassocephalum bauchiense (Hutch.) Milne-Redh ethyl acetate extract and
fractions (Asteraceae)”. BMC Research Notes 7 (2014): 244.

CLSI. “Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically, approved standard”. 10* edition 35.2
(2015): 1-15.

Aligiannis N,, et al. “Composition and antimicrobial activity of the essential oils of two Origanum species”. Journal of Agricultural and
Food Chemistry 49.9 (2001): 4168-4170.

Kuete V., et al. “Antimicrobial activity of the crude extract, fractions and compounds from stem bark of Ficus ovate (Moraceae)”. Jour-
nal of Ethnopharmacology124.3 (2009): 556-561.

Bruneton J. “Pharmacognosie, phytochimie, plantes médicinales”. 4 Edition, Tec and Doc Lavoisier, Paris (2009): 166-189.

Bizimenyera ES., et al. “Safety profiles of Peltophorum africanum Sond (Fabaceae) extracts”. South African Journal of Science 7 (2007):
66-78.

World Health Organization WHO. “Antimicrobial Resistance”. World Health Organization, Geneva, Switzerland (2017).

Fankam AG., et al. “Antibacterial and antibiotic resistance modulatory activities of leaves and bark extracts of Recinodindron heu-
delotii (Euphorbiaceae) against multidrug-resistant Gram-negative bacteria”. BMC Complementary and Alternative Medicine 17.1
(2017): 168.

Cragg GM and Newman DJ. “Biodiversity: A continuing source of novel drug leads”. Pure and Applied Chemistry 77.1 (2005): 7-24.
Steenkamp V., et al. “Antibacterial activity of Venda medicinal plants”. Fitoterapia 78.7-8 (2007): 561-564.

Gangoué-Piéboji |., et al. “The in vitro antimicrobial activity of some traditionally used medicinal plants against beta-lactam-resis-
tant bacteria”. Journal of Infection in Developing Countries 3.9 (2009): 671-680.

Adefuye AO., et al. “In Vitro evaluation of the antimicrobial activity of extracts of Bridelia micrantha on selected bacterial pathogens”.
Journal of Medicinal Plants Research 5.20 (2011): 5116-5122.

Fraire-Velazquez S and Emmanuel V. “Abiotic Stress in Plants and Metabolic Responses”. Plant Responses and Applications in Agri-
culture (2013).

Citation: Rosalie Anne Ngono Ngane,, et al. “Antibacterial Activity of Methanol Extract and Fractions from Stem Bark of Bridelia micrantha
(Hochst.) Baill. (Phyllanthaceae)”. EC Pharmacology and Toxicology 7.7 (2019): 609-616.


https://www.ncbi.nlm.nih.gov/pubmed/23661993
https://www.ncbi.nlm.nih.gov/pubmed/23661993
https://www.ncbi.nlm.nih.gov/pubmed/22014735
https://www.ncbi.nlm.nih.gov/pubmed/22014735
https://link.springer.com/article/10.1007/s00580-011-1205-8
https://link.springer.com/article/10.1007/s00580-011-1205-8
https://www.scopemed.org/?mno=170081
https://www.scopemed.org/?mno=170081
http://erepository.uonbi.ac.ke/bitstream/handle/11295/97362/Munayi-Phytochemical%20Investigation%20Of%20Bridelia%20Micrantha%20And%20Tabernaemontana%20Ventircosa%20For%20Cytotoxic%20Principles%20Against%20Drug%20Sensitive%20Leukemia%20Cell%20Lines.pdf?sequence=1&isAllowed=y
http://erepository.uonbi.ac.ke/bitstream/handle/11295/97362/Munayi-Phytochemical%20Investigation%20Of%20Bridelia%20Micrantha%20And%20Tabernaemontana%20Ventircosa%20For%20Cytotoxic%20Principles%20Against%20Drug%20Sensitive%20Leukemia%20Cell%20Lines.pdf?sequence=1&isAllowed=y
https://www.ncbi.nlm.nih.gov/pubmed/24362078
https://www.ncbi.nlm.nih.gov/pubmed/24362078
https://www.ajol.info/index.php/ajb/article/view/137884
https://www.ajol.info/index.php/ajb/article/view/137884
https://www.ncbi.nlm.nih.gov/pubmed/12737006
https://www.ncbi.nlm.nih.gov/pubmed/12737006
https://www.ncbi.nlm.nih.gov/pubmed/24742210
https://www.ncbi.nlm.nih.gov/pubmed/24742210
https://www.ncbi.nlm.nih.gov/pubmed/11559104
https://www.ncbi.nlm.nih.gov/pubmed/11559104
https://www.ncbi.nlm.nih.gov/pubmed/19450673
https://www.ncbi.nlm.nih.gov/pubmed/19450673
https://www.who.int/mediacentre/news/releases/2017/Antimicrobial_resistance_VPC_27FEB2017.pdf?ua=1
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/s12906-017-1687-2
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/s12906-017-1687-2
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/s12906-017-1687-2
https://www.degruyter.com/view/j/pac.2005.77.issue-1/pac200577010007/pac200577010007.xml
https://www.ncbi.nlm.nih.gov/pubmed/17582701
https://www.ncbi.nlm.nih.gov/pubmed/19858568
https://www.ncbi.nlm.nih.gov/pubmed/19858568
http://www.academicjournals.org/app/webroot/article/article1380788816_Adefuye%20et%20al.pdf
http://www.academicjournals.org/app/webroot/article/article1380788816_Adefuye%20et%20al.pdf
https://www.intechopen.com/books/abiotic-stress-plant-responses-and-applications-in-agriculture/abiotic-stress-in-plants-and-metabolic-responses
https://www.intechopen.com/books/abiotic-stress-plant-responses-and-applications-in-agriculture/abiotic-stress-in-plants-and-metabolic-responses

Antibacterial Activity of Methanol Extract and Fractions from Stem Bark of Bridelia micrantha (Hochst.) Baill. (Phyllanthaceae)

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

616

Sampaio BL.,, et al. “Effect of the environment on the secondary metabolic profile of Tithonia diversifolia: a model for environmental
metabolomics of plants”. Scientific Reports 6 (2016): 29265.

Bonjar GH., et al. “Antibacterial and antifungal survey in plants used in indigenous herbal-medicine of south east regions of Iran”.
Journal Biological Sciences 4.3 (2004): 405-412.

Cowan MM. “Plant products as antimicrobial agents”. Clinical Microbiology Reviews 12.4 (1999): 564-582.

Zablotowicz RM,, et al. “Effect of saponins on the growth and activity of rhizosphere bacteria”. Advances in Experimental Medicine and
Biology 405 (1996): 83-95.

Shimada T. “Salivary proteins as a defense against dietary tannins”. Journal of Chemical Ecology 32.6 (2006): 1149-1163.

Jiofack T, et al. “Ethnobotany and phytomedicine of the upper Nyong valley forest in Cameroon”. African Journal of Pharmacy and
Pharmacology 3.4 (2009): 144-150.

Etame RE, et al. “Effect of Fractioning on Antibacterial Activity of Enantia chlorantha Oliver (Annonaceae) Methanol Extract and
Mode of Action”. Evidence-Based Complementary and Alternative Medicine (2018): 4831593.

Khan MAA,, et al. “Antibacterial activity of different fractions of Commelina benghalensis L". Der Pharmacia Sinica, Pelagia Research
Library 2.2 (2011): 320-326.

Cosgrove SE,, et al. “Comparison of mortality associated with methicillin-resistant and methicillin susceptible Staphylococcus aureus
bacteremia meta-analysis”. Clinical Infectious Diseases 36.1 (2003): 53-59.

Hamamoto H,, et al. “Lysocin E is a new antibiotic that targets menaquinone in the bacterial membrane”. Nature Chemical Biology
11.2 (2015): 127-133.

Djeussi DE,, et al. “Antibacterial activities of selected edible plants extracts against multidrug-resistant Gram-negative bacteria”. BMC
Complementary and Alternative Medicine 13 (2013): 164.

Volume 7 Issue 7 July 2019
©All rights reserved by Rosalie Anne Ngono Ngane., et al.

Citation: Rosalie Anne Ngono Ngane,, et al. “Antibacterial Activity of Methanol Extract and Fractions from Stem Bark of Bridelia micrantha
(Hochst.) Baill. (Phyllanthaceae)”. EC Pharmacology and Toxicology 7.7 (2019): 609-616.


https://www.ncbi.nlm.nih.gov/pubmed/27383265
https://www.ncbi.nlm.nih.gov/pubmed/27383265
https://scialert.net/abstract/?doi=jbs.2004.405.412
https://scialert.net/abstract/?doi=jbs.2004.405.412
https://www.ncbi.nlm.nih.gov/pubmed/10515903
https://www.ncbi.nlm.nih.gov/pubmed/8910697
https://www.ncbi.nlm.nih.gov/pubmed/8910697
https://www.ncbi.nlm.nih.gov/pubmed/16770710
http://www.ethnopharmacologia.org/prelude2018/pdf/biblio-hj-08-jiofack.pdf
http://www.ethnopharmacologia.org/prelude2018/pdf/biblio-hj-08-jiofack.pdf
https://www.hindawi.com/journals/ecam/2018/4831593/
https://www.hindawi.com/journals/ecam/2018/4831593/
https://www.researchgate.net/publication/239853531_Antibacterial_activity_of_different_fractions_of_Commelina_benghalensis_L
https://www.researchgate.net/publication/239853531_Antibacterial_activity_of_different_fractions_of_Commelina_benghalensis_L
https://www.ncbi.nlm.nih.gov/pubmed/12491202
https://www.ncbi.nlm.nih.gov/pubmed/12491202
https://www.ncbi.nlm.nih.gov/pubmed/25485686
https://www.ncbi.nlm.nih.gov/pubmed/25485686
https://www.ncbi.nlm.nih.gov/pubmed/23837916
https://www.ncbi.nlm.nih.gov/pubmed/23837916

