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Topical application of Zanthoxylum
piperitum extract improves lateral
canthal rhytides by inhibiting
muscle contractions

Wooseon Hwang™, Daehyun Kim, Oh Sun Kwon, Yun-Sun Kim, Byungjun Ahn &
Nae-Gyu Kang™*

Facial wrinkles are the predominant phenotypes of skin aging. To date, one of the most effective ways
to improve wrinkles is botulinum toxin type A (BoNT/A) injection, which inhibits muscle contractions
by reducing acetylcholine release from neurons. However, since BoNT/A is a hazardous neurotoxin,
the injection can only be performed by medical doctors and the procedure is only possible through
invasive injection, causing inconveniences such as pain. To overcome these inconveniences, we tried
to find a way to reduce wrinkles non-invasively via mechanisms similar to BONT/A. We first designed
in vitro assays to test BONT/A-like muscle contraction inhibition in two different model systems.

By using the assays, we identified Zanthoxylum piperitum (Z. piperitum) fruit extract as a BoNT-like
reagent (27.7% decrease of muscle contraction rates by 1000 ppm of Z. piperitum extract treatment).
Next, we determined mechanisms of how Z. piperitum extract decreases muscle contraction rates
and found that the extract treatment inhibits electrical signal transduction in neurons. We also
showed that among known components of Z. piperitum extract, quercitrin is responsible for muscle
contraction inhibition. We further identified that Z. piperitum extract has synergistic effects with
acetyl hexapeptide-8 and BoNT/A light chain, which are well-known BoNT-like peptides. Finally,

we showed that topical treatment of the Z. piperitum extract indeed decreases facial wrinkles and
treatment of Z. piperitum extract with acetyl hexapeptide-8 has a tendency to improve wrinkles
synergistically (14.5% improvement on average). The synergistic effect of the combination is expected
to improve wrinkles effectively by implementing the BoNT/A mechanisms in a non-invasive way.

Facial wrinkles are the predominant and visible phenotypes of skin aging. Wrinkles are classified by 4 types
according to their anatomical characteristics'. The 4 types of wrinkles are atrophic, elastotic, expressional, and
gravitational wrinkles. Among them, expressional wrinkles have distinct patterns according to the forces imposed
by facial expression muscles!. Lateral canthal rhytides (Crow’s feet) are the representative example of the expres-
sional wrinkles.

Botulinum toxin type A (BoNT/A) injection is one of the most common and effective procedures to reduce
facial wrinkles, especially for expressional wrinkles?. BoNT/A improves wrinkles by inhibiting muscle contrac-
tions. BONT/A reduces acetylcholine release from neuronal cells through cleaving SNARE (SNAp REceptor)
complex component SNAP-25 (Synaptosomal-Associated Protein with 25 kDa size). The reduction of the ace-
tylcholine release causes muscle contraction inhibition and prevents exaggeration of the experimental wrinkles?.

Although the BoONT/A injection is effective to treat wrinkles, the procedure can only be performed by medi-
cal doctors since BONT/A is a neurotoxin. Moreover, the injection procedure is only possible through invasive
injection. To overcome these inconveniences, dermatologists and the cosmetics researchers have made efforts
to improve wrinkles via mechanisms similar to that of BONT/A in a non-invasive way. For example, Lipotec,
Ltd. developed an acetyl hexapeptide-8 as a BONT-like wrinkle-reducing ingredient®. The acetyl hexapeptide-8
is composed of a short sequence of SNAP-25 so that it competitively binds to the SNARE complex instead of
SNAP-25 to inhibit SNARE formation. Another BoNT-like cosmetic ingredient is a light chain of Botulinum
toxin (BoNT/A-LC) tagged with transdermal peptide TD1 (Transdermal Peptide-1)* or TAT (TransActivator of
Transcription peptide)°. Despite these efforts, the identification of novel muscle contraction-inhibitory chemicals
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Figure 1. Muscle contraction assays in the co-cultured cell system and C. elegans system. (A) Validation of the
muscle contraction assay in a co-cultured cell system. Botulinum toxin type A (BoNT/A) treatment inhibited
muscle contraction in a dose-dependent manner. (B) Acetyl hexapeptide-8 (AH8) and BoNT/A light chain
(BoNT/A LC), which are known as BoNT-like reagents also inhibited muscle contraction in cells. (C) Muscle
contraction inhibition by acetyl hexapeptide-8 (AH8) treatment was reversible in C. elegans. Ten percent of
acetyl hexapeptide-8 fully inhibited the movement of C. elegans, and the paralysis was completely recovered after
removing chemicals by simple washing. (D) Acetyl hexapeptide-8 treatment inhibited muscle contraction in C.
elegans as well. For the muscle contraction assays, all the experiments were performed at least twice. Error bars
represent standard error of mean (S.E.M., *p <0.05, *p<0.01, ***p <0.001, two-tailed Student’s t-test).

is still challenging. For example, since non-mammal or in vitro methods to test muscle contraction inhibition
are scarce, it is hard to test candidate materials.

Results

To identify compounds that inhibit muscle contraction, we first designed muscle contraction assays in two
different model systems, a co-cultured cell system, and a Caenorhabditis elegans (C. elegans) system. First, we
validated the cell culture system-based assay with the Botulinum toxin type A (BoNT/A) treatment and found
that BONT/A treatment inhibits contraction of muscle cells in a dose-dependent manner (Fig. 1A). We also
tested known BoNT-like reagents, the acetyl hexapeptide-8 and light chain part of the BONT/A (BoNT/A LC),
and found that 100 ppm of acetyl hexapeptide-8 and BoNT/A LC inhibits muscle contractions 26% and 13%,
respectively (Fig. 1B and Supplementary Video 1 and 2). These data also validated the assays.

To examine the muscle contraction at the organismal level, we used C. elegans as a model. C. elegans is widely
used as an experimental model especially in the neuroscience field because the nervous system is much simpler
than mammals®”. In addition, a previous study showed that BONT/A treatment could paralyze C. elegans®,
indicating that the pathways required for the BoNT/A-mediated muscle contraction inhibition are conserved
in C. elegans. Also, changes in muscle activity or contraction can be easily monitored by examining body move-
ments. We treated worms with acetyl hexapeptide-8 and found that acetyl hexapeptide-8 treatment decreases
the movement of worms does-dependently (Fig. 1C, D, and Supplementary Video 3 and 4). With the data, we
also validated the muscle contraction assays in the C. elegans system.

Next, we tested candidate chemicals for muscle contraction inhibition. Among candidates, we focused on the
Zanthoxylum piperitum (Z. pipertium). Z. piperitum has been traditionally used as a pain-relieving herb in Asian
countries including Korea and the anti-nociceptive activity is experimentally confirmed’. Besides, Z. piperitum
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tastes tingling and numbing, similar to the symptoms of weak paralysis. Considering these characteristics, we
hypothesized that Z. piperitum extract treatment could inhibit muscle contraction. Indeed, the treatment of Z.
piperitum extract inhibited muscle contraction in C. elegans dose-dependently (Fig. 2A). One thousand parts-
per-million (ppm) of Z. piperitum extract reduced 30% of muscle contraction rates, which is similar to the effect
of 10% of acetyl hexapeptide-8 treatment. This result suggests that Z. piperitum extract can act as a BONT-like
compound.

To determine how Z. piperitum extract treatment inhibits muscle contraction rate, we tested whether Z.
piperitum extract regulates signal transduction in neurons. We found that Z. piperitum extract treatment reduced
Ca?* influx in neuronal cells (Fig. 2B), and as a result, reduced neurotransmitter release (Fig. 2C). These data
indicate that Z. piperitum extract inhibits muscle contraction by attenuating electric signal transduction in
presynaptic neurons.

Next, we examined which components in the Z. piperitum extract are responsible for muscle contraction
inhibition. Among the previously reported components of Z. piperitum extract'®, we tested the muscle contrac-
tion-inhibitory effects of two major compounds, quercitrin and hyperoside. We found that quercitrin treatment
decreased the muscle contraction rates but hyperoside treatment had little or no effect (Fig. 2D), suggesting that
quercitrin is responsible for muscle contraction inhibition.

To enhance the wrinkle-reducing effects of BONT-like compounds, we tried to maximize the muscle contrac-
tion-inhibitory effects of Z. piperitum extracts. Based on the aforementioned findings that Z. piperitum extract
treatment reduced muscle contraction rate by inhibiting Ca?* influx into neurons, we designed two strategies to
enhance the muscle contraction-inhibitory effects of Z. piperitum extract. First, other BONT-like compounds that
target different steps at the signal transduction or transmission might have synergistic effects with Z. piperitum
extract. Second, to increase the efficiency of BoNT-like compounds by enhancing skin absorption.

For the first approach, we tested two BoNT-like reagents, acetyl hexapeptide-8 and BoNT/A light-chain
tagged with TD1 transdermal peptide (TD1-LC), which inhibit SNARE complex formation. Indeed, we found
that Z. piperitum extract treatment synergistically reduces the muscle contraction rate with acetyl hexapeptide-8
and TD1-LC (Fig. 3A and B). One hundred parts-per-million (ppm) of acetyl hexapeptide-8 treatment had no
effect on muscle contraction rate in C. elegans (Fig. 3A). On the other hand, when we treat worms with 100 ppm
of acetyl hexapeptide-8 together with 100 or 500 ppm of Z. piperitum extract, muscle contraction rate decreased
more than the reducing effect of the single treatment of Z. piperitum extract. We confirmed the synergistic effects
of Z. piperitum extract and acetyl hexapeptide-8 on muscle contractions in different concentrations (Figure S1A)
as well as in a different system (cell culture system, Figure S1B). These results suggest that Z. piperitum extract
and other BoNT-like chemicals such as acetyl hexapeptide-8 and BoNT/A LC might synergistically reduce
wrinkles as well.

For the second approach, we tested ultra-low molecular weight hyaluronic acid which is previously reported
to increase the skin absorption of acetyl hexapeptide-8''. Consistent with the previous report, hyaluronic acid
increased the absorption rate of acetyl hexapeptide-8 (Figure. S2A-C), but it did not further increase the muscle
contraction-inhibitory effect of Z. piperitum extract and acetyl hexapeptide-8 (Fig. 3C).

Finally, we determined the effect of topical treatment of Z. piperitum extract on facial wrinkles (Fig. 4A and
B). Compared to placebo treatment, Z. piperitum extract treatment for 12 weeks ameliorated lateral canthal
rhytides (Crow’s feet) (Fig. 4A). The topical treatment of Z. piperitum extract improved 11.4% of lateral can-
thal rhytides (Fig. 4A and B). We also examined whether Z. piperitum extract and acetyl hexapeptide-8 have
synergistic effects on wrinkle improvement and found that topical treatment of Z. piperitum extract and acetyl
hexapeptide-8 together has a tendency to improve wrinkles synergistically (Fig. 4A and B, 14.5% reduction on
average). Together, these data indicate that Z. piperitum extract treatment can improve wrinkles by inhibiting
facial expression muscle contraction, and the combination of Z. piperitum extract and acetyl hexapeptide-8 might
have synergistic effects on wrinkles.

Discussion

After we examined the muscle contraction-inhibitory effects and wrinkle-reducing effects of Z. piperitum as
well as acetyl hexapeptide-8, we questioned whether these cosmetic ingredients can penetrate the skin barrier
to reach sensory neurons. Among topically applied acetyl hexapeptide-8, 6.5% of samples were absorbed in the
stratum corneum (SC) layer, and total 7.8% of the samples were absorbed in the epidermis and dermis layers
including SC (Figure $3). A small portion (0.03%) of the acetyl hexapeptide-8 even penetrates the epidermis and
dermis layers (Figure S3). Since nerve endings of the sensory neurons are innervated in the epidermal layers'*™"4,
acetyl hexapeptide-8 absorbed in the epidermis and dermis layers is likely to inhibit muscle contraction, and as
a result, ameliorates expressional wrinkles.

One of the interesting points is there is a gap between concentrations of acetyl hexapeptide-8 in cell culture
systems and in C. elegans. For 30% of muscle contraction inhibition, 100 ppm of acetyl hexapeptide-8 is required
for cell-based assays. In the case of C. elegans, 10% of acetyl hexapeptide-8 is required. This concentration gap
might be due to the differences in the excessiveness of chemicals for the neuronal cells. In the case of the co-
cultured cell system, since cells are directly exposed to acetyl hexapeptide-8, low concentration (ppm range)
might be enough to inhibit muscle contraction. In the case of C. elegans, since worms are organisms, acetyl
hexapeptide-8 should pass through thick cuticle layers or enter to the cilia of sensory neurons, so much higher
concentration might be needed. In humans, 10% of acetyl hexapeptide-8 is required for 30% of wrinkle reduc-
tion, similar to the case of C. elegans’.

Kim et al. previously showed that ultra-low molecular weight hyaluronic acid (0.5-10.1 kDa) promotes skin
absorption of acetyl hexapeptide-8'!. Based on this, we thought that hyaluronic acid may increase the muscle
contraction-inhibitory effects of Z. piperitum extract and acetyl hexapeptide-8 by enhancing the absorption of
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Figure 2. Identification of Z. piperitum extract as a BONT-like ingredient. (A) Zanthoxylum piperitum (Z.
piperitum) extract treatment inhibited muscle contraction rates in a dose-dependent manner. (B and C)
Mechanisms of how Z. piperitum extract inhibits muscle contraction. Z. piperitum extract treatment reduced
Ca?" jon influx into the neuronal cells (n=5) (B), resulting in a decrease in neurotransmitter release (n="7) (C).
(D) Effects of hyperoside or quercitrin treatment on muscle contraction rates. Hyperoside treatment had little or
no effect on muscle contraction, however, quercitrin treatment inhibited muscle contraction. All the muscle-
contraction assays were repeated at least twice. Z. p. indicates Z. piperitum extract. Error bars represent standard
error of mean (S.E.M., *p <0.05, **p <0.01, **p <0.001, two-tailed Student’s t-test).
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Figure 3. Synergistic effects of Z. piperitum extract and BoNT-like ingredients on muscle contraction
inhibition. (A and B) Z. piperitum extract treatment synergistically inhibited muscle contraction with acetyl
hexapeptide-8 (AHS8) (A) and TD1-BoNT/A LC (TD1-LC) (B). (C) Muscle contraction inhibitory effects of
the combination of Z. piperitum extract (Z. p.), acetyl hexapeptide-8 (AH8), and hyaluronic acids (HA). All the
assays were performed at least twice. Error bars represent standard error of mean (S.E.M., n.s. not-significant,
*p<0.05, ¥*p<0.01, ***p<0.001, two-tailed Students t-test).

them, however, but it was not the case. Although the result was negative, hyaluronic acid still has a possibility to
enhance the effects of Z. piperitum extract and acetyl hexapeptide-8 in humans. Since C. elegans has relatively
simple and premature skin structures compared to that of human'®, hyaluronic acid treatment might have no
effect. But in the case of humans, promoting skin absorption can enhance muscle contraction-inhibitory effects.
It would be interesting to examine the synergy between Z. piperitum extract, acetyl hexapeptide-8, and hyalu-
ronic acid in humans.

In this study, we investigated non-invasive cosmetic ingredients that can ameliorate symptoms of skin aging
such as wrinkles. We identified Z. piperitum extract as a wrinkle-reducing reagent and determined the mecha-
nism-of-action of Z. piperitum extract. Finally, we showed that Z. piperitum extract treatment decreased lateral
canthal rhytides in humans. Considering the fact that the effect of BONT/A injection is irreversible and lasts at
least several months, treatment of Z. piperitum extract and/or acetyl hexapeptide-8 seems to be much safer than
BoNT/A because it is fully reversible. Thus, we propose the combination of Z. piperitum fruit extract and acetyl
hexapeptide-8 as a safe and non-invasive cosmetic application to improve expressional wrinkles.

Scientific Reports|  (2020) 10:21514 | https://doi.org/10.1038/s41598-020-78610-w natureresearch



www.nature.com/scientificreports/

A

Placebo

Z. piperitum

Z. piperitum

+ AH8

0t week 12t week B
R O Placebo

@ Z. piperitum
_ B Z piperitum + AH8

II N
o O o1 O

_
o O

% Wrinkkle changes

R
o
L

= p=0.07
4 weeks 8 weeks 12 weeks

Figure 4. Wrinkle-reducing effect of Z. piperitum extract. (A and B) Improvement of the lateral canthal
rhytides (Crow’s feet) by topical treatment of Z. piperitum extract and acetyl hexapeptide-8 (AHS8) (A) and the
quantification (B). Topical treatment of Z. piperitum extract for improved lateral canthal rhytides. In addition,
topical treatment of Z. piperitum extract and acetyl hexapeptide-8 (AHS8) together tended to improve wrinkles
synergistically, but the statistics were not significant. Error bars represent standard error of mean (S.E.M.,
*p<0.05, two-tailed Students t-test).

Materials and methods
Strains, cell lines, and reagents. For cell culture experiments, C2C12 mouse skeletal myoblasts (ATCC
CRL-1772), PC12 a pheochromocytoma of the rat adrenal medulla cells (ATCC CRL-1721), and NG108-15
mouse neuroblastoma x rat glioma cells (ATCC HB-12317) were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA).

The following media compositions were used for the subculture of corresponding cells:

e (C2C12: DMEM with 10% fetal bovine serum, 1% penicillin-streptomycin

e NG108-15: DMEM (w/o sodium pyruvate) with 10% fetal bovine serum, 0.1 mM hypoxanthine, 400 nM
aminopterin, 0.016 mM thymidine, 1.5 g/L sodium bicarbonate and 1% penicillin-streptomycin

e PC12: RPMI-1640 media with 10% heat-inactivated horse serum and 5% fetal bovine serum and 1% penicil-
lin-streptomycin

All the reagents for preparing media were purchased from Gibco, USA.

The Caenorhabditis elegans (C. elegans) strain N2 wild-type, provided by Caenorhabditis Genetics Center,
which is funded by the National Institutes of Health—Office of Research Infrastructure Programs (P40
0D010440), was examined in this study.

Other reagents were purchased as the following information; Z. piperitum fruit extract (OBMlab, Korea),
BoNT/A (Innotox, Hugel, Korea), BONT/A LC (Bioprogen, Korea), TD1-LC (BPMed Cosmetic, Korea), Acetyl
hexapeptide-8 (Beadteach, Korea), Acetyl hexapeptide-8-FITC (Peptron, Korea), ultra-low molecular weight
(0.5-10.1 kDa) hyaluronic acid (trade name: Oligo-HA, SK Bioland, Korea).

Co-cultured cell-based muscle contraction assay. We performed muscle contraction assays as pre-
viously described'® with modifications. C2C12 myoblast cells and PC12 pheochromocytoma cells were used
for the muscle contraction assay. Briefly, C2C12 cells were differentiated for 6 days in DMEM (Gibco, USA)
containing 10% heat-inactivated horse serum (Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA).
Then the differentiated C2C12 cells were co-cultured with PC12 cells for 4 days in DMEM containing 10%
heat-inactivated fetal bovine serum (Gibco, USA) and 1% penicillin-streptomycin. For the muscle contrac-
tion assay, co-cultured cells were washed gently with Phosphate-Buffered Saline (PBS, Gibco, USA), and treated
with serum- and antibiotics-free DMEM containing specific concentrations of chemicals. The cells then were
subjected to 20 V, 20 ms, 1 Hz of electric pulse stimulations for 30 min using a C-Pace pulse generator (C-Pace
EP, TonOptix, USA). Muscle contraction rates were counted for 30 s by observing the contraction of muscle cells
under a Leica DM IRM microscope (Leica, Germany), and converted to the number of contractions per minute.

Muscle contraction assay in C. elegans. Muscle contraction assay was designed based on the ideas of
swimming rate assay or motility assay described previously with modifications'”'®. Briefly, synchronized young
adult worms were harvested with M9 buffer and washed mildly. Worms were treated with specific concentra-
tions of chemicals that were solubilized in 1 mL of M9 buffer for 1 h at 20 °C. After treatment, worms were
washed twice with M9 buffer and transferred into 24-well plates containing 1 mL of fresh M9 buffer. After 1 min

Scientific Reports|  (2020) 10:21514 | https://doi.org/10.1038/s41598-020-78610-w natureresearch



www.nature.com/scientificreports/

of equilibration, the movement of worms was observed by using Invitrogen EVOS FL Auto 2 (Thermo Fisher,
USA). The body bends of individual worms were considered as one muscle contraction and the number of
muscle contractions was counted for 30 s. The number of muscle contraction per minute were then calculated.

Calcium influx assay. Calcium influx assay was performed by using the FLIPR Calcium Assay Kit (Molec-
ular Devices, USA) as described previously'®. NG108-15 cells were seeded on the poly-L-lysine-coated 96-well
plate. After 3 days, cells were treated with Z. piperitum extract diluted in the serum-free DMEM for an hour.
After Z. piperitum extract treatment, cells were treated with loading dye for 2 h. Intracellular calcium ion con-
centrations were examined upon 70 mM of KCl stimulation at 485/525 nm by using FLEXstation (Molecular
Devices, USA).

Neurotransmitter release. To examine neurotransmitter release, we applied the Neurotransmitter
Transporter Uptake Assay Kit (Molecular Devices, USA) with modifications. After 3 days of co-cultivation of
C2C12 and NG108-15 cells, cells were treated with dye solution for 30 min for cells to take up the neuro-
transmitter-mimic fluorescent dye. Next, cells were treated with Z. piperitum extract diluted with HBSS (with
20 mM HEPES, Gibco, USA) for 30 min. Neurotransmitter release was induced with 70 mM KCl treatment. The
decrease of intracellular fluorescent levels was monitored by using FLEXstation (Molecular Devices, USA) at the
485/525 nm.

Analysis of the skin absorption of FITC-tagged acetyl hexapeptide-8. Analysis of the skin absorp-
tion of FITC-tagged acetyl hexapeptide-8 was performed as described previously with some modifications'*.
Briefly, a reservoir of Franz diffusion cells was filled with PBS and porcine skin (Micropig, back skin, 2.5x2.5
cm?, 1 mm thickness, MediKinetics, Korea) was placed on the Franz diffusion cells. One hundred microliters of
the aqueous solution containing FITC-tagged acetyl hexapeptide-8 were applied topically and then incubated
at 37 °C with 50% relative humidity for 16 h. After incubation, to remove residual samples on the porcine skin,
the surface of the porcine skin was wiped-off 3 times by using PBS-socked cotton swabs. To examine the amount
of samples absorbed in the stratum corneum layer, the porcine skin was stripped-off 3 times with D-Squame
tape (Eurofins Dermatest Pty Ltd, Australia). Each tape was soaked with 1 ml PBS, and incubated for 2-3 h at
50 °C to extract the samples absorbed in the stratum corneum. To examine the amount of samples absorbed in
the epidermis and the dermis layers, tape-stripped porcine skin was placed in the plastic bag and then soaked
in hot water (65 °C) for 30 s. Epidermis and dermis were separated by pushing the surface of the skin by using
a flat iron spatula. Each tissue was homogenized by using a Precellys 24 homogenizer (Bertin Technologies,
Montigny, France) and centrifuged (Centrifuge 5427R, Eppendorf, Hamburg, Germany) at 18,000 g for 10 min.
Each supernatant was used for examining the amount of permeated FITC by using a fluorescence spectrometer
(Varioskan Lux, Thermo Fisher Scientific, Waltham, MA, USA).

To determine the effect of hyaluronic acid on acetyl hexapeptide-8 absorption, porcine skin fixed with Franz
diffusion cell was prepared as described above. Twenty microliters of the aqueous solution containing FITC-
tagged acetyl hexapeptide-8 and ultra-low molecular weight hyaluronic acid were applied topically and then
incubated at 37 °C with 50% relative humidity for 16 h. The formaldehyde-fixed paraffin sections were used
for fluorescent imaging. FITC-tagged acetyl hexapeptide-8 was imaged by using Invitrogen EVOS FL Auto 2
(Thermo Fisher, USA). The fluorescent intensity in the stratum corneum layer or epidermis was quantified by
using Image]J (http://imagej.nih.gov/ij/).

Clinical study. We recruited 24 healthy women aged over 38 years old. Of 24 healthy female volunteers
who were initially included in the trial 23 completed the study and were included in the final analysis. The
study was randomized, double-blinded, and placebo-controlled. The participants were divided into a placebo
group (n=8), Z. piperitum extract-treated group (n=7, 60 ppm), and Z. piperitum extract (60 ppm) with acetyl
hexapeptide-8 (50 ppm)-treated group (n=8). Lateral canthal rhytides were evaluated after daily application of
corresponding formulations for 0, 4, 8, 12 weeks by using a 3D skin imaging system PRIMOS High Resolution
(Canfield Scientific GmbH, Germany). Images adjusted to the same position by 3D matching function and were
analyzed by using the PRIMOS Lite software. The measurement variable Ra (an arithmetic average value of all
heights and depths to the reference plane, um unit) was used for evaluating wrinkles as previously described?'.
Percent wrinkle change was calculated based on the initial Ra value (Ra at the 0™ week).

Ethics statement. The clinical study was conducted by the principles and guidelines expressed in the Dec-
laration of Helsinki. The experimental design was approved by the institutional review board of LG Household
and Health Care, Ltd. (LGHH-20200327-AA-01). The institutional review board is operated independently
including external evaluation members following the Korean Bioethics and Safety Act and certified by the Min-
istry of Health and Welfare of Korea (Certification No.1-20,170,421,107-AB-N-01). All participants provided
informed written consent prior to the study enrollment.

Data availability
All data generated or analyzed during this study are included in the Supplementary Dataset. The original pictures
or data generated during the clinical study are available from the corresponding authors on reasonable request.

Received: 26 June 2020; Accepted: 26 November 2020
Published online: 09 December 2020

Scientific Reports |

(2020) 10:21514 | https://doi.org/10.1038/s41598-020-78610-w nature research


http://imagej.nih.gov/ij/

www.nature.com/scientificreports/

References
1. Pierard, G. E., Uhoda, I. & Pierard-Franchimont, C. From skin microrelief to wrinkles. An area ripe for investigation. J. Cosmet.
Dermatol. 2,21-28 (2003).
2. Small, R. Botulinum toxin injection for facial wrinkles. Am. Fam. Physician 90, 168-175 (2014).
3. Blanes-Mira, C. et al. A synthetic hexapeptide (Argireline) with antiwrinkle activity. Int. J. Cosmet. Sci. 24, 303-310 (2002).
4. Lee, B.K,, Lee, K. ], Kim, M. & Park, H. Novel cell penetrating peptide, conjugate thereof with botulinum toxin, and use thereof.
US201462004426P, 1-264 (2015) doi:https://doi.org/10.8080/1020167032746.
5. Saffarian, P. et al. TAT-BoNT/A(1-448), a novel fusion protein as a therapeutic agent: analysis of transcutaneous delivery and
enzyme activity. Appl. Microbiol. Biotechnol. 100, 2785-2795 (2016).
6. Bargmann, C. I. Chemosensation in C. elegans. WormBook: the online review of C. elegans biology (2006) doi:https://doi.
org/10.1895/wormbook.1.123.1.
7. Lee, Y. et al. Genes and Pathways That Influence Longevity in Caenorhabditis elegans. in Aging Mechanisms 123-169 (Springer
Japan, 2015). doi:https://doi.org/10.1007/978-4-431-55763-0_8.
8. Kim, D.-W.,, Lee, S.-K. & Ahnn, ]. Phenotypic effect of botulinum toxin A on Caenorhabditis elegans. Anim. Cells Syst. 18, 172-177
(2014).
9. Donald, G. R, Fernandes, P. D., & Boylan, E. Antinociceptive activity of zanthoxylum piperitum DC. Essential oil. Evid. Based
Complement. Alternat. Med. 2016, (2016).
10. Jeong, C. H. et al. Neuronal cell protective and antioxidant effects of phenolics obtained from Zanthoxylum piperitum leaf using
in vitro model system. Food Chem. 125, 417-422 (2011).
11. Kim, Y. et al. Hyaluronic acid enhances the dermal delivery of anti-wrinkle peptide via increase of stratum corneum fluidity. J.
Soc. Cosmet. Sci. Korea 44, 447-448 (2018).
12. Hsieh, S. et al. Skin innervation and its effects on the epidermis. J. Biomed. Sci. 4, 264-268 (1997).
13. Han, L. et al. A subpopulation of nociceptors specifically linked to itch. Nat. Neurosci. 16, 174-182 (2013).
14. Takahashi, S. et al. Homeostatic pruning and activity of epidermal nerves are dysregulated in barrier-impaired skin during chronic
itch development. Sci. Rep. 9, 8625 (2019).
15. Page, A. The cuticle. WormBook 1-15 (2007) doi:https://doi.org/10.1895/wormbook.1.138.1.
16. Evers-Van Gogh, 1. ]. A. et al. Electric pulse stimulation of myotubes as an in vitro exercise model: Cell-mediated and non-cell-
mediated effects. Sci. Rep. 5, 1-11 (2015).
17. Xu, C. et al. Genetic inhibition of an ATP synthase subunit extends lifespan in C. elegans. Sci. Rep. 8, 1-14 (2018).
18. Bansal, A., Zhu, L. ], Yen, K. & Tissenbaum, H. A. Uncoupling lifespan and healthspan in Caenorhabditis elegans longevity mutants.
Proc. Natl. Acad. Sci. U.S.A. 112, E277-E286 (2015).
19. Chrencik, J. E. et al. Crystal structure of antagonist bound human lysophosphatidic acid receptor 1. Cell 161, 1633-1643 (2015).
20. Song, J. E. et al. A semi-dissolving microneedle patch Incorporating TEMPO-oxidized bacterial cellulose nanofibers for enhanced
transdermal delivery. Polymers 12, 1873 (2020).
21. Hahn, H.J. et al. Instrumental evaluation of anti-aging effects of cosmetic formulations containing palmitoyl peptides, Silybum
marianum seed oil, vitamin E and other functional ingredients on aged human skin. Exp. Therapeut. Med. 12(2), 1171-1176 (2016).

Acknowledgments
We thank the Future Core Research Institute of LG Household and Health Care, Ltd.

Author contributions
W.H.,, Y.-S.K,, B.A,, and N.-G.K. conceived the project. W.H., D.K., and O.S.K. designed and performed experi-
ments and analyzed data. W.H., Y.-S.K,, B.A., and N.-G.K. interpreted the results and W.H. wrote the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
0rg/10.1038/s41598-020-78610-w.

Correspondence and requests for materials should be addressed to WH. or N.-G.K.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports |

(2020) 10:21514 | https://doi.org/10.1038/s41598-020-78610-w nature research


https://doi.org/10.8080/1020167032746
https://doi.org/10.1895/wormbook.1.123.1
https://doi.org/10.1895/wormbook.1.123.1
https://doi.org/10.1007/978-4-431-55763-0_8
https://doi.org/10.1895/wormbook.1.138.1
https://doi.org/10.1038/s41598-020-78610-w
https://doi.org/10.1038/s41598-020-78610-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Topical application of Zanthoxylum piperitum extract improves lateral canthal rhytides by inhibiting muscle contractions
	Results
	Discussion
	Materials and methods
	Strains, cell lines, and reagents. 
	Co-cultured cell-based muscle contraction assay. 
	Muscle contraction assay in C. elegans. 
	Calcium influx assay. 
	Neurotransmitter release. 
	Analysis of the skin absorption of FITC-tagged acetyl hexapeptide-8. 
	Clinical study. 
	Ethics statement. 

	References
	Acknowledgments


