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1. Introduction

  A number of plants are not only consumed as vegetables but 

are also used for medicinal purposes. Medicinal plants have been 

widely used in traditional medicine for the treatment of many health 

problems. Recently, there has been increasing interest in medicinal 

plants, because of their potency and few adverse side effects. 

  Many plants are a source of antioxidants, such as polyphenols 

Objective: To investigate anti-hemolytic, antibacterial and anti-cancer activities of leaf and 

stem extracts from Polygonum odoratum. Methods: Leaves and stems of Polygonum odoratum 

were extracted using methanol and their anti-hemolytic activity was assessed using 2, 2′-Azobis 

(2-methylpropionamidine) dihydrochloride which is known to generate free radical damage 

on cell membranes of red blood cells. This damage, represented by hemolysis, was measured 

using spectrophotometry. Antibacterial activity was tested by using a broth microdilution 

method to find minimal inhibitory concentrations against eight bacterial strains. Anti-cancer 

activity of the extracts was evaluated against a human promyelocytic leukemic cell line (HL-

60) by using MTT assay for cell viability and flow cytometry for apoptosis induction and 

cell cycle analysis. Results: Both leaf and stem extracts have anti-hemolytic activity. The 

results showed a significantly increased percentage of inhibition in a concentration-dependent 

manner. Interestingly, the leaf extract showed anti-hemolytic activity to a greater extent than 

the stem extract. Antibacterial activity of the extracts, as indicated by their minimal inhibitory 

concentration, using 12.5, 50, 25, 25 µg/mL, was measured against Staphylococcus epidermidis, 
Enterococcus faecium, Enterococcus faecalis and Staphylococcus aureus. The leaf extracts also 

exhibited anti-cancer activity, demonstrated by significantly decreased cell viability of human 

promyelocytic cells (HL-60), with an IC50 of (350.00依1.85) µg/mL for 48 h and (38.00依0.92) 

µg/mL for 72 h. Additionally, HL-60 became apoptotic and accumulated in G1-phase after 48 

hours of treatment. Conclusions: The extracts of Polygonum odoratum exhibit potential anti-

hemolytic activity. They also have antibacterial activity by inhibiting growth of Gram-positive 

bacteria. The leaf extract shows anti-cancer activity against HL-60 to a greater extent than 

the stem extract, causing decreased viability, increased G1-phase accumulation and apoptosis 

induction.
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and flavonoids, which can protect the body against free radical 

damage leading to cardiovascular disease, cancer, and increased 

effects of ageing[1]. Additionally, polyphenols possess various 

biological activities such as anti-cancer[2,3], antimicrobial[4,5], anti-

inflammatory and immunomodulation[6,7]. 

  Polygonum odoratum (P. odoratum) is generally known as 

Phakpaew or Phakphai in Thailand. It is in the family Polygonaceae. 

Its leaves are green and slender. The stems are red, straight and about 

30-35 cm tall. This plant has a strong coriander aroma and a hot 

spicy taste. It is usually used for adding flavor and aroma to food[8]. 

It is also used to treat flatulence and to help to relieve constipation in 

Thai traditional medicine. The bioactive compounds in ethanolic leaf 

extract of this plant have been previously reported, it contains high 

levels of polyphenols that have been identified in high-performance 

liquid chromatography, such as gallic acid, apigenin, ferulic acid, 

quercetin, ellagic acid and p-coumaric acid[9]. Several compounds 

like caryophyllene, alpha-caryophyllene, drimenolanddecanal, 

(Z)-3hexenal, (Z)-3-hexenol, decanal, undecanal, dodecanal and 

3-sulfanylhexanal and 3-sulfanyl-hexanol have also been isolated 

from this plant[8]. In spite of numerous bioactive compounds, there 

are few reports that demonstrate its biological activities. A recent 

study, published by our team, reported that methanolic extracts of 

this plant contained high concentrations of phenolic compounds 

and flavonoids that might explain these antioxidant and anti-

inflammatory activities[10]. However, other related biological 

activities have not been reported. This study aims to investigate anti-

hemolytic, antibacterial and anti-cancer activities of methanolic 

extracts from the leaves and stems of P. odoratum.

2. Materials and methods

2.1. Chemicals and reagents

  RPMI 1640 and fetal bovine serum were purchased from Gibco 

(NY, USA). Penicillin-Streptomycin, 3-(4, 5-dimethyl-2-thiazolyl)-2, 

5-diphenyl-2-H-tetrazolium bromide (MTT) and 2, 2′-Azobis 

(2-methylpropionamidine) dihydrochloride (AAPH) were purchased 

from Sigma-Aldrich Inc. (St Louis, MO, USA). Phosphate buffered 

saline pH 7.0 (PBS), dimethylsulfoxide (DMSO) and methanol were 

of analytical grade.

2.2. Plants collection and extraction

  P. odoratum was collected from a local market in Chiang Rai 

Province, Thailand during July-August 2016. The identity of 

the plant was confirmed by Dr. Jantrararuk Tovaranonte, School 

of Science, Mae Fah Luang University. The voucher specimen 

was deposited in the herbarium of the School of Medicine, Mae 

Fah Luang University (Herbarium number: MD2018080001-1). 

Leaves and stems of P. odoratum were separated and left at room 

temperature for 7-10 d and then crushed to a fine powder. Fifty gram 

portions of dried powder were extracted, using 750 mL of 95% 

methanol at 25 曟 for 72 h with 150 rpm rotation. Next, the extracts 

were filtered 3 times and concentrated using a rotary evaporator to 

obtain leaf and stem extracts.

2.3. Anti-hemolytic assay

  Hemolysis is an indicator of free radical damage affecting the 

membrane of red blood cells (RBC) which might be counteracted 

by antioxidants. In the assay, AAPH was used to generate free 

radicals, which could attack the RBC membrane and eventually 

cause hemolysis[11]. Whole blood specimens from physiologically 

normal volunteers were collected and centrifuged at 5 000 rpm for 

10 min to separate packed red cell samples. The 5% hematocrit of 

RBC suspension was prepared in PBS solution, pH 7.4. The cell 

suspension was pre-incubated with various concentrations of leaf 

and stem extracts at 37 曟 for 1 h. Ascorbic acid (AA) was used as 

the positive reference. Then, the treated cells were incubated with 50 

mM AAPH solution at 37 曟 for 3 h and the degree of hemolysis was 

analyzed by measuring optical density (OD) at 540 nm. The reaction 

without the extract was used as a control sample. The percentage of 

anti-hemolysis was calculated from the following equation:

%Inhibition = 100伊(1-ODsample)/ODcontrol

2.4. Antibacterial activity

2.4.1. Microorganisms and inoculum preparation
  Eight bacterial strains were used in the test including four strains of 

Gram-positive bacteria: Staphylococcus epidermidis (S. epidermidis) 
(ATCC 12228), Streptococcus aureus (S. aureus) (ATCC 25923), 

Enterococcus faecalis (E. faecalis) (ATCC 19212), Enterococcus 
faecium (E. faecium) (TISTR 2058) and four strains of Gram-

negative bacteria: Escherichia coli (ATCC 25922), Salmonella typhi 
(DMST 22842), Pseudomonas aeruginosa (DMST 4739) and Shigella 
flexneri (DMST 4423). All bacterial strains were picking numerous 

colonies and grown in Muller Hinton broth for 4-6 h at 37 曟 with 

rotation 150 rpm. Then, the bacterial concentration was adjusted 

with the saline solution to match that of a 0.50 McFarland standard 

solution which gives a final concentration of 106 CFU/mL.

2.4.2. Minimal inhibitory concentration (MIC)
  MICs of P. odoratum extracts were assayed using a broth 

microdilution method[12]. The leaf and stem extracts were dissolved 

in 5% DMSO to obtain 100 mg/mL stock solution. Stock solution 

was diluted with Muller Hinton broth to achieve 0.195, 0.391, 0.781, 

1.563, 3.125, 6.25, 12.5, 25, 50, and 100 µg/mL. Afterward, 190 μL 

volumes of the extract were placed into 96-well plates and 10 μL of 

each inoculum was added into each well. The culture was incubated 

for 16-24 h at 37 曟. Growth inhibition or microbial growth was 

determined by measuring the OD of the culture in the micro wells 

with the different concentrations of extracts at 625 nm using a 

microplate reader. A control was maintained, using 0.05% DMSO 

in culture medium and bacterial cells. Ampicillin and gentamicin 

were used as reference substances. MIC was defined as the lowest 
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concentration of the extracts to inhibit the growth of microorganisms.

2.5. Anti-cancer activity

2.5.1. Cell culture
  Human promyelocytic leukemic cell line (HL-60) was cultured in RPMI 

1640, supplemented with 10% (v/v) fetal bovine serum, 100 U/mL 

penicillin and 100 µg/mL streptomycin, and maintained at 37 曟 in a 5% 

CO2 incubator.

2.5.2. Cell viability
  Cell viability was investigated by using MTT assay[13]. HL-60 (1

伊104 cells/well) were seeded into 96-well plates and treated with 

various concentrations of the extracts for 48 or 72 h. Following that, 

MTT solution (5 mg/mL in PBS), was added to the treated cells and 

incubated for another 4 h at 37 曟. Then, the medium was removed 

and DMSO solution was added to dissolve the formazan crystals. 

Finally, the absorbance was measured at a wavelength of 540/630 

nm. The untreated cells were used as a control group (100% of 

viable cells) for calculating the percentage of viable cells after the 

treatment.

2.5.3. Apoptotic induction analysis 
  The effect of the extracts on apoptotic induction was detected with 

fluorescent probes. Anexin 桋-FITC and propidium iodide (PI) 

staining (Millipore, Canada) were used for measuring apoptosis 

cells[14]. Briefly, HL-60 (5伊105 cells/well) were seeded in a 24-well 

plate and then treated with various concentrations of the extracts (50, 

100 and 200 µg/mL) for 48 h. Next, the treated cells were washed 

with cold PBS and stained with fluorescent probes. Finally, the 

stained cells were analyzed, using a flow cytometer (FACSCanto 栻, 

B.D Bioscience, USA).

2.5.4. Cell cycle analysis
  Cell cycle distribution was investigated with PI staining 

(InvitrogenTM, Life Technologies, USA). Briefly, HL-60 (5伊105 

cells/well) were seeded in a 24-well plate and then treated with 

various concentrations of the extracts for 48 h. Next, the treated cells 

were washed with cold PBS and fixed with ice cold 70% ethanol 

for 1 h. After that, the treated cells were washed and incubated with 

RNase (0.5 mg/mL) at 37 曟 for 30 min. The treated cells were 

then stained with PI (50 µg/mL) in the dark at room temperature 

for 30 min, washed and finally analyzed, using a flow cytometer 

(FACSCanto 栻, B.D Bioscience, USA).

2.6. Statistical analysis

  The results were expressed as mean依SD of three independent 

measurements. Statistical analysis was determined by using One-

way Analysis of Variance (ANOVA), and a post-hoc test was also 

applied. Results were indicated as significant at P < 0.05.

3. Results

3.1. Anti-hemolytic activity of P. odoratum extracts

  Anti-hemolytic activity was assessed by measuring the degree of 

hemolysis when AAPH generated free radical damage. The leaf and 

stem extracts of P. odoratum exhibited strong antioxidant activity, 

thereby protecting red blood cells from hemolysis. As shown in 

Figure 1, the results showed significantly increased percentage 

inhibition of hemolysis in a concentration-dependent manner. The 

leaf extract possessed stronger anti-hemolytic activity than the 

stem and its activity appeared to be close to that of ascorbic acid, a 

reference antioxidant. 
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Figure 1. Anti-hemolytic activity of leaf and stem extracts of P. odoratum. 
Data obtained from three independent experiments are expressed as mean依SD. 
*P<0.05 when compared with the negative control; #P<0.05 when compared 
with the stem extract. AA: ascorbic acid.

3.2. Antibacterial activity of P. odoratum extracts

  As shown in Table 1, both leaf and stem extracts were effective 

against Gram-positive bacteria including S. epidermidis, E. faecium, 

E. faecalis and S. aureus with MIC of 12.5, 50, 25, 25 µg/mL 

respectively. Among the eight bacteria tested, S. epidermidis was the 

most susceptible to the plant extracts, followed by E. faecalis and S. 
aureus and then E. faecium. However, the extracts were not effective 

against Gram-negative bacteria. 

Table 1
Minimal inhibitory concentration of leaf and stem extracts of P. odoratum 

(µg/mL).

Microorganisms   Leaves Stems AMP CN
Psudomanas aeruginosa - - -      0.391
Staphylococcus epidermidis 12.5 12.5 <0.195   <0.195
Enterococcus faecium 50.0 50.0   0.781     6.250
Enterococcus faecalis 25.0 25.0   6.250   12.500
Shigella flexneri - - -     1.563
Salmonellaa typhi - - -     0.391
Staphylococcus aureus 25.0 25.0 <0.195   <0.195
Escherichia coli - -   6.250     0.781

AMP: ampicillin; CN: gentamicin.



583Nittaya Chansiw et al./ Asian Pacific Journal of Tropical Biomedicine 2018; 8(12): 580-585

3.3. Anti-cancer activity of P. odoratum extracts

3.3.1. Toxic effect on cell viability of HL-60
  As shown in Figure 2A, cell viability of HL-60 was significantly 

decreased in a concentration-dependent manner after 48 and 72 

hours of exposure with leaf extracts. However, low concentrations 

of stem extract did not have an effect until levels of 500 µg/mL, as 

shown in Figure 2B. Leaf extract surprisingly demonstrated greater 

inhibitory effect with IC50 of (350.00依1.85) µg/mL for 48 h and IC50 

of (38.00依0.92) µg/mL for 72 h.
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Figure 2. Viability of HL-60 cells treated by leaf (A) and stem (B) extracts of 

P. odoratum at various concentrations for 48 and 72 h. 

Data obtained from three independent experiments are expressed as mean依
SD. *P<0.05 when compared with the untreated cells.

3.3.2. Apoptosis induction on HL-60
  Results from Figure 3 showed the percentage of apoptotic cells 

when treated with extracts for 48 h. Leaf and stem extracts exhibited 

significantly increased apoptotic cell production in a concentration-

dependent manner. Interestingly, the leaf extract induced cell 

apoptosis to a greater extent than stem extract. The percentage of 

apoptotic cell approximately reached 7% at the highest concentration 

of leaf extract.
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Figure 3. Percentage of cells showing apoptosis, treated by leaf and stem 
extracts of P. odoratum at various concentrations for 48 h. 
Data obtained from three independent experiments are expressed as mean依SD. 
*P<0.05 when compared with the untreated cells; #P<0.05 when compared with 
the stem extract.

3.3.3. Effect on cell cycle of HL-60
  As shown in Figure 4, the distribution of cells in S-phase was 

diminished which means DNA synthesis in HL-60 was decreased 

after treatment with the extracts for 48 h. Thus, the percentage 

of cells in the G1-phase accumulated and led to an increase in a 

concentration-dependent manner. The leaf extract also reduced the 

cells in S-phase to a greater extent than the stem extract. 
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Figure 4. Cell cycle analysis as shown by percentages of cells in each phase, 

treated by leaf and stem extracts of P. odoratum at various concentrations for 

48 h. 

Data were obtained from three independent experiments. 

4. Discussion
	

  The presented data demonstrated that methanolic extracts of P. 
odoratum exhibited strong antioxidant activity, thereby protecting 

RBC from hemolysis, as shown especially by the leaf extract. Our 
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recent study confirmed that methanolic leaf and stem extracts of 

this plant contained high concentrations of phenolic compounds 

and flavonoids. Results from GC-MS analysis also showed a 

predominance of E-15-Heptadecenal and 3, 7, 11, 15-tetramethyl-

2-hexadecen-1-ol in the extracts that might be the cause of the 

antioxidant activity and anti-inflammatory activities of these 

extracts[10]. However, identification of other bioactive compounds 

should be investigated further. Several studies have reported that 

ethanolic leaf extracts of this plant have good antioxidant activity. 

The extract contains high levels of polyphenols that are known to 

scavenge free radicals[9,15]. Polyphenols, such as phenolic acid and 

flavonoids, are responsible for the radical scavenging capacity of 

plants. Moreover, the phenolic compounds identified and quantified 

through HPLC, consist mainly of gallic acid, quercetin, ellagic 

acid, ferulic acid, apigenin and p-coumaric acid. Flavonoids also 

have other pharmaceutical activities including anti-allergic[16,17], 

anti-inflammatory[18-20], antimicrobial[21,22] and anti-cancer 

properties[23-25].

  In this study, both leaf and stem extracts of P. odoratum also 

possessed high potential antibacterial effects against four of the 

eight tested bacterial strains by using broth microdilution method, 

indicating that both extracts strongly exhibited antibacterial activity 

with same MIC against four Gram-positive bacteria (S. epidermidis, 
E. faecium, E. faecalis and S. aureus). Interestingly, Gram-positive 

bacteria are more sensitive to the extracts than Gram-negative 

bacteria. This may be because the cell walls of Gram-positive 

bacteria are more sensitive to many of antimicrobial agents and 

natural products[26-29]. Moreover, Gram-negative bacteria have a 

lipopolysaccharide layer and periplasmic space that explains this 

relatively greater resistance[30-32]. Many reports have noted that 

ethanoic extracts of this plant have potential natural antimicrobial 

activity against Escherichia coli, S. aureus, Bacillus subtilis and 

Salmonella spp[33]. The hexane extract was effective against S. 
aureus, S. epidermidis, Streptococcus pneumonia and Streptococcus 
pyogenes[34]. The most susceptible bacteria for dichloromethane 

extraction were S. aureus, S. epidermidis, Streptococcus pyogenes and 

Salmonella typhi[34]. However, none of any reports demonstrate any 

anti-fungal or anti-viral activities[35].

  We also demonstrated that leaf and stem extracts of P. odoratum 

also have anti-cancer activity against human promyelocytic leukemia 

cell line (HL-60). The leaf extract was more effective than the 

stem extract, causing a decrease of viability, increased apoptosis 

and arresting the cells in G1-phase. It has been reported that P. 
odoratum extract inhibits proliferation and induces apoptosis of 

human breast cancer cells (MCF-7 and MDA-MB-231)[15,36]. This 

is probably related to its strong antioxidant activity. However, the 

molecular mechanism involved in the extracts’ effects requires further 

elucidation.

  In conclusion, P. odoratum exhibits potential anti-hemolytic, 

antibacterial and anti-cancer activities. Therefore the use of P. 

odoratum leaves may be expected to have beneficial health effects. 

Conflict of interest statement

  The authors confirm that this article content has no conflicts of 

interest.

Acknowledgements 

  The authors acknowledge the financial support of Mae Fah 

Luang University (No.59111040017) and thank the Department 

of Biochemistry, Faculty of Medicine, Chiang Mai University and 

School of Medicine, Mae Fah Luang University for providing 

facilities.

Funding

  This work was financially supported by Mae Fah Luang University 

(No.59111040017).

References

[1] �Cory H, Passarelli S, Szeto J, Tamez M, Mattei J. The role of polyphenols 

in human health and food systems: A mini-review. Front Nutr 2018; 5: 87.

[2] �Davalli P, Rizzi F, Caporali A, Pellacani D, Davoli S, Bettuzzi S, et al. 

Anticancer activity of green tea polyphenols in prostate gland. Oxid Med 

Cell Longev 2012; 2012: 984219.

[3] �Lamoral-Theys D, Pottier L, Dufrasne F, Neve J, Dubois J, Kornienko 

A, et al. Natural polyphenols that display anticancer properties through 

inhibition of kinase activity. Curr Med Chem 2010; 17(9): 812-825.

[4] �Taguri T, Tanaka T, Kouno I. Antimicrobial activity of 10 different plant 

polyphenols against bacteria causing food-borne disease. Biol Pharm Bull 

2004; 27(12): 1965-1969.

[5] �Xu X, Ou ZM, Wu CD. Growth media affect assessment of antimicrobial 

activity of plant-derived polyphenols. Biomed Res Int 2018; 2018: 

8308640.

[6] �Jeong S, Lee S, Choi WJ, Sohn UD, Kim W. The effect of polyphenols 

isolated from Cynanchi wilfordii radix with anti-inflammatory, antioxidant, 

and anti-bacterial activity. Korean J Physiol Pharmacol 2015; 19(2): 151-

158.

[7] �Kim SK, Kim H, Kim SA, Park HK, Kim W. Anti-inflammatory and 

anti-superbacterial activity of polyphenols isolated from black raspberry. 

Korean J Physiol Pharmacol 2013; 17(1): 73-79.

[8] �Starkenmann C, Luca L, Niclass Y, Praz E, Roguet D. Comparison of 

volatile constituents of Persicaria odorata (Lour.) Sojak (Polygonum 

odoratum Lour.) and Persicaria hydropiper L. Spach (Polygonum 



585Nittaya Chansiw et al./ Asian Pacific Journal of Tropical Biomedicine 2018; 8(12): 580-585

hydropiper L.). J Agric Food Chem 2006; 54(8): 3067-3071.

[9] �Ahongshangbam SK, Guruaribam S, Chattopadhyay S. Bioactive 

compounds and antioxidant activity of Polygonum odoratum Lour. Int J 

Basic Appl Biol 2014; 2: 94-97. 

[10]�Chansiw N, Chotinuntakool K, Srichairatanakool S. Anti-inflammatory 

and antioxidant activities of the extracts from leaves and stems of 

Polygonum odoratum Lour. Antiinflamm Antiallergy Agents Med Chem 

2018. Doi: 10.2174/1871523017666181109144548.

[11]�Miki MTH, Mino M, Yamamoto Y, Niki E. Free-radical chain oxidation 

of rat red blood cells by molecular oxygen and its inhibition by 

α-tocopherol. Arch Biochem Biophys 1987; 258(2): 373-380.

[12]�Kuete V, Simo IK, Ngameni B, Bigoga JD, Watchueng J, Kapguep RN, 

et al. Antimicrobial activity of the methanolic extract, fractions and four 

flavonoids from the twigs of Dorstenia angusticornis Engl. (Moraceae). J 

Ethnopharmacol 2007; 112(2): 271-277.

[13]�Ferrari M, Fornasiero MC, Isetta AM. MTT colorimetric assay for testing 

macrophage cytotoxic activity in vitro. J Immunol Methods 1990; 131(2): 

165-172.

[14]�Pang W, Liu S, He F, Li X, Saira B, Zheng T, et al. Anticancer activities 

of Zanthoxylum bungeanum seed oil on malignant melanoma. J 

Ethnopharmacol 2019; 229: 180-189.

[15]�Nanasombat S, Teckchuen N. Antimicrobial, antioxidant and anticancer 

activities of Thai local vegetables. J Med Plant Res 2009; 3(5): 443-449.

[16]�Liang Q, Chen H, Zhou X, Deng Q, Hu E, Zhao C, et al. Optimized 

microwave-assistant extraction combined ultrasonic pretreatment of 

flavonoids from Periploca forrestii Schltr. and evaluation of its anti-

allergic activity. Electrophoresis 2017; 38(8): 1113-1121.

[17]�Cheong H, Ryu SY, Oak MH, Cheon SH, Yoo GS, Kim KM. Studies of 

structure activity relationship of flavonoids for the anti-allergic actions. 

Arch Pharm Res 1998; 21(4): 478-480.

[18]�Rauf A, Uddin G, Siddiqui BS, Khan H, Shah SU, Ben Hadda T, et al. 

Antinociceptive and anti-inflammatory activities of flavonoids isolated 

from Pistacia integerrima galls. Complement Ther Med 2016; 25: 132-138.

[19]�Elisha IL, Dzoyem JP, McGaw LJ, Botha FS, Eloff JN. The anti-

arthritic, anti-inflammatory, antioxidant activity and relationships with 

total phenolics and total flavonoids of nine South African plants used 

traditionally to treat arthritis. BMC Complement Altern Med 2016; 16: 307.

[20]�Guo Z, Xu HY, Xu L, Wang SS, Zhang XM. In vivo and in vitro 

immunomodulatory and anti-inflammatory effects of total flavonoids of 

Astragalus. Afr J Tradit Complement Altern Med 2016; 13(4): 60-73.

[21]�Ahmed SI, Hayat MQ, Tahir M, Mansoor Q, Ismail M, Keck K, et al. 

Pharmacologically active flavonoids from the anticancer, antioxidant 

and antimicrobial extracts of Cassia angustifolia Vahl. BMC Complement 

Altern Med 2016; 16(1): 460.

[22]�Rajendran N, Subramaniam S, Christena LR, Muthuraman MS, 

Subramanian NS, Pemiah B, et al. Antimicrobial flavonoids isolated 

from Indian medicinal plant Scutellaria oblonga inhibit biofilms formed 

by common food pathogens. Nat Prod Res 2016; 30(17): 2002-2006.

[23]�Ravishankar D, Rajora AK, Greco F, Osborn HM. Flavonoids as 

prospective compounds for anti-cancer therapy. Int J Biochem Cell Biol 

2013; 45(12): 2821-2831.

[24]�Martinez-Perez C, Ward C, Cook G, Mullen P, McPhail D, Harrison 

DJ, et al. Novel flavonoids as anti-cancer agents: Mechanisms of action 

and promise for their potential application in breast cancer. Biochem Soc 

Trans 2014; 42(4): 1017-1023.

[25]�Lai CS, Li S, Miyauchi Y, Suzawa M, Ho CT, Pan MH. Potent anti-

cancer effects of citrus peel flavonoids in human prostate xenograft 

tumors. Food Funct 2013; 4(6): 944-949.

[26]�Malanovic N, Lohner K. Antimicrobial peptides targeting gram-positive 

bacteria. Pharmaceuticals (Basel) 2016; 9(3): 59.

[27]�Ge LY, Wang JX, Zhang GN, Zhu M, You XF, Hu XX, et al. Antibacterial 

activity and structure-activity relationship of a series of newly 

synthesized pleuromutilin derivatives. Chem Biodivers 2018 (article in 

press). Doi: 10.1002/cbdv.201800560.

[28]�Shen L, Liu D, Li M, Jin F, Din M, Parnell LD, et al. Mechanism of 

action of recombinant acc-royalisin from royal jelly of Asian honeybee 

against gram-positive bacteria. PLoS One 2012; 7(10): e47194.

[29]�Surivet JP, Zumbrunn C, Rueedi G, Hubschwerlen C, Bur D, Bruyere T, 

et al. Design, synthesis, and characterization of novel tetrahydropyran-

based bacterial topoisomerase inhibitors with potent anti-gram-positive 

activity. J Med Chem 2013; 56(18): 7396-7415.

[30]�Vollmer W, Blanot D, de Pedro MA. Peptidoglycan structure and 

architecture. FEMS Microbiol Rev 2008; 32(2): 149-167.

[31]�Koebnik R, Locher KP, Van Gelder P. Structure and function of bacterial 

outer membrane proteins: Barrels in a nutshell. Mol Microbiol 2000; 

37(2): 239-253.

[32]�Malanovic N, Lohner K. Gram-positive bacterial cell envelopes: The 

impact on the activity of antimicrobial peptides. Biochim Biophys Acta 

2016; 1858(5): 936-946.

[33]�Saad R, Khan J, Krishnanmurthi V, Asmani F, Yusuf. E Effect of different 

extraction techniques of Persicaria odorata extracts utilizing anti-bacterial 

bioassay. Brit J Pharm Res 2014; 4(8): 2146-2154.

[34]�Ridzuan PM, Hairul Aini H, Norazian MH, Shah A, Roesnita, Aminah 

KS. Antibacterial and antifungal properties of Persicaria odorata leaf 

against pathogenic bacteria and fungi. Open Conf Proc J 2013; 4: 71-74. 

[35]�Abubakar MA, Zulkifli RM, Hassan WNAW, Shariff AHM, Malek 

NANN, Zakaria Z, et al. Antibacterial properties of Persicaria minor 

(Huds.) ethanolic and aqueous-ethanolic leaf extracts. J Appl Pharm Sci 

2015; 5(Suppl 2): 50-56.

[36]�Tai Y, Sun YM, Zou X, Pan Q, Lan YD, Huo Q, et al. Effect of 

Polygonatum odoratum extract on human breast cancer MDA-MB-231 

cell proliferation and apoptosis. Exp Ther Med 2016; 12(4): 2681-2687.


