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Abstract 

The evolution of antibiotic resistance in microbes has been an obstacle to antimicrobial therapy. This necessitates the search 

for new pharmaceuticals from natural resources or synthetic approaches. This study was conducted to evaluate the antifungal, 

antibacterial and cytotoxic activities of six non-indigenous medicinal plants naturalised in Malaysia. Thirty six extracts from 

the leaves of Ailanthus triphysa (Dennst.) Alston (Simaroubaceae), Clinacanthus nutans (Burm. f.) Lindau (Acanthaceae), 

Gynostemma pentaphyllum (Thunb.) Makino (Cucurbitaceae), Gynura bicolor (Roxb. ex Willd.) DC. (Compositae), Turnera 

subulata Sm. (Passifloraceae), and the aerial part of Asystasia gangetica (L.) T. Anderson (Acanthaceae) were assessed for 

antimicrobial activities using a colorimetric broth microdilution method. The toxicity of plants extracts was examined using 

African monkey kidney epithelial (Vero) cells. The plant extracts showed rather a strong antifungal activity than an anti-

bacterial activity. The four yeasts were more susceptible to the plant extracts than the two filamentous fungi. The ethanol 

extract of Ailanthus triphysa (Dennst.) Alston resulted in the lowest minimum inhibitory concentration (MIC), 0.0025 

mg/mL, while the ethyl acetate, ethanol, methanol and water extracts gave the lowest minimum fungicidal concentration 

(0.02 mg/mL) against Candida krusei. For antibacterial activity, the lowest MIC value (0.08 mg/mL) was shown by the ethyl 

acetate extract of Gynostemma pentaphyllum (Thunb.) Makino against both Gram-positive bacteria Bacillus cereus and 

Staphylococcus aureus. For cytotoxic activity, unlike other plants, all the extracts of Ailanthus triphysa (Dennst.) Alston and 

Gynura bicolor (Roxb. ex Willd.) DC. possessed significant toxicity (p < 0.05) towards the Vero cells. The results indicate 

that the hexane and chloroform extracts of Asystasia gangetica (L.) T. Anderson are non-toxic to mammalian cells, potent 

and have broad spectrum activity against human fungal pathogens, and thus are potential sources of new antifungal 

compounds. 

 

Rezumat 

Evoluția rezistenței germenilor patogeni la antibiotice reprezintă un obstacol pentru terapia antimicrobiană, implicând 

cercetări privind descoperirea de noi substanțe active, din sursă naturală sau de sinteză. Acest studiu evaluează activitatea 

antifungică, antibacteriană și citotoxică a treizeci și șase de extracte provenind de la Ailanthus triphysa (Dennst.) Alston 

(Simaroubaceae), Clinacanthus nutans (Burm. f.) Lindau (Acanthaceae), Gynostemma pentaphyllum (Thunb.) Makino 

(Cucurbitaceae), Gynura bicolor (Roxb. ex Willd.) DC. (Compositae), Turnera subulata Sm. (Passifloraceae), Asystasia 

gangetica (L.) T. Anderson (Acanthaceae). Acestea au demonstrat activitate antifungică superioară celei antibacteriene. 

Extractul etanolic de Ailanthus triphysa (Dennst.) Alston a prezentat ce mai mică concentrație inhibitorie (CIM), 0,0025 

mg/mL, în timp ce extractele obținute în acetat de etil, metanol, etanol și apă au generat cea mai mică concentrație inhibitorie 

fungicidă, 0,02 mg/mL, împotriva Candida krusei. Referitor la activitatea antibacteriană, cea mai mică valoare a CIM (0,08 

mg/mL) a fost obținută de extractul cu acetat de etil din Gynostemma pentaphyllum (Thunb.) Makino împotriva bacteriilor 

Gram-pozitive Bacillus cereus și Staphylococcus aureus. În ceea ce privește activitatea citotoxică, spre deosebire de alte 

plante, toate extractele de Ailanthus triphysa (Dennst.) Alston și Gynura bicolor (Roxb. Ex Willd.) DC. posedă toxicitate 

semnificativă (p < 0,05) asupra unei linii celulare renale. Rezultatele indică faptul că extractele în hexan și cloroform din 

Asystasia gangetica (L.) T. Anderson sunt non-toxice pentru celulele studiate și au activitate cu spectru larg împotriva 

agenților patogeni fungici umani și, prin urmare, pot fi considerate surse potențiale de noi compuși antifungici. 
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Introduction 

Despite advances in the development of antimicrobials 

and vaccines, infectious diseases remain a major leading 

cause of death worldwide. According to the World 

Health Organizations (WHO) estimates, lower respiratory 

tract infections and diarrhoeal diseases are among the 

top 10 killers, accounted for 3.1 million and 1.5 million 

of deaths respectively in 2012. Moreover, infectious 

diseases were also responsible for approximately 50% 

of all deaths among children under five years of age in 

2013 [41]. Bacteria are a major etiological agent for 

lower respiratory tract infections and diarrhoeal diseases. 

Various classes of antibiotics have been developed 

and introduced into clinical use [18]. However, the 

indiscriminate use of these antibiotics by humans over 

many years has resulted in the emergence of resistant 

bacterial strains. The antibiotic resistance is associated 

with increased risk of complications and mortality, loss 

of productivity, and has also negatively impacted the 

medical costs and resource utilisation at healthcare 

facilities [7, 35]. 

Approximately 20 - 25% of the world population suffers 

from superficial fungal infections such as dermato-

phytosis which is caused by a group of keratinophilic 

fungi from the genera of Trichophyton, Microsporum 

and Epidermophyton [17, 27]. There has also been a 

rise of invasive fungal infections such as candidiasis, 

aspergillosis and cryptococcosis over the past two 

decades in patients with human immunodeficiency 

virus/acquired immunodeficiency syndrome (HIV/AIDS), 

cancer chemotherapy, haematopoietic cell and solid 

organ transplantation, immunosuppression treatment 

and critically ill patients in intensive care unit [21]. The 

development of antifungal agents is lagging behind 

that of antibiotics. As human and fungi are both 

eukaryotes, the discovery of compounds that are 

selective to fungi and at the same time do not cause 

toxicities or side effects to human is a challenge. The 

emergence of drug-resistant strains, the rising concern 

of about side effects or adverse effects, undesirable 

drug interactions, long duration and high cost of anti-

fungal treatment [2, 13, 36] have necessitated a search 

for alternative treatments, for example from synthetic 

approaches or natural resources such as medicinal plants. 

Medicinal plants have been used to treat various 

ailments in traditional medicine systems for thousands 

of years. Even with the advent of modern medicine, 

using plants for medicinal purposes is still prevalent 

in many parts of the world [34]. WHO estimates that 

80% of the world population uses herbal medicines 

for some aspects of primary health care [42]. The 

increasing interest in medicinal plants reflects recognition 

of the validity of many traditional claims regarding 

the value of natural products in health care. Since 

plants produce a diverse variety of secondary metabolites 

such as alkaloids, anthraquinones, flavonoids, lignans, 

tannins, etc. as part of their defence mechanisms 

against microbial infections [11], medicinal plants are 

promising sources of new antimicrobial compounds. 

With its tropical temperature and high rainfall, Malaysia 

is bestowed with rich botanical wealth. This study 

aims to evaluate six non-indigenous medicinal plants 

that have been naturalised in Malaysia for antifungal 

and antibacterial activities. The plants tested were 

Ailanthus triphysa (Dennst.) Alston (Simaroubaceae; 

White siris), Turnera subulata Sm. (Passifloraceae; 

White buttercup), Asystasia gangetica (L.) T. Anderson 

(Acanthaceae; “Chinese Violet”), Clinacanthus nutans 

(Burm. f.) Lindau (Acanthaceae; “Sabah Snake 

Grass”), Gynostemma pentaphyllum (Thunb.) Makino 

(Cucurbitaceae; “Jiaogulan”), and Gynura bicolor 

(Roxb. ex Willd.) DC. (Compositae; Okinawan spinach). 

The first two plants are relatively less studied scientifically 

while the latter plants have been reported to possess 

various biological activities, including anti-inflammatory, 

antioxidative, hypoglycaemic, hypolipidaemic and 

anticancer activities [3, 31, 37-39, 43]. However, very 

little information is available regarding their activity 

against human pathogens. In addition, the toxicity of 

each plant extract was also examined using a mammalian 

cell line. 

 

Materials and Methods 

Plant materials 

The leaves of Ailanthus triphysa (Dennst.) Alston 

and Gynura bicolor (Roxb. ex Willd.) DC. were 

harvested from an organic farm in Bentong, Pahang 

state, Malaysia. The aerial part (excluding flowers) 

of Asystasia gangetica (L.) T. Anderson, and the 

leaves of Clinacanthus nutans (Burm. f.) Lindau, 

Gynostemma pentaphyllum (Thunb.) Makino and 

Turnera subulata Sm. were obtained from different 

towns in the state of Perak in Malaysia. The plant 

materials were collected in fresh and before blooming 

except Asystasia gangetica (L.) T. Anderson and 

Turnera subulata Sm. which were during blooming 

season. Upon collection, the materials were transported 

to the laboratory for processing. The species identification 

was performed by Professor Hean Chooi Ong, an 

ethnobotanist at the Institute of Biological Sciences, 

Faculty of Science, University of Malaya, Malaysia. 

Specimen vouchers of the plants were prepared and 

deposited at the Faculty of Science, Universiti Tunku 

Abdul Rahman, Perak, Malaysia. The voucher was 

labelled as UTAR/FSC/11/004 for Ailanthus triphysa 

(Dennst.) Alston, UTAR/FSC/12/001 for Asystasia 

gangetica (L.) T. Anderson, UTAR/FSC/11/003 for 

Clinacanthus nutans (Burm. f.) Lindau, UTAR/FSC/ 

12/010 for Gynostemma pentaphyllum (Thunb.) Makino, 

UTAR/FSC/11/005 for Gynura bicolor (Roxb. ex Willd.) 

DC. and UTAR/FSC/12/002 for Turnera subulata Sm. 

Preparation of plant extracts 

The plant materials were cleaned, cut and blended. 

The blended plant materials were then sequentially 
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extracted using hexane, chloroform, ethyl acetate, 

ethanol, methanol and sterile distilled water at room 

temperature and with agitation (120 rpm). Three cycles 

(one day/cycle) of maceration were performed for 

each solvent. The filtrate for each organic solvent was 

evaporated in vacuo while the water extract was 

lyophilised. All the dried extracts were kept at -20°C 

prior to bioassay. 

Antifungal assay 

Four species of yeasts (Candida albicans ATCC® 

90028™, Candida parapsilosis ATCC®22019™, Candida 

krusei ATCC®6258™ (teleomorph) and Cryptococcus 

neoformans ATCC®90112™) and two species of 

filamentous fungi (Aspergillus fumigatus ATCC®204305™ 

and Trichophyton interdigitale ATCC®9533™) were 

purchased from American Type Culture Collection 

for the study. All the yeasts were sub-cultured on 

Sabouraud dextrose agar (SDA) whereas the filamentous 

fungi were sub-cultured on potato dextrose agar (PDA). 

The fungal inocula were prepared for antifungal assay 

according to the guidelines published by Clinical 

Laboratory Standards Institute [9, 10]. 

A colorimetric broth microdilution method as described 

by Eloff [14] was used, albeit with some modifications. 

The stock solution of each plant extract was prepared 

at 10 mg/mL in a methanol-water mixture (2:1, v/v). 

The stock solution was two-fold serially diluted with 

RPMI-1640 medium in 96-well microplates to achieve 

final concentrations ranging from 0.02 to 2.50 mg/mL. 

Amphotericin B (an antifungal drug) with a final 

concentration range of 0.06 to 8 µg/mL was used as 

a positive control. Fifty µL of the prepared fungal 

inoculum was added into the wells, making the total 

volume of each well 100 µL. Sterility control (medium 

only), growth control (fungus only) and negative control 

(extract only) were included in each microplate. The 

microplates were incubated at 35°C and 48 h for 

Candida spp.; 35°C and 72 h for Cryptococcus 

neoformans and Aspergillus fumigatus, and 28°C 

and 7 days for Trichophyton interdigitale. After 

incubation, 20 µL of p-iodonitrotetrazolium chloride 

(INT; 0.4 mg/mL), which acts as a growth indicator, 

was added to each well. The colour change of the 

indicator was then observed and the minimum inhibitory 

concentration (MIC) was recorded. Twenty µL of 

the content of the well which had inhibitory activity 

(the indicator remained colourless) was inoculated 

onto SDA/PDA and incubated accordingly. Formation 

of fungal colony on the agar surface was observed 

and the minimum fungicidal concentration (MFC) was 

determined. Each extract was tested in triplicate. 

Antibacterial assay 

Two species of Gram-positive bacteria (Bacillus cereus 

ATCC®11778™ and Staphylococcus aureus ATCC® 

6538™) and four species of Gram-negative bacteria 

(Acinetobacter baumannii ATCC®19606™, Escherichia 

coli ATCC®35218™, Klebsiella pneumoniae ATCC® 

13883™ and Pseudomonas aeruginosa ATCC®27853™) 

obtained from American Type Culture Collection 

were evaluated in the study. The bacteria were sub-

cultured on Mueller-Hinton agar (MHA). The bacterial 

inocula were prepared according to the Clinical 

Laboratory Standards Institute guidelines [9]. 

A colorimetric broth microdilution method as described 

by Eloff [14] was adopted with modifications. The 

stock solution of each plant extract (10 mg/mL) was 

prepared in a methanol-water mixture (2:1, v/v). The 

stock solution was two-fold serially diluted with Mueller-

Hinton broth (MHB) in 96-well microplates to achieve 

final concentrations ranging from 0.02 to 2.50 mg/mL. 

Chloramphenicol (an antibacterial agent) with a final 

concentration range of 1 to 128 µg/mL was used as 

a positive control. Fifty µL of the prepared bacterial 

inoculum was added to the wells, making the total 

volume of each well 100 µL. Sterility control (medium 

only), growth control (bacterium only) and negative 

control (extract only) were included in each microplate. 

The microplates were incubated at 37°C for 24 h. 

After incubation, 20 µL of INT (0.4 mg/mL) was 

added into each well. The colour change of the 

indicator was observed and the minimum inhibitory 

concentration (MIC) was recorded. The content (20 µL) 

from the wells which showed inhibitory activity (the 

indicator remained colourless) was inoculated onto 

MHA and incubated at 37°C for 24 h. Formation of 

bacterial colony on the agar surface was observed and 

the minimum bactericidal concentration (MBC) was 

determined. The assay was conducted in triplicate. 

Cytotoxicity assay 

African monkey kidney epithelial (Vero) cell line 

(ATCC®CCL-81™), a normal mammalian cell line, 

was used for the cytotoxicity assay. The cells were 

grown in culture flasks containing Dulbecco’s modified 

Eagle’s medium (DMEM) supplemented with 5% 

foetal bovine serum (FBS), 1% penicillin-streptomycin 

solution and 3.7 g/L of sodium bicarbonate, at 37°C in 

a 5% CO2 atmosphere for 24 h. The cells were then 

harvested from the culture flasks and cell count was 

performed using a haemocytometer. A cell concentration 

of 4 x 104 cells/well was seeded into each well and 

incubated at 37°C in a 5% CO2 atmosphere for 24 h. 

The plant extract was dissolved in a dimethyl sulf-

oxide-ethanol mixture (60:40, v/v) to achieve a stock 

concentration of 512 mg/mL, and subsequently diluted 

two-fold serially in maintenance medium (DMEM with 

1% FBS) to obtain eight final concentrations (5 - 

640 µg/mL) for cytotoxicity assay. One hundred µL 

of diluted stocks was introduced into the respective 

wells in 96-well microplates containing confluent 

monolayer of Vero cells and incubated at 37°C and 

5% CO2 atmosphere for 72 h. Medium control, positive 

control (cells only) and negative control (dimethyl 

sulfoxide-ethanol mixture) were incorporated in each 

microplate. The viability of the cells after incubation 

was assessed by the neutral red uptake assay [30]. The 

assay was carried out in triplicate. 
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Data analysis 

The MIC, MBC and MFC values were reported as 

the mean of three consistent replicates. The percentage 

of cell viability was expressed as mean ± standard 

deviation of three replicates. The median cytotoxic 

concentration (CC50) was determined from the plot 

of percentage cell viability against concentration of 

extract. The percentages of cell viability at different 

concentrations were analysed by one-way analysis of 

variance using the IBM® SPSS® Statistics (Version 20) 

software. The significance level was set at p < 0.05. 

Post hoc test, either with Tukey’s (equal variance 

assumed) or Dunnett’s (equal variance not assumed) 

test was further conducted to determine which concentration 

of an extract that produced significant result. 

 

Results and Discussion 

Antifungal assay 

The antimicrobial activity of a plant extract can be 

detected qualitatively or quantitatively. A colorimetric 

broth microdilution method was deployed to quantitate 

and distinguish the antimicrobial activity into fungi-

static/bacteriostatic and fungicidal/bactericidal, which 

are expressed as minimum inhibitory concentration 

(MIC) and minimum fungicidal/bactericidal concentration 

(MFC/MBC), respectively. A polyene antifungal drug, 

amphotericin B was used as the positive control for 

the assay, and all the fungal species were susceptible 

to it with a MIC range of 0.125 to 8 µg/mL. As 

evident in Table I, not every plant extract possesses 

fungistatic and fungicidal activities at the same 

time. Considering one extract against one fungus as 

a single bioassay, 81.0% (175/216) of the bioassays 

showed fungistatic activity whereas only 50.9% (110/ 

216) of the bioassays exhibited fungicidal activity. 

The strongest fungistatic activity denoted by the lowest 

MIC value was given by the ethanol extract of Ailanthus 

triphysa (Dennst.) Alston against Candida krusei, 

which is 0.0025 mg/mL after further dilutions were 

performed beyond the initial testing concentration 

range. This value was comparable to the MIC values 

of amphotericin B (1 - 2 µg/mL) against Candida 

krusei. In contrast, the lowest MFC value was recorded 

at 0.02 mg/mL, a concentration which is almost 10 

times higher than the lowest MIC value. This MFC 

value was documented in the ethyl acetate, ethanol, 

methanol and water extracts of Ailanthus triphysa 

(Dennst.) Alston against Candida krusei. 

Table I 

Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of extracts from six 

medicinal plants against yeasts and filamentous fungi 

 Yeast Filamentous fungi 

Extract Candida albicans Candida 

parapsilosis 

Candida krusei Cryptococcus 

neoformans 

Aspergillus 

fumigatus 

Trichophyton 

interdigitale 

MICa MFCa MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC 

Ailanthus triphysa (Dennst.) Alston 

HE 0.31 0.63 0.31 0.63 0.08 0.16 0.08 0.16 NA - 1.25 2.50 

CH 0.31 1.25 0.16 2.50 0.16 0.31 0.16 2.50 NA - 1.25 2.50 

EA 0.02 0.63 0.01 1.25 0.02 0.02 0.16 1.25 1.25 NA 0.08 0.31 

ET 0.005 NA 0.01 NA 0.0025 0.02 1.25 2.50 0.63 NA 0.16 1.25 

MT 0.01 NA 0.02 NA 0.005 0.02 0.08 2.50 0.63 NA 0.16 0.63 

WA 0.08 NA 0.02 NA 0.005 0.02 0.16 NA 0.63 NA 0.31 NA 

Asystasia gangetica (L.) T. Anderson 

HE 0.31 1.25 0.31 0.31 0.08 0.08 0.02 0.08 0.63 NA 0.31 NA 

CH 0.31 2.50 0.31 0.63 0.16 0.31 0.08 0.16 0.63 NA 0.63 1.25 

EA 0.16 1.25 0.16 0.63 0.16 1.25 0.08 0.31 0.63 NA 0.63 0.63 

ET 0.63 NA 0.63 1.25 0.08 NA 0.08 0.16 NA - 0.63 NA 

MT 0.31 2.50 0.63 1.25 0.16 2.50 0.08 0.31 NA - 0.63 0.63 

WA 1.25 NA 1.25 NA 0.31 NA 0.31 NA NA - 2.50 NA 

Clinacanthus nutans (Burm. f.) Lindau 

HE 0.63 0.63 0.31 0.63 0.31 0.31 0.08 0.31 2.50 NA 0.63 NA 

CH 0.63 NA 0.63 1.25 0.31 0.31 0.16 0.31 NA - NA - 

EA 0.63 0.63 0.31 0.63 0.16 0.31 0.16 0.63 NA - 0.63 1.25 

ET 0.63 NA 0.31 1.25 0.16 0.31 0.16 NA NA - NA - 

MT 0.63 NA 0.31 2.50 0.16 0.31 0.16 NA NA - NA - 

WA 0.31 NA 0.16 NA 0.16 0.31 0.08 1.25 NA - NA - 

Gynostemma pentaphyllum (Thunb.) Makino 

HE 0.31 0.63 0.63 1.25 0.16 0.31 0.08 0.16 NA - 0.31 NA 

CH 0.31 1.25 1.25 NA 0.31 0.31 0.31 0.31 NA - 0.63 NA 

EA 0.16 0.63 0.63 NA 0.16 0.31 0.16 0.16 NA - 0.16 NA 

ET 1.25 NA NA - 0.63 2.50 0.16 1.25 NA - 1.25 NA 

MT NA - NA - 0.63 NA 0.08 NA NA - NA - 

WA 1.25 NA 1.25 NA 0.63 NA 0.16 NA NA - NA - 
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 Yeast Filamentous fungi 

Extract Candida albicans Candida 

parapsilosis 

Candida krusei Cryptococcus 

neoformans 

Aspergillus 

fumigatus 

Trichophyton 

interdigitale 

MICa MFCa MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC 

Gynura bicolor (Roxb. ex Willd.) DC. 

HE 0.31 1.25 0.16 0.16 0.04 0.08 0.04 0.31 NA - 0.31 NA 

CH 0.31 0.63 0.16 0.31 0.04 0.08 0.08 0.16 NA - 0.31 NA 

EA 0.31 0.63 0.31 0.63 0.16 0.16 0.08 1.25 NA - 0.63 NA 

ET 0.31 2.50 0.31 0.63 0.16 0.16 0.08 NA NA - 0.63 NA 

MT 0.31 0.63 0.63 0.63 0.16 0.31 0.08 0.31 NA - 0.63 NA 

WA 0.63 1.25 0.63 1.25 0.31 0.63 0.08 1.25 NA - 2.50 NA 

Turnera subulata Sm. 

HE 0.31 2.50 0.16 0.63 0.04 0.16 0.02 0.16 NA - 0.31 NA 

CH 0.63 NA 0.63 0.63 0.31 0.63 0.04 0.16 NA - 0.63 NA 

EA 0.31 2.50 0.31 1.25 0.16 0.31 0.08 0.31 NA - NA - 

ET 1.25 NA 1.25 NA 0.63 2.50 0.16 NA NA - NA - 

MT 1.25 NA 1.25 NA 0.63 2.50 0.16 NA NA - NA - 

WA 1.25 NA 2.50 NA 0.63 2.50 0.16 NA NA - NA - 

Antibioticb 0.5 - 1.0  1.0  1.0 - 2.0  0.125  8  2 - 4  
a The MIC and MFC values are expressed as the mean of three consistent replicates in mg/mL. b Amphotericin B was used as the positive 

control and the values are expressed in µg/mL. HE, hexane extract; CH, chloroform extract; EA, ethyl acetate extract; ET, ethanol extract; 

MT, methanol extract; WA, water extract; NA denotes no activity while “-” denotes not tested due to absence of inhibitory activity. 

 

Among the fungi evaluated in this study, Table I 

clearly indicates that yeasts were more susceptible to 

the activity of plant extracts than filamentous fungi. 

The sensitivity of a fungus to plant extracts can be 

expressed in the form of fungal susceptibility index 

(FSI) [20]. As Cryptococcus neoformans and Candida 

krusei were susceptible to all the plant extracts, they 

exhibited the highest FSI value (100%). This was 

followed by Candida albicans and Candida parapsilosis 

with FSI values of 97.2% and 94.4%, respectively. 

The dermatophyte, Trichophyton interdigitale was 

sensitive to 26 of 36 extracts. Aspergillus fumigatus 

was considered as the most resistant fungus with a 

FSI value of 22%. It was susceptible to only eight 

extracts belonging to three plants, which were Ailanthus 

triphysa (Dennst.) Alston (ethyl acetate, ethanol, 

methanol and water extracts), Asystasia gangetica 

(L.) T. Anderson (hexane, chloroform and ethyl acetate 

extracts) and Clinacanthus nutans (Burm. f.) Lindau 

(hexane extract). The MIC range recorded for these 

eight active extracts was 0.63 - 2.50 mg/mL. None of 

these extracts could kill this filamentous fungus. On 

the other hand, these eight extracts appeared to have 

broad spectrum antifungal activity as they showed 

inhibitory activity against all the fungi used in this 

study. 

Antibacterial assay 

Chloramphenicol, which is an inhibitor of bacterial 

protein synthesis, was used as the positive control, and 

the MIC ranges recorded for the Gram-positive and 

Gram-negative bacteria in the assay were 2 - 16 and 

2 - 64 µg/mL, respectively. The plant extracts displayed 

lesser and weaker antibacterial activity compared to 

antifungal activity. As shown in Table II, bacteriostatic 

activity was recorded in 67.1% (145/216) of the bio-

assays whereas only 31.0% (67/216) of the bioassays 

exhibited bactericidal activity. The lowest MIC value 

was shown by the ethyl acetate extract of Gynostemma 

pentaphyllum (Thunb.) Makino against both Gram-

positive bacteria, Bacillus cereus and Staphylococcus 

aureus with a value of 0.08 mg/mL. The lowest MBC 

value documented in this study was 0.31 mg/mL, 

given by Asystasia gangetica (L.) T. Anderson (hexane 

extract against Klebsiella pneumoniae), Gynura bicolor 

(Roxb. ex Willd.) DC. (hexane and chloroform extracts 

against Escherichia coli and Klebsiella pneumoniae; 

ethyl acetate and ethanol extracts against Escherichia 

coli) and Turnera subulata Sm. (hexane extract against 

Escherichia coli). 

Although Acinetobacter baumannii, Escherichia coli, 

Klebsiella pneumoniae and Pseudomonas aeruginosa 

are classified as Gram-negative bacteria, their susceptibilities 

to plant extracts were different (Table II). Based on 

MIC values, Pseudomonas aeruginosa was susceptible 

to all 36 plant extracts, followed by Klebsiella pneumoniae 

(27 extracts), Escherichia coli (20 extracts) and 

Acinetobacter baumannii (9 extracts). Acinetobacter 

baumannii was also shown the lowest bacterial 

susceptibility index (BSI) of 25% in the assay, being 

susceptible to the nine plant extracts with a MIC 

range of 0.63 - 2.50 mg/mL. Among these nine 

extracts, only ethanol extracts of Gynura bicolor (Roxb. 

ex Willd.) DC. and Turnera subulata Sm. showed 

bactericidal activity (MBC = 2.50 mg/mL). 
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Table II 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of extracts from six 

medicinal plants against Gram-positive and Gram-negative bacteria 

 Gram-positive bacteria Gram-negative bacteria 

Extract Bacillus cereus Staphylococcus 

aureus 

Acinetobacter 

baumannii 

Escherichia coli Klebsiella 

pneumoniae 

Pseudomonas 

aeruginosa 

MICa MBCa MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

Ailanthus triphysa (Dennst.) Alston 

HE 1.25 NA 1.25 2.50 NA - NA - 1.25 NA 0.63 NA 

CH 1.25 NA 2.50 NA NA - NA - 2.50 NA 0.63 NA 

EA 0.63 NA 0.63 1.25 1.25 NA 2.50 NA 0.63 NA 0.31 NA 

ET 1.25 1.25 1.25 NA 1.25 NA NA - 2.50 2.50 1.25 1.25 

MT 1.25 1.25 1.25 2.50 NA - NA - 2.50 NA 1.25 1.25 

WA 2.50 NA 1.25 NA NA - NA - NA - 2.50 NA 

Asystasia gangetica (L.) T. Anderson 

HE 0.63 0.63 0.31 NA NA - 0.31 NA 0.31 0.31 2.50 2.50 

CH 1.25 1.25 2.50 NA NA - 0.63 NA 1.25 1.25 0.63 1.25 

EA 0.63 0.63 1.25 NA NA - 0.63 NA 0.63 0.63 0.63 1.25 

ET 1.25 1.25 2.50 NA NA - 0.63 NA 1.25 1.25 0.63 1.25 

MT 1.25 1.25 1.25 NA NA - 0.63 NA 0.63 0.63 0.63 1.25 

WA NA - NA - NA - 2.50 NA NA - 1.25 1.25 

Clinacanthus nutans (Burm. f.) Lindau 

HE 1.25 1.25 2.50 NA NA - 0.63 NA 1.25 1.25 1.25 2.50 

CH 2.50 2.50 NA - NA - NA - NA - 0.63 NA 

EA 0.63 1.25 2.50 NA NA - 0.63 NA 0.63 0.63 0.63 NA 

ET 2.50 2.50 NA - NA - NA - 2.50 2.50 0.63 NA 

MT NA - NA - NA - NA - NA - 0.63 NA 

WA NA - NA - NA - NA - NA - 2.50 NA 

Gynostemma pentaphyllum (Thunb.) Makino 

HE 0.31 NA 0.63 2.50 NA - NA - 0.63 NA 1.25 NA 

CH 0.16 NA 0.31 2.50 1.25 NA NA - 0.31 NA 0.63 NA 

EA 0.08 NA 0.08 2.50 0.63 NA NA - 0.16 2.50 0.63 NA 

ET 1.25 NA 1.25 2.50 NA - NA - 1.25 2.50 0.63 NA 

MT NA - NA - NA - NA - NA - 0.63 NA 

WA NA - NA - NA - NA - NA - 1.25 NA 

Gynura bicolor (Roxb. ex Willd.) DC. 

HE 0.31 NA 0.63 0.63 NA - 0.31 0.31 0.31 0.31 2.50 NA 

CH 0.31 NA 0.63 1.25 NA - 0.31 0.31 0.31 0.31 0.63 NA 

EA 0.63 NA 1.25 2.50 2.50 NA 0.31 0.31 0.63 0.63 0.63 NA 

ET 0.63 NA 1.25 NA 2.50 2.50 0.31 0.31 0.63 0.63 0.63 NA 

MT 1.25 NA 2.50 NA NA - 0.63 0.63 0.63 0.63 0.63 NA 

WA NA - NA - NA - 2.50 2.50 NA - 1.25 NA 

Turnera subulata Sm. 

HE 0.63 NA 0.63 0.63 NA - 0.31 0.31 0.63 0.63 1.25 NA 

CH 0.63 NA 1.25 1.25 NA - 0.63 0.63 0.63 0.63 0.63 NA 

EA 0.63 NA 1.25 2.50 2.50 NA 0.63 0.63 0.63 0.63 0.63 NA 

ET NA - NA - 1.25 2.50 2.50 2.50 2.50 2.50 0.63 NA 

MT 2.50 NA NA - 1.25 NA 2.50 2.50 2.50 2.50 0.63 NA 

WA NA - NA - NA - NA - NA - 1.25 NA 

Antibioticb 2 - 4  8 - 16  64  4 - 8  2 - 4  32 - 64  
a The MIC and MBC values are expressed as the mean of three consistent replicates in mg/mL. b Chloramphenicol was used as the positive 

control and the values are expressed in µg/mL. HE, hexane extract; CH, chloroform extract; EA, ethyl acetate extract; ET, ethanol extract; 

MT, methanol extract; WA, water extract; NA denotes no activity while “-” denotes not tested due to absence of inhibitory activity. 

 

Cytotoxicity assay 

The viability of Vero cells treated with plant extracts 

was ascertained by the neutral red uptake assay and 

the calculated percentages of viability are illustrated 

in Figure 1. Different plants and different extracts of 

a plant exhibited different degrees of toxicities on the 

mammalian cells. Extracts from Asystasia gangetica (L.) 

T. Anderson (hexane, chloroform and water; p > 0.10), 

Clinacanthus nutans (Burm. f.) Lindau (methanol 

and water; p > 0.06), Gynostemma pentaphyllum 

(Thunb.) Makino (water; p = 0.85) and Turnera 

subulata Sm. (ethanol, methanol and water; p > 0.20) 

did not cause significant toxicity to the Vero cells, even 

at the highest concentration tested, i.e. 640 µg/mL. 

The extracts of Ailanthus triphysa (Dennst.) Alston 

and Gynura bicolor (Roxb. ex Willd.) DC. were 
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relatively more toxic to the mammalian cells than the 

other four medicinal plants as all the extracts of both 

plants were significantly cytotoxic (p < 0.05) to the 

cells. The ethyl acetate extract of Gynura bicolor (Roxb. 

ex Willd.) DC. showed cytotoxicity at concentration 

starting from 20 µg/mL whereas the chloroform and 

ethyl acetate extracts of Ailanthus triphysa (Dennst.) 

Alston demonstrated cytotoxicity at concentrations 

starting from 5 and 20 µg/mL, respectively. The 

chloroform extract of Ailanthus triphysa (Dennst.) 

Alston was the most cytotoxic of all tested extracts as 

the cell viability recorded at the lowest concentration 

used, i.e. 5 µg/mL was 67.7% ± 2.30%. The extent of 

toxicity of this extract was also reflected by its median 

cytotoxic concentration value, 9.7 ± 0.4 µg/mL, which 

was the lowest among all the extracts in the study 

(Table III). 

Table III 

Median cytotoxic concentrations (CC50) of various extracts obtained from six medicinal plants on African 

monkey kidney epithelial (Vero) cells 

Plant extracts 

Median cytotoxic concentration (g/mL) 

Ailanthus 

triphysa 

(Dennst.) Alston 

Asystasia 

gangetica (L.) 

T. Anderson 

Clinacanthus 

nutans (Burm. f.) 

Lindau 

Gynostemma 

pentaphyllum 

(Thunb.) Makino 

Gynura 

bicolor (Roxb. 

ex Willd.) DC. 

Turnera 

subulata 

Sm. 

Hexane 120.4 ± 11.7 - 560.7 ± 21.8 588.4  29.2 > 640 471.3  8.9 

Chloroform 9.7 ± 0.4 - 593.4 ± 24.3 88.1  14.5 121.1 ± 8.9 281.4  16.7 

Ethyl acetate 30.5 ± 4.3 486.5  19.0 141.8 ± 13.3 126.2  7.2 32.7 ± 3.8 245.4  5.6 

Ethanol 133.0 ± 4.4 141.3  10.1 > 640 243.8  10.0 58.0 ± 2.9 - 

Methanol 142.8 ± 10.8 220.6  22.6 - 605.0  54.0 56.7 ± 3.0 - 

Water > 640 - - - > 640 - 

“-” denotes could not be determined as no significant toxicity was observed at the highest concentration (640 g/mL). 
 

 
Figure 1. 

Viability of African monkey kidney epithelial (Vero) cells treated with various extracts of six medicinal plants. 

The cell viability was assessed using the neutral red uptake assay 
The results represent mean ± SD, n = 3. The asterisk mark indicates significant difference (p < 0.05) when analysed with one-

way ANOVA test.  (A) – Ailanthus triphysa (Dennst.) Alston; (B) – Asystasia gangetica (L.) T. Anderson; (C) – Clinacanthus 

nutans (Burm. f.) Lindau; (D) – Gynostemma pentaphyllum (Thunb.) Makino; (E) – Gynura bicolor (Roxb. ex Willd.) DC.; 

(F) – Turnera subulata Sm. () – hexane extract; () – chloroform extract; () – ethyl acetate extract; () – ethanol 

extract; () – methanol extract; () – water extract 
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The solvents used for sequential extraction can be 

classified as non-polar (hexane and chloroform), 

intermediate polar (ethyl acetate) and polar (ethanol, 

methanol and water extracts). Within the extract 

concentration range (0.02 - 2.50 mg/mL) examined 

in this study, broad spectrum antifungal activity was 

noted in the extracts derived from non-polar (hexane 

and chloroform extracts of Asystasia gangetica (L.) 

T. Anderson, and hexane extract of Clinacanthus 

nutans (Burm. f.) Lindau), intermediate polar (ethyl 

acetate extracts of Ailanthus triphysa (Dennst.) Alston 

and Asystasia gangetica (L.) T. Anderson) and polar 

(ethanol, methanol and water extracts of Ailanthus 

triphysa (Dennst.) Alston) solvents. However, in the 

antibacterial assay, broad spectrum activity was only 

observed in extracts obtained using intermediate polarity 

(ethyl acetate extracts of Ailanthus triphysa (Dennst.) 

Alston, Gynura bicolor (Roxb. ex Willd.) DC. and 

Turnera subulata Sm.) and polar (ethanol extract of 

Gynura bicolor (Roxb. ex Willd.) DC.) solvents. 

This might be due to differences in the morphology 

between bacteria (a prokaryote) and fungi (a eukaryote), 

and phytochemicals solubilised in solvents of different 

polarity during extraction [4, 12]. However, it is not 

known whether a single compound or a mixture of 

several compounds contributed to the broad spectrum 

activity. It is noted that the ethyl acetate extract of 

Ailanthus triphysa (Dennst.) Alston was active against 

all the bacteria and fungi evaluated for this study. 

This suggests that ethyl acetate is a suitable solvent 

for extracting antimicrobial compounds from plants. 

Phytochemicals that have been commonly reported 

being extracted by ethyl acetate solvent include alkaloids, 

cardiac glycosides, flavonoids, terpenoids, phenolics, 

saponins and steroids [15, 19, 33]. To our knowledge, 

the antibacterial and antifungal activities are reported 

for the first time from Ailanthus triphysa (Dennst.) 

Alston. 

A plant extract is a mixture of bioactive and non-

bioactive phytochemicals, thus the potency of the 

extract is usually lower than that of pure antibiotics 

such as amphotericin B and chloramphenicol, as reflected 

by the MIC values for the antibiotics and the plant 

extracts in this study (Tables I and II).  Standardised 

criteria for classification of plant extracts with anti-

microbial activity are at present unavailable. Saraiva 

et al. [32] proposed that, a plant extract with anti-

microbial activity can be categorised as highly active 

(MIC ≤ 0.1 mg/mL), active (0.1 mg/mL < MIC ≤ 0.5 

mg/mL), moderately active (0.5 mg/mL < MIC ≤ 1 

mg/mL), weakly active (1 mg/mL < MIC ≤ 2 mg/mL) 

and inactive (MIC > 2 mg/mL). By adopting this 

proposed classification for antibacterial assays, only 

the ethyl acetate extract of Gynostemma pentaphyllum 

(Thunb.) Makino may be regarded as highly active 

against both Gram-positive bacteria, Bacillus cereus 

and Staphylococcus aureus (Table II). In contrast, all 

the six extracts of Gynura bicolor (Roxb. ex Willd.) 

DC. and five of the six extracts of Asystasia gangetica 

(L.) T. Anderson were considered highly active against 

the yeast Cryptococcus neoformans (Table I). Four 

extracts (ethyl acetate, ethanol, methanol and water) 

from Ailanthus triphysa (Dennst.) Alston were regarded 

as highly active against the three Candida species. 

The ethyl acetate extract of Ailanthus triphysa (Dennst.) 

Alston was regarded as the only highly active extract 

against the dermatophyte, Trichophyton interdigitale. 

The antifungal and antibacterial results obtained for 

Asystasia gangetica (L.) T. Anderson (fresh aerial 

part) in this study were in coherent with the study by 

Hamid et al. [16] but with much lower MIC ranges, 

0.02 - 2.50 and 0.31 - 2.50 mg/mL, respectively. The 

susceptible concentration ranges reported by Hamid 

et al. [16] using dried whole plant extracts against 

fungi and bacteria were 6.25 - 200 and 25 - 200 mg/ 

mL, respectively. It has been reported that fresh and 

dried materials of the same plant may have different 

phytochemical contents and antimicrobial potency 

[1, 24]. 

It is evident that the extracts of Clinacanthus nutans 

(Burm. f.) Lindau possess antimicrobial property against 

all the fungi and bacteria (except Acinetobacter baumannii). 

Clinacanthus nutans (Burm. f.) Lindau has also been 

shown to inhibit the growth of two acne-inducing 

bacteria, Propionibacterium acnes and Staphylococcus 

epidermidis [6]. While the cytotoxicity for methanol 

extract of Clinacanthus nutans (Burm. f.) Lindau on 

Vero cells was comparable to that one reported by 

Kunsorn et al. [22], the CC50 value for hexane extract 

(560.7 µg/mL) obtained was much lower compared 

to that of Kunsorn et al. [22] study (> 1600 µg/mL). 

This difference could be attributed to the type of sample 

used (fresh vs. dried leaves) or geographical region 

(Malaysia vs. Thailand). Different cell viability assay 

used (neutral red uptake assay vs. MTT assay) may 

also influence the CC50 values [5].   

The dried leaf extracts of Turnera subulata Sm. were 

qualitatively found to be active against bacteria Klebsiella 

pneumoniae, Proteus vulgaris and Staphylococcus 

aureus using the disc diffusion method [25], and 

against fungi Candida albicans, Candida glabrata, 

Aspergillus spp. and Penicillium chrysogenum using 

the well diffusion method [28]. The results indicate 

that extracts of Turnera subulata Sm. possess broad 

spectrum antimicrobial activity. 

The antifungal assay revealed that Aspergillus fumigatus 

was the most resistant fungus with a FSI value of 

22%. Such resistivity towards plant extracts has been 

noted by other researchers for Aspergillus fumigatus 

[26, 29, 40], Aspergillus flavus [26, 40], Aspergillus 

niger [23, 26, 29], Aspergillus brasiliensis [20] and 

Aspergillus nidulans [29]. The resistivity of Aspergillus 

spp. to plant extracts has underlined the importance 

of bioprospecting for natural resources. 
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Conclusions 

The results showed that the antifungal and antibacterial 

properties of a plant extract depend on the plant 

species, type of solvent used for extraction, microbial 

species being tested and the extract concentration was 

used in the bioassay. The cytotoxicity of a plant extract 

also depends on the plant species, type of extractant 

and extract concentration used. The results indicated 

that the hexane and chloroform extracts of Asystasia 

gangetica (L.) T. Anderson are non-toxic to Vero 

cells, potent and have broad spectrum activity against 

human fungal pathogens. The two extracts are potential 

sources of new antifungal compounds and will be 

subjected to isolation and characterisation of active 

compounds. 
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