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Effect of Sophora flavescens Extract on Reinforcing Skin Bamrier and Alleviating Inflammation
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Abstract: Atopic dermatitis (AD) is a common and multifactorial inflammatory skin disease that is characterized by
skin barrier dysfunction, inflammation, and chronic pruritus. AD has a complex etiology that includes genetic,
immunological, and environmental factors that cause skin barrier abnormalities and immune dysfunctions. Sophora
flavescens (SF) has been used in traditional Chinese medicine, but little research has been conducted on its anti-AD
efficacy. In this study, we evaluated the effect of SF extract (SFE) on improving skin barrier function and immune
abnormalities, which are the main symptoms of AD. SFE has the capacity to enhance the formation of cornified envelope
(CE) that plays an important role in the skin barrier function. In addition, it was confirmed that SFE increased the
expression of hyaluronic acid related to skin moisture. The effect of SFE against Staphylococcus aureus (S. aureus),
which increases specifically in AD lesions, confirmed that SFE inhibited the production of pro-inflammatory cytokines
induced by S. aureus. Furthermore, SFE was shown to inhibit the expression of pro-inflammatory cytokines induced
by substance P (SP), the cause of skin neurogenic inflammation. These results demonstrate that SFE could be one
of potential candidate agent for the treatment of AD by improving the skin barrier function and immune responses.
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1. Introduction

Atopic dermatitis (AD) is a common chronic inflammatory
skin disease that is characterized by xerosis, pruritus, and
erythematous lesions with increased transepidermal water loss
(TEWL). Although the etiology of AD is not fully elucidated,
it is considered a multifactorial disorder with genetic,
immunological, environmental factors, and microbiome effects
that cause altered skin barrier and immune dysregulations|1].
The skin barrier function relies on the stratum comeum (SC)
and tight junction with the formation of comnified layer, which
are generated by epidermal differentiation. The cornified SC is
composed of flattened multilayered comeocytes surrounded by
an insoluble protein structure, which is the primary mediator
of the epidermal permeability barrier[2]. Therefore, epidermal
homeostasis plays an essential role in maintaining its remarkable
ability to defend the body against irritants and dehydration.

Current evidence strongly points to the primary pathological
drivers in AD being the disruption of the integrity of the skin
barrier and subsequent immune dysregulation in predisposed
individuals, with resultant damage to the skin barrier[3].
Immune dysregulation of the innate and adaptive immunity
plays a major role in the pathogenesis of AD[4]. The
microbiota of the skin is important in maintaining immune
homeostasis, and preventing the growth of pathogens[S]. In
contrast to healthy skin, normal microbiota is disrupted, and
the diversity of microorganism in AD skin is reduced.

Substance P (SP) is the main neuropeptide identified in
skin nerve endings, which has nmiltiple bioactivities that
include neurotransmission, proliferation of fibroblasts and
keratinocytes,
considered as a major mediator of neurogenic inflammation
and pruritus, and a contributor to the pathogenesis of AD[10-
12]. AD is frequently exacerbated by physical and mental
stress, scratching, and sweating, which may be the result of
neurogenic inflammation[13-15]. The role of SP in AD skin
appears to be predominantly related to the induction of

and mast cell degranulation[6-9]. It is

inflammation, nerve growth factor (NGF) expression, and

pruritus[16,17].
Sophora flavescens (SF) is a species of plant in the genus
Sophora of the family Fabaceae, which is distributed
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throughout East Asia, mainly in China, Korea, and Japan. It is
one of the oldest herbs used in traditional Chinese medicine
(TCM) to clear heart, dry dampness, purge fire, remove
toxicity, eliminate parasites, and induce diuresis. A recent
study revealed that SF has a broad range of biological
activities, such as anti-diabetic, anti-arthritic, anti-inflammatory,
anti-bacterial, and antitumor activities|18-22]. However, little
is known about the anti-AD effect of SF.

In the present study, we investigate the effects of SF on
improving the skin barrier function and skin hydration. In
addition, we demonstrate that SF inhibits the expression of
pro-inflammatory mediators induced by Staphylococcus aureus
(S aureus)-secreted virulence factor and SP.

2. Materials and Methods

2.1. Preparation of SF Extract

The root of SF was obtained from the Samhong
Herb-Medicine Co. (Korea). The dried and pulverized raw
material was extracted for 3 h with purified water at 95 C
and concentrated by vacuum evaporation (Rotary evaporator
N-1000, EYELA, Japan). The powdered extract was obtained
by spray dryer (TF-S2L Mini Spray Dryer, Tefic Biotech Co.,
Limited, China). The extract was lyophilized to yield SF
extract (SFE). The Iyophilized powder was dissolved in
dimethyl sulfoxide (DMSO, Sigma-Aldrich, USA) at 1000-fold
higher concentration of final concentration in medium.

2.2. Cell Culture and Reagents

HaCaT (CLS Cell Line Service GmbH, Germany), a
spontaneously immortalized human keratinocyte cell line were
maintained in Dulbecco's Modified Fagle’s Medium (DMEM,
Welgene, Korea), containing 10% fetal bovine serum (FBS,
Gibco, USA) and 1% penicillin/streptomycin  (Invitrogen,
USA), at 37 C, under 5% CO,. THP-1 (ATCC® TIB-202™,
ATCC, USA), a human monocytic leukemia cell line were
maintained in Roswell Park Memorial Institute (RPMI) 1640
Medium (Welgene, Korea), containing 10% FBS and 1%
penicillin/streptomycin (Invitrogen, USA), at 37 C, under 5%
CO,. SP and all-frams-retinoic acid (RA) were purchased from
Sigma-Aldrich (USA).
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2.3. Cornified Envelope (CE) Formation Assay

CE content in HaCaT cells was quantitated as previously
described with some modifications[23]. HaCaT cells were
subjected to SFE for six days in FBS-free medium, when the
cells reached at 90% confluency, then harvested with a cell
scraper and homogenized in 2% sodium dodecyl sulfate (SDS,
Sigma-Aldrich, USA). Proteins were determined according to
the bicinchoninic acid (BCA) protein assay (Pierce™ BCA
Protein Assay Kit, Thermo Fisher Scientific, USA) with
bovine serum albumin as standard. After centrifugation at
12,000x g for 15 min, the precipitates were boiled in 2%
SDS and 20 mM dithiothreitol (DTT, Thermo Scientific™,
USA) for 1 h. The amounts of cross-linked envelopes were
monitored by the absorbance at 310 nm. CE content was
normalized to protein concentration.

2.4, Hyaluronic Acid Assay

HaCaT cells were cultured in DMEM with 10% FBS and
seeded in 24 well plate (1.0 x 10° cells/well). HaCaT cells at
80% confluency were treated with 10 /M RA and various
concentrations (25, 50, and 100 /&/mL) of SFE in serum-free
DMEM for 24 h, respectively. Cell culture supernatant was
collected and centrifuged at 1000x g for 20 min. Hyaluronic
acid in HaCaT cultured media was determined by Hyaluronan
Enzyme-Linked Immunosorbent Assay kit (K-1200, Echelon
Biosciences, USA) according to the manufacturer’s instructions.
The absorbance was measured at 405 nm using microplate
spectrophotometer (Infinite 200 PRO, Tecan, Switzerland).

2.5, Preparation of S aureus Culture Supernatant (CS)

S aureus subsp. aureus Rosenbach (ATCC® 12600 ,
ATCC, USA) was utilized throughout these experiments. S.
aureus was cultured aerobically on Brain heart infusion broth
(Difco, USA) for 24 h. The CS was collected and centrifuged
at 300x g at 4 T for 10 min. Supernatant was collected and
filtered through 0.22 /m filters (Merck Millipore, USA) to
remove cell debris. The obtained S aureus CS was used for

further experiments.

2.6. Enzyme—linked Immunosorbent Assay (ELISA)
Proinflammatory cytokines were quantified by using a
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commercially available ELISA kit (R&D Systems, USA). Cell
CS was colleted 24 h after treatment with S awrues CS and
SP, and assayed for proinflammatory cytokines (IL-13 , IL-8,
and TNF-q). The standard curve was linearized and subjected
to regression analysis. The proinflammatory cytokines were
determined using a standard curve.

2.7, Statistical Analysis

Statistical significance of data was determined by a Student’
s ttest. All results were expressed as the means + standard
deviation (N = 3). "p < 0.05 was considered to be significant.

3. Results and Discussions

3.1, SFE Enhances the Skin Barrier Function through
the Reinforcement of CE Formation

SC generated by epidermal differentiation plays a crucial

role in the skin barrier function. In this process, desquamation

and the formation of CE, an insoluble protein structure are

required for the maintenance of skin homeostasis[2]. Many of

the unique proteins required for keratinocytes differentiation,
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Figure 1. SFE increases CE formation in HaCaT. The relative
CE content was expressed as the absorbance at 310 nm/mg
protein (% of control). The results are expressed as mean + SD

(N = 3). "p < 0.001 versus the non-treated control.
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including involucrin, loricrin, filaggrin, and keratins, are
regulated by calcium[24]. To determine whether SFE improves
skin barrier functions, we evaluated the effect of enhancing
CE formation by SFE. Calcium was used as a positive control
as a well-known modulator of keratinocyte differentiation[24].
When keratinocytes were treated with various concentrations
(10, 100, and 200 sg/mL) of SFE, the levels of the CE
formation were enhanced to 48, 38, and 39% compared to
untreated cells, respectively (Figure 1). These results indicate
that SFE has potentiating activity for CE formation in HaCaT.

3.2. SFE Improves Skin Hydration by Improving
Hyaluronic Acid in HaCaT
In AD patients, skin barrier dysfunction manifests as an
increase in TEWL and increased penetration of allergens and
infectious agents, leading to inflammation and intense
pruritus[25]. Dry skin caused by dysfunction of the skin
barrier is a very common symptom in almost everyone
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Figure 2. SFE increases hyaluronic acid expression in HaCaT.
After 24 h treatment of (25, 50, and 100) sg&/mL SFE, HaCaT
cultured media was collected and the amount of hyaluronic acid
was analyzed by ELISA. RA (10 /M) was used as a positive
control. The results are expressed as mean = SD (N = 3). p <
0.01 versus the non-treated control; “p < 0.05 versus the

non-treated control.
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suffering from AD, which can worsen to become itch and
rash. Therefore, cumrent AD management guidelines
recommend moisturizer use as a key and basic step in the
treatment of AD[26,27]. Regular use of moisturizers helps
maintain skin hydration and improves barrier dysfunction.
Glycosaminoglycan, hyaluronic acid is a key molecule
involved in skin moisture and has a unique ability to bind
and retain water molecules[28]. Recent studies have shown
that hyaluronic acid foam leads to statistically significant
improvement in the severity score of AD[3]. Also,
moisturization of the SC is highly important to maintain its
flexibility and desquamation. The SC has an hyaluronic acid
content equal to nearly half that of the epidermis and
hyaluronic acid is a factor involved in the moisturization of
SC[29]. To evaluate the effect of SFE on skin hydration, we
conducted hyaluronic acid assay in HaCaT. RA was used as a
positive control for the assay, since it increases hyaluronic
acid synthesis by influencing epidermal differentiation
associated ~ with metabolism  in
keratinocytes[30]. Figure 2 shows that SFE significantly
increases the expression of hyaluronic acid in a dose-
dependent manner, with 45% increase at a SFE concentration
of 100 /g/mL. These results suggest that SFE has the ability
to enhance hyaluronic acid synthesis, so it is expected to be
useful as a treatment for improving dry skin caused by

epidermal barrier disruption.

hyaluronic  acid

3.3. § aureus-induced Inflammation is Inhibited by SFE

The skin is a barrier between the body and the
environment that maintains homeostasis by recognizing
invading pathogens from the outside, and its microbiome plays
an important role in the maturation and homeostasis of skin
immunity[31]. When the skin barrier collapses, or the balance
between symbiotic and pathogens is broken, skin diseases or
systemic diseases can occur[32]. Patients with AD have
dysbiosis of the skin microbiome with S aureus as the
dominant species[33,34]. Colonization caused by S. aureus can
be a major cause of inflammation, so it is associated with the
severity of AD[35739]. Since S aureus secretes various
virulence factors as inflammatory mediators, the inhibitory
effect of SFE on the production of pro-inflammatory cytokines
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Figure 3. SFE decreases the production of pro-inflammatory cytokines induced by S. aureus-cultured media. THP-1 was
pretreated with (10, 50, 100, and 200) pg/mL SFE for 1 h, and then treated with S. aureus-cultured media for 24 h. THP-1
cultured media was collected, and the expression of IL-1B (A) and TNF-a (B) was analyzed by ELISA. The results are
expressed as mean = SD (N = 3). *p < 0.01 versus S. aureus CS untreated control; **p < 0.001 versus S. aureus CS untreated

control; ***p < 0.05 versus S. aureus CS treated control; ****p < 0.01 versus S. aureus CS treated control.

induced by S auwreus was investigated. S. aureus CS was
used to induce inflammation. The CS of S awreus induced
the production of inflammatory cytokines, such as tumor
necrosis factor-o¢ (TNF-q)) and interleukin-18  (IL-13 ) in
THP-1 macrophages (Figure 3A and B). SFE showed an
inhibitory effect of up to 22% at a concentration of 200
se/mlL against IL-13 induced by S awreus CS, which
showing a relatively weak inhibitory effect against TNF-o
(Figure 3A and B). Based on these results, it seems necessary
to study the suppression of the expression of more diverse
inflammatory mediators through additional experiments.

3.4, SFE Inhibits Pro—inflammatory Cytokines
Induced by SP

Interaction between the nervous and imnune systems
contributes greatly to inflammatory disease. The neurogenic
components of atopy and allergy are clear and have
potentially critical pathogenic relevance[40]. Neuropeptide, in
paticular SP, is a key mediator of acute stress through
neurogenic  inflammation, and alter cytokine balance and

immune cell functions[41]. Recent studies have shown that
plasma levels of SP are increased in AD patients[42-44], and
released from the nerve fibers stimulates keratinocytes to
produce proinflammatory cytokines such as IL-15 , IL-6, IL-8
and TNF-0[45,46]. Therefore, clinical occurrence of AD is
often associated with psychological stress. To determine
whether SFE regulates inflammatory response, we evaluated
the effects of SFE on the production of proinflammatory
cytokines induced by SP. Figures 4A and B, show that SP
elicited proinflammatory cytokines (TNF-a, IL-8) in THP-1
macrophages, which is significantly inhibited by SFE. It is
expected that SFE can be effectively applied to the
inflammatory response caused by neuropeptide SP in AD
patients with psychological stress.

In a recent study, various compounds have been isolated
from SF, of which alkaloids are considered the major active
components[47]. Modern pharmacological studies have shown
that matrine and oxymatrine, the most active of these
alkaloids, has multi-pharmacological effects, including anti-
tumour, antioxidant, anti-pruritic, and anti-inflammatory
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Figure 4. SFE decreases the production of pro-inflammatory cytokines induced by SP. THP-1 was pretreated with (10, 50, and
100) f&/mL SFE for 1 h, and then treated with SP for 24 h. THP-1 cultured media was collected, and the expression of IL-8
(A) and TNF-a (B) was analyzed by ELISA. The results are expressed as mean = SD (N = 3). "p < 0.01 versus SP untreated

control; “p < 0.05 versus SP treated control; ~"p < 0.01 versus SP treated control.

effects[48-51]. the anti-inflammatory  effects
observed in this study may be due to the presence of matrine
or oxymatrine, quinolizidine alkaloids in SFE. The action of
matrine or oxymatrine, the major components of SFE, on the
anti-inflammatory and skin barrier-strengthening effects of this
model should be confirmed through further studies.

Therefore,

4. Conclusion

In this study, we demonstrated the effect of SFE on
reinforcing skin barrier and alleviating inflammation that play
an important role in the pathophysiology of AD. Therefore,
SFE is expected to improve AD symptoms by modulating
various underlying causes. This study showed the potential of
SFE as a therapeutic agent for AD, and further studies will
be needed to clarify its clinical efficacy.

, Ald6d Al 4 5, 2020

List of Abbreviations

AD
TEWL
SC

SP

SF
TCM

S. aureus
SFE
DMSO
DMEM
RPMI
RA

CE
SDS
BCA
DTT
CS
ELISA

IL-1B
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