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INTRODUCTION

Infectious diseases remain a major leading cause of
morbidity and mortality worldwide. A wide spectrum of
infections is produced by pathogenic fungi, ranging from
superficial, mucosal, allergic, chronic severe, to invasive
infections (Bongomin et al., 2017). People living with human
immunodeficiency virus, transplant recipients, patients with
cancer, patients receiving immunomodulators, premature
neonates, and the elderly are more vulnerable to fungal
infections (Vallabhaneni et al., 2016). In 2017, the global
incidence of fungal skin infections such as dermatophytosis
or tinea, superficial candidiasis, and Malassezia infections
was recorded more than 2.1 billion cases (GBD 2017 Disease
and Injury Incidence and Prevalence Collaborators, 2018).
Although invasive fungal infections have a lower incidence
than fungal skin infections, they are often associated with
high fatality rates, i.e., 46-75%, 20-70%, and 30-95% for invasive
candidiasis, cryptococcosis, and aspergillosis, respectively

(Brown et al., 2012). Effective antifungal therapy is thus
essential to reduce the mortality of fungal diseases.
However, the successful outcome of antifungal therapy is
hampered by the development of drug resistance, side effects
or adverse effects of antifungal drugs, and undesirable drug-
drug interactions (Nett & Andes, 2016; Perlin et al., 2017).

In view of these limitations, there is a clear demand for
newer and safer antifungal drugs. Plants are a promising
source of antimicrobial substances due to their abundant
primary and secondary metabolites with vast chemical
diversity. These bioactive metabolites can be broadly divided
into four groups, i.e., alkaloids, terpenes, phenolics, and
peptides (Singh, 2017). Owing to their physicochemical
properties, solvents of low polarity such as hexane,
chloroform, or ethyl acetate are used to extract alkaloids
and terpenes while solvents of high polarity such as ethanol,
methanol, or water can yield phenolics and peptides from
the plants for bioactivity evaluations (Cowan, 1999).
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Medicinal plants are a potential source of new antifungal agents to combat the development
of drug-resistant fungi. This study aims to investigate the aerial parts of Alternanthera sessilis
(Amaranthaceae) and Ipomoea aquatica (Convolvulaceae), and the leaves of Catunaregam
spinosa (Rubiaceae) and Tradescantia spathacea (Commelinaceae) for antifungal activity and
cytotoxicity. The plant materials were extracted sequentially using hexane, chloroform, ethyl
acetate, ethanol, methanol, and distilled water. The antifungal activity was evaluated against
four species of yeasts and two species of filamentous fungi using a colorimetric broth
microdilution method. The toxicity of the extracts was assessed using African monkey kidney
epithelial (Vero) cells. All 24 extracts from the four medicinal plants showed inhibitory
activity against all fungal species, except Aspergillus fumigatus, with a minimum inhibitory
concentration range of 0.04–2.50 mg/mL. The antifungal activity of these plants was more
prominent on the yeasts than the filamentous fungi. Generally, the less polar extracts
(hexane, chloroform, and ethyl acetate) of the plants had stronger antifungal activity than
the more polar extracts (ethanol, methanol, and water). In contrast, toxicity assessment
revealed that the less polar extracts showed relatively higher toxicity towards the Vero cells
than the more polar extracts. The lowest median cytotoxic concentration was shown by the
chloroform extract of A. sessilis (17.4 ± 0.4 μg/mL). All water extracts, the methanol extract of I.
aquatica, and the ethyl acetate, ethanol, and methanol extracts of T. spathacea did not show
significant toxicity (P>0.05) towards the Vero cells. The results suggested that Tradescantia
spathacea has the most promising potential for pharmaceutical developments due to its
broad spectrum and selective activity against human fungal pathogens.

Keywords: Antifungal; Alternanthera sessilis; Catunaregam spinosa; Ipomoea aquatica; Tradescantia
spathacea.
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Alternanthera sessilis (L.) R.Br. ex DC. (Amaranthaceae)
is an annual or perennial prostrate herb with several
spreading branches, simple, lanceolate or linear-oblong
leaves, and small white flowers. It is commonly known as
sessile joyweed or dwarf copperleaf (Thomas et al., 2014).
Catunaregam spinosa (Thunb.) Tirveng. (Rubiaceae), commonly
called mountain pomegranate, is a perennial, large thorny
shrub that is found in moist deciduous forests. The synonyms
are Randia dumetorum and R. spinosa. The leaves are simple,
obovate, wrinkled, shiny, and pubescent (Patel et al., 2011).
Ipomoea aquatica Forssk. (Convolvulaceae) is a tender, trailing
perennial aquatic plant that thrives on moist soil along the
margins of freshwater and in ditches, marshes, and paddy
fields. It is commonly known as water spinach or water
convolvulus and is cultivated as a green leafy vegetable in
Malaysia, Singapore, Indonesia, Hong Kong, Taiwan, and
China (Manvar & Desai, 2013). Tradescantia spathacea Sw. (syn.
Rhoeo discolor or R. spathacea) is a weakly upright, 30-60 cm
tall plant belonging to the family Commelinaceae. The leaves
are large, imbricated, green above, and purple beneath
(Parivuguna et al., 2008). It has many common names such as
maguey, purple maguey, oyster plant, boat lily, Moses in a
basket, and Moses-in-the-Cradle.

The selected medicinal plants have been scientifically
and extensively studied against human pathogenic bacteria
(Egami et al., 1998; Parivuguna et al., 2008; Shailasree et al.,
2014; Sivagurunathan et al., 2015; Tan et al., 2015; Kota et al.,
2017) or viruses such as herpes simplex virus type 1 for
A. sessilis (Taylor et al., 1996) and Chikungunya virus for
I. aquatica and T. spathacea (Chan et al., 2016). However, there
is scarce information about the plants against fungal
pathogens. This study was thus performed to evaluate the
aerial parts of A. sessilis and I. aquatica, and the leaves of
C. spinosa and T. spathacea for inhibitory and fungicidal
activities against human fungal pathogens. The toxicity of
the plant extracts, obtained by sequential solvent extraction,
was assessed using a normal mammalian cell line, which is
African monkey kidney epithelial (Vero) cells.

MATERIALS AND METHODS

Plant samples
The aerial parts of Alternanthera sessilis and Ipomoea aquatica
were obtained from a herbal garden and a wet market,
respectively in Kampar, Perak. The leaves of Catunaregam
spinosa were collected from a farm in Chemor, Perak while
the leaves of Tradescantia spathacea were harvested from a
garden in Batu Pahat, Johor. All plant species were identified
by Dr. Hean Chooi Ong, a former ethnobotany professor from
the University of Malaya, Malaysia, and their scientific names
were cross-checked using the World Flora Online database
(World Flora Online Consortium, 2020). Specimen vouchers
of the plants were prepared and deposited at the Faculty of
Science, Universiti Tunku Abdul Rahman, Malaysia. The
vouchers were labeled as UTAR/FSC/13/009 for A. sessilis,
UTAR/FSC/13/003 for C. spinosa, UTAR/FSC/13/010 for I. aquatica,
and UTAR/FSC/13/006 for T. spathacea.

Preparation of plant extracts
The fresh plant materials were rinsed with tap water, then
cut and blended into fine pieces before extraction. The aerial
parts or leaves were macerated sequentially using hexane,
chloroform, ethyl acetate, ethanol, methanol, and distilled
water. The maceration was performed at room temperature
with agitation (150 rpm) for two cycles (one day/cycle). The
filtrates from each cycle were pooled and the organic solvents
and water were removed using rotary-evaporation at 40°C

and lyophilization, respectively. The dry extracts obtained
were stored at -20°C prior to analysis.

Antifungal assay
All plant extracts were evaluated for antifungal activity using
a colorimetric broth microdilution method, as described
previously (Sit et al., 2017). Briefly, six fungal species,
consisting of four yeasts (Candida albicans ATCC®90028™, Candida
parapsilosis ATCC®22019™, Candida krusei ATCC®6258™
(teleomorph), and Cryptococcus neoformans ATCC®90112™) and
two filamentous fungi (Aspergillus fumigatus ATCC®204305™ and
Trichophyton interdigitale ATCC®9533™), were used. Each plant
extract was serially diluted in a methanol-water mixture
(2:1, v/v) to produce eight different concentrations (0.02, 0.04,
0.08, 0.16, 0.31, 0.63, 1.25, and 2.50 mg/mL) for the assay. The
antibiotic amphotericin B (0.06–8 μg/mL) was used as a
positive control. Blank medium (Roswell Park Memorial
Institute 1640 medium), fungus without the addition of
extract, and extract without the addition of fungal inoculum
were included in each 96-well microplate as controls. The
microplates were incubated at 35°C for 48 h for the Candida
spp.; 35°C for 72 h for C. neoformans and A. fumigatus, and 28°C
for 7 days for T. interdigitale. After appropriate incubations,
20 μL of 0.4 mg/mL iodonitrotetrazolium chloride was added
into each well of the microplate, and the formation of colored
precipitate was observed. Minimum inhibitory concentration
(MIC) was recorded as the lowest extract concentration
in which no colored precipitate was formed in the well.
Subsequently, 20 μL of the content from the wells with no
precipitate formed was taken and swabbed on Sabouraud
dextrose agar (for yeasts) or potato dextrose agar (for
filamentous fungi). The lowest concentration of the extract
which kills the fungus, designated as minimum fungicidal
concentration (MFC), was determined after incubation. The
experiment was carried out in triplicate.

Toxicity assay
A normal mammalian cell line, African monkey kidney
epithelial (Vero) cells (ATCC®CCL-81™) was deployed to assess
the toxicity of the extracts (Chan et al., 2015). The cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
at 37°C in a humidified atmosphere with 5% CO2. A 96-well,
flat-bottom microplate was seeded with 40,000 cells/well
and incubated for 24 h at 37°C and 5% CO2. After that, 100 μL of
extract at different concentrations (5, 10, 20, 40, 80, 160, 320,
and 640 μg/mL) was added into the test wells. Vero cell-
containing wells and DMEM-containing wells (without any
extract) in each microplate served as cell control and medium
control, respectively. The microplate was further incubated
for 72 h at 37°C and 5% CO2. The cell viability was then
determined using the neutral red uptake assay. The median
cytotoxic concentration (CC50) was interpolated from the plot
of percentage of cell viability against concentration of extract.
The toxicity assessment was performed in three independent
experiments with duplication in each experiment.

Data analysis
Fungal susceptibility index is calculated using the following
formula and expressed in percentage.

number of extracts showing inhibitory
activity against a fungal species

Fungal susceptibility
index (%)                           

  =  × 100
total number of extracts

The data from the toxicity assessment was subjected to
significance testing by independent-samples T-test or one-
way analysis of variance (ANOVA), followed by the post hoc
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test, either with Tukey’s or Dunnett’s test. The significance
level was set at P<0.05. The statistical analysis was
performed using the IBM SPSS Statistics for Windows Version
23 software.

RESULTS AND DISCUSSION

A colorimetric broth microdilution method was used
to examine the antifungal activities of plant extracts
against six species of fungi. The fungal species chosen are
common pathogens causing dermatophytosis (Trichophyton
interdigitale), superficial or invasive candidiasis (Candida
albicans, C. parapsilosis, and C. krusei), cryptococcosis
(Cryptococcus neoformans), and aspergillosis (Aspergillus
fumigatus) in humans. Amphotericin B, which is a broad-
spectrum antifungal drug, was used as the positive control
for all the fungal pathogens in the study. Although the
dermatophyte T. interdigitale is usually treated using
terbinafine, griseofulvin, or itraconazole (Durdu et al., 2017),
it is susceptible to amphotericin B in vitro (Alt nbaş  et al.,
2018; Singh et al., 2019).

As shown in Table 1, all 24 extracts from the four medicinal
plants showed different degrees of antifungal activity on all
the fungal species evaluated, except A. fumigatus. The extracts
displayed more inhibitory activities than fungicidal effects.
By considering one extract against one fungal species as
one bioassay, 62.5% (90/144) of the bioassays showed
inhibitory activity while only 41.7% (60/144) of them showed

fungicidal activity. The MIC and MFC values of the extracts
were in the range of 0.04-2.50 and 0.08-2.50 mg/mL, respectively.

The results also showed that yeasts were more
susceptible to the antifungal effects of plant extracts than
filamentous fungi. The fungal susceptibility indices for
C. albicans, C. parapsilosis, C. krusei, and C. neoformans were
79.2%, 87.5%, 62.5%, and 100%, respectively while the fungal
susceptibility index for T. interdigitale was only 45.8%.
Furthermore, none of the extracts were able to inhibit the
growth of A. fumigatus. This implies that the morphological
structures of unicellular yeasts are more vulnerable to the
antifungal actions of phytochemicals than the multicellular
hyphae of filamentous fungi. Such resistivity of filamentous
fungi towards plant extracts has been reported by other
studies (Kurdekar et al., 2012; Rawat et al., 2016; Ong et al.,
2020).

In this study, phytochemicals were extracted from the
medicinal plants using solvents of increasing polarity,
ranging from the most non-polar solvent hexane, chloroform,
ethyl acetate, ethanol, methanol, to the most polar solvent
water. In general, as the polarity of an extractant increased,
the inhibitory activity of an extract against fungi decreased,
as evident from the increasing MIC values across the extracts
(Table 1). Notably, the ethanol, methanol, and water extracts
of C. spinosa were only active against C. neoformans (Table 1).
Using the classification proposed by Saraiva et al. (2011), the
hexane extracts of all plants, the chloroform and ethyl acetate
extracts of C. spinosa, and the chloroform extract of T. spathacea

Table 1. Minimum inhibitory concentrations and minimum fungicidal concentrations of medicinal plant extracts against human fungal pathogens

      Minimum inhibitory concentration (mg/mL)        Minimum fungicidal concentration (mg/mL)

CA CP CK CN AF TI CA CP CK CN AF TI

Alternanthera sessilis

Hexane 1.25 0.31 0.08 0.04 >2.50 0.31 >2.50 0.63 0.08 0.08 – 0.63
Chloroform 0.31 0.63 0.63 0.16 >2.50 1.25 >2.50 1.25 0.63 0.31 – 2.50
Ethyl acetate 0.63 0.63 0.63 0.16 >2.50 1.25 >2.50 >2.50 1.25 0.31 – 2.50
Ethanol 2.50 1.25 >2.50 0.16 >2.50 2.50 2.50 2.50 – 1.25 – >2.50
Methanol 2.50 1.25 2.50 0.16 >2.50 >2.50 >2.50 1.25 >2.50 2.50 – –
Water >2.50 1.25 >2.50 0.08 >2.50 >2.50 – 1.25 – 0.63 – –

Catunaregam spinosa

Hexane 0.31 0.31 0.31 0.04 >2.50 0.31 0.31 0.63 0.31 0.08 – 0.63
Chloroform 0.31 0.31 0.31 0.04 >2.50 0.31 0.31 0.63 0.31 0.08 – 0.63
Ethyl acetate 1.25 1.25 1.25 0.08 >2.50 1.25 1.25 >2.50 1.25 0.16 – 2.50
Ethanol >2.50 >2.50 >2.50 0.16 >2.50 >2.50 – – – >2.50 – –
Methanol >2.50 >2.50 >2.50 0.16 >2.50 >2.50 – – – >2.50 – –
Water >2.50 >2.50 >2.50 0.16 >2.50 >2.50 – – – >2.50 – –

Ipomoea aquatica

Hexane 0.16 0.31 0.31 0.08 >2.50 0.31 0.16 0.31 0.31 0.08 – 0.31
Chloroform 0.63 0.63 1.25 0.16 >2.50 0.63 >2.50 1.25 1.25 0.31 – 1.25
Ethyl acetate 1.25 0.63 >2.50 0.16 >2.50 >2.50 >2.50 1.25 – >2.50 – –
Ethanol 1.25 0.63 >2.50 0.16 >2.50 >2.50 >2.50 1.25 – >2.50 – –
Methanol 2.50 0.63 >2.50 0.16 >2.50 >2.50 >2.50 1.25 – >2.50 – –
Water >2.50 0.63 >2.50 0.16 >2.50 >2.50 – 1.25 – >2.50 – –

Tradescantia spathacea

Hexane 0.31 0.31 0.63 0.08 >2.50 0.31 0.31 0.31 0.63 0.08 – 0.63
Chloroform 0.31 0.31 0.63 0.08 >2.50 0.63 0.31 0.63 0.63 0.16 – 1.25
Ethyl acetate 0.63 0.63 0.63 0.31 >2.50 >2.50 >2.50 >2.50 >2.50 >2.50 – –
Ethanol 0.63 0.63 0.63 0.16 >2.50 >2.50 >2.50 >2.50 0.63 >2.50 – –
Methanol 0.63 0.63 0.63 0.16 >2.50 >2.50 0.63 1.25 0.63 >2.50 – –
Water 0.63 0.63 0.63 0.31 >2.50 >2.50 >2.50 >2.50 0.63 >2.50 – –

Amphotericin B 1 0.5 – 1 1 – 2 0.13 4 2 – 4 – – – – – –

The concentrations are expressed as means of three consistent replicates. The concentration of amphotericin B is expressed as μg/mL. ‘–’: no tested;
CA: Candida albicans; CP: Candida parapsilosis; CK: Candida krusei; CN: Cryptococcus neoformans; AF: Aspergillus fumigatus; TI: Trichophyton interdigitale.
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were regarded as highly active extracts, especially against C.
neoformans, as their MIC values were lower than 0.1 mg/mL.

To the best of our knowledge, this study is the first report
of antifungal activities of the leaves of C. spinosa. Very little
is known about the phytochemicals in the leaves of this
plant. An iridoid known as 10-methylixoside was isolated
from the leaves of C. spinosa (Sati et al., 1986) but its
antimicrobial activity remains to be explored. The results of
A. sessilis from the present study are in agreement with the
study by D et al. (2014) who reported the inhibitory activities
of the ethanol extract derived from the leaves against several
fungal species, including C. albicans with a MIC value of 0.2
mg/mL. However, no fungicidal evaluation was attempted
in the study. An ionone derivative with a weak antifungal
activity against T. interdigitale (formerly known as Trichophyton
mentagrophytes) was isolated from the chloroform extract
of the air-dried leaves of A. sessilis (Ragasa et al., 2002). Our
results suggested that different phytochemicals were
responsible for the antifungal activities of A. sessilis as many
classes of secondary metabolites, i.e., alkaloids, flavonoids,
cardiac glycosides, saponins, sterols, and terpenoids are
found in the leaves or shoots of A. sessilis (Kota et al., 2017;
Manalo et al., 2020).

The antifungal activities of the leaf extracts of T. spathacea
were corroborated with the findings reported by García-Varela
et al. (2015) using agar diffusion assays, in which C. albicans
was the only fungal species used in the study. Alkaloids,
cardiac glycosides, flavonoids, saponins, steroids, tannins,
and terpenoids have been reported from the leaves of T.
spathacea (Parivuguna et al., 2008; Radji et al., 2015) and they
are likely to account for the antifungal activities observed in
this study. Choudhury et al. (2007) studied the antifungal
activity of the twigs and leaves of I. aquatica against C. albicans
using a broth macrodilution method. The MIC value for the
methanol extract, obtained by direct solvent extraction,
was 0.25 mg/mL, a value which is 10-fold lower than our
results (Table 1). Different extraction techniques such as
direct and sequential extractions will result in different
phytochemical compositions in an extract (Maria John et al.,
2018), and thus affect the biological activities of the extract.
Several flavonoids (quercetin, quercetin 3’-methylether,
quercetin 4’-methylether, and 3α-7β-O-D-diglycopyranosyl-
dihydroquercetin), anthocyanins, and carotenoids are
present in the aerial parts of I. aquatica (Meira et al., 2012;
Malakar & Choudhury, 2015). Notably, quercetin possesses
inhibitory activity against C. parapsilosis (Rocha et al., 2019)
and C. neoformans (Oliveira et al., 2016) but is inactive against
C. albicans and C. krusei (Geoghegan et al., 2010). Nevertheless,
the present study indicated that the aerial parts of I. aquatica
and the leaves of T. spathacea possessed broad-spectrum
antifungal activity.

Vero cells are one of the most common continuous
mammalian cell lines used for various applications such as
propagation of intracellular bacteria or viruses, detection of
toxins, production of vaccines, and toxicity assessment of
chemicals or plant extracts (Ammerman et al., 2008). The
toxicity assessment revealed that the less polar plant
extracts, i.e., hexane, chloroform, and ethyl acetate were
relatively more toxic to the Vero cells compared to the more
polar ethanol and methanol extracts (Figure 1). These
toxicities were also reflected by their median cytotoxic
concentrations (CC50) as shown in Table 2. The lowest
CC50 value, 17.4 ± 0.4 μg/mL, was exhibited by the chloroform
extract of A. sessilis. On the other hand, all water extracts
did not show significant toxicity (P>0.05) towards the cells at
the concentration range (5–640 μg/mL) evaluated. Shailasree

et al. (2014) evaluated the cytotoxicity of the methanol extract
of the leaves of C. spinosa on Vero cells using the MTT assay
and reported an IC50 (or CC50) value of 127.6 μg/mL. The present
study reported a much higher CC50 value (374.9 μg/mL) for the
methanol extract. The difference could be due to agro-
geographical reasons or extraction techniques (direct vs
sequential) used. Tasiam et al. (2020) reported that the
ethyl acetate fraction of the leaves of Cassia siamea collected
from Pariaman (West Sumatera) showed significantly higher
cytotoxicity against human liver cancer cell line (Huh7it) than
the ones collected from Palu (Central Sulawesi) and Surabaya
(East Java). Fong et al. (2016) studied the methanol extracts
of the leaves of Clinacanthus nutans collected from Malaysia,
Thailand, and Vietnam. They noticed that the plants grown
at higher temperatures and lower elevations had weaker
cytotoxic activity toward D24 human melanoma cells than
those grown at lower temperatures and higher elevations.
Maria John et al. (2018) compared the phytochemicals in
the black bean and soybean using sequential solvent
extraction and direct solvent extraction and found that 18
metabolites of black bean and 11 metabolites of soybean
varied significantly between the two techniques. Besides,
cell viability indicators such as MTT and neutral red have
been recognized as a contributor to the differences in toxicity
results involving plant extracts (Chan et al., 2015). It is
suggested that further toxicity evaluation can be performed
using human keratinocytes or vaginal epithelial cells if the
bioactive compounds from the extracts are to be used
topically or as a suppository.

It is interesting to note that the ethyl acetate, ethanol,
methanol, and water extracts of T. spathacea were not toxic
(P>0.05) towards the Vero cells (Figure 1). Unlike the water
extracts of the other three medicinal plants with limited
antifungal activities, these non-toxic extracts of T. spathacea
were also active against the fungi, especially the four species
of yeasts. As plant extract is a mixture of phytochemicals,
this suggests that the extracts of T. spathacea are potential
sources of antifungal compounds, likely with different
physicochemical properties, and their activities are more
selective towards human fungal pathogens.

CONCLUSION

The results of the present study highlighted that the aerial
parts of A. sessilis and I. aquatica, and the leaves of C. spinosa
and T. spathacea possess antifungal activity against human
fungal pathogens. The antifungal activity and the cytotoxicity
of the plant extracts depended on the concentrations used
in the assay and the type of solvents used in the extraction.
The antifungal activity of the plant extracts was also relied
on the fungal species evaluated. Among the medicinal
plants, T. spathacea has the most promising potential for
pharmaceutical developments due to its broad spectrum and
selective activity against the fungal species. This warrants
further work to isolate and identify the antifungal principles
from the bioactive extracts and investigate their mechanisms
of action.
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Table 2. Median cytotoxic concentrations of medicinal plant extracts evaluated using African monkey kidney epithelial (Vero) cells

Plant extract
                                        Median cytotoxic concentrations, CC50 (μg/mL)

Alternanthera sessilis Catunaregam spinosa Ipomoea aquatica Tradescantia spathacea

Hexane 139.5 ± 4.2c 106.5 ± 0.7c 239.1 ± 3.4b 457.2 ± 6.2a

Chloroform 17.4 ± 0.4a 47.4 ± 1.3b 125.7 ± 2.1a 238.5 ± 3.1b

Ethyl acetate 64.7 ± 1.3b 28.8 ± 0.6a > 640 –

Ethanol 315.4 ± 12.1d 311.2 ± 7.8d 464.9 ± 2.8c –

Methanol 613.0 ± 22.0e 374.9 ± 9.8e – –

Water – – – –

The values are expressed as means ± standard deviations of triplicates. ‘–’ denotes no siginifcant cytotoxicity even at the highest concentration
tested (640 μg/mL). Mean values with different superscript letters (a, b, c, d, e) denote the extracts are significantly different (P<0.05) from each
other by one-way ANOVA or independent-samples T-test.

Figure 1. V iability of African monkey kidney epithelial (Vero) cells treated with various extracts obtained from the medicinal
plants Alternanthera sessilis (A), Catunaregam spinosa (B), Ipomoea aquatica (C), and Tradescantia spathacea (D). Each data point is
expressed as mean ± standard deviation of three replicates. The notated asterisks denote significant differences by one-way
ANOVA (P<0.05). The x-axis is presented on a log scale.
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