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Introduction

Agastache rugosa Kuntze, a perennial herb of the mint

family (Lamiaceae), is grown in East Asian Countries,

including Korea, China and Japan. In traditional folk

medicine, it has been used to treat colds, anorexia, chol-

era, vomiting, miasma and other kinds of disorders [1].

Various essential oils and a variety of flavonoids, such

as acacetin-7-O-β-D-glucopyranoside (tilianin), acacetin,

linarin, agastachoside and rosmarinic acid, have been

isolated from the different parts of A. rugosa [2]. Various

A. rugosa extracts and ingredients exhibit a range of

pharmacological activities, such as antimicrobial, anti-

fungal, insecticidal, antiviral, antihypertensive, anti-

inflammatory, anticancer, antioxidative, antiathero-

This study aimed to investigate the effects of probiotic fermentation by comparing the skin antioxidant

and anti-inflammatory properties of non-fermented (ARE) and fermented (ARE-F) hot water extracts of

Agastache rugosa leaves. ARE-F was obtained via ARE fermentation using Lactobacillus rhamnosus HK-9.

In vitro, anti-inflammatory properties were evaluated by analyzing the levels of nitric oxide (NO), reactive

oxygen species (ROS), and inducible nitric oxide synthase (iNOS) in lipopolysaccharide (LPS)-stimulated

HaCaT keratinocytes. In vitro antiradical activity was measured using 2,2-diphenyl-2-picrylhydrazyl

(DPPH) radical scavenging assay. Attenuation of LPS-stimulated NO (p < 0.01), ROS (p < 0.001) and iNOS

(p < 0.05) levels by ARE-F was significantly stronger than that by ARE in HaCaT keratinocytes. However,

no differences were observed between the DPPH radical scavenging activities of ARE and ARE-F. ARE-F

possesses enhanced skin antioxidant and anti-inflammatory properties, suggesting that probiotic bacterial

fermentation can be considered an effective tool for augmenting some pharmacological properties of A.

rugosa leaves. In brief, the skin antioxidant and anti-inflammatory potentials of A. rugosa leaf extract are

augmented by the fermentation with L. rhamnosus HK-9, a probiotic bacterium.
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genic and vasorelaxant activities [3−6]. However, the

dermatological benefits of A. rugosa have yet to be evalu-

ated.

Probiotic bacterial fermentation, emerging as a crucial

processing method in cosmetic technologies, can dimin-

ish the toxicities of cosmetic resources, enhance the

absorption into human skin by altering their molecular

structures, and improve their desirable cosmetic activi-

ties [7]. It can also play a key role in developing cosme-

ceuticals which are cosmetic products containing

pharmacologically active ingredients purporting to have

therapeutic benefits. Cosmeceutical ingredients typi-

cally possess useful properties such as antioxidant, anti-

inflammatory, skin whitening, anti-photoaging, anti-

wrinkle or photoprotective activity [8]. 

Antioxidative and antisenescent activities of an aque-

ous extract of Acanthopanax koreanum were augmented

by fermentation with lactic acid bacteria, Lactobacillus

plantarum and Bifidobactrium bifidum [7]. Antioxida-

tive activities of soybean products, such as miso, tempeh

and natto, fermented with Aspergillus oryzae, Rhizopus

oligosporum and Bacillus natto are significantly higher

than those of non-fermented steamed soybean [9]. Anti-

oxidative and skin whitening activities of soybean

extract fermented with Bacillus subtilis are also higher

than those of non-fermented soybean extract [10]. Fer-

mentation of cultured wild ginseng root and red ginseng

extracts with probiotic Bifidobacterium longum strength-

ens their antioxidative and anti-inflammatory activities

[11,12]. These findings imply that probiotic fermentation

can offer various advantages in the application of natu-

ral products, including the development of functional

cosmetic resources.

In this work, we tried to assess the effects of probiotic

bacterial fermentation on the skin antioxidant and anti-

inflammatory activities of a hot water extract of A.

rugosa leaves in human epidermal keratinocytes. This

work proposes a new possibility that Lactobacillus

rhamnosus-fermented A. rugosa extract can be utilized

as a valuable cosmetic resource.

Materials and Methods

Chemicals 
Ascorbic acid, bovine serum albumin, 2,2-diphenyl-1-

picrylhydrazyl (DPPH), Bradford reagent, 2',7'-dichloro-

dihydrofluorescein diacetate (DCFH-DA), lipopolysac-

charide (LPS), sodium nitrite, and Griess reagent were

from Sigma-Aldrich Chemical Co. (USA). Cell lysis buf-

fer [25 mM Tris-phosphate (pH 7.8), 2 mM 1,2-diamino-

cyclohexane-N,N,Nv,Nv-tetraactic acid, 2 mM dithiothreitol,

10% glycerol, 1% Triton X-100] was obtained from

Promega Korea (Korea). 

Plant material 
Dried A. rugosa leaves, obtained at a local market,

Chuncheon, Korea, in September 2015, were authenti-

cated by Prof. Ki-Oug Yoo, Department of Biological Sci-

ences, Kangwon National University, Chuncheon,

Korea. The voucher specimen of the plant material was

deposited in the herbarium of the same department

under the acquisition number KWNU90446.

Preparation of non-fermented (ARE) and fermented (ARE-
F) hot water extracts

Dried A. rugosa leaves, ground under liquid nitrogen,

were mixed with 10-fold distilled water in 2-liter conical

flask and extracted under reflux by placing in a water

bath at 90℃ for 4 h. After being filtered through a filter

paper, the hot water extract was evaporated to dryness

in a freeze dryer, and the extract powder was named

ARE. The yield was determined to be 10.4%. 

ARE, after being resuspended in distilled water, was

incubated at 30℃ for 5 days with a culture of L. rhamno-

sus HK-9 (KACC 11254P, Korea), a laboratory-stocked

strain of Shebah Biotech Inc., centrifuged at 5,000 × g

for 20 min to discard bacterial cells, and concentrated

using a freeze dryer to produce fermented extract pow-

der, named ARE-F.

For the experiments, ARE and ARE-F were dissolved

in dimethyl sulfoxide, and control cells were subjected to

vehicle only (0.1% dimethyl sulfoxide). 

Cell culture 
An immortalized HaCaT keratinocyte cell line (ATCC,

USA) was grown in DMEM containing 10% heat-inacti-

vated fetal bovine serum (FBS), 100 U/ml penicillin and

100 μg/ml streptomycin in a humidified atmosphere

with 5% CO2 at 37℃ .

Preparation of cellular lysate 
Adherent cells, washed twice with phosphate-buffered
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saline (PBS) and kept on ice for 5 min, were obtained by

scraping cells from the dish with a cell scraper and cen-

trifuged at 5,000 × g for 10 min. Cell pellets were resus-

pended in cell lysis buffer and kept for 30 min on ice.

Cellular lysate was taken after centrifugation at 5,000 × g

for 15 min.

The protein content of cellular lysates was determined

according to the Bradford protein assay [13] using

bovine serum albumin as the protein standard.

Quantitation of nitrite in conditioned medium 
Accumulated nitrite (NO2

−), an index of cell-released

NO, in conditioned media was quantitated using a spec-

trophotometric assay based upon Griess reaction [14]. In

brief, an equal volume of Griess reagent (1% sulfanil-

amide - 0.1% N-1-naphthyl-ethylenediamine dihydro-

chloride in 2.5% phosphoric acid) was incubated with

conditioned medium for 10 min at room temperature,

and then the absorbance at 550 nm was measured using

a microplate reader (SpectraMax iD3 Multi-Mode,

Molecular Devices, USA). The calibration curve was con-

structed using known concentrations (0−160 μM) of

sodium nitrite.

Quantitation of intracellular ROS 
A fluorescent ROS probe DCFH-DA, which produces

the fluorescent 2',7'-dichlorofluorescein (DCF; λexcitation =

485 nm, λemission = 530 nm) upon enzymatic reduction

and oxidation by ROS, was used [15]. After preincuba-

tion with varying concentrations of ARE or ARE-F for

1 h, the cells were treated for 24 h with 1 μg/ml LPS, if

necessary. The cells were incubated with 5 μM DCFH-

DA for 30 min at 37℃ and harvested. They were twice

washed with 1 ml FBS-free medium and resuspended in

1 ml FBS-free medium. The intracellular ROS levels

were determined by monitoring the fluorescence using

Multi-Mode Microplate Reader (SynergyTM Mx, BioTek

Instruments, USA).

Western blotting analysis 
Western blotting analysis was performed to detect

iNOS in cellular lysate using anti-iNOS antibody

(610332, BD Transduction Laboratories, USA). GAPDH,

used as an internal loading standard, was detected

using anti-GAPDH antibody (LF-PA0212, AbFrontier,

Korea). After the membrane was probed with primary

antibodies overnight at 4℃ , it was incubated with sec-

ondary antibody (goat anti-rabbit IgG-pAb-HRP-conjugate;

ADI-SAB-300, Enzo Life Sciences, USA) for 1 h at room

temperature, and developed using an enhanced West-

save upTM (AbFrontier, Korea).

DPPH radical scavenging activity assay 
The DPPH radical scavenging activities of ARE and

ARE-F were determined according to the method

described earlier [16] with some modifications. In brief,

the reaction mixtures containing 30 μl of varying concen-

trations of ARE or ARE-F and 270 μl of 0.1 mM DPPH in

a 96-well microtiter plate were kept in the dark at room

temperature for 30 min, and the absorbance was mea-

sured at 517 nm. Ascorbic acid was used as a positive

control.

DPPH radical scavenging activity (%) 

= [(Abscontrol − Abssample) /Abscontrol] × 100

Statistical analysis
The results were represented as mean ± standard

deviation (SD). Differences between experimental groups

were analyzed using one-way ANOVA followed by post

hoc Tukey HSD test for multiple comparisons. A p value

less than 0.05 was considered statistically significant.

Results

Suppression of the LPS-stimulated NO production
Since NO, an intracellular pro-inflammatory media-

tor, reacts with superoxide radical to generate a per-

oxynitrite ion leading to a variety of inflammatory

states, the suppression of NO production is closely

linked with an anti-inflammatory action [17]. When

HaCaT keratinocytes were stimulated with LPS, a

potent microbial initiator of inflammation, the nitrite

content, as an index of NO, was increased about 3.2-fold

(Fig. 1). When HaCaT keratinocytes were pretreated

with ARE at 5, 20 and 80 μg/ml, the nitrite content was

attenuated to 93.1, 80.6 and 44.4% of that of the LPS

only, respectively (Fig. 1A). As shown in Fig. 1B, ARE-F,

at the concentrations of 5, 20 and 80 μg/ml, could attenu-

ate the nitrite content to 46.4, 23.2 and 4.3%, respec-

tively, over that of the LPS only. The IC50 values of ARE

and ARE-F was 68.1 and 7.9 μg/ml, respectively. The
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vehicle used in this work had no effect on cell viability.

Collectively, probiotic fermentation is capable of enhanc-

ing the suppressive activity of ARE on the LPS-stimu-

lated NO production in HaCaT keratinocytes.

Suppression on the LPS-stimulated ROS production
ROS, known as key signaling molecules that play a

critical role in inflammatory process, promote chronic

inflammation through the induction of cyclooxygenase-2,

inflammatory cytokines (TNF-α, interleukin-1, interleu-

kin-6), chemokines (interleukin-8, C-X-C chemokine

receptor type 4) and pro-inflammatory transcription fac-

tors [18]. In HaCaT keratinocytes, the ROS levels were

enhanced about 18.5-fold by the LPS treatment (Fig. 2).

The elevated ROS levels were attenuated to 71.0, 59.4

and 57.9% over that of the LPS only by ARE at 5, 20 and

80 μg/ml, respectively (Fig. 2A). ARE-F at 5, 20 and

80 μg/ml could attenuate the LPS-stimulated ROS levels

to 31.3, 14.1 and 10.9%, respectively (Fig. 2B). The IC50

values of ARE and ARE-F were 96.7 and 4.3 μg/ml,

respectively. Taken together, the suppressive activity of

Fig. 1. Suppressive effects of non-fermented (ARE, A) and
fermented (ARE-F, B) hot water extracts of Agastache
rugosa leaves on the LPS-stimulated elevation of nitric
oxide (NO) in HaCaT keratinocytes. After HaCaT cells were
subjected to the varying concentrations (0, 5, 20 and 80 µg/ml)
of ARE (A) and ARE-F (B) for 1 h, the cells were treated with 1
µg/ml LPS for 24 h. The accumulated nitrite, an index of NO, in
conditioned medium was determined based upon Griess reac-
tion. Each bar shows the mean ± SD of three independent
experiments repeated in triplicate. ###p < 0.001 vs. the non-
treated control. **p < 0.01; ***p < 0.001 vs the LPS only.

Fig. 2. Suppressive effects of non-fermented (ARE, A) and
fermented (ARE-F, B) hot water extracts of Agastache
rugosa leaves on the LPS-stimulated reactive oxygen spe-
cies (ROS) elevation in HaCaT keratinocytes. After HaCaT
cells were subjected to the varying concentrations (0, 5, 20 and
80 µg/ml) of ARE (A) and ARE-F (B) for 1 h, the cells were treated
with 1 µg/ml LPS for 24 h. The ROS level is represented as rel-
ative DCF fluorescence, expressed as a percentage (%) of the
corresponding non-treated control. Each bar shows the mean
± SD of three independent experiments repeated in triplicate.
###p < 0.001 vs. the non-treated control. *p < 0.05; ***p < 0.001
vs the LPS only.
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ARE on the LPS-stimulated ROS levels can be markedly

enhanced by probiotic bacterial fermentation in HaCaT

keratinocytes. 

Down-regulation of LPS-stimulated iNOS production
Effects of ARE and ARE-F on the enhanced production

of iNOS in the LPS-stimulated HaCaT keratinocytes

were evaluated using western blotting analysis. LPS

enhanced the iNOS protein levels to 1.7-fold in HaCaT

keratinocytes (Fig. 3). ARE, at 5, 20 and 80 μg/ml, was

able to diminish the LPS-induced iNOS production to

80.0, 68.0 and 54.0%, respectively, giving rise to an IC50

value of 110.9 μg/ml (Fig. 3A). However, ARE-F, at 5, 20

and 80 μg/ml, could attenuate the LPS-induced iNOS

production to 56.5, 45.7 and 30.4%, respectively, giving

an IC50 value of 30.0 μg/ml (Fig. 3B). This result con-

firms that ARE has an attenuating activity on the NO

elevation via down-regulation of the LPS-stimulated

iNOS production in HaCaT keratinocytes. In brief, the

attenuating activity of ARE on the elevation of iNOS

production in HaCaT keratinocytes is enhanced by pro-

biotic bacterial fermentation.

In vitro antiradical activity
The in vitro antioxidant potential of ARE and ARE-F

were compared using DPPH method at their varying

concentrations, 0.4, 1.0 and 2.0 mg/ml (Fig. 4). Ascorbic

acid, used as a positive control, exhibited the half-maxi-

mal scavenging concentration (SC50) of 0.05 mg/ml. As

shown in Fig. 4, both ARE and ARE-F, at the concentra-

tions tested, exhibited the similar levels of DPPH radical

scavenging activities. This result implies that the anti-

radical activity of ARE was not affected by the fermenta-

Fig. 3. Suppressive effects of non-fermented (ARE, A) and
fermented (ARE-F, B) hot water extracts of Agastache
rugosa leaves on the LPS-stimulated-inducible nitric oxide
synthase (iNOS) production in HaCaT keratinocytes. After
HaCaT cells were subjected to the varying concentrations (0, 5,
20 and 80 µg/ml) of ARE (A) and ARE-F (B) for 1 h, the cells were
treated with 1 µg/ml LPS for 24 h. iNOS in cellular lysates was
detected using western blottting analysis. GAPDH was used as
a protein loading control. In the lower panels, the relative band
strength, expressed as a percentage (%) of the non-treated
control, was determined with densitometry using the ImageJ
software which can be downloaded from the NIH website. #p <
0.05 vs. the non-treated control. *p < 0.05 vs. the LPS only.

Fig. 4. The DPPH radical scavenging activities of non-fermented
(ARE, A) and fermented (ARE-F, B) hot water extracts of
Agastache rugosa leaves. The DPPH radical scavenging
activities of ARE and ARE-F were determined using three dif-
ferent concentrations, such as 0.4, 1.0 and 2.0 mg/ml. The half-
maximal scavenging concentration (SC50) of ascorbic acid, used
as a positive control, was determined to be 0.05 mg/ml. 
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tion with L. rhamnosus.

Discussion

Until recently, chemical composition and pharmaco-

logical properties of A. rugosa have been continuously

studied in more detail. Essential oils of A. rugosa flowers

and leaves possess antimicrobial, antibiofilm and antitu-

mor activities [19]. Among a total of 18 polyphenols iden-

tified from the flowers, leaves, stems and roots of A.

rugosa, hydroxycinnamic acid is the most abundant

compound in the roots, while the flowers contain the

highest total flavonoid levels [20]. Antioxidant activities

of A. rugosa is the highest in the stems, followed by

leaves, flowers and roots in descending order [20]. An A.

rugosa leaf extract enhances heme oxygenase-1 activity

and protein via protein kinase G signaling pathway, and

protects RAW264.7 macrophage cells form hydrogen

peroxide-induced cytotoxicity [21]. An A. rugosa leaf

extract diminishes the expression of iNOS protein and

the NO production in rat osteosarcoma cells activated

with a mixture of inflammatory cytokines including

TNF-α and IL-1β via the prevention of the activation

and translocation of NF-κB p65 to the nucleus [22]. It is

demonstrated, in this work, that both non-fermented

and fermented hot water extracts of A. rugosa leaves

have skin anti-inflammatory activities via attenuating

the NO, ROS and iNOS levels enhanced by LPS. These

findings were obtained using human epidermal kerati-

nocytes in order to focus on the skin anti-inflammatory

activity of A. rugosa leaves. The skin anti-inflammatory

activity of A. rugosa leaves might suggest their plausible

application in the manufacture of anti-photoaging cos-

metics. 

Since fermented cosmetics, typically natural ingredi-

ents that are fermented, are usually more potent but

have less adverse side effects than the non-fermented

counterparts, they are considered to be better suited for

sensitive and dry skin, and more symbiotic with the skin

due to mimicking the skin’s cell functions and support-

ing the skin without disrupting its natural process [8].

In addition to the enhancement of antioxidative and

anti-inflammatory activities of cosmetic resources, pro-

biotic fermentation has been diversely applied to the

area of cosmetic industry. Fermentation of red ginseng

with Lactobacillus brevis increases the contents of ginse-

noside metabolites, such as Rg3, Rg5, Rk1, compound K,

Rh1, F2, Rg2 and flavonoids content, and offers

enhanced anti-wrinkle and whitening efficacies and

reduced toxicological potency, compared to non-fer-

mented red ginseng [23]. Fermentation with Alcaligenes

piechaudii CC-ESB2 could augment the tyrosinase

inhibitory and antioxidative activities of Rhodiola rosea

and Lonicera japonica [24]. Based upon probiotic tech-

nology utilizing natural beneficial bacteria commonly

found in healthy mouths to provide a natural defense

against those bacteria harmful to teeth and gums, the

probiotic mouth rinse was found to be effective in reduc-

ing plaque accumulation and gingival inflammation

[25]. An aqueous fraction of Cinnamomum cassia, pro-

duced by solid state fermentation with Phellinus baumi,

has the potential to alleviate the symptoms of atopic der-

matitis in a mouse model of 2,4-dinitrofluorobenzene-

induced atopic dermatitis [26]. Bifidobacterium-fer-

mented soymilk extract, but not non-fermented soymilk

extract, enhances the production of hyaluronic acid in

monolayer and organotypic cultures of human keratino-

cytes, in cultures of human skin fibroblasts, and in hair-

less mouse skin, mainly due to genistein released from

its glycoside during fermentation [27]. A Bacillus subti-

lis natto-fermented extract of Radix astragali, but not a

corresponding non-fermented extract, also stimulates

hyaluronic acid production in both cultured primary

human epidermal keratinocytes and dermal fibroblasts,

suggesting its role in preventing the age-dependent loss

of hyaluronic acid content in aged human skin [28]. This

work proves that L. rhamnosus can ferment a hot water

extract of A. rugosa leaves to significantly enhance its

skin anti-inflammatory activity. Although the underly-

ing enhancing mechanism(s) remain to be solved, one

probable mechanism might be based upon the produc-

tion of aglycones or other metabolites of flavonoids and

other cosmetic ingredients during fermentation. Addi-

tionally, no differences between the in vitro antiradical

activities of ARE and ARE-F might suggest the media-

tion of metabolites, generated during fermentation,

which penetrate readily into epidermal keratinocytes.

Correct mechanism(s) on the enhancement by the fer-

mentation with L. rhamnosus in the anti-inflammatory

activity of A. rugosa leaf extract require advanced

approaches in the future. 

In conclusion, the skin antioxidant and anti-inflam-
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matory properties of a hot water extract from A. rugosa

leaves were ascertained using HaCaT keratinocytes.

Those beneficial potentials of the A. rugosa extract on

the skin were significantly augmented by the fermenta-

tion with L. rhamnosus. In brief, probiotic fermentation

technology can be utilized to strengthen the desirable

dermatological properties of A. rugosa and broaden its

diverse applicability in the field of skin care resources. 
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국문초록

프로바이오틱 유산균 발효에 의한 배초향 잎 추출물의 피부 항산화 및 항염증 활성 증대
임혜원1†, 이윤진2†, 황옥화1, 윤지영3, 이수희4, 김경훈4*, 임창진1,5*
1주)세바바이오텍
2주)코스모코스
3전주농생명소재연구원
4강원대학교 생명과학과
5강원대학교 생화학과

본 연구에서, 비발효(ARE) 및 발효(ARE-F) 배초향 잎 열수 추출물의 피부 항산화 및 항염증 효능을 비교함으로써 프로바이오틱

발효의 효과를 검토하였다. ARE-F는 Lactobacillus rhamnosus HK-9 발효에 의하여 ARE로부터 제조되었다. In vitro 항염증 효

능은 지질다당류(LPS)에 의하여 자극된 HaCaT 각질세포에서 일산화질소(NO), 활성산소종(ROS) 및 유도형 일산화질소 합성효

소(iNOS) 분석에 의하여 평가되었다. In vitro antiradical 활성은 2,2-diphenyl-2-picrylhydrazyl radical (DPPH) 소거 측정법에

의하여 평가되었다. LPS 자극에 의하여 증가된 NO, ROS 및 iNOS 수준에 미치는 ARE-F의 감소효과가 ARE에 의한 효과보다

현저히 강하였다. 그러나, ARE와 ARE-F의 DPPH 소거 효능에는 차이가 발견되지 않았다. ARE-F가 증강된 피부 항산화 및 항

염증 효능을 갖고 있는 데, 이 결과는 프로바이틱 세균 발효가 배초향 잎의 일부 약리학적 효능을 증가시키는 효과적인 방법일 수

있음을 암시해 주고 있다. 요약하면, 배초향 잎 추출물의 피부 항산화 및 항염증 활성이 프로바이오틱 세균인 L. rhamnosus HK-

9에 의한 발효에 의하여 증강한다. 


