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Abstract

We investigated the antibacterial activity of Cardiospermum halicacabum extract against methicillin-resistant
Staphylococcus aureus (MRSA) via the disk diffusion method and identified the plant’s bioactive phytochemicals.
Additionally, we evaluated the synergistic effects, and primary mechanism of action of the plant extract against the S.
aureus strain PB57 (MRSA). The ethanolic extract of C. halicacabum contained beneficial secondary metabolites such
as the flavonoids apigenin, terpenoids and tannins. The total phenolic content, expressed as the gallic acid equivalent (g
GAE/kg), was 87.66 + 14.56 g GAE/kg at a concentration of the 1 mg/mL. The plant extract inhibited and killed the S.
aureus strain PB57 with minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values
of 0.98 mg/mL. Electron microscopy revealed that the plant extract caused damage to the ultrastructures of the cells of
the pathogens. The compounds in the extract remained below known maximum acceptable cytotoxicity thresholds for
fibroblast cells, which are typically in the range of [include specific value from relevant guidelines or literature]. Further
cytotoxicity assays are required to determine the precise safety margins for therapeutic use. Although the extract showed
promise against MRSA, its application as a broad treatment for infectious diseases requires more specific testing on other
pathogens. Based on the scope of our research, C. halicacabum could be a viable candidate for the development of
treatments targeting MRSA-related infections.
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Introduction

Antimicrobial resistance (AMR) is one of the most
pressing global health challenges of the 21% century,
with its impact projected to worsen in the coming
decades [1]. Among gram-positive bacteria, methicillin-
resistant Staphylococcus aureus (MRSA) is a major
cause of both healthcare- and community-associated
infections. The Centers for Disease Control and

Prevention (CDC) has classified MRSA as a “serious
threat” [2], and it is estimated to cause over 100,000
deaths globally each year, making it the second leading
cause of mortality due to antibiotic-resistant bacteria [3].
MRSA can lead to a wide range of illnesses, from skin
and wound infections to severe conditions like

pneumonia and bloodstream infections, which can be
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life-threatening [4]. Treating MRSA infections is
increasingly challenging, as the bacterium has
developed resistance to multiple antibiotics.
Furthermore, no novel classes of antibiotics have been
introduced since the 1980s [5,6]. Although daptomycin
and vancomycin remain first-line treatments [7], they
are associated with significant toxicity, and side effects.
Daptomycin can cause myopathy, eosinophilic
pneumonia, and hypersensitivity reactions, while
vancomycin is linked to nephrotoxicity, hypotension
and hypersensitivity [8-10]. These limitations
underscore the urgent need for new, effective and safer
antimicrobial therapies.

Given this crisis, alternative approaches, including
the exploration of natural and plant-based antimicrobial
agents, are gaining attention. Plant-derived compounds,
known for their lower toxicity and milder side effects
compared to synthetic drugs, offer promising potential
[11,12]. Many medicinal plants have been used for
centuries in traditional medicine, and some contain
bioactive  secondary metabolites that  exhibit
antimicrobial properties. Notably, Cardiospermum
halicacabum L. (commonly known as balloon vine) is a
medicinal plant cultivated widely in Asian and African
regions. Several parts of this herb, including its roots,
leaves and seeds, have been broadly employed in
traditional medicine [13,14]. The plant contains diverse
secondary metabolites such as flavonoids (e.g.,
apigenin), triterpenoids, glycosides, fatty acids and
volatile esters, which contribute to its biological
activity. Other bioactive compounds, such as alkaloids,
carbohydrates, proteins, saponins and cardiac
glycosides, have also been identified [13,15]. Several
studies have demonstrated C. halicacabum’s
antioxidant, antibacterial, antifungal, antiparasitic and
anti-inflammatory activities [16-18]. Additionally, the
plant is known for its high anti-inflammatory properties,
particularly through the suppression of tumor necrosis
factor-alpha (TNF-a) production [18]. Despite its broad
use in traditional medicine, the cytotoxicity of C.
halicacabum on human cell lines, particularly fibroblast
cells, has not been comprehensively explored. Given the
plant’s traditional use, particularly in treating arthritis, it
is crucial to investigate the safety and therapeutic
potential of its bioactive compounds.

This study aims to explore the presence of
bioactive phytochemicals in ethanolic extracts of C.

halicacabum leaves and assess their antimicrobial
efficacy, particularly against MRSA. The study also
evaluates the synergistic effects of combining the
extract with conventional antibiotics. The primary
mechanism of antibacterial action is investigated
through transmission electron microscopy (TEM), and
its potential in vitro cytotoxicity in human fibroblast
lines was also assessed. This research aims to fill the gap
in understanding the antimicrobial potential and safety
of C. halicacabum, with the goal of developing a
natural, effective treatment option against MRSA.

Materials and methods

Medicinal plant and preparation of the extract

Leaves of C. halicacabum were purchased from
Charoensuk Pharma Supply Co., Ltd. in Thailand. One
hundred g of the dried C. halicacabum leaves were
finely ground and soaked in 100 mL of 80 % ethanol.
After 48 h of maceration with continuous shaking at
room temperature, the extracts were filtered through
Whatman No. 1 filter paper to remove solid plant
material. The extracts were subsequently concentrated
via a rotatory evaporator (Biichi, Konstanz, Germany) at
40 °C under reduced pressure until most of the solvent
was evaporated. The resulting extract was dried
completely under a vacuum and stored at —20 °C until
further use. For experiments, the dried extract was
dissolved in dimethyl sulfoxide (DMSO) to a final
concentration of 500 mg/mL.

Phytochemical screening

A qualitative phytochemical screening was
performed for ubiquitous bioactive compounds such as
alkaloids, terpenoids and tannins [21]. The total
phenolic content was also determined following the
Folin-Ciocalteu method [22]. The screening method was
performed as previously described [23].

Quantitative apigenin determination

Apigenin is a noteworthy active compound due to
its ability to combat quinolone-resistant Staphylococcus
aureus. It had been found in C. halicacabum leaf extract.
In the current study, apigenin was initially identified
from the extract via thin-layer chromatography (TLC).
A standard solution of apigenin was used for
comparison. The mobile phase consisted of Chloroform:
Methanol: Formic acid (8:2:1). A total of 10 mg of the
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extract was prepared with 1 mL of methanol and then
spotted onto a silica plate. The TLC plates were first
viewed in the UV chamber. The total apigenin content
was determined via  high-performance liquid
chromatography (HPLC). An Agilent 1260 Infinity 2
and Agilent Poroshell 120 EC-C18 column with a 4 pm,
100x4.6 mm? flow rate of 1.2 mL/min were used to
separate the compounds. The mobile phase consisted of
2 % acetic acid (A) and acetonitrile (B), with the
following gradient elution procedure: 0 min 15 % B, 10
min 20 % B, 13 min 20 % B, 15 min 25 % B, 20 min 30
% B, 25 min 30 % B and 30 min 50 % B. The analytical
performance of the approach was evaluated by
determining the accuracy and precision, range of
linearity, calibration curve, limit of detection and
quantification. The quantification of apigenin was based
on a standard comparison of standard apigenin.
Additionally, 1 mg/mL C. halicacabum extract was used

for the injection of the sample mixture.

Bioactivity determination

Preparation of pathogenic bacteria

S. aureus strain PB57 (MRSA) was cultured on
Mueller-Hinton agar (MHA). The plate was incubated
at 37 °C for 24 h. A single colony was dissolved in 0.85
% normal saline solution, and the concentration was
adjusted to 0.5 McFarland standards.

Disk diffusion method

Single colonies of the S. aureus strain PB57
(MRSA) were adjusted with 0.85 % NaCl to achieve the
0.5 McFarland standard. The bacterial suspensions were
subsequently swabbed on Mueller Hinton agar (MHA)
plates. Afterward, 10 pL of C. halicacabum extract was
dropped onto sterile paper disks, which were then placed
on the MHA plates. Standard antimicrobial disks such
as oxacillin and vancomycin (Difco) were used as
positive. Oxacillin was included to confirm the
resistance profile of the MRSA strain, ensuring that the
bacteria exhibit the expected resistance. Vancomycin
was chosen as a positive control due to its efficacy as a
first-line treatment for MRSA infections. Additionally,
10 pL of 10 % dimethyl sulfoxide (DMSO) was
prepared as a negative control. All the disks were placed
on MHA plates. The plates were subsequently incubated
at 37 °C for 24 h. Last, the inhibition zone was measured

in millimeters. The tests were carried out in triplicate.

Determination of the minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC)

The S. aureus strain PB57 (MRSA) suspension
was adjusted to the 0.5 McFarland standard. The
bacterial suspensions were diluted to tenfold serial
dilutions. One hundred pL of each bacterial dilution
were added to 900 pL of cation-adjusted Mueller Hinton
broth (CAMHB) plus serial dilutions of the antibacterial
agents. The antibiotics and C. halicacabum extract were
prepared by dissolving them in sterile distilled water to
obtain stock solutions. Then, the stocks were serially
doubled diluted to achieve the appropriate
concentrations. DMSO was used as a negative control.
The lowest concentration that resulted in no visible
growth after incubation at 37 °C for 24 h was recorded
as the MIC. Ten pL pfrom each well of the MIC plate
were dropped on the MHA plates. The plates were
incubated at 37 °C for 24 h. The lowest concentration of
each extract without bacterial growth was considered
the MBC.

Checkerboard assay

A checkerboard assay using a broth microdilution
procedure was performed to examine the synergistic
effect of the C. halicacabum extract in combination with
antibiotics (oxacillin and vancomycin) against
Staphylococcus aureus strain PB57 (MRSA). The
concentrations of the extract and antibiotics were
selected based on their minimum inhibitory
concentrations (MICs), which were determined in
preliminary assays. These MIC values were then used as
starting points for serial 2-fold dilutions to cover a wide
range of concentrations, ensuring an accurate
assessment of any synergistic interactions.

In brief, 50 pL of S. aureus suspension (0.5
McFarland standard) was added to 100 puL of cation-
adjusted Mueller-Hinton broth (CAMHB) containing
serial dilutions of C. halicacabum extract combined
with oxacillin or vancomycin. Wells containing broth
without any antimicrobial agents and bacteria were used
as negative controls. All plates were incubated at 37 °C
for 24 h. After incubation, results were analyzed using
the checkerboard assay method, and the isobologram
was plotted. The fractional inhibitory concentration
(FIC) index of the antibacterial combinations was
calculated via the following formula:
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1) FIC of C. halicacabum extract = MIC of C.
halicacabum extract in combination/MIC of C.
halicacabum extract alone

2) FIC of antibiotics = MIC of antibiotics in
combination/MIC of antibiotics alone

3) Therefore, the FIC index = FIC of C.
halicacabum extract + FIC of antibiotics.

The results of the FIC index (FICI) was interpreted
as follows: FICI < 0.5, synergistic; 0.5 < FICI < 1,
partially synergistic; FICI = 1, additive; 1 < FICI < 4,
indifferent; FICI > 4, antagonistic [24]. The selection of
concentrations for the assay allowed for the
identification of both optimal and suboptimal dosages in
combination, facilitating the identification of any

potential synergistic or antagonistic effects.

Time-kill assay

A time-kill assay was performed to determine the
antibacterial activity of the extract either alone or in
combination with antibiotics and confirm the results of
the checkerboard assay. A total of 500 uL of the S.
aureus strain PB57 (MRSA) at 107 CFU/mL in 0.85 %
NaCl was added to each 4.5 mL CAMHB containing 5
mL of the C. halicacabum extract alone, antibiotics
alone, or the combination of the antibacterial agents. All
test mixtures and the control were incubated at 37 °C. A
sample of 1 mL from each mixture was taken every 1 h
interval, ranging from 0 - 8 h, and at 24 h for viable plate
counts. A 0.1 mL aliquot from each 1 mL sample was
dropped aseptically and spread evenly on MHA. All the
plates were subsequently incubated at 37 °C for 24 h,
after which the colony-forming units (CFUs) of the
MRSA were determined. A graph of the viable count
was plotted against time.

Transmission electron microscopy

To analyze the impact of C. halicacabum extract
on bacterial cell structure, S. aureus strain PBS57
(MRSA) was exposed to the extract and antibiotics, then
prepared for transmission electron microscopy (TEM)
(JEOL, Tokyo, Japan). After treatment, bacterial cells
were fixed in 2.5 % glutaraldehyde, post-fixed in 1 %
osmium tetroxide and embedded in Spurr’s resin (EMS).
Thin sections (60 - 80 nm) were cut using an
ultramicrotome and stained with uranyl acetate and lead
citrate. TEM images were captured at various

magnifications.  Quantitative  analysis  involved

measuring the extent of cell wall damage, membrane
disruption and intracellular changes using image
analysis software. The severity of these alterations was
compared between treated and untreated cells to assess
the impact of the treatments. The extent of damage was
categorized based on predefined criteria, such as the
degree of membrane disruption or loss of cell wall
integrity.

Cytotoxicity test (MTT assays)

The fibroblasts (ATCC PCS-201-010) were
seeded in a 96-well plate containing high-glucose
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % FBS and 1 %
penicillin/streptomycin at a density of 1x10* cells/well.
After incubation overnight, the cells were treated with
different concentrations of C. halicacabum extract as
follows: 2,000, 1,500, 1,000, 500, 250, 125, 25 and 0
pg/mL. These concentrations were chosen to cover the
below and above concentrations of MIC and MBC
values. Then, the cells were incubated for an additional
24 h. Afterward, the culture medium was removed, and
PBS was added to each well to wash the residue of the
extract. Then, DMEM was added to each well.
Subsequently, 20 pL of 5 mg/mL MTT in PBS was
added to each well. The cells were further incubated for
2 h. Afterward, the culture medium was removed again.
The formazan crystals generated by viable cells were
dissolved in 100 pL. of DMSO, and the absorbance was
measured at 540 nm with a microplate
spectrophotometer (Synergy H1, BioTek, USA). The
percentage of cell viability and the IC50 (50 %
inhibitory concentration) were calculated with the
GraphPad Prism program.

Statistical analysis

The MTT assay was performed in 3 independent
experiments with triplicate wells for each condition.
One-way analysis of variance (ANOVA) with Tukey’s
comparison test was performed to assess the statistically
significant differences between the experimental
groups.
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Results and discussion

Phytochemical screening and total phenolic
content

The crude extract of C. halicacabum contained
favorable plant secondary metabolites such as
terpenoids and tannins. Dragendorff’s test demonstrated
that alkaloids were absent in the extract. The total
phenolic content was measured using the Folin-
Ciocalteu technique, with gallic acid as the reference
biomarker. The total phenolic content of the extract was
calculated from a gallic acid calibration curve. The
content of the extract at 1 mg/mL, gallic acid equivalent
(GAE), was 87.66 = 14.56 g GAE/kg.

Quantitative determination of apigenin in the
extract

The results indicated that the crude extract of C.
halicacabum contained apigenin. To confirm this
finding, HPLC was performed. The HPLC
chromatogram of the standard apigenin appeared at a
retention time of 22.47 min (Figure 1 (A)), whereas the

Apigenin

. '%

chromatogram of the C. halicacabum extract also
displayed peaks that corresponded to apigenin,
suggesting that this extract contained apigenin as one of
its bioactive compounds (Figure 1(B)). A calibration
curve was constructed to quantify the total amount of
apigenin present in the C. halicacabum extract (Figure
2). With respect to the chromatographic method
validation, the linearity of the HPLC method was
defined as having an R2 equal to 1.00 at concentrations
ranging from 7.81 to 1,000.00 pg/mL. The limit of
detection (LOD) value of apigenin was 0.08 pg/mL,
while the limit of quantification (LOQ) was 0.52 pg/mL.
This method was precise with relative standard
deviations (% RSD) of intra- and interday less than 3.48
and 5.00 %, respectively. The accuracy of the method is
presented as the percentage recovery, which ranges from
90 to 110 %. Therefore, this HPLC method was accurate
and reliable for determining of the amount of apigenin
in the C. halicacabum extract. The results demonstrated
that 1 mg of the extract contained 0.154 + 0.005 mg of
apigenin, thus constituting 15.40 % of the extract.
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Figure 1 High-performance liquid chromatography chromatograms of a standard apigenin solution (A) and the C.

halicacabum extract (B).
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Figure 2 Calibration curve of a standard apigenin solution.

Bioactivity determination

Disk diffusion method

A disk diffusion screening test demonstrated that
the potential antimicrobial activity of C. halicacabum
has an inhibitory effect on the growth of the S. aureus
strain PB57 (MRSA), which has a 15 mm inhibition
zone. The positive control exhibited an inhibition zone
of 19 mm.

Determination of the minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC)

The MIC and MBC of the C. halicacabum extract,
oxacillin and vancomycin were tested against the S.
aureus strain PB57 (MRSA). The MIC and MBC of the
C. halicacabum extract against MRSA were 0.98
mg/mL, while those of oxacillin were 1 mg/mL and for
vancomycin, 0.004 mg/mL.

Checkerboard assay

The FIC indices for the combinations of C.
halicacabum extract with oxacillin and C. halicacabum
extract with vancomycin against S. aureus strain PB57
(MRSA) were calculated as 1 and 1.5, respectively.
According to these results, the combination of C.
halicacabum extract with oxacillin showed an additive
effect (FIC index = 1), indicating that while the 2 agents
work together, their combined effect is equivalent to the
sum of their individual effects, without demonstrating
enhanced synergy. In contrast, the combination with
vancomycin (FIC index = 1.5) was categorized as
indifferent, suggesting that the extract and vancomycin
do not interact in a way that significantly improves or

reduces each other’s antibacterial activity (Table 1).

Table 1 MICs and FICs index of oxacillin and vancomycin when used either alone or in combination with the C.

halicacabum extract against S. aureus strain PB57 (MRSA).

Combination of agents MIC in combination (A + B) FIC index Type of interaction
C. halicacabum extract 0.5
1 Additive
+ Oxacillin 0.5
C. halicacabum extract 0.5
1.5 Indifferent
+ Vancomycin 1

Time-kill assay

The results of the time-kill assay of S. aureus
strain PB57 (MRSA) after treatment with C.
halicacabum extract are shown in Figure 3. The
untreated S. aureus strain PB57 (MRSA) was found to

have no reduction in viable cell count and grew normally
over 24 h. Bacterial cells treated with the C.
halicacabum extract (500 mg/mL) demonstrated a
gradual decrease in viability after 3 h and a further
reduction to 103 CFU/mL within 6 h of treatment. In
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bacterial cells treated with oxacillin and vancomycin,
the viability decreased after 2 h of treatment and

Viable Count (CFUImL)

continued to decrease until no viability was observed at

24 h of exposure.
—&— Control
—&— Extract
—&— Oxacillin
—_— —&— Vancomycin

o 5 1 = 3 4 5 6 7 23

24

Figure 3 Time kill curves of S. aureus strain PB57 (MRSA) after exposure to C. halicacabum extract, oxacillin and

vancomycin. S. aureus strain PB57 (MRSA) cultured alone was used as the control.

Transmission electron microscopy (TEM)

The descriptive results from TEM displayed that
the cytoplasmic membrane and cell wall of untreated S.
aureus strain PB57 (MRSA) cells were intact and well-
distinguished (Figures 4(A) and 4(B)). In S. aureus
strain PB57 (MRSA) treated with C. halicacabum
extract, significant damage and abnormal morphology
were observed (Figures 4(C) and 4(D)). The C.

halicacabum extract resulted in unwell-defined cell
membrane and cell wall with cell distortion.
Furthermore, the density of the cytoplasm significantly
changed and differed from that of the untreated control.
Leakage of intracellular material was also detected in C.

halicacabum extract treated cells (Figures 4(C) and
4(D)).

Figure 4 Ultrathin sections of log-phase S. aureus strain PB57 (MRSA) grown in CAMHB containing control (drug-free)

(A,B) or C. halicacabum extract (C,D).

Cytotoxicity test
The cytotoxic effect of C. halicacabum extract on
fibroblasts was tested via an MTT assay. As shown in

Figure 5, the number of viable fibroblasts was inhibited
by the C. halicacabum extract in a concentration-

dependent manner. A fibroblast viability of less than 75
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% was initially observed after treatment with the C.
halicacabum extract at a concentration of 1,000 pg/mL,
which is less than the MIC of the C. halicacabum extract
against the S. aureus strain PB57 (MRSA) (Figure
5(A)). The concentration of the herbal extract that

(A) 125+

Cell viability (% of control)

Cardiospermum halicacabum concentration, (ug/ml)

(B)

reduced the number of viable cells to 50 % (IC50) was
813.5 pg/mL (Figure 5(B)). These results showed that
the extract had a cytotoxic effect on the fibroblasts after
24 h of exposure.

2

-
=
(=]

g

LogICs, = 2.910
ICs, = 813.5

T T T 1

0 1 2 3 4
Cardiospermum halicacabum extract, (ug/ml)

Cell viability (% of control)

o

Figure 5 Effects of different concentrations of C. halicacabum extract (A) and the IC50 values of the C. halicacabum
extract on fibroblasts (B). Data from 3 independent experiments, each of which was performed in triplicate, are shown as

the mean + standard deviation (SD), n =3, *» < 0.05.

Discussion

Phytochemical studies of C. halicacabum in this
work revealed that the herbal extract contained
terpenoids, tannins, flavonoids and polyphenols,
especially apigenin, constituting 15 % of the extract’s
total compound composition. The phenolic compound
group contained 87.66 + 14.65 g GAE/kg. Other studies
have demonstrated that the main classes of secondary
metabolites for this plant include flavonoids,
triterpenoids, glycosides, fatty acids and volatile esters
[15,25,26]. In this study, the antibacterial effect of C.
halicacabum extract was evaluated via a disk diffusion
assay, MIC and MBC tests. While the qualitative link
between phytochemical content and antibacterial
efficacy is well-supported, a detailed quantitative
analysis is needed to understand the relative
contribution of each compound, particularly apigenin,
flavonoids, and phenolic compounds, to the overall
antibacterial activity. Given that flavonoids, phenolic
compounds as well as apigenin are known for their
broad-spectrum antimicrobial properties [27-31].

Several studies have reported that apigenin
possesses antibacterial properties against bacteria,
including S. aureus, Streptococcus suis, Bacillus
subtilis, Escherichia coli and some antibiotic-resistant

strains. It is believed to function by disrupting bacterial

cell membranes and inhibiting specific bacterial
enzymes [29-31]. The present study revealed that C.
halicacabum contains apigenin, suggesting that its
antibacterial activity may be attributed to the presence
of apigenin/ However, it would be valuable to
investigate their individual and combined effects
through fractionation or bioassay-guided isolation in
future studies. Such an approach would provide a more
precise understanding of how these compounds interact
to inhibit MRSA growth.

Antimicrobial susceptibility results via the disk
diffusion method demonstrated that the C. halicacabum
extract potentially inhibited the S. aureus strain PB57
(MRSA) with an inhibition zone of 15 mm. The MIC
and MBC results confirmed the antibacterial activity as
the extract inhibited and killed the S. aureus strain PB57
(MRSA) at an MIC and MBC of 0.98 mg/mL. The MIC
and MBC results revealed that the S. aureus strain PB57
(MRSA) was highly resistant to oxacillin and still
susceptible to vancomycin as well as the herbal extract,
which seems consistent with previous findings [32,33].
A comparison with standard antibiotics further
highlights vancomycin’s continued efficacy, while the
resistance to oxacillin underscores the growing need for
alternative treatment options. Additionally, the results
also indicated that the herbal extract was bactericidal
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against the MRSA strain as the MIC and MBC of the
crude extract against S. aureus strain PB57 were equal
at 0.98 mg/mL. The results align with the findings of
Gaziano et al. [16] regarding the ability of the C.
halicacabum extract to inhibit various types of
pathogenic bacteria depending on different solvents or
extraction techniques. Moreover, the ethanol fraction
was shown to be more effective than the aqueous extract
against gram-positive bacterial strains, especially
Staphylococcus epidermidis, Streptococcus faecalis, S.
aureus, Bacillus subtilis and Bacillus cereus [1,34,35].
In line with previous studies, the ethanolic extracts of C.
halicacabum showed intense activity against S. aureus
[28,36]. This result may be explained by the fact that the
antimicrobial activities of phenol- and flavonoid-rich
plant extracts are likely due to their ability to directly
interfere with heat shock protein 90 (Hsp90). In this
context, Hsp90 is involved in several processes and has
emerged as a potential target for antimicrobial therapy.
They play key cellular roles by eliciting molecular
responses to environmental changes, morphogenesis,
drug resistance and pathogenicity [16].

On another note, medications available to treat
MRSA are becoming increasingly limited. Additionally,
previous in silico findings on fungi suggested that C.
halicacabum extract, alone or in combination with lower
doses of traditional antimycotic medications, could
represent a novel promising therapeutic strategy for the
treatment of fungal infections [32,37]. Therefore, we
aimed to determine the synergistic activity of the
combination of current resistant antibiotics and the
herbal extract against the MRSA strain. However, in this
study, checkerboard assays shown that the C.
halicacabum extract does not enhance the efficacy of
oxacillin on §. aureus strain PB57 (MRSA) with the FIC
index of 1. The failure to observe synergistic
interactions could be due to the mechanisms of action of
oxacillin and the herbal extract operating independently,
which warrants further exploration. For this reason, it
was crucial to first investigate the extract’s effects on S.
aureus strain PB57 (MRSA), leading to more in-depth
experiments. The time-killing curve showed a reduction
in the viable cell count of the S. aureus strain PB57
(MRSA) from 10° to 10> CFU/mL within 6 h. In
contrast, the untreated cells exhibited continued to
increase 24 h. Transmission electron microscopy (TEM)
analysis further revealed significant structural damages

in the extract-treated cells, including disruption of the
cell wall and cytoplasmic membrane, compared to the
intact structure of untreated cells. These observations
suggested that C. halicacabum extract may exert its
antibacterial effect by compromising the integrity of the
bacterial cell envelope, leading to cell lysis and reduced
viability. However, further studies are needed to
elucidate the exact molecular pathways involved.
Lastly, the cytotoxic effect of the crude extract of
C. halicacabum on human fibroblast cells was assessed
to gain its safety profile for further utilization in treating
S. aureus-mediated human diseases such as abscess,
folliculitis, and impetigo [38]. C. halicacabum had the
IC50 value of 813.5 pg/mL on primary dermal fibroblast
cells, whereas MIC and MBC values against S. aureus
PB57 (MRSA) was 980 pg/mL. The results indicated
that the value of IC50 is less than the MIC and MBC of
the extract against the S. aureus PB57 (MRSA),
implying that a high concentration of the C.
halicacabum extract had a cytotoxic effect on
fibroblasts after 24 h of exposure. Indeed, the in vitro
cytotoxicity testing is recommended to conduct when
the crude extract shows the ICso value less than 30
mg/mL based on US NCI plant screening program [39].
In line with previous report, plant extracts containing
high phenolics, hydrocyanic acids and triterpenoids
exhibit a cytotoxic effect [38]. However, the use of this
plant and its individual constituents is not considered for
a specific health concern in the EU. Earlier
investigations on a dried powdered form of C.
halicacabum revealed no oral toxicity in rats at doses up
to 40 g/kg of body weight. Further, methanol leaf extract
of C. halicacabum on an oral toxicity study in mice
showed that the extract was safe at acute toxicity doses
(2,000 mg/kg/day). Regarding to sub-chronic toxicity
test, mice treated with a dose of 400 mg/kg did not show
any signs of toxicity and the death rate decreased over a
period of 45 days [20]. The ethanolic extract of
C. halicacabum at 200 pg/mL has been reported to
inhibit the growth of Ehrlich ascites carcinoma cell lines
by about 60 % [40]. Moreover, C. halicacabum at 50
pg/mL showed strong anti-inflammatory effect on LPS-
induced murine macrophages (In press). According to
the high MIC and MBC values (980 pg/mL) in this
study, it may limit the use of C. halicacabum extract on

antibacterial activity. However, various evidence has
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suggested the alternative application of C. halicacabum

for anti-cancer, anti-inflammation actions.

Conclusions

This study highlighted the potential of the crude
extract of C. halicacabum as a promising candidate for
novel antimicrobial agents, particularly for treating
hospital-acquired or associated infections caused by
MRSA. The
antibacterial activity, with MIC and MBC values
indicating its efficacy against the S. aureus strain PB57

extract demonstrated  significant

(MRSA). Phytochemical analysis revealed the presence
of biologically active compounds, such as terpenoids,
flavonoids and polyphenols, which likely contribute to
the observed antibacterial effects. However, while the
extract showed promising antibacterial properties, it
also exhibited cytotoxicity toward human fibroblast
cells at certain concentrations, raising concerns about its
therapeutic application. The extract was reportedly non-
toxic in previous oral toxicity studies, but further
clarification is needed regarding the safety of specific
doses and modes of administration. Given these
findings, more in-depth investigations are required to
isolate the pharmacologically active components from
C. halicacabum and assess their specific contributions
to antimicrobial activity. Additionally, the cytotoxic
effects observed in vitro must be further explored to
ensure that concentrations effective against bacteria do
not pose a risk to human cells. Future research should
focus on developing a more refined extract, with
targeted studies on its safety profile, potential clinical
applications and mechanisms of action. This will help
bridge the gap between preliminary in vitro results and

therapeutic use.

Acknowledgement

This research was funded by the National Science,
Research and Innovation Fund, Thailand [Grant No.
R2564B005]. I would like to thank Miss Nuttarinee
Jinasith, Miss Siriwan Disburse, Miss Kanoknaree
Ploydang and Miss Sukanya Plengsiang for their
assistance in preliminary studies on antibacterial activity

against pathogenic bacteria.

References
[1] F Prestinaci, P Pezzotti and A Pantosti.
Antimicrobial resistance: A global multifaceted

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

phenomenon. Pathogens and Global Health 2015;
109(7), 309-318.

CDC, Available at: https://www.cdc.gov/mrsa/
healthcare/index.html, accessed February 2022.

S Hung, L Dreher, J Diessner, S Schwarz, K
Ohlsen and T Hertlein. MRSA infection in the
thigh muscle leads to systemic disease, strong
inflammation, and loss of human monocytes in
humanized mice. Frontiers in Immunology 2022;
13, 892503.

SY Tong, JS Davis, E Eichenberger, TL Holland
and VG Fowler.
infections:

Staphylococcus  aureus

Epidemiology, pathophysiology,
clinical manifestations, and management. Clinical
Microbiology Reviews 2015; 28(3), 603-661.

B Plackett. Why big pharma has abandoned
antibiotics. Nature 2020; 586(7830), S50.

J Larsen, CL Raisen, X Ba, NJ Sadgrove, GF
Padilla-Gonzalez, MS Simmonds, I Loncaric, H
Kerschner, P Apfalter and R Hartl. Emergence of
methicillin resistance predates the clinical use of
antibiotics. Nature 2022; 602(7895), 135-141.
ME Mulligan, KA Murray-Leisure, BS Ribner,
HC Standiford, JF John, JA Korvick, CA
Kauffman and LY Victor. Methicillin-resistant
Staphylococcus aureus: A consensus review of the
microbiology, pathogenesis, and epidemiology
with implications for prevention and management.
The American Journal of Medicine 1993; 94(3),
313-328.

A Hassoun, PK Linden and B Friedman.
Incidence, prevalence, and management of MRSA
bacteremia across patient populations - a review of
recent developments in MRSA management and
treatment. Critical Care 2017; 21, 211.

S Patel and S Saw. Daptomycin. StatPearls,
Florida, United States, 2017.

S Patel, CV Preuss and F Bernice. Vancomycin.
StatPearls, Florida, United States, 2021.

W Brumfitt and J Hamilton-Miller. Methicillin-
resistant Staphylococcus aureus. New England
Journal of Medicine 1989; 320(18), 1188-1196.
M Tajkarimi, SA Ibrahim and D Cliver.
Antimicrobial herb and spice compounds in food.
Food Control 2010; 21(9), 1199-1218.

F Menichini, L Losi, M Bonesi, A Pugliese, MR
Loizzo and R Tundis. Chemical profiling and in



Trends Sci. 2025; 22(2): 8854

11o0f12

[14]

[15]

[16]

[17]

[18]

[19]

(20]

effects
halicacabum L. (Sapindaceae) aerial parts and

vitro biological of Cardiospermum

seeds for applications in neurodegenerative
disorders. Journal of Enzyme Inhibition and
Medicinal Chemistry 2014; 29(5), 677-685.

JD Urdampilleta, JP Coulleri, MS Ferrucci and E
Forni-Martins.

Karyotype  evolution and

phylogenetic analyses in the genus C.
ardiospermum L. (P. aullinieae, S. apindaceae).
Plant Biology 2013; 15(5), 868-881.

T Deepan, V Alekhya, P Saravanakumar and M
Dhanaraju. Phytochemical and anti-microbial
studies on the leaves extracts of Cardiospermum
halicacabum Linn. Advances
Research 2012; 6(1), 14-18.

R Gaziano, E Campione, F lacovelli, D Marino, F

in  Biological

Pica, P Di Francesco, S Aquaro, F Menichini, M
Falconi and L Bianchi. Antifungal activity of
Cardiospermum halicacabum L. (Sapindaceae)
against Trichophyton rubrum occurs through
molecular interaction with fungal Hsp90. Drug
Design, Development and Therapy 2018; 12,
2185-2193.

R Gaziano, E Campione, F lacovelli, E Pistoia, D
Marino, M Milani, P Di Francesco, F Pica, L
Bianchi and A Orlandi. Antimicrobial properties
of the
halicacabum L: New evidence and future

medicinal plant  Cardiospermum
perspectives. European Review for Medical &
Pharmacological Sciences 2019; 23(16), 7135-
7143.

SA Raza, S Hussain, H Riaz and S Mahmood.
Review of beneficial and remedial aspects of
Cardiospermum halicacabum L. African Journal
of Pharmacy and Pharmacology 2013; 7(48),
3026-3033.

TNM Kankanamalage, RM Dharmadasa, DC
Abeysinghe and RGS Wijesekara. A survey on
medicinal materials used in traditional systems of
medicine in  Sri  Lanka.  Jouwrnal of
Ethnopharmacology 2014; 155(1), 679-691.

R Aiyalu, A Govindarajan and A Ramasamy.
Acute and sub-chronic toxicity study of methanol
leaf extract of Cardiospermum halicacabum L and
Vitex negundo L in rats. Pharmacognosy
Communications 2015; 5(1), 39-45.

(21]

(22]

(24]

[25]

[26]

(27]

(28]

S Dubale, D Kebebe, A Zeynudin, N Abdissa and
Phytochemical

activity evaluation of selected

S Suleman. screening and
antimicrobial
medicinal plants in Ethiopia. Journal of
Experimental Pharmacology 2023; 15, 51-62.

RM Lamuela-Raventos. Folin-Ciocalteu method

for the measurement of total phenolic content and

antioxidant capacity. In: R Apak, E Capanoglu
and F Shahidi (Eds.). Measurement of antioxidant
activity & capacity: Recent trends and
applications. John Wiley & Sons, New Jersey,
2017, p. 107-115.

A Sundowo, N Artanti, M Hanafi, Minarti and G
Primahana. Phytochemical screening, total
phenolic, total flavonoids contents and antioxidant
activity of cinchona ledgeriana leaves ethanol
extract. AIP Conference Proceedings 2017;
1904(1), 020067.

F Timurkaynak, F Can, OK Azap, M Demirbilek,
H Arslan and SO Karaman. In vitro activities of
non-traditional antimicrobials alone or in
combination against multidrug-resistant strains of
Pseudomonas aeruginosa and Acinetobacter
baumannii isolated from intensive care units.
International Journal of Antimicrobial Agents
2006; 27(3), 224-228.

MH Huang, SS Huang, BS Wang, CH Wu, MJ
Sheu, WC Hou, SS Lin and GJ Huang.
Antioxidant and anti-inflammatory properties of
Cardiospermum halicacabum and its reference
compounds ex vivo and in vivo. Journal of
Ethnopharmacology 2011; 133(2), 743-750.

R Subramanyam, SG Newmaster, G Paliyath and
CB Newmaster. Exploring ethnobiological
classifications for novel alternative medicine: A
case study of Cardiospermum halicacabum L
(Modakathon, Balloon Vine) as a traditional herb
for treating rheumatoid arthritis. Ethnobotany
2007; 19(1), 1-16.

A Annadurai, V Elangovan, S Velmurugan and R
Ravikumar. Preliminary phytochemical screening
and antibacterial of Cardiospermum halicacabum
L. Advances in Applied Science Research 2013;
4(5), 302-308.

M Viji and S Murugesan. Phytochemical analysis

and antibacterial activity of medicinal plant



Trends Sci. 2025; 22(2): 8854

12 of 12

[29]

[30]

[31]

[33]

[34]

Cardiospermum halicacabum Linn. Journal of
Phytology 2010; 2(1), 68-77.

J Dong, J Qiu, J] Wang, H Li, X Dai, Y Zhang, X
Wang, W Tan, X Niu and X Deng. Apigenin
alleviates the symptoms of Staphylococcus aureus
pneumonia by inhibiting the production of alpha-
hemolysin. FEMS Microbiology Letters 2013;
338(2), 124-131.

F Xia, X Li, B Wang, P Gong, F Xiao, M Yang, L
Zhang, J Song, L Hu and M Cheng. Combination
therapy of LysGH15 and apigenin as a new
strategy for treating pneumonia caused by
Staphylococcus Applied and
Environmental Microbiology 2016; 82(1), 87-94.
MF Aldawsari, MM Ahmed, F Fatima, MK
Anwer, P Katakam and A Khan. Development and

aureus.

characterization of calcium-alginate beads of
apigenin: In vitro antitumor, antibacterial, and
antioxidant activities. Marine Drugs 2021; 19(8),
467.

Y Yu, HL Huang, XQ Ye, DT Cai, JT Fang, J Sun,
XP Liao and YH Liu. Synergistic potential of
antimicrobial combinations against methicillin-
resistant Staphylococcus aureus. Frontiers in
Microbiology 2020; 11, 1919.

MH Sharaf, GM El-Sherbiny, SA Moghannem, M
Abdelmonem, IA Elsehemy, AM Metwaly and
MH Kalaba. New combination approaches to
combat  methicillin-resistant  Staphylococcus
aureus (MRSA). Scientific Reports 2021; 11(1),
4240.

R Jeyadevi, T Sivasudha, A Ilavarasi and N
Thajuddin.

antimicrobial activity of Indian green leafy

Chemical constituents and

vegetable Cardiospermum halicacabum. Indian
Journal of Microbiology 2013; 53(2), 208-213.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

H Shareef, GH Rizwani, S Mahmood, R
Khursheed and H Zahid. In vitro antimicrobial and
phytochemical analysis of Cardiospermum
halicacabum L. Pakistan Journal of Botany 2012,
44(5), 1677-1680.

H Girish, M Sudarshana and ER Rao. In vitro
evaluation of the efficacy of leaf and its callus
extracts of Cardiospermum halicacabum L. on
important human pathogenic bacteria. Biological
Research 2008; 2(1-2), 34-38.

SH Mun, DK Joung, YS Kim, OH Kang, SB Kim,
YS Seo, YC Kim, DS Lee, DW Shin and KT
effect of
methicillin-resistant

Phytomedicine 2013;

Kweon. Synergistic antibacterial

curcumin against
Staphylococcus aureus.
20(8-9), 714-718.

PD Giudice. infections
Staphylococcus Acta
Venereologica 2020; 100(9), 5725.
K Ponvinobala, G Kanchana and G Rubalakshmi.

In vitro anticancer activity of hydro-alcohol

Skin

aureus.

caused by

Dermato-

extract of leaves of Andrographis neesiana against
PC-3 and MCF-7 cell lines. International Journal
of Pharmacy and Pharmaceutical Sciences 2012,
4,396-399.

B Promraksa, J Phetcharaburanin, N Namwat, A
Techasen, P Boonsiri and W Loilome. Evaluation
of anticancer potential of Thai medicinal herb
extracts against cholangiocarcinoma cell lines.
PloS One 2019; 14(5), e0216721

V Aishwarya, AS Sheik, A Dheeba and R Renuka.
In vitro antioxidant and anticancer activity of
Cardiospecrmum halicacabum L. against EAC
cell. International Journal of Pharmacy and
Pharmaceutical Sciences 2014; 6(8), 263-268.



