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Abstract  

 Yaa-Thaa-Phra-Sen remedy (YTPS) is a traditional Thai formulation used for relief of inflammatory symptoms and 

treat osteoarthritis. In traditional practice, vinegar or distilled liquor is commonly used as extraction solvents. However, 

limited studies have investigated the effects of commercial- and chemical-grade solvent systems on the anti-inflammatory 

and antioxidant properties of YTPS extracts. Extraction of bioactive compounds is an important step that affects the 

quality and biological activity of herbal preparations. The objective of this study was to evaluate the anti-inflammatory 

and antioxidant properties of YTPS extracts prepared from fresh and dried plant materials using both chemical-grade 

(acetic acid and ethanol at defined concentrations) and commercial-grade (vinegar and distilled liquors) solvent systems. 

Anti-inflammatory activity was evaluated based on nitric oxide (NO), TNF-α and PGE2 production in lipopolysaccharide 

(LPS)-stimulated RAW 264.7 macrophages, while antioxidant activity was assessed using DPPH, ABTS, and FRAP 

assays. Among the tested conditions, extracts prepared from dried plant materials using an acidic ethanolic solvent (Ch-

6) exhibited the strongest inhibitory activity against NO production without cytotoxic effects. In contrast, no inhibitory 

activity was observed against TNF-α and PGE2 under the tested conditions, indicating a selective anti-inflammatory 

profile. Antioxidant activities and total phenolic content varied across extraction systems, with intermediate ethanol 

concentrations generally showing higher values. These finding demonstrate that extraction conditions, including solvent 

composition and plant material condition, influence the biological properties of YTPS in an endpoint-dependent manner. 

This study provides scientific support for the optimization of extraction processes for traditional Thai herbal formulations. 
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Introduction  

 Osteoarthritis (OA) is a deterioration of the 

cartilage in chronic joint disease that causes pain and 

various degrees of inflammation, disability, and 

functional loss [1]. OA was the 15th highest cause of year 

lived with disability (YLDs) worldwide, with more than 

500 million people [2] and more than 6 million patients 

in Thailand [3]. It is increasingly prevalent due to the  

 

growing number of the elderly population [4], which is 

considered a burden for global public health issues [5]. 

The pathophysiology of OA-related pain involves 

inflammation and enzymatic cartilage degradation by 

the production of various pro-inflammatory mediators 

such as Nitric oxide (NO), prostaglandin E2 (PGE2), and 

tumor necrosis factor-alpha (TNF-α), and stress-induced 
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intracellular signals such as reactive oxygen species 

(ROS), which are important contributors to the severity 

and impact of OA symptoms and the outcomes of OA 

treatments [6,7]. Non-steroidal anti-inflammatory drugs 

(NSAIDs) are the principal medications to treat OA pain 

[8]. However, the use of NSAIDs is limited by their 

cardiovascular (CV), gastrointestinal (GI), and adverse 

events (AEs) effects, especially in the elderly [9,10].  

 Thai traditional medicine (TTM) was introduced 

as a safer topical medication alternative treatment for 

relieving pain and inflammation in OA, offering a 

potentially lower-risk approach with fewer side effects. 

Yaa-Thaa-Phra-Sen remedy (YTPS) is one of many 

formulations well-known to be used to treat pain and 

inflammation of OA in Thai traditional scripture called 

“Tum-Raa-Yaa-Phra-O-Sod-Phra-Naa-rai” or “King 

Narai’s book”, which was compiled during the reign of 

King Narai of Siam (1656 - 1688 AD) and has been 

certified by the Ministry of Public Health as the Thai 

traditional medicine textbook since 2015 [11]. YTPS is 

composed of 13 herbs: Allium ascalonicum Linn., 

Allium sativum Linn., Aloe vera Linn., Alpinia galanga 

Linn., Baliospermum montanum (Willd.) Muell. Arg., 

Boesenbergia rotunda Linn., Cymbopogon nardus 

Linn., Drypetes roxburghii Wall., Ferula assa-foetida 

Linn., Melia azedarach Linn., Piper nigrum Linn., 

Senna siamea Lam., and Tamarindus indica Linn. D. 

roxburghii is the main ingredient and the most common 

phenolic acid found in phytochemical composition of D. 

roxburghii is ellagic acid [12,13], which has anti-

inflammatory and antioxidant properties [14,15]. 

Additionally, the scriptures describe a traditional topical 

preparation method of YTPS in which the herbal 

ingredients are finely ground, followed by maceration in 

vinegar or distilled liquor, producing a paste that is 

applied directly to painful areas such as the knee [16]. 

This preparation method differs from most traditional 

Thai remedies, which are commonly prepared as water-

based decoctions. Notably, previous research has 

reported that a YTPS preparation macerated in distilled 

liquor, in accordance with the traditional description, 

demonstrated pain-relieving effects in patients with 

early-stage knee OA [17]. In contemporary Thai 

traditional medicine, practitioners in Lopburi Province, 

Thailand, typically prepare YTPS by macerating the 

herbal mixture in a vinegar and distilled liquor solution 

at a ratio of 1:3 prior to topical application. Despite its 

longstanding use in the region, there remains limited 

scientific evidence to fully substantiate its traditional 

application. Previous studies on the bioactivity of herbal 

ingredients in YTPS have investigated the anti-

inflammatory effects of B. rotunda [18], B. montanum 

[19,20], D. roxburghii [21,22], and P. nigrum [23,24], 

as well as the antioxidant properties of B. montanum 

[20] and D. roxburghii [25]. However, there is currently 

no research addressing how different commercial- and 

chemical-grade solvent extraction methods influence 

the anti-inflammatory and antioxidant properties of 

YTPS. 

 The chemical composition and biological activity 

of herbal extracts are influenced by the preparation and 

extraction methods applied to the raw materials [26,27]. 

In particular, drying processes can alter phytochemical 

profiles and, consequently, affect biological activity 

[28,29]. In Thai traditional medicine, herbal remedies 

may be prepared using either fresh or dried plant 

materials, depending on traditional practices, seasonal 

availability, and intended use. Accordingly, the present 

study investigated both fresh and dried YTPS materials 

to reflect this variability in traditional preparation. 

 In addition, solvent selection is an important factor 

in the extraction of bioactive compounds, as solvents 

differ in their physicochemical properties and extraction 

efficiency. This study aimed to compare the effects of 

chemical-grade and commercial-grade solvents on 

extraction efficiency, chemical composition, and 

biological activities of YTPS. Fresh and dried YTPS 

materials were extracted using different solvent 

systems. The resulting extracts were evaluated for anti-

inflammatory activity, based on the inhibition of NO, 

PGE2, and TNF-α production, and for antioxidant 

capacity using DPPH, ABTS, and FRAP assays. 

Phytochemical constituents were also determined, 

including total phenolic content (TPC) and ellagic acid 

derived from the main ingredient, D. roxburghii. 

Through this comparative approach, the study aimed to 

identify suitable extraction conditions to support the 

further development of YTPS as a topical anti-

inflammatory product for alleviating osteoarthritis-

related pain. 
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Materials and methods  

 Chemicals and reagents 

 Ellagic acid standard was obtained from the Tokyo 

Chemical Industry (Tokyo, Japan). Dimethyl sulfoxide 

(DMSO), phosphoric acid, and triethylamine were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Purified water was prepared using a Milli-Q
 system 

(Millipore, Bedford, MA, USA). HPLC-grade 

acetonitrile and methanol were purchased from RCI Lab 

Scan (Bangkok, Thailand). The murine macrophage 

leukemia cell line RAW 264.7 (ATCC TIB-71) was 

obtained from the American Type Culture Collection 

(ATCC, VA, USA). Roswell Park Memorial Institute 

(RPMI) 1640 medium, fetal bovine serum (FBS), 

penicillin-streptomycin (P/S), trypsin-EDTA, 

phosphate-buffered saline (PBS), and trypan blue stain 

were purchased from Gibco (Thermo Fisher Scientific, 

NY, USA). Lipopolysaccharide (LPS, Escherichia coli 

055), 3-(4, 5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT), N-(1-naphthyl) 

ethylenediamine dihydrochloride, and sulfanilamide 

were obtained from Sigma-Aldrich (St. Louis, MO, 

USA). The PGE2 ELISA kit was purchased from 

Cayman Chemical (MI, USA), and the Quantikine 

ELISA Mouse TNF- Immunoassay was obtained from 

R&D Systems (MN, USA). 

 Instruments  

 The HPLC system used in this study was an 

Agilent 1200 Series system (Agilent Technologies, CA, 

USA), consisting of a solvent degasser (G1322A), an 

autosampler (G1329A), a quaternary pump (G1311A), a 

photodiode array detector (G1315D), and a column oven 

(G1316A), Chromatographic separation was performed 

using a Luna C18 analytical column (4.6×250 mm2, 5 

microns; Phenomenex, CA, USA). Data acquisition and 

analysis were carried out using ChemStation software. 

 

 Plant materials  

 Thirteen herbal ingredients were collected from 

Lopburi Province, Thailand, and voucher specimens 

were deposited as references specimens at the Thai 

Traditional Medicine Herbarium, Department of Thai 

Traditional and Alternative Medicine, Thailand. The 

raw materials were cleaned, sliced, and coarsely ground, 

then combined according to traditional proportions 

(Table 1) to obtained fresh YTPS (FYTPS). For 

comparison, dried YTPS (DYTPS) was prepared from 

the same raw materials. The plant materials were 

cleaned, sliced, coarsely ground, and dried at 40 C in a 

hot air oven before being combined according to 

traditional proportions.

 

Table 1 Proportion of herbal ingredients in YTPS. 

Species Thai name Part used Proportion (% w/w) 

Allium ascalonicum Hom-Deang Bulb 2.3 

Allium sativum Ka-Tiam Bulb 2.3 

Aloe barbadensis Yaa-Dum Resin 2.3 

Alpinia galanga Kaa Rhizome 2.3 

Baliospermum montanum Tong-Tak Leaves 9.3 

Boesenbergia rotunda Ka-Chai Rhizome 2.3 

Cymbopogon nardus Ta-Khai-Hom All part 9.3 

Drypetes roxburghii Ma-Kum-Kai Leaves 37 

Ferula assa-foetida Ma-Ha-Hing Resin 2.3 

Melia azedarach Liean Leaves 9.3 

Piper nigrum Prik-Thi Fruit 2.3 

Senna siamea Kee-Lek Leaves 9.3 

Tamarindus indica Ma-Kaam Leaves 9.3 
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 Maceration method  

 Fresh (FYTPS) and dried (DYTPS) materials were 

extracted by maceration using 2 categories of solvent: 

Chemical-grade and commercial-grade solvents. 

Chemical-grade solvents included laboratory-grade 

reagents with defined ethanol or acetic acid 

concentrations. Commercial-grade solvents consisted of 

locally available products traditionally used in Thai 

medicine practice, such as vinegar and distilled liquor. 

This approach allowed comparison between 

standardized laboratory conditions and traditional 

preparations.  

 YTPS materials were macerated with the 

designated solvent at room temperature for 72 h, and the 

extraction was repeated 3 times. The combined extracts 

were filtered through Whatman No. 1 filter paper and 

concentrated under reduced pressure at 40 °C using a 

rotary evaporator to obtain crude extracts. Extraction 

yield was calculated for each sample.  

 Six solvent systems were used for chemical-grade 

extraction: 5% acetic acid (Ch-1), 30% ethanol (Ch-2), 

40% ethanol (Ch-3), 95% ethanol (Ch-4), 5% acetic acid 

in 30% ethanol (1:3 v/v) (Ch-5), and 5% acetic acid in 

95% ethanol (1:3 v/v) (Ch-6). 

 Similarly, 5 solvent systems were used for 

commercial-grade extraction: Vinegar (Aorsorror, Co-

1), 30% distilled liquor (Pai Tong, Co-2), 40% distilled 

liquor (Ruang Khao, Co-3), vinegar diluted in 30% 

distilled liquor (1:3 v/v) (Co-5), and vinegar diluted in 

95% ethanol (1:3 v/v) (Co-6).

 

 

Figure 1 Schematic representation of the YTPS extraction process. 

 

Table 2 Extraction conditions and solvent systems used for YTPS preparation. 

Sample Chemical-grade solvent Code Commercial-grade solvent Code 

Dried herb 

5% acetic acid DCh-1 Vinegar DCo-1 

30% ethanol DCh-2 30% distilled liquor DCo-2 

40% ethanol DCh-3 40% distilled liquor DCo-3 

95% ethanol DCh-4 - - 

5% acetic acid in 30% ethanol 

(1:3 v/v) 
DCh-5 

vinegar diluted in 30% distilled 

liquor (1:3 v/v) 
DCo-5 

5% acetic acid in 95% ethanol 

(1:3 v/v) 
DCh-6 

vinegar diluted in 95% ethanol 

(1:3 v/v) 
DCo-6 

Fresh herb 

5% acetic acid FCh-1 Vinegar FCo-1 

30% ethanol FCh-2 30% distilled liquor FCo-2 

40% ethanol FCh-3 40% distilled liquor FCo-3 
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Sample Chemical-grade solvent Code Commercial-grade solvent Code 

95% ethanol FCh-4 - - 

5% acetic acid in 30% ethanol 

(1:3 v/v) 
FCh-5 

vinegar diluted in 30% distilled 

liquor (1:3 v/v) 
FCo-5 

5% acetic acid in 95% ethanol 

(1:3 v/v) 
FCh-6 

vinegar diluted in 95% ethanol 

(1:3 v/v) 
FCo-6 

Note: All extractions were performed by maceration at room temperature for 72 h. Commercial vinegar refers to 

commercially available vinegar containing approximately 5% acetic acid. Distilled liquor refers to commercially available 

ethanol-based beverages with specified ethanol concentrations (30% or 40%). 

 

 Cell culture  

 The RAW 264.7 murine macrophage cell lines 

(ATCC TIB-71, Manassas, VA, USA) was cultured in 

RPMI 1640 medium supplemented with 10% fetal 

bovine serum (FBS), and 1% penicillin-streptomycin. 

Cells were maintained at 37 °C in a humidified 

atmosphere containing 5% CO₂, and the culture medium 

was changed every 2 - 3 days. All experimental 

procedures were conducted at the Center of Excellence 

in Applied Thai Traditional Medicine Research 

(CEATMR), Faculty of Medicine, Thammasat 

University, Thailand. 

 This study was conducted in accordance with the 

institutional biosafety regulations of Thammasat 

University. All procedures were approved by the 

Institute Biosafety Committee of Thammasat University 

(Approval No. 076/2018). Experiments were performed 

under biosafety level 2 (BSL-2) conditions. 

 

 Anti-inflammatory activities 

 Cell viability assay 

 Cytotoxicity was evaluated using the MTT 

reduction assay [30]. RAW 264.7 macrophages were 

seeded into 96-well plates at a density of 1×105 

cells/well and incubated for 18 - 24 h at 37 °C in a 

humidified atmosphere containing 5% CO₂. The 

medium was then replaced with fresh medium 

containing various concentrations of the test samples or 

an equivalent concentration of DMSO (vehicle control). 

After 24 h of incubation, the supernatant was removed, 

and 10 µL of MTT solution (5 mg/mL in PBS) was 

added to each well. The plates were incubated for an 

additional 2 h under the same conditions. The solution 

was then removed, and the resulting formazan crystals 

were dissolved in 100 µL of acidic isopropanol (0.04 M 

HCl in isopropanol). Absorbance was measured at 570 

nm. Cell viability was expressed as a percentage relative 

to vehicle-treated control. Experiments were performed 

in 3 independent experiments, each in triplicate. 

Cytotoxicity results were used to determine the non-

cytotoxic concentration range for subsequent anti-

inflammatory assays. Only concentrations that 

maintained cell viability above 70% were selected for 

further evaluation in nitric oxide (NO), TNF-α, and 

PGE2 inhibition assays to ensure that the observed 

effects were not attributable to reduced cell viability. 

 

 Nitric oxide assay  

 NO production in LPS-stimulated RAW 264.7 

macrophages was evaluated using a modified method 

adapted from Tewtrakul and Itharat [30]. Cells were 

seeded into 96-well plates at a density of 1×105 

cells/well and incubated at 37 C in a humidified 

atmosphere with 5% CO2 for 24 h. The medium was 

then replaced with 100 µL of fresh medium containing 

5 ng/mL LPS and various concentrations of the test 

samples (0.01 - 100 µg/mL in DMSO). After 24 h of 

incubation, the supernatant was collected and 

transferred to a new 96-well plate. Nitrite accumulation, 

as an indicator of NO production, was determined using 

Griess reagent (1% sulfanilamide and 0.1% N-(1-

naphthyl) ethylenediamine dihydrochloride in 2.5% 

phosphoric acid). Absorbance was measured at 570 nm. 

The percentage inhibition of NO production was 

calculated relative to the LPS-treated control. The half-

maximal inhibitory concentration (IC50) values were 

determined by nonlinear regression analysis using data 

from 3 independent experiments, each performed in 

triplicate. Prednisolone was used as a positive control 

for NO inhibition. Diclofenac was included as a 

reference non-steroidal anti-inflammatory drug 

(NSAID) to provide a comparative control. 
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 Determination of TNF-α production 

 TNF-α production in LPS-stimulated RAW 264.7 

macrophages were evaluated using a modified method 

based on Makchuchit et al. [31], with a Quantikine 

mouse TNF-α ELISA kit (R&D Systems, MN, USA). 

Cells were seeded into 96-well plates at a density of 

1×105 cells/well and incubated at 37 °C in a humidified 

atmosphere containing 5% CO₂ for 24 h. The medium 

was then replaced with fresh medium containing 5 

ng/mL LPS and various concentrations of test samples. 

After 24 h of incubation, 50 µL of supernatant was 

collected and transferred to an ELISA plate, and TNF-α 

levels were determined according to the manufacturer’s 

instructions. Absorbance was measured at 450 nm. The 

percentage inhibition of TNF-α production was 

calculated relative to LPS-treated control, and IC₅₀ 

values were determined by nonlinear regression. All 

experiments were performed in 2 independent 

replicates.  

 

 Determination of PGE2 production 

 PGE₂ production in LPS-stimulated RAW 264.7 

macrophages were evaluated using a modified method 

adapted from Tewtrakul and Subhadhirasakul [32], with 

a PGE₂ ELISA kit (Cayman Chemical, Ann Arbour, MI, 

USA). Cells were seeded into 96-well plates at a density 

of 1×105 cells/well and incubated at 37 °C in a 

humidified atmosphere containing 5% CO₂ for 24 h. The 

medium was then replaced with fresh medium 

containing 5 ng/mL LPS and various concentrations of 

test samples. After 24 h of incubation, 50 µL of 

supernatant was collected and subjected to competitive 

ELISA according to the manufacturer’s instructions. 

Briefly, samples were incubated with PGE₂ tracer and 

PGE₂ monoclonal antibody at 4 °C for 18 h. After 

washing, Ellman’s reagent was added, and colour 

development was allowed to proceed in the dark for 60 

- 90 min. Absorbance was measured at 420 nm. The 

percentage inhibition of PGE₂ production was 

calculated relative to LPS-treated control, and IC₅₀ 

values were derived by nonlinear regression. All 

experiments were performed in 2 independent 

replicates.  

 

 

 

 Antioxidant activities 

 DPPH assay 

 The DPPH assay was performed according to a 

modified method described by Yamasaki et al. [33]. In 

a 96-well plate, 100 µL of extracts at different 

concentrations (1, 10, 50 and 100 µg/mL) were mixed 

with 100 L of 0.06 mM DPPH solution. The mixture 

was incubated in the dark at room temperature for 30 

min, and absorbance was measured at 520 nm. Radical 

scavenging activity was determined based on the 

reduction in DPPH absorbance. EC50 values were 

calculated accordingly. Experiments were performed in 

3 independent experiments, each in triplicate. Butylated 

hydroxytoluene (BHT) was used as a reference standard. 

 

 ABTS assay 

 The ABTS assay was performed according to a 

modified method described by Re et al. [34]. In a 96-

well plate, 20 L of extracts at different concentrations 

(1, 10, 50 and 100 µg/mL) were mixed with 180 µL of 

ABTS•+ solution. The ABTS•+ solution was prepared by 

reacting 7 mM ABTS with 2.45 mM potassium 

persulfate and allowing the mixture to stand in the dark 

for 12 - 16 h. Prior to use, the solution was diluted to 

obtain an absorbance of 0.70  0.05 at 734 nm. After 

incubation for 6 min in the dark at room temperature, 

absorbance was measured at 734 nm. Radical 

scavenging activity was calculated as percentage 

inhibition, an EC50 values were determined by 

regression analysis of the dose-response curve. 

Experiments were performed in 3 independent 

experiments, each in triplicate. Trolox was used as a 

reference standard. 

 

 Ferric-reducing antioxidant power assay 

 The FRAP assay was performed according to the 

method of Benzie and Strain [35] with slight 

modifications. In a 96-well plate, 20 µL of extract was 

mixed with 180 µL of freshy prepared FRAP reagent. 

The FRAP reagent consisted of 300 mM acetate buffer 

(pH 3.6), 10 mM TPTZ solution in 40 mM HCl, and 20 

mM ferric chloride (FeCl3), mixed in a ratio of 10:1:1 

(v/v/v), and pre-warmed at 37 C prior to use. After 

incubation at 37 C for 4 min, absorbance was measured 

at 593 nm. All samples were analyzed in triplicate in 3 

independent experiments. A standard curve was 
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constructed using ferrous sulfate (FeSO4), and results 

were express as µmol Fe2+ equivalents per gram of 

extract. Trolox was used as a reference antioxidant, and 

results were additionally expresses as µmol Trolox 

equivalent per gram of extract for comparison.  

 

 Phytochemical content and ellagic acid 

quantification 

 Determination of total phenolic content 

 The total phenolic content (TPC) of the extracts 

was determined using a modified Folin-Ciocalteu 

method [36]. In a 96-well plate, 20 µL of the extract 

solution was mixed with 100 µL of Folin-Ciocalteu 

reagent. After 5 min of incubation at room temperature, 

80 µL of 7.5% (w/v) sodium carbonate solution was 

added. The reaction mixture was then incubated in the 

dark at room temperature for 30 min to allow color 

development. Absorbance was measured at 765 nm 

using a microplate reader. All samples were analyzed in 

triplicate in 3 independent experiments. A calibration 

curve was constructed using gallic acid standard 

solutions (2.5 to 100 µg/mL), and results were expressed 

as mg gallic acid equivalents (GAE) per gram of extract 

(mg GAE/g extract).  

 

 HPLC analysis of Ellagic acid  

 A stock solution of ellagic acid was prepared at a 

concentration of 1 mg/mL in methanol (MeOH). A 

calibration curve was constructed using serial dilutions 

to obtain standard concentrations of 25, 50, 100, 200, 

400, and 800 µg/mL. For sample analysis, crude extracts 

obtained from different extraction conditions were 

reconstituted in methanol to a final concentration of 10 

mg/mL and filtered prior to injection. Chromatographic 

separation was performed on a reverse-phase C18 

column (Phenomenex Luna-C18, 4.6×250 mm2, 5 

microns). The mobile phase consisted of 1% (v/v) 

formic acid in water (solvent A) and acetonitrile (solvent 

B). The gradient elution was programmed as follows: 0 

- 19 min, 1% B; 20 min, 40% B; 20.1 to 30 min, 80% B; 

and from 30.1 to 40 min, 1% B for column re-

equilibration. The flow rate was maintained at 1.0 

mL/min, and total run time was 45 min. An aliquot of 

10 µL was injected into the HPLC system. Detection 

was carried out using a photodiode array detector 

(DAD) at 254 nm. Quantification of ellagic acid was 

performed based on the calibration curve. 

 Statistical analysis 

 Nitric oxide inhibition and antioxidant properties 

were performed in 3 independent experiments. TNF-α 

and PGE2 production were performed in 2 independent 

experiments. Each concentration was tested in triplicate, 

and the results are expressed as mean  standard error of 

the mean (SEM). Statistical analysis was performed 

using one-way analysis of variance (ANOVA). A p-

value of less than 0.05 (p < 0.05) was considered 

statistically significant.  

 

Results and discussion  

 Extraction yields of YTPS 

 The extraction yields (% w/w) of fresh and dried 

YTPS obtained using various solvent systems are 

summarised in Table 3. As the data were derived from 

a single extraction replicate, no statistical analysis was 

performed and the results are presented descriptively.  

 Overall, extracts prepared from dried plant 

materials tended to provide higher yields than those 

from fresh materials, except for extraction with 95% 

ethanol. This may be attributed to the lower moisture 

content of dried samples, which increases the relative 

concentration of extractable constituents. However, the 

drying process may also result in the degradation or loss 

of certain thermolabile compounds [37]. Among the 

tested conditions, the highest yields were observed for 

DCo-5 (36.83%) and DCh-5 (36.38%), followed by 

DCo-1 (33.40%), and DCo-6 (32.83%). Chemical-grade 

solvents generally resulted in slightly higher yields than 

commercial-grade solvents, although this pattern was 

not consistent across all conditions. For example, 

vinegar-based maceration may introduce additional 

constituents derived from fermentation, which could 

influence the overall yield [38]. Extraction yield is 

influenced by multiple factors, including moisture 

content, solvent polarity and composition, and the 

chemical characteristics of the phytoconstituents. The 

relatively higher yields obtained from mixed acid-

alcohol solvent systems, followed by acetic acid and 

40% ethanol, may be due to improved cell wall 

disruption and enhanced solubilisation of polar 

compounds [39-41]. Nevertheless, further replicated 

experiments are required to confirm these findings. 
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 Anti-inflammatory activities 

 Osteoarthritis (OA) is a common degenerative 

joint disorder, particularly among the elderly population 

worldwide, including in Thailand. The progression of 

OA is closely associated with chronic inflammation, 

characterised by increased production of pro-

inflammatory mediators such as NO, PGE₂, and TNF-α, 

which contribute to the generation of reactive oxygen 

species (ROS) in inflamed articular tissues and 

chondrocytes [42]. In this study, anti-inflammatory 

activity of YTPS was evaluated using LPS-stimulated 

RAW 264.7 macrophages. NO production was assessed 

across a concentration range, while TNF-α and PGE₂ 

productions were measured at a single concentration 

(Figure 2).  

 

 Cell viability 

 The cytotoxicity of YTPS extracts was evaluated 

using the MTT assay in RAW 264.7 cells. None of the 

extracts exhibited cytotoxicity at the tested 

concentrations, indicating that the observed effects were 

not attributable to reduced cell viability. Based on these 

results, concentrations that maintained cell viability 

above 70% were selected for subsequent anti-

inflammatory assays. The concentration range of 0.001 

- 100 µg/mL was used for nitric oxide (NO) inhibition 

analysis, while a single non-cytotoxic concentration 

(100 µg/mL) was selected for TNF-α and PGE2 assays 

as a preliminary screening. Diclofenac exhibited 

cytotoxicity at higher concentrations and was therefore 

evaluated at a lower concentration in subsequent assays. 

 

 Inhibition of NO production  

 Among the tested samples, DCo-6 and DCh-6 

exhibited the strongest inhibitory activity against NO 

production, with IC₅₀ values of 33.80 ± 0.13 and 33.88 

± 1.54 µg/mL, respectively (Figure 2(A)). These were 

followed by FCh-6 (42.25 ± 2.46 µg/mL), FCo-6 (44.81 

± 2.07 µg/mL), DCh-4 (51.81 ± 0.41 µg/mL), and FCh-

4 (53.48 ± 0.97 µg/mL). Dried extracts exhibited 

significantly greater inhibition of NO production than 

fresh extracts (p < 0.05). This finding suggests that, 

under the extraction conditions used, drying may 

enhance the availability of bioactive constituents 

associated with NO inhibition [43,44]. In contrast, 

extracts obtained with 95% ethanol showed similarly 

activity between dried and fresh materials. Comparison 

between chemical-grade and commercial-grade solvents 

revealed no substantial differences in extraction 

efficiency. Among the extraction conditions evaluated, 

only 2 solvent systems, mixed acetic acid or vinegar in 

95% ethanol (1:3 v/v) and 95% ethanol alone, 

demonstrated marked inhibition of NO production. 

Although no previous in vitro studies on YTPS are 

available, its major component, D. roxburghii, have 

been reported to inhibit NO production both in vitro and 

in vivo models [22,45]. Phytochemical studies indicate 

the presence of alkaloids, flavonoids, phenolic 

compounds, and terpenoids [46], including ellagic acid 

[47]. Due to its polar structure, ellagic acid is more 

readily extracted in polar solvent systems [48], which 

may partly explain the higher activity observed in these 

extracts.  

 Consistent with this, DCh-6 and DCo-6 exhibited 

significantly greater inhibition of NO production 

compared with FCh-6, FCo-6, DCh-4, and FCh-4, 

although all extracts demonstrated inhibitory effects. 

The greater potency of DCh-6 and DCo-6 is in 

agreement with a previous clinical study reporting that 

YTPS extracted with vinegar was more effective than a 

40% ethanol extract in reducing pain and improving 

knee flexion in OA patients [49]. All extracts were less 

potent than prednisolone with IC50 value of 0.08 ± 0.01 

µg/mL (Figure 2(B)). In contrast, diclofenac exhibited 

minimal inhibitory effect (IC50 > 30 µg/mL) under the 

same experimental conditions, which is consistent with 

its primary mechanism as a cyclooxygenase inhibitor 

rather than a direct modulator of nitric oxide synthesis. 

 

 Inhibition of TNF-α production  

 None of the YTPS extracts inhibited TNF-α 

production under the tested conditions, suggesting that 

the anti-inflammatory activity of YTPS may not involve 

modulation of TNF-α. It should be noted that TNF-α 

inhibition was evaluated at a single concentration (100 

µg/mL) as a preliminary screening, at which all extracts 

exhibited less than 25% inhibition (Figure 2(C)).  

 In contrast, ellagic acid has been reported to 

significantly reduced TNF-α levels in a dose-dependent 

manner [50]. Prednisolone exhibited strong inhibitory 

activity with IC50 value of 0.11  0.01 µg/mL (Figure 

2(E)). All extracts were significantly lower activity than 

prednisolone (p < 0.05). Diclofenac also showed 

minimal activity in this assay, exhibiting only 1.31% 
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inhibition at 30 µg/mL, further supporting that this 

experimental system is not primary responsive to 

NSAID-mediated pathways. 

 

 Inhibition of PGE2 production  

 Similarly, none of the YTPS extracts inhibited 

PGE2 production under the tested conditions, with all 

samples exhibiting minimal activity (% inhibition < 5% 

at 100 µg/mL) as presented in Figure 2(D). This 

indicates that the anti-inflammatory activity of YTPS 

may not involve cyclooxygenase-mediated pathways.  

 Ellagic acid has been reported to reduce PGE2 

levels in dose-dependent manner [50], but this effect 

was not observed in YTPS extracts. In contrast, both 

prednisolone and diclofenac showed strong inhibitory 

activity, with IC50 values of 0.07  0.01 and 0.004  

0.001 µg/mL, respectively (Figure 2(F)). All extracts 

showed significantly lower activity than the positive 

controls (p < 0.05).  

 Taken together, YTPS extracts demonstrated a 

selective anti-inflammatory profile characterised by 

inhibition of NO production without significant effects 

on TNF-α or PGE2. This suggests that the anti-

inflammatory activity of YTPS may primarily involve 

modulation of inducible nitric oxide synthase (iNOS)-

related pathways rather than broader inhibition of 

upstream pro-inflammatory cytokines or 

cyclooxygenase-mediated pathways.  

 In osteoarthritis, excessive NO contributes to 

oxidative stress, cartilage degradation, and chondrocyte 

apoptosis [42]. Therefore, selective reduction of NO 

may still be therapeutic relevance, even in the absence 

of TNF-α or PGE2 inhibition. 

 This activity profile differs from that of 

corticosteroids such as prednisolone, which broadly 

suppress inflammatory mediators, and from NSAIDs 

such as diclofenac, which primarily target 

cyclooxygenase pathways. The absence of cytotoxicity 

further supports that the observed NO inhibition reflects 

a genuine pharmacological effect.
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Figure 2 Anti-inflammatory effects of YTPS extracts in LPS-stimulated RAW264.7 macrophages. (A) IC50 values for 

NO oxide (NO) inhibition, (B) Dose-response curves showing % inhibition of NO production, (C) % inhibition of TNF-

α production at 100 µg/mL, (D) % inhibition of PGE2 production at 100 µg/mL, (E) Dose-response curves of prednisolone 

on TNF-α inhibition, and (F) Dose-response curves of prednisolone and diclofenac on PGE2 inhibition. All data are 

presented as mean ± SEM. Statistical significance is indicated as follows: (*) p < 0.05 compared to the positive control; 

different letters indicate significance differences between fresh and dried samples (p < 0.05). 

   

 Antioxidant activities 

 The antioxidant potential of YTPS extracts was 

evaluated using complementary assays, including DPPH 

and ABTS radical scavenging assays, and the ferric 

reducing antioxidant power (FRAP) assay (Table 3). 

 

 DPPH free radical scavenging activity assay 

 All YTPS extracts exhibited DPPH radical 

scavenging activity, with EC50 values ranging from 7.45 

to 21.98 µg/mL (Table 3). Several extracts, particularly 

FCo-6, FCh-6, DCh-6, DCh-5, and FCh-1, 

demonstrated significantly stronger activity than the 

reference standard butylated hydroxytoluene (BHT) (p 

< 0.05). In contrast, DCh-4 and FCo-3 showed 

comparatively weaker activity.  

 Differences between fresh and dried samples were 

generally modest and dependent on extraction 

conditions, although some dried extracts showed 

slightly higher. The effect of solvent grade (chemical vs. 

commercial) was minimal, indicating that solvent 

composition rather than grade plays a more important 

role in DPPH scavenging activity. 
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 ABTS radical cation decolorization assay 

 In the ABTS assay, YTPS extracts demonstrated 

EC50 values ranging from 15.63 to 55.51 µg/mL, except 

for DCh-4, which showed weak activity (EC50 > 100 

µg/mL) (Table 3). Among the tested samples, DCh-3, 

DCh-2, and DCh-6 exhibited relatively stronger radical 

scavenging activity.  

 Similar to the DPPH results, differences between 

fresh and dried samples were limited, although some 

dried extracts showed improved activity. Solvent grade 

did not have a clear impact on antioxidant performance. 

All extracts showed significantly lower activity than the 

positive control Trolox (p < 0.05), as expected for crude 

extracts. 

 

 Ferric reducing antioxidant power (FRAP) assay 

 Consistent with the radical scavenging assays, 

YTPS extracts demonstrated ferric (Fe3+) reducing 

capacity. FRAP values ranged from 70.46 to 382.17 mg 

Fe2+/g extract, while TEAC values ranged from 41.62 to 

204.03 mg Trolox/g extract (Table 3). DCh‑3, FCh‑1, 

and DCh‑2 exhibited the highest reducing capacity, 

approaching that of BHT, whereas DCh‑4 showed 

comparatively lower activity.  

 Dried extracts generally tended to exhibit higher 

reducing capacity than fresh extracts, although the 

extent of this difference varied among samples. The 

influence of solvent grade was inconsistent across 

samples. 

 Collectively, the results from the 3 complementary 

assays confirm that YTPS extracts possess measurable 

antioxidant activity. Several extracts, particularly 

DCh-3, FCh-6, and DCh-6, consistently demonstrated 

relatively high activity across multiple assays.  

 Extraction with 40% ethanol and the mixed acetic 

acid in 95% ethanol (1:3 v/v) system was associated 

with comparatively strong antioxidant activity. This 

may be due to suitable solvent polarity, which facilitates 

the extraction of a broad range of amphiphilic 

phytochemicals. This observation is consistent with 

previous reports highlighting the importance of solvent 

polarity in recovering phenolic compounds and 

antioxidant constituents [39-41].  

 The observed antioxidant activity may be partly 

attributed to bioactive polyphenols, including ellagic 

acid derived from D. roxburghii [47], which has been 

reported to possess radical scavenging properties [48]. 

Polyphenolic compounds are well known to contribute 

to antioxidant activity through electron donation and 

free radical stabilization mechanism [51]. Although the 

antioxidant activity of the crude extracts was lower than 

that of pure reference standards such as Trolox and 

BHT, measurable activity was still observed, which is 

consistent with the nature of complex phytochemical 

mixtures, where synergistic or additive interactions 

among constituents may contribute to the overall 

antioxidant activity [52].  

 Overall, differences between fresh and dried 

samples were modest, and the effect of solvent grade 

was limited, suggesting that intrinsic phytochemical 

composition plays a key role in determining antioxidant 

activity.  

 Importantly, the antioxidant activity observed in 

this study is consistent with the selective anti-

inflammatory effects of YTPS, particularly its ability to 

inhibit NO production. This is relevant in the context of 

osteoarthritis, where oxidative stress contributes to 

inflammation and cartilage degradation [42]. 

 

 Phytochemical content and ellagic acid 

quantification 

 Total phenolic content 

 Phenolic compounds are widely recognised as 

major phytochemical constituents contributing to 

antioxidant potential in plant-derived extracts [53]. In 

this study, total phenolic content (TPC) was determined 

to characterise the phytochemical profile of YTPS and 

to examine its association with the observed antioxidant 

activities.  

 TPC values ranged from 64.86 to 118.49 mg 

GAE/g extract, with the exception of FCh-4 and DCh-4, 

which showed comparatively lower phenolic 

concentrations (Table 3). Among the tested samples, 

DCh-3 exhibited the highest phenolic content, followed 

by DCh-6, DCo-6, and FCo-6. Notably, DCh-3 also 

demonstrated strong antioxidant activity, consistent 

with its performance in the ABTS and FRAP assays.  

 Although TPC reflects the total abundance of 

phenolic constituents rather than their specific activities, 

the general agreement between higher TPC values and 

stronger antioxidant capacity suggests that phenolic 

compounds contribute, at least in part, to the observed 

effects.  
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 The influence of solvent grade (chemical versus 

commercial) on TPC was minimal.  In contrast, drying 

appeared to enhance phenolic recovery in certain 

extracts, particularly DCh-3 and DCo-3, compared with 

their fresh extracts (FCh-3 and FCo-3) (p < 0.05). This 

may be attributed to reduced moisture content and 

improved extraction efficiency following dehydration. 

Overall, these findings confirm that YTPS contains 

appreciable levels of phenolic compounds, which are 

likely to contribute to its antioxidant properties.  

 

 High-performance liquid chromatography 

(HPLC) analysis 

 To further characterise the phytochemical basis 

underlying the observed biological activities, HPLC 

analysis was performed to identify and quantify the 

major bioactive constituents. The chromatographic 

system successfully resolved ellagic acid, with a 

retention time (RT) of 16.7 min, consistent with that of 

the reference standard (Figure 3).  

 Ellagic acid was selected as a phytochemical 

marker for YTPS extracts, as it is a major constituent of 

D. roxburghii, the principal component of YTPS 

formulation [46,47], and has been widely reported to 

exhibit both antioxidant and anti-inflammatory 

activities [48,50].  

 Quantitative analysis revealed that DCh-3 

contained the highest ellagic acid content (30.75 ± 6.32 

mg/g extract), followed by FCh-6, FCo-6, and DCo-6. 

The high ellagic acid content in DCh-3 is consistent with 

its elevated TPC and strong antioxidant performance, 

particularly in the ABTS and FRAP assays, suggesting 

that ellagic acid contribute to the observed bioactivity. 

However, the biological activity of YTPS extracts 

cannot be attributed to a single compound alone. Given 

the chemical complexity of herbal formulations, other 

phytochemical constituents, such as flavonoids and 

terpenoids, are also likely contribute through additive or 

synergistic effects.  

 Comparison across extraction conditions indicated 

that both drying and solvent composition influenced 

ellagic acid recovery. Notably, DCh-3 contained 

significantly higher ellagic acid contents than both its 

fresh extract (FCh-3) and the corresponding 

commercial-grade extract (DCo-3) (p < 0.05). This may 

be explained by enhanced solvent penetration following 

dehydration, together with the suitable polarity of 

ethanol-water mixtures, which facilitate the extraction 

of amphiphilic polyphenols such as ellagic acid.  

 Collectively, these findings support the use of 

ellagic acid as a representative bioactive marker for 

YTPS. However, the overall biological activities are 

more likely governed by the combined effects of 

multiple phytochemical constituents rather than a single 

compound. 

 To facilitate interpretation across multiple 

endpoints, a heatmap analysis was performed (Figure 

3). The analysis revealed distinct clustering patterns 

among extracts based on their biological activities and 

phytochemical profiles. Extracts such as DCh-3 were 

associated with high antioxidant capacity and phenolic 

content, whereas DCh-6 was characterised by stronger 

NO inhibition activity. These finding further support 

that extraction outcomes are endpoint-dependent, and 

that no single extraction condition consistently 

maximized all measured parameters. 
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Figure 3 Heat map illustrating the relative bioactivity profiles of YTPS extracts across anti‑inflammatory and antioxidant 

assays. Data were normalized using min-max scaling within each assay. Red indicates higher activity and blue indicates 

lower activity after normalization. Anti-inflammatory activity was assessed based on NO, TNF-, and PGE2 inhibition in 

LPS-stimulated RAW264.7 cells, while antioxidant capacity was evaluated using DPPH, ABTS, FRAP, and TEAC assays 

Total phenolic content (TPC) and ellagic acid contents are also included for comparison. Detailed quantitative values are 

presented in Table 3. 

 

Table 3 Percentage yield (% w/w), antioxidant activity, and phytochemical properties of YTPS extracts obtained under 

different solvent extraction conditions. 

Sample 
%Yield 

(w/w) 

Antioxidant activity Phytochemical constituents 

DPPH 

(EC50, µg/mL) 

ABTS 

(EC50, 

µg/mL) 

FRAP value 

(mg Fe(II)/                  

g extract) 

TEAC value 

(mg Trolox/ 

g extract) 

Total phenolic 

content (mg GAE/g 

extract) 

Ellagic acid 

content (mg/g 

extract) 

DCh-1 32.49 10.39 ± 0.24b 27.8 ± 1.61*,b 373.22 ± 2.80*,b 199.35 ± 2.00*,b 98.37 ± 1.79*,a 13.60 ± 0.56 

DCh-2 28.27 11.74 ± 0.30a 19.56 ± 0.87*,a 380.81 ± 2.88*,a,b 203.32 ± 1.55*,a,b 97.94 ± 0.69* 17.99 ± 3.83 

DCh-3 31.10 10.10 ± 0.48a 15.63 ± 0.70*,a,b 382.17 ± 4.27a,b 204.03 ± 1.48*,a,b 118.49 ± 2.28*,a 30.75 ± 6.32a,b 

DCh-4 11.62 18.05 ± 0.22*,a > 100 70.46 ± 2.20*,a 41.62 ± 2.02*,a 21.62 ± 2.53*,a 14.07 ± 1.55 

DCh-5 36.38 9.57 ± 0.05* 32.00 ± 3.14*,a 349.48 ± 2.18*,a,b 185.87 ± 1.14*,a,b 93.14 ± 1.96* 12.67 ± 0.48 

DCh-6 32.54 8.79 ± 0.54*,b 20.48 ± 0.54*,b 372.93 ± 4.19*,b 201.33 ± 2.19b 117.33 ± 0.62* 19.09 ± 0.91 

DCo-1 33.40 12.00 ± 0.07a,b 37.11 ± 1.85*,b 326.83 ± 1.36*,a,b 174.03 ± 0.71*,a,b 88.64 ± 3.33*,a 10.20 ± 0.45 

DCo-2 21.00 12.29 ± 0.18a 21.85 ± 0.69*,a 317.84 ± 2.21*,a,b 169.34 ± 1.16*,a,b 106.53 ± 3.10*,a 11.84 ± 1.23 

DCo-3 22.67 11.02 ± 0.04 24.32 ± 1.86*,a,b 321.25 ± 2.14*,a,b 171.12 ± 1.12*,a,b 112.88 ± 2.19*,a 13.65 ± 0.15b 

DCo-5 36.83 13.07 ± 0.84 40.65 ± 0.53* 283.38 ± 2.63*,a,b 151.32 ± 1.37*,a,b 88.84 ± 3.87* 12.24 ± 0.19 

DCo-6 32.83 12.32 ± 0.17a,b 24.54 ± 0.71*,b 304.58 ± 3.18*,a,b 162.41 ± 1.66*,a,b 115.88 ± 1.73* 21.47 ± 0.16 

FCh-1 18.62 9.83 ± 0.24b 33.08 ± 2.25* 381.98 ± 4.44b 202.87 ± 2.32b 77.14 ± 1.24*,a,b 11.24 ± 2.58 

FCh-2 16.55 16.31 ± 1.00a 37.98 ± 3.21*,a 239.05 ± 1.94*,a 128.15 ± 1.02*,a 94.08 ± 2.43*,b 14.44 ± 2.74 

FCh-3 18.42 16.37 ± 0.82a 35.44 ± 2.07*,a,b 221.12 ± 3.09*,a,b 118.78 ± 1.62*,a,b 68.05 ± 2.11*,a 14.54 ± 0.86a 

FCh-4 29.45 14.36 ± 0.44a 55.51 ± 3.09*,a 141.63 ± 1.53*,a 77.23 ± 0.80*,a 3.69 ± 0.71*,a 16.60 ± 1.64 

FCh-5 18.05 10.88 ± 0.65 48.08 ± 2.09*,a 259.02 ± 3.66*,a 138.59 ± 1.91*,a 93.94 ± 2.26* 17.50 ± 0.15 

FCh-6 19.33 8.51 ± 0.65* 21.39 ± 1.70* 368.25 ± 4.29*,b 195.68 ± 2.24*,b 108.59 ± 4.83* 28.41 ± 1.55 

FCo-1 19.61 10.07 ± 0.10a 34.19 ± 1.02* 349.74 ± 3.18*,a,b 186.01 ± 1.66*,a,b 98.54 ± 2.73*,a,b 12.54 ± 0.79 
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Sample 
%Yield 

(w/w) 

Antioxidant activity Phytochemical constituents 

DPPH 

(EC50, µg/mL) 

ABTS 

(EC50, 

µg/mL) 

FRAP value 

(mg Fe(II)/                  

g extract) 

TEAC value 

(mg Trolox/ 

g extract) 

Total phenolic 

content (mg GAE/g 

extract) 

Ellagic acid 

content (mg/g 

extract) 

FCo-2 14.29 17.04 ± 0.16a 34.58 ± 2.00*,a 235.57 ± 4.38*,a 126.33 ± 2.29*,a 74.27 ± 2.73*,a,b 9.98 ± 1.16 

FCo-3 16.27 21.98 ± 2.55* 44.3 ± 1.54*,a,b 198.82 ± 2.88*,a,b 107.12 ± 1.51*,a,b 64.86 ± 0.76*,a 16.85 ± 0.39 

FCo-5 16.32 12.82 ± 0.75 43.90 ± 2.91* 263.53 ± 3.92*,a 140.95 ± 2.05*,a 90.61 ± 1.39* 16.60 ± 2.39 

FCo-6 20.69 7.45 ± 0.14*,a 22.47 ± 0.85* 350.17 ± 4.59*,a,b 186.23 ± 2.40*,a,b 113.63 ± 0.88* 21.93 ± 1.76 

Standard - 13.72 ± 0.39 5.34 ± 0.20 391.88 ± 1.24 209.63 ± 0.65 291.70 ± 3.98 - 

Note: Antioxidant activities of YTPS extracts were evaluated using DPPH (with BHT as the positive control), ABTS (with Trolox as the positive 

control), FRAP, and TEAC (with BHT as the reference control). Total phenolic content (TPC) was expressed as mg of GAE/g of extract (with BHT 

used as a control). Ellagic acid content was expressed as mg/g of extract and quantified by HPLC. All data are presented as the mean ± SEM (n=3). 

Statistical significance was defined as follows: (*) p < 0.05 compared with the positive control; (a) p < 0.05 between fresh and dried samples; and (b) p 

< 0.05 between chemical-grade and commercial-grade solvents. 

 

 

 

Figure 4 HPLC chromatograms of (A) standard ellagic acid (0.4 mg/mL), (B) DCh-6 extract (10 mg/mL), and (C) DCh-

6 extract spiked with ellagic acid standard, showing a consistent peak at a retention time of 16.7 min. Corresponding UV 

absorption spectra of (D) the standard and (E) ellagic acid in the extract exhibit similar profiles at the onset, apex, and 

end of the peak.  
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Conclusions  

 This study provides experimental evidence 

supporting the optimisation of extraction conditions for 

YTPS, with anti-inflammatory activity defined as the 

primary functional endpoint. Among the evaluated 

extraction systems, maceration of dried herbs using a 

chemical-grade solvent consisting of 5% acetic acid in 

95% ethanol (1:3 v/v) (DCh-6) exhibited the most 

pronounced inhibitory effect on nitric oxide (NO) 

production in LPS-stimulated RAW264.7 cells without 

inducing cytotoxicity, indicating strong anti-

inflammatory potential. However, other evaluated 

parameters, including total phenolic content, ellagic acid 

concentration, and antioxidant activities assessed by 

DPPH, ABTS, and FRAP assays, identified different 

extracts as having the highest values. These findings 

indicate that extraction efficiency and bioactivity are 

endpoint-dependent, rather than governed by a single 

universally optimal extraction condition. Notably, 

although DCh-6 did not exhibit the highest total 

phenolic or ellagic acid content, its antioxidant activities 

were comparable to those of DCh-3, suggesting that 

antioxidant efficacy may not be solely dependent on 

phenolic marker abundance. In contrast, DCh-3 did not 

demonstrate anti-inflammatory activity in the cellular 

model. 

 Collectively, these results highlight the 

importance of aligning extraction conditions with 

specific biological targets and support the traditional use 

of YTPS as a potential candidate for managing 

osteoarthritis-related inflammation. However, further 

studies are required to identify additional bioactive 

constituents and to elucidate the underlying molecular 

mechanisms.  
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