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Abstract
Macrophages play a central role in the inflammatory processes associated with gout, particularly through the production of pro-inflammatory cytokines in response to monosodium urate (MSU) crystals. The present study investigated the cellular immunomodulatory effects of ethanolic rhizome extracts of Drynaria quercifolia and Curcuma aeruginosa using a human 
THP-1 monocytic cell model under non-induced conditions. Cytocompatibility was first assessed using the MTT assay, and sub-cytotoxic concentrations were selected for downstream analysis. Both extracts exhibited concentration-dependent cytotoxicity, with IC₅₀ values of 40.94 µg/mL and 48.18 µg/mL, respectively. At a sub-cytotoxic concentration (20 µg/mL), the transcriptional modulation of key inflammatory mediators, including TNF-α, IL-6, COX-2, and iNOS, was evaluated using RT-qPCR. Both extracts significantly downregulated TNF-α, IL-6, and COX-2 expression relative to untreated controls. In contrast, iNOS expression was upregulated, with a more pronounced effect observed for D. quercifolia. These findings indicate a differential regulation of inflammatory gene expression in THP-1 cells under basal conditions. Thus, the results suggest that the rhizome extracts exhibit intrinsic immunomodulatory activity rather than direct anti-inflammatory effects in the absence of external inflammatory stimulation. This study provides preliminary cellular-level evidence supporting the potential of these rhizomes in modulating macrophage-associated signaling pathways relevant to inflammatory conditions, including gout.
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1. Introduction
Monocytes and macrophages play a central role in the innate immune system by regulating inflammatory responses through the production of cytokines, chemokines and other inflammatory mediators. These immune cells function as key regulators of host defense, tissue repair and inflammatory signaling pathways. Upon activation, macrophages produce pro-inflammatory mediators such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), inducible nitric oxide synthase (iNOS) and other cytokines that orchestrate inflammatory responses and immune regulation. Dysregulation of these mediators is associated with various inflammatory and metabolic diseases, making macrophages an important cellular target for investigating anti-inflammatory agents (Chen et al., 2023).
To investigate macrophage-mediated inflammatory mechanisms, in-vitro cell culture models are widely used because they provide controlled systems for evaluating cellular responses to bioactive compounds. Among the available monocytic models, the human THP-1 cell line, derived from acute monocytic leukemia (Tsuchiya et al., 1980), is one of the most extensively used experimental models for studying macrophage biology, immune signaling pathways and inflammatory mediator production. THP-1 cells exhibit many functional characteristics of human monocytes and macrophages and therefore provide a reliable model for investigating immune modulation and inflammatory signaling in vitro (Chanput et al., 2014). THP-1 monocytic cells can also differentiate into macrophage-like cells and are widely used to study macrophage polarization, cytokine production, and inflammatory responses associated with immune disorders including gout (Zhao et al., 2022).
Gout is a crystal-induced auto-inflammatory disorder characterized by the deposition of monosodium urate (MSU) crystals in synovial joints, which triggers a rapid innate immune-mediated inflammatory response involving macrophages and neutrophils (Steiger et al., 2014). Macrophages recognize MSU crystals and initiate downstream inflammatory signaling pathways that lead to the production of cytokines and inflammatory mediators responsible for acute gouty inflammation (So & Martinon, 2017).
TNF-α and IL-6 are key pro-inflammatory cytokines produced by activated macrophages that play central roles in initiating and amplifying inflammatory responses in immune-mediated disorders (Chen et al., 2006; So & Martinon, 2017). COX-2 and inducible nitric oxide synthase (iNOS) are critical inflammatory enzymes responsible for prostaglandin and nitric oxide production, respectively, both of which contribute to the propagation of inflammatory signaling and tissue injury (Ricciotti & FitzGerald, 2011). Therefore, evaluating the transcriptional modulation of TNF-α, IL-6, COX-2 and iNOS provides a reliable molecular framework for assessing the immunomodulatory and anti-inflammatory potential of bioactive compounds in macrophage-based cell models (Chanput et al., 2014).
The use of non-induced THP-1 cell models provides an important platform for evaluating the intrinsic cytocompatibility and basal immunomodulatory effects of bioactive compounds under physiological conditions. Unlike stimulated inflammatory models, non-induced systems allow the assessment of whether test compounds inherently promote or suppress inflammatory signaling pathways without interference from external inflammatory stimuli. This approach enables the evaluation of basal inflammatory priming or suppression and helps identify the intrinsic pro- or anti-inflammatory bias of bioactive substances. Consequently, THP-1 cells maintained under non-induced conditions serve as a controlled innate immune model for determining whether plant extracts intrinsically activate or suppress macrophage-mediated inflammatory signaling under non-pathological conditions (Chanput et al., 2014; Park et al., 2007; Lund et al., 2016).
Medicinal plants represent an important source of bioactive compounds with anti-inflammatory and immunomodulatory properties, as numerous plant-derived secondary metabolites such as phenolics, flavonoids, alkaloids, and terpenoids have been shown to modulate inflammatory signaling pathways and cytokine production in immune cells (Pan et al., 2010; Newman & Cragg, 2020; Atanasov et al., 2021).
Our previous studies demonstrated that Drynaria quercifolia and Curcuma aeruginosa rhizomes exhibit significant antioxidant and anti-gout potential through xanthine oxidase inhibition and membrane stabilization mechanisms (Narthanaa et al., 2025). However, the effects of these extracts on macrophage-mediated inflammatory signaling and cytokine regulation, including TNF-α, IL-6, COX-2, and iNOS remain unexplored, thereby necessitating investigation using macrophage-based THP-1 cell models.
Therefore, the present study was designed to elucidate the cellular immunomodulatory potential of ethanolic extracts of Drynaria quercifolia and Curcuma aeruginosa rhizomes using a non-induced THP-1 monocytic cell model. The cytocompatibility of the extracts was first evaluated using the MTT assay, followed by investigation of their effects on the transcriptional regulation of key macrophage-associated inflammatory mediators, including TNF-α, IL-6, COX-2 and inducible nitric oxide synthase (iNOS), through RT-qPCR analysis.
2. Materials and Methods
2.1 Collection and Extraction of Plant Materials
Rhizomes of Drynaria quercifolia were collected from Kolli Hills, Tamil Nadu, India, and rhizomes of Curcuma aeruginosa were procured from the Beltola Bazaar herbal market, Guwahati, Assam and authenticated by the Botanical Survey of India, Southern Circle, Coimbatore. The shade-dried rhizomes were powdered and subjected to Soxhlet extraction using ethanol as the solvent. The extracts were filtered, concentrated under reduced pressure using a rotary vacuum evaporator, and stored at 4 °C until further use following the procedure described in our previous study (Narthanaa et al., 2025).
2.2 Cell Culture Conditions
THP-1 cells (passage number 5) were procured from NCCS, Pune and maintained in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS), penicillin (100 IU/mL), and streptomycin (100 µg/mL). Cells were cultured at 37 °C in a humidified atmosphere containing 5% CO₂. Being suspension cells, THP-1 cultures were maintained by gentle resuspension. Cell viability was assessed using the trypan blue exclusion method prior to experimentation.
2.3 Preparation of Test Solutions
The ethanolic extracts were dissolved in dimethyl sulfoxide (DMSO) to prepare a stock solution of 10 mg/mL. The stock solution was further diluted with RPMI-1640 medium supplemented with 10% FBS to obtain final working concentrations of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 µg/mL. The final concentration of DMSO in all treatments was maintained below 0.1% (v/v).
2.4 MTT Cytotoxicity Assay
THP-1 cells were seeded in 96-well plates at a density of 50,000 cells per well and incubated for 24 h prior to treatment. Cells were then treated with different concentrations of test samples and incubated for an additional 24 h under standard culture conditions. Following treatment, 100 µL of MTT solution (5 mg/mL in PBS) was added to each well and incubated for 4 h at 37 °C. The plates were gently centrifuged, and the supernatant was carefully removed. 100 µL of DMSO was added to dissolve the formazan crystals, and absorbance was measured at 590 nm using a Tecan microplate reader. Untreated cells served as the negative control, while DMSO-treated cells (0.1% v/v) served as the vehicle control.
2.5 Calculation of Cell Viability and IC₅₀
Percentage of cell viability was calculated relative to untreated control cells. 
The half-maximal inhibitory concentration (IC₅₀) values were determined from dose–response curves using nonlinear regression analysis (sigmoidal dose–response, variable slope) in GraphPad Prism 6. The percentage of cell growth inhibition was calculated using the formula,
% Inhibition = 100 – (OD of sample/OD of Control) x 100.
The IC₅₀ values (concentration required to inhibit 50% of cell viability) were derived from 
dose–response curves.
2.6 RNA Isolation and cDNA Synthesis
For gene expression analysis, THP-1 cells were seeded in 6-well plates at a density of 50,000 cells per well in 2 mL medium and incubated for 24 h. Cells were treated with a selected sub-cytotoxic concentration of 20 µg/mL, which was determined based on MTT assay results to maintain approximately 75–80% cell viability.. This concentration was selected to avoid cytotoxic interference while allowing accurate assessment of transcriptional modulation. Untreated cells served as control for comparative gene expression analysis. Following treatment, cells were collected by centrifugation, and total RNA was isolated using the Takara RNAiso kit (Cat. No. 9108) according to the manufacturer’s instructions. A two-step RT-qPCR protocol was employed, wherein isolated RNA was first reverse-transcribed into cDNA, followed by quantitative PCR amplification.
2.7 Quantitative Real-Time PCR (RT-qPCR)
Quantitative real-time PCR (RT-qPCR) was performed to analyze the expression of inflammatory marker genes using a 72-well rotor system with a total reaction volume of 20 µL. The thermal cycling conditions consisted of an initial denaturation step at 95 °C for 5 min to ensure complete strand separation, followed by 35 amplification cycles comprising denaturation at 95 °C for 40 s, annealing at 46 °C for 30 s, and extension at 72 °C for 52 s. A final extension step was carried out at 72 °C for 5 min to allow complete synthesis of PCR products. Fluorescence acquisition was performed during the annealing phase. All reactions were carried out under identical cycling conditions to ensure uniform amplification, and the obtained Ct values were used for subsequent relative gene expression analysis. Gene expression levels of inflammatory markers were normalized using GAPDH as the housekeeping gene. Untreated control samples were used as calibrators for relative gene expression analysis. All RT-qPCR reactions were performed in triplicate, and experiments were conducted using three independent biological replicates.
2.8 Primer Sequences
The primer sequences used for quantitative real-time PCR amplification of target inflammatory genes and the housekeeping gene were selected based on previously validated studies. All primers were commercially synthesized, gene-specific and designed to generate short amplicons suitable for quantitative real-time PCR, and are listed in Table 1. GAPDH was used as the internal reference gene for normalization of gene expression levels.
Table 1.  Primer sequences used for RT-qPCR
	Oligo name
	Sequence (5′–3′)

	GAPDH – Forward
	TTCGACAGTCAGCCGCATCTT

	GAPDH – Reverse
	ATCCGTTGACTCCGACCTTCA

	COX-2 – Forward
	CCTGTGTTCACCAGAGGAT

	COX-2 – Reverse
	CCCTGGCTAGTCTTCAGAC

	iNOS – Forward
	AGAAGGAAATGGTCGACAA

	iNOS – Reverse
	GCTCGGCTTCCAGTATTGAG

	IL-6 – Forward
	GAAAGGAGTGGGTAGGCTT

	IL-6 – Reverse
	AGGTGGGCATGGATTTTCAGA

	TNF-α – Forward
	ATGTGCCAAGAGTGAGGAA

	TNF-α – Reverse
	CTCACACCCCACATCTGTCT



2.9 Data Analysis and Statistical Evaluation of THP-1 Cell Line Studies
Data obtained from cytotoxicity and gene expression studies were analyzed using GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA). IC₅₀ values were calculated from nonlinear regression analysis of sigmoidal dose–response curves. Relative gene expression levels were determined using the comparative Ct (2⁻ΔΔCt) method and normalized against GAPDH. Results were expressed as mean ± standard deviation (SD) and statistical significance was determined using one-way analysis of variance (ANOVA), with p < 0.05 considered statistically significant. 
3. Results 
Cell viability was initially determined by the MTT assay to establish the cytotoxic profile and identify sub-cytotoxic concentrations. These non-toxic concentrations were subsequently used to examine transcriptional modulation of inflammatory mediators, allowing evaluation of extract-mediated effects under unstimulated conditions.
3.1 Effect of ethanolic extracts D. quercifolia and C. aeruginosa rhizomes on THP-1 Cell Viability using MTT assay
	The cytotoxic potential of the Ethanolic extracts Drynaria quercifolia (EDQ) and Curcuma aeruginosa (ECA) on THP-1 cells was evaluated using the MTT assay after 24 h of exposure. Cell viability was assessed across a concentration range of 0–100 µg/mL to determine dose-dependent effects and to identify sub-cytotoxic concentrations suitable for downstream molecular studies.
	Both extracts exhibited a clear concentration-dependent reduction in THP-1 cell viability, indicating a progressive loss of metabolic activity with increasing extract concentration.

3.1.1 Cytotoxic Profile of D. quercifolia ethanolic extracts in THP-1 Cells
	Treatment with EDQ for 24 h resulted in a concentration-dependent reduction in THP-1 cell viability over the range of 0–100 µg/mL, as determined by the MTT assay. The untreated control and lower concentrations (10 and 20 µg/mL) maintained high viability, whereas a marked decline was observed from 30 µg/mL onwards, with near-complete loss of viability at higher concentrations.The IC₅₀ value for EDQ was calculated to be 40.94 µg/mL, indicating comparatively higher cytotoxic potency. The detailed absorbance values, percentage viability, and statistical grouping are presented in Table 2, Figure-1.
Table 2 : Effect of D. quercifolia (EDQ) on THP-1 Cell Viability (MTT Assay)
	Concentration (µg/mL)
	Absorbance (Mean ± SD)
	Cell Viability (%)

	0 (Control)
	0.770 ± 0.002
	100a

	10
	0.662 ± 0.001
	86a

	20
	0.574 ± 0.003
	75b

	30
	0.484 ± 0.004
	63c

	40
	0.392 ± 0.001
	51d

	50
	0.302 ± 0.001
	39e

	60
	0.209 ± 0.002
	27f

	70
	0.125 ± 0.003
	16g

	80
	0.045 ± 0.003
	6h

	90
	0.009 ± 0.002
	1i

	100
	0.001 ± 0.000
	0j

	IC₅₀ (EDG): 
	40.94 µg/mL


Data are expressed as mean ± SD (n = 3). a < b < c < d < e < f < g < h
One-way ANOVA revealed a statistically significant concentration-dependent reduction in THP-1 cell viability (p < 0.001). Groups sharing the same letter are not significantly different.
Figure-1. Dose-dependent effect of Drynaria quercifolia (EDQ) on THP-1 cell viability
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3.1.2 Effect of Curcuma aeruginosa (ECA) on THP-1 Cell Viability

ECA exposure similarly produced a dose-dependent decrease in THP-1 cell viability following 24 h treatment. Control cells and lower concentrations (10 and 20 µg/mL) exhibited minimal reduction in viability. A significant decline was observed from 30 µg/mL, with increasing cytotoxicity at higher concentrations. The IC₅₀ value for ECA was determined to be 48.18 µg/mL, indicating lower cytotoxic potency compared with EDQ. The detailed absorbance values, percentage viability, and statistical grouping are presented in Table 3, Figure-2.
Table 3. Effect of Curcuma aeruginosa (ECA) on THP-1 Cell Viability (MTT Assay)
	Concentration (µg/mL)
	Absorbance (Mean ± SD)
	Cell Viability (%)

	0 (Control)
	0.764 ± 0.002
	100ᵃ

	10
	0.681 ± 0.002
	89ᵃᵇ

	20
	0.602 ± 0.002
	79ᵇ

	30
	0.520 ± 0.002
	68ᶜ

	40
	0.434 ± 0.004
	57ᵈ

	50
	0.365 ± 0.002
	48ᵉ

	60
	0.285 ± 0.004
	37ᶠ

	70
	0.211 ± 0.006
	28ᵍ

	80
	0.143 ± 0.001
	19ʰ

	90
	0.077 ± 0.001
	10ⁱ

	100
	0.017 ± 0.003
	2ʲ

	IC₅₀ value of ECA:  48.18 µg/mL


Data are expressed as mean ± SD (n = 3). a < b < c < d < e < f < g < h
One-way ANOVA revealed a statistically significant concentration-dependent reduction in 
THP-1 cell viability (p < 0.001). Groups sharing the same letter are not significantly different.
Figure-2. Dose-response curve of ECA on THP-1 cells
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3.1.3 Statistical Analysis
Statistical analysis was performed using one-way analysis of variance (ANOVA) to evaluate the effect of different concentrations of D. quercifolia and C. aeruginosa extracts on THP-1 cell viability. The analysis revealed a significant concentration-dependent effect for both extracts (p < 0.001). Tukey’s post-hoc test indicated that concentrations ≥30 µg/mL differed significantly from the control group, whereas lower concentrations of 10 and 20 µg/mL did not show significant differences. Homogeneous subset grouping further demonstrated a stepwise reduction in cell viability with increasing extract concentrations for both extracts.

3.2 Morphological assessment of THP-1 cells
	Microscopic examination of non-induced THP-1 cells under bright-field microscopy as shown in the figure 3. (10× objective) revealed distinct morphological differences between control and extract-treated groups. Control cells exhibited normal cellular density and distribution, whereas cells treated with Drynaria quercifolia (EDQ) and Curcuma aeruginosa (ECA) showed a noticeable reduction in cell density and increased cellular dispersion. These qualitative observations are consistent with the concentration-dependent reduction in cell viability observed in the MTT assay.
Figure-3. Morphological changes in non-induced THP-1 cells following treatment with ethanolic rhizome extracts

[image: ]
Representative bright-field microscopic images of non-induced THP-1 cells showing (A) control, (B) treatment with Drynaria quercifolia extract (EDQ) and (C) treatment with Curcuma aeruginosa extract (ECA). Images were captured under low-magnification bright-field microscopy (10× objective).


3.3 Selection of Sub-Cytotoxic Concentration for Gene Expression Studies
Based on the MTT assay, a sub-cytotoxic concentration below the IC₅₀ value that maintained approximately 75–80% cell viability were considered suitable for downstream analysis. A sub-cytotoxic concentration of 20 µg/mL, which preserved approximately 75–80% cell viability, was selected for gene-expression studies to minimize cytotoxic interference while allowing detection of transcriptional modulation.
3.4 Modulation of Inflammatory Gene Expression in Non-Induced THP-1 Cells
	The transcriptional effects of Drynaria quercifolia (EDQ) and Curcuma aeruginosa (ECA) extracts on key inflammatory mediators were evaluated in non-induced THP-1 cells using 
RT-qPCR. Gene expression levels of TNF-α, COX-2, IL-6, and iNOS were quantified and normalized against the housekeeping gene GAPDH. Relative gene expression was calculated using the 2⁻ΔΔCt method, with untreated cells serving as the control. Gene expression levels were expressed relative to untreated control cells (set as 1), allowing direct comparison of transcriptional responses following ECA and EDQ treatment.
3.4.1 Effect of Drynaria quercifolia (EDQ) on Inflammatory Gene Expression
EDQ treatment produced a more pronounced transcriptional response compared with ECA. As summarized in Table 4, TNF-α expression was nearly completely suppressed, reaching approximately 3.7 × 10⁻⁶-fold relative to control cells. Likewise, COX-2 and IL-6 transcripts were strongly down-regulated to approximately 1.6 × 10⁻⁴-fold and 1.6 × 10⁻⁵-fold, respectively.
Notably, EDQ induced a robust up-regulation of iNOS, with expression increasing by approximately 17-fold compared with control cells. The strong induction of iNOS alongside profound suppression of pro-inflammatory cytokines indicates that EDQ exerts potent immunomodulatory effects in non-induced THP-1 cells.
Table 4: Effect of Drynaria quercifolia (EDQ) on inflammatory gene expression in THP-1 cells
	Gene
	ΔCt (Control)
	ΔCt (EDQ)
	ΔΔCt
	Relative Expression (2⁻ΔΔCt)
	Regulation

	TNF-α
	−4.49
	13.56
	18.05
	3.68 × 10⁻⁶
	Down regulated

	COX-2
	−9.54
	3.06
	12.60
	1.61 × 10⁻⁴
	Down regulated

	IL-6
	−5.40
	10.54
	15.94
	1.59 × 10⁻⁵
	Down regulated

	iNOS
	12.80
	8.69
	−4.11
	17.27
	Up regulated


3.4.2 Effect of Curcuma aeruginosa (ECA) on Inflammatory Gene Expression
Treatment with ECA resulted in a marked suppression of major pro-inflammatory cytokines in non-induced THP-1 cells. As shown in Table 5 , TNF-α expression was reduced to approximately 3.2 × 10⁻⁴-fold relative to control cells. Similarly, COX-2 and IL-6 transcripts were strongly down-regulated to approximately 9.4 × 10⁻⁵-fold and 7.1 × 10⁻⁵-fold, respectively. Figure illustrates the effect of (ECA) extract on the relative expression of inflammatory genes in non-induced THP-1 cells.
In contrast to cytokine suppression, iNOS expression was moderately up-regulated, showing an approximately 2.4-fold increase compared with control cells. This differential regulation suggests that ECA modulates inflammatory signaling while maintaining nitric oxide related cellular responses under non-induced conditions .
Table 5 .  Effect of Curcuma aeruginosa (ECA) on inflammatory gene expression in THP-1 cells
	Gene
	ΔCt (Control)
	ΔCt (ECA)
	ΔΔCt
	Relative Expression (2⁻ΔΔCt)
	Regulation

	TNF-α
	−2.73
	8.90
	11.62
	3.17 × 10⁻⁴
	Down regulated

	COX-2
	−8.41
	4.97
	13.38
	9.40 × 10⁻⁵
	Down  regulated

	IL-6
	−3.03
	10.75
	13.78
	7.09 × 10⁻⁵
	Down regulated

	iNOS
	6.34
	5.08
	−1.26
	2.39
	Up regulated



3.4.3 Comparative Overview of EDQ and ECA Effects
A comparative evaluation of both extracts revealed that EDQ exerted stronger transcriptional modulation of inflammatory genes than ECA. While both extracts significantly suppressed TNF-α, COX-2, and IL-6 expression, EDQ demonstrated greater magnitude of cytokine down-regulation and substantially higher iNOS induction. These findings indicate differential immunomodulatory profiles of the two rhizome extracts in non-induced THP-1 cells.
As shown in Figure 4 (A–B), EDQ induced a stronger transcriptional modulation of inflammatory genes than ECA, characterized by profound cytokine suppression and enhanced iNOS expression.


Figure-4A-B Modulation of inflammatory gene expression in non-induced THP-1 cells

A

B
Fig 4A: Effect of Drynaria quercifolia (EDQ) & fig 4B: Effect of Curcuma aeruginosa (ECA)

4. Discussion
Evaluating cytotoxicity is an essential first step in any cell-based study to ensure that the observed biological effects are not simply due to loss of cell viability. In this study, the cytocompatibility of the ethanolic rhizome extracts was assessed using the MTT assay, which is based on the reduction of tetrazolium salt to formazan by mitochondrial enzymes in viable cells (Mosmann, 1983; Stockert et al., 2012). The results showed a clear concentration-dependent reduction in THP-1 cell viability after 24 h of exposure, indicating that higher concentrations of the extracts affect cellular metabolic activity.
The IC₅₀ values obtained (40.94 µg/mL for Drynaria quercifolia and 48.18 µg/mL for Curcuma aeruginosa) suggest that both extracts are relatively well tolerated at lower concentrations, although D. quercifolia exhibited slightly higher cytotoxicity. This difference may be attributed to variations in their phytochemical composition, as reported in previous studies (Narthanaa et al., 2025). Importantly, concentrations below 30 µg/mL maintained good cell viability, which supports their use for evaluating biological activity without cytotoxic interference (Fotakis & Timbrell, 2006; Kumar et al., 2018; Riss et al., 2016).
Macrophages play a central role in gout-associated inflammation, particularly through their response to monosodium urate (MSU) crystals. These crystals activate key inflammatory pathways such as NF-κB signaling and the NLRP3 inflammasome, leading to the production of pro-inflammatory cytokines (Martinon et al., 2006; So & Martinon, 2017; Riaz et al., 2024). In the present study, treatment with both extracts resulted in a marked reduction in TNF-α and IL-6 expression in non-induced THP-1 cells. Since TNF-α and IL-6 are key drivers of inflammatory amplification, their suppression suggests that the extracts can effectively modulate macrophage-mediated inflammatory signaling. (Chen et al., 2006; Kumar et al., 2018). Interleukin-6 (IL-6) is a pleiotropic cytokine exhibiting both pro-inflammatory and anti-inflammatory functions and has been implicated in several inflammatory disorders including gouty arthritis, rheumatoid arthritis, inflammatory bowel disease and cancer. During acute inflammatory responses, IL-6 contributes to host defense and tissue repair; however, excessive IL-6 production and dysregulation of IL-6 receptor (IL-6R) signaling may promote pathological inflammation and disease progression. Recent studies further demonstrated the important role of IL-6 and its receptor-mediated signaling in the pathogenesis of gout, suggesting that altered IL-6 activity contributes to inflammatory progression during gout attacks (Zhang et al., 2024). Clinical observations have additionally shown that reduction of IL-6 and other inflammatory cytokines is associated with improvement in gout-related inflammatory responses and disease severity (Hao et al., 2019). Therefore, the significant suppression of IL-6 observed following treatment with EDQ and ECA may indicate modulation of cytokine-driven pathways involved in gout-associated inflammatory progression.
The activation of innate immune responses following monosodium urate (MSU) crystal deposition is associated with coordinated interactions between innate and adaptive immune pathways, thereby amplifying gout-associated inflammation. MSU crystal recognition by macrophages initiates inflammatory cascades involving several cytokines and chemokines, including interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-8 (IL-8), which serve as major mediators of crystal-induced inflammatory responses. Elevated concentrations of these inflammatory mediators contribute not only to localized joint inflammation but also to systemic inflammatory manifestations and pain-associated signaling mechanisms. Recent studies further demonstrated that systemic inflammatory markers are positively associated with disease activity and progression in gouty arthritis (Jiang et al., 2023), while cytokine-mediated pathways significantly contribute to inflammatory pain development and persistence (Pinto et al., 2021). Therefore, the significant reduction in TNF-α and IL-6 expression observed following EDQ and ECA treatment may indicate suppression of cytokine amplification pathways associated with gout-related inflammatory progression.
A similar trend was observed for COX-2, which was significantly downregulated following treatment. As COX-2 is responsible for prostaglandin E₂ synthesis and is closely associated with inflammatory pain and tissue responses, its suppression further supports the anti-inflammatory potential of these rhizome extracts (Ricciotti & FitzGerald, 2011).
Interestingly, in contrast to the suppression of cytokines, iNOS expression was found to be upregulated, particularly in cells treated with D. quercifolia. Inducible nitric oxide synthase plays a complex role in immune regulation, contributing not only to inflammatory processes but also to host defense and redox balance (Bogdan, 2015). In macrophages, iNOS expression can vary depending on cellular context and external stimuli (Ozleyen et al., 2021). Since this study was performed under non-induced conditions, the observed increase in iNOS expression may represent a regulatory or adaptive response rather than a purely pro-inflammatory effect.
Taken together, the simultaneous suppression of TNF-α, IL-6, and COX-2 along with modulation of iNOS suggests that the extracts do not act through a single pathway but instead influence multiple components of the inflammatory network. This type of multi-target response is often characteristic of plant-derived bioactive compounds.
The present study evaluated the transcriptional response of THP-1 cells to rhizome extracts under non-induced conditions, thereby reflecting their intrinsic immunomodulatory potential rather than classical anti-inflammatory activity. The significant down regulation of TNF-α, IL-6, and COX-2 suggests suppression of basal inflammatory signaling pathways. However, as the model does not involve prior inflammatory stimulation, these findings should be interpreted as modulation of basal cytokine expression rather than inhibition of an activated inflammatory state.
The observed up regulation of iNOS, particularly in D. quercifolia-treated cells, indicates a differential regulatory response that may be associated with nitric oxide–mediated cellular signaling. Given the dual role of nitric oxide in both pro-inflammatory and regulatory processes, this increase should be interpreted cautiously. Further studies involving measurement of nitric oxide levels and the use of stimulated inflammatory models (e.g., LPS or MSU-induced THP-1 cells) are necessary to clarify the functional implications of iNOS induction.
Thus, the findings demonstrate that the extracts exert measurable transcriptional effects on key inflammatory mediators under basal conditions, suggesting potential immunomodulatory properties that warrant further mechanistic validation.
Comparatively, D. quercifolia showed a stronger effect than C. aeruginosa in terms of cytokine suppression and iNOS modulation. This indicates a more pronounced transcriptional impact, possibly due to differences in phytochemical composition. Further studies would be required to identify the specific compounds responsible for these effects and to understand their precise mechanisms of action.
5. Conclusion
The present study provides experimental insight into the cellular immunomodulatory effects of rhizome extracts associated with traditional gout therapy. The MTT assay demonstrated that the ethanolic extracts of Drynaria quercifolia and Curcuma aeruginosa maintain acceptable viability in THP-1 macrophages at sub-cytotoxic concentrations, allowing evaluation of their biological activity without confounding cytotoxic effects. At the selected concentration of 20 µg/mL, both extracts significantly suppressed the expression of key pro-inflammatory mediators, including TNF-α, IL-6, and COX-2, while moderately upregulating iNOS expression. This differential regulation suggests modulation of basal inflammatory signaling pathways and highlights the potential immunomodulatory properties of the extracts. These findings help bridge the gap between traditional ethnopharmacological use of these rhizomes and mechanistic cellular evidence, highlighting their potential as multi-target agents for regulating macrophage-mediated inflammatory pathways relevant to gout.
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