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Introduction 

Allergic skin inflammation is usually triggered by an 

allergen-induced immune response that exacerbates the inflammatory 

response. This process is primarily mediated through immunoglobulin 

E (IgE)-dependent pathways.1 Clinically, it presents as urticaria and 

atopic dermatitis. Multiple variants of the disease are known to exist, 

each resulting from a different underlying cellular and molecular 

mechanism. The two main characteristics of allergic inflammation are 

increased numbers of activated CD4+ T helper type 2 (Th2) 

lymphocytes, which organize the infiltration of inflammatory cells to 

areas of allergen exposure, and IgE-dependent mast cell activation.2 
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Mast cells play a crucial role in allergic inflammation by binding 

specific IgE to the FcεRI receptor on their surface, contributing to 

increased levels of IgE in the serum and the activation of cytokine 

receptors. Upon activation, mast cells release various biochemical 

mediators, including histamine, serotonin, and proinflammatory 

cytokines such as IL-4, IL-5, IL-6, IL-13, TNF-alpha, and their granules 

into the extracellular space. These mediators are involved in numerous 

pathological processes, including allergic inflammatory skin conditions 

such as allergic contact dermatitis, hypersensitivity reactions, atopic 

dermatitis, and urticaria.3 IL-4, which is produced by mast cells, 

enhances the ability of dendritic cells to promote TH2 polarization of 

naive T cells in response to antigens. This process contributes to the 

production of proinflammatory cytokines.  Moreover, IL-4 binds to the 

-IL-4 receptor alpha on cutaneous cells, exacerbating allergic skin 

inflammation.4 When activated, macrophages produce inflammatory 

mediators such as nitric oxide, TNF-α, and IL-6, which contribute to 

various inflammatory reactions. The symptoms include skin rash, 

itchiness, redness, swelling, and lesions.5 Allergic skin inflammation 

develops when the skin encounters an allergen, such as chemicals, 

gluten, wheat protein, or alcohol. Allergens sensitize the skin and 

trigger a classic immune response characterized by immunotoxicity, 

irritation, and inflammation. This immune response involves the 

recognition of antigens by dendritic cells in the skin, which 

subsequently activate T cells and macrophages.6 

Previous prevalence studies conducted in both China and Western 

countries revealed that 35.6% of respondents, mostly women, reported 

experiencing allergies. Among these individuals, 68.6% reported 

experiencing allergies and inflammation of the skin, as well as 

discomforts such as itching and burning.7 In a primary care setting in 
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Herbal remedies are an alternative treatment for allergic skin inflammation, reducing reliance on 

conventional chemical orthodox drugs which may have potential risks and side effects. This study 

evaluated the effects of a Thai herbal formulation extract (HFE) on interleukin 4 (IL-4) production 

in RBL-2H3 cells, as well as its inhibitory effect on nitric oxide, tumor necrosis factor-alpha 

(TNF-α) and interleukin-6 (IL-6), in RAW264.7 cells. Phytochemical analysis and high-

performance liquid chromatography (HPLC) were also performed to identify the active 

compounds in HFE, which was prepared by maceration in 95% ethanol. IL-4 inhibition in RBL-

2H3 cells was measured using an enzyme-linked immunoassay (ELISA). Nitric oxide inhibition 

was assessed with the Griess reagent, while TNF-α and IL-6 levels were also measured by ELISA. 

Cytotoxicity was evaluated using the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 

bromide (MTT) assay. The HFE inhibited IL-4 production (IC50=48.73±0.45 g/mL), and nitric 

oxide production (IC50=67.95±9.80 µg/mL), with slight inhibition of TNF-α and IL-6. The main 

active compounds were rhinacanthin-C (1.65±0.05% w/w) and rhinacanthin-N (0.20±0.01% 

w/w), which showed the highest effects on IL-4 secretion, nitric oxide, and inflammatory 

cytokines. The HFE and its active compounds were nontoxic to human cell lines, with over 70% 

cell viability, except for rhinacanthin-C at 100 g/mL. Overall, the HFE effectively inhibited IL-

4 secretion in RBL-2H3 cells, reduced nitric oxide release, and slightly decreased TNF-α and IL-

6 levels. Rhinacanthin-C and rhinacanthin-N significantly regulated IL-4, nitric oxide, TNF-α, and 

IL-6 production. These findings suggest that the HFE could help alleviate allergies and acute skin 

inflammation. 
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Thailand, skin diseases and subcutaneous tissue inflammatory 

symptoms included dermatitis (29.7%), urticaria, and erythema 

(13.9%).8 Allergy symptoms such as urticaria and atopic dermatitis, are 

treated with antihistamines, while steroids are used for severe cases. 

However, some patients on these medications have reported side 

effects, including striae, rosacea, perioral dermatitis, atrophy, acne, and 

purpura.9  

Natural products are being researched for various therapeutic purposes. 

Phytochemical compounds such as flavonoids, alkaloids, polyphenols, 

and naphthoquinones are reported to exhibit antiallergic and anti-

inflammatory effects.10 Thai herbal formulations, a natural product in 

Thailand, consists of Allium ascalonicum L., Acanthus ilicifolius L., 

Bambusa blumeana Schult. F., and Rhinacanthus nasutus (L.) Kurz are 

regarded as therapeutic options for allergic skin inflammatory 

conditions such as urticaria.11  

These plant components have been shown to effectively inhibit 

inflammation and allergies. Chemical compounds found in acanthus 

ilicifolius, including alkaloids and phenylethanoids, have been shown 

to possess anti-inflammatory activity by regulating nuclear factor kappa 

B (NF-κB) and nitric oxide synthase.12 Allium ascalonicum contains 

flavones and polyphenolic derivatives, such as quercetin, which inhibit 

β-hexosaminidase and IL-6.13 Bambusa blumeana contains alkaloids, 

flavonoids, phenolics, and terpenoids, though no evidence currently 

supports its biological activities. These compounds also possess 

antioxidant properties which may help alleviate symptoms of immune-

mediated inflammatory skin conditions.14 Rhinacanthus nasutus, which 

consists of naphthoquinones such as rhinacanthin, has demonstrated anti-

inflammatory effects in in vivo tests.15 However, the use of Thai herbal 

formulations for urticaria or dermatitis has not been scientifically 

investigated. Therefore, proper preclinical research on this herbal 

medicine is necessary. This study evaluated the effect of a Thai herbal 

formulation extract (HFE) on anti-allergy activity, focusing on IL-4 

production and inflammatory mediators such as nitric oxide, IL-6, and 

TNF-α. 

 

Materials and Methods 

Chemicals and reagents 

Fetal bovine serum (FBS) Cat.no. 26140079, penicillin–streptomycin 

(10,000 units/mL) Cat.no. 15140122, minimum essential medium 

(MEM) Cat.no. 61100061, Dulbecco’s Modified Eagle Medium 

(DMEM) Cat.no. 12800017, and 0.4% trypan blue solution Cat.no. 

15250061 were purchased from Gibco (USA). Bovine serum albumin 

bovine Cat.no. A7906, anti-dinitrophenyl bovine serum albumin (DNP-

BSA), DNP-specific IgE (monoclonal anti-DNP) Cat.no. D8406, 4-

nitrophenyl N-acetyl-β-D-glucosaminide (PNAG) Cat.no. N9376, 

lipopolysaccharide from Escherichia coli O55:B5 (LPS) Cat.no. L4005, 

sulfanilamide Cat.no. S9251, and N-(1-naphthyl) ethylenediamine 

dihydrochloride Cat.no. N9125 were purchased from Sigma-Aldrich 

(USA). Diphenhydramine Cat.no. D4744 and 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) Cat.no. M3297 were 

purchased from TCI (Japan). The ELISA kits for TNF-α Cat.no. DY410 

and IL-6 Cat.no. DY406 were purchased from R&D Systems (USA), 

and the ELISA kit for IL-4 Cat.no. RAB0301 was purchased from 

Sigma-Aldrich (USA). 

 

Plant materials, collection, and identification 

The constituent plants of the Thai herbal formulation were collected in 

March 2022 from several parts of Thailand. A. ascalonicum L. was 

collected from Sisaket Province, A. ilicifolius L. and R. nasutus (L.) 

Kurz were collected from Lopburi Province, and B. blumeana Schult. 

F. was collected from Chachoengsao Province. The voucher specimens 

were deposited at the Princess Sirindhorn Plant Herbarium Building at 

Kasetsart University, Bangkok, Thailand, and the Thai Traditional 

Medicine Herbarium, Bangkok, Thailand. A description of the plant 

ingredients is provided in Table 1.  

 

Preparation of crude extract 16 

Each fresh plant in the Thai herbal formulation was washed, air-dried 

until it became damp, and then cut into small pieces. From a total of 100 

g of each plant, the specified proportions were combined. The mixture 

was macerated in 95% ethanol for three days at room temperature, with 

occasional stirring to enhance extraction. Afterward, the solution was 

filtered through Whatman No. 1 filter paper. The filtered extract was 

concentrated using an evaporator, then dried in a hot air oven at 45°C. 

Finally, the dried ethanol extracts were stored at -20°C until used. 

 

Isolation and identification of biochemical markers 17 

The crude ethanol extract of R. nasutus was dissolved in 

dichloromethane and fractionated using vacuum chromatography on 

silica gel 60, with hexane as the initial eluent. The elution was then 

continued with increasing polarity by adding ethyl acetate, resulting in 

five separate fractions. Fraction 4 was separated using isocratic elution 

with a 1:1 mixture of chloroform and methanol on a Sephadex LH-20 

column to obtain subfractions. These subfractions were then subjected 

to silica gel column chromatography, using a gradient of hexane, 

chloroform, ethyl acetate, and methanol, to isolate pure compounds.. 

The isolated compounds were identified based on their chemical 

structures using nuclear magnetic resonance (NMR) spectroscopy and 

mass spectroscopy (MS). 

 

Quantification of active compounds using high-performance liquid 

chromatography (HPLC)18 

A total of 10 μL of the HFE was injected into a guard column composed 

of the same material as the analytical column, which was a C18 reverse-

phase column (Phenomenex Luna, 5-micron C18(2), 100-angstrom 

pore size, 250 × 4.60 mm, 5 µm). The mobile phases consisted of water 

containing acetonitrile (A) and 0.1% phosphoric acid (B). The gradient 

elution profile was as follows: 75:25 (A/B) for 35 minutes, followed by 

a transition from 75:25 to 71.4:28.6 (A/B) over 3 minutes, then from 

71.4:28.6 to 95:5 (A/B) over 2 minutes, and finally from 95:5 to 75:25 

(A/B) over 3 minutes, with a 3-minute hold between each transition. 

The analysis was performed at room temperature with a wavelength of 

254 nm and a flow rate of 1.0 mL/min. Rhinacanthins-C and N were 

used as reference markers, and quantitative HPLC analysis was 

conducted based on the peak area of each component. 

 

Table 1: Description of plant materials 

Scientific name Part used 
Voucher specimen 

number 

Allium ascalonicum Rhizomes BK No. 084791 

Acanthus ilicifolius Leaves BK No. 084900 

Bambusa blumeana Leaves TTM No. 0005495 

Rhinacanthus nasutus Leaves BK No. 084901 

 

Anti-allergy and anti-inflammatory activities in cell lines .  

Inhibition of IL-4 release from RBL-2H3 cells 19 

RBL-2H3 ATCC CRL-2256, the basophilic leukemia cell line, was 

purchased from the American Type Culture Collection. The cells were 

cultured with complete MEM (MEM with 100 μg/mL streptomycin, 

100 μg/mL penicillin, and 10% FBS), and they were subcultured every 

5 days. Prior to testing, the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide (MTT) assay was used to assess the toxicity of the 

compound on RBL-2H3 cells to determine the cell viability rate. The 

cells were seeded into 24-well plates at a density of 2105 cells/well and 

incubated for two hours at 37°C with 5% CO2. Following a 24-hour 

incubation under the same conditions, the cells were sensitized with 40 

µL/well of DNP-specific IgE (5 µg/mL). After incubation, the 

supernatant was removed, and the cells were washed twice with 400 

μL/well of phosphate-buffered saline. Next, 160 μL of complete MEM 

was pipetted into each well, and the plate was incubated for 10 minutes. 

After that, different concentrations of extract (12.5, 25, 50, and 

100μg/mL) were added to the cells, and the plate was incubated for 10 

minutes. The antigen DNP-BSA (0.1 mg/mL) was added into the plate 

at a volume of 20 μL/well, and the mixture was incubated for 6 hours. 

IL-4 was detected by transferring the supernatant to an ELISA kit. 
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Diphenhydramine was used as a positive control at the final 

concentration of 12.5, 25, 50, and 100μg/ml. 

 

Inhibition of inflammatory mediators in LPS-stimulated RAW264.7 

cells 20, 21 

The RAW264.7 ATCC TIB-71 murine macrophage cell line was 

purchased from the American Type Culture Collection. It was cultured at 

37°C in 5% CO2 and kept in complete DMEM supplemented with 10% 

FBS, 100 μg/mL penicillin, and 100 μg/mL streptomycin. Every 4-5 days, 

the cells were subcultured. 

Cytotoxicity measurement cells were seeded into 96-well plates and 

incubated for 24 hours at 37°C with 5% CO2. After that, the supernatant 

was discarded, and different extract concentrations (12.5, 25, 50, and 100 

μg/mL) were added with complete DMEM. The mixture was then 

incubated for 24 hours. Each well received 0.5 mg of MTT solution after 

incubation. After two hours, the supernatants were withdrawn and 

replaced with 100 µL/well of dimethyl sulfoxide to dissolve the formazan 

product. Finally, the optical density was measured at 570 nm. The results 

were expressed as viability rates. The extract concentration was not toxic 

to RAW264.7 cells; therefore, it was used for anti-inflammatory activity 

assays. 

To determine nitric oxide production after cytotoxic testing, the cells 

were seeded into 96-well plates and incubated for 24 h. Then, the 

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

μL/well of extracts (at concentrations of 12.5, 25, 50, and 100 μg/mL) 

in complete DMEM, and then the plates were incubated for 24 h. The 

supernatants (100 μL/well) were added to a new 96-well plate, and 

Griess reagent (100 μL/well) was added to each well to detect nitric 

oxide. The optical density was measured immediately at 570 nm.  

The production of TNF-α and IL-6 was determined using RAW264.7 

cells, which were cultured and activated with LPS to produce TNF-α 

and IL-6. The cells were then treated with the extracts following the 

same protocol described in the previous section. After treatment, the 

supernatants (100 μL/well) were collected to detect TNF-α and IL-6 

production using an ELISA kit. Betamethasone was used as a positive 

control with final concentrations of 12.5, 25, 50, and 100μg/ml. 

 

Statistical analysis 

The mean ± standard deviation (SD) from a minimum of three 

experiments was used to express all data. GraphPad Prism 5 software 

was utilized to calculate the 50% inhibitory concentration (IC50) values. 

Dunnett's multiple comparison test and one-way ANOVA were 

calculated using IBM SPSS statistics software to assess the statistical 

significance at p-value < 0.05.  

 

Results and Discussion 

HFE decreased IL-4 production 

Exposure to the HFE at different concentrations from 12.5 to 100 

µg/mL had no toxic effect on RBL-2H3 cells. The survival rate was 

more than 70%, indicating nontoxicity.22 Treatment of IgE-stimulated 

RBL-2H3 cells for six hours with 12.5–100 µg/mL of the HFE resulted 

in concentration-dependent inhibition of IL-4 production (Figure 1).  

The highest inhibitory effect, more than 50% inhibition of IL-4 release, 

was observed at a concentration of 100 µg/mL. HFE concentrations of 

25 and 50 µg/mL HFE caused significant reductions in IL-4 production 

(p < 0.05) after six hours, while a 12.5 µg/mL concentration slightly 

decreased IL-4 production in RBL-2H3 cells. The HFE significantly 

suppressed IL-4 production with an IC50 value of 48.73 ± 0.45 µg/mL 

when compared to diphenhydramine. Diphenhydramine, an 

antihistamine, showed an inhibition effect on IL-4 production in a dose-

dependent manner, as shown in Figure 2. The IC50 value of 

diphenhydramine was 33.06±0.50 µg/mL. 

 

HFE significantly inhibited nitric oxide release, IL-6, and TNF- 

production in LPS-stimulated RAW264.7 cells 

At all concentrations, the HFE showed no toxicity on RAW264.7 cells. 

The effect of HFE on nitric oxide and TNF-α levels in RAW264.7 cells 

was concentration-dependent, while the effect on the IL-6 level was not 

(Figure 3). Moreover, 50 and 100 µg/mL concentrations of the HFE 

caused a significant decrease in nitric oxide and TNF-α levels (p < 0.05) 

after 24 h of treatment. Although 25, 50, and 100 µg/mL concentrations 

significantly inhibited IL-6 production, their inhibitory effect appeared 

to be similar. Even at the maximum dose, the HFE's ability to inhibit 

the production of TNF-α and IL-6 was less than 50%. In the case of 

nitric oxide production, the IC50 was 67.95 ± 9.80 µg/mL. 

Betamethasone was used as a positive control and effectively inhibited 

the production of nitric oxide, IL-6, and TNF-α in a concentration-

dependent manner, with IC50 values of 27.76±4.55, 28.57±0.85, and 

98.05±0.73 µg/mL, respectively (Figure 4). Comparisons were made to 

cell lines that were stimulated without treatment to assess the efficacy 

of the HFE and betamethasone treatment. 

 

Figure 1: Effect of HFE on (a) mean of cytotoxicity (p > 0.05) 

and (b) IL-4 production of RBL-2H3 cells, *p < 0.05 compared 

with IgE-stimulated condition without HFE treatment. 

 

Figure 2: Effect of diphenhydramine (12.5-100 g/mL) on (a) 

mean of cytotoxicity (p > 0.05) and (b) IL-4 production of 

RBL-2H3 cells, *p < 0.05 compared with IgE-stimulated 

condition without diphenhydramine treatment. 
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Figure 3: Effect of HFE on (a) mean of cytotoxicity (p > 0.05), (b) nitric oxide, (c) IL-6, and (d) TNF-α production in LPS-

stimulated RAW264.7 cells. *p < 0.05 in comparison to LPS-stimulated condition without HFE treatment. 

 

Figure 4: Effect of betamethasone (12.5-100 g/mL) on (a) mean of cytotoxicity (p > 0.05), (b) nitric oxide, (c) IL-6, and (d) TNF-α 

production in LPS-stimulated RAW264.7 cells. *p < 0.05 in comparison to LPS-stimulated condition without betamethasone treatment.  

Isolation and quantification of chemical compounds 

The HPLC method was used to quantify active compounds in the HFE. 

Quantitative estimation revealed peaks in the HPLC chromatogram, as 

shown in Figure 5. However, when comparing the HPLC 

chromatogram of HFE with plant constituents, the  HPLC 

chromatogram of R. nasutus was similar to that of HFE.  

Consequently, we isolated two chemical compounds from R. nasutus 

extract as marker compounds. A confirmation was analyzed using 

nuclear magnetic resonance (NMR) and mass spectrometry. The NMR 

results of the isolated compounds were compared to the previously 
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reported data. Compound 1 was isolated as a red-brown crystal that was 

described as rhinacanthin-N.23 The molecular formula of compound 1 

was determined as C27H24NaO7 from ESI mass-spectrometry, with a 

molecular ion peak at 3000 m/z. The exact mol 

ecular weight of compound 1 was 483.1414. Examination of the 1H and 
13C-NMR spectra showed 25 signals representing 27 carbons and four 

aromatic rings at δ 6.99 (CH-3′) together with nine methines (CH), two 

methylenes (CH2) at δ 2.80 (2H, s) C-11′, 4.17 (2H, s) C-13, seven 

methyls (CH3) at δ 1.15 (3H, s) C-12b, and a methoxy with a signal at 

δ 3.86 (3H, s) C-4′a. The 1-hydroxynaphthoyl structure was constructed 

with carbonyl (C-1, C4) and hydroxy (C-2, C3) groups. An ester 

connector was observed between 1,4-naphthoquinone and the β-

naphthoic, coupled to a signal from a methoxyl structure at C-4′. 

Compound 2 was a yellow oily liquid. The molecular formula of 

compound 2 was determined as C25H30NaO5, and its molecular weight 

was 433.1985. Compound 2 was identified as rhinacanthin-C, and the 
1H and 13C-NMR spectra of rhinacanthin-C were confirmed according 

to the previous report.24 The results showed that 29 signals were 

detected, indicating the presence of two aromatic rings at C-5, C-6 δ 

8.08 (1H, dd 7.6, 1.0), CH-7 δ 7.75 (1H, dt 7.6, 1.3), CH-8 7.67 (1H, dt 

7.6, 1.2), CH-9 8.11 (1H, dd 7.6, 1.0), CH-9a, CH-10, CH-10a, which 

accounted for six methines (CH), four ethyls (CH2) at δ 2.70 (2H, s), 

2.17 (2H, q 7.62), 2.01 (1H, q 7.35), nine methyls (CH3) at δ 1.02 (6H, 

s), 1.56 (3H, brs 3.75), 1.79 (3H, brs 0.87), 1.58 (3H, s), and 10 carbons. 

The two aromatic proton correlations between the signal at δ 2.70 (H-

4) and three signals [δ 121.8 (C- 4a), 154.2 (C-10a), 184.8 (C-5)] in the 

HMBC spectrum of compound 1 established the connection of the 2,2-

dimethylpropyl group to the naphthoquinone at C-4a. 

 

 

 

Figure 5: HPLC chromatograms of (a) 10 mg/mL of HFE, (b) 3 mg/mL of R. nasutus extract, (c) 200 g/mL of standard rhinacanthin-

C, and (d) standard rhinacanthin-N. 

Rhinacanthin-C and rhinacanthin-N inhibited IL-4 and inflammatory 

cytokines 

The effect of isolated rhinacanthin-C and rhinacanthin-N from R. nasutus, 

on IL-4 inhibition in RBL-2H3 cells was assessed at a concentration range 

of 1.56–50 µg/mL, which was not cytotoxic. These compounds inhibited 

IL-4 secretion in a concentration-dependent manner. They exhibited 

significant effects at all concentrations (p < 0.05). Rhinacanthin-N had a 

lower IC50 value than rhinacanthin-C in inhibiting IL-4 production in RBL-

2H3 cells (Figure 6). The IC50 values of rhinacanthin-C and rhinacanthin-N 

for inhibiting IL-4 production were 15.35 ± 0.55 and 4.65 ± 0.02 µg/mL, 

respectively. 

Rhinacanthin-C was toxic to RAW264.7 cells at 100 µg/mL but 

exhibited no toxic effect at lower concentrations. Moreover, 

rhinacanthin-N exhibited no cytotoxic effect at all tested concentrations 

(Figure 7). All tested isolates that didn't cause any harm to the cells 

showed a significant (p < 0.05) inhibitory effect, particularly against 

nitric oxide production (Figure 8). The IC50 values of rhinacanthin-C 

and rhinacanthin-N were 34.88 ± 4.87 and 41.41 ± 1.77 µg/mL, 

respectively. Moreover, rhinacanthin-C and rhinacanthin-N could 

inhibit TNF- production at a concentration range of 50–100 µg/mL. 

Rhinacanthin-N inhibited TNF- production in a concentration-

dependent manner. Treatment with 12.5–50 µg/mL of rhinacanthin-C 

and 50–100 µg/mL of rhinacanthin-N inhibited IL-6 production. 

However, the IC50 values of compounds that could not be calculated 

were more than the maximal tested concentration. 

Allergy represents an exaggerated immune response triggered upon re-

exposure to allergens. During cascade induction, white blood cells, 

including mast cells and basophils, initiate the degranulation process 

and the subsequent release of histamine, IL-4, TNF-α, IL-6, IL-1, and 

IFN-γ. After exposure to allergens IgE binding FcεRI receptors induce 

mast cell degranulation and produce IL-4 responses that act on B-cells 

to promote IgE antibody production as well.25 Notably, IL-4 is pivotal 

in modulating the activation and functionality of T-helper cells,  

monocytes, and macrophages, thereby orchestrating the release of 

various inflammatory mediators.26 Consequently, inflammatory 

processes lead to the release of nitric oxide, TNF-α, IL-1, IL-6, and 

other cytokines by immune cells, contributing to the manifestation of 

allergic and inflammatory symptoms. Therefore, extensive research is 

needed to assess the efficacy of herbal interventions in alleviating such 

symptoms.5 

We explored the ability of a Thai HFE to ameliorate inflammation and 

allergy. Assessment of the biological activity of the HFE revealed its 

capacity to inhibit the release of IL-4 and nitric oxide. Moreover, it 

slightly inhibited IL-6 and TNF-α production. The isolates from HFE 

included A. ascalonicum, R. nasutus, A. ilicifolius, and B. blumeana, 

which have been shown to potently inhibit proallergic and 

proinflammatory cytokines.27-30 Plant phytochemicals exhibit 

pharmacological effects. Compounds such as anthraquinones, 

flavonoids, and volatile oils, have been detected in HFEs. These 

chemical compounds have been found to reduce IL-4 levels and nitric 

oxide production.31, 32  

Analysis of the phytochemical compositions revealed that rhinacanthin-

C and rhinacanthin-N were the predominant bioactive compounds in the 

HFE.  Rhinacanthin is an anthraquinone compound present in R. 

nasutus.33 Our study showed that rhinacanthin-C and rhinacanthin-N 

inhibited the production of IL-4 , IL-6, TNF-α, and nitric oxide, 

consistent with previous findings.34 Interestingly, rhinacanthin, 

particularly at low doses, can potentially inhibit IL-4 production and 

may reduce allergic inflammatory response.  

Previous studies have suggested that anthraquinones exert anti-

inflammatory effects and can modulate immune responses.35 

Rhinacanthin-C and rhinacanthin-N have been reported to suppress 

nitric oxide release with IC50 values of 1.8 and 3.0 M, respectively. 

However, they did not inhibit TNF- production in RAW264.7 cells.36 

Notably, rhinacanthin-C reduced inflammation in rats using 

carrageenan-induced paw edema assay.15 It attenuated LPS-activated  
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Figure 6: Effect of rhinacanthin-C and rhinacanthin-N on (a,b) cytotoxicity (p > 0.05) while **p<0.05 compared with other 

concentrations and (c,d) IL-4 production in RBL-2H3 cells. *p < 0.05 compared with IgE-stimulated condition without compound 

treatment. 

 

Figure 7: Cytotoxicity effect of (a) rhinacanthin-C and (b) rhinacanthin-N on RAW264.7 cells, the same symbol is not significantly 

different from each other (p > 0.05) while **p<0.05 compared with other concentrations. 

nitric oxide production and amyloid-β peptide in rat hippocampal 

neurons, and decreased proinflammatory cytokine production, 

including IL-6 and TNF-α in BV-2 cells.37  

The mechanism of action of HFE most likely involves preventing mast 

cells or RBL-2H3 from degranulating upon allergen exposure by 

preventing IgE from cross-linking to FcεRI receptors, which in turn 

prevents the production of the cytokine IL-4.38 Analysis of the 

mechanisms underlying allergic reactions revealed distinct cytokine 

involvement in acute and chronic inflammation. Specifically, IL-4  and 

nitric oxide are implicated in acute inflammation, whereas TNF-α and 

IL-6  are associated with chronic inflammation.39, 40 The mechanism 

involved a reduction in signaling molecules during T cell-mediated 

immunity in macrophages, including IL-6 and nitric oxide, which 

inhibits inflammation.41 Additionally, HFE may immunomodulate 

RAW264.7 cells by inhibiting the toll-like receptor 4 (TLR4) signaling 

that activates the NF-κB pathway. The inactivation of NF-κB leads to 

the inhibition of nitric oxide, IL-6, and TNF- α and indicates its 

immunomodulatory potential.42  

This study supports the ethnomedicinal use of Thai herbal formulas. 

HFE demonstrated anti-allergic and anti-inflammatory activities by 

inhibiting IL-4 production and other inflammatory mediators. 

Rhinacanthin-C and rhinacanthin-N, which block inflammatory and 

allergy-related cytokines, are potent modulators of inflammation. These 

findings indicate that HFE is a promising antiallergic agent. However, 

our results were obtained from in vitro studies, and the safety profile of 

HFE was not assessed. Therefore, further research is needed to 

investigate the safety and efficacy of HFE. Additionally, the molecular 

mechanisms underlying its anti-allergic and anti-inflammatory 

activities should be explored in in vivo models.   
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Figure 8: Inhibition effect of rhinacanthin-C and rhinacanthin-N on (a-b) nitric oxide, (c-d) IL-6, and (e-f) TNF-α production in LPS-

stimulated RAW264.7 cells. *p < 0.05 when compared with LPS stimulated condition without treated compounds.  

Conclusion 

The Thai herbal formula (HFE) inhibited IL-4 production in RBL-2H3 

cells. It also reduced nitric oxide production and slightly decreased the 

production of inflammatory cytokines such as TNF-α and IL-6 in 

RAW264.7 cells. The active chemical constituents of HFE primarily 

consisted of higher levels of rhinacanthin-C than rhinacanthin-N. 

Nonetheless, both compounds effectively regulated IL-4 secretion, 

nitric oxide levels, and the production of TNF-α and IL-6.   

 

Conflict of Interest  

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article are 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgments 

This study was supported by the Faculty of Medicine, Thammasat 

University (grant no. TP. 2-35/2565). 

 

References 

1. Kritas S, Caraffa A, Antinolfi P, Saggini A, Pantalone A, Neri G, 

Rosati M, Meshack T, Speziali A, Saggini R, Pandolfi F, Conti P. 

IgE generation and mast cell activation. Eur J Inflamm. 2014; 

12(1):21-25. 

2. Dainichi T, Hanakawa S, Kabashima K. Classification of 

inflammatory skin diseases: a proposal based on the disorders of 

the three-layered defense systems, barrier, innate immunity and 

acquired immunity. J Dermatol Sci. 2014; 76(2):81-89. 

3. Woźniak E, Owczarczyk-Saczonek A, Lange M, Czarny J, 

Wygonowska E, Placek W, Nedoszytko B. The role of mast cells 

in the induction and maintenance of inflammation in selected skin 

diseases. Int J Mol Sci. 2023; 24(8):7021. 

4. Mitroi GG, Pleșea EL, Mitroi GF, Mitroi MR, Neagoe CD, Ianoși 

SL. Exploring the potential of IL-4 and IL-13 plasma levels as 

biomarkers in atopic dermatitis. Life (Basel). 2024; 14(3):352. 

5. Kany S, Vollrath JT, Relja B. Cytokines in inflammatory disease. 

Int J Mol Sci. 2019; 20(23):6008. 

6. Lauritano D, Ronconi G, Caraffa A, Gallenga CE, Kritas SK, 

Emidio P, Martinotti S, Tetè  G, Ross R, Conti P. New aspect of 

allergic contact dermatitis, an inflammatory skin disorder mediated 

by mast cells: Can IL-38 help?. Med Hypotheses. 2020; 

139:109687. 

7. Salah S, Taieb C, Demessant AL, Haftek M. Prevalence of skin 

reactions and self-reported allergies in 5 countries with their social 

impact measured through quality of life impairment. Int J Environ 

Res Public Health. 2021; 18(9):4501. 

8. Chaiyamahapurk S, Warnnissorn P. Prevalence and pattern of 

diseases of the skin and subcutaneous tissue in a primary care area 

in Thailand. Siriraj Med J. 2021; 73(6):357-362. 

9. Coondoo A, Phiske M, Verma S, Lahiri K. Side-effects of topical 

steroids: a long overdue revisit. Indian Dermatol Online J. 2014; 

5(4):416-425. 



                               Trop J Nat Prod Res, November 2024; 8(11): 9027 - 9034                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

9034 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

10. Rakha A, Umar N, Rabail R, Butt MS, Kieliszek M, Hassoun A, 

Aadil RM. Anti-inflammatory and anti-allergic potential of 

dietary flavonoids: A review. Biomed Pharmacother. 2022; 

156:113945. 

11. Thai Traditional Medical Knowledge Fund. Applied Thai 

traditional medical examination manual. (1st ed.). Bangkok: 

The agricultural co-operative federation of Thailand., Ltd. 

(ACFT); 2016. 240 p. 

12. Zhang Y, Shen J, Ma X, He Y, Zhang Y, Cao D. Anti-

inflammatory activity of phenylethanoids from Acanthus 

ilicifolius var. xiamenensis. J Med Food. 2023; 26(2):135-145. 

13. Arpornchayanon W, Klinprung S, Chansakaow S, 

Hanprasertpong N, Chaiyasate S, Tokuda M, Tamura H. 

Antiallergic activities of shallot (Allium ascalonicum L.) and its 

therapeutic effects in allergic rhinitis. Asian Pac J Allergy 

Immunol. 2022; 40(4):393-400. 

14. Len TT, Nhung HN, Thanh TC. A case series evaluating the 

efficacy of herbal oil-based Bambusa vulgaris (Bamboo) leaf 

extracts as a topical treatment for atopic dermatitis. Phytomed 

Plus. 2023; 3(4):100480. 

15. Bhusal N, Panichayupakaranant P, Reanmongkol W. In vivo 

analgesic and anti-inflammatory activities of a standardized 

Rhinacanthus nasutus leaf extract in comparison with its major 

active constituent rhinacanthin-C. Songklanakarin J. Sci. Technol. 

2014; 36(3):325-331. 

16. Pimrat N, Panthong S, Itharat A. Effect of steaming process on 

chemical content and biological activity of Curcuma zedoaria 

extract. AMJAM. 2021; 21(1):45-54. 

17. Rakkhittawattana V, Panichayupakaranant P, Prasanth MI, 

Brimson JM, Tencomnao T. Rhinacanthin-C but not-D extracted 

from Rhinacanthus nasutus (L.) Kurz offers neuroprotection via 

ERK, CHOP, and LC3B pathways. Pharmaceuticals (Basel). 

2022; 15(5):627. 

18. Shakya K. Preparation of standardized Rhinacanthus nasutus 

leaf extract by green extraction methods and evaluation of 

antifungal activity of its topical solution against Trichophyton 

rubrum (Doctoral dissertation). Songkla: Prince of Songkla 

University; 2015. 

19. Appel K, Munoz E, Navarrete C, Cruz-Teno C, Biller A, 

Thiemann E. Immunomodulatory and inhibitory effect of 

immulina®, and immunloges® in the Ig-E mediated activation 

of RBL-2H3 cells. A new role in allergic inflammatory 

responses. Plants (Basel). 2018; 7(1):13. 

20. Akram M, Kim KA, Kim ES, Syed AS, Kim CY, Lee JS, Bae 

ON. Potent anti-inflammatory and analgesic actions of the 

chloroform extract of dendropanax morbifera mediated by the 

Nrf2/HO-1 pathway. Biol Pharm Bull. 2016; 39(5):728-736. 

21. Makchuchit S, Rattarom R, Itharat A. The anti-allergic and anti-

inflammatory effects of Benjakul extract (a Thai traditional 

medicine), its constituent plants and its some pure constituents 

using in vitro experiments. Biomed Pharmacother. 2017; 

89:1018-1026. 

22. Podgórski R, Wojasiński M, Ciach T. Nanofibrous materials 

affect the reaction of cytotoxicity assays. Sci Rep. 2022; 

12(1):9047. 

23. Wu TS, Hsu HC, Wu PL, Leu YL, Chan YY, Chern CY, Yeh 

MY, Tien HJ. Naphthoquinone esters from the root of 

Rhinacanthus nasutus. Chem Pharm Bull (Tokyo). 1998; 

46(3):413-418. 

24. Sendl A, Chen JL, Jolad SD, Stoddart C, Rozhon E, Kernan M, 

Nanakorn W, Balick M. Two new naphthoquinones with 

antiviral activity from Rhinacanthus nasutus. J Nat Prod. 1996; 

59(8):808-811. 

25. Ezechukwu HC, Adegboye OA, Okunowo WO, Emeto TI. 

Targeting IgE and Th2-cytokines in allergy: brief updates on 

monoclonal antibodies and antibody gene therapy. Allergies. 

2023; 3(2):90-104. 

 

 

 

26. Bhattacharjee A, Shukla M, Yakubenko VP, Mulya A, Kundu S, 

Cathcart MK. IL-4 and IL-13 employ discrete signaling 

pathways for target gene expression in alternatively activated 

monocytes/macrophages. Free Radic Biol Med. 2013; 54:1-16. 

27. Ruksiriwanich W, Khantham C, Muangsanguan A, Chittasupho 

C, Rachtanapun P, Jantanasakulwong K, Phimolsiripol Y, 

Sommano SR, Sringarm K, Ferrer E. Phytochemical 

constitution, anti-inflammation, anti-androgen, and hair growth-

promoting potential of shallot (Allium ascalonicum L.) extract. 

Plants (Basel). 2022; 11(11):1499. 

28. Peesa JP, Kiran BSS. Rhinacanthus nasutus (L.) Kurz: prehistory 

to current uses to humankind. In: T. Pullaiah (Eds.). 

Phytochemistry and pharmacology of medicinal plants, 2-

volume set. New York: Apple Academic Press; 2023. 451-465 p. 

29. Benjamin MAZ, Saikim FH, Yeaw-Ng S, Rusdi NA. A 

comprehensive review of the ethnobotanical, phytochemical, and 

pharmacological properties of the genus Bambusa. J Appl Pharm 

Sci. 2023; 13(5): 1-22. 

30. Sardar PK, Dev S, Bari A, Paul S, Yeasmin S, Das AK, Biswas 

NN. Antiallergic, anthelmintic and cytotoxic potentials of dried 

aerial parts of Acanthus ilicifolius L. Clinical phytoscience. 

2018; 4(34):1-13. 

31. Kumar A, Nirmal P, Kumar M, Jose A, Tomer V, Oz E, Proestos 

C, Zeng M, Elobeid T, Sneha K, Oz F. Major phytochemicals: 

recent advances in health benefits and extraction method. 

Molecules. 2023; 28(2):887. 

32. Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, Liu H, Yin 

Y. Quercetin, inflammation and immunity. Nutrients. 2016; 

8(3):167. 

33. Shah MA, Keach JE, Panichayupakaranant P. Antidiabetic 

naphthoquinones and their plant resources in Thailand. Chem 

Pharm Bull (Tokyo). 2018; 66(5):483-492. 

34. Tewtrakul S, Tansakul P, Panichayupakaranant P. Anti-allergic 

principles of Rhinacanthus nasutus leaves. Phytomedicine. 2009; 

16(10):929-934. 

35. Xin D, Li H, Zhou S, Zhong H, Pu W. Effects of anthraquinones 

on immune responses and inflammatory diseases. Molecules. 

2022; 27(12):3831. 

36. Tewtrakul S, Tansakul P, Panichayupakaranant P. Effects of 

rhinacanthins from Rhinacanthus nasutus on nitric oxide, 

prostaglandin E2 and tumor necrosis factor-alpha releases using 

RAW264.7 macrophage cells. Phytomedicine. 2009; 16(6-

7):581-585. 

37. Chuang KA, Li MH, Lin NH, Chang CH, Lu H, Pan H, 

Takahashi T, Perng M, Wen Shu. Rhinacanthin C alleviates 

amyloid-β fibrils’ toxicity on neurons and attenuates 

neuroinflammation triggered by LPS, amyloid-β, and interferon-

γ in glial cells. Oxid Med Cell Longev. 2017; 2017(1):5414297. 

38. Ede JD, Ortega VA, Boyle D, Beingessner RL, Hemraz UD, 

Fenniri H, Stafford JL, Goss GG. Rosette nanotubes alter IgE-

Mediated degranulation in the rat basophilic leukemia (RBL)-2H3 

cell line. Toxicol Sci. 2015; 148(1):108-120. 

39. Koelman L, Pivovarova-Ramich O, Pfeiffer AFH, Grune T, 

Aleksandrova K. Cytokines for evaluation of chronic 

inflammatory status in ageing research: reliability and 

phenotypic characterisation. Immun Ageing. 2019; 16(1):1-12. 

40. Endo TH, Mizuno N, Matsuda S, Shiga S, Yanagawa Y. Synergy 

of interleukin-4 and interferon-γ in arginase-1 production in 

RAW264. 7 macrophages. Asian Pac J Allergy Immunol. 2023; 

41(4):379-388. 

41. Varma RS, Guruprasad KP, Satyamoorthy K, Kumar LMS, Babu 

UV, Patki SP. IM-133N modulates cytokine secretion by 

RAW264.7 and THP-1 cells. J Immunotoxicol. 2016; 13(2):217-

225. 

42. Yuan SN, Feng CY, Rong Y, Guo X, Chen YY, Fraga-Corral M, 

Prieto MA, Zhang XY, Li NY, Liu C. Immunomodulatory effects 

of nervonic acid in RAW264.7 Macrophages. J Food Biochem. 

2023; 2023(1): 9923111. 

 


