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Abstract

Context: Helminthostachys zeylanica (L.) Hook., is a plant that has been used traditionally in Asia as a medicine. Its foliage is both utilized medicinally and
consumed as a vegetable, whereas the rhizomes have historically been employed to treat a variety of conditions, including infectious diseases.

Aims: To elucidate the phytochemical profile of H. zeylanica and assess its antibacterial potential through untargeted metabolomic analysis.

Methods: Various parts of the plant were extracted using the maceration technique, and this was followed by evaluating the antibacterial activity using the
Kirby-Bauer disc diffusion method. Then, the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were determined.
Phytochemical analysis was performed using LC-HRMS. Multivariate analyses, including PCA and PLS-DA, were used to explore the variations in metabolite
profiles and their association with antibacterial activity.

Results: The results showed that the H. zeylanica extracts had moderate antibacterial activity, particularly against certain Gram-positive bacteria, though their
efficacy was generally lower when compared to the standard antibiotic chloramphenicol. Metabolomic profiling revealed distinct metabolic signatures for
each plant part, thereby emphasizing the unique phytochemical environments. Furthermore, our findings suggest that H. zeylanica contains bioactive
compounds with selective antibacterial properties. However, its overall effectiveness, particularly against Gram-negative bacteria, is limited when compared
to conventional antibiotics.

Conclusions: This study not only contributes to the pharmacological understanding of H. zeylanica, but it also emphasizes the importance of comprehensive
metabolomic analysis in determining the therapeutic potential of medicinal plants.
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Resumen

Contexto: Helminthostachys zeylanica (L.) Hook., es una planta que se ha utilizado tradicionalmente en Asia como medicina. Su follaje se utiliza tanto con fines
medicinales como consumido como verdura, mientras que los rizomas se han empleado histéricamente para tratar una variedad de afecciones, incluidas las
enfermedades infecciosas.

Objetivos: Dilucidar el perfil fitoquimico de H. zeylanica y evaluar su potencial antibacteriano mediante analisis metabolémico no dirigido.

Métodos: Se extrajeron varias partes de la planta mediante la técnica de maceracion y, a continuacion, se evalud la actividad antibacteriana mediante el
método de difusidn en disco de Kirby-Bauer. Luego, se determinaron la concentracién minima inhibitoria (CMI) y la concentraciéon minima bactericida (CMB).
El analisis fitoquimico se realizé mediante LC-HRMS. Se utilizaron andlisis multivariados, incluidos PCA y PLS-DA, para explorar las variaciones en los perfiles
de metabolitos y su asociacion con la actividad antibacteriana.

Resultados: Los resultados mostraron que los extractos de H. zeylanica tenian una actividad antibacteriana moderada, particularmente contra ciertas
bacterias Gram-positivas, aunque su eficacia fue generalmente menor en comparacién con el antibiético estandar cloranfenicol. El perfil metabolémico
reveld firmas metabdlicas distintas para cada parte de la planta, enfatizando asi los ambientes fitoquimicos tnicos. Ademas, nuestros hallazgos sugieren que
H. zeylanica contiene compuestos bioactivos con propiedades antibacterianas selectivas. Sin embargo, su efectividad general, particularmente contra
bacterias Gram-negativas, es limitada en comparacién con los antibidticos convencionales.

Conclusiones: Este estudio no solo contribuye a la comprension farmacoldgica de H. zeylanica, sino que también enfatiza la importancia del andlisis
metabolémico integral para determinar el potencial terapéutico de las plantas medicinales.

Palabras Clave: actividad antibacteriana; Helminthostachys zeylanica; LC-HRMS; metabolémica; metabolitos secundarios.
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INTRODUCTION

The field of plant metabolomics, which is experi-
encing significant growth, is an essential tool in mod-
ern phytochemistry as it enables the examination of
the metabolome, which comprises a vast array of
small-molecule chemicals that are found in living
organisms. Metabolites play a crucial role in plants'
adaptive responses to their environment, and they are
highly correlated with phenotypic traits (Hong et al.,
2016). The field of metabolomics has made significant
strides in understanding the interplay between bio-
logical effects and plant-derived metabolites through
the research conducted by Wang et al. (2005). Their
discoveries have laid the groundwork for future pro-
gress in agriculture and pharmaceuticals. Metabolom-
ic techniques are diverse, encompassing fingerprint-
ing, targeted metabolomics, and untargeted metabo-
lomics. Specifically, untargeted metabolomics offers
an unbiased overview of the metabolome, capturing a
snapshot of the complete chemical profile of a sample
at a given time (Gertsman and Barshop, 2018). This
approach is particularly advantageous for discovering
novel bioactive compounds, as it does not rely on
predefined targets. Adding chemometric tools to
metabolomics makes it even better at making predic-
tions. It makes it easier to understand large datasets
and find compounds that have important biological
activities (Kanginejad and Mani-Varnosfaderani,
2018).

The escalating threat posed by antibiotic resistant
pathogens has underscored the imperative need for
novel antimicrobial agents. The widespread use and
misuse of antibiotics have led to an alarming rise in
antimicrobial resistance (AMR), a phenomenon that
complicates treatment strategies and results in in-
creased morbidity and mortality (D’Andrea et al.,
2019; Ikokwu et al., 2023). Throughout history, medic-
inal plants have been an abundant source of therapeu-
tic agents. This crisis has reignited interest in these
plants. Helminthostachys zeylanica (L.) Hook. (family
Ophioglossaceae), commonly referred to as tunjuk
langit, is an intriguing plant species native to Indone-
sia. Traditional medicine practices throughout Asia
have a long history with this species. The foliage is
both utilized medicinally and consumed as a vegeta-
ble, whereas the rhizomes have historically been em-
ployed to treat a variety of conditions, including res-
piratory and gastrointestinal disorders (Chang et al.,
2019). Furthermore, diverse communities have docu-
mented the utilization of various plant components to
treat a multitude of ailments, thereby underscoring
the plant's significance in ethnomedicine (El Ridhasya
et al., 2020; Fitrya et al., 2010).
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Scientific investigations of H. zeylanica have identi-
fied numerous secondary metabolites that exhibit
encouraging biological activities. Significantly, the
inhibitory effects of a-glucosidase have been observed
in certain compounds, including ugonin J and K,
which offer promising prospects for diabetes man-
agement (El Ridhasya et al., 2020). The plant's roots
have been linked to a variety of therapeutic effects,
including antioxidant, anti-osteoporosis, anti-cancer,
anti-inflammatory, and immunomodulatory proper-
ties (Chen et al., 2014; 2017; Tsai et al.,, 2021). Fur-
thermore, the ethanolic leaf extract inhibits B. cereus,
as evidenced by SEM micrographs showing cell wall
introversion and collapse after 24 hours (Yenn et al.,
2018). Our previous research found that dichloro-
methane root extracts had antibacterial activity
against a variety of pathogens, with MICs ranging
from 125-500 pg/mL (Army et al., 2023).

Notwithstanding the encouraging outcomes
achieved thus far, the predominant emphasis of re-
search pertaining to H. zeylanica has been on its roots.
This has resulted in a significant knowledge deficit
concerning the potential medicinal properties exhibit-
ed by alternative plant parts, including stems and
leaves. This research oversight has restricted a com-
prehensive understanding of the plant's complete
pharmacological capabilities, potentially leading to
the neglect of valuable therapeutic properties. Fur-
thermore, there is a noticeable lack of comprehensive
research on the potential synergistic effects that could
result from the combination of various plant metabo-
lites. An examination of these interactions may unveil
improved therapeutic advantages, given that the syn-
ergistic impacts of multiple compounds may generate
medicinal properties that are more potent or varied in
nature compared to the use of these compounds in
isolation (Wagner and Ulrich-Merzenich, 2009; Yang
et al., 2014). According to research, looking into these
possible synergies could lead to better treatment op-
tions and help us learn more about how H. zeylanica
can be used in both traditional and modern medicine.

To address these shortcomings, the current study
conducted a comprehensive untargeted metabolomic
analysis of all parts of the H. zeylanica plant in order
to classify and characterize the myriads of secondary
metabolites found there. We evaluate the antibacterial
efficacy of these metabolites in various parts of the
plant, including the root, stem, and leaf. This study
aimed to identify novel antibacterial compounds and
predict antibacterial activity markers, laying the
groundwork for the development of new antimicrobi-
al therapeutics. The findings are expected to have far-
reaching implications for both the pharmaceutical
industry and the field of ethnopharmacology, poten-
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tially leading to the rediscovery of traditional medici-
nal practices in a modern context.

MATERIAL AND METHODS

Plant material

The Helminthostachys zeylanica (L.) Hook was ob-
tained from Sungai Kampar, which is situated in the
Riau  Province  of Indonesia  (0°0923.6"N
101°21'54.0"E). H. zeylanica was identified as the spec-
imen bearing the identifier 67/UN19.5.1.1.3/2019 by
Prof. Fitmawati. The specimen was subsequently de-
posited with the Biology Department at Universitas
Riau, and the correct nomenclature was confirmed
from https:/ /www.worldfloraonline.org/

Extraction

Various plants were subjected to maceration in
1000 mL of methanol for 24 hours, which was repeat-
ed three times until the maceration results stopped
exhibiting a green coloration. Subsequent to the mac-
eration process, the extract was filtered, and the fil-
trate was retained. The macerate was subsequently
concentrated using a rotary evaporator at 40°C, yield-
ing a crude methanol extract. The liquid-liquid extrac-
tion was employed to isolate the crude methanol ex-
tract, yielding n-hexane, dichloromethane, ethyl ace-
tate, and aqueous extracts. In this study, the di-
chloromethane fraction, previously reported to exhib-
it antibacterial activity (Army et al., 2023), was further
investigated. Crude methanol extracts were produced
from 100 g of each plant part, resulting in yields of
24.8 g from the leaves, 19.2 g from the stems, and
10.81 g from the roots. The subsequent liquid-liquid
extraction yielded dichloromethane fractions of 1.94 g
from the leaves, 1.52 g from the stems, and 1.20 g
from the roots.

Antibacterial activity

Microbial strain

The present study utilized a diverse collection of
bacterial strains, including both Gram-positive and
Gram-negative varieties. The Gram-positive bacteria
included Bacillus subtilis ATCC 6633, Bacillus cereus
ATCC 11778, Staphylococcus aureus ATCC 25923,
Staphylococcus epidermidis ATCC 12228, Listeria mono-
cytogenes ATCC 7644, Listeria innocua ATCC 33090,
and Micrococcus luteus ATCC 10240. Additionally, the
Gram-negative bacteria used were Salmonella typhi-
murium ATCC 14028, Vibrio parahaemolyticus ATCC
17802, Vibrio cholerae inaba, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Shigella
sonnei ATCC 9290, and Bordetella bronchiseptica ATCC
4617. The antimicrobial activity of the compounds
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under investigation was thoroughly evaluated
through the careful selection of these varied bacterial
strains. All of these strains were obtained from the
National Agency of Drug and Food Control in Pek-
anbaru's Microbiology Laboratory.

Kirby Bauer disc diffusion method

Mueller Hinton Agar (MHA) was poured into ster-
ile Petri dishes with caution after sterilization, and the
mixture was allowed to solidify. A total of 10¢ colony-
forming units (CFU) per milliliter of bacterial suspen-
sion were utilized to evenly distribute the bacteria on
the surface of the MHA. This was achieved with the
assistance of a sterile cotton swab. Blank disc papers
were deliberately positioned on the surface of the
bacterial-laden MHA in order to assess its antibacteri-
al properties. The discs fulfilled various functions:
they guided the test extracts and served as controls.
One set of discs functioned as a negative control, de-
void of any antibacterial agent, while the other set
was impregnated with 30 pg of chloramphenicol, a
recognized antibiotic, which functioned as the posi-
tive control. The test extract was applied dropwise
onto the blank discs using a micropipette containing
10 uL of the extract solution with a final concentration
of 500 pg/disc. An analogous procedure was applied
to the negative control discs. After allowing the solu-
tions to remain on the discs for an extended period of
time, they were dried naturally.

The Petri dishes were incubated at a constant tem-
perature of 37°C for a period of time varying from 18
to 24 hours, subsequent to the preparation process.
During this time, the bacterial culture and the applied
substances were able to appropriately interact. Clear
zones encircling the discs were inspected in the Petri
dishes after incubation (which signifies the inhibition
of bacterial growth). With regard to the degree of
antibacterial activity, the diameters of these transpar-
ent regions were exactly measured and documented.
To ensure consistency and dependability of the re-
sults, the test was replicated three times for each bac-
terial strain, and the samples tested exhibited clear
inhibition zones, which served as an indication of
antibacterial efficacy (Hendra et al., 2022; Khodijah et
al., 2023).

Minimum inhibition concentration (MIC) and minimum
bactericidal concentration (MBC)

The methodology described by Army et al. (2023)
was employed to ascertain the MIC and MBC for the
extracts. For the MIC determination, a 96-well round-
bottom microtiter plate was utilized in accordance
with standard broth microdilution procedures. The
MBC evaluation, on the other hand, was conducted
on Mueller Hinton agar (MHA) plates.
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Bacterial inoculums were prepared at a density of
10¢ colony forming units (CFUs) per milliliter for the
MIC assay. The procedure commenced with the addi-
tion of 100 pL of the extract stock solution (500
pg/mL) to the microtiter plate. Subsequently, 100 uL
of bacterial inoculum in Mueller Hinton broth (MHB)
was serially diluted twice more with 100 pL of the
stock solution, moving from Column 12 to Column 3.
Column 12 contained the highest concentration of
extract, while Column 3 contained the lowest. Col-
umn 1 functioned as the negative control (only for
medium), while Column 2 served as the positive con-
trol (medium with bacterial inoculums). The plates
were examined for changes in well density after a 24-
hour incubation at 37°C in order to determine the
MIC, which is the lowest concentration of extract that
inhibits bacterial growth.

To perform MBC testing, the suspension contained
in each well of the microtiter plate was transferred to
MHA plates and subjected to a 24-hour incubation
period at 37°C. The MBC was determined to be the
lowest concentration of extract at which no observa-
ble bacterial growth occurred on the MHA plates,
thus signifying the absolute eradication of bacteria
(Army et al.,, 2023; Hendra et al., 2024).

Phytochemical studies

In order to profile metabolites, an ultrasonic ex-
traction procedure was employed to acquire approx-
imately 50 mg of dried extract. This involved a 15-
minute exposure to 30 °C and 1.5 mL of methanol
(Boritnaban et al., 2022). The filtrates were subse-
quently collected in vials after the extract underwent
filtration via a 0.2 pum syringe filter membrane
(SY25TF PTFE mdi). The UHPLC-Q Exactive Plus
Orbitrap High-Resolution Mass Spectrometer was
utilized to perform the analysis. A UV detector set to
254 nm was utilized in conjunction with an Ac-
cucoreTM Phenyl Hexyl (100 x 2.1 mm, 2.6 um) sepa-
ration column, which was manufactured by Thermo
ScientificTM in Waltham, MA, USA. By means of
electrospray ionization, the mass spectrometer was
ionized, and the mass analyzer was a Q-Orbitrap. In
addition, 18, 35, and 53 eV were designated as the
collision energies. In conjunction with a capillary
temperature of around 320°C, the spray voltage was
sustained at 3.8 kV. A resolving power of 70,000
FWHM was applied, with the sheath and auxiliary
gas flow rates established at 15 and 3 mL/min, re-
spectively. With an autosampler temperature of 10°C
and a sample injection volume of 0.5 mL, the flow rate
for the delivery system was 0.3 mL/min. One percent
formic acid in water (A) and acetonitrile constituted
the mobile phase (B). The following procedure was
utilized for linear gradient elution: Intervals of 0-1.5
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minutes (5 percent B), 1.5-9 minutes (5-10 percent B),
9-13 minutes (10-20 percent B), 13-17 minutes (20-28
percent B), 17-23 minutes (28-78 percent B), 23-26
minutes (70-95 percent B), 26-29 minutes (95 percent
B), and 29-32 minutes (5 percent B) were utilized, for
a total of 32 minutes of execution. In positive ioniza-
tion mode, the MS functioned in full-scan mode (100-
1500 m/z). The raw data can be accessed at
https:/ /bit.ly/SuppinfoHzeylanica and supplemen-
tary data.

Data analysis

The statistical analysis of the mean * standard de-
viation (SD) of the antibacterial test results was con-
ducted utilizing Minitab version 21. The comparisons
of means were performed by employing a one-way
analysis of variance (one-way ANOVA) in conjunc-
tion with Tukey's test. Differentials were considered
statistically significant when the p-value was below
0.05.

Fragmentation patterns (MS and MS/MS) were
identified in the data processed by UHPLC-Q-
Orbitrap HRMS (molecular weight values) using
Compound Discoverer™ Software (Thermo Scien-
tific™, Waltham, MA, USA). The raw MS data (in
*raw format) were converted to the *.abf format us-
ing Abf Converter 4.0.0 in preparation for qualitative
analysis. MS FileReader 3.0 and MSDIAL
ver.4.9.221218 (for peak discrimination, filtering, and
alignment) were utilized to analyze the compounds.
Identification was performed using internal and MSP
databases, an adduct type of [M + H]+, and reference
blank alignment with an 80% cutoff value. The filtra-
tion criteria for compound identification were mass
error values of 10 ppm. MS-FINDER 3.52 was utilized
to predict the structures, fragments, and formulas of
the unidentified compounds. The software accessed
the following databases: PlantCyc, ChEBI, Natural
Products Atlas (NPA), NANPDB, COCONUT,
KNApSAcK, PubChem, and UNPD.

Analysis of multivariate data (MVDA) was per-
formed utilizing MetaboAnalyst 5.0 (available at
https:/ /www.metaboanalyst.ca). The clear zone data
from the antibacterial test and the peak area data for
all compounds detected with the adduct type [M +
H]* were compiled in *.csv format. Principal compo-
nent analysis was then utilized to generate patterns of
sample clustering and similarities and differences
between plant parts were established via multivariate
analysis (PCA). The partial least squares (PLS) meth-
od was implemented to further examine the correla-
tion between the chemical compounds and antibacte-
rial activity in the samples of H. zeylanica. In addition,
heatmap and hierarchical cluster dendrogram anal-
yses were performed to illustrate the outcomes of the

J Pharm Pharmacogn Res (2025) 13(4): 1074


https://jppres.com/
https://bit.ly/SuppinfoHzeylanica
https://www.metaboanalyst.ca/

Hendra et al.

identification of the suspected compound in the ex-
tracts obtained from various components of H. zeylan-
ica.

RESULTS

Antibacterial activity

The antibacterial properties of different compo-
nents of H. zeylanica were evaluated in the presence of
both Gram-positive and Gram-negative bacteria, re-
vealing significant patterns of effectiveness. The inhi-
bition zone measurements indicated that the antibac-
terial potency of the plant extracts, particularly from
the roots, was moderate at 500 pg/disc (Table 1). For
example, the leaves demonstrated the most significant
inhibition against B. subtilis (13.09 mm), but this was
considerably less than the inhibition by chloramphen-
icol (32.64 mm).

Similar patterns were observed among the Gram-
positive bacteria, including S. aureus and B. cereus; the
plant extracts exhibited moderate inhibition but re-
mained significantly less effective than chloramphen-
icol. Regarding S. epidermidis, the root extract exhibit-
ed the highest inhibition zone (12.19 mm), although it
remained considerably smaller than the chloramphen-
icol (30.05 mm). It is noteworthy that neither L. mono-
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cytogenes nor L. innocua was inhibited by any parts of
the plant, which underscores the restricted efficacy of
H. zeylanica against these strains. In contrast, chlo-
ramphenicol maintained its high level of effective-
ness, as evidenced by inhibition zones measuring
34.40 mm and 34.47 mm, respectively. Although the
extracts derived from the roots and stems exhibited a
certain level of inhibition against Gram-negative bac-
teria such as S. typhimurium and V. parahaemolyticus,
chloramphenicol's efficacy remained significantly
superior. P. aeruginosa exhibited total resistance to the
plant extracts; however, it did demonstrate a certain
degree of susceptibility to chloramphenicol.

The statistical analysis conducted utilizing Tukey's
test (a = 5%) yielded additional insights regarding the
significance of the differences in antibacterial activity
that were observed. The superscript letters (a-d) de-
note statistically significant variations within a single
bacterial strain, thereby emphasizing the disparate
effectiveness of the various parts of the plant (Table
1). As illustrated by the various letters, the inhibition
zones of the plant parts (root, stem, and leaf) of B.
subtilis were all significantly different from those of
the control groups. Although the leaves exhibited the
highest inhibition, it was still considerably lower than
that of chloramphenicol.

Table 1. Antibacterial activities of various part of H. zeylanica at a concentration of 500 pg/disc.

Inhibition zone (mm)

Bacteria

Root Stem Leave DMSO Chloramphenicol
Gram-positive
B. subtilis ATCC 6633 11.38+0.78° 12.44+0.97° 13.09+0.51° 0.0 £0° 32.64+0.67°
B. cereus ATCC 11778 11.06 +0.54° 9.75+0.81° 8.80+0.58° 0.0+0° 24.98 +1.68°
S. aureus ATCC 25923 9.36+0.55° 9.66+0.24° 8.69+0.09° 0.0£0¢ 33.96 + 0.94°
S. epidermidis ATCC 12228 12.1940.62° 9.40+0.63¢ 8.74+0.28° 0.0+0¢ 30.05 +0.96°
L. monocytogenes ATCC 7644 0.0 £0° 0.0 £0° 0.0+ 0° 0.0 £0° 34.40+0.33?
L. innocua ATCC 33090 9.45+0.23° 9.45+0.49° 8.63+0.35" 0.0+0° 34.47 +£0.83?
M. luteus ATCC 10240 6.7240.45° 7.20+0.87° 6.83+0.57° 0.0+0° 28.12+0.28?
Gram-negative
S. typhimurium ATCC 14028 11.01+0.31° 10.74+0.15° 9.45 +0.56° 0.0+0° 37.04+1.28°
V. parahaemolyticus ATCC 17802 19.03+2.27° 18.99 +0.21° 17.37+1.75° 0.0+0° 38.25+0.84°
V. cholerae inaba 11.28+0.08° 10.00 +0.08° 9.01+0.18° 0.0+0¢ 26.00 + 0.80°
E. coli ATCC 25922 10.42 £0.08° 10.83+0.18° 10.31£1.11° 0.0 £0° 32.94+1.10°
P. aeruginosa ATCC 27853 0.0 £0° 0.0 £0° 0.0+ 0° 0.0 £0° 10.42 £0.452
S. soneii ATCC 9290 8.28 +0.09¢ 8.81+0.29° 0.00 £ 0¢ 0.0+0¢ 35.71+0.21°
B. bronchiseptica ATCC 4617 10.12+1.20° 10.82+0.28° 9.09+1.31° 0.0£0¢ 33.08 +0.46°

=4 Mean + SD in the same row with different superscript letters indicates a statistically significant difference based on Tukey's test (a = 5%).
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Table 2. The minimum inhibition concentration (MIC) and minimum bactericidal concentration (MBC) of various parts of H. zeylanica.

MIC (pg/mL) MBC (pg/mL)
Bacteria Root Stem Leave ;:::itz:np Root Stem Leave ﬁ:::\:ac?l
Gram-positive
B. subtilis ATCC 6633 125 500 500 16 250 1000 1000 16
B. cereus ATCC 11778 62.5 250 1000 16 >1000 1000 >1000 32
S. aureus ATCC 25923 62.5 250 250 64 62.5 250 500 64
S. epidermidis ATCC 12228 62.5 250 500 64 125 500 1000 64
L. monocytogenes ATCC 7644 >1000 >1000 >1000 32 >1000 >1000 >1000 64
L. innocua ATCC 33090 >1000 >1000 >1000 32 >1000 >1000 >1000 64
M. luteus ATCC 10240 >1000 >1000 1000 32 >1000 >1000 >1000 64
Gram-negative
S. typhimurium ATCC 14028 >1000 >1000 >1000 4 >1000 >1000 >1000 8
V. parahaemolyticus ATCC 17802 62.5 125 31.25 8 125 250 250 16
V. cholerae inaba 250 500 1000 8 1000 1000 1000 16
E. coli ATCC 25922 >1000 >1000 >1000 16 >1000 >1000 >1000 32
P. aeruginosa ATCC 27853 >1000 >1000 >1000 16 >1000 >1000 >1000 32
S. soneii ATCC 9290 >1000 >1000 >1000 32 >1000 >1000 >1000 64
B. bronchiseptica ATCC 4617 1000 >1000 >1000 32 >1000 >1000 >1000 64

The assessment of minimum inhibition concentra-
tion (MIC) and minimum bactericidal concentration
(MBC) values yielded essential insights into the anti-
bacterial efficacy of several components of H. zeylanica
(Table 2). The root extracts consistently demonstrated
lower MIC and MBC values than the stem and leaf
extracts, signifying enhanced antibacterial efficacy.
The MIC of the root extracts against B. subtilis was 125
pg/mL, which was markedly lower than the 500
pg/mL recorded for stem and leaf extracts, so under-
scoring the superior activity of the roots. In contrast to
chloramphenicol, which exhibited a MIC of 16 pg/mL
against B. subtilis, the plant extracts showed signifi-
cantly diminished efficacy. This trend continued for
the additional Gram-positive bacteria, including S.
aureus and B. cereus, where the root extracts exhibited
lower MIC values than the stem and leaf extracts,
although they were much less effective than chloram-
phenicol.

The MIC values for all the plant parts against
Gram-negative bacteria, such as S. typhimurium and E.
coli, were above 1000 pg/mL, signifying negligible or
absent antibacterial action. Conversely, chloramphen-
icol demonstrated low MIC values, such as 4 pg/mL
for S. typhimurium, highlighting its enhanced antibac-
terial potency. V. parahaemolyticus exhibited suscepti-
bility to leaf extracts, with a minimum inhibitory con-
centration (MIC) of 31.25 pg/mL; still, chlorampheni-
col showed greater potency. The data indicate a con-
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sistent pattern in which the extracts from H. zeylanica
displayed considerable antibacterial activity against
specific Gram-positive bacteria, especially in the root
and stem extracts, while showing minimal effective-
ness against the majority of the Gram-negative bacte-
ria.

Phytochemical studies

The UHPLC Vanquish Tandem Q Exactive Plus
Orbitrap HRMS ThermoScientific was used to identi-
fy the secondary metabolites in the extracts of the H.
zeylanica roots, stems, and leaves. This analysis re-
vealed the presence of 100 compounds, both known
and unknown (See Supplementary Information, Table
S1). Table S1 shows the compounds that were identi-
fied in extracts of the roots, stems, and leaves of H.
zeylanica. The objective of multivariate statistical anal-
ysis is to categorize the variations among the root,
stem, and leaf components. The heatmap displays the
spatial arrangement and prevalence of metabolites
that have been detected in the sample, as depicted in
Fig. 1A. The column part displays the sample, where-
as the row section displays secondary metabolites. A
vibrant crimson hue signifies a growing presence of
secondary metabolites. The dendrogram in Fig. 1B
illustrates the similarity between the different parts of
the plant. Fig. 1A displays a heatmap that depicts the
spatial distribution and relative abundance of the
metabolites found in several sections of H. zeylanica
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(roots, stems, and leaves), with rows representing
specific metabolites and columns indicating plant
sections. The color gradient, transitioning from blue
(indicating low abundance) to red (indicating great
abundance), visually represents the concentration
profiles of the metabolites in each plant part. Addi-
tionally, Fig. 1B is a dendrogram that represents the
hierarchical clustering of plant parts according to
their metabolite profiles, revealing separate clusters
for roots, stems, and leaves, which highlight their
biochemical distinctiveness. This clustering pattern
highlights the similarities and variations in metabolite
composition, with proximate branches signifying
greater similarity across plant components. Collec-
tively, these data highlight the unique phytochemical
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profiles of the roots, stems, and leaves, which most
likely influence their varied biological activities.

Principal component analysis (PCA) allows for the
identification of the variations in classification be-
tween roots, stems, and leaves, as shown in Fig. 2A.
The loading plot, as depicted in Fig. 2B, displays the
compounds that differentiated across the samples
based on the grouping of samples in PCA. Fig. 2A is
the principal component analysis (PCA) score plot,
which classifies and clusters the root, stem, and leaf
extracts of H. zeylanica according to their metabolite
profiles, with PC1 representing 75.4% of the variance
and PC2 representing 24.6%, both together elucidat-
ing 100% of the data variability. The plot distinctly
categorizes the plant sections into three discrete clus-
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ters, illustrating their unique metabolomic finger-
prints. Additionally, Fig. 2B is a loading plot that
delineates the individual metabolites that significant-
ly influence the observed variance and differentiation
among the plant parts. The metabolites located fur-
thest from the origin in the loading plot are the prin-
cipal determinants of the clustering patterns in Fig.
2A. Collectively, these data underscore the chemical
diversity among the plant components, accentuating
the specific metabolite profiles that presumably con-
tribute to their distinctive biological characteristics.

In order to establish a connection between the an-
tibacterial properties of the dichloromethane extract
obtained from the roots, stems, and leaves, partial
least square-discriminant analysis (PLS-DA) was em-
ployed, as depicted in Fig. 3. A partial least squares-
discriminant Analysis (PLS-DA) alongside corre-
sponding variable importance in projection (VIP)
values, demonstrating the relationship between the
antibacterial properties of the H. zeylanica extracts and
their metabolite compositions against Gram-positive
and Gram-negative bacteria. The PLS-DA analysis
distinguished the root, stem, and leaf samples accord-
ing to their metabolite profiles and antibacterial char-
acteristics, facilitating the identification of metabolites
that significantly contribute to antibacterial activity.
The VIP values, depicted by colored boxes, denote the
relative significance of each metabolite in differentiat-
ing the samples, with red representing high concen-
trations and blue denoting low quantities. This figure
elucidates the principal metabolites likely accountable
for the antibacterial properties exhibited by the plant

Phytochemical and antibacterial analysis of Helminthostachys zeylanica

extracts, thereby emphasizing their distinct roles in
combating various bacterial strains.

Furthermore, Fig. 4 illustrates the identification of
the specific chemicals that exhibited a more pro-
nounced influence on the samples, and cross-
validation played a pivotal role in establishing the
PLS-DA model's dependability and robustness (Fig.
5). Figs. 4-5 elucidate the correlation between the me-
tabolite profiles of the H. zeylanica extracts and their
antibacterial efficacy. Fig. 4 depicts the loading plots
of the partial least squares-discriminant analysis (PLS-
DA) for Gram-positive and Gram-negative bacteria,
thereby emphasizing the metabolites that most sub-
stantially contribute to antibacterial activity. Metabo-
lites located further from the origin in the loading plot
are recognized as significant contributors, providing
insights into their potential as antibacterial agents.

Fig. 5 displays the cross-validation outcomes of the
PLS-DA model, through which its robustness and
prediction accuracy were assessed. Metrics such as R?
and Q? evaluate the model's fit and its capacity to
predict new data. Elevated R? scores (signifying ro-
bust correlation with calibration data) and Q2 values
(denoting dependable prediction capacity) affirm the
validity and dependability of the PLS-DA model.
Collectively, our data highlight the significance of
certain metabolites in the antibacterial efficacy of H.
zeylanica, and they also confirm the applicability of
the PLS-DA model in correlating metabolite profiles
with biological outcomes.
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DISCUSSION

This study offers a thorough assessment of the an-
tibacterial capabilities and phytochemical variety of
H. zeylanica, highlighting its potential as a significant
source of bioactive chemicals with targeted antibacte-
rial effects. The results substantially enhance the exist-
ing knowledge of plant-derived antibacterial drugs
and establish a crucial basis for additional pharmaco-
logical investigation. This research demonstrates the
potential of H. zeylanica as a supplementary resource
for creating novel antibacterial medicines by combin-

https://jppres.com

ing advanced metabolomic analysis with stringent
antibacterial testing in the context of increasing anti-
biotic resistance.

This study reveals the selective antibacterial prop-
erties of H. zeylanica dichloromethane extracts. This
selectivity is defined by varying effectiveness against
Gram-positive and Gram-negative bacteria. The
heightened vulnerability of Gram-positive bacteria is
ascribed to their structural distinctions, particularly
the more substantial peptidoglycan layer, which may
enhance interactions with the bioactive substances
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present in the extracts. The elevated activity of the
leaf extracts relative to other plant parts highlights the
concentration of important bioactive metabolites in
this organ. These findings correspond with previous
research on medicinal plants, indicating that the dis-
tribution of secondary metabolites substantially af-
fects bioactivity (Vaou et al., 2021).

The findings emphasize the importance of com-
prehending the structural and functional distinctions
among bacterial species in relation to antibiotic devel-
opment. The targeted efficacy of H. zeylanica extracts
against Gram-positive bacteria underscores their po-
tential utility in combating infections caused by these
clinically relevant pathogens, despite advancements
in antibiotic treatments. The emergence of multidrug-
resistant Gram-positive bacteria, notably methicillin-
resistant S. aureus (MRSA), presents significant prob-
lems to public health.

The worldwide increase in antibiotic resistance
underscores the pressing necessity for alternative
medicinal treatments. The modest antibacterial activi-
ty of H. zeylanica extracts, while not comparable to
recognized antibiotics like chloramphenicol, demon-
strates considerable potential due to its natural origin
and selective efficiency. These characteristics indicate
possible uses as supplementary treatments that may
improve the effectiveness of standard antibiotics or
act as frameworks for the creation of new medications
aimed at Gram-positive infections.

This study highlights the noteworthy efficacy of
chloramphenicol, a broad-spectrum antibiotic, and
this was demonstrated by its consistently low MIC
and MBC values across several bacterial strains.
Nonetheless, the correlation between chlorampheni-
col and serious adverse effects, such as bone marrow
suppression and aplastic anemia (Drago, 2019), high-
lights the urgent necessity for safer alternatives. The
selective efficacy of H. zeylanica extracts, along with
their phytochemical complexity, offers a potential for
the development of targeted medicines that could
avoid the negative effects linked to traditional antibi-
otics.

The restricted efficacy of H. zeylanica extracts
against Gram-negative bacteria aligns with the estab-
lished difficulties presented by their outer membrane.
The lipopolysaccharide-dense outer membrane func-
tions as a robust barrier, limiting the penetration of
numerous antimicrobial drugs, especially non-polar
or semi-polar metabolites (Cama et al., 2019). Di-
chloromethane, a solvent of intermediate polarity
utilized for extraction in this investigation, selectively
isolates semi-polar chemicals such as flavonoids, ter-
penoids, and alkaloids. Although these chemicals
enhance antibacterial action against Gram-positive
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bacteria, their effectiveness against Gram-negative
bacteria is sometimes limited by their failure to trav-
erse the outer membrane (Zhao et al., 2020). Future
studies should investigate the application of other
solvents with differing polarities to improve the yield
of polar metabolites, potentially demonstrating in-
creased antibacterial efficacy. Enhancing extraction
techniques to encompass a broader range of second-
ary metabolites may augment the therapeutic efficacy
of H. zeylanica.

This study's phytochemical profiling demonstrates
significant biochemical variation among the roots,
stems, and leaves of H. zeylanica. This variety is cru-
cial for comprehending the selective antibacterial
activity noted in the dichloromethane extracts. Ad-
vanced analytical methods, including high-resolution
mass spectrometry (HRMS) and multivariate analysis,
yielded extensive insights into the distinct metabolic
signatures of each plant portion.

Principal component analysis (PCA) revealed dis-
tinct grouping of the samples according to their phy-
tochemical compositions, indicating the unique bio-
chemical environments of the roots, stems, and
leaves. The leaf extracts demonstrating significant
antibacterial activity contained metabolites such as
loliolide and 4-methylumbelliferone, which are rec-
ognized for their bioactivity such as antibacterial ac-
tivity (Ragasa et al., 2005; Zayane et al., 2016). Like-
wise, the stem extracts included oleyl sarcosine, a
chemical that could enhance their mild antibacterial
properties (Walvekar et al., 2018).

PLS-DA analysis corroborated these findings by
identifying compounds with elevated variable im-
portance in projection (VIP) scores that markedly
differentiated the antibacterial activity of the various
extracts. The discovery of 24 critical metabolites
linked to antibacterial properties offers a framework
for subsequent research aimed at isolating and char-
acterizing these chemicals. The grouping identified in
dendrogram analysis underscores the unique meta-
bolic pathways functioning in various plant regions,
illuminating the plant's adaptation tactics and their
consequences for secondary metabolite biosynthesis.

The antibacterial efficacy noted in the H. zeylanica
extracts most likely entails many modes of action,
such as the rupture of bacterial membranes, inhibition
of essential enzymes, and interference with DNA
replication. Compounds like loliolide and 4-
methylumbelliferone have been documented to have
membrane-disrupting capabilities, potentially eluci-
dating their effectiveness against Gram-positive bac-
teria (Ragasa et al., 2005; Zayane et al., 2016). Like-
wise, oleyl sarcosine, recognized for its surfactant
qualities, could damage bacterial membrane integrity,
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resulting in cell lysis (Walvekar et al., 2018). The bac-
teriostatic and bactericidal activity demonstrated by
MIC and MBC assays reinforce these suggested
pathways, suggesting a concentration-dependent
mode of action.

The selective efficacy of H. zeylanica extracts
against Gram-positive bacteria indicates a specific
targeting of cell wall constituents, including pepti-
doglycan. Gram-positive bacteria depend on their
robust peptidoglycan layer for structural stability,
rendering them especially susceptible to agents that
inhibit cell wall formation or compromise membrane
function (Pasquina-Lemonche et al., 2020). This ob-
servation aligns with the idea that the bioactivity of
H. zeylanica metabolites is influenced by their struc-
tural compatibility with bacterial cell wall constitu-
ents.

This study, while interesting, has shortcomings
that must be addressed to improve the robustness and
applicability of its findings. The antibacterial activity
was initially assessed via in vitro experiments, which
failed to mimic the intricacies of in vivo environ-
ments. Metabolic stability, bioavailability, and host
immunological responses are essential for compre-
hending the translational potential of plant-derived
antimicrobials (Sadgrove and Jones, 2019). Subse-
quent research should emphasize in vivo validation to
rectify these deficiencies. Secondly, this study did not
examine the potential synergistic interactions among
the identified metabolites. The synergy of bioactive
components is well-documented as improving the
effectiveness of plant-derived antimicrobials, particu-
larly against resistant bacterial strains (Vaou et al.,
2022). Investigating these interactions may uncover
innovative treatment combinations with improved
efficacy.

This study concentrated on a restricted variety of
bacterial strains that are predominantly prevalent
pathogenic species. Incorporating clinically significant
multidrug-resistant strains, such as MRSA or car-
bapenem-resistant Enterobacteriaceae, into the bacte-
rial spectrum would yield a more thorough assess-
ment of the therapeutic efficacy of H. zeylanica.

The structural elucidation of the discovered me-
tabolites is still incomplete. Although HRMS and
multivariate studies facilitated the initial identifica-
tion, additional characterization by techniques like
nuclear magnetic resonance (NMR) spectroscopy will
be crucial for validating the structures and mecha-
nisms of action of these compounds.

The results of this study have high significant sig-
nificance for the advancement of plant-derived anti-
bacterial medicines. This research highlights the sig-
nificance of comprehending the chemical diversity of
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medicinal plants and its influence on therapeutic effi-
cacy through the integration of modern metabolomics
analysis with bioactivity assays. The moderate activi-
ty and selective efficacy of H. zeylanica extracts indi-
cate their potential as adjuncts in combination thera-
py or as frameworks for innovative medication de-
velopment.

This study substantially enhances the comprehen-
sion of the phytochemical diversity and antibacterial
characteristics of H. zeylanica. Despite existing limita-
tions, the findings establish a solid foundation for
future research focused on enhancing the therapeutic
potential of this plant. Addressing these deficiencies
is crucial for confronting the global issue of antibiotic
resistance and promoting the advancement of novel
techniques to tackle bacterial diseases.

CONCLUSION

The moderate antibacterial potential of H. zeylanica
is demonstrated in this study, specifically against
specific Gram-positive bacteria. This is supported
through the disk diffusion method and further vali-
dated through MIC and MBC analyses. This effec-
tiveness, nevertheless, is considerably diminished in
comparison to the well-established antibiotic chlo-
ramphenicol. The UHPLCQ-Orbitrap-HRMS metabo-
lomic analysis revealed a substantial variety of sec-
ondary metabolites across various plant components
(2-(3/4-dihydroxyphenyl) -6-[(2E) -3,7-dimethylocta-
2,6-dienyl] 5,7-dihydroxy-2,3-dihydrochromen-4-one,
3-(5-{(3S)  -1-[4-(methylsulfonyl)benzyl]  pyridine
(1,3,4-oxadiazol-2-yl), as well as pyridine from the -3-
pyrrolidinyl derivative), indicating a multifaceted
biochemical underpinning for the antibacterial prop-
erties of the substance. The results highlight the po-
tential of this plant to provide natural antibacterial
agents; however, additional investigation is required
to comprehensively clarify and exploit its therapeutic
attributes.
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Figure S2. Total ion chromatogram (TIC) LC-HRMS leave.
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica.

Annot. # Chem mzCloud
No Name Formula DeltaMass Calc. MW RT [min] Spider Area sample Blank Sample
best match
[ppm] results

Roots
1 Morusinol Cas5H2607 -2.9 438.1666 17.075 18 10581506815 Detected
2 Kuwanon C C2s5H2606 -2.26 422.172 15.769 22 8258442092 Detected
3 Kuwanon C C25H2606 -2.26 422.172 20.514 22 6431546839 Detected
4 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H1sN203S 15.67 354.1094 14.846 22 75.3 4474537147 Detected

ylcarbonyl)amino]thiophene-3-

carboxylate
5 Artocarpin C26H2806 -1.97 436.1877 18.769 5 4217748970 Detected
6 QMH C16H26N6OsS 53077.2 436.1515 19.166 4 63.5 4111051144 Detected
7 Morusinol Cas5H2607 -2.9 438.1666 19.004 18 4062928307 Detected
8 3-(5-{(3S)-1-[4- C19H20N403S -14.66 384.12 15.214 22 88.4 3752255017 Detected

(Methylsulfonyl)benzyl]-3-

pyrrolidinyl}-1,3,4-oxadiazol-2-

yl)pyridine
9 Gibberellic acid C19H2206 63510.4 368.1252 16.815 23 92.9 3027315755 Detected
10 B-Mangostin Cas5H2806 -2.53 424.1875 20.715 29 2865372056 Detected
11 Kuwanon C C2s5H2606 -2.26 422.172 15.587 22 2860159126 Detected
12 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H18N203S 15.67 354.1094 16.526 22 76 2644009141 Detected

ylcarbonyl)amino]thiophene-3-

carboxylate
13 Erucamide C22HasNO -3.58 337.3333 30.482 0 63.9 2232330929 Detected Detected
14 [5-(2-Methylimidazo[1,2-a]pyridin- C19H13FsN4O 1.48 370.1047 15.021 16 91.5 2049063770 Detected

3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenylJmethanone
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
15 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H18N203S 15.67 354.1094 16.960 22 76.5 1636123411 Detected
ylcarbonyl)amino]thiophene-3-
carboxylate
16 (-)-8-Prenylnaringenin C20H200s -1.21 340.1307 16.587 36 1452864403 Detected
17 Methyl (1R,4aS,9S,10S)-10- Ca3H2507 52820.64 438.1666 18.419 18 78 1396563021 Detected
(acetyloxy)-5,9-dihydroxy-1,4a-
dimethyl-2-oxo-7-(propan-2-yl)-
1,2,4a,9,10,10a-
hexahydrophenanthrene-1-
carboxylate
18 N1-(3,4-Dimethoxyphenethyl)-2- C24H26N203S 13.19 422172 17.865 22 80.8 1395473843 Detected
[(2-aminophenyl)thio]-2-
phenylacetamide
19 8,8-Dimethyl-3-(2-methyl-3-buten-  C24H2803 -2.26 364.203 18.297 1 1374717793 Detected
2-yl)-10-(3-methyl-2-buten-1-yl)-
2H,8H-pyrano[3,2-g]chromen-2-
one
20 8,8-Dimethyl-3-(2-methyl-3-buten-  C24H203 -2.26 364.203 19.590 1 1284376404 Detected
2-yl)-10-(3-methyl-2-buten-1-yl)-
2H,8H-pyrano[3,2-g]chromen-2-
one
21 Artocarpin C26H2806 -1.2 436.1881 24.001 5 1260723600 Detected
22 C19H25N406P 1.33 436.1518 17.545 4 1221567482 Detected
23 2-[2,5-Dihydroxy-4-methoxy-3-(3- CasH2507 -1.11 452.183 21.124 3 1172715350 Detected

methyl-2-buten-1-yl)phenyl]-5,7-
dihydroxy-3-(3-methyl-2-buten-1-
yl)-4H-chromen-4-one
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

24 3-(5-{(3S)-1-[4- C19H20N403S -14.66 384.12 17.515 22 88.9 1143655424 Detected

(Methylsulfonyl)benzyl]-3-

pyrrolidinyl}-1,3,4-oxadiazol-2-

yl)pyridine
25 B-Mangostin C2s5H2806 -1.81 424.1878 18.220 29 1117160603 Detected
26 2-(2,4-Dihydroxyphenyl)-5,7- C2s5H2606 -2.26 422172 22.381 22 60.3 1097430877 Detected

dihydroxy-3,8-bis(3-methylbut-2-

en-1-yl)-4H-chromen-4-one
27 Choline CsH1sNO 1.44 103.0999 1.036 0 95.9 1063980058 Detected
28 NP-020292 C12H12N203 94723.59 254.0687 13.259 0 86 974228609.4 Detected
29 2-MeO-E1 C19H2403 -1.97 300.172 18.146 20 792931671.3 Detected
30 C7H304P 3.88 181.9776 0.281 0 730136187 Detected
31 C19H27N406P -0.55 438.1666 17.430 18 716517129.9 Detected
32 Zearalenone C18H220s 69100 340.1307 18.648 36 73.7 687567849.2 Detected
33 Coniferyl ferulate C20H2006 -1.7 356.1254 15.142 29 685868482.9 Detected
34 Gibberellic acid C19H2206 63510.4 368.1252 19.315 23 94.3 634042173.8 Detected
35 QMH C16H26N6OsS 53077.94 436.1518 16.337 4 63.3 592106089.1 Detected
36 2-[2,5-Dihydroxy-4-methoxy-3-(3- Ca26H2507 -1.11 452.183 18.041 3 568112969.3 Detected

methyl-2-buten-1-yl)phenyl]-5,7-

dihydroxy-3-(3-methyl-2-buten-1-

yl)-4H-chromen-4-one
37 C19H25N4O6P 0.63 436.1515 20.083 4 565029722.5 Detected
38 6,8-Diprenylnaringenin C25H2805 -1.1 408.1932 21.905 33 553686772 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
39 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  Ca2sH2s07 -2.39 440.1825 17.844 4 553114966.6 Detected
methyl-1-buten-1-yl]-3,7-
dimethoxy-2-(3-methyl-2-buten-1-
yl)-9H-xanthen-9-one
40 Morusinol Cas5H2607 -2.90 438.1666 17.681 18 451325785.6 Detected
a1 Monoolein C21H4004 -2.42 356.2918 22.093 7 92.1 444436243.5 Detected
42 C20H21NsO3P -2.65 452.1462 16.184 2 439133325.5 Detected
43 8,8-Dimethyl-3-(2-methyl-3-buten-  C24H2s03 -2.26 364.203 21.080 1 430600515 Detected
2-yl)-10-(3-methyl-2-buten-1-yl)-
2H,8H-pyrano[3,2-g]chromen-2-
one
a4 B-Mangostin C2s5H2806 -1.81 4241878 16.646 29 426024653.7 Detected
45 2,6-Bis(3,4-methylenedioxyphenyl)-  CzoH150s -2.76 354.1094 18.178 22 422570631.9 Detected
3,7-dioxabicyclo(3.3.0)octane
46 Hexadecanamide C1eH3sNO -1.68 255.2558 24.873 1 98.6 411691368.2 Detected
47 Sesamolin C20H1807 -1.51 370.1047 14.118 16 399867420 Detected
48 2,4-Dihydroxyheptadec-16-en-1-yl C19H3604 -1.83 328.2608 17.627 5 64.3 399859710.1 Detected
acetate
49 N1-[6-(2,4-Difluorophenoxy)-3- CasH24F2N203 -17.63 438.1678 17.901 18 82.7 389704430.3 Detected
pyridyl]-2-methyl-2-[(7-methyl-2,3-
dihydro-1H-inden-4-
yl)oxy]propanamide
50 (2S)-2-Piperazinecarboxamide CsH11NsO -0.71 129.0901 1.130 4 381860036.2 Detected
51 C19HzsN100OP 1.51 450.274 22.165 0 381093850 Detected
52 C1sH24N2 -1.11 268.1937 13.774 0 354800294.1 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

53 Morusinol C25H2607 -2.90 438.1666 20.820 18 353114657.6 Detected
54 Biotin C10H16N203S -73802.59 226.0738 12.424 0 94 344401663.2 Detected
55 Linoleamide C1sH3sNO -1.43 279.2558 23.484 1 339196000.5 Detected
56 8,8-Dimethyl-3-(2-methyl-3-buten-  C24H2s03 -2.26 364.203 18.750 1 335570412.2 Detected

2-yl)-10-(3-methyl-2-buten-1-yl)-

2H,8H-pyrano[3,2-g]chromen-2-

one
57 NP-018741 C23H240s8 51344.78 450.1302 15.674 0 75.9 323947108.9 Detected
58 Stearamide C1sHs7NO -1.59 283.2871 27.572 1 95.5 320163831.3 Detected
59 2-MeO-E1 C19H2403 -1.97 300.172 18.407 20 314331167.4 Detected
60 549.4088 27.239 0 298640497.8 Detected
61 [5-(2-Methylimidazo[1,2-a]pyridin- C1sH13FsN4O 1.48 370.1047 12.580 16 91.7 282230123.8 Detected

3-yl)-1H-pyrazol-1-yl][4-

(trifluoromethyl)phenylJmethanone
62 Hispidulin C16H1206 -2.90 300.0625 20.716 53 271687073.7 Detected
63 9S,13R-12-Oxophytodienoic acid C18H2803 -2.09 292.2032 18.210 12 93.9 265834800.5 Detected
64 C23H24N206 -2.01 424.1626 13.590 0 262033467.6 Detected
65 1-Linoleoyl glycerol C21H3304 -1.68 354.2764 20.364 5 94 259462566.1 Detected
66 DEET C12H17NO -1.20 191.1308 13.768 5 97.6 249308862.1 Detected
67 C19H25N406P 1.33 436.1518 18.165 4 244907897 Detected
68 261.222 17.320 0 2425861431 Detected
69 6,8-Diprenylnaringenin Ca25H2805 -1.10 408.1932 19.647 33 242203132.2 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
[ppm] results best match
70 Quercetin Ci15H1007 -2.03 302.042 11.505 23 99.5 239060034 Detected
71 Caprolactam CeH11NO 0.86 113.0842 4.257 4 238194250.3 Detected
72 C24H4307P -1.21 474.2741 21.395 0 235699226.8 Detected
73 C20H23NsOP -2.98 422172 18.365 22 233985045.8 Detected
74 [5-(2-Methylimidazo[1,2-a]pyridin- Ci9H13F3N4O 1.48 370.1047 17.109 16 84.8 233373135 Detected
3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenylJmethanone

75 Ci9H25N4O7P 0.31 452.1462 14.303 2 229368852.4 Detected
76 C20H3sN6O2 -1.81 392.2893 29.511 0 220586627.9 Detected
77 C14H15NO4 -1.84 261.0996 12.167 0 219382492.6 Detected
78 C17H2806 -1.87 328.188 12.087 0 214578346.5 Detected
79 C19H3805 -1.93 346.2713 17.626 0 213568945.1 Detected
80 Kaempferol C15H1006 -2.42 286.047 12.886 35 99.3 208732737.4 Detected
81 Heliettin Ci9H2204 -1.74 314.1513 15.451 7 202283760.2 Detected
82 C27H26N403 -4.71 454.1984 20.005 6 201095216.7 Detected
83 550.4141 27.019 0 193786254 Detected
84 Coniferyl ferulate C20H2006 -1.7 356.1254 17.043 29 192092541.2 Detected
85 Glycidyl oleate C21H3303 -2.36 338.2813 22.094 1 190767194.5 Detected
86 C26H24N402 -4.96 424.1878 18.886 29 188929756.6 Detected
87 Trimethadione CeHsNO3 -1.16 143.0581 2.314 5 188602884.2 Detected
88 C19H27N406P -0.55 438.1666 14.169 18 187068876 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

89 (+/-)-C75 C14H2204 -1.97 254.1513 13.003 0 66.8 186679062.3 Detected
90 Ricinoleic acid methyl ester C19H3603 -57679.27 294.2551 30.533 3 95.8 185610950.5 Detected
91 C13H2sNO7 -1.69 307.1626 11.225 0 185162597.4 Detected
92 Trigonelline C7H/NO2 -1.06 137.0475 5.031 15 98.9 184532000.3 Detected
93 C21H3sNOs -1.84 353.2923 25.481 0 184106019 Detected
94 4-Methylumbelliferone hydrate C10HsOs -1.87 176.047 18.137 11 78.8 184042130.9 Detected
95 (E)-4-Methoxycinnamic acid C1oH1003 -1.48 178.0627 11.872 30 183719820.9 Detected
96 QMH C16H26N6OsS 53077.94 436.1518 17.301 4 64.4 183719481.9 Detected
97 B-Mangostin C2s5H2806 -2.53 4241875 21.763 29 180404290.7 Detected
98 (2E)-3-(3,4- C11H1204 -1.66 208.0732 12.251 23 179639331.3 Detected

Dimethoxyphenyl)acrylic acid
99 Ca0H37N9O4P2 2.16 649.2458 14.794 0 178763741.8 Detected
100 (2R)-1-[(2S,4R,5Z)-4-Benzyl-2,5- Cs0Ha2N4O4 -4.91 522.318 22.518 1 176613676 Detected

dihydroxy-5-{[(1R,2S)-2-hydroxy-

2,3-dihydro-1H-inden-1-

ylJimino}pentyl]-N-(2-methyl-2-

propanyl)-2-piperazinecarboximidic

acid (non-preferred name)

Stem bark
1 Morusinol Cas5H2607 -2.62 438.1667 17.072 18 11133809141 Detected
2 Morusinol Cas5H2607 -2.62 438.1667 18.975 18 7148973773 Detected
3 B-Mangostin Ca25H2506 -2.81 4241874 18.210 29 6777448375 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
4 [5-(2-Methylimidazo[1,2-a]pyridin- C19H13FsN4O 0.82 370.1045 14.950 16 92.1 5628721173 Detected
3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenyljmethanone
5 Methyl (1R,4aS,9S,10S)-10- Ca3H2507 52820.96 438.1667 17.887 18 80.6 4818938402 Detected Detected
(acetyloxy)-5,9-dihydroxy-1,4a-
dimethyl-2-oxo-7-(propan-2-yl)-
1,2,4a,9,10,10a-
hexahydrophenanthrene-1-
carboxylate
6 Oleamide C1gH3sNO -3.57 281.2709 25.395 3 95.9 4551339949 Detected
7 ABL 127 C17H20N20s 66153.99 354.1094 16.505 22 74.4 3873166863 Detected
8 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H1sN203S 15.84 354.1094 14.833 22 75.5 3808400690 Detected
ylcarbonyl)amino]thiophene-3-
carboxylate
9 Methyl (1R,4aS,9S,10S)-10- Ca3H2s07 52820.93 438.1667 14.237 18 72.8 2885947524 Detected
(acetyloxy)-5,9-dihydroxy-1,4a-
dimethyl-2-oxo-7-(propan-2-yl)-
1,2,4a,9,10,10a-
hexahydrophenanthrene-1-
carboxylate
10 N1-(3,4-Dimethoxyphenethyl)-2- C24H26N203S 14.79 422.1727 17.857 22 84.3 2738544070 Detected
[(2-aminophenyl)thio]-2-
phenylacetamide
11 (-)-8-Prenylnaringenin C20H2005 -1.3 340.1306 16.587 36 2018189473 Detected
12 B-Mangostin Ca25H2506 -2.67 4241875 20.703 29 1960984950 Detected
13 C21H22N6O0s 3.56 454.1617 14.356 1 1745888897 Detected
14 Artonin E C25H2407 -2.51 436.1511 19.158 4 1737134169 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
15 3-BHA C11H1602 -2.24 180.1146 13.931 13 1568638672 Detected
16 Kuwanon C C2s5H2606 -0.67 4221727 20.540 22 1549502660 Detected
17 Gibberellic acid C19H2206 63510.57 368.1253 16.804 23 90.5 1541263942 Detected
18 1,4:3,6-Dianhydro-2- C23H21FN4O3 -7.39 420.1567 20.487 7 68.9 1526147621 Detected
(benzoylamino)-2,5-dideoxy-5-{[4-
(3-fluorophenyl)-2-
pyrimidinylJamino}-L-iditol
19 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  CasH2s07 -2.67 440.1823 14.590 4 1479550147 Detected
methyl-1-buten-1-yl]-3,7-
dimethoxy-2-(3-methyl-2-buten-1-
yl)-9H-xanthen-9-one
20 Trimethadione CesHsNO3 -0.74 143.0581 2.347 5 1342261436 Detected
21 3-(5-{(3S)-1-[4- C19H20N403S -13.94 384.1203 15.205 22 84.6 1200695872 Detected
(Methylsulfonyl)benzyl]-3-
pyrrolidinyl}-1,3,4-oxadiazol-2-
yl)pyridine
22 Sesamolin C20H1807 -2.17 370.1045 14.093 16 1130680710 Detected
23 8,12-Dihydroxy-2,2',2',6,9,13- C2s5H300s8 -2.24 458.193 12.857 1 1073753111 Detected
hexamethyl-16-methylene-
6'H,11H-spiro[10,14-
dioxatetracyclo[7.6.1.0~1,12~.0~2,
7~]hexadec-6-ene-5,3'-pyran]-
6',11,15-trione
24 C1'-C9-Glycosylated UWM6 CasH2509 -1.69 472.1725 12.714 1 1052804228 Detected
25 NP-019016 C1sH2008 60375.62 386.0995 13.916 11 87.4 1016949586 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

26 (1R,98)-5-(1-Benzothiophen-2-yl)- C26H28N20,S 50844.99 454.1617 15.860 1 83 940735608.9 Detected

11-(cyclohexylcarbonyl)-7,11-

diazatricyclo[7.3.1.02,7]trideca-

2,4-dien-6-one
27 Choline CsH1sNO 2.18 103.0999 1.042 0 95.9 932245195.8 Detected
28 Hexyl 2-furoate C11H1603 -1.18 196.1097 9.077 4 921718865.7 Detected
29 QMH C16H26N6OsS 53076.39 436.1511 20.595 4 63.2 864072586.2 Detected
30 C7H304P 4.22 181.9777 0.244 0 835993077.6 Detected
31 NP-020292 C12H12N203 94723.39 254.0687 13.254 0 92.8 832501982.8 Detected
32 C20H23NsO2P -3.32 438.1667 15.900 18 824330036.4 Detected
33 6,8-Diprenylnaringenin Cas5H2805 -0.95 408.1933 19.634 33 815648708.9 Detected
34 Erucamide Ca2HasNO -2.85 337.3335 30.476 0 66.8 795089294.5 Detected Detected
35 Hexadecanamide C1eH3sNO -2.04 255.2557 24.853 1 98.2 731517832.8 Detected
36 C25H100s -2.52 420.2865 17.884 0 700074725.5 Detected
37 Coniferyl ferulate C20H2006 -1.44 356.1255 15.139 29 692607350 Detected
38 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H1sN203S 15.84 354.1094 16.948 22 724 691957016.7 Detected

ylcarbonyl)amino]thiophene-3-

carboxylate
39 (1S,2S,3aR,4S,5S,9R,11R,13aS)- Ca3H409 37626.35 606.2836 28.924 0 61.2 650385687.5 Detected

4,9,11-Tris(acetyloxy)-3a-hydroxy-
2,5,8,8,12-pentamethyl-
1H,2H,3H,3aH,4H,5H,8H,9H,10H,1
1H,13aH-cyclopenta[12]annulen-1-
ylbenzoate
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

40 Atrovirinone C25H250s -2.13 456.1775 12.629 1 628555322.6 Detected
4 [56-(2-Methylimidazo[1,2-a]pyridin- CisH13rsN4O 0.82 370.1045 17.091 16 85.4 619794787.6 Detected

3-yl)-1H-pyrazol-1-yl][4-

(trifluoromethyl)phenylJmethanone
42 (1R,9S)-5-(1-Benzothiophen-2-yl)-  CasH2sN202S 50844.99 454.1617 15.481 1 70.8 618884677.1 Detected

11-(cyclohexylcarbonyl)-7,11-

diazatricyclo[7.3.1.02,7]trideca-

2,4-dien-6-one
43 Linoleamide C1sHssNO -2.52 279.2555 23.475 1 601628477.4 Detected
44 C25H400s -2.52 420.2865 18.327 0 580459045.5 Detected
45 C22Ha307P -2.63 450.2735 22.086 0 574600905.9 Detected
46 3-BHA C11H1602 -2.24 180.1146 14.189 13 571940406.5 Detected
47 C19H25N4OsP 0.98 436.1516 17.542 4 527649809.4 Detected
48 C19H29N406P 0.51 440.1827 13.790 4 521803983.8 Detected
49 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  Ca2sH2s07 -2.67 440.1823 16.679 4 517908176 Detected

methyl-1-buten-1-yl]-3,7-

dimethoxy-2-(3-methyl-2-buten-1-

yl)-9H-xanthen-9-one
50 2-MeO-E1 C19H2403 -2.38 300.1718 18.120 20 507850491.1 Detected
51 Octinoxate C18H2603 -1.81 290.1877 16.117 5 502211948.1 Detected
52 Stearamide C1sHa7NO -2.77 283.2867 27.561 1 95.4 461235313.3 Detected
53 Zearalenone C18H2205 69099.91 340.1306 18.633 36 82.6 432434688.4 Detected
54 DEET Ci12H17NO -1.28 191.1308 13.758 5 97.6 377676621.7 Detected
55 C20H36N6O2 -1.58 392.2894 29.522 0 361445856.8 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
56 C29H46N20s 4.58 566.3229 21.772 1 327495497.5 Detected
57 2,6-Bis(3,4-methylenedioxyphenyl)-  C2¢H1s0s -2.59 354.1094 18.157 22 327122138.7 Detected
3,7-dioxabicyclo(3.3.0)octane
58 Pheophorbide A CasHzsN4Os -2.83 592.2669 26.618 3 318834652.9 Detected
59 2-MeO-E1 C19H2403 -2.38 300.1718 18.609 20 313330101.8 Detected
60 Biotin C10H16N203S -73802.34 226.0739 12.405 0 94.7 299018236.4 Detected
61 C19H27N40O7P -0.08 454.1617 14.770 1 294170113.9 Detected
62 C14H1sNO4 -1.49 261.0997 12.156 0 293770525.9 Detected
63 1,3-Dihydroxy-1-(7-methoxy-2-oxo-  C20H2407 58442.84 398.1356 13.360 3 66 289599824 Detected
2H-chromen-6-yl)-3-methylbutan-
2-yl (2Z)-2-methylbut-2-enoate
64 N-{4-[(2R,3R)-3-(Hydroxymethyl)- C20H30N204 60691.09 384.2041 8.634 4 87.5 289470047.7 Detected
4-isobutyl-5-ox0-2-
morpholinyl]phenyl}-3-
methylbutanamide
65 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  CasH2s07 -2.67 440.1823 15.506 4 287487084.3 Detected
methyl-1-buten-1-yl]-3,7-
dimethoxy-2-(3-methyl-2-buten-1-
yl)-9H-xanthen-9-one
66 Ca0Hzs06P -1.64 406.2478 21.311 0 280904818.3 Detected
67 Ebelactone B C21H3604 -1.79 352.2607 19.033 7 278398882.7 Detected
68 C19H3sN20s -1.56 342.2877 14.824 0 275415698.6 Detected Detected
69 Eriodictyol C15H1206 -2.28 288.0627 12.848 51 274949002.1 Detected
70 C22Ha106P -1.39 432.2635 22.088 0 265963721.4 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
71 1,3-Dihydroxy-1-(7-methoxy-2-oxo-  C20H2407 58442.84 398.1356 12.837 3 78.5 265357143.1 Detected
2H-chromen-6-yl)-3-methylbutan-
2-yl (2Z)-2-methylbut-2-enoate
72 Methyl (1R,4aS,9S,10S)-10- Ca3H2s07 52820.93 438.1667 20.613 18 76.7 258629788.8 Detected
(acetyloxy)-5,9-dihydroxy-1,4a-
dimethyl-2-oxo-7-(propan-2-yl)-
1,2,4a,9,10,10a-
hexahydrophenanthrene-1-
carboxylate
73 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H18N203S 15.84 354.1094 18.876 22 75.7 255929459.9 Detected
ylcarbonyl)amino]thiophene-3-
carboxylate
74 NP-019016 C18H200s8 60375.62 386.0995 12.847 11 77.6 254619643.8 Detected
75 Sesamolin C20H1807 -2.17 370.1045 16.880 16 254539246.2 Detected
76 B-Mangostin C2s5H2806 -1.45 424.188 15.733 29 245558793 Detected
77 2-MeO-E1 C19H2403 -2.38 300.1718 18.397 20 242658116.7 Detected
78 Kuwanon C C2s5H2606 -0.67 4221727 15.541 22 241894985.6 Detected
79 Benzoyldehydro-2,3-dihydroxy- C13H13NOs -1.27 231.0893 15.323 1 240849459.7 Detected
benzone
80 Eriodictyol C15H1206 -3.02 288.0625 14.583 51 98.4 233172889.2 Detected
81 1-Heptadecanoyl-sn-glycero-3- C20H4107P -1.37 424.2584 21.320 1 227469260.7 Detected
phosphate
82 9S,13R-12-Oxophytodienoic acid C18H2803 -2.09 292.2032 18.155 12 93.2 222730582.8 Detected
83 C21H3sNOs -2.10 353.2923 25.466 0 215744409.2 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Phytochemical and antibacterial analysis of H. zeylanica

Annot.

# Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

84 [5-(2-Methylimidazo[1,2-a]pyridin- C19H13FaN4O 0.82 370.1045 12.557 16 86.3 214484685.6 Detected

3-yl)-1H-pyrazol-1-yl][4-

(trifluoromethyl)phenyljmethanone
85 Velloquercetin C20H1607 -2.20 368.0888 14.200 12 213835965.4 Detected
86 CasH2609 -2.17 470.1567 14.629 0 210835818.6 Detected
87 Otonecine CeH15sNO3 -0.97 185.105 10.032 11 209977672.7 Detected
88 C21H24N60s 3.76 456.1775 15.031 1 207437895.8 Detected
89 2-Methylbutyrylcarnitine C12H23NO4 -1.44 245.1624 11.966 4 206940730.9 Detected
90 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  Ca2sH2s07 -1.63 440.1828 18.699 4 206757088 Detected

methyl-1-buten-1-yl]-3,7-

dimethoxy-2-(3-methyl-2-buten-1-

yl)-9H-xanthen-9-one
91 2-[2,5-Dihydroxy-4-methoxy-3-(3- Ca6H2s07 -1.99 452.1826 18.049 3 206299629 Detected

methyl-2-buten-1-yl)phenyl]-5,7-

dihydroxy-3-(3-methyl-2-buten-1-

yl)-4H-chromen-4-one
92 NP-019016 C18H200s 60375.62 386.0995 13.443 11 86.4 203232577 Detected
93 C12H2sNsO7P 1.23 441.1855 16.086 0 200474595.1 Detected
94 Butopyronoxyl C12H1804 -1.66 226.1201 11.724 3 193540970.2 Detected
95 C24H4307P -0.76 474.2743 21.359 0 191515308.6 Detected
96 3-{1-Hydroxy-2-[13-hydroxy-13- CaaHa607 -2.53 566.3229 22.183 1 187855990.2 Detected

(hydroxymethyl)-8-

methylpodocarpan-14-yl]ethyl}-5-

0x0-2,5-dihydro-2-furanyl (2E)-3-

phenylacrylate
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

97 C12H26N9OsP 1.02 455.1647 14.211 0 185821002.4 Detected
98 Bis(2-ethylhexyl)adipate C22H4204 -2.40 370.3074 29.523 3 96.7 185619620.6 Detected
99 N-(2-Oxooxolan-3-yl)hexanamide C10H17NO3 -1.57 199.1205 11.825 10 184819412.7 Detected
100 Otonecine CsH15NO3 -0.97 185.105 10.318 11 181455145.5 Detected

Leaves
1 (1S,2S,3aR,4S,5S,9R,11R,13aS)- Ca3Has09 37624.37 606.2824 28.978 0 72.9 8662380796 Detected

4,9,11-Tris(acetyloxy)-3a-hydroxy-

2,5,8,8,12-pentamethyl-

1H,2H,3H,3aH,4H,5H,8H,9H,10H,1

1H,13aH-cyclopenta[12]annulen-1-

ylbenzoate
2 CssH3sN4Os -3.01 606.2824 29.483 0 6456416023 Detected
3 [5-(2-methylimidazo[1,2-a]pyridin- C1gH13F3N4O 0.24 370.1042 14.923 16 91.3 6269192028 Detected

3-yl)-1H-pyrazol-1-yl][4-

(trifluoromethyl)phenylJmethanone
4 CssH3sN4Os -2.41 622.2776 28.045 0 5063661991 Detected
5 B-Mangostin C25H2806 -3.17 424.1872 18.201 29 4851651677 Detected
6 Morusinol Cas5H2607 -1.79 438.1671 17.126 18 4828913557 Detected
7 ABL 127 C17H20N20s 66153.80 354.1094 14.828 22 75.9 4015294588 Detected
8 Morusinol Cas5H2607 -1.79 438.1671 18.983 18 3692063160 Detected
9 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H1sN203S 15.67 354.1094 16.504 22 76.1 3262036845 Detected

ylcarbonyl)amino]thiophene-3-

carboxylate
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

10 N1-(3,4-Dimethoxyphenethyl)-2- C24H26N203S 13.77 4221722 17.825 22 83.4 2324310647 Detected

[(2-aminophenyl)thio]-2-

phenylacetamide
11 Manidipine CasH3sN4Oe -2.26 610.2778 20.940 1 2285447067 Detected
12 Methyl (1R,4aS,9S,10S)-10- Ca3H2s07 52821.85 438.1671 17.889 18 83.4 2146435548 Detected Detected

(acetyloxy)-5,9-dihydroxy-1,4a-

dimethyl-2-oxo-7-(propan-2-yl)-

1,2,4a,9,10,10a-

hexahydrophenanthrene-1-

carboxylate
13 CasHasN4O7 -1.94 638.2728 27.815 0 1917071584 Detected
14 Morusin C2s5H2406 -1.41 420.1567 20.474 7 1671084752 Detected
15 NP-020292 C12H12N203 94723.06 254.0686 13.253 0 84.8 1602959701 Detected
16 Ca3Ha1N206P -4.80 592.2674 26.636 3 1582876548 Detected
17 (-)-8-Prenylnaringenin C20H2005 -1.66 340.1305 16.569 36 1561517202 Detected
18 SSR146977 CasH42C2N402 -10.73 620.2618 26.892 0 68.1 1290202135 Detected
19 B-Mangostin C25H2806 -1.45 424.188 20.671 29 1214669367 Detected
20 N1-(3,4-Dimethoxyphenethyl)-2- C24H26N203S 13.77 4221722 20.522 22 66.6 1176699227 Detected

[(2-aminophenyl)thio]-2-

phenylacetamide
21 (1R,98)-5-(1-Benzothiophen-2-yl)- Ca6H2sN202S 50845.48 454.1619 14.273 1 67.1 1153002189 Detected

11-(cyclohexylcarbonyl)-7,11-
diazatricyclo[7.3.1.02,7]trideca-
2,4-dien-6-one
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
22 3-(5-{(3S)-1-[4- C19H20N403S -15.13 384.1198 15.196 22 88.8 1145808736 Detected
(Methylsulfonyl)benzyl]-3-
pyrrolidinyl}-1,3,4-oxadiazol-2-
yl)pyridine
23 Oleamide C1gH3sNO -2.59 281.2711 25.372 3 95.6 1129006608 Detected
24 Methyl (1R,4aS,9S,10S)-10- Ca3H2807 52821.81 438.1671 14.263 18 711 1099992201 Detected
(acetyloxy)-5,9-dihydroxy-1,4a-
dimethyl-2-oxo-7-(propan-2-yl)-
1,2,4a,9,10,10a-
hexahydrophenanthrene-1-
carboxylate
25 Coniferyl ferulate C20H2006 -2.04 356.1253 15.132 29 969819112.6 Detected
26 Hexyl 2-furoate C11H1603 -1.49 196.1097 9.083 4 902396300.8 Detected
27 [5-(2-Methylimidazo[1,2-a]pyridin- C19H13FsN4O 0.24 370.1042 17.073 16 92 872957578.8 Detected
3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenyl]Jmethanone
28 2-MeO-E1 C19H2403 -2.28 300.1719 18.580 20 851935844.8 Detected
29 C72H76NsO10 -1.54 1212.567 28.968 0 842350101.5 Detected
30 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  Ca2sH2s07 -1.90 440.1827 14.592 4 807372525.9 Detected
methyl-1-buten-1-yl]-3,7-
dimethoxy-2-(3-methyl-2-buten-1-
yl)-9H-xanthen-9-one
31 CasHaa011 0.21 652.2885 29.683 1 768087335.8 Detected
32 2,6-Bis(3,4-methylenedioxyphenyl)-  C2oH1g0s -2.76 354.1094 16.935 22 736548725.9 Detected

3,7-dioxabicyclo(3.3.0)octane
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

33 Methyl (1R,4aS,9S,10S)-10- CasH2s07 52821.81 438.1671 16.313 17 68.8 726843648.4 Detected

(acetyloxy)-5,9-dihydroxy-1,4a-

dimethyl-2-oxo-7-(propan-2-yl)-

1,2,4a,9,10,10a-

hexahydrophenanthrene-1-

carboxylate
34 6,8-Diprenylnaringenin C2sH2805 -2.22 408.1928 19.622 33 676193939.4 Detected
35 C25H400s -2.74 420.2864 17.874 0 633895468.6 Detected
36 Ca3Ha1N206P -4.80 592.2674 27.267 3 571286682 Detected
37 Sesamolin C20H1807 -2.75 370.1042 16.871 16 498853229.1 Detected
38 QMH C16H26N6OsS 53076.10 436.151 20.577 4 61 486440726.1 Detected
39 Gibberellic acid C19H2206 63510.04 368.1251 16.797 23 79.2 482528615.3 Detected
40 CaoH1s03P2 0.25 638.308 27.863 0 474150832.2 Detected
41 Biotin C1oH16N203S -73802.40 226.0739 12.408 0 93 453377871.7 Detected
42 Cs7H32Ns02 -4.83 620.2618 27.332 0 433449049 Detected
43 C7H304P 3.13 181.9775 0.209 0 432441978.6 Detected
44 C20H37N70e 3.01 579.2823 15.004 0 417212096.5 Detected
45 Ebelactone B C21H3604 -1.88 352.2607 18.958 7 394255382.6 Detected
46 Choline CsHisNO 1.96 103.0999 1.032 0 96.4 385631906.1 Detected
47 NP-004999 C18H220s 69097.89 340.13 18.622 36 70.5 383117202.8 Detected
48 C71HgoN4O124 -0.43 1212.567 29.480 0 374275550.3 Detected
49 Auraptene Ci19H2203 -2.31 298.1562 14.064 9 371862651.7 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results
50 Gibberellic acid Ci19H2206 63510.04 368.1251 18.123 23 96.7 366613255.4 Detected
51 QMH C16H26N6O0sS 53076.10 436.151 19.150 4 63.3 365544829.4 Detected
52 C19H27N406P 0.57 438.1671 15.882 17 363938937.9 Detected
53 [5-(2-Methylimidazo[1,2-a]pyridin- C19H13F3N2O 0.24 370.1042 14.082 16 83 352777086 Detected
3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenyljmethanone
54 C3H6N205 0.78 150.0278 0.945 0 351173620.7 Detected
55 13(2)-Carboxypyropheophorbide A C34H3aN40Os -2.86 578.2513 30.548 1 344223897.1 Detected
56 3-(5-{(3S)-1-[4- C19H20N403S -15.13 384.1198 18.056 22 85.3 321505896.3 Detected
(Methylsulfonyl)benzyl]-3-
pyrrolidinyl}-1,3,4-oxadiazol-2-
yl)pyridine
57 2,6-Bis(3,4-methylenedioxyphenyl)-  CzoH150s -2.76 354.1094 18.159 22 318565278.5 Detected
3,7-dioxabicyclo(3.3.0)octane
58 C2s5H400s -2.74 420.2864 18.318 0 318224257.1 Detected
59 4-Methylumbelliferone hydrate C10HsOs -1.87 176.047 18.592 11 76.2 308997684.7 Detected
60 C1gH3sNsOsP 3.81 450.2737 22.234 0 299733496.6 Detected
61 [5-(2-Methylimidazo[1,2-a]pyridin- C1gH13F3N4O 0.24 370.1042 12.567 16 92.6 288723122 Detected
3-yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenyl]Jmethanone
62 Stachydrine C7H13NO2 -1.65 143.0944 1.121 6 286799314 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

63 3-{1-Hydroxy-2-[13-hydroxy-13- C34H1607 -3.06 566.3226 21.758 1 285301952 Detected

(hydroxymethyl)-8-

methylpodocarpan-14-yljethyl}-5-

oxo0-2,5-dihydro-2-furanyl (2E)-3-

phenylacrylate
64 C76H77N2012P 2.36 1240.524 26.906 0 282894548 Detected
65 3-BHA C11H1602 -1.65 180.1147 13.928 13 282620333.9 Detected
66 CasHa0N4Os -3.42 624.2927 25.184 0 280727232.2 Detected
67 CssH32NsO2 -4.82 608.2619 25.483 1 263104511.5 Detected
68 NP-019016 C1gH2008 60374.78 386.0992 13.884 11 81.5 261290533.4 Detected
69 Ca7HasN2P3 -3.65 610.2773 26.153 1 258049412.7 Detected
70 Co2sH3sNO7 -2.52 497.2401 12.938 0 245582473.2 Detected
71 CssH1203P2 1.6 608.2619 26.051 1 245305666.2 Detected
72 1,6-Dihydroxy-8-[(1E)-3-hydroxy-3-  CasH2s07 -1.9 440.1827 16.674 4 235969839 Detected

methyl-1-buten-1-yl]-3,7-

dimethoxy-2-(3-methyl-2-buten-1-

yl)-9H-xanthen-9-one
73 Tranexamic acid CsH15sNO2 -1.95 157.11 1.816 6 217344398 Detected
74 7-Ethoxycoumarin C11H1003 -2.19 190.0626 18.582 10 215416485.4 Detected
75 Ca9Ha403P2 1.72 622.2776 29.023 0 204449681.3 Detected
76 Ethyl 4,5-dimethyl-2-[(quinolin-6- C19H1sN203S 15.67 354.1094 18.864 22 76.5 199439006.1 Detected

ylcarbonyl)amino]thiophene-3-

carboxylate
77 Haplophytine Ca7H0N4O- -1.56 652.2887 26.857 1 194091707.4 Detected
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

78 (1S,4S,5R,9S,10R,13R,14R)-14- C25H1005 52300.55 442.2689 17.870 0 88.5 190562858.8 Detected

Hydroxy-5,9-dimethyl-14-{[(3-

methylbutanoyl)oxy]methyl}tetracy

clo[11.2.1.0Aa,Aa4°.04 ",a

a]hexadecane-5-carboxylic acid
79 CasHasN20sP -4.37 652.2885 28.624 1 188594289.2 Detected
80 NP-019016 C18H200s 60374.78 386.0992 12.637 11 93.6 187668842.3 Detected
81 Butopyronoxyl Ci12H1804 -1.72 226.1201 11.717 3 185583222.5 Detected
82 Eupatoriochromene C13H1403 -2.28 218.0938 18.580 4 184176714.5 Detected
83 Ca3Has02P2 -2.76 536.2958 18.974 0 182615208.7 Detected
84 Methylophiopogonone A Ci9H1606 -1.99 340.094 16.220 8 180427943.3 Detected
85 3-{1-Hydroxy-2-[13-hydroxy-13- CasHa607 -3.06 566.3226 22.185 1 178472984 Detected

(hydroxymethyl)-8-

methylpodocarpan-14-yl]ethyl}-5-

oxo-2,5-dihydro-2-furanyl (2E)-3-

phenylacrylate
86 Methyl (1R,4aS,9S,10S)-10- C23H2507 52821.81 438.1671 20.615 18 78.6 173437844.6 Detected

(acetyloxy)-5,9-dihydroxy-1,4a-

dimethyl-2-oxo-7-(propan-2-yl)-

1,2,4a,9,10,10a-

hexahydrophenanthrene-1-

carboxylate
87 NP-019016 C18H2008 60374.78 386.0992 12.861 11 79.4 171444608 Detected
88 [(3S)-3-(5-Benzyl-1,3,4-oxadiazol- C19H1sN4O2 65786.7 356.1251 17.034 29 73.8 171213780.2 Detected

2-yl)-1-pyrrolidinyl](4-
pyridinyl)methanone
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Table S1. Compounds identified in extracts of the roots, stems and leaves of H. zeylanica (continued...)

Annot. # Chem

No Name Formula DeltaMass Calc. MW RT [min] Spider mzCloud Area sample Blank Sample
best match
[ppm] results

89 9S,13R-12-Oxophytodienoic acid C1sH2503 -2.09 292.2032 18.176 12 92.5 169059829.1 Detected
90 C23H30NsO -0.64 406.2479 21.455 0 167261980.5 Detected
91 Stachydrine C7H13NO2 -1.65 143.0944 1.409 6 166436738.1 Detected
92 NP-012766 C31H4sN4O- 64734.14 624.2927 24.023 0 66.8 165146796.1 Detected
93 Co2gHasNs0s -2.72 531.3406 18.968 0 164997481.2 Detected
94 Hexadecanamide C1eH3sNO -2.28 255.2556 24.847 1 93.9 164086838 Detected
95 C20H21NsO2P -3.49 436.151 17.515 4 164038608.1 Detected
96 2-{9-[(3-methylbutanoyl)oxy]-2- C24H3007 51100.49 452.1825 16.826 1 78.6 161255199.8 Detected

ox0-2H,8H,9H-furo[2,3-h]chromen-

8-yl}propan-2-yl 3-methylbutanoate
97 Auraptene Ci19H2203 -2.31 298.1562 13.800 9 158692488.4 Detected
98 Butylparaben C11H1403 -1.07 194.0941 11.711 39 1571415101 Detected
99 8,12-Dihydroxy-2,2',2',6,9,13- C25H3008 -1.38 458.1934 12.844 1 156640696.2 Detected

hexamethyl-16-methylene-

6'H,11H-spiro[10,14-

dioxatetracyclo[7.6.1.0~1,12~.0~2,

7~]hexadec-6-ene-5,3'-pyran]-

6',11,15-trione
100 1,3-Dihydroxy-1-(7-methoxy-2-oxo-  Cz0H2407 58442.76 398.1356 14.516 3 89 154754441.8 Detected

2H-chromen-6-yl)-3-methylbutan-
2-yl (2Z)-2-methylbut-2-enoate
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1) NCGC00385829-01!2-(3,4-
dihydroxyphenyl)-6-[(2E)-3,7-
dimethylocta-2,6-dienyl]-5,7-dihydroxy-
2,3-dihydrochromen-4-one

2) 3-(5-{(3S)-1-[4-
(Methylsulfonyl)benzyl]-3-
pyrrolidinyl}-1,3,4-oxadiazol-2-
yl)pyridine

4) Trigonelline 5) Coniferaldehyde
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Figure S5. The structure of the compound is predicted to act as antibacterial.
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16) N1-(3,4-Dimethoxyphenethyl)-2-[(2-
aminophenyl)thio]-2-phenylacetamide
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19) [5-(2-methylimidazo[1,2-a]pyridin-3-
yl)-1H-pyrazol-1-yl][4-
(trifluoromethyl)phenyl]methanone
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23) NCGC00385377-01_C19H3207_4-
(2,6,6-Trimethyl-4-oxo-2-cyclohexen- 24) PC (16:0/0:0)
1-yl)-2-butanyl beta-D-glucopyrano

Figure S5. The structure of the compound is predicted to act as antibacterial (continued...).
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