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Abstract: Heat shock treatment-induced skin aging causes a thickened epidermis, increased matrix
metalloproteinase (MMP)-1 expression, collagen degradation, and deep wrinkles. In this study,
we investigated the effect of manassantin B in preventing heat shock treatment-induced aging. We first
separated manassantin B (MB) from the roots of Saururus chinensis, and the structure was identified
using 1H- and 13C-NMR spectroscopy. RT-PCR and western blotting were applied to investigate the
anti-aging effect of manassantin B. Manassantin B decreased MMP-1 expression through transient
receptor potential vanilloid (TRPV) 1 channel inhibition and significantly increased procollagen
expression. In addition, manassantin B suppressed MAPK phosphorylation in a dose-dependent
manner. Our results suggest that manassantin B, the active ingredient in S. chinensis, can be effectively
used to inhibit heat shock treatment-induced skin aging.
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1. Introduction

Human skin is exposed daily to sunlight, and in particular, to UV, visible, and IR radiation.
UV radiation is known to induce skin aging, thereby causing wrinkles, freckles, dryness, and rough
skin. In addition, several studies have shown that IR radiation can cause skin aging through IR-induced
thermogenesis, leading to increased skin temperature from the normal 33 ◦C to more than 40 ◦C [1,2].
Heat exposure in human skin causes inflammation by inducing cytokines, such as transforming growth
factor-β, interleukin-6, and interleukin-12 [3]. These cytokines are involved in the regulation of the
levels of matrix metalloproteinases (MMPs) and extracellular matrix (ECM) proteins, such as collagen.
Collagen is the major structural protein in the ECM, and collagen fibrils contribute to the resilience and
strength of the skin [4]. MMPs degrade ECM proteins, such as collagen, elastin, and fibronectin [4,5].
Aged skin appears to have increased MMP expression and activity, resulting in a decreased collagen
level. MMPs are involved in the treatment of conditions such as inflammation and wounding, as
well as bone and vascular remodeling [6]. Heat induces MMP-1 and MMP-3 expression through
the activation of extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and an
autocrine interleukin-6 loop [7]. Besides, heat shock induces the activation of the transient receptor
potential vanilloid 1 (TRPV1) channel in vitro and in vivo [8]. TRPV1 is a non-selective cation channel
that is activated by various stimuli. These include vanilloids, capsaicin, heat, external acidic pH,
and bioactive lipids such as lysophosphatidic acid [9–11]. Heat induces calcium influx via TRPV1
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activation, leading to increased MMP-1 expression [12]. Furthermore, heat shock treatment-induced
MMP-1 expression is mediated by TRPV1 via PKCα signaling in human epidermal keratinocytes [8].

Manassantin B (MB) is a neolignan constituent of the roots of Saururus chinensis, which is used in
the treatment of gonorrhea, edema, and jaundice in Korean traditional medicine [13]. According to
previous studies, MB exerts anti-tumor [14,15], anti-inflammatory [16,17], anti-melanogenic [18,19],
anti-human immunodeficiency virus [20], and anti-obesity [21,22] activities. In addition, MB exhibits
an anti-tumor effect by inhibiting cell aggregation via the inhibition of phorbol 12-myristate
13-acetate-induced intercellular cell adhesion molecule-1 expression in HL-60 cells [14]. Among lignans
isolated from S. chinensis, MB exhibits the greatest inhibitory effects toward Epstein–Barr virus lytic
replication [23]. However, the anti-aging effects of MB have not been reported yet. In this study,
we investigated the effect of MB on heat shock treatment-induced aging, not the effect of aging by UV.

2. Materials and Methods

2.1. Materials

ERK, phospho-ERK, JNK, phospho-JNK, p38, and phospho-p38 antibodies were purchased from
Cell Signaling Technology (Danvers, MA, USA). MMP-1 antibody was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). TRPV1 antibody was purchased from Abcam (Cambridge, MA,
USA). β-Actin antibody was purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Isolation of Manassantin B

S. chinensis roots (SCR) were collected in October 2016 at Okcheon, Chungbuk, Korea. Dried SCR
(1 kg) was ground to a particle size smaller than 0.5 mm and soaked in ethanol:water (7:3) for three
days at room temperature. The supernatant was filtrated with filter paper and evaporated at 40 ◦C until
we removed solvent. From the concentrate, an SCR extract (270 g) was obtained. The SCR extract was
suspended in distilled water and successively partitioned with n-hexane and dichloromethane to yield
n-hexane (8.1 g), dichloromethane (6.9 g), and water (92.2 g) fractions. The dichloromethane fraction
was chromatographed on a silica gel column using an isocratic elution with n-hexane/ethyl acetate (1:1)
to obtain six subfractions (SCR-M1–SCR-M6). MB (51.7 mg) was purified from subfraction SCR-M3
using prep-HPLC (C18 column, 0.1% TFA in ACN/0.1% TFA in water). The amorphous powder was
obtained (Figure 1): [α]D 25−51.7o (c 0.33, CD3OD). The 1H- and 13C-NMR data were consistent with
literature values [24]; ESI-MS m/z 739 [M+Na]+. Figure 2a shows the structure of the MB.

2.3. Cell Subculture

Human dermal fibroblasts, neonatal (HDFn) were purchased from ATCC (Manassas, VA, USA).
The cells were cultured in F12:Dulbecco’s Modified Eagle Medium (Gibco, NY, USA) supplemented
with 10% fetal bovine serum (FBS, Gibco, NY, USA), 100 U/mL penicillin, and 100 µg/mL streptomycin.
The cells were subcultured every 2 or 3 days and maintained in the culture dish at 37 ◦C in a 5%
CO2 incubator.

2.4. 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) Assay

HDFn cells were seeded at 2.5 × 103 cells/mL in 96-well culture plates and incubated for 24 h.
Further, HDFn cells were treated with various concentrations of MB. After incubation for 24 h, the cells
were treated with 50 µL of 5 mg/mL MTT reagent. After 2 h, the supernatants were removed, and the
insoluble formazan crystals were dissolved completely with 100 µL of dimethyl sulfoxide. Absorbance
was measured at 540 nm.

2.5. Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted using the TRIzol™ Reagent (Molecular Research Center, Cincinnati,
OH, USA). Single-strand cDNA was synthesized from 2 µg total RNA. PCR was performed using the



Cosmetics 2020, 7, 47 3 of 8

PCR premix (Bioneer, Daejeon, Korea), and the primer sequences used were as follows: procollagen-1
(forward, 5′-TGA CGA GAC CAA GAA CTG-3′, reverse, 5′-CCA TCC AAA CCA CTG AAA CC-3′),
GAPDH (forward, 5′-TCC ATG ACA ACT TTG GTA TCG-3′, and reverse, 5′-TGT AGC CAA ATT
CGT TGT CA-3′). PCR products were detected on ethidium bromide-stained agarose gels.Cosmetics 2020, 7, x FOR PEER REVIEW 3 of 8 
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Figure 2. The structure and cell viability of manassantin B. Manassantin B (a). HDFn cells were
treated with various concentrations of MB for 24 h (b). Cell viability was determined in the MTT assay,
and absorbance was measured by 540 nm. Significance was determined compared to the untreated cells
(* p < 0.05). All data are expressed as mean ± SD of three separate experiments performed in triplicate.

2.6. Western Blotting

HDFn cells were seeded at 5 × 105 cells/well in 6 well plates. For heat treatment, a plate was
sealed with parafilm and then immersed for 20 min in a circulating water bath at 43 ◦C [8]. The cells
were harvested by a scraper and washed with PBS. Then, the cells were lysed in 100 µl of 1× cell lysis
buffer (Cell Signaling Technology, Danvers, MA, USA). After centrifugation for 15 min at 12,000 rpm,
the supernatants were used to prepare total protein extract. The protein concentration was calculated
using a bicinchoninic acid assay (BioRad, Hercules, CA, USA). Equal amounts of protein were
fractionated by 10% SDS-PAGE and electrophoresed at 95 V for 2 h. Then, the separated protein in the
gel was electro-transferred to polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA)
at 100 V for 1.5 h. The membranes were blocked with 5% skim milk in Tween 20 plus tris-buffered
saline (TTBS) for 1 h and then treated with primary antibodies in 5% bovine serum albumin (in TTBS)
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overnight at 4 ◦C. The bands were detected by enhanced chemiluminescence (Amersham Pharmacia
Biotech, Piscataway, NJ, USA) and the intensities were calculated using the Image J 1.47 software.

2.7. Procollagen Synthesis Assay (ELISA)

HDFn cells were plated in 24 well plates at 1 × 105 cells/well and incubated for 24 h. The culture
medium was changed to an FBS-free medium, and the cells were treated with various concentrations
of MB. After 24 h of incubation, the supernatants were collected and the procollagen content was
measured using the procollagen type I c-peptide EIA kit (Takara, Otsu, Shiga, Japan).

2.8. Statistics

All data were expressed as the mean± standard deviation (SD) of at least three separate experiments
carried out in triplicates. Statistical analysis was performed using Microsoft Excel software 2016
(Student’s t-test, * p < 0.05).

3. Results and Discussion

3.1. Isolation of MB

The 70% EtOH extract of the SCR was partitioned successfully with n-hexane, dichloromethane,
and water. The dichloromethane fraction was subjected to silica gel column chromatography and
prep-HPLC to purify a single compound from SCR-M3-1 subfraction. By comparing our 1H- and
13C-NMR spectra data with published values, this compound was characterized as MB (Figure 2a) [24].

1H-NMR (500 MHz, CDCl3, δ, ppm, J/Hz): 6.79–7.02 (12H, m, H-2, H-2′, H-3, H-3′, H-6, H-6′ and H-2′′,
H-2′′′, H-3′′, H-3′′′, H-6′′, H-6′′′), 5.97 (2H, s, OCH2O), 5.48 (2H, d, J = 6.0, H-7 and H-7′), 4.66 (1H, d,
J = 8.4, H-7′′), 4.63 (1H, d, J = 8.4, H-7′′′), 4.08 (2H, m, H-8′′, H-8′′′), 3.95 (3H, s, Ar-OMe), 3.94 (3H, s,
Ar-OMe), 3.91 (3H, s, Ar-OMe), 3.90 (3H, s, Ar-OMe), 2.29 (2H, m, H-8 and H-8′), 1.18 (3H, d, J = 6.0,
H-9′′′), 1.15 (3H, d, J = 6.0, H-9′), 0.72(6H, d, J = 5.6, H-9 and H-9′).

13C-NMR (125 MHz, CDCl3, δ): 136.6 (C-1), 136.5 (C-1′), 132.5 (C-1′′), 133.9 (C-1′′′), 110.1(C-2 and
C-2′), 110.8 (C-2′′), 107.5 (C-2′′′), 146.4 (C-3), 146.3 (C-3′), 148.8 (C-3′′), 147.3 (C-3′′′), 150.6 (C-4 and
C-4′), 149.0 (C-4′′), 147.7 (C-4′′′), 118.7 (C-5 and C-5′), 118.7 (C-5′′), 108.1 (C-5′′′), 120.0 (C-6 and C-6′),
121.1 (C-6′′), 118.9 (C-6′′′), 83.3 (C-7 and C-7′), 84.0 (C-7′′ and C-7′′′), 44.2 (C-8 and C-8′), 78.4 (C-8′′ and
C-8′′′), 14.9 (C-9 and C-9′), 17.0(C-9′′), 16.9 (C-9′′′), 101.0 (C-10), and 55.9 (OMe).

3.2. MB Inhibits MMP-1 Expression through TRPV1 Activation

We first investigated the effect of MB on the viability of HDFn cells using the MTT assay. HDFn cells
were treated with various concentrations of MB for 24 h. There was no cytotoxicity at concentrations of
less than 100 µg/mL, but cytotoxicity was shown at concentrations of 300 µg/mL (Figure 2b).

MMPs are multi-gene endoproteinases with a broad range of substrate specificities [5,25]. They are
responsible for the degradation of ECM proteins, such as collagen, elastin, and fibronectin, inducing
wrinkles [5]. In addition, MMPs are involved in multiple biological processes, including wound
healing, cancer, inflammation, and tissue remodeling [4]. Among all MMPs, the expression of MMP-1,
which plays critical roles in the aging processes, is induced in dermal fibroblasts and keratinocytes
in response to UV radiation, cytokines, oxidative stress, and heat. To investigate the effect of MB on
heat-induced MMP-1 expression, we treated the cells with heat shock (43 ◦C) for 20 min. Heat shock
increased MMP-1 expression in HDFn cells, but the MB decreased this in a dose-dependent manner
(Figure 3). Thus, MB may be effective in inhibiting heat shock treatment-induced aging.
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Figure 3. Effects of manassantin B on heat-induced MMP-1 and TRPV1 expression. HDFn cells were
stimulated with heat shock (43 ◦C) for 20 min and treated with various concentrations of MB for 6 h.
Total cell extracts were blotted with MMP-1, TRPV1, and β-actin antibodies. Band intensities were
quantified using ImageJ 1.47 software and normalized to β-actin (* p < 0.05). All data are expressed as
mean ± SD of three separate experiments performed in triplicate.

According to previous studies, MMP-1 expression is mediated by TRPV1 activation [12].
To confirm the effect of MB on heat-induced TRPV1 activation, we performed western blot analysis.
Heat shock significantly increased TRPV1 expression compared to untreated cells (Figure 3). However,
MB decreased the heat-induced expression of TRPV1 in a dose-dependent manner (Figure 3).
MB showed a more than 80% inhibitory effect on heat-induced TRPV1 expression at 100 µg/mL.
These results indicate that MB inhibits MMP-1 by reducing TRPV1 expression.

3.3. MB Increases Procollagen Expression

Heat induces MMP-1 and MMP-3 expression [7]. MMP-1 and MMP-3 can degrade type I and III
collagen and elastin [26]. Collagen, the most abundant fibrous protein, is the main constituent of the
ECM. It regulates the adhesion, tensile strength, and migration of cells [27,28]. Collagen is synthesized
in the form of a precursor called procollagen, and the degree of synthesis of collagen can be determined
by measuring the amount of procollagen. We investigated whether MB affects collagen protein and
RNA levels. MB significantly increased collagen expression in RNA and protein levels (Figure 4).
In particular, MB increased collagen expression by approximately 46% at a concentration of 100 µg/mL.
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The protein levels of procollagen were measured by ELISA (b). All data are expressed as mean ± SD of
three separate experiments performed in triplicate.



Cosmetics 2020, 7, 47 6 of 8

3.4. MB Inhibits Heat-Induced Mitogen-Activated Protein Kinase (MAPK) Activation

MMP-1 expression is stimulated by various extracellular stimuli, such as cytokines, mitogenic
growth factors, and contact with the ECM [29,30]. Above all, the activation of activator protein-1 is the
most important factor in MMP-1 expression and is induced by MAPKs [31,32]. MAPKs, which include
ERK, p38, and JNK protein kinase, regulate cell migration, proliferation, differentiation, and MMP-1
expression [33,34]. To examine the effect of MB on heat-induced MAPK activation, we exposed the
HDFn cells to heat shock (43 ◦C) for 20 min and treated them with various concentrations of MB
for 15 min. The phosphorylation of ERK, JNK, and p38 was significantly increased owing to heat
(Figure 5). However, MB decreased the heat-induced phosphorylation of ERK, JNK, and p38 in a
dose-dependent manner (Figure 5). These results verified that MB suppressed MMP-1 expression by
inhibiting MAPK activation.
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ECM. It regulates the adhesion, tensile strength, and migration of cells [27,28]. Collagen is 
synthesized in the form of a precursor called procollagen, and the degree of synthesis of collagen can 
be determined by measuring the amount of procollagen. We investigated whether MB affects 
collagen protein and RNA levels. MB significantly increased collagen expression in RNA and protein 
levels (Figure 4). In particular, MB increased collagen expression by approximately 46% at a 
concentration of 100 g/mL. 

 

Figure 5. Effects of manassantin B on MAPK activation. HDFn cells were stimulated with heat shock 
(43 °C) for 20 min and treated with various concentrations of MB for 15 min. Total cell extracts were 
blotted with p-ERK, ERK, p-JNK, JNK, p-p38, and p38 antibodies. Band intensities were quantified 
using ImageJ 1.47 software and normalized to non-phosphorylated form ( p < 0.05). All data are 
expressed as mean ±SD of three separate experiments performed in triplicate. 

3.4. MB Inhibits Heat-Induced Mitogen-Activated Protein Kinase (MAPK) Activation 

MMP-1 expression is stimulated by various extracellular stimuli, such as cytokines, mitogenic 
growth factors, and contact with the ECM [29,30]. Above all, the activation of activator protein-1 is 
the most important factor in MMP-1 expression and is induced by MAPKs [31,32]. MAPKs, which 
include ERK, p38, and JNK protein kinase, regulate cell migration, proliferation, differentiation, and 
MMP-1 expression [33,34]. To examine the effect of MB on heat-induced MAPK activation, we 
exposed the HDFn cells to heat shock (43 °C) for 20 min and treated them with various concentrations 
of MB for 15 min. The phosphorylation of ERK, JNK, and p38 was significantly increased owing to 
heat (Figure 5). However, MB decreased the heat-induced phosphorylation of ERK, JNK, and p38 in 
a dose-dependent manner (Figure 5). These results verified that MB suppressed MMP-1 expression 
by inhibiting MAPK activation. 

4. Conclusions 

In summary, we isolated MB as the active compound from the roots of S. chinensis. MB strongly 
increases procollagen expression and decreases MMP-1 and TRPV1 expression in human fibroblast 
cells by inhibiting MAPK activation. Although the exact target was not clear, we suggest that MB 
may be used to effectively inhibiting heat-induced aging. 

Figure 5. Effects of manassantin B on MAPK activation. HDFn cells were stimulated with heat shock
(43 ◦C) for 20 min and treated with various concentrations of MB for 15 min. Total cell extracts were
blotted with p-ERK, ERK, p-JNK, JNK, p-p38, and p38 antibodies. Band intensities were quantified
using ImageJ 1.47 software and normalized to non-phosphorylated form (* p < 0.05). All data are
expressed as mean ± SD of three separate experiments performed in triplicate.

4. Conclusions

In summary, we isolated MB as the active compound from the roots of S. chinensis. MB strongly
increases procollagen expression and decreases MMP-1 and TRPV1 expression in human fibroblast
cells by inhibiting MAPK activation. Although the exact target was not clear, we suggest that MB may
be used to effectively inhibiting heat-induced aging.
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