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Abstract

Houttuynia cordata Thunb. has been used as a traditional medicine to treat a variety of ail-

ments in Asian countries such as China, Japan, South Korea, and Thailand. In Thailand,

H. cordata fermentation products (HCFPs) are commercially produced and popularly con-

sumed throughout the country without experimental validation. Anti-inflammatory activity of

H. cordata fresh leaves or aerial parts has previously been reported, however, the anti-

inflammatory activity of the commercially available HCFPs produced by the industrialized

process has not yet been investigated. The aim of this study was to evaluate in vitro and

in vivo anti-inflammatory potential of the selected industrialized HCFP. LPS-induced

RAW264.7 and carrageenan-induced paw edema models were used to evaluate the anti-

inflammatory activity of HCFP. The phenolic acid components of HCFP aqueous and

methanolic extracts were investigated using HPLC analysis. In RAW264.7 cells, the HCFP

aqueous and methanolic extracts reduced NO production and suppressed LPS-stimulated

expression of PGE2, iNOS, IL-1β, TNF-α and IL-6 levels in a concentration-dependent man-

ner, however, less effect on COX-2 level was observed. In Wistar rats, 3.08 and 6.16 mL/kg

HCFP reduced paw edema after 2 h carrageenan stimulation, suggesting the second phase

anti-edematous effect similar to diclofenac (150 mg/kg). Whereas, 6.16 mL/kg HCFP also

reduced paw edema after 1 h carrageenan stimulation, suggesting the first phase anti-

edematous effect. Quantitative HPLC revealed the active phenolic compounds including

syringic, vanillic, p-hydroxybenzoic and ferulic acids, which possess anti-inflammatory activ-

ity. Our results demonstrated for the first time the anti-inflammatory activity of the industrial-

ized HCFP both in vitro and in vivo, thus validating its promising anti-inflammation potential.

Introduction

Inflammation is a host response against infection, foreign stimulant and tissue injury.

Although inflammation is a process of the immune response in our body, it can damage the

body when it is out of control. While acute inflammation is a normal part of the defense
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response, chronic inflammation is a complex process stimulated by activating inflammation or

immune cells. During the inflammatory process, many types of cells are activated, and these

cells secrete various pro-inflammatory mediators, including cytokines (IL-1β, TNF-α, IL-6),

nitric oxide (NO) and prostaglandin E2 (PGE2) [1]. Overproduction of inflammatory media-

tors leads to chronic inflammation, which can cause many diseases such as rheumatoid arthri-

tis, cancer and allergies [2]. During the inflammatory response, immune cells are also

activated by adhesion molecules-activated signals to increase the migration capacity to

inflamed tissue and finally to form heterotypic cell clustering between the immune cells, endo-

thelial cells, and inflamed cells. Indeed, various inflammatory stimuli such as LPS and pro-

inflammatory cytokines activate immune cells to up-regulate such inflammatory states [2,3].

Hence, these cells are useful targets for developing new anti-inflammatory drugs and exploring

the molecular anti-inflammatory mechanisms of a potential drug.

Many drugs have been developed to treat inflammation and nociceptive symptoms how-

ever, undesired adverse effects of these clinical anti-inflammatory drugs have consistently evi-

denced [4]. Non-steroidal anti-inflammatory drugs (NSAIDs) are normally used for the

treatment of pain and inflammatory conditions, however, many NSAIDs are associated with

undesired side effects including congestive heart failure, bleeding of the gastrointestinal tract

and chronic kidney disease [5]. Therefore, the search for alternative substitutes such as plant-

derived anti-inflammatory agents with the ease of availability and fewer side effects is urgently

required to develop safe drugs for clinical use.

Houttuynia cordata Thunb. is a perennial herbaceous plant mostly distributed in East Asia,

and generally grown for local vegetable consumption in the North and Northeast of Thailand.

H. cordata has been used as a medicinal plant possessing many biological properties including

antioxidant, anticancer, and anti-inflammatory activities [6]. As a traditional medicine in

China, H. cordata has been used to treat ulcers, sores, heatstroke, diarrhea, and dysentery [7].

In Korea, it has been used for the treatment of pneumonia, bronchitis, dysentery, dropsy, uter-

itis, eczema, herpes simplex, chronic sinusitis and nasal polyps [8]. In Thailand, it has been

used as an immunostimulant herb and anticancer agent [9].

Nowadays, H. cordata is considered for a high-value industrial crop in Thailand and it has

been fermented with probiotic bacteria to yield a H. cordata fermentation product (HCFP)

commercially available. The microbial fermented herbal plant is a promising alternative source

for many flavonoid molecules including anthocyanins, flavones and flavanones [10]. Probiot-

ics are microorganism exerting health-promoting functions in humans and animals [11],

improving the nutraceutical value of the herbal plant products by breaking down undesirable

phytochemicals, and producing certain desirable compounds [12]. The fermentation process

has increased the flavonoid content of H. cordata fermentation products conferring excellent

anti-inflammatory effects in LPS-stimulated cells [13]. Accordingly, many HCFPs have been

commercially distributed and popularly consumed throughout Thailand. Previous studies

reported that the industrial process caused a reduction in phenolic content of natural products

[14,15], which may affect their biological properties. Anti-inflammatory activity of H. cordata
fresh leaves or aerial parts has previously been studied [16,17,18], however, the anti-inflamma-

tory activity of HCFPs produced by industrialized process has not yet been investigated.

Therefore, we aimed at investigating the anti-inflammatory activity of the industrial HCFP in

LPS-stimulated RAW264.7 cells as well as its phenolic acid content to provide information for

the general public or consumers. Here, we demonstrated the phenolic acid profiles and anti-

inflammatory activities of aqueous and methanolic extracts of the industrial HCFP Dokudami

manifested by inhibiting the production of NO, PGE2 and inflammatory cytokines such as

TNF-α, IL-1β, and IL-6. Furthermore, the anti-inflammatory activity of this industrialized

product was also confirmed using the rat paw assay.
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Materials and methods

Materials

The dietary supplement H. cordata fermentation product (HCFP), Dokudami, was obtained

from the Prolac (Thailand) Co., Ltd., Lamphun, Thailand. The information on plant ingredi-

ent and serving suggestion of the HCFP were obtained from the label on its container. The

major ingredients of this HCFP are composed of 99.3% (w/w) aerial parts of H. cordata and

0.7% (w/w) sugar cane powder. Serving suggestion is as follows: 5–15 ml twice a day in the

morning before bedtime and before meal. H. cordata was cultivated by the Prolac (Thailand)

Co., Ltd. in an organic farm in Chai Badan district, Lopburi province, Thailand. The fermenta-

tion product Lot no. 14/5/2015 was used throughout the study. RAW264.7 cells were obtained

from Dr. Pramote Mahakunakorn, Faculty of Pharmaceutical Science, Khon Kaen University,

Thailand. Male Wistar rats (250–300 g) were obtained from registered animal breeders,

Nomura Siam International Co., Ltd., Bangkok, Thailand. LPS (E. coli 0111: B4) and diclofenac

sodium were purchased from Sigma-Aldrich (St. Louis, MO, USA). Griess reagent for nitrite

determination was purchased from Molecular Probes (Invitrogen, USA). All antibodies used

in this study were purchased from Cell Signaling (USA). PGE2 EIA was purchased from

ANOVA (Taiwan). The ELISA kits for measuring cytokines (IL-1β, TNF-α, IL-6) were pur-

chased from BioLegend (California). RPMI 1640 medium, fetal bovine serum (FBS), trypsin-

EDTA and penicillin/streptomycin were obtained from Gibco/Invitrogen Crop. (Grand

Island, NY, USA).

Cell culture and animals

RAW264.7 macrophage cells were cultured in RPMI 1640 medium with 10% fetal bovine

serum (FBS), 1% penicillin and streptomycin and incubated at 37˚C in an atmosphere contain-

ing 5% CO2. Wistar rats were recovered from transportation for 1 week before the study. The

rats were maintained at Northeast Laboratory Center, Khon Kaen University, Thailand.

Details of animal welfare are as follows: Shelter: case size 37.5 x 48 x 18.5 cm (wide x length x

high), with sterilized-wood shavings for bedding, Food: sterilized commercial food, Water:

reverse osmosis (OR) with choline 3–4 ppm, Environment enrichment: social housing, free

excess food, and water, Environment: temperature: 23±2˚C, humidity: 30–60% RH, dark: light

cycle: 12:12 h, illumination: 350–400 Lux, ventilation: 10–15 ACH, noise: no exceed 85 Deci-

bels. The experimental procedure was approved by the Institutional Animal Care and Use

Committee of Khon Kaen University, based on the Ethic of Animal Experimentation of

National Research Council of Thailand. The approval number was IACUC-KKU-101/60.

Preparation of the lyophilized powder of HCFP aqueous extract

To obtain polar phytochemical compounds, 50 mL of HCFP was centrifuged at 2,815 x g for

15 min and the supernatant (aqueous fraction) was filtered through Whatman grade No. 4 fil-

ter paper. The filtrate containing water-soluble constituents was lyophilized to obtain a lyophi-

lized powder (aqueous extract). The extraction yield was 13.80 ± 0.57 mg/mL. The HCFP

lyophilized powder was re-dissolved in double distilled water to obtain desired concentrations.

Preparation of HCFP methanolic (phenolic-rich) extract

To obtain both polar and nonpolar phenolic compounds in the free forms, 140 mL of metha-

nol was added to 60 mL of HCFP and then the mixture was stirred for 2 h at room tempera-

ture. The filtrate was evaporated to 60 mL by rotary evaporator, then added with 60 mL of 2 M

NaOH and stirred continuously for 12 h at room temperature. The mixture was centrifuged at
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1,700 x g for 20 min and then filtered through Whatman grade No. 4 filter paper. The superna-

tant was repeatedly extracted three times with 80 mL of diethyl ether and the aqueous phase

was collected and the diethyl ether phase was discarded. The aqueous phase was adjusted to

pH 1.5 by 10 M HCl and filtered through Whatman grade No. 4 filter paper. The filtrate was

extracted further with 80 mL of diethyl ether for three times, in which the portion of diethyl

ether was collected. Sodium sulphate (Na2SO4) anhydrous was used to dehydrate the diethyl

ether phase, which was then filtered through the filter paper. A rotary evaporator was used to

evaporate the filtrate to 5 mL, which was then finally evaporated to dryness under a gentle

stream of nitrogen gas. The extraction yield was 5.36 ± 0.96 mg/mL.

Cell viability assay

The viability of RAW264.7 cells was determined colorimetrically using 3-(4,5-dimethylthiazo-

lyl)-2-2,5-diphenyltetrazolium bromide (MTT) reagent (Invitrogen, USA). The cells at a den-

sity of 8 x 103 cells/well were seeded in 96 well plates. After 24 h, various concentrations of

HCFP aqueous (5–1,500 μg/mL) and methanolic (4–18 μg/mL) extracts were added to the cells

and incubated for 24 h. The MTT solution was added to each well and incubated for 2 h at

37˚C. After removing the solution, each well was added with DMSO to dissolve the formazan

dye. The absorbance of formazan was measured using the microplate reader (Bio-Rad, USA)

at 550 nm and 655 nm as a reference wavelength for subtraction of optical density caused by

cell debris.

Nitrite determination

The nitrite concentration in the culture medium of treated and untreated RAW264.7 cells was

measured as an indicator of NO production according to Griess reaction [19]. Briefly, the cells

(1x105 cells/well) were seeded into 24-well plates for 24 h, and then pre-treated cells with vari-

ous concentrations of HCFP aqueous (25–750 μg/mL) and methanolic (4–12 μg/mL) extracts

for 2 h. After 2 h incubation, the cells were incubated with LPS (1 μg/mL) for 24 h. The treat-

ment with diclofenac (DCF; 25 μg/mL) was used as a positive control. The cultured medium

was then collected and mixed with an equal volume (1:1) of Griess reagent (Invitrogen, USA).

After 10 min incubation at room temperature, the absorbance at 550 nm was measured using

a microplate reader.

Prostaglandin E2 (PGE2) determination

The PGE2 metabolite is measured by using an enzyme immunoassay (EIA) kit (Abnova, Tai-

wan) based on the conversion of all major PGE2 metabolite into a single stable derivative. The

cells (1 x 105 cells/well) were seeded into 24-well plates and cultured for 24 h. The cells were

pre-treated with various concentrations of HCFP aqueous (25–750 μg/mL) and methanolic

(4–12 μg/mL) extracts for 2 h and thereafter incubated with LPS (1 μg/mL) for 24 h. The treat-

ment with diclofenac (DCF; 25 μg/mL) was used as a positive control. Subsequently, PGE2

concentration in a culture medium was determined with PGE2 EIA kit according to the manu-

facturer’s instructions.

Western blot analysis

RAW264.7 cells (1 x 106 cells) were seeded into a 5.5-cm culture dish and cultured for 24 h.

Cells were pre-treated with various concentrations of HCFP aqueous (25–750 μg/mL) and

methanolic (4–12 μg/mL) extracts for 2 h and then incubated with LPS (1 μg/mL) for 24 h.

The treatment with diclofenac (DCF; 25 μg/mL) was used as a positive control. The treated
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cells were harvested and lysed with lysis buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 5mM

EDTA, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) for 1 h on ice. The protein concentra-

tion was determined by Bradford protein assay (Bio-Rad, USA). Equal amounts of protein

(30 μg) were loaded and separated on 12% SDS-polyacrylamide gel and afterward the proteins

were transferred to the PVDF membrane. The membrane was blocked with a blocking solu-

tion, 5% skim milk in phosphate-buffered saline containing Tween-20 (PBST), for 1 h at room

temperature, and then incubated with monoclonal anti-iNOS, anti-COX-2, anti-β-Actin

(1:1000 dilutions, Cell signaling, Germany) for overnight at 4˚C. The blots were washed twice

with PBST and then incubated with horseradish peroxidase (HRP)-conjugated secondary anti-

body (1:1000 dilutions, Cell signaling, Germany) for 2 h at room temperature. Blots were

washed again twice with PBST and PBS, respectively. The protein bands were visualized using

ECL detection reagent (GE healthcare, UK).

RNA isolation and RT-PCR analysis

Cells (1 x 106 cells) were seeded into a 5.5-cm culture dish and cultured for 24 h. Cells were

pre-treated with various concentrations of HCFP aqueous (25–750 μg/mL) and methanolic

(4–12 μg/mL) extracts for 2 h and then incubated with LPS (1 μg/mL) for 6 h. Total RNA from

treated cells was isolated using Trizol reagent (Invitrogen, USA) according to the manufac-

turer’s protocol and the RNA was kept at -70˚C until used. Total RNA (1 μg) was used for

reverse transcription reaction using M-MuLV reverse transcriptase (NEB, UK), 0.5 μM spe-

cific reverse primer, deoxyribonucleotide triphosphate (dNTP, 0.2 mM) and 1 U RNase inhibi-

tor. The reaction was incubated at 42˚C for 1 h and the M-MuLV reverse transcriptase was

then inactivated by heating at 65˚C for 20 min. The PCR reactions were carried out in a total

volume of 25 μl containing 2.5 U of Taq DNA polymerases, 0.2 mM dNTP, 1X reaction buffer,

and 0.5 μM of forward and reverse primers as listed in S1 Table. After initial denaturation for

30 sec at 95˚C, the amplification by 30 cycles of 94˚C for 45 sec (denaturing), 50–55˚C for 45

sec (annealing), 72˚C for 45 sec (extension), was carried out. The PCR products were analyzed

by 1.5% agarose gel electrophoresis. The level of mRNA expression was quantitated by Quan-

tity One software 4.4.1 (Bio-Rad) using β-actin band intensity as the internal control.

Determination of pro-inflammatory cytokines (IL-1β, IL-6 and TNF-α)

Cells (1 x 105 cells/well) were seeded into 24 well plates and cultured for 24 h, and then pre-

treated with various concentrations of HCFP aqueous (25–750 μg/ml) and methanolic (4–

12 μg/mL) extracts for 2 h. Thereafter, the cells were incubated with LPS (1 μg/mL) for 24 h.

The levels of these cytokines in the cultured medium of treated RAW264.7 cells were quanti-

fied using ELISA kits according to the manufacturer’s instructions. The absorbance at 450 nm

was measured using the fluorescence microplate reader (SpectraMax M5, Molecular Devices,

USA), and 570 nm was used as a reference wavelength.

In vivo experiment

Animal studies were performed in obligation with the Institutional Animal Care and Use Com-

mittee at Khon Kaen University, Khon Kaen, Thailand (Approval ID: AE101/60) and were per-

formed according to guidelines established by the Ethical Principles and Guidelines for the Use of

Animals for scientific purposes, National Research Council of Thailand. All experiments were car-

ried out with six animals in each group. In this study, carrageenan-induced inflammation in the

rat paw was used as a model system for in vivo anti-inflammatory study. Male Wistar rats (250–

300 g) were divided into four different groups, (1) negative control (carrageenan-treated), (2)

HCFP 1 (concentration 1-treated), (3) HCFP 2 (concentration 2-treated), and (4) positive control
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(Diclofenac-treated). HCFP (3.08 and 6.16 mL/kg) and Diclofenac (150 mg/kg) were adminis-

tered by orally 1 h before carrageenan induction. The rats received a sub-plantar injection of

100 μL of 1% (w/v) suspension of carrageenan lambda in the right hind paw. The volume of rat

paw in all animals was measured at 1, 2 and 3 h after carrageenan injection by using Plethysm-

ometer (Ugo Basile Model 7140, Italy). After λ-carrageenan injection and measurement the vol-

ume of rat paw at three hours, the rats were sacrificed by injecting pentobarbital sodium

anesthetic. The results were expressed as the changes in paw volume from the baseline value. The

percentage of paw edema was calculated using the following equation:

%Paw edema ¼ ðV � ViÞ � 100=Vi

Where V = Paw thickness after carrageenan injection and Vi = Paw thickness at 0 time.

HPLC analysis

Phenolic acid compositions in HCFP aqueous and methanolic extracts were analyzed by using

reverse-phase HPLC as previously described [20], with some modifications. The columns used

to identify phenolic acids in HCFP aqueous and phenolic extracts were Inertsil1-ODS-4 C18

column (4.6 mm i.d. x 250 mm, 5 μm particle size) and Waters system C18 column (3.9 mm i.

d. x 150 mm, 5 μm particle size), respectively, due to availability of the columns at Facilities

Service Center, Faculty of Science, Khon Kaen University, Thailand. The linear gradient of sol-

vents A (100% acetonitrile) and B (1% acetic acid in deionized water) for Inertsil1-ODS-4

C18 column was as follows: 0 min, 3% A: 97% B; 5 min, 8% A: 92% B; 15 min, 8% A: 92% B; 25

min, 10% A: 90% B; 55 min, 10% A: 90% B. The linear gradient of solvents for Waters system

C18 column was as previously described [20]. The internal standard (m-hydroxybenzaldehyde;

1 μg) was used to ensure the accuracy of phenolic acid identification.

Statistical analysis

Data are expressed as mean ± S.D. form two or three independent experiments. The data anal-

ysis was performed by one-way ANOVA with Duncan’s post hoc test. Differences were consid-

ered to be significant at p< 0.05.

Results

Effect of HCFP aqueous and methanolic extracts on cell viability in

RAW264.7 cells

To study the effect of HCFP aqueous and methanolic extracts on inflammatory responses in
vitro, RAW264.7 macrophage cells, which play an important role in the maintenance of tissue

homeostasis, were used as a model system. The concentrations of both extracts that had no

adverse effects on the growth of RAW264.7 cells were determined using MTT assay. Both

HCFP aqueous (Fig 1A) and methanolic (Fig 1B) extracts showed no toxicity against

RAW264.7 cells at the concentration ranges of 5–750 and 4–12 μg/mL, respectively. The cell

viability of more than 90% as compared with a control group was considered non-toxic. Thus,

these concentration ranges of HCFP aqueous and methanolic extracts were selected for further

study on the anti-inflammatory effect.

Effect of HCFP aqueous and methanolic extracts on nitric oxide (NO)

production of LPS-stimulated RAW264.7 cells

NO is a pro-inflammatory mediator produced by activated macrophages that induce inflam-

mation under pathological conditions [21]. To investigate the effect of HCFP aqueous and
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Fig 1. Effect of aqueous and methanolic extracts of HCFP on RAW264.7 cell viability (A, B), NO production (C, D) and

PGE2 levels (E, F) in LPS-stimulated RAW264.7 cells. RAW264.7 cells were incubated with aqueous (5–1,500 μg/mL) and

methanolic (4–18 μg/mL) extracts for 24 h. Cell viability was assessed by MTT assay. The results were reported as a

percentage of cell viability compared with untreated controls and expressed as mean ± S.D. of three independent

experiments. For determinations of NO production and PGE2 levels in LPS-stimulated RAW264.7 cells, the cells were

pre-treated with indicated concentrations of aqueous (C, E) and methanolic (D, F) extracts for 2 h and then stimulated

with LPS (1 μg/mL) for 24 h. The nitrite production and PGE2 levels in cultured medium were determined by using

Griess reagent and PGE2 EIA kit, respectively. Statistically significant inhibition of NO production and reduction of PGE2

levels (�p< 0.05) were found as compared with the LPS group. Data were obtained from three and two independent

experiments, respectively.

https://doi.org/10.1371/journal.pone.0230645.g001
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methanolic extracts on NO production, RAW264.7 cells were pre-treated with aqueous (25–

750 μg/mL) and methanolic (4–12 μg/mL) extracts and thereafter stimulated with LPS (1 μg/

mL). NO production was determined by the measurement of nitrite released into the cultured

medium using the Griess reagent. The NSAID drug diclofenac (DCF; 25 μg/mL), a positive

control for comparing the activity of HCFP extracts, inhibited NO release by 75.40% in LPS-

stimulated RAW264.7 macrophages (Fig 1C and 1D). The maximum (750 μg/mL) and mini-

mum (25 μg/mL) concentrations of the HCFP aqueous extract reduced NO production by

74.40% and 35.22%, respectively (Fig 1C). Notably, the HCFP methanolic extract at maximum

(12 μg/mL) and minimum (4 μg/mL) concentrations reduced NO production by 62.26% and

12.66%, respectively (Fig 1D). Accordingly, our results showed that both HCFP aqueous and

methanolic extracts inhibited NO production in a concentration-dependent manner in LPS-

stimulated RAW264.7 cells.

Effect of HCFP aqueous and methanolic extracts on PGE2 production in

LPS-stimulated RAW264.7 cells

PGE2 produced from arachidonic acid through the function of cyclooxygenase (COX)

enzymes during inflammatory responses exacerbates the inflammatory process through sev-

eral signaling modules [22]. We sought to investigate the inhibitory effect of HCFP extracts on

PGE2 levels in LPS-stimulated macrophages, which may be an effective strategy for treating

inflammatory disorders. Similar to the effect on NO production, both HCFP aqueous and

methanolic extracts caused a dose-dependent inhibition of PGE2 production in LPS-stimu-

lated RAW264.7 cells (Fig 1E and 1F). PGE2 level was increased to 3,503.11 pg/mL in LPS

treatment, whereas in the absence of LPS, PGE2 level was reduced to 179.42 pg/mL. PGE2 lev-

els were significantly reduced in the cells treated with aqueous (25–750 μg/mL) (Fig 1E) and

methanolic (4–12 μg/mL) (Fig 1F) extracts, especially at the highest concentrations tested

(58.59% and 51.00% reduction by aqueous (750 μg/mL) and methanolic (12 μg/mL) extracts,

respectively). However, diclofenac (25 μg/mL) inhibited PGE2 production by 93.04% in LPS-

stimulated RAW264.7 macrophages (Fig 1E and 1F).

Effect of HCFP aqueous and methanolic extracts on expressions of

inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) at

both mRNA and protein expression levels in LPS-stimulated RAW264.7

cells

NO is produced from the conversion of L-arginine to L-citrulline by iNOS [23], whereas PGE2

production is mediated by COX-2 [22]. We sought to investigate whether the observed inhibi-

tion of HCFP aqueous and methanolic extracts on LPS-induced NO and PGE2 production

(Fig 1C–1F) was related to the modulation of iNOS and COX-2 using RT-PCR and Western

blot analysis. The mRNA and protein expression levels of iNOS and COX-2 were minimally

detected and undetectable, respectively, whereas their levels were significantly increased by

LPS treatments (Figs 2 and 3, respectively). iNOS mRNA induction was significantly sup-

pressed by pre-incubation with the NSAID drug diclofenac (25 μg/mL), however, the greater

suppression was observed for pre-incubation with both HCFP aqueous (25–750 μg/mL) (Fig

2A and 2B) and methanolic (6–12 μg/mL) extracts (Fig 2C and 2D). iNOS protein level was

significantly decreased for pre-incubation with both HCFP aqueous (25–750 μg/mL) (Fig 3A

and 3C) and methanolic (4–12 μg/mL) (Fig 3B and 3D) extracts. Pre-incubation with diclofe-

nac did not cause a significant decrease in either mRNA (Fig 2) or protein (Fig 3) levels of

COX-2. Similarly, COX-2 mRNA induction was not significantly suppressed by pre-incuba-

tion with both HCFP aqueous (50–750 μg/mL) (Fig 2A and 2B) and methanolic (8–12 μg/mL)
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(Fig 2C and 2D) extracts. COX-2 protein level was not significantly decreased for pre-incuba-

tion with both HCFP aqueous (50–750 μg/mL) (Fig 3A and 3C) and methanolic (4–12 μg/mL)

(Fig 3B and 3D) extracts. The above results suggest that inhibition of NO and PGE2 production

Fig 2. Effect of aqueous and methanolic extracts of HCFP on mRNA expression of iNOS, COX-2, IL-1β, TNF-α,

and IL-6 in LPS-stimulated RAW264.7 cells. The cells were pre-treated with indicated concentrations of aqueous and

methanolic extracts for 2 h and then stimulated with LPS (1 μg/mL) for 6 h. The mRNA expression levels of aqueous

extract-treated (A) and methanolic extract-treated (C) cells were determined by reverse transcription-PCR. Bar graphs

showed the relative fold of mRNA expression of aqueous extract-treated (B) and methanolic extract-treated (D) cells,
�p< 0.05 compared with the LPS group.

https://doi.org/10.1371/journal.pone.0230645.g002
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by both HCFP aqueous and methanolic extracts is related to the down-regulation of iNOS but

not COX-2.

Effect of HCFP aqueous and methanolic extracts on expressions of IL-1β,

TNF-α and IL-6 at both mRNA and protein expression levels in LPS-

stimulated RAW264.7 cells

Interaction between LPS and the membrane receptor CD14 of macrophages caused the induc-

tion of pro-inflammatory cytokines including IL-1β, TNF-α and IL-6 [24]. These pro-inflam-

matory cytokines have been considered as targets for anti-inflammatory therapies [25]. To

investigate the anti-inflammatory action of aqueous and methanolic extracts of H. cordata fer-

mentation product, the production of the pro-inflammatory cytokines was evaluated by both

RT-PCR and ELISA. The mRNA levels of IL-1β, TNF-α, and IL-6 were up-regulated in LPS

treated cells compared with untreated controls (Fig 2A–2D). Diclofenac treatment caused a

significant decrease in mRNA levels of IL-1β and TNF-α but not IL-6 (Fig 2A–2D), whereas

treatments with both HCFP aqueous (25–750 μg/mL) (Fig 2A and 2B) and methanolic (4–

12 μg/mL) (Fig 2C and 2D) extracts caused a significant decrease in IL-1β, TNF-α, and IL-6

mRNA levels. Based on ELISA results, induction of IL-1β, TNF-α, and IL-6 protein levels was

dose-dependently suppressed by pre-incubation with both HCFP aqueous (25–750 μg/mL)

(Fig 4A, 4C and 4E) and methanolic (4–12 μg/mL) (Fig 4B, 4D and 4F) extracts. LPS-

induced IL-1β production was inhibited by 68.78 or 62.09% when treated with the highest

Fig 3. Effect of aqueous (A) and methanolic (B) extracts of HCFP on protein levels of iNOS and COX-2 in LPS-stimulated RAW264.7 cells. The cells were pre-

treated with the indicated concentration of aqueous extract or phenolic extract for 2 h and then stimulated with LPS (1 μg/mL) for 24 h. The protein expression

levels were analyzed by western blot. Bar graphs showed the relative fold of protein expression in aqueous- (C) and methanolic- (D) treated cells. Data were

expressed as mean ± S.D. �p< 0.05 compared with the LPS group.

https://doi.org/10.1371/journal.pone.0230645.g003
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concentration of HCFP aqueous (750 μg/mL) (Fig 4A) or methanolic (12 μg/mL) (Fig 4B)

extract, respectively. LPS-induced IL-6 production was inhibited by 77.38 or 75.53% when

treated with the highest concentration of HCFP aqueous (Fig 4C) or methanolic (Fig 4D)

extract, respectively. In addition, LPS-induced TNF-α production was inhibited by 50.99 or

Fig 4. Effect of HCFP on production of IL-1β (A, B), IL-6 (C, D) and TNF-α (E, F) in LPS-stimulated RAW264.7 cells. The cells were pre-

treated with the indicated concentration of aqueous extract or phenolic extract for 2 h then stimulated with LPS (1 μg/mL) for 24 h. The IL-1β,

IL-6, and TNF-α in cultured medium were determined by ELISA kits. Data were expressed as the mean±S.D. of two independent experiments.

Statistically significant inhibitions of IL-1β, IL-6 and TNF-α production (�p< 0.05) were found as compared with the LPS group.

https://doi.org/10.1371/journal.pone.0230645.g004
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47.21% when treated with the highest concentration of HCFP aqueous (Fig 4E) or methanolic

(Fig 4F) extract, respectively.

Effect of HCFP on carrageenan-induced paw edema in Wistar rats

To evaluate the in vivo anti-inflammatory activity of the HCFP Dokudami, the carrageenan-

induced paw edema model was chosen as it is sensitive and reproducible in vivo test for

NSAID drugs and has long been established as a valid model for studying new anti-inflamma-

tory drugs [26]. The formation of paw edema was gradually increased within the first hour

after carrageenan injection (Fig 5). A common clinical NSAID drug diclofenac (DCF) was

used as a positive control pre-treated at 150 mg/kg. DCF significantly (p< 0.05) reduced paw

edema after 2 h carrageenan stimulation. Similarly, the HCFP (3.08 and 6.16 mL/kg) also sig-

nificantly (p< 0.05) reduced paw edema after 2 h carrageenan stimulation. However, pre-

treatment of HCFP at a concentration of 6.16 mL/kg caused a significant (p< 0.05) reduction

of paw edema after 1 h carrageenan stimulation.

Quantification of phenolic composition in HCFP by HPLC

The component profiles of HCFP aqueous and methanolic extracts were analyzed by HPLC.

The representative chromatograms were shown in Fig 6. Six phenolic acids were identified in

HCFP aqueous extract including p-hydroxybenzoic, vanillic, syringic, p-coumaric, ferulic and

gallic acids (Fig 6B and Table 1). Whereas, seven phenolic acids were identified in methanolic

extract of HCFP including protocatechuic, p-hydroxybenzoic, vanillic, syringic, p-coumaric,

ferulic and sinapinic acids (Fig 6D and Table 1). Among the identified phenolic acids of

HCFP, the most abundant phenolic acid in both aqueous and methanolic extracts was syringic

acid (Table 1).

Fig 5. Effect of HCFP and DCF on carrageenan-induced paw edema in Wistar rats. Bar graphs show percentages of changes in paw edema. Data are

expressed as mean ± SD of n = 6 rats/group. Asterisk “�” indicates a significant difference at p< 0.05 as compared with the control group.

https://doi.org/10.1371/journal.pone.0230645.g005
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Discussion

This study was based on the extensive use of industrial HCFPs as a dietary supplement in Thai-

land without scientific testing on their biological properties. Therefore, we aimed at investigat-

ing the anti-inflammatory activity of a commercialized fermented broth of H. cordata both in
vitro (LPS-induced RAW264.7 model) and in vivo (carrageenan-induced paw edema model).

Fig 6. HPLC chromatograms of phenolic acid standards (A, C) and base hydrolyzed HCFP aqueous (B) and

methanolic (D) extracts, where 1 = gallic acid, 2 = protocatechuic acid, 3 = p-hydroxybenzoic acid, 4 = vanillic acid,

5 = caffeic acid, 6 = m-hydroxybenzaldehyde, 7 = syringic acid, 8 = p-coumaric acid, 9 = ferulic acid and 10 = sinapinic

acid. The m-hydroxybenzaldehyde was used as an internal standard (I.S.).

https://doi.org/10.1371/journal.pone.0230645.g006
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To study the anti-inflammatory potential of the industrial HCFP, the inherent cytotoxic effects

of the HCFP extracts on the cellular model used in this study were predetermined using MTT

assay. All concentrations of the HCFP extracts used in this study induced negligible cytotoxic

effects on RAW264.7 macrophages (cell viability > 90%) (Fig 1A and 1B), indicating that the

inhibitory effect of both extracts on production of inflammatory mediators is not attributed to

cytotoxicity. LPS from gram-negative bacteria has been shown to possess a dose-dependent

cytotoxic activity in RAW264.7 cells [13], therefore, the non-toxic concentration of LPS was

predetermined (Data not shown). LPS at concentration of 1 μg/ml was used in the present

study, and not toxic to RAW264.7 cells, consistent with the result from previous study [27].

In the present study, we reported for the first time that the industrial HCFP possessed anti-

inflammatory activity. Both HCFP aqueous and methanolic extracts successfully inhibited the

production of inflammatory mediators (NO and PGE2). During the inflammatory process,

large amounts of the pro-inflammatory mediators like nitric oxide and prostaglandins E2 are

generated by the inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX-2), respec-

tively. Nitric oxide is one of pro-inflammatory mediator that responds to pathogenic infec-

tions. During the inflammatory process, NO is generated by macrophages to eliminate foreign

pathogens, recruiting other cells to the infected area and subsequently resolving the inflamma-

tion. However, the excessive amount of NO is also harmful to normal tissue surrounding the

infected area because it binds with other superoxides radical and acts as a reactive radical to

damage normal cell function. Gram negative bacterial LPS is well known to increase iNOS

expression and NO production, leading to the initiation of an inflammatory response [28].

Therefore, the inhibition of NO production is a key therapeutic consideration in both search-

ing for anti-inflammatory agents and developing a novel treatment for inflammatory disor-

ders. In the present study, both aqueous and methanolic extracts of H. cordata fermentation

product reduced NO production in LPS-stimulated RAW264.7 cells in a concentration depen-

dent manner (Fig 1C and 1D). The decreased NO production was correlated well with the

dose-dependent decrease of iNOS mRNA (Fig 2) and protein (Fig 3) levels.

PGE2, an inflammatory mediator, is produced by the metabolism of arachidonic acid by

COX enzymes at inflammatory sites [29]. PGE2 production increased following LPS treatment.

After the RAW264.7 cells were pre-treated with HCFP aqueous and methanolic extracts, the

PGE2 levels in LPS-stimulated RAW264.7 cells were decreased in a dose-dependent fashion

(Fig 1E and 1F). However, the NSAID diclofenac (25 μg/mL) exhibited more potent inhibitory

activity against PGE2 production than HCFP extracts at all concentrations tested. The

decreased PGE2 production (Fig 1E and 1F) in both DCF and HCFP treatments was not corre-

lated well with the COX-2 mRNA (Fig 2) and protein (Fig 3) levels. The reduced PGE2 levels

may be due to the inhibition of COX-2 activity by DCF and HCFP treatments. Indeed, DCF

has been shown to selectively inhibit COX-2 activity [30].

Table 1. Phenolic acid compositions of aqueous and methanolic extracts of HCFP.

aResults are expressed as means ± SD of three determinations.

n.d., not detected.

https://doi.org/10.1371/journal.pone.0230645.t001
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TNF-α, IL-1β, and IL-6 are the main pro-inflammatory cytokines that are primarily pro-

duced by macrophages and have various pro-inflammatory effects on many cell types [31,32].

Over-production of TNF-α caused the release of various inflammatory mediators including

NO, PGE2, IL-1β and IL-6. Excessive production of cytokines (TNF-α, IL-1β and IL-6) has

linked in several physiological effects, including septic shock, inflammation and cytotoxicity

[33]. Thus, the inhibition of cytokine production or function is a key mechanism in the control

of inflammation [34]. In the present study, aqueous and methanolic extracts of H. cordata fer-

mentation product reduced production of cytokines in LPS-stimulated RAW264.7 cells in a

concentration-dependent manner both at mRNA (Fig 2) and protein (Fig 4) levels.

Carrageenan-induced paw edema is an animal model suitable for evaluating inhibition of

edema. Biphasic edema induced by carrageenan [35], includes the first phase (1 h) involving the

release of serotonin and histamine and the second phase (over 1 h) mediating by prostaglan-

dins, cyclooxygenase products. In the present study, both doses of the industrial HCFP signifi-

cantly reduced paw edema at 2 and 3 h after carrageenan injection. This finding suggests that

HCFP produces an anti-edematous effect during the second phase which is similar to DCF (Fig

5). Interestingly, the highest dose of HCFP (6.16 mL/kg) showed a significant reduction of paw

edema at 1 h, suggesting an anti-edematous effect during the first phase. Further animal study

on the mechanism underlying inhibition of the first/second phase edema is of interest.

The identification of active components in HCFP extracts is an important pharmacological

goal. Our HPLC results demonstrated that the amount of all identified phenolic acids in HCFP

methanolic extract were much greater than those in HCFP aqueous extract (Table 1). Syringic

acid was present in the greatest amounts in both HCFP aqueous (88.23 μg/g of extract) and

methanolic (2,268.34 μg/g of extract) extracts, followed by vanillic, p-hydroxybenzoic, and

ferulic acids, respectively (Fig 6 and Table 1). Yoo et al. [36] demonstrated that syringic, vanil-

lic, p-hydroxybenzoic and ferulic acids. In addition, p-coumaric acid has been shown to pos-

sess anti-inflammatory activity both in vitro and in vivo [37, 38]. Accordingly, these phenolic

acids may contribute to HCFP-mediated inhibition of the production of inflammatory cyto-

kines and mediators. Phenolic acids in the water-soluble constituents of H. cordata fermenta-

tion product were previously identified and quantified [39], but their amounts were greater

than those found in the present HCFP aqueous extract (Table 1). The discrepancy may be due

to a lot-to-lot variation of the industrial HCFP. Further study on synergistic anti-inflammatory

effects of HCFP individual phenolic acids both in vitro and in vivo is of interest.

Conclusions

Our results demonstrated that the aqueous and methanolic extracts of H. cordata fermentation

product possessed anti-inflammatory activity by inhibiting the production of NO, PGE2 and

inflammatory cytokines (TNF-α, IL-1β, IL-6) in LPS-stimulated RAW264.7 cells. The anti-

inflammatory activity of the industrial HCFP was confirmed by the inhibition of inflammation

in the carrageenan-induced rat paw edema model. Our results suggest that this industrial

HCFP may be considered as an anti-inflammatory dietary supplement. The health benefits of

this industrial HCFP warrant further clinical studies.
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