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Transient receptor potential (TRP) channel has critical actions as conditional sensors in primary afferent neurons. We studied the
regulatory action of gomisin A on TRPV1 channel current in this report. Schisandra chinensis contains bioactive compounds such
as the gomisin derivatives and their related compounds. Coapplication with gomisin A inhibited the capsaicin-mediated inward
peak current. This inhibitory effect of gomisin A on capsaicin-induced inward current showed concentration-dependence and was
reversible. The half maximal inhibitory concentration of gomisin A was 62.7 + 8.4 uM. In addition, this inhibition occurred in a
noncompetition regulation mode and voltage insensitive manner. Furthermore, molecular docking studies of gomisin A on TRPV1
showed that it interacted predominantly with residues at cavities in the segments 1 and 2 of each subunit. Four potential binding
sites for this ligand in the extracellular region at sensor domain of TRPV1 channel were identified. Point mutagenesis studies were
undertaken, and gomisin A potency decreased for both the Y453A and N467A mutants. The double mutation of Y453 and N467
significantly attenuated inhibitory effects by gomisin A. In summary, this study revealed the molecular basis for the interaction

between TRPV1 and gomisin A and provides a novel potent interaction ligand.

1. Introduction

TRPVI receptor is the transient channel receptor subfamily
5 and it is reported as the receptor of capsaicin and vanil-
loid; nonselective cation channels became active by a wide
diversity of exogeneity and endogeneity for physicochemical
stimuli [1]. The representative regulators of TRPV1 are tem-
perature, pH, and capsaicin, and its activation produced a
painful and burning sensation. This receptor is responsible
for the transmission or regulation of pain as well as the
recognition of a variety of pain stimuli [2]. Various chemicals
have a pharmacological effect by targeting this receptor,
which is due to architectural resemblance with other ligand
gate ion channel. This receptor has a three-dimensional
structure that resembles voltage dependent ion channel very
much because the membrane protein fragments 5 and 6
form ionic channels and act as pore region [3]. These center
pores are enclosed by four different continuous domains,
which act as voltage detectors during channel opening [4].

The common structural rearrangement of TRPs or voltage-
gated ion channels are unknown, despite these structural
similarities.

Schisandra chinensis is a traditional herbal medicine and
spread out all around the world and cultivated in Far Eastern
countries [5]. Recent studies have shown administration of
Schisandra chinensis to have numerous beneficial medical
effects, for example, as a neuroprotectant, on the significant
heath progress of immune system and cardiovascular system.
The lignans, schisandrin, and gomisins were chemical con-
stituents of Schisandra chinensis [6]. In traditional medicine,
the fruit of Schisandra chinensis is believed to treat diarrhea
and lack of energy, arrests excessive sweating, refreshes the
heart and kidneys, creates fluids, and reduces thirst [5].
Schisandra elevated physical durability and provides stress
protection for a wide range of injurious factors including
thermal shock, scalding, frostbite, and immobilization [5, 7].
Schisandra chinensis affects the immune system as well
as nervous and gastrointestinal system [8-12]. Schisandra
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chinensis contains bioactive compounds such as the gomisin
derivatives and their related compounds. Recent studies
reported many other lignans from the Schisandra chinensis
and they showed the various biological regulatory effects.
Schisandra chinensis is generally treated for a folk remedy
use, but its concrete mechanisms in the physicochemical and
pharmacological effects are not known in cell level.

The regulatory action of gomisin A on the TRPV1 recep-
tor channel was examined in this study. Although Schisandra
chinensis is used in folk remedy;, it is not known if the folk
usage is engaged in regulatory effects of ligand gated ion
channels. Accordingly, TRPV1 receptor channel cRNAs were
injected into Xenopus oocytes, and the regulatory action of
gomisin A on the capsaicin-induced currents was examined.
It was found that cotreatment of gomisin A attenuates the
capsaicin-elicited, inward peak currents in reversible, voltage
insensitive, concentration dependent, and noncompetitive
manner.

2. Materials and Methods

2.1. Materials. Gomisin A was purchased from Wuhan
ChemPFac Biochemical (Hubei, China). Stock solutions of
gomisin A of 100 mM concentration were prepared using
DMSO. The plasmid DNA encoding the human TrpV1 recep-
tor was obtained from OriGene. Other reagents were treated
from Sigma-Aldrich or used as supplied, unless otherwise
stated.

2.2. Preparation of X. laevis Oocytes and Mutagenesis of
TRPV1 Receptors. The treatment of oocytes and mutagenesis
were described in previous study [13]. Briefly, frogs caring
procedures were followed by the Jonnam National University
animal caring institute guidelines (JNU IACUC-YB-2017-07,
July 2017). The removed oocyte from X. laevis was collag-
enized with rocking for 2 hrs in bath solution. The matured
oocytes were selected and incubated in ND96 buffer with
antibiotics. The introduction of complementary RNAs into
the vegetable or animal pole of single cells was carried out
using a microinjector. Oocyte recording experiments were
tried out after 48 hrs for each expressed oocyte. The TRPV1
mutants were made by MAX-QuikChange mutagenesis pro-
tocol with Pfu DNA polymerase and desired mutation
primers.

2.3. Molecular Docking Studies. The docking studies were
investigated on Intel i7, PC with 16 GBRAM running the
Windows 8 operating system, using AutoDock Tools (version
1.5) by the Scripps Institute. The protein structure of TRPV1
receptors was obtained from the Protein Data Bank (ID
code 3J5P), and the 3D structure of the ligand (gomisin A)
was obtained from Pubchem. The protein-ligand complex
was programmed using AutoDock Tools and considered
with minimized binding energy, inhibition constant, and
intermolecular energy. The complex was analyzed using Lig-
plot (ver. 4.5.3) by EMBL-EBI and Pymol (ver. 1.8.4.2) by
Schrédinger. Ligplot showed interactions between the pro-
tein and the ligand. Pymol was used to measure the distance
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between the complex and mutagenesis of amino acids of
TRPV1 receptors.

2.4. Data Recording. The single cells were put in flowing
buffer bath (The Warner Instruments) and flowed by ND96
medium at 1 ml/min. Each single oocyte was then penetrated
with two thin electrodes filled with electrolyte solution. The
microelectrodes resistance was from 0.5 to 0.8 MQ. The
electrophysiological experiment was performed at RT with
Oocyte Clamp Amplifier and data collection was performed
using Digidata 1320 and pClamp 9 (Molecular Devices, CA).
For this study, the holding potential was clamped on —80 mV
in each cell. The ramp experiments of the currents voltages
relationship were shed from —80 to +60 mV of experiments
of TRPVI receptors current. Stock solution of 250 mM of
gomisin A and used chemical compounds were prepared with
DMSO and then they were diluted to each low concentration
for actual use with ND96 bath buffer.

2.5. Data Analysis. The data analysis was described in pre-
vious study [13]. To acquire dose dependent curves for the
effects of gomisin A on capsaicin-induced current, the
induced peak currents at each gomisin A concentration were
plotted using the Hill equation. A significance among the
mean of the application values was measured using two-
way ANOVA with Tukey tests of Origin pro 7.0 statistic soft-
ware.

3. Results

3.1. Effect of Gomisin A on Control Oocytes and Oocytes
Expressing Human TRPVI. Initially, the two microelectrode
voltage clamping methods were adapted to study the reg-
ulatory action of gomisin A on the oocytes that had been
injected with 40 nl H,O (the control). Injection of capsaicin
(1uM) or gomisin A (10 uM) into oocytes did not result in
any inward peak current. Coapplication of 1 yM capsaicin and
10 uM gomisin A also did not result in an inward current
(data not shown). Then, the regulatory action of gomisin
A against inward current was mediated by human TRPV1
receptor channel at membrane voltage potential as —-80 mV.
The treatment of 1M capsaicin stimulated an inward cur-
rent, and gomisin A (100 M) had no effect on currents of
human TRPV1 receptor. Cotreatment of capsaicin (1 M) and
capsazepine (10 uM), a TRPV1 receptor channel antagonist,
blocked the capsaicin-stimulated inward current, showing
that expressed TRPV1 receptors were functionally operated
in this experiment (Figure 1(b)).

3.2. Effect of Gomisin A on Capsaicin-Elicited Inward Peak
Currents in Oocytes Expressing Human TRPVI Receptor Chan-
nel. Next, the regulatory action of gomisin A on capsaicin-
induced inward current arbitrated by human TRPV1receptor
channel was evaluated in a reversible manner. Coapplication
of the oocytes with gomisin A (100 uM) with 1 uM capsaicin
blocked the capsaicin-mediated current (Figures 1(c) and
1(d); n = 9-10 from nine different frogs). The percent
inhibitory effect by gomisin A was 46.5 + 4.5%. The preap-
plication of gomisin A was 48.2 + 7.2%, showing that either
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FIGURE 1: Effect of gomisin A on control oocytes or oocytes expressing human TRPV1 receptor channel. (a) Chemical structure of gomisin A.
(b) Application of capsaicin (1 M) stimulated an inward current, whereas gomisin A (100 M) alone had no effect on oocytes expressing
human TRPVI receptor channel at a holding potential of —80 mV. Cotreatment of capsaicin (14M) and capsazepine (10 M), which
the respective TRPV1 receptor channel antagonist that blocked capsaicin-stimulated inward current, indicated that these receptors were
functionally expressed in the experiment. (c) The effect of gomisin A on the capsaicin-stimulated inward current mediated by human TRPV1
receptor channel expressed in Xenopus oocytes. The coapplication of the oocytes with gomisin A (100 uM) with 1M capsaicin inhibited the
capsaicin-induced inward current in a reversible manner (n = 9-12 from four different frogs). (d) The percent inhibition was 46.5 +4.5% and
79.5+4.5% by 100 4M gomisin A and 10 4M capsazepine. The preapplication of gomisin A was 48.2+7.2%, indication that either coapplication
or preapplication causes the same extent of inhibition (data not shown). * P < 0.05, ** P < 0.005 compared with response of capsaicin.

coapplication or preapplication resulted in the same degree of
inhibition (data not shown).

3.3. Current-Voltage Relationship and Concentration Depen-
dency of the Capsaicin-Stimulated Inward Current in Response
on Gomisin A Induced Inhibitory Effects. In further experi-
mental process, we evaluate the mechanism by which gomisin
A inhibited capsaicin-induced current of human TRPV1
receptor channel. The current-voltage relationship elicited
by only 1uM capsaicin or by 1uM capsaicin plus gomisin
A (100 uM) was measured. These responses to treatment
were then checked by holding membrane voltage potential
as —80mV and then increasing it from —100 to +80 mV
on intensity of 1sec (Figure 2(a)). The reversal membrane
voltage potential of capsaicin-induced inward current was

negative voltage near —10 mV. Coapplication of gomisin A
with capsaicin blocked both inward (minus currents area)
and outward (plus currents area) currents smaller than
those induced by only capsaicin treatment. The inhibition
of gomisin A on capsaicin-induced inward current was volt-
age insensitive. Gomisin A inhibited the capsaicin-induced
inward current by 71.1+16.2% at —100 mV and 42.6+11.2% at
+80mV (n = 7-9 from three different frogs). Concentration
response tests elicited that coapplication with capsaicin plus
different concentrations of gomisin A inhibited the capsaicin-
stimulated inward peak current in human TRPVI recep-
tor (Figure 2(b)). The ICy, values were 62.1 + 3.7 uM for
capsaicin-stimulated inward current. Hill coefficients were
1.9 + 0.1 for the capsaicin-induced inward current (n =
8-12 from five different baths). It indicates that gomisin A
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FIGURE 2: The voltage-dependency and concentration dependency of gomisin A on capsaicin-stimulated inward current in oocytes expressing
human TRPV1 receptor channel. (a) The representative current-voltage relationship was obtained using 1sec duration voltage ramps from
-100 to +80 mV, at a holding potential of —80 mV. Voltage steps were applied before and after the application of capsaicin in the presence
or absence of gomisin A (100 uM). (b) The capsaicin-induced inward current in oocytes was elicited at a holding potential of —80 mV for
the indicated time, in the presence of 1 uM capsaicin, after which the indicated concentrations of gomisin A were coapplied with capsaicin.
Concentration response curves for the effect of gomisin A on oocytes expressing the TRPV1 receptor. The percentage inhibition by gomisin A
was calculated based on the average of the peak inward current elicited by capsaicin and that of the peak inward current elicited by capsaicin
plus gomisin A. Each point represents the mean + SEM (n = 7-12/group).

inhibits the capsaicin-stimulated inward current in a voltage
insensitive and concentration dependent way.

3.4. Dock Modeling of TRPV1 and Gomisin A. To analyze the
possible interaction way in gomisin A and TRPV1 channel,
our team used wild type and mutant covalent docking
homology modeling (Figure 3). The best-fit docking results
showed gomisin A to form strong H bonds with wild type
TRPVI, but not with mutants (Figure 4). The Y453, Y454,
R455, and N467 residues in each subunit were assigned as
the active site amino acid and it was set as 5 A from those.
Molecular docking revealed that gomisin A could fit into
this pocket, interacting with previously unidentified residues,
notably the positively charged amino acids from TRPV1 and
hydroxyl group of gomisin A. In Figure 4(c), segment 1 or
2 of each TRPVI subunits interacted with gomisin A, where
each Y453 residue interacts with gomisin A (distance = 3.9 A),
Y454 (3.2 A), R455 (3.5 A), and N467 (3.4 A).

3.5. Site-Directed Mutagenesis Study of TRPV1 and Gomisin A.
To confirm the activity of each residue, the ability of gomisin
A to regulate the current of a TRPV1 mutant in which each
residue was replaced by an alanine residue was tested. The
inhibitory effects of gomisin A on each of mutant channels
is shown in Figure 2(b) and Table 1. The Y453A or N467A
mutant showed significant attenuation of the inhibitory
effects of gomisin A; the double mutation (YRA2) to alanine
reduced the activity by 75.4%; the V.. value was reduced
from 72.9+ 1.0 to 17.9 £ 6.5; and the n value changed from 1.9
to 1.2. It indicates that gomisin A-mediated regulatory effects
of TRPV1 channel activity were very closely associated with
the Y453A or N467A residues.

TaBLE 1: Effects of gomisin A on mutant TRPV1 receptor channel.

Vmax ICs, n
Wild type 729+ 1.0 62.1+3.7 1.9+0.1
A452Y 79.2+3.1 94.7 +12.3 22+038
Y453A 383+24 111.6 +19.5 1.2+05
Y454A 59.2+3.0 94.7 +9.5 22+038
R455A 64.4+2.6 82.5+8.2 1.7+0.6
V456A 91.5+2.6 722+92 1.8+0.8
L465A 68.3+3.5 782+ 4.6 1.8+0.3
K466A 64.7 2.1 81.5+59 23+0.5
N467A 24.7+2.0 134.7 +12.5 1.3+0.5
T468A 679+ 15 94.3+8.2 1.6 £0.5
V469A 72.5+5.6 82.5+12.5 2107
YNA2 17.9 £ 6.5 193.9 + 33.5 1.2+15

Values represent the means + SEM (n = 7-12/group). Currents were elicited
at a holding potential of =80 mV. ICsy (4M), V ;1. and Hill coefficient values
were determined as described in Materials and Methods.

4. Discussion

We demonstrated that gomisin A can regulate human TRPV1
receptor channel activity in Xenopus oocytes in the present
report. Three pieces of hypothetical reasoning to support
these conclusions were obtained. Firstly, gomisin A was found
to impart a reversible, inhibitory effect (Figure 1) on TRPV1
activity. Secondly, gomisin A inhibited a capsaicin-induced
inward current in TRPVI, in a concentration dependent
way, and the inhibition of capsaicin-induced inward cur-
rent by gomisin A occurred in a voltage insensitive way
(Figure 2). Thirdly, in an in silico study, gomisin A interacted



Evidence-Based Complementary and Alternative Medicine

(®)

(©)

(d)

FIGURE 3: Computational molecular modeling of gomisin A docked to TRPV1 channel. (a and ¢) Side views of the docked gomisin A in
complex with TRPV1 channel and (b and d) top views of docking model.

predominantly with residues at cavities in the segments
1 and 2 of each subunit of TRPV1 channel. This pocket
indicated four potential binding sites, and mutants of Y453A
or N467A showed significantly reduced activity of gomisin A
on currents of TRPV1 channel.

Schisandra chinensis contained gomisin derivatives, and
the berries were associated with the five flavors such as sweet,
sour, bitter, astringent, and salty. Thus, the taste of acidic and
salty were known hepatoprotective effects, while the bitter
and puckery tastes have curative effects on the cardiovascular
system, and the sweet flavor has a curative effect on the
gastric system [5, 7]. Specifically, Schisandra chinensis has
protective effects on cold stress-induced malondialdehyde
in hepatic system [14, 15] and antioxidant activity [16],

hepatic protective [5, 17-19], myocardial protective [17, 20],
antitumor [21-23], antivirus [24], and anti-inflammatory [25]
actions. In neuronal system, gomisin A was shown to reverse
scopolamine-induced cognitive impairments in rodents [26,
27]. 'The beneficial facts of Schisandra chinensis suggest that
gomisin derivatives can be treated on memory impairment
and the protective effects as medications are intermediated
by protective improvement of nerve system.

As mentioned previously, capsaicin evokes the sensation
of burning pain and hyperalgesia when applied subcuta-
neously or intradermally [3, 28]. These effects are medi-
ated predominantly by the action of capsaicin at primary
nociceptive afferent neurons [29, 30]. The enhancement of
capsaicin-stimulated currents in peripheral sensory-neurons
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FIGURE 4: The binding pocket and docking results of gomisin A and TRPV1 channel. (a) Gomisin A located in binding pocket in extracellular
area between segments 1 and 2 of TRPV1 channel. (b) 2D schematic presentation of the predicted binding mode of gomisin A in the ligand
binding pocket. The ligands and important residues are shown. (c and d) Binding interface and gomisin A of the wild type (c) and the four
mutant channels, whose mutations disturb the interaction with gomisin A to varying degrees.

usually results in the release of more pain-causing neuro-
transmitters. Previous reports showing the neuroprotective
effect of gomisin A, and its capacity to attenuate neuronal
related behavior induced by capsaicin treatment, are more
likely to be due to their interaction at the sites of the
central nervous system. Moreover, Schisandra chinensis can
recover hypersensitive stomach ache induced by intestine 5-
HT pathway in rats [31]. However, the present results do not

inform how the in vitro improvement of capsaicin-stimulated
currents by gomisin A relates to the in vivo inhibition of the
capsaicin-stimulated, agony related behavior. One possibility
is that gomisin A might interact with the TRPV1 receptor
at the spinal level. Thus, in vivo administration of gomisin
A at the central nervous system prior to administration of
capsaicin might positively exert an effect on TRPV1 receptor
channel activity.
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Many previous reports show that various agents regulate
ligand gated-ion channels expressed in Xenopus oocytes [32,
33]. These results indicate that gomisin A may play a role
in regulation of neurotransmitter release or excitable neuron
induced by TRPV1 receptor channel activation. In addition,
our research results show that gomisin A can be used
as a therapeutic medication for the relief TRPVI receptor
channel-related clinical symptoms.

In conclusion, we have shown that gomisin A inhibits
capsaicin-induced inward current by interacting with seg-
ments 1 and 2 of the TRPV1 receptor channel. These inhibito-
ry effects of gomisin A on the agonist gated-gated ion channel
may explain some of its pharmacological effects.
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