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Abstract: Five compounds including a new bisbibenzyl named dendropachol (1) and four known
compounds (2–5) comprising 4,5-dihydroxy-2,3-dimethoxy-9,10-dihydrophenanthrene (2), gigantol
(3), moscatilin (4) and 4,5,4′-trihydroxy-3,3′-dimethoxybibenzyl (5) were isolated from a methanolic
extract of Dendrobium pachyglossum (Orchidaceae). The chemical structures of the isolated compounds
were characterized by spectroscopic methods. Dendropachol (1) was investigated for its protective
effects on hydrogen peroxide (H2O2)-induced oxidative stress in HaCaT keratinocytes. Compound 1
showed strong free radical scavenging compared to the positive control. For the cytoprotective effect,
compound 1 increased the activities of GPx and CAT and the level of GSH but reduced intracellular
reactive oxygen species (ROS) generation and accumulation. In addition, compound 1 significantly
diminished the expression of p53, Bax, and cytochrome C proteins, decreased the activities of caspase-
3 and caspase-9, and increased Bcl-2 protein. The results suggested that compound 1 exhibited
antioxidant activities and protective effects in keratinocytes against oxidative stress induced by H2O2.

Keywords: Dendrobium pachyglossum; Orchidaceae; dendropachol; bisbibenzyl; antioxidant

1. Introduction

Skin is the largest organ of the human body. It covers the exterior surface of the body
and functions as a preventive barrier against environmental insults. The skin consists
of three main layers: epidermis, dermis, and hypodermis. The epidermis is the outer-
most layer of human skin and continuously exposed to external stimuli, such as harmful
chemicals, microorganisms, and solar ultraviolet radiation [1]. Keratinocytes are the main
cellular component of the epidermis. They function as the skin’s barrier to prevent damage
caused by external factors. Under severe injury conditions, for example, continuous expo-
sure to the harmful free radicals, keratinocytes may respond by self-healing or initiating
apoptosis [2]. Disruption of keratinocytes can lead to impairment of the skin barrier and,
eventually, skin aging [3].

Reactive oxygen species (ROS) play a crucial role in environmental stress. Normally,
ROS are generated by mitochondria oxidative metabolisms in our body and various exter-

Antioxidants 2021, 10, 252. https://doi.org/10.3390/antiox10020252 https://www.mdpi.com/journal/antioxidants

https://www.mdpi.com/journal/antioxidants
https://www.mdpi.com
https://orcid.org/0000-0002-3582-5980
https://orcid.org/0000-0003-1391-6993
https://orcid.org/0000-0002-0861-7617
https://orcid.org/0000-0001-8352-4122
https://doi.org/10.3390/antiox10020252
https://doi.org/10.3390/antiox10020252
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/antiox10020252
https://www.mdpi.com/journal/antioxidants
https://www.mdpi.com/2076-3921/10/2/252?type=check_update&version=3


Antioxidants 2021, 10, 252 2 of 16

nal stresses. At a low concentration, ROS are essential for retaining the normal physiological
function responsible for cell development, including cell cycle progression, proliferation,
differentiation, migration, and cell death [4]. ROS also provides defense mechanisms
against microbes within the epithelial layer. However, excessive ROS can overcome antiox-
idant capacity, leading to cellular oxidative stress. The skin cells have evolved a variety
of antioxidant enzymes to control ROS production and propagation. The antioxidant
activities in the skin are mainly included in the numerously expressed antioxidant enzymes
catalase (CAT), glutathione (GSH), and glutathione peroxidase (GPx), which responsible
for balancing ROS by converting lipid hydroperoxide and H2O2 into water and/or oxy-
gen [5–7]. The enhanced ROS accumulation leads to the oxidative stress in epidermal
keratinocytes resulting in flattening of the dermal-epidermal junction, decreasing barrier
function, and reducing the trans-epidermal water loss, as well as increasing pigmentation,
which is implicated in aged skin [8,9]. Therefore, the balance between ROS production and
antioxidant enzyme activity is an important strategy for the intervention of oxidative stress
in HaCaT keratinocytes.

Several types of phytochemicals from natural sources such as anthocyanins, pheno-
lics, diterpenoids, and curcuminoids have been shown to protect keratinocytes against
the oxidative stress caused by ROS [10–13]. Dendrobium is one of the largest and most
important genera in the family Orchidaceae, with approximately 1400 species. More than
1100 species are mainly dispersed in Asia and Australia, of which about 150 species are
widely distributed in Thailand [14,15]. The plants in this genus produce various types of
compounds, including alkaloids, bibenzyls, fluorenones, phenanthrenes, sesquiterpenoids,
polysaccharides, and amino acids [16]. Previous studies revealed that Dendrobium plants
are a good source for skin anti-aging agents. The crude extracts from D. sonia “earsakul”
(a Dendrobium hybrid) and the bioactive constituents of D. loddigesii have been found to
inhibit matrix metalloproteinase enzymes (MMP) and stimulate the production of collagen
in human dermal fibroblasts [17,18]. Crude extracts of D. tosaense, D. loddigesii, and D. sonia
“earsakul” showed inhibitory effects on melanogenesis [17–19]. Polysaccharides isolated
from D. denneanum, D. officinale, and the crude extracts of D. sabin (a Dendrobium hybrid)
and D. moniliforme showed in vitro antioxidant activities [20–23]. However, the protective
effects of compounds from Dendrobium plants against the ROS-induced oxidative stress in
HaCaT cells have not been reported.

Dendrobium pachyglossum Par. & Rchb.f., known in Thai as Ueang Khon Mu, is dis-
tributed in northeastern, eastern, and south of Thailand [24]. Up to the present, there
have been no reports on the chemical constituents and biological activities of this plant. In
the present study, the MeOH extract prepared from whole plants of D. pachyglossum was
screened for cytoprotective effects against hydrogen peroxide (H2O2) HaCaT keratinocytes
and found to improve the percentage of cell viability as compared with the H2O2-treated
group. Chromatographic separation of this MeOH extract led to the isolation of a new
bisbibenzyl compound named dendropachol (1), along with four known compounds (2–5).
The underlying mechanisms of antioxidant activities and protective effects of compound 1
in HaCaT cells against oxidative stress induced by hydrogen peroxide were determined.

2. Materials and Methods
2.1. General Experimental Procedures

UV spectra were recorded on a Milton Roy Spectronic 300 Array spectrophotometer
(Rochester, Monroe, NY, USA), and IR spectra were obtained on a Perkin-Elmer FT-IR
1760X spectrophotometer (Norwalk, Fairfield, CT, USA). Optical rotation was measured on
a Perkin-Elmer 341 polarimeter (Norwalk, Fairfield, CT, USA). Mass spectra were recorded
on a Bruker micro TOF mass spectrometer (ESI-QqTOF-MS) (Manchester, UK). NMR
spectra were recorded on a Bruker Avance DPX-300 FT-NMR spectrometer or a Bruker
Avance III HD 500 NMR spectrometer (Rheinstetten, Germany). Column chromatography
(CC) was performed on silica gel 60 (Kieselgel 60, 70–320 µm, Merck, Darmstadt, Germany),
silica gel 60 (Kieselgel 60, 230–400 µm, Merck, Darmstadt, Germany), C-18 (Kieselgel 60
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RP-18, 40–63 µm, Merck, Darmstadt, Germany), Diaion HP (Mitsubishi Chemical, Tokyo,
Japan) and Sephadex LH-20 (25–100 µm, GE Healthcare, Göteborg, Sweden).

2.2. Plant Materials

The whole plant of D. pachyglossum was purchased from Chatuchak market, Bangkok,
in July 2015. Plant identification was done by B. Sritularak. A voucher specimen (BS-
DPachy-072558) has been deposited at the Department of Pharmacognosy and Pharmaceu-
tical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University.

2.3. Extraction and Isolation

The dried powdered whole plant of Dendrobium pachyglossum (2.7 kg) was extracted
with MeOH at room temperature, yielding a MeOH extract (220 g). The MeOH extract was
suspended in water and partitioned with EtOAc and n-BuOH to give an EtOAc extract
(110 g), an n-BuOH extract (35 g), and an aqueous extract (55 g). The EtOAc extract was ini-
tially subjected to vacuum liquid chromatography on silica gel (EtOAc-hexane, gradient) to
give 6 fractions (A–F). Fraction C (17.7 g) was fractionated by column chromatography (CC)
over silica gel (EtOAc-hexane, gradient) and then purified by Sephadex LH-20 (acetone) to
give 4,5-dihydroxy-2,3-dimethoxy-9,10-dihydrophenanthrene (2) (7 mg). Fraction D (4.0 g)
was separated by Sephadex LH-20 (MeOH) and then purified again by Sephadex LH-20
(MeOH) to yield gigantol (3) (57 mg) and moscatilin (4) (46 mg). Separation of fraction
E (11 g) was performed by CC over silica gel, eluted with MeOH-CH2Cl2 (gradient) to
give 4 fractions (E1-E4). Fraction E2 (980 mg) was further separated on Sephadex LH-20
(acetone) and then by CC (silica gel, MeOH-CH2Cl2, gradient) to yield 4,5,4′-trihydroxy-
3,3′-dimethoxybibenzyl (5) (263 mg). Compound 1 (9 mg) was obtained from fraction E5
(527 mg) after separation by CC (silica gel, acetone-hexane) and Sephadex LH-20 (MeOH).

Dendropachol (1) Brown amorphous solid; [α]20
D + 4.4 (c 0.01, MeOH); UV (MeOH)

λmax (log ε): 204 (4.10), 281 (3.28) nm; IR (film) λmax: 3355, 2923, 2852, 1709, 1606, 1512,
1450, 1431, 1268, 1209, 1124 cm−1; ESI-QqTOF-MS: [M-H]− at m/z 575.1906 (calculated for
C32H31O10, 575.1917); 1H NMR (500 MHz, acetone-d6) and 13C NMR (125 MHz, acetone-d6)
spectral data, see (Table 1).

Table 1. 1H (500 MHz) and 13C NMR (125 MHz) spectral data of compound 1 in acetone-d6.

Position 1H 13C HMBC (Correlation with 1H)

1 - 137.4 1-OMe
2 - 136.9 4
3 - 141.7 4 *
4 6.21 (s) 109.7 7
5 - 117.9 7 *, 8
6 - 140.0 4, 7
7 4.12 (dd, J = 7.0, 5.5 Hz) 39.7 4, 8 *
8 2.67 (m), 2.74 (m) 45.9 7 *, 10, 14
9 - 130.9 7, 8 *, 13
10 6.13 (d, J = 2.0 Hz) 114.2 8, 14
11 - 147.5 13, 11-OMe
12 - 145.8 10, 14
13 6.56 (d, J = 8.0 Hz) 115.1 -
14 6.22 (dd, J = 8.0, 2.0 Hz) 122.9 8, 10
1′ - 147.2 6′ *, 1′-OMe
2′ - 134.0 6′

3′ - 142.4 7
4′ - 119.0 7 *, 8, 6′, 7′

5′ - 129.8 7, 8′

6′ 6.66 (s) 108.5 7′

7′ 2.76 (m), 2.84 (m) 34.5 6′, 8′ *
8′ 2.80 (m) 38.0 7′ *, 10′, 14′

9′ - 134.2 8′ *, 13′
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Table 1. Cont.

Position 1H 13C HMBC (Correlation with 1H)

10′ 6.77 (d, J = 2.0 Hz) 112.9 8′, 14′

11′ - 148.1 13′, 11′-OMe
12′ - 145.6 10′, 14′

13′ 6.71 (d, J = 8.5 Hz) 115.6 -
14′ 6.69 (dd, J = 8.5, 2.0 Hz) 121.6 8′, 10′

MeO-1 3.89 (s) 61.1 -
MeO-1′ 3.81 (s) 56.7 -
MeO-11 3.56 (s) 55.9 -
MeO-11′ 3.76 (s) 56.2 -

* Two-Bond coupling.

2.4. Cell Culture

The immortalized human epidermal keratinocyte (HaCaT) cell line was obtained from
Thermo Fisher Scientific (Waltham, MA, USA). The HaCaT cells were cultured in complete
media, which comprised of Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% (v/v) heat-inactivated fetal bovine serum and 1% (v/v) penicillin-streptomycin at
37 ◦C in a humidified atmosphere of 5% CO2/95% air. All reagents were purchased from
Invitrogen (Grand Island, NY, USA).

2.5. Cytotoxic Effect of Chemical Constituents from D. pachyglossum on HaCaT
Keratinocytes Cells

The cytotoxic effect of the isolated compounds 1–5 on cell viability of HaCaT cells
was evaluated using the 3-(4,5-dimethlthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
tetrazolium (MTT) assay. The HaCaT cells were seeded in 96-well plates at a density of
3.0 × 104 cells/well and incubated at 37 ◦C in a humidified atmosphere of 5% CO2 for 24 h.
After seeding for 24 h, the media was removed, and the cells were washed with serum-free
media. Subsequently, the cells were incubated with compounds 1–5 at the concentrations
of 50 and 100 µg/mL in serum-free media for 24 h. The 0.5% DMSO was used as a control.
After incubation, the cells were washed and incubated in serum-free media containing
0.5 mg/mL of an MTT solution at 37 ◦C in a humidified atmosphere of 5% CO2/95% air for
4 h. Subsequently, the media was removed, and 200 µL of DMSO was added to each well to
dissolve the formazan crystals. The absorbance of formazan was measured at 540 nm using
a microplate reader (CLARIOstar, BMG Labtech, Ortenberg, Germany). Four replicates of
each experiment were performed.

2.6. Effect of H2O2 on Cell Viability of HaCaT Keratinocyte Cells

To determine the concentration of H2O2 required to reduce the cell viability of HaCaT
cells by 50%, the cells were treated with different concentrations of H2O2 (100, 200, 300, 400,
and 500 µmol/L) in serum-free media at 37 ◦C for 1 h. The serum-free medium without
H2O2 was used as a control. After incubation, the cells were washed twice with an excess
of PBS, and the cell viability was measured using the MTT assay.

2.7. Effect of MeOH Extract and Compound 1 on Cell Viability of HaCaT Cells under
Oxidative Stress

The HaCaT cells were seeded in 96-well plates at a cell density of 3.0 × 104 cells/well.
The cells were treated with serum-free media containing MeOH extract (500 µg/mL) and
compound 1 (12.5, 25 and 50 µg/mL) for 24 h and then washed with PBS. Subsequently,
the cells were added with H2O2 at the concentration of 500 µmol/L in serum-free media
prior to incubation at 37 ◦C for 1 h. The cell viability was determined using the MTT assay
measured at 540 nm. DMSO (0.5% v/v) was used as a control.
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2.8. Antioxidant Enzyme Activities

The HaCaT cells were seeded at 1.0 × 106 cells/well in 6-well plates for 24 h. After
washing with serum-free media, the cells were treated with compound 1 at the concentra-
tions of 12.5, 25, and 50 µg/mL for 24 h. Then, H2O2 (500 µmol/L in serum-free media)
was added, and the cells were incubated at 37 ◦C for 1 h. After incubation, the cells were
resuspended in an ice-cold lysis buffer at 37 ◦C for 5 min and centrifugated at 13,500× g at
4 ◦C for 5 min to obtain cell lysate for determination of antioxidant enzyme activities and
GSH level. The activities of glutathione peroxidase (GPx) and catalase (CAT) and the level
of glutathione (GSH) were measured using GPx, GSH, and CAT cellular activity assay kits
(Cayman Chemical, Ann Arbor, MI, USA).

2.9. Effect of Compound 1 on DPPH (2,2-Diphenyl-1-Picrylhydrazyl) Free Radical
Scavenging Activity

The free radical scavenging activity of compound 1 was examined by DPPH assay
with some modifications. Briefly, the compound 1 solution at the concentrations range
of 5–15 µg/mL was added to 6.0 × 10−5 mol/L of DPPH solution in a 96-well plate. The
mixture was incubated for 30 min at room temperature and protected from light. When
DPPH receives a hydrogen atom from an antioxidant sample, its color changes from violet
to light yellow. The absorbance was measured at 517 nm with a microplate reader. Ascorbic
acid at a concentration between 3.5–17.5 µg/mL was used as a positive control. The
percentage of scavenging activity (%SA) was calculated using the following equation. The
IC50 value of each sample was determined from the graph plotted between concentration
and the percentage of inhibition.

%SA = [(Asample − Ablank)/Ablank] × 100

where Asample is the absorbance of DPPH treated with the sample at 517 nm, Ablank is the
absorbance of DPPH treated with methanol at 517 nm.

2.10. Effect of Compound 1 on ROS Production in HaCaT Cells under Oxidative Stress

Intracellular ROS concentrations were assessed using a dichloro-dihydro-fluorescein
diacetate (DCFH-DA) assay. The HaCaT cells were seeded at 3.0 × 104 cells/well in
black 96-well plates for 24 h. After incubation, the medium was removed. The cells were
washed with an excess of PBS and treated with compound 1 in serum-free media at the
concentrations of 12.5, 25, and 50 µg/mL for 24 h. DMSO (0.5% v/v) was used as a control.
The cells were then washed with an excess of PBS, pre-treated with 10 µmol/L of DCFH-DA
in serum-free media at 37 ◦C for 20 min. After washing with PBS, the cells were added with
H2O2 at the concentration of 500 µmol/L in serum-free medium at 37 ◦C for 1 h. Finally, the
cells were washed twice with PBS, and the ROS levels were measured using the microplate
reader at the excitation and emission wavelength of 485 and 530 nm, respectively.

2.11. Anticaspase-3 and -9 Activities

To evaluate the effects of compound 1 on anticaspase-3 and-9 activities, the HaCaT
cells were seeded in 6-well plates with 1.0 × 106 cells/well for 24 h. After incubation, the
cells were treated with compound 1 at the concentrations of 12.5, 25, and 50 µg/mL for 24 h.
The treated cells were homogenized in a hypotonic buffer (20 mM Tris-HCl pH 7.5, 1 mM
ethylenediaminetetraacetic acid, 100 µmol/L phenylmethanesulfonylfluoride, 2 µg/mL
aprotinin, pepstatin, and leupeptin) to obtain the supernatant part. The supernatant was
added with a specific substrate (N-acetyl-Asp-Glu-Val-Asp p-nitroanilide or N-acetyl-Leu-
Glu-His-Asp p-nitroanilide for caspase-3 or caspase-9, respectively) at the concentration
of 100 µmol/L. The mixture was then incubated at 37 ◦C for 1 h prior to absorbance
measurement at 450 nm using the microplate reader.
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2.12. Protein Extraction and Western Blot Analysis

The HaCaT cells were lysed in a radioimmunoprecipitation (RIPA) buffer for 30 min
on ice, followed by centrifugation at 13,500× g at 4 ◦C for 5 min. The whole-cell lysates
containing 40 µg of protein were separated by SDS-PAGE (10% gel) and transferred onto a
nitrocellulose membrane. The membranes were then blocked with 5% nonfat dry milk in
PBS and incubated overnight with primary antibodies against cleaved Bax (1:1000), BCL-2
(1:1000), cytochrome C (1:1000), p53 (1:1000), and β-actin (1:20,000) at 4 ◦C. After washing
with TBST, the membranes were incubated for 2 min with the species-specific horseradish
peroxide conjugated secondary antibody reacting with SuperSignal solution (Endogen Inc,
Rockford, IL, USA). Then, the membranes were exposed to X-ray film. The membranes
were then stripped off the bond antibodies and re-probed with anti-β actin antibody to
ensure the equal loading of the protein. The densities of target bands were quantified by
the Image J program (freeware downloads from http://rsb.info.nih.gov/ij/ (accessed on
25 December 2020)). The results were expressed as a relative band intensity ratio of the
target proteins against that of β-actin.

2.13. Statistical Analysis

All of the data were performed at least in three replicates. Comparisons between
groups were performed using the GraphPad Prism software Version 8.00 for Mac (Graph-
Pad Software, Inc., San Diego, CA, USA). Values were presented as mean ± standard
deviation (SD). Means were compared by one-way analysis of variance (ANOVA) with
Dunnett’s test, and differences were considered significant at p < 0.05.

3. Results
3.1. Structural Characterization

The MeOH extract prepared from the whole plant of D. pachyglossum was found
to protective effects against H2O2 on induced oxidative stress in HaCaT keratinocytes.
The percentage of cell viability significantly increased to 70.13 ± 1.25% at 500 µg/mL
compared to the H2O2-induced oxidative stress in HaCaT keratinocytes (50.81 ± 1.12%).
Therefore, the extracts were then sequentially partitioned with various solvents to give
EtOAc, n-butanol, and aqueous extracts. The phytochemical investigation of the EtOAc
extract resulted in the isolation of a new bisbibenzyl compound (1), along with four known
compounds, including 4,5-dihydroxy-2,3-dimethoxy- 9,10-dihydrophenanthrene (2) [25],
gigantol (3) [26], moscatilin (4) [27], and 4,5,4′-trihydroxy-3,3′-dimethoxybibenzyl (5) [28].
Their structures were elucidated through analysis of their spectroscopic data (Figure 1).
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Compound 1 was obtained as a brown amorphous solid. The negative ESI-QqTOF-MS
showed an [M-H]– at m/z 575.1906 (calculated for C32H31O10, 575.1917). The IR spectrum
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exhibited absorption bands for hydroxyl (3355 cm−1), aromatic ring (2923, 1606 cm−1),
methylene (1450 cm−1) and ether (1268 cm−1) functionalities. The UV absorptions at 204
and 281 nm suggested a bisbibenzyl nucleus of the compound 1 [29]. The 1H NMR (Table 1)
confirmed the existence of a bisbibenzyl skeleton by the presence of signals of aliphatic
protons at δ 2.67, 2.74 (2H, m, H-8), 2.76, 2.84 (2H, m, H-7′), 2.80 (2H, m, H-8′) and 4.12
(1H, dd, J = 7.0, 5.5 Hz, H-7) with HSQC correlations to carbon atoms at δ 45.9 (C-8), 34.5
(C-7′), 38.0 (C-8′) and 39.7 (C-7), respectively [30]. The 1H NMR spectrum (Table 1) also
showed eight aromatic proton signals at δ 6.13–6.77 and resonances for four methoxyl
groups at δ 3.56 (3H, s, MeO-11), 3.76 (3H, s, MeO-11′), 3.81 (3H, s, MeO-1′) and 3.89
(3H, s, MeO-1). Compared with the 1H and 13C NMR spectra of dendrofalconerol A, a
bisbibenzyl derivative isolated from D. falconeri revealed the structural similarity with
compound 1, particularly in rings A and A′ based on the substitution patterns and the
points of connection [30]. Compound 1 had rings A connect to ring A′ through a methane
bridge and an ether linkage, as shown by the HMBC correlations from H-7 to C-4 (δ 109.7),
C-6 (δ 140.0), C-9 (δ 130.9), C-3′ (δ 142.4) and C-5′ (δ 129.8) (Table 1). On the ring A of
compound 1, H-4 (1H, δ 6.21, s) exhibited a NOESY correlation with H-7, and HMBC
correlations with C-2 (δ 136.9), C-6 (δ 140.0) and C-7 (δ 39.7). The NMR signal of MeO-1
protons appeared at δ 3.89 (3H, s). For the ring A′, the 1H NMR signal at δ 6.66 (1H, s) was
assigned to H-6′ based on its 3-bond couplings to C-2′ (δ 134.0), C-4′ (δ 119.0) and C-7′

(δ 34.5). The presence of a methoxyl at C-1′ (δ 3.89) was confirmed by its NOESY cross-peak
with H-6′. For the ring B, 1H NMR showed signals for two doublets at δ 6.13 (1H, J = 2.0 Hz,
H-10) and δ 6.56 (1H, J = 8.0 Hz, H-13), a double doublet at δ 6.22 (1H, J = 8.0, 2.0 Hz, H-14)
and a methoxy protons at δ 3.56 (3H, s, MeO-11). The HMBC correlations of H-10 and H-14
with C-8 indicated that the ring B was di-oxygenated with a hydroxyl group or a methoxyl
group at C-11 and C-12. A NOESY cross-peak of the methoxyl group to H-10, suggesting
the methoxyl group at C-11. The 1H NMR ABM spin system also appeared for the ring
B′ at δ 6.69 (1H, dd, J = 8.5, 2.0 Hz, H-14′), 6.71 (1H, d, J = 8.5 Hz, H-13′) and 6.77 (1H, d,
J = 2.0 Hz, H-10′). The HMBC correlations of C-8′ (δ 38.0) with H-10′ and H-14′ confirmed
that the ring B′ was di-oxygenated substitution similar to ring the B. The fourth methoxyl
group was located on the ring B′ at C-11′ based on its NOESY correlation with H-10′. Based
on the above spectral evidence, the structure of compound 1 was established, as shown in
Figure 1, and the compound was given the trivial name dendropachol.

3.2. Cytotoxicity of Isolated Compounds 1 from D. pachyglossum on HaCaT Keratinocytes

The isolated compounds 1–5 were studied for cytotoxicity on HaCaT keratinocytes
using the MTT-assay. Each compound was initially evaluated at concentrations of 50 and
100 µg/mL. When tested at 50 µg /mL, only compound 1 did not exhibit cytotoxicity
(p > 0.05), showing 97.16 ± 3.19 percent of cell viability; meanwhile, compound 2–5 sig-
nificantly differences (p < 0.05) reducing cell viability between 65 ± 1.80% to 75 ± 1.59%
as compared to the control (Figure 2A). After pre-treatment with all compounds (1–5) at
maximum concentration 100 µg/mL, the viabilities of HaCaT keratinocytes significantly
(p > 0.05) reduced lower than 80% (73.13 ± 1.44% to 34.70 ± 1.08%) compared to the un-
treated group (Figure 2B). Therefore compound 1 at concentration 50 µg/mL was selected
for further study.
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3.3. DPPH Radical Scavenging Activity of Compound 1

DPPH assay is based on the capacity of the sample to scavenge DPPH radical. Com-
pound 1 was evaluated for this activity compared to ascorbic acid as the positive control.
Compound 1 at a concentration range of 5–15 µg/mL exhibited %SA from 19.21 ± 0.13% to
78.96 ± 0.81%, while 3.5–17.5 µg/mL of ascorbic acid produced %SA from 15.69 ± 0.21%
to 82.01 ± 0.71%. The IC50 value of compound 1 was 11.13 ± 0.32 µg/mL, which is compa-
rable to that of ascorbic acid (IC50 value 10.77 ± 0.64 µg/mL). These results suggest that
compound 1 is a strong radical scavenger.

3.4. Effects of Compound 1 on Cell Viability of HaCaT Keratinocytes and H2O2-Induced
Oxidative Stress

HaCaT keratinocytes were treated with different concentrations of H2O2 (100, 200,
300, 400, and 500 µmol/L) as described in Section 2.6. The results showed that 500 µmol/L
of H2O2 decreased cell viability to ~50% compared to the untreated group (Figure 3A),
and therefore, this concentration was used for further studies. Furthermore, we found
that compound 1 at 25 and 50 µg/mL significantly (p < 0.05) increased cell viability
to 61.83 ± 2.51% and 73.22 ± 1.30%, respectively (Figure 3B). The results suggest that
compound 1 protects HaCaT keratinocyte cells by preventing H2O-induced oxidative stress.
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Figure 3. Effect of compound 1 on cell viability in HaCaT keratinocytes induced oxidative stress with H2O2. (A) Cells were
treated with H2O2 (100–500 µmol/L) for 1 h. (B) Cells were pre-treated with compound 1 (12.5, 25, and 50 µg/mL) prior to
exposure to 500 µmol/L H2O2 for 24 h. After the treatment, the percent cell viability was measured using the MTT assay.
Graphs exhibited mean ± SD values of four replications. * p < 0.05 indicates significant differences from the H2O2 induction
group, # p < 0.05 indicates significant differences from the control group.
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3.5. Effects of Compound 1 on GPx and CAT Activities, GSH Level, and ROS Production in
H2O2-Treated HaCaT Keratinocytes

The effects of compound 1 on the activities of GPx and CAT and the level of GSH
were determined. The exposure of HaCaT keratinocytes to H2O2-induced oxidative stress
significantly (p < 0.05) decreased the activities of GPx and CAT and the level of GSH com-
pared to the control group. After pre-treatment with compound 1 at 25 and 50 µg/mL, the
activities of GPx and CAT and the level of GSH were significantly increased (Figure 4A–C).
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Figure 4. Effect of compound 1 on activities of antioxidant enzymes (A) GPx, (B) CAT, (C), GSH level, and (D) Intracellular
ROS (fluorescence intensity) in HaCaT keratinocytes induced oxidative stress with H2O2. Cells were pre-treated with
various concentrations of compound 1 (12.5, 25, and 50 µg/mL) for 24 h exposure to 500 µmol/L of H2O2 for 1 h. Graphs
represent the mean ± SD values of four replications. * p < 0.05 indicates significant differences from the H2O2 stimulation
group, # p < 0.05 indicates significant differences from the control group.

To confirm the effects of compound 1 on the intracellular levels of ROS, HaCaT
keratinocytes treated with compound 1 were induced with H2O2 for 24 h. Afterwards,
the cells were stained with a DCF-DA solution, and the ROS levels were analyzed. In
the untreated cells, H2O2 at a concentration of 500 µmol/L significantly increased the
intracellular ROS levels in the HaCaT keratinocytes. Cells treated with compound 1
showed inhibitory effects on H2O2-induced ROS production in a dose-dependent manner
(Figure 4D), consistent with the results acquired from the antioxidant enzyme assays. The
evidence suggests that compound 1 protects HaCaT keratinocytes by scavenging the ROS
produced in response to H2O2 exposure.
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3.6. Effects of Compound 1 on the Expression of p53 Protein Induced by H2O2 in
HaCaT Keratinocytes

The effect of compound 1 on p53 in H2O2-treated HaCaT keratinocytes was deter-
mined by western blot analysis. As shown in Figure 5A, the expression level of p53 protein
in H2O2-induced cells was significantly (p < 0.05) increased by 6.77-fold, compared to the
untreated cells. However, the compound 1 pre-treatment significantly (p < 0.05) reduced
the H2O2-induced p53 on HaCaT keratinocytes in a dose-dependent manner by 6.03, 4.92,
and 3.12-folds, respectively (Figure 5A). The results indicated that compound 1 exhibited
prevent HaCaT apoptosis through a decrease of the p53 expression.
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Figure 5. Effect of compound 1 on the expression of (A) p53, (B) Bax, (C) cytochrome C, (D) caspase-3 and -9, and (E)
Bcl-2 in HaCaT keratinocytes induced oxidative stress with H2O2. Cells were pre-treated with various concentrations of
compound 1 (12.5, 25, and 50 µg/mL) for 24 h exposed to 500 µmol/L of H2O2 for 1h. Graphs represent the mean ± SD
values of four replications. * p < 0.05 indicates significant differences from the H2O2 stimulation group, # p < 0.05 indicates
significant differences from the control group.
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3.7. Effects of Compound 1 on the Expression of Bax and Bcl-2 Proteins Induced by H2O2 in
HaCaT Keratinocytes

To investigate whether apoptosis protection of compound 1 correlated to the regulation
of the pro-apoptotic and anti-apoptotic proteins, we examined the expression of the Bax
and Bcl-2 proteins expression in H2O2-induced HaCaT keratinocytes using western blot
analysis. The cells exposed to H2O2 augmented the Bax and inhibited the expression
of Bcl-2 protein by 4.3 and 0.5 -folds compared to the control, respectively, resulting in
an imbalance between Bax and Bcl-2. Compound 1 pre-treatment at 25 and 50 µg/mL
significantly (p < 0.05) decreased protein Bax by 3.23 and 2.60-folds, while Bcl-2 protein
significantly (p < 0.05) increased in a dose-dependent manner by 0.62, 0.78, and 0.88 -folds
for compound 1 at 12.5, 25, and 50 µg/mL, respectively (Figure 5B,E). The results indicate
that compound 1 exerted its protective effects on the H2O2-induced cells via modulation of
Bax and Bcl-2, most likely at the transcriptional level.

3.8. Effects of Compound 1 on the Expression of Cytochrome C Protein Induced by H2O2 in
HaCaT Keratinocytes

The association between the anti-apoptosis activity of compound 1 in H2O2-induced
HaCaT keratinocytes and cytochrome C release was also investigated. Exposure of HaCaT
cells to H2O2 significantly enhanced cytochrome C level by 9.14 -fold compared to the
control group (p < 0.05). Pre-treatment of HaCaT cells with compound 1 at 25 and 50 µg/mL
significantly decrease cytochrome C level by 6.06 and 3.31 -folds (p < 0.05), respectively
(Figure 5C). The results suggest that compound 1 could reduce cytochrome C protein in
the H2O2-treated HaCaT keratinocytes.

3.9. Effects of Compound 1 on Caspase-3 and -9 Activities in H2O2-Induced HaCaT Keratinocytes

To investigate whether the anti-apoptotic property of compound 1 in H2O2-induced
HaCaT keratinocytes was related to caspase-3 and caspase-9, we analyzed the activities of
the two enzymes, and the results were shown in Figure 5D. The cells exposed to H2O2 in-
creased the activities of caspase-3 and -9 by approximately 5.68 and 3.62-folds, respectively.
Pre-treatment of the cells with compound 1 at 25 and 50 µg/mL significantly (p < 0.05)
reduced the levels of caspase-3 and -9 activities. The results suggest that compound 1
inhibits H2O2-induced apoptosis in HaCaT keratinocytes by suppressing caspase-3 and
-9 activities.

4. Discussion

Dendrobium spp. have been reported to possess many secondary metabolites with
potent antioxidant activities [19,25], and thus, they appear to be a good source of natural
skin rejuvenating and anti-aging agents. In the present study, we investigated the chemical
constituents of D. pachyglossum and the biological activities of the isolated compounds,
including the new bisbibenzyl named dendropachol (1), together with 4 known compounds
(2–5). The imbalance in the level of oxidants and antioxidants in the cells is due to excessive
production of ROS. In this study, H2O2 was chosen to induce oxidative stress in HaCaT
keratinocytes because it is mainly accumulated in the epidermis layer of the skin and can
diffuse freely in and out of the cells and tissues [31,32]. H2O2 is one of the most common
oxidants used in the oxidative stress models [33]. The increase of the intracellular H2O2
level in response to various pro-oxidants can further induce excessive ROS production
in the cells [31]. H2O2 and its corresponding ROS create oxidative stress in keratinocytes
and lead to lipid peroxidation, cell integrity damage, and apoptosis induction, leading to
skin aging [34]. To evaluate the suitable concentration of H2O2 to act as oxidative stress,
based on to cause an ~50% reduction in HaCaT cell viability [35]. The concentration of
H2O2 between 100–500 µmol/L is mainly used for inducing oxidative stress in cells [36].
The H2O2 concentration ranging from 100–500 µmol/L were evaluated to determine an
appropriate concentration for inducing oxidative stress in HaCaT cells. The result showed
that the viabilities of HaCaT cells decreased in a dose-dependent manner, and the highest
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concentration (500 µmol/L) caused about 50% of cell survival (Figure 3A). Our results
agreed with previous studies showing that H2O2 at 500 µmol/L reduced cell viability
in the range between 50–65% compared to the untreated group [37–39]. In the present
study, the cytotoxicity of compounds 1–5 was evaluated on HaCaT keratinocytes before
the preventive effect mechanism study. To confirm the non-toxicity of compounds 1–5,
we chose to use high concentrations (50 and 100 µg/mL) to ensure that they are safe for
cosmetic applications even at high concentrations. Among five compounds, we found
that only compound 1 (50 µg/mL) did not cause toxicity to HaCaT cells, while treatments
with other compounds resulted in a significant reduction in viability (Figure 2A). The
observed toxicity of compounds 2–5 was parallel to previous studies with other cell lines,
including cancer cells [25,40–42]. The cytotoxicity of compounds 2–5 might be potentiated
in H2O2-induced oxidative stress conditions. Therefore, our current study mainly focused
on compound 1 at 50 µg/mL to further investigate its molecular mechanism to prevent
H2O2-induced oxidative stress in HaCaT keratinocytes.

The DPPH assay was conducted to investigate the antioxidant activity of compound
1. This assay is widely used to determine the antioxidant property of compounds as
a free radical scavenger or hydrogen donors. The degree of DPPH decolorization is
related to the scavenging potential of the tested compounds [43]. Compound 1 (IC50
value 11.13 ± 0.32 µg/mL) exhibited a strong DPPH radical scavenging effect compared
to ascorbic acid (IC50 value 10.77 ± 0.64 µg/mL), indicating that compound 1 had strong
antioxidant activity against DPPH. The antioxidant property of compound 1 was further
investigated whether it could reduce the accumulated intracellular ROS in H2O2-induced
HaCaT cells using the DCFH-DA assay. The pre-treatment of HaCaT cells with compound
1 effectively reduced cellular ROS production (Figures 3B and 4D). The strong antioxidant
activity of compound 1 might be derived from its hydroxyl and methoxyl groups in the
ortho position of on ring A′, B, and B′ (Figure 1) [44]. It has been shown that the number
and position of hydroxyl and methoxyl groups contribute to the antioxidant properties of
polyphenolic compounds [45–47]. Our results agree with previous reports on the remark-
able radical scavenging properties of bibenzyl derivative from Dendrobium spp. [48–50],
suggesting that the bisbibenzyl structure is a key determinant of free radical scavenging
and protection from oxidative stress. Therefore, the bisbibenzyl structure of compound 1
could be a determinant factor for free radical scavenging and protective activities against
oxidative stress on HaCaT cells.

GPx and CAT (enzymatic antioxidants), and GSH (a non-enzymatic antioxidant), are
an important role in preventing intracellular organelles against the overproduction of
ROS [51]. These antioxidant enzymes can eliminate H2O2 produced by metabolism or
oxidative stress by converting H2O2 into H2O or oxygen, respectively [5–7]. Therefore,
we then investigated whether the preventive effect of compound 1 is associated with the
balance of the antioxidant enzymes on HaCaT keratinocytes. We found that compound 1
could enhance the activities of GPx and CAT and the level of GSH (Figure 4A–C) against
H2O2-induced oxidative stress of HaCaT keratinocytes in a dose-dependent manner. Our
result is consistent with the previous study showing that bibenzyl-dihydrophenanthrene
from D. parishii can improve the activities of antioxidant enzymes (GPx and CAT) [50].
Resveratrol, a well-known stilbenoid, was also reported to increase GPx and GSH activities
in HaCaT keratinocytes [52,53]. Compounds with stilbenoid structure have been reported
for potent antioxidant activity and antioxidative stress [54,55]. The polyphenolic groups
indirectly affect antioxidative stress by improving or inducing signal translocation, which
increases antioxidant enzyme expression [53,56,57]. Thus, our data implies that compound
1 prevented HaCaT keratinocytes from oxidative stress by increasing the activities of
antioxidant enzymes.

The oxidative stress caused by ROS can lead to the disruption of intracellular redox
imbalance and irreversible oxidative modification of macromolecules, leading to the ac-
tivation of mitochondrial apoptosis programs [58]. Initiation of signaling programmed
cell death by ROS leads to stimulation of p53 protein; thereby induces expression of Bax
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protein and inhibits anti-apoptotic Bcl-2 protein [59]. The activating Bax and inactivating
Bcl-2 subsequently disrupt mitochondrial outer membrane permeability, stimulate the
release of cytochrome C and other pro-apoptotic factors into the cytosol, and activate the
caspase cascade [60]. The major caspase in the apoptosis pathway includes caspase-3 and-9,
which act as an effector and an initiator caspase, respectively [61–65]. Our western blot and
enzymatic activity assays clearly showed that supplementation with compound 1 inhibits
H2O2-induced-apoptosis through p53/Bax/Bcl2-dependent pathway (Figure 5). Taken
together, it is possible that the compound protected HaCaT cells from oxidative stress by
either reducing ROS levels or enhancing antioxidant enzyme expressions [66], resulting in
the blockade of mitochondria-mediated oxidative stress and apoptosis. The information
from this study supports the translational applications of compound 1 in cosmeceutical
skin-products.

5. Conclusions

In the present study, chromatographic separation of a methanolic extract of D. pachyglos-
sum led to the isolation of five compounds (1–5), including a new bisbibenzyl named den-
dropachol (1) and four known compounds (2–5) comprising 4,5-dihydroxy-2,3-dimethoxy-
9,10-dihydrophenanthrene (2), gigantol (3), moscatilin (4) and 4,5,4′-trihydroxy-3, 3′-
dimethoxybibenzyl (5). Compound 1 showed strong free radical scavenging activity,
as determined by DPPH assays. Under oxidative stress condition, pre-treatment with com-
pound 1 provides a protective effect against oxidative stress induced by H2O2 in HaCaT
keratinocytes via its ability to scavenge free radicals, improve the activity of antioxidant
enzymes (GPx and CAT), and level of non-enzymatic antioxidant (GSH); inhibition of
p53-Bax/Bcl2-mediated apoptosis (Figure 6). Compound 1 can, therefore, be considered as
potential skincare and rejuvenation agent.
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Figure 6. (A) Intrinsic pathway of oxidative stress in HaCaT keratinocytes was induced with H2O2. Enhancement of H2O2

stimulated ROS production led to the protein’s expression of the p53, Bax, cytochrome C, caspase-9 and caspase-3 due to
inhibition anti-apoptotic of Bcl-2. (B) The molecular mechanism of compound 1 inhibited H2O2-induced oxidative stress
and increased antioxidant enzymes (GPx, and CAT) and level of non-enzymatic antioxidants activities (GPx) in HaCaT
keratinocytes. The intracellular ROS production was decreased from compound 1, GPx, CAT, and GSH. These lead to the
decrease of p53, Bax, cytochrome C, caspase-9 and caspase-3 levels and the increase of the anti-apoptotic of Bcl-2 protein.



Antioxidants 2021, 10, 252 14 of 16

Author Contributions: B.S. conceived, designed, and supervised the research project and edited the
manuscript. S.W. and C.M. performed the experiments and prepared the manuscript. W.M. per-
formed the NMR experiments. V.B. and K.L. provided comments and suggestions on the preparation
of the manuscript. P.R. supervised the research project and edited the manuscript. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by a research grant from the Ratchadaphiseksomphot Endow-
ment Fund of Chulalongkorn University (CU_GR_63_13_33_02). The authors express their gratitude
to the Faculty of Pharmaceutical Sciences, Chulalongkorn University for providing a research fund
(Phar2563-RGI-01) to B.S. The authors thank the Research Instrument Center of Faculty of Pharma-
ceutical Sciences, Chulalongkorn University, for providing research facilities. The authors express
gratitude to the National Research Council of Thailand (IRN FY2020 507/2563) (P.R.) and the Thailand
Science Research and Innovation (TSRI) Fund (CU_FRB640001_01_33_3) (P.R.).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Acknowledgments: S.W. is grateful to The 100th Anniversary Chulalongkorn University Fund for
Doctoral Scholarship and The Overseas Research Experience Scholarship for Graduate Student,
Graduate School Chulalongkorn University.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Proksch, E.; Brandner, J.M.; Jensen, J.-M. The skin: An indispensable barrier. Exp. Dermatol. 2008, 17, 1063–1072. [CrossRef]
2. Taylor, J.K.; Zhang, Q.Q.; Marcusson, E.G.; Dean, N.M. Inhibition of Bcl-xL expression sensitizes normal human keratinocytes

and epithelial cells to apoptotic stimuli. Oncogene 1999, 18, 4495–4504. [CrossRef]
3. Hirobe, T. Keratinocytes regulate the function of melanocytes. Dermatol. Sin. 2014, 32, 200–204. [CrossRef]
4. Gilhar, A.; Ullmann, Y.; Karry, R.; Shalaginov, R.; Assy, B.; Serafimovich, S.; Kalish, R.S. Aging of human epidermis: Reversal of

aging changes correlates with reversal of keratinocyte fas expression and apoptosis. J. Gerontol. A Biol. Sci. Med. Sci. 2004, 59,
B411–B415. [CrossRef] [PubMed]

5. Covarrubias, L.; Hernández-García, D.; Schnabel, D.; Salas-Vidal, E.; Castro-Obregón, S. Function of reactive oxygen species
during animal development: Passive or active? Dev. Biol. 2008, 320, 1–11. [CrossRef] [PubMed]

6. Wagener, F.A.D.T.G.; Carels, C.E.; Lundvig, D.M.S. Targeting the redox balance in inflammatory skin conditions. Int. J. Mol. Sci.
2013, 14, 9126–9167. [CrossRef] [PubMed]

7. Markiewicz, E.; Idowu, O.C. DNA damage in human skin and the capacities of natural compounds to modulate the bystander
signalling. Open Biol. 2019, 9, 190208.

8. Nimse, S.B.; Pal, D. Free radicals, natural antioxidants, and their reaction mechanisms. RSC Adv. 2015, 5, 27986–28006.
9. Masaki, H. Role of antioxidants in the skin: Anti-aging effects. J. Dermatol. Sci. 2010, 58, 85–90. [CrossRef]
10. Tobin, D.J. Introduction to skin aging. J. Tissue Viability 2017, 26, 37–46. [CrossRef]
11. Shon, M.-S.; Lee, Y.; Song, J.H.; Park, T.; Lee, J.K.; Kim, M.; Park, E.; Kim, G.N. Anti-aging potential of extracts prepared from

fruits and medicinal herbs cultivated in the Gyeongnam area of Korea. Prev. Nutr. Food Sci. 2014, 19, 178–186. [CrossRef]
12. Hu, Y.; Ma, Y.; Wu, S.; Chen, T.; He, Y.; Sun, J.; Jiao, R.; Jiang, X.; Huang, Y.; Deng, L.; et al. Protective effect of cyanidin-3-O-

glucoside against ultraviolet B radiation-induced cell damage in human HaCaT keratinocytes. Front. Pharmacol. 2016, 7, 301.
[CrossRef]

13. Han, H.S.; Kim, K.B.; Jung, J.H.; An, I.S.; Kim, Y.-J.; An, S. Anti-apoptotic, antioxidant and anti-aging effects of 6-shogaol on
human dermal fibroblasts. Biomed. Dermatol. 2018, 2, 27. [CrossRef]

14. Molagoda, I.M.N.; Lee, K.T.; Choi, Y.H.; Kim, G.-Y. Anthocyanins from Hibiscus syriacus L. inhibit oxidative stress-mediated
apoptosis by activating the Nrf2/HO-1 signaling pathway. Antioxidants 2020, 9, 42.

15. Xiaohua, J.; Singchi, C.; Yibo, L. Taxonomic revision of Dendrobium moniliforme complex (Orchidaceae). Sci. Hortic. 2009, 120,
143–145. [CrossRef]

16. Smitnand, T.B. Thai Plant Name; National Buddhist Department Printing: Bangkok, Thailand, 2014; pp. 185–191, (revised 2014).
17. Lam, Y.; Ng, T.B.; Yao, R.M.; Shi, J.; Xu, K.; Sze, S.C.W.; Zhang, Y.K. Evaluation of chemical constituents and important mechanism

of pharmacological biology in Dendrobium plants. Evid.-Based Complement. Altern. Med. 2015, 2015, 841752. [CrossRef]
18. Kanlayavattanakul, M.; Lourith, N.; Chaikul, P. Biological activity and phytochemical profiles of Dendrobium: A new source for

specialty cosmetic materials. Ind. Crops Prod. 2018, 120, 61–70. [CrossRef]
19. Ma, R.-J.; Yang, L.; Bai, X.; Li, Y.-J.; Yuan, M.-Y.; Wang, Y.-Q.; Xie, Y.; Hu, M.-J.; Zhou, J. Phenolic constituents with antioxidative,

tyrosinase inhibitory and anti-aging activities from Dendrobium loddigesii Rolfe. Nat. Prod. Bioprospect. 2019, 9, 329–336.
[CrossRef] [PubMed]

http://doi.org/10.1111/j.1600-0625.2008.00786.x
http://doi.org/10.1038/sj.onc.1202836
http://doi.org/10.1016/j.dsi.2014.05.002
http://doi.org/10.1093/gerona/59.5.B411
http://www.ncbi.nlm.nih.gov/pubmed/15123749
http://doi.org/10.1016/j.ydbio.2008.04.041
http://www.ncbi.nlm.nih.gov/pubmed/18555213
http://doi.org/10.3390/ijms14059126
http://www.ncbi.nlm.nih.gov/pubmed/23624605
http://doi.org/10.1016/j.jdermsci.2010.03.003
http://doi.org/10.1016/j.jtv.2016.03.002
http://doi.org/10.3746/pnf.2014.19.3.178
http://doi.org/10.3389/fphar.2016.00301
http://doi.org/10.1186/s41702-018-0037-4
http://doi.org/10.1016/j.scienta.2008.10.002
http://doi.org/10.1155/2015/841752
http://doi.org/10.1016/j.indcrop.2018.04.059
http://doi.org/10.1007/s13659-019-00219-y
http://www.ncbi.nlm.nih.gov/pubmed/31630376


Antioxidants 2021, 10, 252 15 of 16

20. Chan, C.-F.; Wu, C.-T.; Huang, W.-Y.; Lin, W.-S.; Wu, H.-W.; Huang, T.-K.; Chang, Y.-M.; Lin, Y.-S. Antioxidation and melanogenesis
inhibition of various Dendrobium tosaense extracts. Molecules 2018, 23, 1810. [CrossRef]

21. Luo, A.; Ge, Z.; Fan, Y.; Luo, A.; Chun, Z.; He, X.J. In vitro and in vivo antioxidant activity of a water-soluble polysaccharide from
Dendrobium denneanum. Molecules 2011, 16, 1579–1592. [CrossRef] [PubMed]

22. Abu, F.; Taib, C.N.M.; Moklas, M.A.M.; Akhir, S.B. Antioxidant properties of crude extract, partition extract, and fermented
medium of Dendrobium sabin flower. Evid.-Based Complement. Altern. Med. 2017, 2017, 1–9. [CrossRef] [PubMed]

23. Fan, H.; Meng, Q.; Xiao, T.; Zhang, L. Partial characterization and antioxidant activities of polysaccharides sequentially extracted
from Dendrobium officinale. J. Food Meas. Charact. 2018, 12, 1054–1064. [CrossRef]

24. Paudel, M.R.; Chand, M.B.; Pant, B.; Pant, B. Antioxidant and cytotoxic activities of Dendrobium moniliforme extracts and the
detection of related compounds by GC-MS. BMC Complement. Altern. Med. 2018, 18, 134. [CrossRef] [PubMed]

25. Vaddhanaphuti, N.B. A Field Guide to the Wild Orchids of Thailand, 4th ed.; Silkworm Books: Chiang Mai, Thailand, 2005; p. 116.
26. Tanagornmeatar, K.; Chaotham, C.; Sritularak, B.; Likhitwitayawuid, K.; Chanvorachote, P. Cytotoxic and anti-metastatic activities

of phenolic compounds from Dendrobium ellipsophyllum. Anticancer Res. 2014, 34, 6573–6579.
27. Chen, Y.; Xu, J.; Yu, H.; Qing, C.; Zhang, Y.; Wang, L.; Liu, Y.; Wang, J. Cytotoxic phenolics from Bulbophyllum odoratissimum. Food

Chem. 2008, 107, 169–173. [CrossRef]
28. Majumder, P.L.; Sen, R.C. Moscatilin, a bibenzyl derivative from the orchid Dendrobium moscatum. Phytochem 1987, 26, 2121–2124.

[CrossRef]
29. Sritularak, B.; Duangrak, N.; Likhitwitayawuid, K. A new bibenzyl from Dendrobium secundum. Z. Naturforsch. C J. Biosci. 2011,

66, 205–208. [CrossRef] [PubMed]
30. Sarakulwattana, C.; Mekboonsonglarp, W.; Likhitwitayawuid, K.; Rojsitthisak, P.; Sritularak, B. New bisbibenzyl and phenan-

threne derivatives from Dendrobium scabrilingue and their α-glucosidase inhibitory activity. Nat. Prod. Res. 2020, 34, 1694–1701.
[CrossRef] [PubMed]

31. Sritularak, B.; Likhitwitayawuid, K. New bisbibenzyls from Dendrobium falconeri. Helv. Chim. Acta 2009, 92, 740–744. [CrossRef]
32. Bae, S.; Lee, E.J.; Lee, J.H.; Park, I.C.; Lee, S.J.; Hahn, H.J.; Ahn, K.J.; An, S.; An, I.-S.; Cha, H.J. Oridonin protects HaCaT

keratinocytes against hydrogen peroxide-induced oxidative stress by altering microRNA expression. Int. J. Mol. Med. 2014, 33,
185–193. [CrossRef]

33. Pelle, E.; Mammone, T.; Maes, D.; Frenkel, K. Keratinocytes act as a source of reactive oxygen species by transferring hydrogen
peroxide to melanocytes. J. Investig. Dermatol. 2005, 124, 793–797. [CrossRef] [PubMed]

34. Liu, Y.H.; Lin, Y.S.; Huang, Y.W.; Fang, S.U.; Lin, S.Y.; Hou, W.C. Protective effects of minor components of curcuminoids on
hydrogen peroxide-treated human HaCaT keratinocytes. J. Agric. Food Chem. 2016, 64, 3598–3608. [CrossRef]

35. Zuliani, T.; Denis, V.; Noblesse, E.; Schnebert, S.; Andre, P.; Dumas, M.; Ratinaud, M.H. Hydrogen peroxide-induced cell death in
normal human keratinocytes is differentiation dependent. Free Radic. Biol. Med. 2005, 38, 307–316. [CrossRef] [PubMed]

36. Muangnoi, C.; Sharif, U.; Ratnatilaka Na Bhuket, P.; Rojsitthisak, P.; Paraoan, L. Protective effects of curcumin ester prodrug, cur-
cumin diethyl disuccinate against H2O2-induced oxidative stress in human retinal pigment epithelial cells: Potential therapeutic
avenues for age-related macular degeneration. Int. J. Mol. Sci. 2019, 20, 3367. [CrossRef] [PubMed]

37. Ransy, C.; Vaz, C.; Lombès, A.; Bouillaud, F. Use of H2O2 to Cause Oxidative Stress, the Catalase Issue. Int. J. Mol. Sci. 2020,
21, 9149. [CrossRef]

38. Yoon, Y.; Lee, Y.M.; Song, S.; Lee, Y.Y.; Yeum, K.J. Black soybeans protect human keratinocytes from oxidative stress-induced cell
death. Food Sci. Nutr. 2018, 6, 2423–2430. [CrossRef] [PubMed]

39. Lee, S.Y.; Kim, C.H.; Hwang, B.S.; Choi, K.M.; Yang, I.J.; Kim, G.Y.; Choi, Y.H.; Park, C.; Jeong, J.W. Protective effects of Oenothera
biennis against hydrogen peroxide-induced oxidative stress and cell death in skin keratinocytes. Life 2020, 10, 255. [CrossRef]

40. Park, C.; Lee, H.; Noh, J.S.; Jin, C.Y.; Kim, G.Y.; Hyun, J.W.; Leem, S.H.; Choi, Y.H. Hemistepsin A protects human keratinocytes
against hydrogen peroxide-induced oxidative stress through activation of the Nrf2/HO-1 signaling pathway. Arch. Biochem.
Biophys. 2020, 691, 108512. [CrossRef]

41. Chaotham, C.; Pongrakhananon, V.; Sritularak, B.; Chanvorachote, P. A bibenzyl from Dendrobium ellipsophyllum inhibits
epithelial-to-mesenchymal transition and sensitizes lung cancer cells to anoikis. Anticancer Res. 2014, 34, 1931–1938. [PubMed]

42. Klongkumnuankarn, P.; Busaranon, K.; Chanvorachote, P.; Sritularak, B.; Jongbunprasert, V.; Likhitwitayawuid, K. Cytotoxic and
antimigratory activities of phenolic compounds from Dendrobium brymerianum. Evid.-Based Complement. Altern. Med. 2015, 2015.
[CrossRef]

43. Losuwannarak, N.; Maiuthed, A.; Kitkumthorn, N.; Leelahavanichkul, A.; Roytrakul, S.; Chanvorachote, P. Gigantol targets
cancer stem cells and destabilizes tumors via the suppression of the PI3K/AKT and JAK/STAT pathways in ectopic lung cancer
xenografts. Cancers 2019, 11, 2032. [CrossRef] [PubMed]

44. Kedare, S.B.; Singh, R.P. Genesis and development of DPPH method of antioxidant assay. J. Food Sci Technol. 2011, 48, 412–422.
[CrossRef] [PubMed]

45. Hidalgo, M.E.; De la Rosa, C.; Carrasco, H.; Cardona, W.; Gallardo, C.; Espinoza, L. Antioxidant capacity of eugenol derivatives.
Quim. Nova 2009, 32, 1467–1470. [CrossRef]

46. Zheng, C.D.; Li, G.; Li, H.Q.; Xu, X.J.; Gao, J.M.; Zhang, A.L. DPPH-scavenging activities and structure-activity relationships of
phenolic compounds. Nat. Prod. Commun. 2010, 5, 1759–1765. [CrossRef]

http://doi.org/10.3390/molecules23071810
http://doi.org/10.3390/molecules16021579
http://www.ncbi.nlm.nih.gov/pubmed/21321529
http://doi.org/10.1155/2017/2907219
http://www.ncbi.nlm.nih.gov/pubmed/28761496
http://doi.org/10.1007/s11694-018-9721-8
http://doi.org/10.1186/s12906-018-2197-6
http://www.ncbi.nlm.nih.gov/pubmed/29685150
http://doi.org/10.1016/j.foodchem.2007.07.077
http://doi.org/10.1016/S0031-9422(00)81777-X
http://doi.org/10.1515/znc-2011-5-602
http://www.ncbi.nlm.nih.gov/pubmed/21812336
http://doi.org/10.1080/14786419.2018.1527839
http://www.ncbi.nlm.nih.gov/pubmed/30580616
http://doi.org/10.1002/hlca.200800391
http://doi.org/10.3892/ijmm.2013.1561
http://doi.org/10.1111/j.0022-202X.2005.23661.x
http://www.ncbi.nlm.nih.gov/pubmed/15816838
http://doi.org/10.1021/acs.jafc.6b01196
http://doi.org/10.1016/j.freeradbiomed.2004.09.021
http://www.ncbi.nlm.nih.gov/pubmed/15629860
http://doi.org/10.3390/ijms20133367
http://www.ncbi.nlm.nih.gov/pubmed/31323999
http://doi.org/10.3390/ijms21239149
http://doi.org/10.1002/fsn3.842
http://www.ncbi.nlm.nih.gov/pubmed/30510743
http://doi.org/10.3390/life10110255
http://doi.org/10.1016/j.abb.2020.108512
http://www.ncbi.nlm.nih.gov/pubmed/24692728
http://doi.org/10.1155/2015/350410
http://doi.org/10.3390/cancers11122032
http://www.ncbi.nlm.nih.gov/pubmed/31861050
http://doi.org/10.1007/s13197-011-0251-1
http://www.ncbi.nlm.nih.gov/pubmed/23572765
http://doi.org/10.1590/S0100-40422009000600020
http://doi.org/10.1177/1934578X1000501112


Antioxidants 2021, 10, 252 16 of 16

47. Al Habsi, A.A.S.; Hossain, M.A. Isolation, structure characterization and prediction of antioxidant activity of two new compounds
from the leaves of Dodonaea viscosa native to the Sultanate of Oman. Egypt. J. Basic Appl. Sci. 2018, 5, 157–164. [CrossRef]

48. Chen, J.; Yang, J.; Ma, L.; Li, J.; Shahzad, N.; Kim, C.K. Structure-antioxidant activity relationship of methoxy, phenolic hydroxyl,
and carboxylic acid groups of phenolic acids. Sci. Rep. 2020, 10, 1–9.

49. Zhang, X.; Xu, J.K.; Wang, J.; Wang, N.L.; Kurihara, H.; Kitanaka, S.; Yao, X.S. Bioactive bibenzyl derivatives and fluorenones
from Dendrobium nobile. J. Nat. Prod. 2007, 70, 24–28. [CrossRef]

50. Li, Y.; Wang, C.L.; Wang, Y.J.; Wang, F.F.; Guo, S.X.; Yang, J.S.; Xiao, P.G. Four new bibenzyl derivatives from Dendrobium candidum.
Chem. Pharm. Bull. 2009, 57, 997–999. [CrossRef] [PubMed]

51. Kongkatitham, V.; Muangnoi, C.; Kyokong, N.; Thaweesest, W.; Likhitwitayawuid, K.; Rojsitthisak, P.; Sritularak, B. Antioxidant
and anti-inflammatory effects of new bibenzyl derivatives from Dendrobium parishii in hydrogen peroxide and lipopolysaccharide
treated RAW264. 7 cells. Phytochem. Lett. 2018, 24, 31–38. [CrossRef]

52. Lü, J.M.; Lin, P.H.; Yao, Q.; Chen, C. Chemical and molecular mechanisms of antioxidants: Experimental approaches and model
systems. J. Cell. Mol. Med. 2010, 14, 840–860. [CrossRef] [PubMed]

53. Chen, M.L.; Li, J.; Xiao, W.R.; Sun, L.; Tang, H.; Wang, L.; Wu, L.-Y.; Chen, X.; Xie, H.F. Protective effect of resveratrol against
oxidative damage of UVA irradiated HaCaT cells. J. Cent. South Univ. 2006, 31, 635–639.

54. Liu, Y.; Chan, F.; Sun, H.; Yan, J.; Fan, D.; Zhao, D.; An, J.; Zhou, D. Resveratrol protects human keratinocytes HaCaT cells from
UVA-induced oxidative stress damage by downregulating Keap1 expression. Eur. J. Pharmacol. 2011, 650, 130–137. [CrossRef]

55. Akinwumi, B.C.; Bordun, K.A.M.; Anderson, H.D. Biological activities of stilbenoids. Int. J. Mol. Sci. 2018, 19, 792. [CrossRef]
56. Nagapan, T.S.; Ghazali, A.R.; Barsri, D.F.; Lam, W.N. Photoprotective effect of stilbenes and its derivatives against ultraviolet

radiation-induced skin disorders. Biomed. Pharmacol. J. 2018, 11, 1199–1208. [CrossRef]
57. Orozco, M.F.; Vázquez-Hernández, A.; Fenton-Navarro, B. Active compounds of medicinal plants, mechanism for antioxidant

and beneficial effects. Phyton 2019, 88, 1.
58. Martín, M.Á.; Serrano, A.B.G.; Ramos, S.; Pulido, M.I.; Bravo, L.; Goya, L. Cocoa flavonoids up-regulate antioxidant enzyme

activity via the ERK1/2 pathway to protect against oxidative stress-induced apoptosis in HepG2 cells. J. Nutr. Biochem. 2010, 21,
196–205. [CrossRef] [PubMed]

59. He, L.; He, T.; Farrar, S.; Ji, L.; Liu, T.; Ma, X. Antioxidants maintain cellular redox homeostasis by elimination of reactive oxygen
species. Cell. Physiol. Biochem. 2017, 44, 532–553. [CrossRef] [PubMed]

60. Vaseva, A.V.; Moll, U.M. The mitochondrial p53 pathway. BBA Bioenerg. 2009, 1787, 414–420. [CrossRef]
61. Peña-Blanco, A.; García-Sáez, A.J. Bax, Bak and beyond-mitochondrial performance in apoptosis. FEBS J. 2018, 285, 416–431.

[CrossRef]
62. McIlwain, D.R.; Berger, T.; Mak, T.W. Caspase functions in cell death and disease. CSH Perspect. Biol. 2013, 5, a008656. [CrossRef]
63. Nicholson, D.W.; Thornberry, N.A. Caspases: Killer proteases. Trends Biochem. Sci. 1997, 22, 299–306. [CrossRef]
64. Muangnoi, C.; Bhuket, P.R.N.; Jithavech, P.; Supasena, W.; Paraoan, L.; Patumraj, S.; Rojsitthisak, P. Curcumin diethyl disuccinate,

a prodrug of curcumin, enhances anti-proliferative effect of curcumin against HepG2 cells via apoptosis induction. Sci. Rep. 2019,
9, 1–9. [CrossRef]

65. Roufayel, R. Regulation of stressed-induced cell death by the Bcl-2 family of apoptotic proteins. Mol. Membr. Biol. 2016, 33, 89–99.
[CrossRef] [PubMed]

66. Choi, Y.J.; Kang, J.S.; Park, J.H.Y.; Lee, Y.J.; Choi, J.S.; Kang, Y.H. Polyphenolic flavonoids differ in their antiapoptotic efficacy in
hydrogen peroxide–treated human vascular endothelial cells. J. Nutr. 2003, 133, 985–991. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejbas.2018.04.004
http://doi.org/10.1021/np060449r
http://doi.org/10.1248/cpb.57.997
http://www.ncbi.nlm.nih.gov/pubmed/19721264
http://doi.org/10.1016/j.phytol.2018.01.006
http://doi.org/10.1111/j.1582-4934.2009.00897.x
http://www.ncbi.nlm.nih.gov/pubmed/19754673
http://doi.org/10.1016/j.ejphar.2010.10.009
http://doi.org/10.3390/ijms19030792
http://doi.org/10.13005/bpj/1481
http://doi.org/10.1016/j.jnutbio.2008.10.009
http://www.ncbi.nlm.nih.gov/pubmed/19195869
http://doi.org/10.1159/000485089
http://www.ncbi.nlm.nih.gov/pubmed/29145191
http://doi.org/10.1016/j.bbabio.2008.10.005
http://doi.org/10.1111/febs.14186
http://doi.org/10.1101/cshperspect.a008656
http://doi.org/10.1016/S0968-0004(97)01085-2
http://doi.org/10.1038/s41598-019-48124-1
http://doi.org/10.1080/09687688.2017.1400600
http://www.ncbi.nlm.nih.gov/pubmed/29166806
http://doi.org/10.1093/jn/133.4.985
http://www.ncbi.nlm.nih.gov/pubmed/12672908

	Introduction 
	Materials and Methods 
	General Experimental Procedures 
	Plant Materials 
	Extraction and Isolation 
	Cell Culture 
	Cytotoxic Effect of Chemical Constituents from D. pachyglossum on HaCaT Keratinocytes Cells 
	Effect of H2O2 on Cell Viability of HaCaT Keratinocyte Cells 
	Effect of MeOH Extract and Compound 1 on Cell Viability of HaCaT Cells under Oxidative Stress 
	Antioxidant Enzyme Activities 
	Effect of Compound 1 on DPPH (2,2-Diphenyl-1-Picrylhydrazyl) Free Radical Scavenging Activity 
	Effect of Compound 1 on ROS Production in HaCaT Cells under Oxidative Stress 
	Anticaspase-3 and -9 Activities 
	Protein Extraction and Western Blot Analysis 
	Statistical Analysis 

	Results 
	Structural Characterization 
	Cytotoxicity of Isolated Compounds 1 from D. pachyglossum on HaCaT Keratinocytes 
	DPPH Radical Scavenging Activity of Compound 1 
	Effects of Compound 1 on Cell Viability of HaCaT Keratinocytes and H2O2-Induced Oxidative Stress 
	Effects of Compound 1 on GPx and CAT Activities, GSH Level, and ROS Production in H2O2-Treated HaCaT Keratinocytes 
	Effects of Compound 1 on the Expression of p53 Protein Induced by H2O2 in HaCaT Keratinocytes 
	Effects of Compound 1 on the Expression of Bax and Bcl-2 Proteins Induced by H2O2 in HaCaT Keratinocytes 
	Effects of Compound 1 on the Expression of Cytochrome C Protein Induced by H2O2 in HaCaT Keratinocytes 
	Effects of Compound 1 on Caspase-3 and -9 Activities in H2O2-Induced HaCaT Keratinocytes 

	Discussion 
	Conclusions 
	References

