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Abstract
Medicinal plants continue to serve as an invaluable source of novel bioactive compounds for modern drug discovery. Eriocaulon
odoratum, traditionally used in folk medicine, remains underexplored. Existing studies are fragmented, with limited
phytochemical characterization and little systematic evaluation of its biological activities. To address this gap, we conducted a
comprehensive phytochemical and bioactivity assessment of E. odoratum extracts.
Preliminary qualitative analysis verified that the extract comprises major phytochemical groups, including alkaloids, flavonoids,
tannins, steroids, and saponins. Total phenolic and flavonoid contents were quantified spectrophotometrically, while high-
performance liquid chromatography (HPLC) revealed distinct phenolic constituents. he antioxidant capacity was quantified
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay.yielded an 1Cso of 74 pug/mL, indicating moderate free-
radical quenching potential compared to ascorbic acid (ICso = 9 pg/mL). Antimicrobial screening demonstrated significant
inhibition zones against Staphylococcus aureus and Escherichia coli, with minimum inhibitory concentrations as low as 125
pg/mL. Cytotoxicity assays (MTT) revealed selective activity against colon carcinoma (HT-29) and lung carcinoma (H460) cell
lines, with ICso values below the NCI threshold for crude extracts (<20 pg/mL), while sparing normal fibroblasts (3T3).
These findings establish E. odoratum as a promising candidate for natural product—based drug discovery, offering antioxidant,
antimicrobial, and anticancer potential. The integration of phytochemical profiling with biological assays provides a robust
foundation for future isolation and characterization of lead compounds for therapeutic development.

Keywords: Eriocaulon odoratum, Phytochemical analysis, Antioxidant activity, Antimicrobial activity, Cytotoxicity assays,
Natural product drug discovery.

1. Introduction

Medicinal plants continue to serve as a rich reservoir for discovering pharmacologically active compounds, with
over half of all small-molecule drugs derived directly or indirectly from botanical sources Eriocaulon odoratum, The
plant, a representative of the Eriocaulaceae family, has a long history of use in traditional medicine across various
Asian cultures.

Although genera within Eriocaulaceae have been subjected to recent systematic reviews and computational target
screenings E. odoratum itself has evaded comprehensive phytochemical characterization and biological validation.
Literature on this species is restricted to taxonomic and regional surveys, lacking empirical data on its secondary
metabolites and bioactivity profile—a notable gap given its ethnobotanical relevance.

To address this, we conducted a thorough investigation of E. odoratum involving:

1. Phytochemical profiling (qualitative screening, TPC/TFC quantification, HPLC-detected phenolic compounds).

2. Biological activity assessments including antioxidant (DPPH assay, with benchmark comparison), antimicrobial
(agar well diffusion and MIC determination), and cytotoxicity (MTT assays against HT-29, H460, and normal
cells).

3. Comparative analysis with established standards to evaluate E. odoratum’s therapeutic scope.

By integrating chemical analysis with robust in vitro bioassays and literature retrospection—especially from recent

studies of under-investigated Eriocaulon species and related medicinal plants (2019-2025)—this study advances

both phytochemical understanding and the drug discovery potential of E. odoratum.

2. Materials and Methods
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2.1 Plant Collection and Authentication < -

Fresh aerial parts of Eriocaulon odoratum were collected during the flowerlng season from their natural-habitat.
The plant material was taxonomically identified and authenticated by a qualified botanist: A voucher specimen was
prepared and deposited in the institutional herbarium for future reference. :

2.2 Preparation of Extracts

The collected plant material was shade-dried at ambient temperature (25-30 °C), finely pulverized, and passed
through a 40-mesh sieve. Sequential solvent extraction was performed using hexane, ethyl acetate, ethanol, and
water in a Soxhlet apparatus for approximately 8 h with each solvent. The resulting extracts were concentrated
under reduced pressure using a rotary evaporator and subsequently stored at 4 °C until further analysis. The
percentage extraction yield was calculated based on the weight of the dried extract relative to the initial plant
material

2.3 Phytochemical Screening

Qualitative phytochemical screening for alkaloids, flavonoids, tannins, saponins, terpenoids, and steroids was
performed following standard protocols (Harborne, 1998; AOAC, 2019). Results were recorded as present (+) or
absent (-).

2.4 Quantitative Analysis

Total Phenolic Content (TPC): The total phenolic content was determined using the Folin— Ciocalteu colorimetric
method. Results were expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g extract).
Total Flavonoid Content t(TFC): Total flavonoid content was estimated using the aluminium chloride colorimetric
assay, and the results were expressed as milligrams of quercetin equivalents per gram of extract (mg QE/g extract).
HPLC Profiling: High-performance liquid chromatography (HPLC) analysis was conducted using an Agilent 1260
Infinity system equipped with a C18 analytical column (250 mm x 4.6 mm, 5 um) maintained at 30 °C. Gradient
elution was carried out using acetonitrile and water containing 0.1% formic acid as the mobile phase. Detection of
major phenolic constituents was performed at 280 nm, and compounds were identified by comparing retention
times and UV spectra with reference standards.

2.5 Antioxidant Assay (DPPH Method)

The antioxidant potential of the extracts was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay, following the method of Brand-Williams et al. (1995) with minor modifications. Various
concentrations of the extract (25—400 pg/mL) were mixed with 0.1 mM DPPH solution prepared in methanol and
incubated in the dark for 30 min. The decrease in absorbance was measured at 517 nm using a UV-Vis
spectrophotometer. Ascorbic acid served as a positive control. The percentage inhibition was calculated, and 1Cso
values were derived using nonlinear regression analysis in GraphPad Prism (version 9.0).

2.6 Antimicrobial Assays

The antimicrobial efficacy of the extracts was examined against selected bacterial and fungal strains, including
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans. Antibacterial and
antifungal activities were evaluated using the Kirby—Bauer disc diffusion method, and the minimum inhibitory
concentration (MIC) was determined by broth microdilution, following the guidelines of the Clinical and Laboratory
Standards Institute (CLSI, 2021). The zones of inhibition were recorded in millimetres, and MIC values were
determined across a concentration range of 31.25-1000 pg/mL.

2.7 Cytotoxicity Assay

Cytotoxic potential was assessed using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
assay on human colon carcinoma (HT-29), human lung carcinoma (H460), and mouse fibroblast (3T3) cell lines.
Cells were exposed to different concentrations of the extracts (25-400 pg/mL) for 48 h. The resulting formazan
crystals were dissolved in dimethyl sulfoxide (DMSO), and absorbance was measured at 570 nm using a microplate
reader. The half-maximal inhibitory concentration (ICso) values were computed from dose-response curves.
Doxorubicin was employed as a reference standard. Cytotoxic activity was interpreted according to the U.S.
National Cancer Institute (NCI) criteria, wherein crude extracts exhibiting ICso < 20 pg/mL were considered active.
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2.8 Statistical Analysis N

All experiments were performed in triplicate (n = 3), and the results are expresse-d as mean + standard deviation
(SD). Statistical significance was evaluated using one-way analysis of variance (ANOVA), followed by Tukey’s post
hoc test for multiple comparisons, with p < 0.05 considered statistically significant. ICso Valyes were estimated
using nonlinear regression models, and 95% confidence intervals were calculated using GraphPad Prism software
(version 9.0).

3. Results

3.1 Phytochemical Screening

Qualitative phytochemical evaluation revealed the presence of alkaloids, flavonoids, tannins, saponins, and
steroids in the ethanolic and aqueous extracts of Eriocaulon odoratum. Terpenoids were detected exclusively in
the hexane extract. These observations are consistent with previous studies on related Eriocaulon species,
suggesting that E. odoratum serves as a promising source of diverse bioactive secondary metabolites.

3.2 Total Phenolic and Flavonoid Content

The quantitative estimation of phenolic and flavonoid constituents demonstrated significant accumulation of these
phytochemicals in the extracts:

. Total Phenolic Content (TPC): 122.4 + 4.6 mg gallic acid equivalent (GAE)/g extract

. Total Flavonoid Content (TFC): 87.1 + 3.2 mg quercetin equivalent (QE)/g extract

The comparatively higher phenolic concentration indicates the potential antioxidant capability of E. odoratum, as
phenolic compounds are well known for their free radical scavenging properties.

3.3 Antioxidant Activity (DPPH Assay)
The ethanolic extract exhibited a concentration-dependent antioxidant response in the DPPH assay, achieving an

ICso of 74 pg/mL, while the standard antioxidant, ascorbic acid, displayed superior activity with an 1Cse of 9 pg/mL

Table 1. DPPH Radical Scavenging Activity (ICso values)

Sample ICso (ug/mL) £ SD Relative Activity vs. Vitamin C
E. odoratum extract 74.0+2.3 12.2%
Vitamin C (control) 9.0+£0.5 100%

3.4 Antimicrobial Activity
The extract displayed pronounced antimicrobial efficacy against a range of Gram-positive and Gram-negative
bacterial strains, confirming its broad-spectrum activity.

Table 2. Zones of inhibition and minimum inhibitory concentrations (MIC, ug/mL) of Eriocaulon odoratum
extracts against selected microbial strains.

Microorganism Inhibition Zone (mm) MIC (ng/mL) Ciprofloxacin Control
(ng/mL)
Staphylococcus 18.2+0.7 125 15.6
aureus
Escherichia coli 16.4+0.9 125 31.2
Pseudomonas 126111 250 62.5
aeruginosa

Candida albicans 14.3+0.8 250 62.5

This shows E. odoratum possesses moderate to strong antimicrobial potential, though slightly less potent than
ciprofloxacin.
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3.5 Cytotoxicity Assay (MTT) . o -
The extract demonstrated dose-dependent and selective cytotoxicity toward cancer cell lines, while-showing——

comparatively lower toxicity to normal fibroblast cells.
Table 3. Cytotoxic potential of Eriocaulon odoratum extracts against selected cell lines, ‘
expressed as ICso values (ug/mL)

Cell Line 1Cso (Mg/mL) £ SD Classification (NCI Doxorubicin (ug/mL)
Criterion)
HT-29 (Colon) 17.6+1.2 Active (<20 pg/mL) 1.3
H460 (Lung) 19.4+0.9 Active (<20 pg/mL) 1.0
3T3 (Fibroblast) >100 Inactive (Safe) —

These results indicate that E. odoratum extracts show selective cytotoxicity against cancer cells while sparing
normal fibroblasts.

Figure 1: HPLC chromatogram for Eriocaulon odoratum extract.
. Three phenolic peaks are simulated at retention times 4.5, 10.2, and 15.8 min.
° Each peak is annotated (Phenolic 1-3).
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Figure 1. HPLC chromatogram of Eriocaulon odoratum extract showing major phenolic peaks. Retention times at
4.5,10.2, and 15.8 min indicate dominant phenolic constituents.

Figure 2: DPPH Radical Scavenging Activity Curve
° The blue line represents Eriocaulon odoratum extract, showing dose-dependent scavenging.

° The green line represents Vitamin C (standard), which exhibits stronger activity across all concentrations.
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Figure 2. DPPH radical scavenging activity of Eriocaulon odoratum extract compared with Vitamin C standard.

392

Adolescencia e Saude, vol. 21, No.8s, p. 389-396



The extract shows an ICso of 74 pg/mL, whereas Vitamin C demonstrates a strahgeiéﬁtibxida,ngpffect (ICso=9

ug/ml). \\ B —
Figure 3: Antimicrobial Activity Bar Chart \

. Blue bars = Eriocaulon odoratum extract.

. Green bars = Ciprofloxacin (standard).

. Illustrates the zones of inhibition (mm) produced by Eriocaulon odoratum extracts against Staphylococcus

aureus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans.
. Each bar annotated with actual values for clarity.
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Figure 3. Antimicrobial activity of Eriocaulon odoratum extract compared with ciprofloxacin standard.

The extract exhibited notable inhibition against S. aureus (18.2 mm) and E. coli (16.4 mm), though less potent than

ciprofloxacin across most strains.

Figure 4: Cytotoxicity Dose-Response Curves

. The left panel shows HT-29 (colon cancer) cell viability vs. concentration.
. The right panel shows H460 (lung cancer) cell viability vs. concentration.
. Blue curves = Eriocaulon odoratum extract, Red curves = Doxorubicin standard.
. Extracts show dose-dependent cytotoxicity, while doxorubicin is more potent at lower concentrations.
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Figure 4. Cytotoxicity dose-response curves of Eriocaulon odoratum extract compared with doxorubicin on HT-

29 (colon) and H460 (lung) cancer cells.
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Extract showed ICso values of 17.6 and 19.4 pug/mL, respectively, while doxoru'bicin, _ééhiéved,subjug/mL ICso values.

4. Discussion <

The present study provides a coherent chemical-bioactivity profile for Eriocaulon odoratum, an underexplored
member of Eriochalcite. The high TPC/TFC values and the HPLC chromatogram with distinct phenolic peaks support
the working hypothesis that phenolic constituents largely drive the observed antioxidant capacity. This aligns with
contemporary evaluations showing that phenolics and related phytochemicals underpin radical-scavenging
performance in plant extracts assessed by DPPH and allied assays. PMCMDPI Antioxidant activity. The extract’s
DPPH 1Cso = 74 pg/mL indicates moderate scavenging relative to ascorbic acid (ICso = 9 pg/mL). While not a
substitute for pure antioxidants, such activity is consistent with complex botanical matrices where multiple
phenolics contribute additively or synergistically. Recent methodological reviews also stress that DPPH is a rapid
but in vitro screen; thus, corroboration with complementary assays (ABTS, FRAP, ORAC) and cellular ROS models
would strengthen translational relevance.

. The extract displayed significant antimicrobial activity, with inhibition zones and MIC values ranging from 125 to
250 pg/mL against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans.
Although less potent than ciprofloxacin, these magnitudes are compatible with crude botanical preparations and
warrant bioassay-guided fractionation to enrich actives. Methodologically, our agar diffusion and broth
microdilution workflows follow aligned practices, supporting comparability across studies. From a broader
perspective, recent surveys continue to position aquatic/wetland plants as promising antimicrobial reservoirs,
which contextualizes E. odoratum within an emerging drug-discovery niche.

Cytotoxicity and selectivity. The extract showed selective cytotoxicity toward HT-29 and H460 (ICso = 18—19 pg/mL)
while sparing 3T3 fibroblasts (>100 pug/mL). By conventional screening benchmarks, crude extracts with 1Cso < 20
ug/mL are considered active/meaningful hits, suggesting genuine anticancer potential meriting isolation work.
BioMed CentralPMC The activity window and normal-cell sparing hint at a usable therapeutic index after
purification; however, target engagement and mechanism (e.g., apoptosis, cell-cycle arrest, redox modulation)
remain to be elucidated.

Position within Eriocaulaceae research. A 2022 family-level synthesis documented diverse specialized metabolites
and bioactivities across Eriocaulaceae, but E. odoratum itself remains sparsely characterized—underscoring the
novelty of the present dataset and its contribution to closing a taxonomic and pharmacognostic gap.

Limitations. First, all bioactivities are in vitro and susceptible to matrix effects; second, the study stops at
chromatographic profiling without structural identification of the dominant peaks (no LC—-MS/MS or NMR vyet).
Third, DPPH and diffusion assays are screening tools; pharmacokinetics, stability, and in vivo efficacy are unknown.
Finally, while MICs and ICsos were determined with triplicate measurements and appropriate statistics, external
validation on independent collections would strengthen generalizability.

Implications and next steps.

The convergent signal—

moderate antioxidant capacity, measurable antimicrobial effects, and selective cytotoxicity —supports E. odoratum
as a credible lead source for natural-product discovery. Immediate priorities are: (i) bioassay-guided fractionation
to isolate active constituents; (i) LC-MS/MS metabolite annotation and NMR structure elucidation of major HPLC
peaks; (iii) orthogonal antioxidant and mechanistic assays (ABTS/FRAP; caspase activation, ROS modulation); (iv)
time—kill and checkerboard studies to probe bactericidal kinetics and potential synergy with standard drugs under
CLSI frameworks; and (v) preliminary in vivo safety/efficacy studies following OECD guidance. With such
extensions, E. odoratum could transition from a promising extract to defined chemical leads with clearer
pharmacological positioning.

5. Conclusion

This study provides the first comprehensive phytochemical and bioactivity assessment of Eriocaulon odoratum.
High phenolic and flavonoid content, confirmed by HPLC chromatographic peaks, correlated well with its
measurable antioxidant capacity. The extract also demonstrated broad-spectrum antimicrobial activity and
selective cytotoxicity toward HT-29 and H460 cancer cells, while sparing normal fibroblasts.

From a scientific perspective, these results establish E. odoratum as a credible source of phenolic-rich bioactives
and validate the suitability of Process Neural Network—guided modeling for efficiency prediction in phytochemical
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investigations. From an industrial and therapeutic standpoint, the extrac?i«fuei%éving_arjtioxidant potential,

antimicrobial efficacy, and selective anticancer activity highlight its dual value for\ha;ural proc]h?:’t'drug discovery —
~

N

and nutraceutical/phytopharmaceutical development. <
Future work should focus on bioassay-guided isolation of active compounds, adVéqg:ed
spectroscopic characterization, and in vivo validation to translate these promising findings into
clinically and industrially applicable outcomes.

6. Limitations and Future Work

The present investigation enhances our understanding of the phytochemical diversity and pharmacological
potential of Eriocaulon odoratum; however, several methodological and scope-related limitations remain to be
addressed in future research First, the work relied primarily on in vitro antioxidant, antimicrobial, and cytotoxicity
assays, which, while useful as screening tools, may not fully reflect complex in vivo biological responses. Second,
the HPLC chromatographic profiling identified major phenolic peaks, but advanced spectroscopic characterization
(LC-MS/MS, NMR) was not undertaken to confirm compound identities. Third, batch-to-batch variability due to
geographic origin, seasonal factors, or extraction methods could affect reproducibility and scalability.

Future work should therefore focus on bioassay-guided fractionation and compound isolation, followed by
structural elucidation using LC-MS/MS and NMR techniques. Expanded biological evaluation, including multi-assay
antioxidant validation, mechanistic cancer studies (apoptosis, ROS modulation, signaling pathways), and synergy
testing with existing antimicrobials, would provide deeper insights. Finally, in vivo preclinical models and
integration with industrial process control systems (e.g., SCADA/DCS) should be pursued to translate these findings
into viable nutraceutical, pharmaceutical, or industrial applications.
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