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Persicaria senticosa Ameliorates Imiquimod-induced Psoriasis-like Skin Lesions 

in Mice via Suppression of IL-6/STAT3 Expression 

and Proliferation of Keratinocytes
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Abstract  Psoriasis is one of the most common inflammatory skin disorders, with a global prevalence of 2% –
3%. It is an autoimmune skin disorder characterized by excessive generation of plaques on the skin with typical
long-lasting red, itchy, and scaly lesions. In this study, we aimed to elucidate the anti-psoriatic effect of the
methanolic extract of Persicaria senticosa (PS), a bioactive edible plant extract used in traditional medicine,
using a mouse model of imiquimod (IMQ)-induced psoriasis. The daily topical application of IMQ could induce
human psoriasis-like lesion. The extract ameliorated IMQ-induced psoriasis. Furthermore, hematoxylin and eosin
staining and the Psoriasis Area and Severity Index (PASI) scores indicated that topical application of PS led to an
improvement in erythema, scaling, and thickness scores of the mouse dorsal skin and a considerable decrease in
the epidermal thickness of the ear and dorsal skin in the IMQ-induced psoriatic mouse model. We also studied
the effect of PS on the proliferation of keratinocytes using HaCaT cells. The extract inhibited cell proliferation
and IL-6 and pSTAT3 expression induced by M5 cocktail (comprising interleukin [IL]-1α, IL-17A, IL-22,
oncostatin M, and tumor necrosis factor-α) in HaCaT cells. Thus, PS might serve as a potential therapeutic agent
for the treatment of psoriasis.
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Introduction

Like the most global burden of dermatitis disorders,

which commonly limit lifestyle, lead to avoidance of

social interaction, and impacted activities by symptoms

with excessive itch, redness and irritation. Among them,

psoriasis is a chronic, inflammatory, multifactorial skin

disease characterized by excessive growth of keratinocytes

and parakeratosis, and massive infiltration of inflammatory

leukocytes in the dermis and epidermis, resulting in a

thickened epidermis.1-3 Like many other dermatological

disorders, psoriasis has numerous psychological and

social effects on the lives of patients.4 The prescribed

synthetic drugs available in the market for the treatment

of psoriasis are associated with different adverse effects.

Despite being more effective than conventional systemic

treatments, some patients do not respond or stop

responding to biotechnological treatments or develop anti-

drug-antibodies, thereby interfering with drugs’ safety and

efficacy. Therefore, researchers are searching for new,

effective, and safer drugs without significant adverse

effects from natural resources.5,6 To help overcome the

challenges concerning psoriasis treatment, it is important

to explore the molecular mechanisms underlying the

pathogenesis of psoriasis and identify novel treatments for

psoriasis continuously. 

Keratinocytes are direct targets of numerous cytokines,

leading to the regulation of their biological properties that

contribute to inflammatory responses, such as the secretion

of cytokines, chemokines, and antimicrobial peptides, and

their differentiation and migration. Although the exact

mechanism of psoriasis is unclear, inflammation and

enhanced proliferation of keratinocytes are considered

key events in the development of psoriasis. The hallmark

of psoriasis is the systemic low-grade inflammation in the

dermis and hyperproliferation of keratinocytes in the

epidermis.7,8 Wild edible plant ingredients are often used

as sources of novel therapeutic agents to control various

diseases. However, only a few studies have sought to

identify and characterize the compounds isolated from
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these wild edible plants, thereby hindering their clinical

use. 

Persicaria senticosa (PS) is a genus of herbaceous

flowering plants belonging to the knotweed family

Polygonaceae, and is distributed in Korea, China, Japan,

and Russian far east. The leaf of PS has been used in the

traditional medicine for removing swelling part of wound

or carbuncle and cellulitis, and circulating blood and

removing blood stagnation in Korea. Recent studies have

shown that the root and rhizome from the genus

Polygonum has antioxidant and anti-inflammatory effects,9

and anticancer activity. 10 In addition, previous phytoche-

mical studies on the flowers, stem and roots of the genus

Polygonum have revealed that the various flavonoids and

phenolic compounds such as hydroxybenzoic acid, rutin,

quercetin-3-O-glucuronide, quercetin-3-O-glucoside, iso-

quercitrin and luteolin-7-O-rutinoside were considered to

be the major active components.28,29 These active com-

pounds exhibit diverse pharmacological effects, such as

anti-inflammatory, antiulcer, antihypertensive, and anticancer

effects.30 Therefore, based on the previous studies, we

designed this study to examine the effect of PS on

psoriatic inflammation and skin lesions and to elucidate

the potential underlying mechanisms in a mouse model of

imiquimod (IMQ)-induced psoriasis and in HaCaT cells.

Experimental

Extraction of Persicaria senticosa The 99.9% methanol

extract of PS was obtained from the Korea Plant Extract

Bank at the Korea Research Institute of Bioscience and

Biotechnology (Daejeon, Korea) PS was collected from

Buan-gun, Jeollabuk-do, KOREA in 2006. PS (56 g)

dried in the shade and powdered was added to 1 L of

methyl alcohol 99.9% (HPLC grade) and extracted

through 30 cycles (40 KHz, 1500 W, 15 min. ultrasonication-

120 min. standing per cycle) at room temperature using

an ultrasonic extractor (SDN-900H, SD-ULTRASONIC

CO., LTD). After filtration and drying under reduced

pressure, PS extract (5.2 g) was obtained. The yield of the

PS methanol extract was 9.29%.

HPLC condition  HPLC-UV analysis was carried out

on a Shimadzu SPD-20AV HPLC (Shimadzu Corporation,

Kyoto, Japan), equipped with a Shimadzu SPD-20AV

UV/VIS detector, an on-line degasser unit (Shimadzu

DG-20A5), a column oven (Shimadzu CTO-20A Ccolumn

oven) and autosampler (Shimadzu SIL-20A) using

COSMOSIL C18 column (5.0 um, 4.6 mm × 250 mm at

35 oC. Chromatographic elution of the samples was

accomplished with a gradient solvent system by changing

the ratio of Acetonitrile in H2O (containing 0.5% of

acetic acid) as Table 1. Data assessment and acquisition

were performed with the LabSolutions (Version 1.25)

software (Shimadzu, Kyoto, Japan).

Preparation of the cream Vaseline, sorbitan sesquio-

leate, and propylene glycol were purchased from Sigma-

Aldrich (St. Louis, MO). The ingredients of the vehicle

cream were Vaseline (95.5%, w/w), sorbitan sesquioleate

(0.5%, w/w), and propylene glycol (4%, w/w), which

were warmed in order to dissolve the ingredients and

form a homogeneous mixture at below 50 oC. The PS

mixture comprised the PS extract (5%, w/w), Vaseline

(90.5%, w/w), sorbitan sesquioleate (0.5%, w/w), and

propylene glycol (4%, w/w). 

Psoriasis-like mouse model established using IMQ 

Balb/c mice (male, 7 weeks old) were purchased from

Dae Han Biolink Co., Ltd. (Eumsung, Korea). They were

maintained under standard conditions (23 oC ± 1 oC, 40% –

60% humidity, and 12-h light/dark cycle) with free access

to food and water. They were housed and handled in

Table 1. HPLC conditions of Isoquercitrin analysis for Persicaria senticosa

Instrument Conditions

Column COSMOSIL C18, 5.0 um, 4.6 mm × 250 mm

Detector Shimadzu UV 355 nm

Column temp. 35℃

Mobile phase
(Gradient)

Time (min) 0.5% acetic acid  in water (%) Acetonitrile (%)

0 84 16

10 70 30

10.1 84 16

20 84 16

Flow rate 1.0 mL/min

Injection volume 10 uL

Run time 20 min
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accordance with the guidelines of Hongcheon Institute of

Medicinal Herb Institutional Animal Care and Use

Committee (HIMH 17-03). Imiquimod (IMQ) is a Toll-

like receptor (TLR)7/8 ligand and a potent immune

activator, and the topical application of which could

induce and exacerbate psoriasis.11 The mice were

randomly divided into the following six groups (n = 4

animals in each group): control (CTL) group, vehicle

group, PS group, IMQ group, IMQ+clobetasol (CLO)

(0.05% CLO, a positive drug for psoriasis; IMQ+CLO)

group, and IMQ+PS group. The mice in the IMQ,

IMQ+CLO, and IMQ+PS groups received a daily topical

dose of 62.5 mg of commercially available IMQ cream

(5%; Aldara; 3 M Pharmaceuticals, MN) on the shaved

dorsal skin and right ear for six consecutive days as

reported previously.12 The mice in the vehicle group

received a similar daily dose of the vehicle cream. When

the PS extract or CLO was administered, a 4-h interval

was allowed between application and after IMQ

application. 

Severity of skin inflammation  All mice were

monitored and the severity of the psoriasis-like skin

condition was assessed on days 0, 2, 4, and 6 using the

Psoriasis Area Severity Index (PASI).11-13 Three para-

meters, including scaling, thickness, and erythema, were

evaluated independently on a scale from 0 to 4 as follows:

0, no skin abnormalities; 1, slight; 2, moderate; 3, marked;

and 4, severe. The cumulative score (for erythema plus

scaling plus thickening) indicated the severity of

inflammation (rated on a scale of 0 – 12). In addition, the

thickness of the dorsal and ear skin of the mice was

measured using a digital micrometer (Mitutoyo Corporation,

Mitsutomo, Japan). 

Histology  After completing all the experiments, the

mice were euthanized and the skin tissues were freshly

harvested for histological analysis. The dorsal skin and

ear tissues were fixed with formalin, embedded in

paraffin, and stained with hematoxylin and eosin (H&E).

Epidermal thickness was accurately measured using

ImagePro Plus software (Leeds Precision Instruments,

MN). The dorsal skin and ear tissues were fixed with

formalin and embedded in paraffin. Tissue sections

(4 µm) were stained with H&E. Three images were

acquired from Processing Microscopic images for each

slide at 100× magnification and transferred to a computer

for further analysis.

Cell culture  The human keratinocyte cell line HaCaT

was obtained from the American Type Culture Collection

(ATCC PCS-200-011, MN). The cells were maintained in

Dulbecco's modified Eagle’s medium (Gibco, NY) with

10% fetal bovine serum (Gibco) and penicillin/streptomycin

under an atmosphere of 95% air and 5% CO2 at 37 oC. 

MTT assay  Cell viability and proliferation were

determined by assaying the reduction of 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

(Sigma-Aldrich, Milan, Italy) to formazan. To analyze

cell viability, HaCaT cells in 100 µL of culture medium

were seeded at a density of 1 × 104 cells/well in 96-well

plates and the PS extract was added to the wells at

concentrations ranging between 25 and 800 µg/mL for

24 h. To analyze cell proliferation, HaCaT cells in 100 µL

of culture medium were seeded at a density of 1 × 104

cells/well in 96-well plates, and the PS extract was added

to the wells at concentrations ranging from 20 to 160 µg/

mL for 48 or 72 h. After treatment, the cells were washed

three times with PBS, and then MTT was added (final

concentration, 0.5 mg/mL). The cells were then incubated

for 2 h at 37 oC, and then dimethyl sulfoxide (DMSO)

was added to dissolve the formazan crystals. Absorbance

at 570 nm was measured using a spectrophotometer (Bio-

Tek Instruments, Winooski, VT). Reduction of cell growth

was calculated as a percentage of CTL absorbance. 

Enzyme-linked immunosorbent assay  The cells

were seeded at a density of 5 × 104 cells/well in 24-well

plates. A cocktail of M5 (interleukin [IL]-1α, IL-17A, IL-

22, oncostatin M, and tumor necrosis factor [TNF]-α,

each at a concentration of 10 ng/mL for 4 h) was added to

the medium to induce inflammation, thereby establishing

numerous features of psoriasis.14 The cells were then

treated with the indicated concentrations of the PS extract

with M5 cocktail for 4 h. The cultured media were

collected and stored at -80 oC for the subsequent cytokine

assay. Immunoreactive IL-6 and IL-8 levels were

measured using the Duoset enzyme-linked immunosorbent

assay (ELISA) development kits (R&D Systems, MN)

according to the manufacturer’s instruction.

Western blotting  Whole cell lysates were prepared

using RIPA buffer containing a protease and tyrosine

phosphatase inhibitor cocktail (Sigma-Aldrich). The

protein concentration in the lysates was determined using

the Bicinchoninic (BCA) Protein Assay Kit (Thermo

Scientific, IL) according to the manufacturer’s instructions.

The isolated soluble proteins (20 µg) were separated on

10% SDS-polyacrylamide gels. The separated proteins

were then electroblotted onto nitrocellulose transfer

membranes (Bio-Rad, Hercules, CA). The membranes

were then incubated with 5% skimmed milk for 1 h and

incubated with the following antibodies diluted to 1:1000:

anti-pSTAT3 (Tyr705) and anti-STAT3 (Cell Signaling

Technology, MA), and anti-β-actin (Santa Cruz Bio-
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technology, CA) antibodies for 18 h at 4 oC. After being

sufficiently washed with TBST, the membranes were

incubated with polyclonal anti-rabbit horseradish peroxidase

(HRP)-conjugated secondary antibodies (Santa Cruz

Biotechnology) for 1 h at room temperature. Thereafter,

the membranes were washed with TBST and detected

using an enhanced chemiluminescence (ECL) detection

solution. Band densitometry was performed using ImageJ

software (National Institutes of Health, Bethesda, MD).

Statistical analysis  All the statistical data were

analyzed using GraphPad Prism 5.0 (GraphPad Software,

CA). The results are expressed as mean ± SD values.

Comparisons between two groups were performed using

the unpaired Student’s t-test. The one-way analysis of

variance was used for comparisons among multiple

groups. The results with a value of P < 0.05 were

considered statistically significant. 

Results and Discussion

To evaluate the effects of the PS extract on psoriasis,

we examined whether PS could attenuate psoriatic skin

lesions in mice with IMQ-induced psoriasis-like symptoms.

PS was obtained with methyl alcohol 99.9% and the yield

of the PS was 9.29% while the main constituent of the PS

extract was isoquercitrin (12.89 ± 0.77 mg/g) (Fig. 1 and

Table 2).

The mice were challenged with IMQ with or without

the topical application of the PS extract and CLO on the

dorsal skin and right ear according to the schedule

summarized in Fig. 2A. The characteristics of psoriasis-

like skin inflammation (back thickness, redness, and

scaling) were observed throughout the six-day period of

IMQ application on the dorsal skin. The dorsal skin

started to show erythema, thickness, and scaling at one to

three days after the first IMQ application (Fig. 2B and

2C). However, the CTL, vehicle, and PS-only groups did

not show any signs of inflammation of the dorsal skin.

The individual PASI scores and cumulative scores of all

groups from days 0 to 6 are shown in Fig. 2C. A

reduction in the PASI score indicated the degree of

healing due to the treatment. Figure 2C shows amelio-

ration of the development of psoriasis-like lesions in the

IMQ+PS group compared with that in the IMQ-only

group. Thus, topical application of the PS extract showed

an inhibitory effect on IMQ-induced psoriasis-like skin

inflammation. 

We examined the characteristics of IMQ-induced

psoriasis-like skin inflammation after PS extract treatment

in the mouse right ear. On days 1 – 2 after the initiation of

IMQ treatment, the ear skin of the mice began to show

signs of thickness and erythema (Fig. 3A). The maximum

Fig. 1. HPLC chromatogram of Isoquercitrin in standard. (A) and of a Persicaria senticosa sample. (B) (355 nm).

Table 2. Content of Marker compound contents of Persicaria

senticosa extract. Results are presented as the mean ± SD of 3
independent in triplicate

Sample Isoquercitrin (mg/g)

Persicariasenticosa extract 12.89 ± 0.77
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Fig. 2. PS extracts attenuated IMQ-induced psoriasis-like skin inflammation. (A) Experimental scheme for the induction of IMQ-induced
psoriasis-like skin inflammation and treatment with the PS extract in mice. (B) Images of the mouse dorsal skin were captured and the
phenotypical symptoms in the mouse dorsal skin were observed on days 0, 2, 4, and 6. (C) Thickness, scaling, and erythema on the back
skin were evaluated on a scale of 0 – 4 on the days indicated. The cumulative score (for thickness plus scales plus erythema) is shown.
The data represent mean ± SD values. CTL, untreated group; IMQ, imiquimod; CLO, clobetasol, PS, Persicaria senticosa.

Fig. 3. PS extract decreased the thickness of the ear of IMQ-treated mice. (A) Images of the mouse right ear were captured on days 0, 2,
4, and 6. (B) The thickness of the right ear skin was measured on the days indicated. The data represent mean ± SD values. *P < 0.05
compared with the IMQ-only group. CTL, untreated group; IMQ, imiquimod; CLO, clobetasol.
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increase in ear thickness in the IMQ group was 423.58 ±

13.4 µm on day 6. In contrast, the maximum increase in

ear thickness in the IMQ+PS group was 336.75 ± 28.3 µm

(Fig. 3B). The IMQ+PS group showed significantly

decreased ear thickness compared with that in the IMQ-

only group on day 6. Compared with that in the IMQ-

only group, the IMQ+PS group showed inhibition of

erythema and thickness of the ear skin. No inflammation

was visible in the CTL, vehicle, and PS-only groups

during the experiment. 

H&E staining showed acanthosis, hyperkeratosis, and

elongation of the rete-like ridge of the skin of the mice in

the IMQ-only group (Fig. 4A and 4B). Compared with

that in the IMQ-only group, the IMQ+PS group showed

notably attenuated lesions. The epidermal thickness in

each group was measured under a microscope (Fig. 4C

and 4D). IMQ application significantly increased the

epidermal thickness of the dorsal and ear skin compared

with that in the CTL group. The epidermal thickness in

the CTL group was 21.94 ± 9.19 µm, whereas that of the

dorsal skin in the IMQ, IMQ+PS, and IMQ+CLO groups

was 81.79 ± 20.85, 70.94 ± 12.26, and 49.34 ± 15.37 µm,

respectively. The epidermal thickness in the CTL group

was 15.55 ± 2.04 µm, whereas that of the mouse right ear

skin in the IMQ, IMQ+PS, and IMQ+CLO groups was

68.89 ± 30.64, 30.34 ± 22.22, and 23.45 ± 5.27 µm, res-

pectively. Compared with that in the IMQ-only group, the

IMQ+PS group showed a reduction in the epidermal

thickness of the dorsal and ear skin, indicating the anti-

psoriatic effect of the PS extract. 

An MTT assay showed that the PS extract was not

cytotoxic up to a concentration of 400 µg/mL and 24 h of

treatment (Fig. 5A). Abnormal proliferation of human

keratinocytes is an important feature of psoriasis.

Therefore, we examined whether the PS extract could

inhibit the proliferation of HaCaT cells. PS extract

significantly decreased the proliferation of HaCaT cells in

a time- and dose-dependent manner (Fig. 5B). The cells

were stimulated with the M5 cocktail to induce inflam-

mation that replicated numerous features of psoriasis.14

M5 resulted in a significant increase in IL-6 and IL-8

expression in HaCaT cells (Fig. 5C and 5D). However,

PS significantly inhibited the M5-induced increase in IL-6

expression in HaCaT cells; there was no change in the

expression of IL-8. PS extract treatment considerably

inhibited the M5-induced increase in pSTAT3 (Fig. 5E

and 5F).

PS extract showed a reduction in PASI score and the

epidermal thickness in mice dorsal and ear skin with

IMQ-induced psoriasis-like lesions and then inhibited the

Fig. 4. PS extract decreased the length of the epidermis of both dorsal and ear skin. H&E staining of the mouse dorsal skin (A) and ear
skin (B) in the different treatment groups. Images were magnified 100×. Epidermal thickness of the dorsal skin (C) and ear skin (D)
measured under a microscope. The data represent mean ± SD values. *P < 0.05 compared with the IMQ-only group. CTL, untreated
group; IMQ, imiquimod; CLO, clobetasol; H&E, hematoxylin and eosin.
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M5 cocktail-induced increase in IL-6 secretion and

STAT3 activation in HaCaT cells. 

In this study, we found that the PS extract inhibited the

increase in epidermal thickness in IMQ-treated mouse ear

and dorsal skin and attenuated the PASI score of the

mouse dorsal skin. The increase in epidermal thickness is

due to hyperplastic basal and suprabasal keratinocytes and

subcutaneous tissue in the skin. To explain the molecular

pathology of psoriasis, one needs to consider not only the

regulation of epidermal growth differentiation, but the

potential roles of cytokines that both influence epidermal

growth and regulate cellular immune activation and

inflammation. Although abnormal keratinocyte differen-

tiation with marked parakeratosis is characteristic of the

condition, it remains unclear whether PS can affect it. 

We also characterized the mechanisms responsible for

decreasing epidermal thickness in HaCaT cells, which are

immortalized human keratinocytes and often used as a

cellular model of psoriasis. In psoriasis, keratinocytes not

only exhibit uncontrolled proliferation but also drive the

pathogenesis of the disease. Keratinocytes are also

considered a major source of a wide spectrum of pro-

inflammatory mediators including IL-1, IL-6, IL8, and

TNF-.15,19,20 Cytokines and chemotactic factors produced

by keratinocytes can initiate an inflammatory process in

response to local irritation or injury. Thus, agents that

have direct anti-proliferative and anti-inflammatory

effects on keratinocytes could serve as ideal anti-psoriatic

agents16,18. In the present study, we found that the PS

extract decreased cell proliferation and significantly

inhibited IL-6 secretion. IL-6, a cytokine that is a major

mediator of the host response to tissue injury and

infection, is produced by both keratinocytes and leukocytes

in culture. The level of IL-6, an autocrine growth factor

synthesized by keratinocytes as well as other cell types,

increases in human psoriatic skin, and it stimulates the

growth and proliferation of cultured human keratinocytes.21-

23 We found that the PS extract significantly decreased the

enhanced IL-6 levels in HaCaT cells treated with M5.

The reduced epidermal thickness in the in vivo study may

be at least partially mediated by the change in the IL-6

level. 

The STAT family has a pivotal role in organ develop-

ment and cellular proliferation and survival. STAT3, a

widely studied member of this family, is recognized as the

main mediator of IL-6 functions in different cell types.24,25

Activated STAT3 is required for the survival and

proliferation of numerous cells.26,27 Additionally, several

Fig. 5. PS extract inhibited cell proliferation, IL-6, and STAT3 activation in the HaCaT cells. (A) Cytotoxic effect of the PS extract on
HaCaT cells. The cells were treated with the PS extract for 24 h. (B) Inhibition of cell proliferation by the PS extract. Cell viability and
proliferation were measured using the MTT assay, and they are expressed as a percentage of those in the CTL group. (C) IL-6 and (D) IL-
8 levels in the culture supernatants were determined by ELISA. (E) The expression of pSTAT3 (Tyr705) and STAT3 detected by western
blotting. (F) The blots were semiquantified using ImageJ image analysis software (n = 3). The data represent the mean ± SD values. Each
result is an average of three independent experiments. *P < 0.05 compared with the CTL group. #P < 0.05 compared with the M5 group.
CTL, untreated group; vehicle, 0.05% DMSO.
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studies have shown that constitutively activated STAT3

on tyrosine residues are found in keratinocytes in the

majority of human psoriatic lesions.17,28 Therefore, we

also examined the possible role of STAT3 in the anti-

psoriatic effect of the PS extract. Our results showed that

PS considerably suppressed the increase in activated

STAT3 expression in M5-treated HaCaT cells. Furthermore,

Sano et al. showed that activated STAT3 is necessary for

keratinocyte proliferation and T lymphocyte activation for

the development of psoriatic lesions in mouse skin. It led

to the hypothesis that changes in STAT3-regulated genes

in keratinocytes in combination with the activation of

immune cells lead to the development of psoriasis.

Further study is needed to identify the effects of PS on

immune regulation in psoriasis.

In conclusion, in the current study, we assessed for the

first time the effect of PS on psoriasis. We found that the

PS extract attenuated IMQ-induced psoriatic skin lesions

in mice and reduced M5-induced proliferation of HaCaT

cells. The findings indicated that the PS extract exhibited

an anti-psoriatic effect via the inhibition of the decrease in

IL-6 secretion and activated STAT3. As the effects of PS

are not sufficient to completely eliminate skin lesions, PS-

based products may be used in mild-to-moderate psoriasis

cases or perhaps as a combination therapy. Overall, our

findings suggest that PS might be a novel potential

therapeutic option for psoriasis.
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