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ABSTRACT

The increasing popularity of natural plant-based treatments offers an
alternative to conventional therapies for various cutaneous infections due to
their potential efficacy and lower side effects. Thus, the present study aimed
to investigate the antimicrobial and cytotoxic properties of leaf extracts from

* .
l\fg}:ge;g;;nﬁhns‘%;?:hor five selected domesticated ornamental plants against pathogens implicated in

acne vulgaris and dermatophytosis. The selected plant leaves were
Email: successively macerated with solvents of increasing polarity and the extracts

underwent qualitative phytochemical analysis. The antimicrobial activities
were evaluated using the broth microdilution method. Extracts with high
antimicrobial activity (MIC<128 pg/mL) were subsequently tested for
cytotoxicity on BJ fibroblast cells, and the selectivity index (SI) was calculated.
Extraction yields were the highest in Bougainvilea glabra (72.04%) and the
lowest in Plumeria obtusa (21.60%). Phytochemical screening revealed the
presence of alkaloids, flavonoids, terpenoids, tannins, phenols, quinolones,
saponins, and coumarins, with phenols found in all extracts. The aqueous
extract of Alamanda cathartica (AC-Aq) and the methanol extract of
Ixora coccinea (IC-Met) showed the most potent antibacterial activities
against P. acnes and S. epidermidis, with MIC values of 128 pg/mL and
64pg/mL, respectively. Antifungal activity was most pronounced in AC-Aq
against T. mentagrophytes and T. rubrum, with MIC values of 32 pg/mL.
The six active extracts revealed varying degrees of toxicity, with the
aqueous extract of P. obtusa (PO-Aq) exhibited the least cytotoxicity
(CC50:713.31+3.71 pg/mL), while IC-Aq was the most cytotoxic (CCso:
116.72+2.28 pg/mL). AC-Aq demonstrated the highest SI values, indicating
effective antimicrobial activity at non-toxic concentrations.

Keywords: Ornamental plants, acne vulgaris, dermatophytosis, antimicrobial
activity, cytotoxicity.
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INTRODUCTION al, 2014; Zhang et al., 2019). Affected individuals

Skin-related diseases are the fourth-leading
cause of non-fatal disease burden worldwide
(Giesey et al., 2021), affecting approximately one-
third of the global population across various ages
and genders (Prasitpuriprecha et al,, 2022; Tizek et
al,, 2019). Although dermatological diseases, which
encompass a wide range of conditions like acne,
dermatophytosis, eczema, and psoriasis, are
typically not life-threatening, they impose
significant emotional and psychosocial burden on
patients, diminishing their quality of life (Joseph et

116

often struggle with a distorted self-image and
lower life satisfaction (Kowalewska et al.,, 2021).
Among skin-related diseases, acne vulgaris
and dermatophytosis represent a significant
portion of this burden (Pulsipher et al, 2021;
Yakupu et al, 2023). Acne vulgaris, a chronic
multifactorial inflammatory condition affecting the
pilosebaceous units, is the second-highest
contributor to the global burden of skin diseases,
accounting for 0.29% of the total disability-
adjusted life years (DALYs) worldwide (Pulsipher
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et al,, 2021). It manifests as inflammatory nodules,
pustules, and papules, with the Gram-positive
bacteria  Staphylococcus  epidermidis and
Propionibacterium acnes playing significant roles in
pathogenesis. Although these bacteria are
generally commensal and non-pathogenic under
normal conditions, they become invasive when
abnormal skin conditions, such as increased sebum
production, or obstruction of pilosebaceous units,
arise (Mustarichie et al., 2020).

Dermatophytosis, commonly known as
ringworm or tinea, is a group of superficial
infections caused by keratinophilic filamentous
fungi that invade and proliferate within keratin-
rich tissues such as the hair, nails and stratum
corneum of the skin. Trichophyton rubrum and
Trichophyton mentagrophytes are the primary
causative agents (Rosalie et al., 2021; Tahiliani et
al,, 2021), leading to symptoms like annular lesions
with araised border and a central healing tendency
on the skin (Antuori et al, 2019) and nail
abnormalities such as discoloration and thickening
(Jartarkar et al., 2022).

Multiple drugs have been introduced to treat
acne vulgaris and dermatophytosis (Jartarkar et al.,
2022). The management of acne vulgaris includes
topical medications (e.g. retinoids, benzoyl
peroxide, or clindamycin) and oral medications
(e.g.isotretinoin, antibiotics, or hormonal therapy).
As for dermatophytosis, the condition is commonly
treated with topical or oral antifungals such as
azoles and allylamine. Topical administration is
generally preferred over systemic administration
due to the decreased risk of systemic side effects
and toxicity (Raileanu et al., 2023). However, in
severe or recalcitrant cases, oral drugs may be
considered (Jartarkar et al, 2022). Despite the
availability of conventional treatments, overuse
and misuse of the drugs have contributed to the
development of drug resistance, relapse incidence,
and treatment failure (Raileanu et al., 2023).

Considering the diminishing effectiveness of
the mentioned treatments against resistant strains,
new antimicrobial agents are increasingly
necessary (Dembetembe et al., 2023). However, the
high costs of synthetic drug development has
shifted interest towards plant-based alternatives
(Rajput & Kumar, 2020). Plants are well-known for
their array of bioactive compounds with potential
antimicrobial agents. Among them, ornamental
plants, primarily cultivated for aesthetic purposes,
have been shown to possess antimicrobial
properties against some pathogens (Agbebi et al.,
2022; Perveen et al., 2022; Saini et al., 2020). This

study focuses on Allamanda cathartica (Agbebi et
al, 2022; Mannan et al, 2017; Rajamanickam &
Sudha, 2013), Bougainvillea glabra (Edwin et al.,
2007), Ixora coccinea (Agbebi et al, 2022),
Pandanus amaryllifolius (Suwannakul et al., 2018),
and Plumeria obtuse (Perveen et al., 2022), which
have demonstrated antibacterial activity against
common bacterial pathogens. Selected for their
bioactive potential, these ornamental plants
(Figure 1) are commonly found in residential areas
across Malaysia. However, despite their known
antibacterial properties, their effectiveness against
skin pathogens associated with acne vulgaris and
dermatophytosis remains underexplored. Thus,
this study was done with the aim to evaluate the
antimicrobial potential of these leaf extracts
against pathogens implicated in acne vulgaris and
dermatophytosis, contributing to the growing body
of knowledge on the discovery of novel, natural
antimicrobial agents for skin infections.

MATERIALS AND METHODS
Plant materials

The five selected domesticated ornamental
leaf plants were collected around Kuala Selangor,
Selangor, Malaysia. Fresh mature leaves of these
ornamental plants were collected from
domesticated gardens within the research area and
each plant specimen was identified by a botanist.
Voucher specimens were deposited in the
Herbarium of the Institute of Bioscience, Universiti
Putra Malaysia (Figure 1).
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Figure 1. Ornamental plants selected for this study
with voucher number. (A) Allamanda cathartica,
(B) Bougainvillea glabra, (C) Ixora coccinea, (D)
Pandanus amaryllifolius, and (E) Plumeria obtuse.

Volume 36 Issue 1 (2025) 117



Antimicrobial prospects of leaf extracts against skin pathogens

Preparation of plant extracts

The plant extraction was carried out based
on the method described by Jaafar et al, (2023).
The collected leaves were thoroughly cleaned,
thinly sliced, and dried in a 50°C oven (Venticell,
Germany) for 120 hours. The dried leaves,
with a final moisture content of approximately
5—10%, were then ground (20,000 RPM, 15 mins)
to form a coarse powder in a Dblender
(Waring, USA). For each extract, 250 grams
of the initial leaf powder was sequentially
soaked in hexane, methanol, and distilled
water in a ratio of 1:10 (w/v). The maceration
process was performed at room temperature for 72
hours for each solvent. These solutions were then
filtered using Whatman No 1 filter paper to obtain
the supernatants. The water extract was kept at -
80°C for at least 72 hours, followed by
lyophilization in a freeze dryer (Labconco, United
States), while the hexane and methanol extracts
were subjected to rotary evaporation (Buchi,
Switzerland). The extracts were thoroughly dried
via air drying in a fume hood to remove residual
solvents before yield calculations. The percentage
yield of crude extract was calculated using
Equation 1.

Weight of extract (g)

Percent yield (%) = x 100%

Weight of dry powder (g)

Phytochemical analysis

The qualitative phytochemical screening is
used to detect the presence of alkaloids, flavonoids,
terpenoids, tannins, phenols, quinones, saponins
and coumarins in the prepared extracts as
described by Jaafar et al., (2023).

Inoculum preparation

For dermatophytes, T. rubrum (ATCC®-
28188) and T. mentagrophytes (ATCC®-9533)
were sub-cultured on Sabouraud Dextrose Agar
(SDA, Life Technologies, United States) at 30°C for
7 to 14 days. The inoculum suspensions were
prepared according to Clinical and Laboratory
Standards Institute (CLSI) M38-A2 (Clinical
Laboratory Standard Institute (CLSI), 2008)
guidelines, adjusted to an optical density (OD) of
0.08 to 0.10 at 520 nm, which corresponds
to a concentration of 1.0 x 108 CFU/mL by
using a UV-Vis spectroscopy (Agilent, US) prior
analysis.

For acne pathogens, P. acnes (ATCC®-6919)
and S. epidermidis (ATCC®-12228) were sub-
cultured on Columbia Sheep Blood Agar (Oxoid,
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UK) and tryptone soy agar (TSA, HiMedia, India),
respectively. The inoculum of P. acnes and S.
epidermidis were prepared according to CLSI
M100-S23 (Clinical Laboratory Standard Institute
(CLSI), 2021). One colony from the bacterial stock
was added to tryptone soy broth (TSB) (HiMidea,
India) and incubated in an anaerobic environment
(Oxoid Anaero]ar 2.5L Jar) for P. acnes or aerobic
environment for S. epidermidis. Both were kept in
an incubator (Nuaire, United Kingdom) for 24 h.

The inoculum was adjusted as described
previously.
In-vitro anti-dermatophyte assay

Following the CLSI M38-A2 (2008)

guidelines, the broth microdilution method was
conducted in 96-well round bottom microtiter
plates (Singh Gill et al.,, 2023). A 100 pL quantity of
the adjusted inoculum fungal suspension (1.0 x 106
CFU/mL) was added to each well containing 100 pL
of two-fold serial dilution of leaf extracts,
clotrimazole and 5% dimethyl sulfoxide (DMSO),
respectively. Growth and sterility controls were
included. The inoculated microtiter plates were
then incubated at 30°C for 4 to 7 days. Minimum
inhibitory concentrations (MICs) were determined
visually, with absorbance at 625 nm measured
using a microplate reader (Tecan, Switzerland) to
determine the ICsop. The minimum fungicidal
concentrations (MFCs) were identified by plating
10 pL from each treatment well on SDA plates, with
a 72-hours incubation at 30°C.

In-vitro anti-acne assay

Antibacterial susceptibility was evaluated
via the microdilution broth method as outlined
in the CLSI M100-S23 (2021). Serial dilutions
of leaf extracts and clindamycin (positive control)
were prepared in TSB across 96-well plates. Each
well was inoculated with 100 pL of bacterial
suspension (1.0 x 106 CFU/mL) for P. acnes and S.
epidermidis, and plates were incubated at 37°C for
72 hours under anaerobic conditions for P. acnes
and standard conditions for S. epidermidis. MICs
were visually assessed, and IC50 values were
analyzed at 625 nm. Minimum bactericidal
concentrations (MBCs) were determined by
culturing 10 pL from each well on specified agar,
with 24-hour incubation to confirm growth
inhibition.

Following the classification by Silva et al,
(2013), plant extracts were categorized based
on their MIC values as follows: highly potent (MIC
< 100 pg/mL), potent (MIC 100-500 pg/mL),
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moderately potent (MIC 501-1000 pg/mL), and
less potent (MIC > 1000 pg/mL).

Cytotoxicity assay

The highly active extracts (MIC < 128
pg/mL) against dermatophytes and acne strains
were further assessed for cytotoxicity using the
MTT assay. Human foreskin B] fibroblast cells
(ATCC®CRL-2522) were maintained in Eagle’s
Minimum  Essential Medium (MEM, Life
Technologies) supplemented with 10% fetal
bovine serum and penicillin (Life Technologies) at
37°C in a humidified atmosphere (95% 02/5%
CO2). Each potent extract, in concentrations
ranging from 1.95 to 4000 pg/mL was added to 96-
well plates containing 100 pL of fibroblast cells (2.5
x 10% cells/mL). Sterility and negative control were
included. Plates were incubated for 72 h in a
humidified 5% CO: atmosphere. Following
incubation, 20 pL of MTT solution (5 mg/mL) was
added and further incubated for another 3 h. After
centrifuging at 1500 RPM for 5 mins, the
supernatant was removed, and DMSO was added to
dissolve formazan crystals. Absorbance was
measured at 570 nm using a spectrophotometer.
Cytotoxicity was determined by plotting dose-
response curves and calculating the concentration
that inhibited 50% of cell growth (CCso). Assays
were conducted in triplicate.

Selectivity index (SI)

To evaluate the therapeutic potential of the
extracts, the selectivity index (SI) was calculated
using the following Equation 2.

Selectivity Index (SI) =
CCsp of extracts against human foreskin BCL - 2522 Cells
ICso of extracts against microbial strains

According to Indrayanto et al, (2021), an
extract with an SI value of 2 10 is generally
considered to have a high therapeutic index,
indicating a wide safety margin for therapeutic
use.

Statistical analysis
The experimental values of MIC, MBC and
MFC were expressed as the means of three
consistent replicates of the plates. The MICindex 0of
each extract was calculated against each test strain
as shown in Equation 3.
MFC/MBC

MIC index = Py Eq. (3)

Antimicrobials were classified as
bactericidal or fungicidal if the MBC/MIC or
MFC/MIC ratio was < 4, and as bacteriostatic or
fungistatic if the ratio was > 4 (Pfaller et al., 2004).
Data were analyzed using SPSS, and statistical
differences were assessed by two-way analysis of
variance (ANOVA) with Tukey's multiple
comparison test. The results were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION
Percentage of extraction yield

The extraction yields of the five selected
plants, obtained via maceration using hexane,
methanol and distilled water (Table I). B. glabra
(BG) had the highest overall yield, ranging from
18.06% to 31.89%, while P. obtusa (PO) showed the
lowest, with yields from 3.69% to 9.19%. Methanol
extraction yielded the highest percentages for A.
cathartica (AC-Met: 25.79%), I. coccinea (IC-Met:
22.08%), and P. amaryllifolius (PA-Met: 17.08%),
whereas hexane extraction was most efficient for B.
glabra (BG-Hex: 31.89%). The macerations
method, using solvents with increasing polarity
(hexane, methanol, and distilled water), offers
efficient extraction with basic equipment, and
preserves thermosensitive compounds (Gonzalez-
Fernandez et al., 2020). This approach enhances
the isolation of diverse bioactive compounds by
maximizing their partitioning across solvents of
different polarities (Fotsing et al., 2021). The
variation in extraction yield, such as the high yield
observed in B. glabra (>70%) compared to
previous reports indicating lower yields
(<10%) (Riaz et al, 2021), may be attributed to
differences in extraction procedures and the
geographical origin of the plants (Veldzquez-
Martinez et al, 2022). Additionally, solvent
polarity plays a crucial role, with methanol
favoring the extraction of polar compounds,
as seen in and solvent capacity to dissolve
specific plant A. cathartica, 1. coccinea and P.
amaryllifolius, which aligns with prior studies
on I coccinea (Upadhyay et al, 2014), and A
cathartica (Fartyal, 2016). Similarly, the aqueous
extraction yield was highest for P. obtuse (PO-Aq),
consistent with Kamran et al., (2020). According to
Truong et al,, (2019), higher yields in methanolic
and aqueous extracts are likely due to the
abundance of polar compounds in these plants. The
substantial yield observed in the BG-Hex may
reflect its higher concentrations of non-polar
compounds.
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Table I. Percentage of extraction yield and phytochemical screening.

Plant Extract

Extraction Phytochemical Constituents
yield (%) AL FL TN TA PH QN SP CM

Allamanda cathartica (AC) Hexane (AC-Hex)
Methanol (AC-Met)
Aqueous (AC-Aq)
Hexane (BG-Hex)
Methanol (BG-Met)
Aqueous (BG-Aq)
Hexane (IC-Hex)
Methanol (IC-Met)
Aqueous (IC-Aq)
Hexane (PA-Hex)
Methanol (PA-Met)
Aqueous (PA-Aq)
Hexane (PO-Hex)
Methanol (PO-Met)
Aqueous (PO-Aq)

Bougainvillea glabra (BG)

Ixora coccinea (IC)

Pandanus amaryllifolius (PA)

Plumeria obtusa (PO)

8.25 - + o+
25.79 -
16.16 -
31.89
18.06
22.09
7.86
22.08
19.84
5.86 -
17.08
3.84
3.69
8.72
9.19

+ + + + + +
o+ o+ o+ 4+
+ + 0+ + +
+ +
+
+ + + 4+ + +

+
+ + + + + + + o+ + o+

+ + + + + + + + +++ ++ + o+
+

+ 4+ + + + + + + o+ 4+
]

+ + +
'

Note: AL: alkaloids; FL: flavonoids; TN: terpenoids; TA: tannins; PH: phenols; QN: quinones; SP: saponins; CM:

coumarins. + present; - absent.

Phytochemical Screening of Leaf Extracts

The phytochemical screening of the selected
leaf extracts revealed diverse phytoconstituents,
including alkaloids, flavonoids, terpenoids, tannins,
phenols, quinolones, saponins and coumarins
(Table I). B. glabra exhibited the highest total
extraction yield (72.04%) and, along with I
coccinea (49.78%) displayed the widest range of
phytoconstituents, with only saponins in B. glabra
and coumarins in I coccinea absent from their
respective extracts. Phenols were detected in all
tested extracts, while terpenoids were absent only
in the methanol extract of B. glabra. In contrast, A.
cathartica (50.2%) contained nearly all tested
phytoconstituents, except alkaloids and tannins.
Plumeria obtusa, with the lowest total extraction
yield (21.6%), presented the most limited profile,
lacking flavonoids, tannins, saponins, and
coumarins across all extracts. The extraction yield
appears to correlate with the quantities and types
of bioactive constituents in each plant material,
reflecting species-specific differences in
phytochemical composition (Aliabasi et al., 2023;
Fan etal., 2023; Wong-Deyrup et al,, 2021).

Literature reports indicate that B. glabra
contains high levels of betacyanin (Saleem et al.,
2021), along with flavonoids such as quercetin,
flavanones, and flavanols, as well as nerolidol
(Ogunwande et al., 2019). These compounds are
recognized for their significant antibacterial
properties (Ogunwande et al., 2019; Saleem et al.,
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2021). In contrast, P. amaryllifolius contains a
diverse array of bioactive compounds, including
gallic acid, catechin, caffeic acid, myricetin, luteolin,
piperidine, and quercetin, many of which are
documented for their antidermatophytic effects
(Wang et al., 2024). Based on these phytochemical
profiles, extracts from both plants were subjected
to antimicrobial assays targeting acne-causing and
dermatophytic pathogens, enabling the correlation
of specific phytochemicals with observed anti-acne
and antidermatophytic activities.

Antimicrobial Activities of Leaf Extracts

The anti-acne activity results (Table II)
indicated that, of the 15 extracts tested, five
demonstrated potent activity (MIC: 128-256
pug/mL) against P. acnes. Among these, the AC-Aq
and IC-Met exhibited the strongest inhibition
(MIC: 128 pg/mL), followed by AC-Met, IC-Aq and
P0O-Aq, each with an MIC of 256 pg/mL. None of
these extracts achieved the threshold for high
potency (MIC< 100 pg/mL). For S. epidermidis,
six extracts were classified as potent, with two
(AC-Aq and IC-Met) exhibiting highly potent
activity (MIC: 64 pg/mL), comparable to the
positive control, clindamycin (MIC: 16 pg/mL, p >
0.05). This strong inhibition of S. epidermidis by AC-
Aq and IC-Met highlights the potential of these
extracts as natural alternatives to conventional
anti-acne agents.
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Table II. In-vitro anti-acne and anti-dermatophyte activities of leaf extracts

Acne pathogens

Dermatophyte pathogens

Extract/ P. acnes S. epidermidis T. mentagrophytes T. rubrum
Drug ATCC®-6919 ATCC®-12228 ATCC®-9533 ATCC®-28188
MIC MBC Mi MIC MBC M; MIC MFC Mi MiC MFC Mi
AC-Hex 10244 NI - 512¢ NI - 512b NI - 512b NI -
AC-Met 256  512¢ 2 128> 256 2 32a 644 2 642 1282 2
AC-Aq 128> 2564 2 642 642 1 32a 32a 1 32a 6442 2
BG-Hex 512¢ 10244 2 512¢  1024c 2 1024c 20484 2 512b 20484 4
BG-Met 10244 NI - 2048¢ NI - NI NI - NI NI -
BG-Aq NI NI - NI NI - NI NI - NI NI -
IC-Hex 10244 NI - 10244 20484 2 1024¢ NI - 1024 NI -
IC-Met 128> 256> 2 6442 1282 2 512b 512b 1 256  512b 2
IC-Aq 256> 256> 1 128> 256> 2 1024c 1024c 1 512> 1024 2
PA-Hex 512¢ 2048 4 256> 1024¢c 4 256> 5120 2 128> 128 1
PA-Met 10244 NI - 512¢ NI - 512b 1024 2 256  512b 2
PA-Aq 2048¢ NI - 512¢ 20484 4 NI NI - 20484 NI -
PO-Hex NI NI - NI NI - NI NI - NI NI -
PO-Met 2048¢ NI - 20484 NI - 1024 NI - 1024 NI -
PO-Aq 256  512¢ 2 128> 256> 2 256P 256 1 512b 5126 1
Clindamycin 22 42 2 162 642 4 - - - - - -
Clotrimazole - - - - - - 162 642 4 82 642 8

Note: MIC - minimum inhibitory concentration; MBC - minimum bactericidal concentration; MFC - minimum fungicidal
concentration; Mi - MIC index; NI - no inhibitory activity at concentrations < 2048 pg/mL; “-” - not determined. “a-¢”
Values within a column with different superscripts are significantly different from each other at p < 0.05. Numbers in

bold indicate highly potent and selected for further analysis.

Conversely, the extracts BG-Met, IC-Hex, PO-Hex,
and PO-Met showed no inhibitory activity against
either P. acnes or S. epidermidis at concentrations
up to 1000 pg/mL, suggesting limited antibacterial
constituents in these solvent-specific extractions.

The anti-acne activity observed for the AC-
Aq and IC-Met in this study represents a novel
finding, as no prior studies have evaluated these
specific extracts against acne-causing pathogens.
This lack of precedence highlights the unique
contribution of our work to the field of natural anti-
acne agents. Based on anti-acne efficacy, five
extracts (AC-Aq, AC-Met, IC-Aq, IC-Met, and PO-Aq)
were selected for further investigation.

In terms of antifungal activity, AC-Aq
demonstrated the strongest inhibitory effects, with
MIC values of 32 pg/mL against both T.
mentagrophytes and T. rubrum (Table II). The AC-
Met showed similar efficacy against T.
mentagrophytes (MIC: 32 pg/mL) but required a
higher concentration (MIC: 64 pg/mL) to inhibit T.
rubrum. As expected, the positive control,
clotrimazole, displayed potent activity against both
fungi, with MIC values of 16 ug/mL and 8 pg/mL,
respectively. The antifungal effects of AC-Aq and

AC-Met were comparable to clotrimazole (p > 0.05),
indicating their potential as effective antifungal
agents. Additionally, PA-Hex exhibited moderate
antifungal activity against T. mentagrophytes
(256 pg/mL) and T. rubrum (128 pg/mL). In
contrast, BG-Aq, BG-Hex and PO-Hex showed no

detectable antifungal activity against the
dermatophyte strains, suggesting a limited
presence of antifungal constituents in these

extracts. Based on these results, three extracts (AC-
Aq, AC-Met, and PA-Hex) were selected for further
cytotoxicity evaluation due to their promising
antifungal potency.

The minimum bactericidal concentration
(MBC) and minimum fungicidal concentration
(MFC) assessments provided further insights into
the bactericidal and fungicidal nature of the
extracts. All six selected extracts (AC-Met, AC-Aq,
IC-Met, IC-Aq, PA-Hex, and PO-Aq) were classified
as bactericidal or fungicidal against their respective
strains, with MBC/MIC or MFC/MIC ratios < 4. This
indicates that these extracts not only inhibit growth
but also possess the capability to kill the microbial
cells, enhancing their potential as effective
antimicrobial agents.
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Allamanda cathartica (AC) Methanol Extract
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Figure 2. ICso, CCso and selectivity index of active leaf extracts against tested microbial strains and human

skin cell line.

These methanol and water extracts, rich in polar
compounds such as flavonoids, phenolics, and
terpenoids, exhibit microbicidal activities. Among
these compounds, quercetin—a widely occurring
flavanol—has been shown to inhibit various drug-
resistant bacteria and fungi (Mandal & Domb,
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2024). This effectiveness is attributed to its ability
to disrupt cell walls, cause membrane damage, and
intercalate with DNA, leading to the inhibition of
nucleic acid and protein synthesis, and preventing
biofilm formation (Macédo et al., 2024; Salehi et al.,
2020; Veiko et al., 2023). The potent antimicrobial
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activity observed in these polar extracts supports
the role of quercetin and similar compounds in
effectively inhibiting pathogen growth, aligning
with the higher efficacy of polar extracts compared
to non-polar extracts.

Among the tested extracts, AC-Aq and AC-
Met exhibit particularly high potency against the
tested pathogens, likely due to their rich bioactive
profile, which includes steroids, terpenoids,
flavonoids, coumarins, lignans, and particularly
iridoids (de F Navarro Schmidt et al, 2006).
Iridoids, a class of compounds documented in A.
cathartica extracts for their anti-inflammatory,
antibacterial, antifungal,and antioxidant properties,
which align with the potent anti-acne and anti-
dermatophyte activities observed in these two
extracts (Petricevich & Abarca-Vargas, 2019).
Compounds such as isoplumericin, allamandin, and
plumieride have been identified in A. cathartica
(Bonomini etal.,, 2017), with plumieride recognized
for its potent antidermatophytic activity against
Epidermophyton  floccosum and Microsporum
gypseum (Tiwari et al, 2002). Additionally,
plumieride has shown potential in treating skin
candidiasis by exerting anti-inflammatory effects,
increasing iNOS expression, and reducing the levels
of proinflammatory genes such as TNF-q, IL-1f3,
and NF-xB (El-Shiekh et al., 2024). The presence of
flavonoids, phenolics, and terpenoids in AC-Aq and
AC-Met further supports their efficacy against
acne and dermatophytic pathogens. These findings
suggest that the bioactive profile of A. cathartica,
especially its iridoid content, significantly enhances
its therapeutic potential for treating skin infections.

Cytotoxic effect and selective index of active leaf
extracts

To ensure the safety of these extracts
following their promising antimicrobial efficacy,
we conducted cytotoxic assessment on human
foreskin B] fibroblasts, representing normal skin
cells, expressed as the median inhibitory
concentration (CCso). The findings revealed that all
tested maintained acceptable levels of toxicity, with
CCso values ranging from 116.72+2.28 pg/mL to
713.31+3.71 pg/mL (Figure 2). According to the
(de Lima et al,, 2019), extracts can be classified as
nontoxic (CCso > 1000 pug/mL), poorly toxic (CCso:
500-1000 pg/mL), moderately toxic (CCso: 100-
500 pg/mL) or very toxic (CCso < 100 pg/mL). None
of the tested extracts were classified as highly toxic
(CCso < 100 pg/mL), which has their potential for
safe application at therapeutic concentrations.
Specifically, AC-Aq (CCso = 704.66+7.84 ng/mL)

and PO-Aq (CCso = 713.31+3.71 pg/mL) were
classified as poorly toxic, while the remaining
four tested extracts were classified as moderately
toxic, with cytotoxicity levels increasing in the
order of AC-Met (472.59+4.87 pg/mL) < PA-Hex
(381.74+6.09 pg/mL) < IC-Met (162.47+4.89
pg/mL) < IC-Aq (116.72+2.28 ug/mL).

To better assess the therapeutic
applicability of these extracts, selectivity index (SI)
values were calculated by comparing the CCso
(cytotoxic  concentration) with the ICso
(antimicrobial concentration) for each pathogen.
An SI value of 10 or greater is typically considered
indicative of favorable selectivity toward microbial
pathogens over host cells. Among the six extracts
tested, the AC-Aq demonstrated the highest SI
values across multiple pathogens, including P.
acnes (SI: 14.4), T. mentagrophytes (SI: 40.8) and T.
rubrum (SI: 34.1). Meanwhile, the best selectivity
for S. epidermidis was observed in the PO-Aq, with
a SI value of 54.2. In contrast, low SI values were
exhibited by the IC-Met and IC-Aq against their
respective pathogens (SI < 10), indicating limited
selectivity and a higher likelihood of general
cytotoxicity rather than specific antimicrobial
effects. These low SI values suggest that [C-Met and
IC-Ag may not be suitable for therapeutic
application due to their low safety margin.

A. cathartica is known to contain toxic
iridoid lactones that have been reported to induce
dermatitis symptoms (Maroyi, 2012). However, the
results from the current cytotoxicity study indicate
low cytotoxic activity of both aqueous and
methanol extracts on BJ fibroblast cells. In vivo
studies on AC-Aq leaf extract demonstrated its
safety and effectiveness in promoting wound
healing, with results showing faster wound
contraction, increased skin strength, elevated
collagen synthesis, and reduced inflammation
(Nayak et al., 2006). These findings highlight AC-
Aq’s potential for safe skin repair, underscoring the
importance  of proper formulation and
concentration to balance the extract’s efficacy with
skin tolerability, making it suitable for
dermatological applications (Mehta et al., 2017).

CONCLUSIONS

The findings demonstrated that methanol
and aqueous extracts of B. glabra, A. cathartica, and
I coccinea contain higher levels of bioactive

compounds compared to hexane extracts.
Phytochemical analysis identified various
compounds, including flavonoids, terpenoids,

phenols, coumarins, quinolones, and saponins,
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which are likely to contribute to the observed
antimicrobial properties. The AC-Aq exhibited
highly potent activity against all tested strains,
except for P. acnes, against which it showed potent
antibacterial activity. Importantly, the high
selectivity index of AC-Aq further supports its
therapeutic potential for treating skin infections.
However, further studies are needed to isolate and
identify the specific compounds responsible for
these antimicrobial activities.

ACKNOWLEDGMENTS

The authors would like to acknowledge the
financial support provided by Universiti Teknologi
MARA, Malaysia (Grant No. 600-UITMSEL (PI. 5/4)
(150/2022)) and the Faculty of Pharmacy for
providing state-of-the-art facilities to complete the
research.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Agbebi, E. A,, Alabi, O. S., Nkrumah, A. 0., & Ogbole,
0. 0. (2022). Evaluation of the antibacterial
and antifungal potentials of peptide-rich
extracts from selected Nigerian plants.
European Journal of Integrative Medicine, 54,
102163.
https://doi.org/10.1016/j.eujim.2022.10216
3

Aliabasi, S., Shams-Ghahfarokhi, M., & Razzaghi-
Abyaneh, M. (2023). Eugenol effectively
inhibits Trichophyton rubrum growth via
affecting ergosterol synthesis, keratinase
activity, and SUB3 gene expression. Journal of

Herbal Medicine, 42, 100768.
https://doi.org/10.1016/j.hermed.2023.100
768

Antuori, A, Fernandez, G., Fernandez, A., Alcaide,
M., Boada, A,, Bielsa, M. 1., Romani, N., & Matas,
L. (2019). Epidemiology of dermatophytic
infections between 2008 and 2017 in
Barcelona, Spain. Enfermedades Infecciosas y
Microbiologia Clinica (English Ed.), 37(10),
642-647.
https://doi.org/10.1016/j.eimce.2019.02.00
9

Bonomini, T. ]., Holzmann, 1., Thiesen, L. C., Fratoni,
E., Muller, A. F. F., Lucinda-Silva, R. M., Yunes,
R. A, Malheiros, A, Gongalves, A. E., Dalmagro,
A. P, da Silva, K. A. B. S., de Souza, M. M,, &
Santin, J. R. (2017). Neuropharmacological
and acute toxicological evaluation of

124 Volume 36 Issue 1 (2025)

ethanolic extract of Allamanda cathartica L.
flowers and  plumieride.  Regulatory
Toxicology and Pharmacology, 91, 9-19.
https://doi.org/10.1016/j.yrtph.2017.10.00
5

Clinical Laboratory Standard Institute (CLSI).
(2008). Reference Method for Broth Dilution
Antifungal  Susceptibility Testing  of
Filamentous Fungi; Approved Standard —
Second Edition (Vol. 28, Issue 16). Wayne, PA:
Clinical and Laboratory Standards Institute.

Clinical Laboratory Standard Institute (CLSI).
(2021).  Performance Standards for
Antimicrobial Susceptibility Testing. 31st ed.
CLSI supplement M100. In Wayne, PA: Clinical
and Laboratory Standards Institute.

de F Navarro Schmidt, D., Yunes, R. A., Schaab, E. H.,
Malheiros, A., Cechinel Filho, V., Franchi, G. C.,
Nowill, A. E.,, Cardoso, A. A, & Yunes, ]. A.
(2006). Evaluation of the anti-proliferative
effect the extracts of Allamanda blanchetti
and A. schottii on the growth of leukemic and
endothelial cells. journal of Pharmacy &
Pharmaceutical Sciences : A Publication of the
Canadian Society for Pharmaceutical Sciences,
Société Canadienne Des Sciences
Pharmaceutiques, 9(2), 200-208.

de Lima, R. M. T., dos Reis Campinho, A., de Oliveira
Santos, J. V., de Oliveira Ferreira, J. R, Lima
Braga, A., de Oliveira Filho, J. W. G, de
Menezes, A. A. P. M., da Mata, A. M. O. F., de
Alencar, M. V. 0. B., do Nascimento Rodrigues,
D. C, Pinheiro Ferreira, P. M., de Jesus Aguiar
dos Santos Andrade, T., Ramos Gongalves, J.
C., Carneiro da Silva, F. C,, de Castro e Sousa, J.
M. & de Carvalho Melo Cavalcante, A. A.
(2019). Toxic, cytogenetic and antitumor
evaluations of [6]-gingerol in non-clinical in

vitro studies. Biomedicine and
Pharmacotherapy, 115, 108873.
https://doi.org/10.1016/j.biopha.2019.1088
73

Dembetembe, T. T., Rademan, S., Twilley, D., Banda,
G. W,, Masinga, L., Lall, N., & Kritzinger, Q.
(2023). Antimicrobial and cytotoxic effects of
medicinal plants traditionally used for the
treatment of sexually transmitted diseases.
South African Journal of Botany, 154, 300-
308.
https://doi.org/10.1016/j.sajb.2023.01.042

Edwin, E. Sheeja, E., & Toppo, E. (2007). Anti-
diarrhoeal, anti ulcer and antimicrobial
activities of leaves of Bougainvillea glabra
Choisy. Ars Pharm, 48(2), 135-144.



Nurshahira Ezzany Shamsul Hakimi

El-Shiekh, R. A,, Meselhy, M. R,, Elshimy, R., Ibrahim,
M. A, Ali, M. E, & Hassanen, E. 1. (2024).
Plumieride as a novel anti-fungal and anti-
inflammatory iridoid against superficial
candidiasis in mice. BMC Complementary
Medicine and Therapies, 24(1), 224.
https://doi.org/10.1186/s12906-024-
04508-z

Fan, G. F., Xu, Z. G., Liy, X. S., Yin, W,, Sun, L. H,, Wu,
D., Wei, M. Q.,, Wang, W., & Cai, Y. H. (2023).
Antifungal efficacy of gallic acid extracted
from pomegranate peel against Trichophyton
rubrum: In vitro case study. Natural Product

Communications, 18(1).
https://doi.org/10.1177/1934578X221148
607

Fartyal, M. (2016). Allamanda cathartica Linn.:
Extraction and pharmaceutical evaluation of
various extracts of leaves and flowers.
International Journal of Current
Pharmaceutical Review and Research, 8(4),
28-32.
https://doi.org/10.22159/ijcpr.2016v8i4.15
272

Fotsing, Y. S. F,, Kezetas, ].]. B., Batiha, G. E.-S., Alj, I,
& Nd-jakou, B. L. (2021). Extraction of
Bioactive Compounds from Medicinal Plants
and Herbs. In H. A. El-Shemy (Ed.), Natural
Medicinal Plants. IntechOpen.
https://doi.org/10.5772 /intechopen.98602

Giesey, R. L., Mehrmal, S., Uppal, P., & Delost, G.
(2021). Global burden of skin and
subcutaneous disease: A longitudinal analysis
from the global burden of disease study from
1990-2017. SKIN The Journal of Cutaneous
Medicine, 5(2), 125-136.
https://doi.org/10.25251/skin.5.2.7

Gonzalez-Fernandez, M. ], Manzano-Agugliaro, F.,
Zapata-Sierra, A. Belarbi, E. H, & Guil-
Guerrero, ]. L. (2020). Green argan oil
extraction from roasted and unroasted seeds
by using various polarity solvents allowed by
the EU legislation. Journal of Cleaner
Production, 276, 123081.
https://doi.org/10.1016/j.jclepro.2020.1230
81

Indrayanto, G., Putra, G. S., & Suhud, F. (2021).
Validation of in-vitro bioassay methods:
Application in herbal drug research. Profiles
of Drug Substances, Excipients and Related

Methodology, 46(21), 273-307.
https://doi.org/10.1016/bs.podrm.2020.07.
005

Jaafar, N.,, Hamid, K. A, Haslinda, F., Hatta, M.,

Mahamood, M., & Faiz, M. (2023).
Phytochemical constituents and anti-
dermatophyte  activity = of  Pandanus

amaryllifolius (Roxb.) leaf extracts. Malaysian
Journal of Medicine and Health Sciences, 19
Supp 7(June), 57-59.

Jartarkar, S. R,, Patil, A., Goldust, Y., Cockerell, C. J.,
Schwartz, R. A, Grabbe, S. & Goldust, M.
(2022). Pathogenesis, immunology and
management of dermatophytosis. Journal of
Fungi, 8(1), 21.
https://doi.org/10.3390/jof8010039

Joseph, N., Kumar, G., & Nelliyanil, M. (2014). Skin
diseases and conditions among students of a
medical college in southern India. Indian
Dermatology Online Journal, 5(1), 19.
https://doi.org/10.4103/2229-5178.126023

Kamran, R. M,, Khaliq, H. A, & Uzair, M. (2020).
Pharmacognostic and phytochemical studies
on Plumeria obtusa L. The Journal of
Phytopharmacology, 9(2), 120-124.
https://doi.org/10.31254 /phyto.2020.9208

Kowalewska, B., Jankowiak, B., Krajewska-Kutak, E.,
Khvorik, D. F, & Niczyporuk, W. (2021).
Quality of life in skin diseases as perceived by
patients and nurses. Postepy Dermatologii i
Alergologii, 37(6), 956-961.
https://doi.org/10.5114 /ada.2019.86182

Macédo, H. L. R. de Q., de Oliveira, L. L., de Oliveira,
D. N, Lima, K. F. A, Cavalcanti, I. M. F,, &
Campos, L. A. de A. (2024). Nanostructures
for Delivery of Flavonoids with Antibacterial
Potential against Klebsiella pneumoniae.

Antibiotics, 13(9).
https://doi.org/10.3390/antibiotics130908
44

Mandal, M. K., & Domb, A. ]. (2024). Antimicrobial
Activities of Natural Bioactive Polyphenols.

Pharmaceutics, 16(6).
https://doi.org/10.3390 /pharmaceutics160
60718

Mannan, M., Alam, M., Mustari, F., Kudrat-E-Zahan,
M., Alj, R, Haque, A., Zaman, S., & Talukder, D.
(2017). In vitro antioxidant, antimicrobial,
insecticidal and cytotoxic activities of the
medicinal plants: Allamanda cathartica and
Mimusops elengi. European Journal of
Medicinal Plants, 20(4), 1-12.
https://doi.org/10.9734/ejmp/2017 /35730

Maroyi, A. (2012). Garden plants in Zimbabwe:
Their ethnomedicinal uses and reported
toxicity.  Ethnobotany  Research and
Applications, 10, 45-57.
https://doi.org/10.17348/era.10.0.045-057

Volume 36 Issue 1 (2025) 125



Antimicrobial prospects of leaf extracts against skin pathogens

Mehta, S., Roy, S., & Chowdhary, A. (2017). Use of
rapid fluorescent focus inhibition test
(RFFIT) for in vitro evaluation of anti-rabies

activity.  VirusDisease, 28(2), 127-132.
https://doi.org/10.1007/s13337-017-0371-
y

Mustarichie, R., Sulistyaningsih, S., & Runadi, D.
(2020). Antibacterial activity test of extracts
and fractions of Cassava leaves (Manihot
esculenta crantz) against clinical isolates of
Staphylococcus epidermidis and
Propionibacterium acnes causing acne.
International Journal of Microbiology, 2020.
https://doi.org/10.1155/2020/1975904

Nayak, S., Nalabothu, P., Sandiford, S., Bhogadi, V., &
Adogwa, A. (2006). Evaluation of wound
healing activity of Allamanda cathartica. L.
and Laurus nobilis. L. extracts on rats. BMC
Complementary and Alternative Medicine,
6(1), 12. https://doi.org/10.1186/1472-
6882-6-12

Ogunwande, L. A, Avoseh, 0. N., Olasunkanmi, K. N.,
Lawal, O. A, Ascrizzi, R.,, & Flamini, G. (2019).
Chemical composition, anti-nociceptive and
anti-inflammatory activities of essential oil of
Bougainvillea glabra. Journal of
Ethnopharmacology, 232, 188-192.
https://doi.org/10.1016/j.jep.2018.12.017

Perveen, S., Nadeem, R., Rehman, S. ur, Afzal, N,
Anjum, S., Noreen, S., Saeed, R., Amami, M., Al-
Mijalli, S. H, & Igbal, M. (2022). Green
synthesis of iron (Fe) nanoparticles using
Plumeria obtusa extract as a reducing and
stabilizing agent: Antimicrobial, antioxidant
and biocompatibility studies. Arabian Journal
of Chemistry, 15(5), 103764.
https://doi.org/10.1016/j.arabjc.2022.1037
64

Petricevich, V. L, & Abarca-Vargas, R. (2019).
Allamanda cathartica: A review of the
phytochemistry, pharmacology, toxicology,
and biotechnology. Molecules, 24(7).
https://doi.org/10.3390/molecules2407123
8

Pfaller, M. A,, Sheehan, D. |, & Rex, ]. H. (2004).
Determination of fungicidal activities against
yeasts and molds: Lessons learned from
bactericidal testing and the need for
standardization. Clinical Microbiology
Reviews, 17(2), 268-280.
https://doi.org/10.1128/CMR.17.2.268-
280.2004

Prasitpuriprecha, N., Santaweesuk, S., Boonkert, P.,
& Chamnan, P. (2022). Prevalence and DALYs

126 Volume 36 Issue 1 (2025)

of skin diseases in Ubonratchathani based on
real-world national healthcare service data.

Scientific Reports, 12(1), 1-10.
https://doi.org/10.1038/s41598-022-
20237-0

Pulsipher, K. ], Szeto, M. D., Rundle, C. W., Presley,
C.L., Laughter, M. R,, & Dellavalle, R. P. (2021).
Global burden of skin disease representation
in the Literature: Bibliometric analysis. JMIR
Dermatology, 4(2).
https://doi.org/10.2196 /29282

Raileanu, M., Borlan, R., Campu, A., Janosi, L., Turcu,
I, Focsan, M. & Bacalum, M. (2023). No
country for old antibiotics! Antimicrobial
peptides (AMPs) as  next-generation
treatment for skin and soft tissue infection.
International Journal of Pharmaceutics, 642,
123169.
https://doi.org/10.1016/j.ijpharm.2023.123
169

Rajamanickam, K., & Sudha, S. S. (2013). In-vitro
antimicrobial activity and in-vivo toxicity of
Moringa oleifera and Allamanda cathartica
against multiple drug resistant clinical
pathogens. International Journal of Pharma
and Bio Sciences, 4(1), 768-775.

Rajput, M., & Kumar, N. (2020). Medicinal plants: A
potential source of novel bioactive
compounds showing antimicrobial efficacy
against pathogens infecting hair and scalp.

Gene Reports, 21, 100879.
https://doi.org/10.1016/j.genrep.2020.1008
79

Riaz, M., Fatima, H., Misbah ur Rehman, M., Qadir,
R, Hussain, S. Hafeez, A, & Siddique, A. B.
(2021). Appraisal of antioxidant potential
and biological studies of bogan bail
(Bougainvillea glabra) leaf extracts using
different solvents. Czech Journal of Food
Sciences, 39(3), 176-180.
https://doi.org/10.17221/273/2020-CJFS

Rosalie, S., Lize, C., Laurence, S., Rajae, D., Caroline,
A, Katrien, L., & Marie-Pierre, H. (2021).
Epidemiology of dermatophytes in belgium: A
5 years’ survey. Mycopathologia, 186(3), 399-
409. https://doi.org/10.1007/s11046-021-
00542-4

Saini, [., Chauhan, J., & Kaushik, P. (2020). Medicinal
value of domiciliary ornamental plants of the
Asteraceae family. Journal of Young
Pharmacists, 12(1), 03-10.
https://doi.org/10.5530/jyp.2020.12.2

Saleem, H., Usman, A, Mahomoodally, M. F., &
Ahemad, N. (2021). Bougainvillea glabra



Nurshahira Ezzany Shamsul Hakimi

(choisy): A comprehensive review on botany,

traditional uses, phytochemistry,
pharmacology and toxicity. Journal of
Ethnopharmacology, 266, 113356.

https://doi.org/10.1016/j.jep.2020.113356

Salehi, B., Machin, L., Monzote, L., Sharifi-Rad, J.,
Ezzat, S. M., Salem, M. A,, Merghany, R. M., El
Mahdy, N. M., Kilig, C. S, Sytar, O., Sharifi-Rad,
M., Sharopov, F., Martins, N., Martorell, M., &
Cho, W. C. (2020). Therapeutic Potential of
Quercetin: New Insights and Perspectives for
Human Health. ACS Omega, 5(20), 11849-
11872.
https://doi.org/10.1021/acsomega.0c01818

Silva, A. C. O,, Santana, E. F., Saraiva, A. M., Coutinho,
F. N.,, Castro, R. H. A, Pisciottano, M. N. C,,
Amorim, E. L. C,, & Albuquerque, U. P. (2013).
Which approach is more effective in the
selection of plants with antimicrobial
activity? Evidence-Based Complementary and
Alternative Medicine, 2013.
https://doi.org/10.1155/2013 /308980

Singh Gill, ]J., Chatterjee, M., Baveja, S., Hazra, N,
Tandel, K, R, V., & Verma, R. (2023). Clinical
study on antifungal drug resistance among
cases of dermatophytosis in patients
reporting to multiple tertiary care hospitals.
Medical Journal Armed Forces India, 79, S244-
S249.
https://doi.org/10.1016/j.mjafi.2023.01.002

Suwannakul, S., Chaibenjawong, P., & Suwannakul,
S. (2018). Antioxidant anti-cancer and
antimicrobial activities of ethanol Pandanus
amaryllifolius Roxb. leaf extract (in vitro) - A
potential medical application. journal of
International Dental and Medical Research,
11(2), 383-389.

Tahiliani, S., Saraswat, A., Lahiri, A. K., Shah, A,
Hawelia, D., Shah, G. K., Girdhar, M., Rao, P. N,,
Raghav, P. A, Agarwal, P., Kharkar, R. D,
Gupta, R. P, Udare, S., Hegde, S., & Haldar, S.
(2021). Etiological prevalence and antifungal
sensitivity patterns of dermatophytosis in
India - A multicentric study. Indian Journal of
Dermatology, Venereology and Leprology,
87(6), 800-806.
https://doi.org/10.25259/1JDVL_1025_19

Tiwari, T. N., Pandey, V. B., & Dubey, N. K. (2002).
Plumieride from Allamanda cathartica as an
antidermatophytic  agent.  Phytotherapy
Research, 16(4), 393-394.
https://doi.org/10.1002 /ptr.967

Tizek, L., Schielein, M. C,, Seifert, F., Biedermann, T.,
Bohner, A, & Zink, A. (2019). Skin diseases

are more common than we think: screening
results of an unreferred population at the
Munich Oktoberfest. Journal of the European
Academy of Dermatology and Venereology,
33(7), 1421-1428.
https://doi.org/10.1111/jdv.15494

Truong, D. H,, Nguyen, D. H,, Ta, N. T. A,, Buij, A. V.,
Do, T. H,, & Nguyen, H. C. (2019). Evaluation
of the wuse of different solvents for
phytochemical constituents, antioxidants,
and in vitro anti-inflammatory activities of
severinia buxifolia. Journal of Food Quality,
2019.
https://doi.org/10.1155/2019/8178294

Upadhyay, A., Chattopadhyay, P., Goyary, D., Mitra
Mazumder, P, & Veer, V. (2014). Ixora
coccinea enhances cutaneous wound healing
by upregulating the expression of collagen
and basic fibroblast growth factor. ISRN
Pharmacology, 2014(14), 1-9.
https://doi.org/10.1155/2014/751824

Veiko, A. G., Olchowik-Grabarek, E., Sekowski, S.,
Roszkowska, A., Lapshina, E. A, Dobrzynska,
I, Zamaraeva, M., & Zavodnik, I. B. (2023).
Antimicrobial  Activity of  Quercetin,
Naringenin and Catechin: Flavonoids Inhibit
Staphylococcus aureus-Induced Hemolysis
and Modify Membranes of Bacteria and
Erythrocytes. Molecules (Basel, Switzerland),
28(3).
https://doi.org/10.3390 /molecules2803125
2

Velazquez-Martinez, V.,  Valles-Rosales, D.,
Rodriguez-Uribe, L., Laguna-Camacho, J. R,
Lopez-Calderén, H. D, & Delgado, E. (2022).
Effect of different extraction methods and
geographical origins on the total phenolic
yield, composition, and antimicrobial activity
of Sugarcane bagasse extracts. Frontiers in
Nutrition, 9, 834557.
https://doi.org/10.3389/fnut.2022.834557

Wang, W,, Ren, Z,, Zheng, S., Wu, H,, Li, P, Peng, W,
Su, W, & Wang, Y. (2024). Botany,
phytochemistry, pharmacology, and
applications of Pandanus amaryllifolius
Roxb.: A review. Fitoterapia, 177, 106144.
https://doi.org/https://doi.org/10.1016/j.fi
tote.2024.106144

Wong-Deyrup, S. W.,, Song, X, Ng, T. W,, Liu, X. Bin,
Zeng, ]. G., Qing, Z. X, Deyrup, S. T., He, Z. D., &
Zhang, H. ]. (2021). Plant-derived
isoquinoline alkaloids that target ergosterol
biosynthesis discovered by using a novel
antifungal screening tool. Biomedicine and

Volume 36 Issue 1 (2025) 127



Antimicrobial prospects of leaf extracts against skin pathogens

Pharmacotherapy, 137, 111348. https://doi.org/10.3389/fpubh.2023.11455

https://doi.org/10.1016/j.biopha.2021.1113 13

48 Zhang, X. J., Wang, A. P, Shi, T. Y., Zhang, ]., Xu, H,,
Yakupu, A, Aimaier, R., Yuan, B., Chen, B, Cheng, ], Wang, D. Q, & Feng, L. (2019). The

Zhao, Y., Peng, Y. Dong, J., & Lu, S. (2023). The psychosocial adaptation of patients with skin

burden of skin and subcutaneous diseases: disease: A scoping review. BMC Public Health,

findings from the global burden of disease 19(1). https://doi.org/10.1186/s12889-019-

study 2019. In Frontiers in Public Health (Vol. 7775-0

11).

128 Volume 36 Issue 1 (2025)



