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Abstract  

Herbal medicines are widely used to treat various physical disorders. One such remedy, Tri-Phon-That, is composed 

of rhizomes of three herbs: Zingiber zerumbet, Zingiber montanum, and Cymbopogon nardus. Traditionally, it is used to 

alleviate fever, swelling, bruising, and muscle pain-conditions associated with inflammation. This study aimed to evaluate 

the effects of Tri-Phon-That remedy and its individual ingredients on the production of nitric oxide (NO), interleukin-

6(IL-6), and prostaglandin E2 (PGE-2). Additionally, the chemical compositions of the remedy and its plant extracts were 

analyzed. The results showed that the Tri-Phon-That extract strongly inhibited NO, IL-6, and PGE-2 production, with 

IC50 values of 5.35 ± 0.77, 7.48 ± 0.26, and 24.75 ± 0.33 μg/mL, respectively. Among the individual ingredients, Z. 

montanum exhibited the most potent anti-inflammatory activity, followed by Z. zerumbet, which effectively inhibited 

nitric oxide and IL-6 but had no effect on PGE-2. Chemical analysis using high-performance liquid chromatography 

revealed that the Tri-Phon-That extract contained zerumbone and compound D or (E)-4-(3’,4’-dimethoxyphenyl) but -3-

en-1-ol at concentrations of 13.31 ± 0.87 and 3.16 ± 0.17 % w/w, respectively. These compounds were primarily found 

in Z. zerumbet and Z. montanum with concentrations of 36.05 ± 1.67 and 6.97 ± 0.28 % w/w, respectively. In contrast, no 

chemical constituents were found in C. nardus, which correlates with its weaker anti-inflammatory activity. In conclusion, 

Tri-Phon-That extract strongly inhibits pro-inflammatory cytokines, making it a promising treatment for acute 

inflammation.  

 

Keywords: Tri-Phon-That, Herb, Complementary medicine, Anti-inflammation, Alternative medicine, Plant extract, 

Zingiber montanum, Zingiber zerumbet, Cymbopogon nardus 

 

Introduction 

 Inflammation is the immune system’s response to 

harmful stimuli, such as bacteria, antigens, or foreign 

substances. Key cytokines involved in this process 

include nitric oxide, interleukin -1β(IL-1β), interleukin 

-6(IL-6), tumor necrosis factor - α (TNF-α), and 

cyclooxygenase  -2(COX-2). These molecules are 

secreted to promote inflammation but can also cause it 

to persist [1].  

Prolonged inflammation can lead to various 

diseases, including fever, insulin resistance, 

cardiovascular disease, pulmonary arterial 

hypertension, emphysema, Alzheimer’s and 

Parkinson’s diseases, macular degeneration, 

osteoarthritis, and cancer [2]. 

Several studies indicate that phytochemicals, or 

substances derived from plants, exhibit potent anti -

inflammatory effects [3]. Herbal medicines are 

alternative treatments for many conditions, including 

diarrhea, skin disorders, inflammation, and infections 

[4]. In Thai traditional medicine, combinations of herbs 
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are commonly used to treat diseases. The herbal 

combination, Tri-Phon-That, is traditionally used to 

treat fever, contusions, swelling, and aches. It consists 

of the rhizomes of three herbs: Zingiber zerumbet, 

Zingiber montanum, and Cymbopogon nardus [5].  

Numerous studies have reported the anti-

inflammatory properties of Tri-Phon-That’s plant 

ingredients. Z. Zerumbet and Z. montanum have 

demonstrated potent inhibitory effects against the 

release of nitric oxide, IL-1β, IL-6, and prostaglandin E-

2 (PGE-2) [6-8]. Additionally, these herbs have been 

shown to reduce edema and swelling in rats [9,10]. The 

oil extract obtained by frying Z. montanum with coconut 

oil effectively reduced ear swelling in rats induced with 

ethyl phenylpropiolate [10]. The essential oil C. nardus 

exhibited concentration-dependent inhibition of 

lipoxygenase type I-B and a significant decrease in IL-6 

secretion [11,12].  

Previous studies also reported that aqueous and 

ethanolic extracts of Tri-Phon-That exhibit 

antinociceptive effects in rats, as demonstrated in hot-

plate, formalin, and acetic acid-induced writhing tests 

[13]. While prior research has shown that Tri-Phon-That 

extract can reduce inflammatory cytokines, no studies 

have thoroughly examined its effects and chemical 

composition. Therefore, this study aimed to analyze of 

Tri-Phon-That extract and evaluate its anti- 

inflammotory properties. 

 

Materials and methods 

Plant material 

The rhizome of Z. montanum was collected from 

Chachoengsao province, Thailand. The rhizome of Z. 

zerumbet was collected from Pathumthani province, 

Thailand. They were identified and authenticated by the 

botanist of Sirindhorn Herbarium, Department of 

Agriculture, Bangkok, Thailand. The specimen 

reference numbers of Z. montanum and Z. zerumbet are 

BK No. 085337 and BK No. 085176, respectively. The 

rhizome of C. nardus was collected from Prachinburi 

province, Thailand. It was identified and authenticated 

by the Herbarium of Mahidol University, 

Sireeruckhachati Nature Learning Park, Nakhon 

Pathom, Thailand. Its specimen reference number is 

PBM 006473. The plants were cleaned and dried at 45 

°C. Then, they were ground into fine powder for 

extraction. 

Chemicals and reagents 

Ethanol, HPLC grade methanol, and 

dimethylsulfoxide (DMSO) were purchased from RCI 

LabScan (Bangkok, Thailand). Dulbecco’s Modified 

Eagle Medium (DMEM), fetal bovine serum (FBS), 

penicillin/streptomycin, and 0.5 % trypsin-EDTA were 

purchased from Gibco (New York, USA). 

Lipopolysaccharide (LPS) from Escherichia coli was 

purchased from Sigma (Missouri, USA). 3-(4,5-

Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium 

bromide (MTT) was acquired from TCI (Tokyo, Japan). 

The IL-6 and TNF-α ELISA kits were obtained from R 

& D Systems (Minneapolis, USA), while the PGE-2 

ELISA kit was purchased from Cayman (Michigan, 

USA). 

 

Preparation of extracts 

Tri-Phon-That consists of the rhizomes of Z. 

zerumbet, Z. montanum, and C. nardus in the same ratio 

[5]. The previous study showed that the ethanolic extract 

of Tri-Phon-That had antinociceptive properties in 

animal models [13]. Thus, the ethanolic extract of Tri-

Phon-That was prepared using a process similar to that 

of the previous study. Two hundred fifty grams of each 

Tri-Phon-That plant material was macerated in 95 % 

ethanol for 72 h, then filtered and evaporated at 45 °C 

until a constant weight was obtained. This process was 

repeated twice more with the residue. All extracts were 

stored at −20 °C until used. 

 

Anti-inflammatory effects 

RAW264.7 cells are accepted as good models for 

macrophages, stimulated by lipopolysaccharide that 

induces an inflammatory response by the release of 

several inflammatory mediators. Consequently, 

RAW264.7 is the main in vitro experimental model for 

screening anti-inflammatory agents and investigating 

inflammation [14]. Thus, the murine macrophage cell 

line RAW264.7 cells were used to investigate the anti-

inflammatory activity of Tri-Phon-That and its 

ingredients extracts. 

 

Cell culture 

The murine macrophage cell line RAW264.7 cells 

(ATCC TIB-71) was cultured in complete DMEM 

(DMEM supplement with 10 % FBS, 50 µg/mL 

streptomycin, and 50 IU/mL penicillin) at 37 °C with 5 
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% CO₂. Cells were subcultured with 0.125 % trypsin for 

10 min every 4 days. 

 

Cell viability [15] 

The cytotoxicity of the extracts on cells was 

assessed using the MTT assay [15]. RAW 264.7 cells 

were cultured in 96 - well plates (1×10⁵ cells/well) for 

24 h at 37 °C with 5 % CO₂. The ethanolic extract was 

dissolved in DMSO to a concentration of 50 mg/mL. 

After incubation, the medium was replaced with fresh 

medium (100 µL/well). Then, 100 µL/well of each 

sample solution, prepared with two-fold dilutions in 

complete DMEM, was added. Each concentration was 

tested in quadruplicate (4 wells per plate) and incubated 

for 24 h. The medium was then removed, and 100 

µL/well of MTT solution (0.5 mg/mL) was added. After 

a 2-hour incubation, the supernatant was discarded and 

100 µL/well of DMSO was added to dissolve the 

formazan crystals. The optical density was measured at 

570 nm to determine the cell viability. The survival rate 

was calculated and compared to the negative control or 

untreated group that did not receive any experimental 

treatment. Extract concentrations with a more than 70 % 

cell survival were considered non- cytotoxic [16] and 

were used for further testing. The testing of each sample 

was performed in triplicate. 

 

The inhibitory effect of nitric oxide production 

[17]   

RAW 264.7 cells were seeded into 96 - well plates 

(1×10⁵ cells/well) and incubated for 24 h at 37 °C with 

5 % CO₂. After incubation, the supernatant was removed 

and replaced with 100 µL/well of LPS (10 ng/mL). 

Then, the non-cytotoxic sample solutions were added to 

the wells (100 µL/well) and incubated for an additional 

24 h at 37 °C with 5 % CO₂. Each concentration was 

tested in quadruplicate (4 wells per plate). After 

incubation, the 100 µL of supernatant from each well 

was transferred to a new 96-well plate, and nitric oxide 

production was measured using Griess reagent (100 

µL/well). The absorbance at 570 nm was recorded, and 

the nitric oxide concentration was calculated based on a 

NaNO2 standard curve. The untreated RAW264.7 cells 

and LPS-stimulated RAW264.7 cells were used as 

negative controls to compare the NaNO2 production. 

Ibuprofen was used as a positive control. The 

experiment was performed in triplicate.  

The inhibitory effect of PGE-2, and IL-6 [18]  

We performed the experiment using a similar 

procedure to inhibit nitric oxide production. After 

treatment, the supernatant was collected to measure 

PGE-2 and IL-6 production using enzyme-linked 

immunosorbent assay (ELISA). PGE-2 production was 

assessed using a competitive ELISA kit, following  the 

manufacturer’s protocol (Catalog no. 514010). In each 

coated well, 50 µL of supernatant and 50 µL of PGE-2 

acetylcholine esterase tracer were added. Then, the 

PGE-2 monoclonal antibody was added and the plate 

was incubated at 4 C for 18 h. After incubation, the 

plate was washed five times with wash buffer. Ellman’s 

reagent (200 µL/well) was added, and the plate was 

incubated in the dark for 60 - 90 min. The optical density 

was measured at 412 nm. The untreated RAW264.7 

cells and LPS-stimulated RAW264.7 cells were used as 

negative controls to compare the PGE-2 production. 

Ibuprofen was used as a positive control. The percentage 

of inhibition was calculated using the following 

formula: 

 

% Inhibition = [(ODsample - ODcontrol with LPS)/(ODcontrol without LPS 

- ODcontrol with LPS)]×100 

 

IL-6 production was quantified using a sandwich 

ELISA kit, following the manufacturer’s protocol 

(Catalog no. DY406-05). IL-6 capture antibody was 

coated onto a 96 - well plate and incubated overnight at 

room temperature. Then, the plate was washed three 

times with wash buffer and blocked with 1 % bovine 

serum albumin in PBS for 1 h at room temperature. The 

plate was washed again, and the sample was added to 

each well. After that, the plate was washed three more 

times. IL-6 detection antibody was added to each well, 

and the plate was incubated for 2 h. After incubation, the 

plate was washed, and streptavidin HRP was added and 

incubated for 20 min. In the final step, the plate was 

washed, and the TMB substrate was added to each well 

and incubated for 20 min. The reaction was stopped 

using 2NH2SO4. The optical density was measured at 

450 nm. The IL-6 production was calculated based on a 

standard curve of IL-6 protein. The untreated 

RAW264.7 cells and LPS-stimulated RAW264.7 cells 

were used as negative controls to compare the PGE-2 

production. Ibuprofen was used as a positive control. 
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Chemical analysis using High-Performance 

Liquid Chromatography (HPLC) 

To examine an HPLC chromatogram for active 

compounds, we must evaluate the sample’s retention 

times and peak profiles with known standards and 

reference to previous research, therefore identifying the 

active compounds based on their characteristic signals 

[19-21]. Zerumbone and compound D  were detected as 

major components in Tri-Phon-That extract. Validation 

techniques for HPLC were performed to develop and 

validate an original analytical method of HPLC for Tri-

Phon-That extract. 

 

Sample preparation 

The extract was accurately weighed to 10 mg and 

dissolved in methanol to 5 mg/mL. The sample solution 

was filtrated through a 0.45 µm nylon syringe filter 

before being analyzed by HPLC. 

 

HPLC analysis 

The samples were injected into a C18 reverse-

phase column (Shimadzu 5μ C18(2) 100 °A analytical 

column, 250×4.60 mm, 5μm) with a volume of 10 µL. 

The flow rate was set to 1 mL/min, and UV detection 

was performed at 260 nm. The mobile phase consisted 

of acetonitrile (A) and 0.1 % phosphoric acid (B), with 

the following gradient ratio: 10 : 90 (A/B) for 20 min, 

50:50 for 20 min, 60 : 40 for 10 min, (A/B), 90 : 10 to 

10 : 90 (A/B) over 5 min, hold for 5 min, and then 

proceeding to the next sample. The total run time for one 

sample was 60 min. LabSolutions software was used to 

analyze the area under the curve. Zerumbone and 

compound D were used as standard compounds. 

 

Validation methods of HPLC [22]  

Linearity 

The linearity of the analytical procedure, which 

reflects its ability to produce test results proportional to 

the analyte concentration in the sample, was evaluated. 

To assess the method’s linearity, standard methanol 

solutions of zerumbone and compound D  were prepared 

at concentrations of 12.5 - 800 and 12.5 - 600 μg/mL, 

respectively. Each concentration was analyzed in 

triplicate. Calibration curves were constructed by 

plotting the peak areas against the corresponding 

standard concentrations. The standards exhibited 

excellent linearity with R² values exceeding 0.999.  

Accuracy 

Standard compounds were added to the sample to 

evaluate the accuracy of the method. Mixtures of 

zerumbone and compound D at 4 concentrations (50, 

100, 200, and 400 μg/mL) were spiked into the Tri-

Phon-That extract in triplicate and tested three times. 

Percent recovery and the relative standard deviation ( % 

RSD) were calculated based on the actual values. 

Percent recovery was calculated using the following 

formula:  

 

Recovery ( % ) = (amount detected / amount spiked) × 100. 

 

Precision 

The precision of the test results was evaluated by 

assessing the relative standard deviation. Standard 

compounds (zerumbone and compound D) at four 

concentrations (50, 100, 200, and 400 μg/mL) were 

analyzed in three replicates, each repeated three times. 

The results were then compared for consistency both 

within the same day (intra-day precision) and across 

different days (inter-day precision). 

 

Limit of detection and limit of quantification 

The limit of detection (LOD) represents the 

minimum detectable amount of analyte in a sample, and 

the limit of quantification (LOQ) represents the 

minimum amount of analyte that can be quantified with 

acceptable precision and accuracy. They are calculated 

by LOD = 3.3 σ/S and LOQ = 10 σ/S. σ is the standard 

deviation of the y-intercepts of the regression lines, and 

S is the slope of the calibration curve. 

 

Statistical analysis 

This research used an in vitro experimental design. 

The data was collected in triplicate, expressed as mean 

± SD, and analyzed for distribution. Paired t-tests and 

ANOVA followed by Dunnett t-test were used to 

analyze the statistical significance of normally 

distributed data. The Kruskal-Wallis test was used to 

analyze the statistical significance of non-normally 

distributed data. All statistical significance analysis was 

performed using the SPSS program. The p-value of less 

than 0.05 was considered statistically significant. 
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Results and discussion 

Effect of Tri-Phon-That and plant ingredients 

extracts on the viability of RAW264.7 cells 

RAW264.7 cells were treated with various 

concentrations of Tri-Phon-That and plant ingredient 

extracts to determine the non-cytotoxic doses. The 

percentage of cell viability for each sample is shown in 

Figure 1. The ethanolic extracts affected the cell 

viability in a dose-dependent manner. The highest non-

cytotoxic doses for the Tri-Phon-That, Z. montanum, Z. 

zerumbet, and C. nardus ethanolic extracts were 25, 50, 

12.5, and 50 µg/mL, respectively. The positive control, 

ibuprofen, showed no adverse effects on cell viability at 

any of the tested concentrations.

 

  

Figure 1 Effect of (A) Tri-Phon-That, (B) Z. montanum, (C) Z. zerumbet, (D) C. nardus extracts, and (E) ibuprofen on 

cell viability. Error bars represent mean ± SD from three experiments. Group comparisons were performed using the 

Kruskal-Walli’s test for statistical analysis, with significance thresholds set at (*) p < 0.05 compared with the control or 

untreated group.  

 

Tri-Phon-That and its plant ingredients 

extracts inhibited nitric oxide production and 

inflammatory cytokines 

The Tri-Phon-That and its ingredient extracts were 

tested for inhibitory activity against LPS-induced nitric 

oxide production in (RAW 264.7) macrophage cell 

lines. The safe dose, determined by the MTT assay, was 

used to assess nitric oxide inhibitory activity. All 

extracts inhibited nitric oxide production in a dose-

dependent, as shown in Figure 2. Among the tested 

extracts, Z. zerumbet extract showed the highest activity, 

with almost 100 % inhibition at 12.5 µg/mL. However, 

Tri-Phon-That extract also showed a high inhibitory 

effect against nitric oxide production. Tri-Phon-That 

extract inhibited nitric oxide production more than Z. 

montanum and C. nardus extracts at the same tested 

concentration.

.   
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Figure 2 Effect of (A, B) Tri-Phon-That, (C, D) Z. montanum, (E, F) Z. zerumbet, (G, H) C. nardus extracts, and (I, J) 

ibuprofen on nitric oxide production. Error bars represent mean ± SD from three experiments. Group comparisons were 

performed using the Kruskal-Walli’s test for statistical analysis, with significance thresholds set at (*) p < 0.05 compared 

to the control or untreated group and (#) p < 0.05 compared to the LPS-treated group .  
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Figure 3 Effect of (A, B) Tri-Phon-That, (C, D) Z. montanum, (E, F) Z. zerumbet, (G, H) C. nardus extracts, and (I, J) 

ibuprofen on IL-6 production. Error bars represent mean ± SD from three experiments. Group comparisons were 

performed using the ANOVA followed by Dunnett t-test for statistical analysis, with significance thresholds set at (*) p 

< 0.05 compared to the control or untreated group and (#) p < 0.05 compared to the LPS-treated group . 
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Figure 4 Effect of (A, B) Tri-Phon-That, (C, D) Z. montanum, (E, F) Z. zerumbet, (G, H) C. nardus extracts, and (I, J) 

ibuprofen on PGE-2 production. Error bars represent mean ± SD from three experiments. Group comparisons were 

performed using the ANOVA followed by Dunnett t-test for statistical analysis, with significance thresholds set at (*) p 

< 0.05 compared to the control or untreated group and (#) p < 0.05 compared to the LPS-treated group. 
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To study the anti-inflammatory effects of Tri-

Phon-That extract, we further exposed RAW264.7 cells 

to various concentrations of Tri-Phon-That and plant 

ingredient extracts. Our results showed that Tri-Phon-

That extract inhibited IL - 6 and PGE - 2 production in 

a dose-dependent manner. Among the plant ingredient 

extracts, Z. montanum extract also decreased IL - 6 and 

PGE - 2 levels, while Z. zerumbet and C. nardus could 

inhibit only IL - 6 production, as shown in Figures 3 and 

4. Notably, Tri-Phon-That extract was more potent in 

inhibiting nitric oxide and IL-6 production than 

ibuprofen. However, ibuprofen exhibited the highest 

inhibition of PGE - 2, as shown in Figure 4. 

The half-maximal inhibitory concentration (IC50) 

for each investigation was calculated and is presented in 

Table 1. Tri-Phon-That extract significantly suppressed 

nitric oxide, IL-6, and PGE-2 production when 

compared to ibuprofen, with IC50 of 5.35 ± 0.77, 7.48 ± 

0.26, and 24.75 ± 0.33 g/mL, respectively. Z. 

montanum extract was the only active ingredient in Tri-

Phon-That that suppressed all three inflammatory 

mediators, including nitric oxide, IL-6, and PGE-2. Z. 

zerumbet extract showed the highest inhibition effect on 

nitric oxide and IL-6, while C. nardus showed the lowest 

suppression of these inflammatory mediators. 

Interestingly, Z. zerumbet and C. nardus had no 

inhibitory effect on PGE-2 release, as shown in Table 1.

 

Table 1 The half-maximal inhibitory concentration (IC50) of Tri-Phon-That and its ingredients extracts against nitric 

oxide and inflammatory cytokines production. 

Sample 
IC50 (g/mL) 

Nitric oxide production IL-6 production PGE-2 production 

Tri-Phon-That extract 5.35 ± 0.77* 7.48 ± 0.26* 24.75 ± 0.33* 

Z. montanum extract 18.66 ± 2.08* 22.71 ± 3.76 20.51 ± 0.05* 

Z. zerumbet extract 1.79 ± 0.21* 3.32 ± 0.10* > 12.5 

C. nardus extract 33.73 ± 4.41* 37.11 ± 16.13 > 50 

Ibuprofen 89.63 ± 7.21 16.63 ± 0.48 6.81 ± 0.09 

*p-value < 0.05. Group comparisons were performed using the paired t-test for statistical analysis, with significance 

thresholds set at p < 0.05 compared to the positive control or ibuprofen group 

 

Development and validation of HPLC method 

for chemical analysis of Tri-Phon-That extract 

We developed the HPLC method to analyze the 

chemical compounds in Tri-Phon-That extract. Two 

major chemical compounds were identified in the HPLC 

chromatogram of Tri-Phon-That extract. These major 

compounds were also found in Z. montanum and Z. 

zerumbet extracts. For higher sensitivity, The detection 

method for the C. nardus HPLC chromatogram was 

selected at 215 nm to enhance sensitivity due to the 

significant absorption of active chemicals, such as 

geraniol, citronellal, β-citronellal, and β-eudesmol, 

previously reported at a similar wavelength [23]. 

However, the HPLC chromatogram of C. nardus extract 

did not resemble that of the Tri-Phon-That extract, as 

shown in Figure 5. The first major compound is 

compound D, and the second major compound is 

zerumbone. 

To confirm that the major compounds are the 

expected ones, Tri-Phon-That extract was spiked with 

compound D and zerumbone. After spiking, we 

observed that the two major peaks were higher when 

compared to the HPLC chromatogram of Tri-Phon-That 

extract, compound D, and zerumbone, as shown in 

Figure 6. The retention times were as follows: for 

compound D at 15.37 min, and zerumbone at 38.11 min. 

Geraniol, -citronellal, -eudesmol, and citronellal that 

have been reported to be found in C. nardus were 

injected to compare to the peaks in Tri-Phon-That 

extract. However, Tri-Phon-That extract was not found 

to have a similar peak to these standards, as shown in 

Figures 6B and 6D. 
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Additionally, the spectra of the expected peaks in 

the Tri-Phon-That extract were compared to the spectra 

of the standard compounds, compound D and 

zerumbone. We found that the spectra of the expected 

peaks were similar to those of the standards, as 

demonstrated in Figure 7. Therefore, the major peaks 

were identified as compound D and zerumbone.

 

 
 

Figure 5 HPLC chromatograms with detection at 260 nm of (A) 5 mg/mL of Tri-Phon-That extract , (B) 5 mg/mL of Z. 

montanum extract, (C) 5 mg/mL of Z. zerumbet, (D) 5 mg/mL of C. nardus and detection wavelength at 215 nm of (E) 5 

mg/mL of Tri-Phon-That extract, and (F) 5 mg/mL of C. nardus. 

 

 

Figure 6 HPLC chromatograms with detection at 260 nm of (A) standard compound D, and zerumbone at 100 μg/mL, 

and detection wavelength at 215 nm of (B) standard geraniol, -citronellal, -eudesmol, and citronellal at 100 μg/mL. 

HPLC chromatograms with detection at (C) 260 nm and (D) 215 nm of Tri-Phon-That extract 2 mg/mL, and (E) spike 

Tri-Phon-That extract 2 mg/mL with compound D and zerumbone 100 μg/mL with detection at 260 nm. 
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Figure 7 Spectra and chemical structure of (A) compound D and (B) zerumbone peaks recorded from the standard and 

Tri-Phon-That extract. 

 

The chemical composition of the Tri-Phon-That 

extract was analyzed using a validated HPLC method 

following ICH guidelines [22]. Method validation 

ensures the validity of the analytical results. Compound 

D and zerumbone were used as the standard reference 

compounds. The correlation coefficients (R²  > 0.999)  

indicated a strong linear relationship for both standards. 

The limits of detection (LOD) and quantification (LOQ) 

for zerumbone and compound D are presented in Table 

2.  

Precision was assessed through intra-day and 

inter-day evaluations, with % RSD values remaining 

within the acceptable range (below 2 %), as shown in 

Table 3. Accuracy was determined based on % 

recovery, detailed in Table 4. The validation results 

confirmed that the HPLC method is both precise and 

accurate for analyzing the chemical content of the Tri-

Phon-That extract.  

Following method validation, these conditions 

were used to quantify compound D and zerumbone in 

the Tri-Phon-That extract, as shown in Table 5. Based 

on the standard curve, compound D and zerumbone 

were identified as major constituents, with 

concentrations of 3.16 ± 0.17 and 13.31 ± 0.87 % w/w, 

respectively. 

The results further revealed that zerumbone is a 

predominant component in  Z. zerumbet extract, with a 

concentration of 36.05 ± 1.67 % w/w. Similarly, 

compound D was found in significant amounts in Z. 

montanum extract, with a concentration of 6.97 ± 0.28 

% w/w. However, no detectable chemical components 

were identified in C. nardus extract using this HPLC 

method.  

The Tri-Phon-That remedy is composed of 

rhizomes of Z. montanum, Z. zerumbet, and C. nardus. 

It is prepared by boiling these herbs in equal proportions 

and used as an internal medicine for fever reduction, 

anti-inflammatory effects, and relief from swelling, 

bruising, and pain [5].  

This study shows that Tri-Phon-That extract 

effectively inhibits inflammatory cytokines, including 

nitric oxide, IL-6, and PGE-2. These inflammatory 

mediators are pronociceptive signaling molecules that 

promote inflammation and pain [24]. By reducing these 

inflammatory molecules, the Tri-Phon-That extract can 

contribute to pain relief, aligning with previous reports 

of its antinociceptive effects in rats [13].  

The anti-inflammatory efficacy of Tri-Phon-That 

appears to surpass that of its individual plant 

components. While the extract inhibited all examined 

inflammatory mediators, only one plant ingredient 

showed comparable effects, though at a lower potency. 

Numerous studies suggest that herbal combinations can 

exhibit greater biological activity than their individual 

constituents [25,26], likely due to synergistic 

interactions among plant-derived compounds that 

enhance anti-inflammatory effects [27].    

Tri-Phon-That extract contained compound D and 

zerumbone. Previous studies have identified zerumbone 

as the main compound in Z. zerumbet, which inhibited 

inducible nitric oxide and PGE-2 production in LPS-

induced RAW 264.7 cells [28-30]. This inhibition is 

mediated by suppressing the phosphorylation of IKKα/β 
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and NF-κB (p65) [6]. Similarly, compound D, found in 

Z. montanum, has been reported to inhibit nitric oxide 

production [31-33]. However, these results contrast with 

a previous study, which found that compound D did not 

affect COX-2 activity related to PGE-2 production. 

Instead, the compound (E)-1-(3’,4’-dimethoxyphenyl) 

buta-1, 3-diene (DMPBD), which was not investigated 

in this study, exhibited strong COX-2 inhibition [34].  

Regarding C. nardus, previous studies have 

identified citronellal, geraniol, citral, nerol, and elemol 

as its major chemical constituents [35,36]. Citronellal, 

in particular, can reduce the IL-6, TNF-α, and COX-2 

levels at a dosage of 50mg/kg in animals by reducing the 

inflammatory process and the level of transcription 

factor NF-κB [37]. However, our study did not find any 

chemical constituents in C. nardus.

 

 

Table 2 Linear ranges, regression equation, coefficient of determination (R2), LOD, and LOQ of calibration curves of 

standard compound D and zerumbone. 

Parameters/ 

Compounds 

Linear range 

(g/mL) 

Regression 

equation 

Coefficient of 

determination (R2) 

LOD 

(g/ml) 

LOQ 

(g/mL) 

Compound D 12.5 - 600 y = 45.889x + 34.442 0.9995 1.58 4.80 

Zerumbone 12.5 - 800 y = 19.221x + 7.982 0.9996 4.04 12.24 

 

 

Table 3 Intra-day and inter-day precision of compound D and zerumbone. 

Compound 
Concentration 

(μg/mL) 

Inter-day 

(n = 9) 
%RSD 

Intra-day 

(n = 3) 
%RSD 

Compound D 

400 388.17 ± 6.07 1.41 384.62 ± 5.41 1.41 

200 201.51 ± 2.91 1.61 200.00 ± 3.21 1.61 

100 101.26 ± 1.92 1.08 102.09 ± 1.10 1.08 

50 51.42 ± 0.92 1.37 50.79 ± 0.70 1.37 

Zerumbone 

400 405.69 ± 5.48 1.35 411.70 ± 2.48 0.60 

200 203.42 ± 2.18 1.07 201.94 ± 2.35 1.16 

100 102.23 ± 1.42 1.39 102.27 ± 1.08 1.05 

50 50.34 ± 0.68 1.36 49.75 ± 0.90 1.81 

 

 

Table 4 Accuracy validation of the analytical method for compound D and zerumbone. 

Compound 
Spike volume 

(μg/mL) 

%Recovery 
Mean ± %RSD 

N1 N2 N3 

Compound D 

400 96.16 96.74 98.24 97.04 ± 1.11 

200 100.00 100.43 101.83 100.76 ± 0.95 

100 102.09 99.25 102.45 101.26 ± 1.73 

50 101.59 102.72 104.18 102.83 ± 1.26 

Zerumbone 

400 102.93 100.44 100.90 101.42 ± 1.30 

200 100.97 102.64 101.53 101.71 ± 0.83 

100 102.27 103.22 101.20 102.22 ± 0.99 

50 99.51 101.33 101.20 100.68 ± 1.01 
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Table 5 Amount of compound D and zerumbone in Tri-Phon-That and its ingredients extracts. 

Sample 
Concentration (%w/w of extract) 

Compound D Zerumbone 

Tri-Phon-That extract 3.16 ± 0.17 13.31 ± 0.87 

Z. montanum extract 6.97 ± 0.28 Not detecable 

Z. zerumbet extract Not detecable 36.05 ± 1.67 

C. nardus extract Not detecable Not detecable 

 

 

Conclusions 

From this study, it can be concluded that the Tri-

Phon-That remedy exhibits anti-inflammatory 

properties by reducing nitric oxide, PGE-2 , and IL-6 

levels. The major chemical compounds in Tri-Phon-

That are compound D and zerumbone. Further 

investigation into the quantities of the compounds 

present in its three herbal ingredients is recommended to 

better understand the active anti-inflammatory 

substances in this remedy. Additionally, a large scale of 

sample size, other mechanisms for anti-chronic 

inflammation and studies on animal models should be 

performed in further study. 
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