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ABSTRACT

Mimosa pudica and Alpinia officinarum are largely used in different countries to treat infectious diseases as well as digestive disorders
and inflammatory conditions. Despite their long history of traditional use, the pharmacological properties of both plants are poorly
described, including their antimicrobial potential. This study investigated the effectiveness of the ethanolic extracts of M. pudica and
A. officinarum against bacterial clinical isolates. The minimum inhibitory concentration (MIC) and minimal bactericidal concentration
(MBC) tests and assessed their anti-inflammatory potential and cytotoxicity in vitro. Qualitative methods were used, and ultra-high-
performance liquid chromatography coupled to high-resolution tandem mass spectrometry (UHPLC-HRMS/MS) to investigate the
phytochemical properties of the extracts. M. pudica and A. officinarum were active against the clinical isolates of Pseudomonas aeruginosa
at 8 pg/mL, and both displayed anti-inflammatory properties. UHPLC-HRMS/MS analysis indicated a total of 24 phytocompounds
in M. pudica extract and seven in A. officinarum. Only M. pudica presented an acceptable cytotoxicity index for further studies on the
antimicrobial potential of chromatographic fractions and isolated phytomolecules. In addition, the data supports research on the
safety of A. officinarum in the context of traditional medicine.

Keywords: Anti-infective agents, botanical extracts, cell death, secondary metabolites.

RESUMEN

Mimosa pudica y Alpinia officinarum se utilizan ampliamente en distintos paises para el tratamiento de enfermedades infecciosas,
asi como de trastornos digestivos y condiciones inflamatorias. A pesar de su larga historia de uso tradicional, las propiedades
farmacoldgicas de ambas plantas estdn escasamente descritas, incluido su potencial antimicrobiano. En este estudio se investigd
la eficacia de los extractos etandlicos de M. pudica y A. officinarum frente a aislados clinicos bacterianos. Se realizaron ensayos de
concentracién minima inhibitoria (CMI) y concentracién minima bactericida (CMB), y evaluamos su potencial antiinflamatorio y
citotoxicidad in vitro. Se utilizaron métodos cualitativos y cromatografia liquida de ultra-alto rendimiento acoplada a espectrometria
de masas de alta resolucién en tdindem (UHPLC-HRMS/MS) para investigar las propiedades fitoquimicas de los extractos. M. pudica 'y
A. officinarum mostraron actividad frente a los aislados clinicos de Pseudomonas aeruginosa a 8 pg/mL, y ambas presentaron propiedades
antiinflamatorias. El andlisis UHPLC-HRMS/MS indicé un total de 24 fitocompuestos en el extracto de M. pudica y siete en el de A.
officinarum. Solo M. pudica presenté un indice de citotoxicidad aceptable para futuros estudios sobre el potencial antimicrobiano
de fracciones cromatograficas y fitomoléculas aisladas. Ademds, los datos fundamentan investigaciones sobre la seguridad de A.
officinarum en el contexto de la medicina tradicional.

Palabras clave: Agentes antiinfecciosos, extractos botanicos, metabolitos secundarios, muerte celular.
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INTRODUCTION

Mimosa pudica L. (Fabaceae), popularly known as “touch-
me-not”, is a plant native of tropical America long known for
displaying rapid thigmonastic and nyctinastic movements,
which are produced by specialized motor organs known as
pulvini (Hagihara and Toyota, 2020). The plant is widely
explored in ayurvedic and traditional medicine in countries
such as Brazil, India and Indonesia to treat infectious
diseases, urogenital disorders, alopecia, diarrhea, dysentery,
low libido in men and toothache (Desrini et al., 2023; Noor
et al., 2024). The pharmacological properties of this plant,
however, are poorly explored. Recent studies described
anti-fibrotic activity in both in vitro and in vivo models of
pulmonary fibrosis (Nguyen et al., 2024) and inhibition of
preformed biofilms of Candida albicans (Desrini et al., 2023).
Recent studies used the semiquantitative agar-diffusion
assay to describe the antibacterial activity of the plant
against reference strains of Bacillus cereus, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus
aureus and Salmonella typhi in a mg/mL scale (Mandal et
al., 2022; Gandhi et al., 2023). Therefore, there is a need
for more studies on this plant for a better understanding
of its antimicrobial properties, especially in the context of
bacterial resistance to antimicrobial drugs.

Alpinia officinarum (Zingiberaceae), commonly known
as lesser galangal, is a rhizomatous herb native to China
and cultivated across South and Southeast Asia. The
rhizome is the main part harvested for fresh and dried
use in medicinal and culinary contexts. In traditional
medicine, the rhizome is used to treat infectious diseases,
digestive disorders, common cold, rheumatism, bronchial
congestion, and as a topical anti-inflammatory (Pillai et
al., 2018; Lei et al., 2024). Studies on the pharmacological
properties of A. officinarum, however, are scarce. Recently,
it was described that the rhizome hydroethanolic extract
attenuated UVB-induced photoaging (Jung et al., 2022),
and a concentration-dependent vasodilatory effect was
detected in rat mesenteric resistance arteries (Haam et al.,
2022). A neuroprotective effect against degenerative or
ischemic diseases was described (Abd Rahman et al., 2024).
Data on its antimicrobial activity is even more scarce. Only
two studies described the antibacterial activity of the plant
against reference strains of B. cereus, S. aureus, P. aeruginosa,
E. coli and Streptococcus pneumoniae, and no antifungal activity
was detected (Huang et al., 2008; Srividya et al., 2010).

In research on new antimicrobials, assays with reference
strains provide standardized and reproducible results;
however, these strains lack genetic diversity, adaptability,
and resistance mechanisms. Therefore, they are not fully
representative of the complexity observed in real clinical
settings. Conversely, clinical isolates exhibit heterogeneous
genetic profiles, frequently harboring horizontally or
vertically acquired resistance genes due to selective pressures

in hospital and community environments. In the scenario of
bacterial resistance to antimicrobial drugs, it is important to
consider such conditions for prospecting plant extracts with
potential for clinical use.

Here we provide evidence on the antimicrobial activity of
M. pudica and A. officinarum extracts on clinical isolates of P.
aeruginosa, as well as their cytotoxicity and anti-inflammatory
potentials, which are provided for the first time. We used
classical phytochemistry methods and UHPLC-HRMS/MS
to investigate the phytochemical profile of the extracts. The
lack of studies on the antimicrobial activity of these plants,
despite their widespread use in traditional medicine to treat
infections, makes our data even more relevant.

MATERIALS AND METHODS
Preparation of plant extracts

The aerial portions of Mimosa pudica and the roots of
Alpinia officinarum were purchased at online stores located
in Brazil named Cha e Cia (https://www.chaecia.com.br),
and Grupo Rocha Satde (https://www.gruporochasaude.
com/), respectively. Both are registered and certified by
the Brazilian Health Regulatory Agency (ANVISA) and
provide taxonomic data on the label of each product. The
crude extracts were extracted by full immersion in ethanol
(96°GL) for seven days at home temperature. Ethanol
was selected as the extraction solvent because of its ability
to extract compounds with a broad range of polarities,
including flavonoids, phenolic acids, tannins, alkaloids, and
terpenoids. Also, it facilitates the concentration process
and allows direct comparison with previous antimicrobial
studies with plant extracts, for which ethanolic extracts are
predominantly employed.

Following, the resulting mixtures were filtered, and
the solvents were concentrated under vacuum at 45 °C
(SpeedVac, Thermo Fisher Scientific, USA). The residual
solvent was removed in a vacuum centrifuge, and the dried
extracts were resuspended in DMSO (Sigma-aldrich) and
stocked at 4°C until analysis. The registration number for
access to genetic resources in the National System for the
Management of Genetic Heritage (SISGEN) is A666F67. For
the biological assays, stock solutions of the extracts were
prepared at 5 mg/mL using sterile distilled water and stored
at 4 °C until used.

Qualitative phytochemical assays

Traditional qualitative assays were applied to identify
major phytochemical classes within the extract. The presence
of flavonoids was assessed using the Shinoda reaction,
tannins through reaction with a 5 % ferric chloride solution,
and saponins by vigorous agitation of the aqueous extract
with stable foam formation (Maheshwaran et al., 2024).
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Ultra-High-Performance Liquid Chromatography coupled
to High-Resolution Tandem Mass Spectrometry (UHPLC-
HRMS/MS)

Chemical profiling was carried out using a Nexera UHPLC
system (Shimadzu) coupled to a maXis ESI-QTOF mass
spectrometer (Bruker), managed by Compass 1.7 software.
Samples were dissolved in DMSO and diluted in methanol to
5 mg/mL, and 5 pg aliquots were injected into a Shimadzu
Shim-Pack XR-ODS-IlIl C18 column (2.2 pym, 2x150 mm)
maintained at 40 °C. The mobile phase consisted of water
(A) and acetonitrile (B), both with 0.1 % formic acid, at
a flow rate of 400 pL/min. The gradient program was as
follows: 5 %B for 5 min, linear increase to 100 %B over 40
min, and 5 min hold at 100 %B. Detection was performed
using UV-PDA (190-450 nm) and high-resolution MS in
positive ion mode (m/z 100-1500, 5 Hz). Source settings
were as follows: endplate offset = 500 V, capillary = 4500
V, nebulizer = 3.0 bar, dry gas = 8 L/min, dry temperature
=200 °C. MS/MS data were acquired in a data-dependent
manner (15-60 eV). Chromatographic peaks and MS/MS
spectra were analyzed with reference data from the FIOCRUZ
Minas internal library and the MassBank public repository.

Cytotoxicity assay

Cytotoxic effects of the extracts were evaluated in 96-
well plates using the BGM monkey kidney cell line (Sigma,
St. Louis, USA). Cells (3 x 10°/mL) were seeded in 180 pL
of RPMI-1640 medium (Gibco, Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with 10 % (w/v) fetal
bovine serum and 2 mM L-glutamine. Following a 24 h
incubation at 37 °C under 5 % CO, to allow cell adhesion,
20 pL of serially diluted extracts (15.6-1,000 pg/mL) were
added. Untreated cells maintained in complete medium
served as negative controls. After a further 24 h incubation
under identical conditions, cell viability was assessed using
the neutral red uptake assay (50 pg/mL), which estimates
lysosomal integrity. Following a 3 h exposure to the dye,
absorbance was measured at 540 nm using a Synergy H4
Hybrid Reader (BioTek Instruments, Winooski, USA). Cells
were subsequently fixed with a 1 % (w/v) formaldehyde-1
% (w/v) calcium chloride solution, and unbound dye was
removed. The retained neutral red was solubilized in an
ethanol (50 %, v/v) and acetic acid (1 %, v/v) mixture. The
50 % cytotoxic concentration (CC, ) values were calculated
from at least two independent experiments conducted
in duplicate, using Origin 8.0 software (OriginLab,
Northampton, MA, USA).

Bacterial strains

We used ten clinical isolates of Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa. The isolates were
obtained from the microbial collection of Anhanguera
College. S. aureus strains originated from hemodialysis
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catheter tips, E. coli from urinary tract infections, and P.
aeruginosa from tracheal secretions. Identification was
performed using the VITEK® 2 system (version R04.02,
bioMérieux) according to the manufacturer’s instructions,
and similarity indexes > 90 % were confirmative of the
species.

Minimal inhibitory concentration (MIC) assay

MIC values were obtained following the Clinical and
Laboratory Standards Institute protocol, using sterile,
untreated 96-well microplates (CLSI, 2024). Bacterial
suspensions were adjusted to a 0.5 McFarland standard
(~1.5x108 CFU/mL) in saline and then diluted in fresh
Mueller-Hinton broth (Difco, Becton Dickinson, USA) to
1x10° CFU/mL. Each well contained 100 pL of this bacterial
suspension and 100 pL of extract in concentrations ranging
from 8 to 1024 pg/mL, corresponding to approximately
5x10* CFU/mL per well. Plates were incubated overnight
at 35 + 2 °C. After incubation, 0.1 g/L resazurin solution
was added (50 pL). MIC was defined as the lowest extract
concentration that prevented the color change from blue to
pink. Extract-only controls at 1024 pg/mL served as negative
control. All tests were performed in triplicate.

Minimal bactericidal concentration (MBC) assay

MBC was determined by spotting 10 pL aliquots from
each MIC well with negative result onto Mueller-Hinton agar
(Difco). Extract controls at their MIC concentration without
inoculum were used as blanks. Plates were incubated
at 35 + 2 °C overnight, and the MBC was defined as the
minimum concentration showing no visible bacterial growth
(Alcantara et al., 2023). The experiments were conducted
in triplicate.

In vitro anti-inflammatory activity

Anti-inflammatory activity was estimated by the inhibition
of bovine serum albumin (BSA) denaturation, following a
previously established procedure (Alcantara et al., 2023)
with slight modifications. BSA (Thermo Fisher, USA) was
incubated at 70 °C for 15 min to induce denaturation.
Extracts were tested at their MIC concentrations. Meloxicam
(1000 pg/mL, Sigma, USA) served as positive control,
and untreated BSA was used as negative control. After
incubation, samples were cooled to room temperature,
and absorbance was measured spectrophotometrically at
660 nm. All assays were performed in duplicate. Inhibitory
activity was calculated using the equation: %inhibition =

([Acontrol - Asample]/ Acontrol) x 100.

Statistics

Normality of data was assessed using the Shapiro-
Wilk test, homoscedasticity and heteroscedasticity were
assessed through Bartlett’s and Levene’s tests, respectively.
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Differences in the anti-inflammatory potential of the plants
were analyzed using Kruskal-Wallis test followed by Student-
Newman-Keuls post hoc test. The analyses were conducted
using Bioestat 5.3 for Windows.

RESULTS
Cytotoxicity and antimicrobial activity

The CC, for M. pudica was of 78.1 + 6.2 ug/mL, whilst
the CC, for A. officinarum was <15.65 pug/mL. Both extracts
were active only against P. geruginosa strains on the tested
concentrations (MIC = 8 pg/mL, MBC >1024 pg/mL).

Anti-inflammatory potential

The extracts and meloxicam displayed significant anti-
inflammatory activity when compared to the untreated
control (Fig. 1). The extracts of M. pudica and A. officinarum
had a protective effect of 86.75 % and 89.37 %, respectively.
Meloxicam presented a protective effect of 88.62 % and was

not statistically different from the extracts (p > 0.05).

Absorbance
'S

0.1 |_1—‘ |___| |—¢—‘
0
MP AO MX

Control

Figure 1. Comparative analysis of the anti-inflammatory
potential of M. pudica (MP), A. officinarum (AP) and meloxicam
(MX) with the untreated BSA (Control). Source: Own elaboration

Phytochemical analysis

The preliminary phytochemical assays indicated the
presence of flavones and condensed tannins in both extracts.
Atotal of24 compounds were identified in M. pudica extract by
UHPLC-HRMS/MS (Table 1, Fig. 2). Almost all compounds

Table 1. Compounds identified in M. pudica extract by UHPLC-HRMS/MS

RT A% Compound Phytochemical group Antimicrobial activity studies
0.9 52.83 Hordenine Alkaloid Zhou et al. (2018)
10.3 5.48 Vanillic acid Phenolic acid Qian et al. (2020)
12.6 4.00 Coumarin Benzopyrone Feng et al. (2020)
13.9 35.56 Myricetin Flavonol Pinto et al. (2020)
13.9 35.56 Myricitrin Flavonol glycoside Sobeh et al. (2019)
14.1 5.04 Hyperoside Flavonol glycoside Wang et al. (2022)
14.1 5.04 Isoquercitrin Flavonol glycoside Yun et al. (2018)
15.2 36.29 Quercetin Flavonol Nguyen and Bhattacharya (2022)
15.2 36.29 Quercitrin Flavonol glycoside Lotha et al. (2018)
16.3 3.99 Kaempferol Flavonol Periferakis et al. (2022)
16.3 3.99 Luteolin Flavone Guo et al. (2020)
16.3 3.99 Cyanidin Anthocyanidin Gopu and Shetty (2016)
16.3 3.99 Fisetin Flavonol Alraih et al. (2021)
16.3 3.99 Afzelin Flavonol glycoside NCBI (2026)
19.8 12.22 Apigenin Flavone Kim et al. (2020)
19.8 12.22 Emodin Anthraquinone Lietal. (2016)
22.9 5.19 Piptanthine Alkaloid ND
32.6 50.22 Lambertianic acid Diterpenoid Shahinozzaman et al. (2021)
37.9 7.2 Betulonaldehyde Triterpenoid Chungetal. (2013)
39.5 29.73 Reserpine Indole alkaloid Parai et al. (2020)
40.2 24.84 Linoleic acid Polyunsaturated fatty acid Kim et al. (2021)
43.3 26.25 Episclareol Diterpene Tapia et al. (2004)
44.2 11.62 Alpha-glycyrrhetic acid Triterpenoid Oyama et al. (2016)
46.6 15.71 Erucamide Fatty acid long-chain amide Xie et al. (2021)

RT: retention time. A%: percent fraction of the chromatographic peak area. ND: antimicrobial activity is not described. Source: Own elaboration
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have been described for their antimicrobial potential, with
different mechanisms of action. Concerning A. officinarum, a
total of seven compounds were found by by UHPLC-HRMS/
MS (Table 2, Fig. 3). Although some compounds were
detected in both extracts, the phytochemical profiles should
be interpreted independently as M. pudica (Fabaceae) and
A. officinarum (Zingiberaceae) belong to distinct taxonomic
groups and have different biosynthetic capacities.

DISCUSSION

The present study provides an integrated assessment
of the antimicrobial, cytotoxic, and anti-inflammatory
properties of M. pudica and A. officinarum extracts, supported
by phytochemical profiling through UHPLC-HRMS/MS.
The phytochemical characterization provides explanation
for the biological activities observed in the present study.

Table 2. Compounds identified in A. officinarum extract by UHPLC-HRMS/MS

RT A% Compound Phytochemical group Antimicrobial activity studies
1.3 4.91 Adenosine Purine nucleoside Li et al. (2023)
14.2 0.65 3,4-Dihydrocoumarin Benzopyranone Sousa et al. (2022)
22.9 0.88 Ormosamine Alkaloid ND
22.9 0.88 Piptanthine Alkaloid ND
40.2 2.89 Linoleic acid Polyunsaturated fatty acid Kim et al. (2021)
46.6 1.22 Erucamide Fatty acid long-chain amide Xie et al. (2021)

RT: retention time. A%: percent fraction of the chromatographic peak area. ND: antimicrobial activity is not described. Source: Own elaboration

Figure 2. Chromatogram obtained from the analysis of M.
pudica extract. Phytomolecules identified by comparison to spectral
databases are mentioned in each peak. Source: Own elaboration
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Figure 3. Chromatogram obtained from the analysis of A.
officinarum extract. Phytomolecules identified by comparison to
spectral databases are mentioned in each peak. Source: Own
elaboration
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Rather than being attributed to a single constituent, the
antimicrobial activity of the extracts is more likely the result
of complementary and potentially synergistic interactions
among the phytochemicals. The extract of M. pudica was
particularly rich in flavonoids and flavonoid glycosides,
including myricetin, quercetin, quercitrin, myricitrin,
hyperoside, isoquercitrin, kaempferol, luteolin, apigenin,
fisetin and afzelin, whereas A. officinarum presented a
less complex phytochemical profile composed mainly of
alkaloids, coumarin derivatives, fatty acids and nucleosides.

In contrast to earlier reports, which are limited and mot
always present our findings show that both extracts have
limited antimicrobial potential. This can be explained by
variations in phytochemical composition of the plants and
extraction methods as well, and due to the use of clinical
isolates rather than reference strains in MIC and MBC
tests. M. pudica was described to be active against reference
strains of Bacillus cereus, Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus aureus and Salmonella
typhi in a mg/mL scale (Mandal et al., 2022; Gandhi et al.,
2023), and A. officinarum was described to be active against
reference strains of B. cereus, S. aureus, P. aeruginosa, E. coli and
Streptococcus pneumoniae (Huang et al., 2008; Srividya et al.,
2010).

Abirami et al. (2014) screened M. pudica leaf extracts at
volumes of 30-120 pL/mL (at 1 mg/mL), and found that the
acetone extract produced the largest inhibition zone of 24
mm against S. aureus at 120 pL/mL, while petroleum ether
extract reached 21 mm against S. typhi and the aqueous
extract reached 22 mm against E. coli at 60 pL/mL. Testing
ethanolic leaf extracts at 5-250 pug/mL, Sunil et al. (2016)
demonstrated concentration-dependent activity with no
inhibition at 5 pg/mL and maximum zones at 250 pg/mL of
17 mm for E. coli, 16 mm for P. aeruginosa and S. aureus, and
15 mm for S. pyogenes. Lakshmibai and Amirtham (2018)
evaluated the ethanolic and aqueous extracts at 25-100
pg/well, and described that the aqueous extract showed
superior activity against E. coli at 100 pg/well with a 24.2
mm zone, outperforming the streptomycin control at 20.1
mm. Finally, Mawuko et al. (2025) tested hot and cold stem
and leaf extracts at a single concentration of 100 mg/mL,
concluding that the ethanolic extract was the most potent,
with inhibition zones ranging from 4.0 mm against S. typhi
and E. coli to 11.5 mm against B. cereus.

Regarding A. officinarum, Srividya et al. (2010) tested
hydroalcoholic obtained by hot and cold maceration and
methanol extracts of the rhizome at 250-1000 pg/mL
against reference bacterial strains, and found that the hot
hydroalcoholic extract was the most potent, with inhibition
zones ranging from 17 mm against P. aeruginosa to 38 mm
against S. aureus at 1000 pg/mL, and MIC values of 31.25 pg/
mL for S. aureus and 250 pg/mL for B. cereus, P. aeruginosa, and
E. coli. Aljobair (2022) evaluated a methanolic:water (80:20,
v/v) extract of Alpinia galanga rhizome at 0.1 mg/mL against
a panel of ATCC reference strains and one clinical isolate (B.

coagulans), reporting the largest inhibition zones against K.
pneumoniae (12.0 mm) and Y. enterocolitica (11.0 mm), with
Gram-positive bacteria showing zones of 7-10 mm and E. coli
being the most resistant (5.0 mm). More recently, Belamine
et al. (2025) investigated the essential oil of A. officinarum
(27.52 % eucalyptol) and reported exceptionally potent
activity against P. geruginosa, with MIC and MBC values of
0.82 pg/mL and 6.562 pg/mL, respectively.

Our results suggest a primarily bacteriostatic profile of
both extracts, possibly related to interference with virulence
regulation or membrane dynamics that might be hampering
direct cell death. Both extracts were active only against P.
aeruginosa isolates, and the MBC could not be determined
under the tested concentrations. The selective activity
observed against P. geruginosa is particularly relevant as the
species might present varied mechanisms of antimicrobial
resistance. Taken together, the low MIC values obtained in
the present study and the phytochemical profiles suggest
that the extracts may act in varied targets. However, the
biological behavior of phytochemical mixtures is complex
and hardly predictable, which combined to the genotypic
diversity of clinical isolates, helps to explain the antimicrobial
activity results.

Most compounds identified in both extracts by UHPLC-
HRMS/MS have been associated with antimicrobial
mechanisms that converge toward some molecular targets.
Flavonoids detected in M. pudica interfere with bacterial
virulence regulation, quorum sensing, biofilm development
and adaptive stress responses (Kim et al., 2020; Pinto et al.,
2020; Nguyen and Bhattacharya, 2022). Other compounds,
including luteolin, vanillic acid, emodin, alpha-glycyrrhetic
acid, linoleic acid, erucamide and 3,4-dihydrocoumarin,
act primarily by affecting membrane integrity, membrane-
associated signaling pathways or cellular energy metabolism
(Li et al., 2016; Oyama et al., 2016; Guo et al., 2020;
Qian et al., 2020; Kim et al., 2021; Xie et al., 2021; Sousa
et al.,, 2022). Apigenin, lambertianic acid and episclareol
have been associated with alterations in intracellular
redox homeostasis, respiratory metabolism and oxidative
phosphorylation (Tapia et al., 2004; Kim et al., 2020;
Shahinozzaman et al., 2021).

A deeper analysis of the phytochemical data helps to
explain the antimicrobial potential of the extracts. Myricetin
inhibits virulence determinants such as biofilms and
hemolysin production (Pinto et al., 2020). The antimicrobial
mechanisms of quercetin include inhibition of virulence-
related enzymes and modulation of bacterial regulatory
systems of adaptation to the environment (Nguyen and
Bhattacharya, 2022). Luteolin was reported to compromise
the integrity of bacterial cell membranes, leading to leakage
of intracellular content, and of suppressing the expression
of virulence-associated genes (Guo et al., 2020). Apigenin
disrupts bacterial redox homeostasis, intensifying oxidative
stress (Kim et al., 2020). Vanillic acid reduces intracellular
ATP, decreases membrane potential and pH, and induces
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membrane damage and loss of integrity (Qian et al., 2020).
Isoquercitrin affects membrane dynamics by inducing an
apoptosis-like death mechanism (Yun et al., 2018). The
antimicrobial activity of emodin is explained by membrane
deformation, collapse and leakage of intracellular content,
with decrease intracellular ATP levels and impairment of
key metabolic enzyme activities (Li et al., 2016). Episclareol
affects the bacterial respiratory chain and oxidative
phosphorylation, leading to decreased bacterial viability
(Tapia etal., 2004). Betulonaldehyde interferes in regulatory
networks that include stress-response genes, leading to
bacterial death (Chung et al., 2013).

Alpha-glycyrrhetic acid compromises bacterial envelope
integrity, leading to increased membrane permeability
and leakage of intracellular content, and downregulates
virulence-associated factors such as toxins and quorum-
sensing systems (Oyama et al., 2016). Lambertianic acid
antimicrobial potential is likely linked to its capacity to
interfere with bacterial membrane integrity and to modulate
intracellular redox balance (Shahinozzaman et al., 2021).
Linoleic acid acts as a membrane-disrupting lipid and as
a signaling molecule that interferes with virulence gene
expression, motility, and biofilm maturation, downregulating
exopolysaccharide synthesis and suppressing structural
integrity (Kim et al., 2021). Erucamide is proposed to
act through interference on bacterial membrane integrity
and membrane-associated processes such as energy
transduction, nutrient uptake, and signaling (Xie et al,,
2021). 3,4-dihydrocoumarin is proposed to interfere
with bacterial membrane stability and enzyme function,
consistent with the reactivity of the coumarin nucleus
toward redox and nucleophilic biological target (Sousa et
al., 2022). Adenosine increases intracellular ATP levels while
reducing the accumulation of proteins and destabilizing
bacterial membranes (Li et al., 2023).

The anti-inflammatory potential of M. pudica and
A. officinarum is poorly explored. Here we used the BSA
denaturation method to investigate this potential, and
interestingly, both extracts were not statistically different
from meloxicam (a potent non-steroidal anti-inflammatory
drug that inhibits cyclooxygenases 1 and 2) in preventing the
exposure of chromophore groups in BSA (Fig. 1). Our results
are consistent with previous (and scarce) observations of the
anti-inflammatory potential of M. pudica and A. officinarum,
which are believed to be mostly due to the presence of
flavonoids (Honmore et al., 2016).

Regarding the cytotoxicity of the extracts, M. pudica
displayed CC_  of 78.1 = 6.2 ug/mlL, while A. officinarum
exhibited substantial cytotoxicity (CC,, < 15.65 pg/mL).
The American National Cancer Institute set the criteria of
cytotoxicity for crude extracts as CC, <30 pug/mL (Ogbole et
al., 2017), indicating that only M. pudica can be considered
safe for further studies. The cytotoxicity of A. officinarum
might be linked to the presence of alkaloids (ormosamine
and piptanthine) and coumarin derivatives, which not only
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are present in a less phytochemically diverse environment
(compared to M. pudica) but also might interfere with
mitochondrial metabolism and cell membrane stability
(Annunziata et al., 2020; Olofinsan et al., 2023).

CONCLUSIONS

This study investigated the antimicrobial activity of
ethanolic extracts obtained from M. pudica and A. officinarum
against clinically relevant bacterial species, together with
their cytotoxic and anti-inflammatory properties. The
phytochemical characterization indicated that M. pudica was
rich in flavonoids whereas A. officinarum extract was mostly
composed of alkaloids, coumarin derivatives and fatty acids.
Considering the widespread traditional use of these species
for treating infectious and inflammatory conditions and the
scarcity of studies employing clinical bacterial isolates, our
findings contribute to the understanding of the bioactivity of
these extracts, and of their use in traditional medicine. The
main limitation of this study is that the plant materials came
from commercial suppliers, meaning factors like growing
conditions, harvest time, storage, and genetics could affect
their phytochemical profiles. Thus, more studies are also
necessary to better understand the phytochemical profile
of these plant species, using fresh parts. Nevertheless,
this limitation does not impair our measurement of the
antimicrobial activity of these extracts.
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