Korean J Physiol Pharmacol 2017;21(3):309-316
https://doi.org/10.4196/kjpp.2017.21.3.309

KIPP

Activation of transient receptor potential vanilloid 3 by the
methanolic extract of Schisandra chinensis fruit and its chemical
constituent y-schisandrin
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INTRODUCTION

ABSTRACT Transient receptor potential vanilloid 3 (TRPV3) is a non-selective cation
channel with modest permeability to calcium ions. It is involved in intracellular
calcium signaling and is therefore important in processes such as thermal sensation,
skin barrier formation, and wound healing. TRPV3 was initially proposed as a warm
temperature sensor. It is activated by synthetic small-molecule chemicals and plant-
derived natural compounds such as camphor and eugenol. Schisandra chinensis
(Turcz.) Baill (SC) has diverse pharmacological properties including antiallergic, anti-
inflammatory, and wound healing activities. It is extensively used as an oriental
herbal medicine for the treatment of various diseases. In this study, we investigated
whether SC fruit extracts and seed oil, as well as four compounds isolated from the
fruit can activate the TRPV3 channel. By performing whole-cell patch clamp recording
in HEK293T cells overexpressing TRPV3, we found that the methanolic extract of SC
fruit has an agonistic effect on the TRPV3 channel. Furthermore, electrophysiological
analysis revealed that y-schisandrin, one of the isolated compounds, activated
TRPV3 at a concentration of 30 puM. In addition, y-schisandrin (~100 uM) increased
cytoplasmic Ca>" concentrations by approximately 20% in response to TRPV3
activation. This is the first report to indicate that SC extract and y-schisandrin can
modulate the TRPV3 channel. This report also suggests a mechanism by which
y-schisandrin acts as a therapeutic agent against TRPV3-related diseases.

TRPV3 was initially proposed as a thermosensor in the human
body, it is also activated by synthetic small molecules such as

Transient receptor potential (TRP) cation channel, subfamily
vanilloid (V), member 3 (TRPV3), which belongs to the TRP
family of ion channels, shares 43% sequence homology with
TRPV1 [1]. TRPV3 is a thermosensitive channel that is activated
at temperatures above 30~33°C and is modestly permeable to
calcium ions (Pc,/Py, permeability ratio=~10) [1]. Although

2-aminoethyl diphenyl borate (2-APB), analogs of 2-APB such
as diphenylboronic anhydride, and drofenine [1,2]. Moreover,
like other thermosensitive TRP channels, TRPV3 is also
activated by natural plant-derived compounds such as camphor,
carvacrol, and eugenol thymol [3,4]. Camphor is a terpenoid
with a strong aroma produced by the wood of the camphor laurel

This is an Open Access article distributed under the terms
AT of the Creative Commons Attribution Non-Commercial
License, which permits unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original work is properly cited.
Copyright © Korean J Physiol Pharmacol, pISSN 1226-4512, elSSN 2093-3827

www.kjpp.net

Author contributions: Y.N. and H.J.K. performed the patch clamp experi-
ments. Y.M.K. performed the chemical isolation from the plant extract. YW.C,,
YK K. and H.S.B. supervised and coordinated the study. J.H.N. and W.KK.
worte the manuscript.

Korean J Physiol Pharmacol 2017;21(3):309-316



310

Nam Y et al

(Cinnamomum camphora) and was the first natural compound
found to activate TRPV3 [4]. Carvacrol, eugenol, and thymol
are monoterpenoid compounds. They are major components of
plants such as oregano, savory, clove, and thyme, and can activate
TRPV3. In addition, TRPV3 is more sensitive to them than it is to
camphor [5]. In mammals, TRPV3 is expressed in keratinocytes,
adipocytes, neurons, lymphocytes, and epithelial cells in parts
of the alimental canal such as the oral cavity, tongue, larynx,
and distal colon [1,6-8]. TRPV3 expression is highest in the skin.
Thus, extensive researches are being performed to understand
skin physiology, such as skin barrier formation or hair growth,
and skin pathophysiology, such as skin inflammation, wound
healing, and itching sensation [9-11]. In keratinocytes, TRPV3
activation is required for transglutaminase activity, which is
essential for the formation of the cornified envelope in the
epidermis [12]. In addition, TRPV3 activation has been shown
to result in an increase in the proliferation of oral epithelial cells;
therefore, TRPV3 agonists can be used to promote epithelial
wound healing [13]. It has also been shown that TRPV3 channels
in adipocytes can regulate adipogenesis since chronic treatment
with a TRPV3 agonist prevented adipogenesis and weight gain in
mice fed high-fat diets [6]. Therefore, there is a need to identify
TRPV3 agonists that can be used in studies to understand the
role of TRPV3 in mammalian physiology. As well, TRPV3
agonists can be used to treat TRPV3-related human disorders and
diseases. The dried fruit of Schisandra chinensis (Turcz.) Baill (SC)
is an important component of herbal medicines and is used a food
additive in China, Japan, Korea, and Russia [14,15]. The fruit of
SC is extensively used in the treatment of various diseases such as
diarrhea, cough, asthma, phlegm, jaundice, insomnia, palpitation,
and diabetes [15]. Several studies have demonstrated the diverse
pharmacological activities of SC, which include antiseptic [16],
antiallergic [17], anti-inflammatory [18], wound healing [15], and
antiobesity [19] effects.

As part of our ongoing research on using compounds from
natural sources as modulation agents of ion channels [20-22], we
investigated the effects of SC fruit extract on TRPV3. We also
investigated the effects of chemical compounds isolated from the
SC fruit by bioassay-guided fractionation on TRPV3. To the best
of our knowledge, this is the first report on the modulatory effects
of SC fruit extract and chemical compounds isolated from the
SC fruit on TRPV3 ion channels that are related to skin barrier
formation and inflammation.

METHODS
Chemicals
All the reagents used in the study, except 2-APB, were

purchased from Sigma-Aldrich (St. Louis, MO, USA). 2-APB was
purchased from Tocris (Bristol, UK).
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Preparation of SC seed oil and methanolic and
ethanolic extracts of SC fruits

The SC seed oil used in the present study was provided by a
local company (Hyojongwon, Goyang, Gyeonggi-do, Korea).
SC fruits (100 g) were refluxed with MeOH or EtOH for 2 h and
evaporated in vacuo. The crude methanolic or ethanolic extract
was then lyophilized.

Chemical isolation

Dried SC fruits (5.8 kg) were macerated in MeOH, after which
the liquid portion of the mixture was separated. The procedure
was repeated three times and the pooled extract obtained
was evaporated in vacuo. Afterward, the extract (1.53 kg) was
suspended in H,O and partitioned with CHCI,, EtOAc, and
n-butanol successively to obtain a CHCL,-soluble extract (180
g), an EtOAc-soluble extract (132 g), a butanol-soluble extract
(434 g), and a water-soluble extract (759 g). Next, 35 g of the
CHCI;-soluble extract (SCC) was separated by silica column
chromatography (5x90 cm, 600 g) using the gradient method.
Hexane-EtOAc (30:1~2:1) and CHCl,-MeOH (20:1~1:1) were
used as the mobile phase in increasing polarity. The resultant
eluent was fractionated into 17 sub-fractions (SCC-1-SCC-17).
The SCC-3 fraction (42.4 mg) was separated on a Sephadex LH-
20 column (2x90 cm; GE Healthcare, PA, USA), using CHCL,-
MeOH (1:1) as the mobile phase in gradient elution mode, and
fractionated into three sub-fractions (SCC-3A-SCC-3C). The
SCC-5 fraction (162.3 mg) was subjected to high-performance
liquid chromatography (HPLC) using a Phenomenex Luna CI8
column (250x10 mm, 5 pm) for chromatographic separation, and
MeCN and H,O as the mobile phase. The flow rate of the mobile
phase was set at 3 mL/min. The mobile phase was run as follows:
MeCN and H,0 (70:30) for 34 min, followed by 100% MeCN for
6 min. The retention times (tRs) of y-schisandrin (6.5 mg) and
gomisin N (21.2 mg), which were obtained from the HPLC, were
30.25 and 33.10 min, respectively. The SCC-12 fraction (2062.5
mg) was purified by medium-pressure liquid chromatography
(MPLC) using a reverse-phase (RP) column and a MeOH-H,0
(5:90~90:10) mixture to give 14 sub-fractions (SCC-12A-SCC-
12N). The SCC-12K fraction (56.5 mg) was purified by MPLC
using an RP column and a MeOH-H,0 (40:60~80:20) mixture
to give five sub-fractions (SCC-12K1-SCC-12K5). The SCC-12K4
fraction (36.3 mg) was subjected to HPLC using the Phenomenex
Luna column for chromatographic separation and MeCN and
H,0 as the mobile phase (flow rate, 3 mL/min). The mobile phase
was run as follows: MeCN-H,O (60:40) for 20 min, followed by
100% MeCN for 6 min. This yielded schisandrin (10.5 mg) and
angeloyl gomisin H (12.5 mg) with tRs of 10.55 and 16.45 min,
respectively. The structures of the isolated compounds were
confirmed by comparing their nuclear magnetic resonance
and mass spectrometry data with those reported in literature
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(schisandrin [23], y-schisandrin [24], gomisin N [25], and angeloyl
gomisin H [26]).

Cell culture

HEK293T cells (catalog no. CRL-3216; American Type Culture
Collection, Manassas, VA, USA) were subcultured onto a 25-
cm’ culture flask (Thermo Fisher, Waltham, MA, USA) with
Dulbecco’s Modified Eagle’s Medium containing 10% heat-
inactivated fetal calf serum, 100 units/mL penicillin, and 100
ug/mL streptomycin (Thermo Fisher) at 37°C in a 10% CO,
humidified incubator.

DNA constructs and transient transfection of hTRPV3

Human TRPV3 (pReceiver-M02) was purchased from Gene-
Copoeia (Rockville, MD, USA) and subcloned into pcDNA 3.1
(Thermo Fisher). One day before transfection, HEK293T cells
are subseeded onto a 35-mm diameter cell culture dish at 60%
confluence. The following day, the cells were transfected with
Lipofectamine Plus reagent (Thermo Fisher) according to the
manufacturer’s instructions. In all the transfection studies,
we cotransfected pEGFP-NI1 plasmid, which can express a
green fluorescence protein, with hTRPV3 plasmid to allow for
selecting transfected cells based on the green fluorescence signal.
PEGFP-NI was cotransfected into HEK293T cells at a ratio of 9
(hTRPV3):1 (EGEP).

Electrophysiology

Whole-cell current recordings were performed using an
Axopatch 200B amplifier (Molecular Devices, Sunnyvale, CA,
USA) with a microglass electrode (patch pipette) which had a
resistance of 3~5 MQ) at room temperature (~25°C). The acquired
data were digitalized (Digidata 1440A, Molecular Devices) at a
sampling rate at 10 kHz and then digitally filtered through a low-
pass filter at 1 kHz using pCLAMP 10.4 software (Molecular
Devices). All voltage and current trace data were analyzed using
Clampfit software 10.4 and stored on a desktop computer. For
the measurement of hTRPV3 current (Irppy;), @ mixture of 140
mM CsCl, 10 mM 4-2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES), 10 mM ethylene glycol-bis (-aminoethyl ether)-
N,N,N',N'-tetraacetic acid (EGTA), 4.85 mM CaCl,, 3 mM
MgATP, and 10 mM HEPES adjusted to pH 7.2 with CsOH
was used as the internal solution. The bath solution for I zpy;
contained 139 mM NaCl, 5 mM KCl, 10 mM HEPES, 3 mM
BaCl,, 2 mM MgCl,, 1 mM EGTA, and 10 mM glucose adjusted
to pH 7.4 with NaOH.

www.kjpp.net

Intracellular free calcium concentration ([Ca“]i)
measurements

Transient transfected TRPV3-HEK293T cells were harvested
and centrifuged twice at 1000 rpm for 1 min with HEPES-
buffered ringer solution (at 4°C; 145 mM NaCl, 3.6 mM KCl, 1.3
mM CaCl,, I mM MgCl,, 5 mM D-glucose, and 10 mM HEPES
adjusted to pH 7.4 with NaOH). Next, the cell suspensions were
loaded with 5 uM fura-2-acetoxymethyl ester (Thermo Fisher) at
room temperature (~25°C). After 30 min, the cells were washed
with HEPES-buffered ringer solution at 4°C. The cells were
maintained at 4°C during the experiments. Fluorescence was
measured in water-jacketed quartz microcuvettes (37°C) with
continuous stirring. The microcuvettes contained 1 mL of cells (~1
million cells) in HEPES-buffered ringer solution. Fluorescence
was monitored with a fluorescence spectrophotometer (Photon
Technology Instruments, Birmingham, NJ, USA) at excitation
and emission wavelengths of 340 and 380 nm and 510 nm,
respectively. Fluorescence intensities were recorded every 0.2 sec.

Statistical analysis

Data were analyzed by one-way analysis of variance and post-
hoc tests using the Bonferroni procedure. All data are expressed
as meantstandard error of the mean. N refers to the number
of experiments conducted at each experimental condition.
Probability values less than 0.05 were considered statistically
significant. We used Prism 6.0 (GraphPad, La Jolla, CA, USA) and
Origin 8.0 (Microcal, Northampton, MA, USA) for the statistical
analyses.

RESULTS
Methanolic extract of SC can activate l;gp;

To elucidate whether SC fruit extracts or SC seed oil could
activate TRPV3 channel activity, we prepared SC seed oil and
two SC fruit extracts. To compare the agonistic effects of the
SC extracts on TRPV3, we performed whole-cell patch clamp
recording using HEK293T cells that were transiently transfected
with hTRPV3 (hTRPV3-HEK293T). After confirming there
was no baseline current, we assessed which SC extract showed
agonistic effects on TRPV3 channel. As shown in Fig. 1A, we
applied 10, 30, or 100 ug/mL of the methanolic extract of dried
SC fruits (SCyon) to the bath solution. After SC,;.oy treatment,
we serially applied 50 uM 2-APB (a potent agonist of TRPV3)
and ruthenium red (R.R.) (an inhibitor of TRPV3) to determine
the I;gpy; maximum current of each cell and the Iy, inhibition.
Current-voltage relationship curves (I~V curves) for Ly, were
obtained in the presence of the following: 10 (1), 30 (2), or 100 (3)
ug/mL of the SC fruit extracts; 50 uM 2-APB (4); and 10 pM R.R

Korean J Physiol Pharmacol 2017;21(3):309-316
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Fig. 1. Effect of methanolic extract of Schisandra chinensis (SCy,.on) on TRPV3 current (l;zpy;) induction in HEK293T cells overexpressing TRPV3
(hTRPV3-HEK293T). (A) Representative patch clamp recordings of ly; in response to continuous ramp-like voltage pulse in TRPV3-HEK293T cells. In
the whole-cell patch clamp recording, ramp-like pulses from -100 to 100 mV (dV/dt=0.04 V/sec) were applied every 20 sec to determine the current-
voltage relationship (I~V curves). The numbers in parentheses indicate the steady state |3 induced by 10 (1), 30 (2), or 100 (3) ug/mL SC fruit extract
or 50 uM 2-APB (4), or inhibited by 10 uM ruthenium red (R.R) (5). (B) The corresponding I~V curves at each steady state kgpys. (C, D) Summary of
normalized inward and outward currents at +100 mV (C) and -100 mV (D) induced by various concentrations of the SC extracts. The current densities
were normalized to the maximum Iy, With the 2-APB treatment and used at the end of the experiment. 2-APB, 2-aminoethyl diphenyl borate; SCyeon,
methanolic extract of dried Schisandra chinensis fruits; SCq,,, €thanolic extract of dried Schisandra chinensis fruits; SC,..q i, Schisandra chinensis seed
oil extract. *** indicates p<0.001 vs. the baseline current (control).

Table 1. Effects of Schisandra chinensis (SC) fruit extracts and seed oil on TRPV3 current (l;zpy;)

(Ipreparation/Imax) 100 (%) =SEM

At-100 mV At +100 mV
SC preparation
10 pg/mL 30 pg/mL 100 pg/mL 10 pg/mL 30 pg/mL 100 pg/mL
Inax (%0) 100 100 100 100 100 100
MeOH extract 1.67+0.41 2.55+0.43 17.84+4.65%** 2.3+0.5 4.5+0.86 61.53+8.8%**
EtOH extract 7.2+4.38 8.44+4.28 8.26+4.16 5.02+2.12 6.6+£2.27 7.52+1.8
Seed oil 6.45+2.67 14.49+5.98 9.3+3.17 1.4+0.38 3.99+0.57 4.31+0.95

After confirming that there was no basal current, HEK293T cells overexpressing human TRPV3 were treated with the SC extracts and
seed oil at concentrations of 10, 30, or 100 ug/mL. The results shown are percentage changes versus the maximum current (l,.,,), which
were obtained by treatment of the cells with 50 uM 2-aminoethyl diphenyl borate, followed by current normalization to 100%. The data
are presented as meanzstandard error of the mean (SEM) (n=5). ***Indicates p<0.001 vs. the control group. 1., maximum current;
preparations CUTTENt induced by SC preparation.

(5) (Fig. 1B). From the results, SCy,oy at concentrations of 10, 30, effects on Lyppy; (p<0.01, n=5). The summarized data for each
and 100 pg/mL dose-dependently activated Iypy; by 1.6740.41, concentration of the SC fruit extract (10, 30, and 100 pg/mL)
2.55+0.43, and 17.84+4.65%, respectively, at ~120 mV. However, are presented in Table 1. At the same conditions, non-selective

the ethanolic extract of SC (SCy,opy) and the SC seed 0il (SC,eeq o) cationic current by TRPV3 activation was not observed by the SC
did not show any effects on the "TRPV3-HEK293T cells. In Fig. extracts in mock-transfected HEK293T cells (Fig. 2).

1C and D, we compare the normalized activation rates of I;ypy;

when 100 pg/mL of each extract was applied at ~100 and 100

mV clamp voltages. SCy.o; only showed statistically significant

Korean J Physiol Pharmacol 2017;21(3):309-316 https://doi.org/10.4196/kjpp.2017.21.3.309
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Fig. 2. Control experiments for TRPV3 currents () in mock-transfected HEK293T cells. To confirm whether Schisandra chinensis (SC) extracts
generate non-selective cationic currents, whole-cell patch clamp experiments were done in mock-transfected HEK293T cells (A~C). Representative
patch clamp recording of mock-transfected HEK293T cells treated with the methanolic extract of dried Schisandra chinensis fruits (SCy.op), €thanolic
extract of dried SC fruits (SCgy), and SC seed 0il (SCyeeq oi)- In the case of SCyyeon, We treated the cells with 2-aminoethyl diphenyl borate (2-APB) to
activate lrgpy3. We then treated the cells with the TRPV3 blocker ruthenium red (R.R) to inhibit TRPV3. It was observed that no current was generated
from the SC extract or 2-APB treatment in the mock-transfected HEK293T cells.

Gomisin N Schisandrin

v-Schisandrin

Agonistic effect of y-schisandrin on gy,

To identify the compounds in the SC fruit extract that were
responsible for the observed agonistic effects of the extract on
Lppys» We isolated and examined the following four compounds
from the dried fruits: schisandrin, y-schisandrin, gomisin N, and
angeloyl gomisin H (Fig. 3). We then performed whole-cell patch
clamp experiments on the isolated compounds using the same
protocol stated in section 3.1 to examine whether the compounds
activate I;ypy,. Because of the limited amounts of the isolated
compounds, we used each chemical at 30 pM in the bath solution
and assessed its effect. As shown in Table 2, one potent TRPV3
activator, y-schisandrin (y-Sch), was identified among the four
isolated compounds. y-Sch at a concentration of 30 uM showed
statistically significant agonistic effects on TRPV3 at both positive
and negative voltage ranges. Fig. 4A and B show representative
traces and their related I-V curves for y-Sch. Treatment of the cells
with 30 uM y-Sch activated Iy, at a positive voltage about three

www.kjpp.net

Fig. 3. Structures of the four chemical
compounds isolated from the Schisandra

Angeloylgomisin H chinensis fruit extract.

Table 2. TRPV3 currents (/;4;) induced by compounds isolated
from Schisandra chinensis fruits

[ compound/Imax) X 100 (%0)]=SEM?

Compound At-100 mV At +100 mV
Imax (0/0) 100 100

Sch 1.94+0.97 2.01+0.51
1-Sch 20.57+5.46 *** 71.78+1.31 ***
G-N 7.1+2.1 4.44+1.31
AG-H 4.59+1.38 4.16x1.37

‘Indicates the control and is the normalized Iy ; after treatment
with 50 uM 2-APB at the maximum current (I..,,), which was set
at 100%, before treatment with the isolated compound (I ompouna)-
The data represent the current relative to I, and are presented
as meanzstandard error of the mean (SEM). ***indicates p<0.001
vs. the control group.

Sch, schisandrin; y-Sch, y-schisandrin; AG-H, angeloyl gomisin
H; G-N, gomisin N; 2-APB, 2-aminoethyl diphenyl borate.

Korean J Physiol Pharmacol 2017;21(3):309-316
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Fig. 4. Effect of y-schisandrin (y-Sch) on TRPV3 activation in HEK293T cells overexpressing TRPV3. (A) Representative patch clamp recordings
showing TRPV3 current (Izp5) activation by 30 uM y-Sch. At the end of the experiment, 50 uM 2-APB was added to the bath solution in order to
determine the maximum current. Following treatment with 10 uM ruthenium red (R.R), a TRPV3 inhibitor, |5 that was not due to a non-selective
cationic current was determined. The numbers in parentheses indicate the corresponding current to voltage relations (I~V curves) depicted in Fig.
1B. (B) I~V relationship curves of steady state l,; due to 30 uM y-Sch (1) and 50 uM 2-APB (2) treatments. The 10 uM R.R potently inhibited the
inward current of Iy however, it had relatively no impact on the outward current at the same concentration. (C) Representative trace recordings of
intracellular calcium measurements ([Ca**]), which were increased by 100 uM y-Sch in HEK293T cells overexpressing TRPV3 (hTRPV3-HEK293T). (D)
Comparison of peaks showing increases in [Ca’']; induced by 100 uM y-Sch or 100 M 2-APB in the hTRPV3-HEK293T cells. The data was normalized
by resetting the [Ca’'] to 1. Data are presented as meanzstandard error of the mean (n=8). **indicates p<0.01 and *** indicates p<0.001, each vs. the
basal [Ca’"]. 2-APB, 2-aminoethyl diphenyl borate.

times more than it did at a negative voltage. This phenomenon A.

was similar to that observed for the SC,,.oy treatment, which 2.
also activated I;ypy; at a positive membrane voltage more than it y-sch 30uM
did at a negative membrane voltage. To confirm whether Ijppy,
activation was due to non-specific cationic current activation,
we treated mock-transfected HEK293T cells with 30 uM vy-Sch;
however, the y-Sch treatment did not result in current activation
(Fig. 5). Ligpys activation at a negative voltage is much more
important than that at a positive voltage. This is because the -1 " T . " -
activation can result in Ca’ influx through TRPV3 to generate 0 200 400 600
Ca’ signaling. Therefore, we measured intracellular Ca** time (sec)

concentrations [Ca”]; in fluorimetry experiments by using a

I (nA/pF)

] o o Fig. 5. y-schisandrin (y-Sch) generated no additional currents in
Fura-2 calcium sensitive fluorescence dye. As shown in Fig. 4C, the mock-transfected HEK293T cells. (A) Representative patch clamp
treatment with 100 uM y-Sch resulted in increased intracellular recordings after treatment of the cells with 30 uM y-Sch.

Ca’ concentrations in the TRPV3-HEK293T cells by about

13+2.6% more than the basal Ca** level. We also compared the

agonistic effects of y-Sch and 2-APB, each at 100 uM (Fig. 4D). Ca”" signaling.

Data obtained from the patch clamp experiments showed that

2-APB generated a stronger inward current than y-Sch did (Fig.

4B). In addition, 2-APB efficiently increased [Ca™]; in the TRPV3- DISCUSSION

HEK293T cells more than y-Sch did. Taken together, the results

support that y-Sch can activate ITPRV3 and generate intracellular TRPV3 regulates proliferation and differentiation of human

Korean J Physiol Pharmacol 2017;21(3):309-316 https://doi.org/10.4196/kjpp.2017.21.3.309
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keratinocytes, which can promote skin barrier formation [12].
In oral epithelial cells, the activation of TRPV3 can promote
oral wound healing by potentiating epithelial cell proliferation
[13]. Moreover, systemic administration of a TRPV3 agonist has
been shown to reduce visceral adipose tissue via inhibition of
adipogenesis in mice fed high-fat diets [6]. Therefore, a TRPV3
agonist might be a potential therapeutic candidate for preventing
and treating TRPV3-related diseases.

SC is generally used as a tonic medicine in Korea. It contains
lignans as its major constituent and it is used by traditional
oriental clinicians in China, Korea, and Japan to treat several
conditions such as dermatitis, cancer, hepatitis, and impotence
[15,27]. Interestingly, it has been reported that SC has an
inhibitory effect on adipocyte differentiation and adipogenesis
in 3T3-L1 preadipocytes. In addition, the antiobesity property
of SC has been demonstrated in high-fat diet-induced obese rats
[19]. Moreover, according to a clinical study that was conducted
in Russia in the 1950s, SC fruit extract showed a wound healing
effect in patients with trauma- or varicose vein dilatation-induced
trophic ulcers, as well as in those with slowly granulating wounds
[15]. Although several physiological and pathophysiological
processes might involve TRPV3, previous studies have only
focused on the mechanisms underlying the therapeutic effects of
SC.

In the present study, by performing whole-cell patch clamp
studies, we assessed whether SC fruit extracts and seed oil can
activate the TRPV3 channel. Firstly, we found that SCy.qy at
a concentration of 100 ug/mL can effectively activate Ipppy,
(by 17.84+4.65% at -100 mV and by 61.53+8.8% at +100 mV)
in HEK293T cells overexpressing hTRPV3 (Fig. 1). Secondly,
to identify the active compounds in SC fruit, we isolated and
studied angeloyl gomisin H, gomisin N, schisandrin, and y-Sch
from dried SC fruits (Fig. 3). We found that at a concentration of
30 uM, y-Sch activated TRPV3 by 20.57+5.46% at -100 mV and
by 71.78+1.31% at +100 mV. In addition, we confirmed that y-Sch
increased [Ca*], via TRPV3 activation in the HEK293T cells
overexpressing hTRPV3 (Fig. 4).

One limitation of our study was that we could not obtain the
half-effective concentration (ECy,) of the isolated y-Sch due to its
limited amount. However, most TRPV3 agonists from natural
sources are relatively weaker agonists than those from synthetic
sources (such as 2-APB). In addition, the former activate only
sizeable currents at more than several hundreds of micromolar
concentrations [5]. However, we expect that y-Sch may be a much
more potent agonist than the known natural agonists are. y-Sch’s
EC,,, its pharmacological properties as regards TRPV3, and its
application in the treatment of TRPV3-related diseases remain to
be elucidated in further studies.

In summary, this is the first electrophysiological study
undertaken to explore the agonistic effects of SC fruit extracts
and seed oil, as well as those of y-Sch on hTRPV3 channel. Using
whole-cell patch clamp recordings, we found that TRPV3 was
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significantly activated by SCy,on and y-Sch, which also increased
[Ca™], via the TRPV3 activation. Our findings may explain one
of mechanisms underlying the antiobesity and wound healing
effects of SC.
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