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Abstract

This study evaluated Tripleurospermum inodorum extract for cytotoxic, anti-inflammatory, antioxidant, antimicrobial, and
antibiofilm properties, alongside its phenolic profile, predicted pharmacological interactions and in vivo anti-inflamma-
tory properties. The methanolic extract of T. inodorum was rich in apigenin derivatives, including apigenin-O-pentoside
(5.234 mg/g) and apigenin-O-acetyl hexoside (4.929 mg/g), as identified using LC-DAD-ESI/MS™. The extract demonstrated
potent anti-inflammatory activity (IC5,=28.4 ug/mL) by inhibiting nitric oxide production in a RAW 264.7 macrophage
model, a key mechanism in controlling inflammatory responses. Its cytotoxicity against NCI-H460 lung carcinoma cells
(GI50=62.9 ug/mL) suggests potential for targeting inflammation-driven carcinogenesis. Antioxidant activity, ranging from
204.4 (FRAP) to 442.2 (ABTS) mmol of gallic acid equivalents per 100 mg dry weight, highlights its role in mitigating
oxidative stress—a critical driver of chronic inflammation. The extract also displayed moderate antimicrobial activity (MIC:
3-12 mg/mL) and strong antibiofilm potential (> 70% inhibition in a crystal violet assay), which are essential for managing
infection-associated inflammation. Network pharmacology revealed that dominant phenolic compound act as aldose reduc-
tase inhibitors, targeting inflammatory pathways linked to metabolic stress. In vivo assessment using a xylene-induced ear
edema model revealed a dose-dependent, biphasic anti-inflammatory effect, with lower doses (125 and 250 mg/kg) exhibiting
greater efficacy compared to the highest dose (500 mg/kg), suggesting a hormetic response that emphasizes the importance of
optimal dosing. These findings indicate that the methanolic extract of 7. inodorum possesses a broad spectrum of bioactivities
relevant to inflammation control and supports its further development as a source of novel anti-inflammatory therapeutics.
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Introduction with technologies like network pharmacology, are pivotal
in identifying new drug targets and therapeutic strategies.

The emerging need for novel therapeutics to address arange  These efforts aim not only to enhance treatment efficacy but

of illnesses and conditions such as infections (Ivanov et al.
2022) and inflammations (Attiq et al. 2018) underscores the
urgency for innovative approaches in drug development.
Advances in understanding disease mechanisms, coupled

> Dejan Stojkovié
dejanbio@ibiss.bg.ac.rs

Institute for Biological Research, SiniSa Stankovi¢”, National
Institute of the Republic of Serbia, University of Belgrade,
Bulevar Despota Stefana 142, 11108 Belgrade, Serbia

2 CIMO, LA SusTEC, Instituto Politécnico de Braganca,
Campus de Santa Apolénia, 5300-253 Braganga, Portugal

Published online: 07 May 2025

also to mitigate challenges such as drug resistance and side
effects, thereby improving patient outcomes across various
medical domains. Moreover, since ancient times, people
have sought natural ways to cope with pathological condi-
tions (Aware et al. 2022). Today, various modern approaches
can be used to discover and develop plant-based therapeutics
(Najmi et al. 2022). Additionally, it is now a well-established
fact that both plants and their bioactive compounds exert
numerous beneficial effects on human health, which are now
scientifically proven (Nehru et al. 2024; Haridevamuthu
et al. 2024). However, despite abundant research on plant-
based bioactive matrices, much remains to be discovered
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regarding their full therapeutic potential and diverse phar-
maceutical applications.

Network pharmacology studies are essential for
elucidating the complex interactions between drugs and
biological systems at a holistic level. By integrating data
from multiple sources such as genomics, proteomics,
and metabolomics, network pharmacology reveals the
interconnected pathways and targets involved in disease
mechanisms and drug action (Hopkins 2008). This approach
facilitates the identification of novel drug targets, predicts
adverse effects, and optimizes therapeutic efficacy (Li and
Zhang 2013). Moreover, the network pharmacology enables
the exploration of synergistic interactions among multiple
compounds, providing new insights into polypharmacology
and personalized medicine (Kibble et al. 2015).

Tripleurospermum inodorum (L.) Sch. Bip., commonly
known as scentless mayweed, is a weed species that grows in
various parts of Europe (Suk et al. 2023). This plant belongs
to Asteraceae family and is characterized by a phenotype
resembling that of common chamomile (Matricaria
chamomilla) (§ibu1 et al. 2019). Plants from the Asteraceae
family are well known for their diverse bioactive properties,
including anti-inflammatory, analgesic, antipyretic, along
with their widely studied antioxidant potential (Bessada et al.
2015). Ethnobotanical data suggest that Tripleurospermum
species have been used for a range of health applications,
including their sedative, carminative, wound-healing, and
anti-inflammatory properties, as well as for relieving muscle
pain, fatigue, and sore throat. The phytochemical studies
on Tripleurospermum species have revealed that they are
rich in various bioactive compounds, including terpenes,
hydrocarbons, steroids, oxygenated compounds, flavonoids,
tannins, alcohols, acids, melatonin, and fragrant compounds
(Lamponi et al. 2023).

The objective of our study was to comprehensively
investigate the bioactive potential of Tripleurospermum
inodorum, a commonly found weed whose medicinal
properties remain largely unexplored. The study aimed
to evaluate its cytotoxic, anti-inflammatory, antioxidant,
antimicrobial, and antibiofilm activities. Furthermore,
we analyzed the chemical composition of T. inodorum,
with a particular focus on its phenolic constituents, and
predicted their potential pharmacological targets. The
rationale behind the broad concept of exploring anti-
inflammatory, antioxidant, antimicrobial, and antibiofilm
properties stems from the critical role of inflammation,
oxidative stress, and infections—particularly those
associated with biofilms—in the progression of various
chronic diseases. These interconnected factors often
drive the pathophysiology of many health conditions.
By targeting these processes simultaneously, a more
comprehensive and effective therapeutic approach can
be developed. In light of the promising in vitro results
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showing significant anti-inflammatory activity, the study
sought to deepen our understanding of T. inodorum’s
anti-inflammatory potential, which emerged as the most
pronounced biological feature observed in the plant’s
in vitro analysis. Accordingly, the xylene-induced
ear edema model in Wistar rats was used to further
examine the anti-inflammatory properties in vivo. This
comprehensive strategy seeks to investigate the plant’s
wide range of bioactive compounds and how it might
be used to treat different medical issues. By elucidating
these aspects, the study sought to provide insights into the
therapeutic potential of 7. inodorum and contribute to the
development of pioneering natural-based therapeutics for
various health conditions.

Materials and methods

Collection of plant material and extraction
procedure

Tripleurospermum inodorum (L.) Sch. Bip. (Asteraceae) was
collected in Barelié, near Vranje, Serbia, in July 2022 during
its flowering period and identified based on morphological
characteristics by botanist Dr. Dejan Stojkovié. The dried
plant samples were extracted with methanol, following the
method previously described by Ciri¢ et al. (2019a, b).

Phenolic profile

Using LC-DAD-ESI/MSn (Dionex Ultimate 3000 UPLC,
Thermo Scientific, San Jose, CA, USA), the extract’s
phenolic components were identified. After being separated,
phenols were discovered (Bessada et al. 2016). A DAD (with
favored wavelengths of 280, 330, and 370 nm) and a mass
spectrometer (MS) performed a double online detection.
A Linear Ion Trap LTQ XL mass spectrometer (Thermo
Finnigan, San Jose, CA, USA) equipped with an ESI source
performed the MS revelation in negative mode. Phenolics
have been identified using information from the literature
that provides a tentative identification, as well as data on
their chromatographic performances and UV-Vis and
mass spectra in comparison with the standard molecules,
if available. The Xcalibur® data system (Thermo Finnigan,
San Jose, CA, USA) has been used to acquire the data.
The data from the UV-Vis signal were used to create a
calibration curve for all relevant standards of phenolic
compounds for quantitative analysis. In the event that the
commercial standard chemical was unavailable, the detected
molecules were quantified using the calibration curve of
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the closest currently accessible standard. The quantitative
findings were displayed as milligrams per gram of extract.

Cytotoxic potential: sulforhodamine B (SRB) assay

Human tumor cell lines AGS (gastric adenocarcinoma),
CaCo, (colorectal adenocarcinoma), MCF-7 (breast
adenocarcinoma), and NCI-H460 (lung carcinoma) were
used in the assay. Vero cell line (African green monkey
kidney) was used as a non-tumor cell line. Except for the
Vero cell line, which was grown in DMEM medium + 10%
FBS, glutamine, and antibiotics, all of the cell lines used
in this test were grown in RPMI-1640 + 10% fetal bovine
serum (FBS), 2 mM glutamine, 100 U/mL penicillin, and
100 mg/mL streptomycin. 37 °C and 5% CO, in a humidified
environment were the conditions for cell incubation.
When the cells reached 70% to 80% confluence, they were
subjected to additional testing.

After dissolving 8 mg of the extracts in 1 mL of water to
create stock solutions, the extracts were serially diluted to
reach concentrations between 0.125 mg/mL and 8 mg/mL.
The tested cell suspension (190 pL) and all individual extract
concentrations (10 pL) were co-incubated for 72 h at 37 °C
with 5% CO, in a humidified environment in microplates.
Except for the Vero cell line, which was evaluated at 1.9
x 10 cells/well, other cell lines were analyzed at 10% cells/
well.

Following incubation, the cell samples were prepared
in the manner described below: the plates were incubated
for 1 h at 4 °C with 100 pL of 10% (w/v) of previously
cooled TCA before being water washed. After drying,
samples were placed at room temperature for 30 min and
supplemented with an SRB solution (0.057% m/v, 100 pL).
The microplates were thoroughly cleaned with a 1% (v/v)
acetic acid solution and then left to dry to remove any non-
adhered SRB. Additionally, 200 pL of 10 mM Tris was
used to dissolve the bound SRB, and the Biotek ELX800
microplate reader was used to measure the absorbance at 540
nm. The extract concentration that might 50% inhibit cell
growth (GI50) was used to present the results. Ellipticine
was used as a positive control in the tests.

Anti-inflammatory activity

H,O was used to dissolve the extract (8 mg/mL). To get
to the investigated doses (0.125-8 mg/mL), serial dilutions
were carried out. The Leibniz-Institut DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH)
RAW 264.7 mouse macrophage cell line was cultured in
DMEM media supplemented with 10% heat-inactivated
FBS, glutamine, and antibiotics. The cells were kept at 37
°C in a humid environment with 5% CO,, and they were
separated using a cell scraper.

Microplate wells were seeded with a 300-pL cell
suspension, a density of 5Xx 103 cells/mL, and a dead
cell rate of less than 5% (as assessed by the Trypan blue
exclusion test). To encourage cell adhesion and proliferation,
the samples were cultured for 24 h under the aforementioned
circumstances. Following this, the cells were treated for
one hour with extract quantities that were serially diluted
(15 pL, 0.125-8 mg/mL). 6.25-400 pg/mL was the final
concentration range. 30 pL of a lipopolysaccharide
(LPS) (1 pg/mL) was added to stimulate the cells, and
this was followed by another 24-h incubation period.
Representatives without LPS served as the negative control,
and dexamethasone (50 pM) served as the positive control.

Using a nitrite calibration curve (100 pM sodium nitrite
at 1.6 pM) and a Griess reagent system kit (including
nitrophenamide, ethylenediamine, and nitrite solutions),
nitric oxide was quantified in a 96-well microplate. An
ELX800 Biotek microplate reader (Bio-Tek Instruments,
Inc., Winooski, VT, USA) was used to measure absorbance
at 540 nm and compare it with the standard calibration curve
to estimate the production of nitric oxide. The concentration
of T. inodorum extract that causes 50% inhibition of nitric
oxide generation (IC50) was used to depict the results, which
were calculated by graphically displaying the percentage
inhibition of nitric oxide generation vs the concentration
of samples.

Antioxidant activity
Ferricion reducing antioxidant power: FRAP assay

To determine the ferric ion reducing antioxidant power
(FRAP), several modifications were made to the procedure
described by Benzie and Strain (Benzie and Strain 1996).
The working FRAP reagents were 300 mM sodium acetate
buffer (pH 3.6), 20 mM ferric chloride, and 10 mM ferric-
2,4,6-tri(2-pyridyl)—1,3,5-triazine (Fe3 +-TPTZ) dissolved
in 40 mM hydrochloric acid. The new working solution was
made by mixing 3 mL of ferric chloride, 3 mL of FRAP
reagent, and 30 mL of acetate buffer. 50 pL of the tested
sample and 950 pL of freshly prepared FRAP reagent
were combined to form each sample in triplicate, which
was then allowed to sit at room temperature for 10 min.
Absorbance at 593 nm was measured using an Agilent 8453
spectrophotometer (Agilent Technologies, Waldbronn,
Germany). Gallic acid (GA) methanol solutions were used
to create the calibration curve. The results are expressed in
gallic acid equivalents (mmol GAE) per 100 mg of plant
dry weight (DW). All analyses were performed three times.
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DPPH radical scavenging activity

With some adjustments, the DPPH assay was carried out
in accordance with previous instructions (Guru et al.
2021; Issac et al. 2021). 50 pL of the tested sample, 450
pL of methanol, and 500 pL of a 200 pM 1,1-diphenyl-2-
picrylhydrazil (DPPH, Sigma Aldrich, Germany) solution
made in methanol were combined to generate the reaction
mixture. The absorbance was measured at 517 nm after an
incubation time of 30 min at room temperature. The radical
scavenging potential as a percentage of DPPH discoloration
was calculated using the following formula:

DPPH radical scavenging (%)
= [(Acontrol - Asample)/Acontrol] + 100,

with Asample being the solution absorbance with the
extract/reference compound, and Acontrol is the sole DPPH
solution absorbance.

The calibration curve was developed using GA methanol
solutions and the results are shown as mmol GAE per 100
mg~! plant DW. Three triplicates of the experiment were
carried out.

ABTS radical cation scavenging activity

The modified procedure previously described served as the
basis for the ABTS radical cation decolorization experiment
(Re et al. 1999). To produce ABTS radical cations, equal
amounts of 2.45 mM potassium persulfate and 7 mM
ABTS (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonate))
were mixed and incubated for 12 h at room temperature
in the dark. The solution was employed as the ABTS test
reagent in the assay after being diluted with 80% ethanol
after incubation (absorbance at 734 nm: 0.7 +0.02). Sample
(30 pL) and ABTS test reagent (970 pL) were included in
reaction mixtures, which were incubated for 10 min at room
temperature. The absorbance at 734 nm was then measured.

ABTS% +radical scavenging activity (%) was determined
by the following formula:

[(Acontrol — Asample)/Acontrol| * 100,

where Asample is the solution absorbance with T. inodorum
extract and Acontrol is the absorbance of the ABTS%
+ solution without extract added.

The calibration curve was developed using GA methanol
solutions and the results are shown as mmol GAE per 100
mg~! plant DW. Three triplicates of the experiment were
carried out.

@ Springer

Antimicrobial activity

Candida isolates used in this study were clinical samples
C. albicans 475/15, C. albicans 13/15, C. albicans 17/15,
C. krusei H1/16, C. glabrata 4/6/15 and reference yeasts
C. albicans ATCC 10231, C. tropicalis ATCC 750,
C. parapsilosis ATCC 22019, and C. auris ATCC B
11903. Strains used in this assay were resistant strains—
methicillin-resistant Staphylococcus aureus (IBRS MRSA
011), Pseudomonas aeruginosa (IBRS P0O01), Escherichia
coli (IBRS E003) (Victor et al. 2018) and reference
strains Yersinia enterocolitica (ATCC 23715), Klebsiella
pneumoniae (ATCC 13883).

Microdilution assay was employed for the establishment
of minimum inhibitory (MIC) and minimum fungicidal/
bactericidal concentrations (MFC/MBC). Yeast or bacterial
cultures (1.0 x 10° CFU/per well) were incubated in the
96-well microtiter plates with serially diluted 7. inodorum
in YPD broth (yeasts) and Tryptic Soy Broth (bacteria, TSB)
at 37 °C, 24 h. Upon incubation, MIC and MFC/MBC values
were obtained.

The lowest tested T. inodorum concentrations that were
not promoting microscopically detectable growth under
inverted microscope Nikon Eclipse TS2 (Amsterdam,
Netherlands) and compared to the control (untreated yeast
cells) were considered as MIC. MFC were presented as
extract concentrations that do not induce visible yeast growth
upon serial sub-cultivation of 10 puL of samples at 37 °C, 24
h. Ketoconazole (SigmaAldrich, Darmstadt, Germany) was
employed in the assay as a commercial antifungal control
drug.

The MIC values for bacteria were observed after the
incubation of samples with iodonitrotetrazolium chloride
(INT) (0.2 mg/mL, 40 mL) at 37 °C, 30 min. The lowest
concentration that did not induce bacterial in comparison
with the positive control was proposed as the MIC. The
MBC was determined by serial sub-cultivation of 10 mL
of each well sample into microplates containing 100 mL
of the TSB. The lowest concentration that did not induce
growth upon sub-culturing was determined as the MBC.
Streptomycin (SigmaAldrich, Germany) was employed as
positive control.

Antibiofilm activity

Potential of T. inodorum to impede with C. albicans 475/15
biofilm establishment was tested as previously explained
(Ivanov et al. 2021). Candida was incubated with serially
diluted extract (MIC, 0.5 MIC and 0.25 MIC) in YPD
medium, by using 96-well plates with adhesive bottom
(Sarstedt, Germany), at 37 °C during 24 h. Microtiter plate
was washed twice with sterile PBS and methanol was added.
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Upon cell fixation, methanol was aspirated and the microtiter
plate was left to air dried. Crystal violet (0.1%, Bio-Merieux,
France) was used for 30 min to stain the biofilms. The plate
was tap water washed and air dried. Afterwards, the stain
bound to biofilms was dissolved with ethanol (96%, Zorka,
Serbia). Absorbance was determined on a Multiskan™ FC
Microplate Photometer, Thermo Scientific™. The following
equation was used to determine percentage of inhibition of
biofilm formation:

[(A62000ntrol — A620sample)/ A620control] x 100

Prediction of putative targets

The putative targets were identified by using the
SwissTargetPrediction software (http://www.swisstarge
tprediction.ch/) while Cytoscape_v3.10.2 was used for the
preparation of illustration network for compound-target
interactions for the most abundant compounds detected in
the T. inodorum sample.

Assessment of in vivo anti-inflammatory activity:
xylene-induced ear edema in rats

We employed xylene-induced ear inflammation model
(Fig. 1) to evaluate extract’s in vivo anti-inflammatory effect
(Sun et al. 2018). The experimental procedures and animal
treatments complied with EEC Directive 2010/63/EU on the
protection of animals used for experimental and other scien-
tific purposes and were approved by the Ethical Committee

of the Institute for Biological Research “Sinisa Stankovic”
(IBISS), University of Belgrade, Serbia (ethical clearance
number 01-126/25). Female Wistar rats (150-200 g) were
housed under controlled conditions at IBISS (12 h light/
dark cycle, 60% humidity, 21-24 °C). The animals were
divided into five groups: Group 1 (control) received orally
1 mL of distilled H,O, Groups 2, 3 and 4 received 1 mL of
H,O containing extract in doses 125, 250 and 500 mg/mL,
respectively, and Group 5 received 1 mL of water containing
2 mg/mL dexamethasone (positive control). All rats received
the designated treatment via oral gavage for four consecutive
days. Ear edema was induced by applying 50 uL of xylene
to the dorsal and ventral surfaces of the right ear, 30 min
after the final oral treatment, while the left ear remained
untreated. Ear thickness was measured using a digital caliper
at 30 and 60 min following edema induction. Afterward, the
animals were sacrificed, and ear samples were collected. A
10-mm round ear piece was taken from the same location on
both the left (untreated) and right (xylene-treated) ears and
weighed to assess differences in ear mass as an additional
parameter of ear edema. The differences in thickness and
mass between the right and left ears were used to determine
the degree of ear edema.

Isolation of ear cells

Epidermal and dermal cells were isolated from right
xylene-treated ear in all groups to analyze extract’s effect
on ear cells inflammatory response (Sumaria et al. 2011;
Tucovic et al. 2022). The ears were separated into dor-
sal and ventral halves using forceps and digested with

o Earswelling e« Earswelling

« Response of ear cells
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l l l 1 30 min after 60 min after
Day 1 Day 2 Day 3 Day 4 xylene application  xylene application

Beginning of the treatment
(oral gavage for 4 days)

30 min after oral gavage
on the 4th day, application

of 50 ul xylene to the ear

Fig. 1 Schematic representation of the in vivo xylene-induced ear edema model and treatment protocol
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Dispase II (2.5 mg/mL) (Sigma-Aldrich, St. Louis, MO,
USA) at 37 °C for 90 min to separate the epidermis and
dermis. The separated layers were then cut into small
pieces and further digested with collagenase type IV (1
mg/mL) and DNase I (1 mg/mL) at 37 °C for 45 min
to release cells. The resulting tissue suspensions were
filtered through a 70-pm nylon mesh (BD Bioscience,
USA), washed, and resuspended in the medium to obtain
single-cell suspensions. Ear cells (0.2 x 10%/well) were
cultured for 48 h at 37 °C, 5% CO, in 96-well plates. The
cytokine levels were measured using commercially avail-
able ELISA kits for rat TNF and IL-6 (purchased from
R&D, Minneapolis, USA), with titers calculated from a
standard curve of recombinant cytokines. To assess cell
metabolic viability, 100 pL of medium containing 10 pL
of MTT salt (Sigma-Aldrich, St. Louis, MO, USA) was
added immediately to freshly isolated cells and incubated
for 3 h at 37 °C in a humidified atmosphere containing
5% CO,. After incubation, 10% sodium dodecyl sulfate
(SDS)-0.01 N HCI1 was added to dissolve the formed
formazan, and the absorbance of extracted chromogen
was measured at 540 nm using a spectrophotometer
Biotek Synergy H1 Multimode reader (Winooski, VT,
USA).

Table 1 Retention time (Rt), wavelengths of maximum absorption (A

Statistical analysis

The experiments were performed in three repeats and
results are presented as means + standard errors. The
data were statistically analyzed using the GraphPad Prism
9.0.0. The differences between experimental groups and
control were compared by students t-test and one-way
ANOVA. A p values (*p < 0.05, **p < 0.01, ***p <
0.001, ****p < 0.0001) were considered to be statistically
significant.

Results and discussion

Chemical profiling of T. inodorum methanolic
extract

In our study, the dominant polyphenolic compounds in 7.
inodorum methanolic extract were apigenin derivatives,
specifically apigenin-O-pentoside (5.234 mg/g) and
apigenin-O-acetyl hexoside (4.929 mg/g) (Table 1). A
previous study on 7. inodorum reported high levels of
total phenolics and flavonoids (25.2-51.9 mg/g), as well as
significant amounts of apigenin and its derivative apigenin-
7-O-glucoside (éibul et al. 2019). The extract was also rich
in 5-O-caffeoylquinic acid (3.529 mg/g) (Table 1), which
was also identified as one of the dominant polyphenolic
compounds in the previous study (Sibul et al. 2019).

), mass spectral data, tentative identification, and quantification (mg/g

extract) of the phenolic compounds present in the methanolic extract of T. inodorum

Peak Rt (min) Amax (nm) [M-H]~ (m/z) MS? (m/z) Tentative identification T. inodorum
1 5.03 324 341 179(100),161(34) Caffeic acid hexoside 0.571 +£0.017
2 5.66 308 337 191(10),163(100),119(13) 3-0-p-Coumaroylquinic acid 0.692 +0.011
3 6.31 326 353 191(100),179(7),173(5),135(5) 5-0O-Caffeoylquinic acid 3.529 +0.127
4 7.31 326 353 191(100),179(5),173(9),135(3) trans 5-O-Caffeoylquinic acid 1.155 £0.079
5 8.64 347 593 473(30), 383(31), 353(66) Apigenin-C-dihexoside 0.296 +0.024
6 10.17 308 337 191(100),163(10),119(13) 5-0-p-Coumaroylquinic acid 0.876 £0.03
7 12.46 314 431 269(100) Apigenin-O-hexoside 0.96 +0.047
8 16.2 367 463 301(100) Quercetin-O-hexoside 1.006 +0.04
9 17.83 346 447 285(100) Luteolin-O-hexoside 1.523 +0.049
10 19.12 326 447 285(100) Kaempferol-O-hexoside 0.658 +0.022
11 21.18 357 505 301(100) Quercetin-O-acetylhexoside 0.961 +0.001
12 21.75 337 431 269(100) Apigenin-O-pentoside 5.234 +£0.268
13 22.42 341 489 285(100) Luteolin-O-acetylhexoside 1.233 £0.052
14 26.93 336 473 269(100) Apigenin-O-acetylhexoside 4.929 +0.039
Total phenolic acids 6.824 +0.17
Total flavonoids 16.799
+0.257
Total phenolic compounds 47.245
+0.855
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Table 2 Cytotoxic and anti-inflammatory activity of the 7. inodorum
methanolic extract

T. inodorum Ellipticine Dexamethasone
Cytotoxic activity Gls, (ug/mL)
AGS 198.7 £19.3 1.23 +£0.03 -
CaCo2 278.1 £27.2 1.21 £0.02 -
MCF-7 265.7 £25.5 1.02 £0.02 -
NCI-H460 62.9 £5.1 1.01 £0.01 -
VERO 272.8 £26.2 1.41 £0.06 -
Anti-inflammatory activity ICs, (ug/mL)
RAW 246.7 8.4+038 - 6.3+04

Gls,—concentration of extract with the ability to inhibit cell growth
by 50% and ICsy—concentration of each of the extracts that causes
the 50% inhibition of nitric oxide production

Table 3 Antioxidant activity of

: . Test mmol GAE

T. inodorum methanolic extract per 100 mg
DW

ABTS 4422 +9.8

DPPH 277.8 £0.8

FRAP 204.4 +0.9

Cytotoxic and anti-inflammatory activity

The examined extract exhibited the highest toxicity towards
NCI-H460 lung carcinoma (GI50 62.9 pg/mL). On the other
hand, its toxicity to other tumor cell lines was similar to its
GI50 towards normal cells (VERO) (Table 2). A previous
study on the T. inodorum essential oil compound, matri-
caria ester, demonstrated cytotoxicity against Artemia salina
(Suleimen et al. 2018). The cytotoxic potential of the extract
may be attributed to the apigenin derivatives present, as a
previous study found that other derivatives of apigenin, as
well as apigenin itself, exhibited cytotoxicity (Smiljkovic
et al. 2017).

Additionally, we established significant anti-inflammatory
potential of T. inodorum extract (ICs, 8.4 ug/mL). The
ethnobotanical indices highlight the anti-inflammatory
potential of Tripleurospermum species (Lamponi et al.
2023). 5-Caffeoylquinic acid, which has been previously
shown to reduce chemically induced inflammation in mice
(Segheto et al. 2018), may contribute to the extract’s anti-
inflammatory potential. This dual activity of the extract, both
cytotoxic and anti-inflammatory, suggests that it could be a
valuable candidate for further investigation as a potential
therapeutic agent.

Further contributing to the 7. inodorum extract’s overall
pharmacological profile may be the diversity of multiple
bioactive substances, such as flavonoids and phenolic
acids. The extract is a fascinating topic for in-depth

pharmacological and toxicological research because of the
potential interactions between these chemicals that could
increase its effectiveness.

Antioxidant activity

Antioxidant properties of the methanolic extract of T.
inodorum, commonly known as scentless mayweed,
were evaluated (Table 3). The antioxidant potential was
measured using three assays: ABTS, DPPH, and FRAP,
and the results are presented in mmol of gallic acid
equivalents (GAE) per 100 mg of dry weight (DW). T.
inodorum exhibited significant antioxidant activity across
all three assays, with the highest potential determined in
the ABTS assay, followed by DPPH, and then FRAP. This
suggests that the extract has a strong ability to neutralize
free radicals and reduce oxidative stress, which may have
potential health benefits. The discrepancies in the values
obtained from the three assays are expected due to the
varying principles and sensitivity of each assay to different
types of antioxidants present in the extract. Another
Tripleurospermum plant, T. insularum, was also studied
and exhibited promising antioxidant potential (Zeljkovié
et al. 2015). Moreover, the methanol extract of 7. limosum
exhibited the highest DPPH, ABTS, and hydroxyl radical-
scavenging potential among the different extracts tested in
a previous study (Chen et al. 2022).

The observed antioxidant activity might be linked to the
presence of various biologically active compounds identified
in the extract. Phenolic acids such as caffeic acid hexoside
and coumaroylquinic acids are well-known for their ability
to scavenge free radicals. Flavonoids like apigenin-C-
dihexoside, luteolin-O-hexoside, quercetin-O-hexoside and
luteolin-O-hexoside could also contribute significantly to
antioxidant activity (Crozier et al. 2010). Their ability to
donate electrons contributes to the total antioxidant capacity
of the extract.

The methanolic extract of T. inodorum exhibits strong
antioxidant activity, which is consistent with its abundant
phenolic acid and flavonoid makeup. These substances
support the extract’s historical use as an antioxidant-rich
medicinal plant in addition to offering insights into its
possible health advantages.

Anticandidal activity

The methanolic extract of T. inodorum has exhibited mod-
erate anticandidal potential, with MIC values >3 mg/mL
against different Candida strains. It has shown the most
intense antifungal activity towards strains C. albicans
475/15, C. albicans 17/15, C. albicans ATCC 10231 and
C. parapsilosis ATCC 22019 (MIC 3 mg/mL) while lowest
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Table4 The anticandidal activity of the 7. inodorum methanolic
extract in terms of MIC and MFC values (mg/mL)

Yeasts T. inodorum Ketoconazole

MIC  MFC MIC MFC
C. albicans 475/15 3 6 0.003 0.006
C. albicans 13/15 6 12 0.0016  0.05
C. albicans 17/15 3 6 0.0016  0.05
C. krusei H1/16 6 12 0.0016  0.003
C. glabrata 4/6/15 6 12 0.0016 0.006
C. albicans ATCC 10231 3 6 0.0016  0.006
C. tropicalis ATCC 750 6 12 0.0016  0.006
C. parapsilosis ATCC 22019 3 6 0.003 0.006
C. auris ATCC B 11903 12 > 12 - -

antifungal potential was recorded towards C. auris ATCC B
11903 (Table 4). To the best of the authors’ knowledge, the
presented information is the first data on the anticandidal
potential observed for T. inodorum.

Tripleurospermum auriculatum has been previously
tested and exhibited antifungal potential against Geotricum
candidum, Candida albicans, C. tropicalis, and Aspergillus
fumigatus. The MIC of the T. auriculatum ethanol extract
against the C. albicans strain tested was 0.98 pg/mL
(Al-Saleem et al. 2018), which is lower than our result (3
mg/mL) for T. inodorum.

Antibacterial activity

Antibacterial potential of T. inodorum methanolic extract
was moderate with MIC values ranging from 3 mg/mL (for
P. aeruginosa IBRS P001, Y. enterocolitica ATCC 23715,
and K. pneumoniae ATCC 13883) to 12 mg/mL (S. aureus
IBRS MRSA 011) (Table 5).

Tripleurospermum disciforme extract has been previously
tested and exhibited antimicrobial effects against S. aureus
and S. epidermidis (MICs of 112 and 224 pg/mL, respec-
tively) (Tofighi et al. 2015). In contrast, the MIC against

Table5 The antibacterial activity of the 7. inodorum methanolic
extract in terms of MIC and MBC values (mg/mL)

Bacteria T. inodorum Streptomycin

MIC MBC MIC MBC

Staphylococcus aureus (IBRS MRSA 12 >12 0.1 -
011)

Pseudomonas aeruginosa (IBRS P001) 3 6 0.05 0.1

Yersinia enterocolitica (ATCC 23715) 3 6 0.01 0.02

Klebsiella pneumoniae (ATCC 13883) 3 6 0.005 0.01

Escherichia coli IBRS E003) 6 12 0.1 0.2
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Fig. 2 Inhibition of C. albicans 475/15 biofilm formation upon treat-
ment with the extract is presented as the mean value of three repli-
cates +SD. The asterisks represent statistical significance ***, p<
0.001, *#*#** p< 0.0001 when treatment samples are compared with
control (untreated sample, 0% inhibition)

methicillin-resistant S. aureus in our study was much higher
(12 mg/mL).

Antibiofilm activity

The methanolic extract of 7. inodorum exhibited promising
antibiofilm potential when applied in concentrations ranging
from 0.25 MIC to MIC. Formation of C. albicans 475/15
biofilm was significantly impaired especially when dose of
MIC (3 mg/mL) was applied (Fig. 2). Previous antibiofilm
investigation has been focused on the antibiofilm potential
of diverse products such as silver nanoparticles (Muthulak-
shmi et al 2022) or piperine-coated zinc oxide nanoparti-
cles (Shaik et al. 2024). Moreover, antibiofilm potential of
plant extracts is well known (Cirié et al. 2019a, b). However,
according to the authors’ best knowledge, this is the first
study of T. inodorum antibiofilm potential.

Prediction of pharmacological targets

The network diagram was drawn to illustrate various molec-
ular interactions and pathways potentially affected by plants
dominant compounds (Fig. 3). The diagram centers around
three compounds: apigenin-O-pentoside, apigenin-O-acetyl-
hexoside and 5-O-caffeoylquinic acid, since they were the
compounds with the highest detected quantities (Table 1).
These compounds are connected to a number of targets, pro-
teins, and enzymes, including interleukin-2, TNF-alpha, the
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Fig.3 Diagram representation of the most likely targets for the extract dominant compounds as detected by network pharmacology prediction

epidermal growth factor receptor (erbB1), and several more.
Aldose reductase, matrix metalloproteinases, protein kinase
C (alpha, beta, gamma, epsilon, delta), carbonic anhydrase
(1, IV, VII, XII), and other proteins and enzymes are also
part of the pharmacological network of these phytochemi-
cals (2, 12, 13). Additionally displayed are certain recep-
tors such as the adrenergic receptor alpha-2, neuromedin-U
receptor 2, and adenosine A1l receptor.

Aldose reductase is the enzyme that is directly inhibited
by all three compounds: apigenin-O-pentoside, apigenin-
O-acetyl hexoside, and 5-O-caffeoylquinic acid. This
implies that these compounds may work in tandem to
block aldose reductase, which could result in a stronger
reduction of glucose to sorbitol. Since aldose reductase is
a crucial component of the polyol pathway, which is linked
to the development of diabetic neuropathy, retinopathy, and
nephropathy, this could have a big impact on how diabetic
problems are treated (Ddnild et al. 2024). Although the
polyol pathway is mainly linked to issues from diabetes,
some research indicates that it may also have a role in
the development of cancer. By interfering with the polyol
pathway, inhibiting aldose reductase may have anti-cancer
properties (Tammali et al. 2011). The polyol pathway
contributes to ROS generation by depleting NADPH and
GSH and enhancing NADH oxidation during the conversion

of sorbitol to fructose. As the key rate-limiting enzyme in
this pathway, aldose reductase (AR) drives the expression
of inflammatory cytokines, including TNF-oa and NF-kB.
Apigenin-O-pentoside and apigenin-O-acetylhexoside
directly inhibit TNF-alpha and also have a connection to
interleukin-2. This suggests that the compounds might have
a role in regulating the immune response by influencing
both pro-inflammatory (TNF-alpha) and anti-inflammatory
(interleukin-2) cytokines. While inflammation is a complex
process, some studies suggest that chronic inflammation
can contribute to cancer development. Therefore, inhibiting
TNF-alpha could potentially have anti-cancer effects by
reducing inflammation (Zia et al. 2020). Both compounds
have a connection to adenosine 1 receptor. Adenosine 1
receptor is involved in different physiological processes,
such as inflammation, pain, and neurotransmission
(Haddad et al. 2023). This connection suggests that the two
compounds might have a role in modulating these processes
through its interaction with adenosine 1 receptor.
Apigenin-O-acetylhexoside may also inhibit protein
kinase C (PKC) alpha, according to connections. Inhibiting
PKC alpha, a crucial enzyme involved in a number of signal
transduction cascades, may have consequences for a number
of illnesses, such as diabetes, cancer, and neurological
disorders. It is possible that apigenin-O-acetylhexoside
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inhibits PKC delta. PKC delta is involved in a number
of cellular functions, including apoptosis, and diseases
including cancer and neurological problems may be affected
if it is inhibited (Lien et al. 2021).

As demonstrated in the in vitro tests, the extract's
anticancer (cytotoxic) properties may be related to a possible
interaction between the most prevalent phytochemicals
and enzymes implicated in the development of cancer.
Additionally, we demonstrated anti-inflammatory properties
in vitro using a macrophage cell line model system, which
may also potentially be connected to the enzyme inhibition
mentioned above.

Extract anti-inflammatory activity
in xylene-induced ear edema model in rats

Ear swelling, assessed by both thickness (Fig. 4) and
weight (Fig. 5), was significantly reduced upon treatment
with T. inodorum (Fig. 6). The extract at doses 125 mg/
kg and 250 mg/kg significantly reduced xylene-induced ear
edema, measured by both ear thickness and mass, similarly
as dexamethasone (2 mg/kg), compared xylene-induced ear
edema in H,O-treated control group. However, this effect
was absent at 500 mg/kg extract dose. In the model of
xylene-induced ear edema, the study found that 7. inodo-
rum methanolic extract had a biphasic (hormetic) impact,
indicating that lower dosages (125 and 250 mg/kg) were
more successful in lowering inflammation than the highest
dose (500 mg/kg). According to this response pattern, 7.
inodorum works through a dose-dependent but non-linear
mechanism to reduce inflammation. Moderate dosages are

Fig.4 Ear swelling (mm) upon
30 min and 60 min exposure to
T. inodorum (125, 250 and 500
mg/kg) and dexamethasone (2
mg/kg). Results are presented as
mean values of three replicates
+SD. The asterisks represent
statistical significance (*p
<0.05, ¥* <0.01, ***, p<
0.001) when treatment samples
are compared with control
(sample treated with water)
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Fig.5 Ear swelling (mg) upon treatment with 7. inodorum (125, 250
and 500 mg/kg) and dexamethasone (2 mg/kg). Results are presented
as mean values of three replicates +SD. The asterisks represent sta-
tistical significance (*p <0.05, *** p< 0.001) when treatment sam-
ples are compared with control (sample treated with water)

the more effective, whereas the highest dose used caused a
loss of efficacy or even a minor pro-inflammatory response.
This biphasic pattern, which is frequently observed during
hormesis, may be brought on by metabolic feedback loops,
paradoxical stress reactions at elevated doses, or differential
receptor activation (Calabrese 2014).

A similar pattern was seen in the NO production (Fig. 7),
where intermediate doses (125 and 250 mg/kg) considerably
decreased NO levels, however the 500 mg/kg dose had a
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= 60 min
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Fig.6 Xylene-induced thickness of the right ear in A) control B) treatment with 7. inodorum (125 mg/kg), C) treatment with 7. inodorum (250
mg/kg), D) treatment with 7. inodorum (500 mg/kg), E) dexamethasone (2 mg/kg)
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Fig. 7 Production of NO (uM) upon treatment with 7. inodorum (125,
250 and 500 mg/kg) and dexamethasone (2 mg/kg). Results are pre-
sented as mean values of three replicates +SD. The asterisks repre-
sent statistical significance (*p <0.05) when treatment samples are
compared with control (sample treated with water)

non-favorable impact. The decrease at lower dosages implies
a strong anti-inflammatory effect, since NO is essential for
vasodilation, oxidative stress, and immune cell activation
(Andrabi et al. 2023). Higher concentrations, however,
may cause cells to activate compensatory mechanisms in
an attempt to counteract excessive NO suppression, making

25—
20- T
)
£ 154 J_ T
m * %
& = J_ * %
T - — *%
= 10 = T
= 1
5_
0 1 1 1 1 1
N\
& & & S
00 (9'6\ & & v‘b
¥ L S &
(N % i) &
|2
00

Fig.8 Production of TNF (pg/mL) upon treatment with T. inodorum
(125, 250 and 500 mg/kg) and dexamethasone (2 mg/kg). Results are
presented as mean values of three replicates +SD. The asterisks rep-
resent statistical significance (** <0.01) when treatment samples are
compared with control (sample treated with water)

the response less efficient. The reduction in ear edema was
accompanied by decrease in proinflammatory response of
ear cells, indicated by lower production of NO, TNF (Fig. 8)
and IL-6 (Fig. 9), in animals treated with extract at doses
125 mg/kg and 250 mg/kg (although TNF reduction at 250
mg/kg showed numerical decrease, p= 0,08), as well as
dexamethasone. In animals that received 500 mg/kg of the
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Fig.9 Production of IL-6 (pg/mL) upon treatment with 7. inodorum
(125, 250 and 500 mg/kg) and dexamethasone (2 mg/kg). Results are
presented as mean values of three replicates +SD. The asterisks rep-
resent statistical significance (*p <0.05, ** <0.01, *** p< 0.001)
when treatment samples are compared with control (sample treated
with water)

extract, NO production by ear cells remained unchanged,
TNF decreased while IL-6 production was significantly
increased, compared to controls.

No differences in ear cells metabolic viability were
observed between groups (0,224 +0,108, 0,269 + 0,086,
0,302 +0,019, 0,216 +0,018 and 0,236 + 0,028 for controls,
125 mg/kg, 250 mg/kg, 500 mg/kg and dexamethasone,
respectively).

The hormetic dose—response paradigm, which states that
larger doses produce compensatory or paradoxical effects
while low-to-moderate doses induce advantageous adaptive
responses (Agathokleous and Calabrese 2019), is consistent
with the observed biphasic pattern in 7. inodorum's anti-
inflammatory efficacy. Among the explanations that could be
offered are: (a) differential receptor activation; (b) balance of
antioxidants and prooxidants; (c) metabolic adaptation and
(d) hormesis and immune priming. Certain phytochemicals
may function as partial agonists or modulators, causing
compensatory effects at greater doses while activating
anti-inflammatory pathways at lower concentrations. At
low concentrations, polyphenols and flavonoids frequently
show antioxidant benefits; but, at greater concentrations,
they can cause mild oxidative stress, which may stimulate
immune cells instead of suppressing them (Nitti et al. 2022).
The extract’s potency may be diminished by immune and
inflammatory cells that downregulate receptor sensitivity or

@ Springer

activate counter-regulatory pathways at high concentrations.
While higher dosages of phytochemicals may encourage
tolerance or compensatory activation, low-to-moderate
doses may elicit a protective response, priming the immune
system for upcoming challenges.

Conclusion

The methanolic extract of T. inodorum demonstrates
significant bioactivity, primarily attributed to its rich
polyphenolic composition. Its most notable effect is its
strong anti-inflammatory activity, supported by substantial
antioxidant and antibiofilm properties. The extract also
exhibited promising cytotoxic potential against certain cell
lines, likely due to the synergistic effects of its dominant
phytochemicals. While its antimicrobial activity was
moderate, it required relatively high concentrations to be
effective. Significant inhibition in biofilm formation was
noted upon addition of sub-inhibitory concentrations of the
extract. Overall, 7. inodorum showcases a diverse bioactivity
spectrum relevant to inflammation control and warrants
further investigation to explore its potential applications
in anti-inflammatory therapeutics and other bioactive
formulations. The results from in vivo tests demonstrate
that T. inodorum has a complicated, dosage-dependent
effect, with the strongest anti-inflammatory efficacy
occurring at lower doses (125-250 mg/kg) compared
to the maximum dose (500 mg/kg). A critical factor for
prospective clinical applications is that this biphasic
response implies that maximum efficacy is attained within
a particular concentration range and that greater doses do not
always improve therapeutic effects. In addition to its anti-
inflammatory activity, the study also explored wide spectrum
of extract’s bioactivities such as antioxidant, antimicrobial,
and antibiofilm properties, enhancing our knowledge on
potential utilization and therapeutic development based
on this plant. These findings shed light on the T. inodorum
potential as the plant with diverse functions and potentially
diverse applications in therapeutic formulations.
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