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Plant-derived extracts including essential oils have long been used as important
ingredients of cosmetics. In recent years, there has been a demand for safe
cosmeceuticals with excellent anti-aging activity. This study aimed to develop
candidate plant extracts with excellent antioxidant and detoxifying activities in
keratinocytes with a view to protecting photo-aging of the skin. The ROSscavenging activities of candidate plant essential oils were determined in ultraviolet
B (UVB)-irradiated normal human epidermal keratinocytes (NHEKs). Their
antioxidant and detoxifying activities were determined by measuring enzymatic
antioxidants, phase 2 enzymes and total polyphenol content. In DCF-DA and
confocal microscopy studies, the plant essential oils including Lavender oil,
Lemongrass oil, Rosemary oil, Chamomile oil and Peppermint oil showed excellent
ROS-scavenging activity in UVB-irradiated NHEKs. In RT-PCR studies, all these oils
upregulated the expression of enzymatic antioxidants (CuSOD, GPx II and Prx I) and
phase 2 detoxifying enzymes (HO-1, NQO-1, GSTpi, GSTA4, and GCLM)via Nrf2 in
NHEKs. All of the five essential oils can be regarded as good candidate natural
products with potential for use as new cosmeceuticals.
Keywords: Plant-derived extracts, cosmeceuticals, keratinocytes, photo-aging, skin.

INTRODUCTION
Essential oils are complex mixtures of low molecular weight
compounds, which are extracted by steam distillation,
hydrodistillation, or solvent extraction (Nakatsu et al., 2000).
Approximately, 3000 essential oils were reported from at
least 2000 plant species and at least 300 of these are
regarded as important sources of industrial products (Raut
et al., 2014). As plant essential oils contain a variety of plant
secondary metabolites, they can be applied to health,
agriculture, cosmetics and food products (Clardy and Walsh,
2004).
Essential oils have been reported to have various
pharmaceutical and biological activities including
antimicrobial, anticancer, anti-inflammatory and antioxidant
efficacies (Raut et al., 2014; Ali et al., 2015). The beneficial

effects of essential oils are widely used in the production of
various cosmetic products to be applied to the skin.
Fortunately, essential oils are generally safe, with minimum
adverse reactions in the skin, such as irritating and allergic
reactions and phototoxicity (Ali et al., 2015).
The skin is directly exposed to a wide variety of chemical
and physical attacks such as ultraviolet (UV) irradiation,
which produce a variety of reactive oxygen species (ROS).
Therefore, keratinocytes (KCs), as the major compound
cells in the epidermis are equipped with a variety of
antioxidants that can be classified into non-enzymatic and
enzymatic, which protect the skin from ROS-induced
oxidative damage. Superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) are well-known
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antioxidant enzymes in the skin. Peroxiredoxins (Prxs) are
a family of peroxidases that are widely expressed in various
tissues including the skin (Lee SC et al., 2000) and are also
important antioxidant enzymes in the protection of cells
from oxidative damage by reducing peroxides and
scavenging radicals (Fujii and Ikeda, 2002; Rhee et al.,
2005).
Another group of enzymes called phase 2 enzymes,
including heme oxygenase-1 (HO-1), NADP(H): quinone
oxidoreductase-1 (NQO-1), glutathione-S-transferase(GST)
and glutamate-cysteine ligase (GCLM) functions as an
important cellular defense mechanism by detoxifying
xenobiotic or electrophilic carcinogens and promoting
antioxidant activity against pro-oxidants (Zhang et al.,
2013). These phase 2 enzymes share common
transcriptional regulation by redox-sensitive transcription
factor, NF-E2-related factor-2 (Nrf2). In the skin, they have
been reported to be induced in response to environmental
stressors such as UV irradiation, hydrogen peroxide (H2O2)
and lipopolysaccharides (Marrot et al., 2008, Wojas-Pelc et
al., 2007), as well as cell differentiation (Piao et al., 2011).
In our previous studies, NQO-1 was found to be upregulated
in differentiated KCs and HO-1, NQO-1 and GST were
upregulated by UVB irradiation of dermal fibroblasts (Piao
et al., 2011; Choi et al., 2013).
We are interested in the antioxidant activities of plant
essential oils that can be used as beneficial ingredients in
cosmeceuticals. The present study was performed to
determine the antioxidant activity of plant essential oils by
studying their modulatory activity of some antioxidant (SOD,
GPx, Prx) and phase 2 (HO-1, NQO-1, GST, GCLM) enzymes
in NHEKs. Their ROS-scavenging activity was evaluated in
primary cultured normal human epidermal keratinocytes
(NHEKs), which were irradiated with ultraviolet B (UVB) to
induce oxidative stress.
MATERIALS AND METHODS
Cells
NHEKs were purchased from EpiLife (EpiLife; Cascade
Biologics,Portland, OR). Cells were cultured in basal
keratinocyte growth media (EpiLife) supplemented with
human keratinocyte growth supplement (0.06 mM calcium)
and antibiotics(100 U/ml penicillin and 100 mg/ml
streptomycin) in a 5% CO2 incubator. Passages 2 to 5 were
used for all experiments.
MTT assay
To determine cell viability, NHEKs were seeded onto 96-
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well plates and treated with different concentrations of
herb extracts for 24 h.
Cell viability was assayed using the colorimetric 3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumbromide
(MTT) kit (Chemicon International Inc., Billerica, MA, USA)
according to the manufacturer’s instructions. Briefly, 10 μl
MTT solution was added to each well (0.5 mg/ml) and
plates incubated at 37°C for 2 h. The produced formazan
crystals were dissolved in 100 μldimethylsulfoxide and the
absorbance was read at 570 nm using a plate reader
(Molecular Devices, Sunnyvale, CA).
Measurement of intracellular ROS levels
Intracellular ROS levels were measured using fluorogenic
2′, 7′-dichlorodihydrofluorescein diacetate (DCF-DA;
Invitrogen, Carlsbad, CA), which was detected by
fluorescence-activated cell sorting (FACS) analysis. Briefly,
NHEKs were seeded on each well of a 60-mm culture dish
at a density of 5 × 106 cells per well and treated with plant
extracts for 1 h. In our experimental system to produce ROS
by UVB irradiation, cells were pretreated with plant
extracts, since ROS rapidly produced and disappeared
during UVB irradiation. After washing with PBS, NHEKs
were labeled with 10 µM DCF-DA at 37°C for 30 min,
followed by washing with PBS again, and were then
exposed to UVB irradiation at a dose of 50 mJ/cm2. After
further washing, NHEKs suspended in 500 µl PBS were
analyzed using a FACSC alibur flow cytometer (FACSC
alibur; Becton Dickinson, CA) at an excitation wavelength of
488 nm and an emission wavelength of 530 nm. As a
control, untreated UVB-irradiated NHEKs were prepared.
Data were analyzed using the Cell Quest software. At the
same time, UVB-induced intracellular ROS was detected
using confocal microscopy with DCF-DA dye. Counter
staining was performed with 4′, 6-diamidino-2phenylindole and fluorescent signals detected at excitation
wavelengths of 492 to 495 nm and emission wavelengths of
517 to 527 nm. Images were visualized using confocal
microscopy with a 40x objective lens (LSM 510; Carl Zeiss,
Jena, Germany), and analyzed using the LSM 5 browser
imaging software.
Reverse transcriptase-polymerase chain reaction (RTPCR)for antioxidant and detoxifying enzymes
Total RNA was isolated using an RNeasy mini kit (Qiagen,
Fremont, CA) according to the manufacturer’s instructions.
cDNA was generated from 1 µg total RNA using an
Omniscript RT kit (Qiagen). A polymerase chain reaction
(PCR) pre-mixture kit (ELPIS, Daejeon, Korea) was used for
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Table 1: Primer sequences for RT-PCR.

Genes

Primer sequences (Forward/Reverse)

Product size (bp)

5’-atggcgacgaaggccgtgtg -3’/

360

Human CuSOD
5’-gaccaccagtgtgcggccaa -3’

5’-tgaggtgaatgggcagaacg -3’/

Human Gpx II

596
5’-ttttgccgtttccacacctg -3’

5’-atgtcttcaggaaatgctaaaat - 3’/

599

Human Prx I
5’-tcacttctgcttggagaaatattc -3’

5’-caggcagagaatgctgagttc -3’/

Human HO-1

554
5’-gatgttgagcaggaacgcagt -3

5’-cagcgccccggactgcaccagagcc -3’/

Human NQO-1

142
5’-gggaagcctggaaagatacccaga - 3’

5’-gcaggttgtagtcagcgaaggag -3’/

Human GSTpi

428
5’-gctgcgcggccctgcgcatgctg -3’/

reverse transcriptase-PCR (RT-PCR). Table 1 shows specific
primers used in the PCR reactions. PCR products were
analyzed using 1.5% agarose gel electrophoresis, stained
with Sybr Safe DNA gel stain buffer (Invitrogen, Carlsbad,
CA) and visualized by luminescence (LAS 3000; Fujifilm,
Tokyo, Japan). All quantitation was normalized to
endogenous control GAPDH.

extracts was determined using Folin-Ciocalteu’s phenol
reagent (Singleton and Rossi). The absorbance was
measured at 750 nm with an ELISA (Molecular Devices,
Menlo Park, CA) and the TPC concentration of the samples is
expressed in mg of gallic acid equivalents (GAE)/kg extract.

Determination of total phenol content

All experiments were performed in triplicate and the
results expressed as the mean  standard deviation.
Comparisons between samples were carried out using a

The content of total phenolic compounds (TPC) in the

Statistical analysis
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Table 1: Primer sequences for RT-PCR.

Genes

Primer sequences (Forward/Reverse)

Product size (bp)

5’-tccgtgagatgggttttagc -3’/

Human GSTA4

191
5’-ctgtaccaacttcatcccgtc - 3’

5’-actagaagtgcagttgacatgg -3’/

Human GCLM

120
5’-aggctgtaaatgctccaagg - 3’

5’-aaaccagtggatctgccaac -3’/

164

Human Nrf-2
5’-gaccgggaatatcaggaaca - 3’

5’-gtcttcaccaccatggagaaggc-3’/

Human GAPDH

400
5’-cggaaggccatgccagtgagctt-3’

Student’s t-test, with statistical significance considered to
be p < 0.05.

Lemongrass oil, 0.5 GAE mg/kg Rosemary oil, 17.9 GAE
mg/kg Chamomile oil and 0.4 GAE mg/kg Peppermint oil.

RESULTS

ROS-scavenging activity of plant essential oils in UVBirradiated NHEKs

MTT assay of plant essential oil extracts in NHEKs
For the present study, a group of plant essential oils that are
widely used in cosmetics or aromatherapy were selected. In
the MTT cell viability assay, the following concentrations of
plant essential oils were found to be optimal with no
cytotoxicity: >0.01% Lavender oil; >0.005% Lemongrass oil;
>0.13% Rosemary oil; >0.005% Chamomile oil and >0.08%
Peppermint oil (Figure 1).
Total polyphenol content of plant essential oil extracts
The total polyphenol content of the tested essential oils
were 1.0 GAE mg/kg Lavender oil, 11.9 GAE mg/kg

In humans, life-long exposure to UV irradiation inevitably
causes photoaging due to ROS-induced oxidative damage.
Safe cosmetics with efficient antioxidant and detoxifying
activities are highly sought after in skin research. As a
functional assay to evaluate the ROS-scavenging activity of
candidate essential oils, treated NHEKs were irradiated with
50 mJ/cm2 UVB to produce a large amount of ROS. In FACS
analysis, the DCF-DA signal was increased to 811.1% in
UVB-irradiated NHEKs from the baseline value in nonirradiated NHEKs (negative control, 100%). As a positive
control experiment, NHEKs were irradiated with UVB in the
presence of 0.1% NAC (a known ROS scavenger) and the
DCF-DA-positive signal was markedly decreased to 378.5%
(Figure 2A). Under the same conditions, the DCF-DA signal
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Figure 1: Cytotoxicity of various essential oils in NHEKs. To determine the non-toxic concentrations of plant essential oils including Lavender
oil, Lemongrass oil, Rosemary oil, Chamomile oil and Peppermint oil, an MTT assay was performed in NHEKs treated with different doses of
these oils for 24 h.

A

B

C

Figure 2A: ROS-scavenging activity of plant essential oils in UVB-irradiated NHEKs. A) FACS analysis of DCF-DA signals in NHEKs. After
NHEKs were treated with UVB at a dose of 50 mJ/cm2 and DCF-DA fluorescent signals were measured by FACS in (a) non-UVB-irradiated,
(b) UVB-irradiated and (c) NAC-treated UVB-irradiated cells (positive control). Under the same conditions, DCF-DA signals were also
measured in essential oil-treated UVB-irradiated cells.

was markedly attenuated in the UVB-irradiated NHEKs pre-

treated with essential oils: to 321.93% by 0.005% Lavender
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Figure 2B: ROS-scavenging activity of plant essential oils in UVB-irradiated NHEKs. The relative fluorescence intensity of the tested samples
was analyzed by densitometry.

oil, 378.3 by 0.005% Lemongrass oil, 402.5 by 0.02%
Rosemary oil, 405.6 by 0.005% Chamomile oil and 400.6 by
0.04% Peppermint oil, respectively (Figure 2B). In the
confocal microscopy study, DCF-DA-positive signals were
strongly augmented in UVB-irradiated NHEKs, which were
markedly diminished in both NAC- and essential oil-treated
UVB-irradiated NHEKs (Figure 3). Taken together, the plant
essential oils function as potent antioxidants with ROSscavenging activity in UVB-irradiated NHEKs.
Antioxidant activity of plant essential oils due to the
upregulation of a set of antioxidant enzymes in NHEKs
An accumulation of studies showed that various plants are a
good source of antioxidants for scavenging ROS (Khan et al.,
1992).To evaluate the antioxidant activity, NHEKs were
treated with the essential oils at different concentrations for
24 h. In RT-PCR, maximal mRNA expression of CuSOD was
induced by 0.01% Lavender oil, 0.0006% Lemongrass oil,
0.01% Rosemary oil, 0.01% Chamomile oil and 0.0012%

Peppermint oil (Figure 4). Maximal mRNA expression of
GPx II was induced by 0.01% Lavender oil, 0.005%
Lemongrass oil, 0.04% Rosemary oil, 0.04% Chamomile oil
and 0.005% Peppermint oil (Figure 4). Maximal mRNA
expression of Prx I was induced by 0.01% Lavender oil,
0.0006% Lemongrass oil, 0.01% Rosemary oil, 0.01%
Chamomile oil and 0.0012% Peppermint oil (Figure 4).
Collectively, these plant essential oils were found to be a
good natural source for the induction of the antioxidant
enzymes (CuSOD, GPx II, and Prx I) in NHEKs.
Detoxifying activity of plant essential oils due to the
upregulation of a set of Nrf2-dependent phase 2
enzymes in NHEKs
Next, we measured the mRNA expression levels of phase 2
enzymes in the same samples in order to test the detoxifying
activity of the essential oils. In RT-PCR, maximal mRNA
expression of HO-1 was induced by 0.01% Lavender oil,
0.0006% Lemongrass oil, 0.04% Rosemary oil, 0.005%
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Figure 3: Confocal microscopy analysis to detect DCF-DA signals in NHEKs. DCF-DA fluorescent signals from control (non-UVB-irradiated
NHEKs), UVB-irradiated NHEKs and essential oil-treated UVB-irradiated NHEKs are depicted. DAPI indicates the staining of cell nuclei
and DCF-DA images are overlapped with DAPI images of the same samples (merge).

Figure 4: Effect of plant essential oils on the expression of enzymatic antioxidants in NHEKs. To evaluate the effect of plant essential
oils on the expression levels of a set of enzymatic antioxidants including CuSOD, GPx II and Prx I. NHEKs were treated with different
doses of the oils for 24 h and mRNA levels of the enzymatic antioxidants were then measured using RT-PCR.
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Figure 5A: Effect of plant essential oils on the expression of phase 2 enzymes in NHEKs. A) To evaluate the effect of plant essential oils on the
expression levels of a set of phase 2 enzymes including HO-1, NQO-1, GSTpi, GSTA4, GCNM, NHEKs were treated with different doses of the oils for
24 h and mRNA levels of phase 2 enzymes were then measured using RT-PCR.

Figure 5B: Effect of plant essential oils on the expression of phase 2 enzymes in NHEKs. B) To evaluate the effect of plant essential oils on the
expression levels of Nrf2, NHEKs were treated with different doses of the oils for 24 h, and Nrf2 mRNA levels were then measured using RT-PCR.

Chamomile oil, and 0.01% Peppermint oil (Figure 5).
Maximal mRNA expression of NQO-1 was induced by 0.01%
Lavender oil, 0.005% Lemongrass oil, 0.04% Rosemary oil,
0.005% Chamomile oil and 0.02% Peppermint oil (Figure
5A). Maximal mRNA expression of GSTpi was induced by
0.0025% Lavender oil, 0.0012% Lemongrass oil, 0.01%
Rosemary oil, 0.0012% Chamomile oil and 0.02%
Peppermint oil (Figure 5A). Maximal mRNA expression of
GSTA4 was induced by 0.01% Lavender oil, 0.005%
Lemongrass oil, 0.04% Rosemary oil, 0.0025% Chamomile
oil and 0.01% Peppermint oil (Figure 5A). Maximal mRNA
expression of GCNM was induced by 0.01% Lavender oil,
0.005% Lemongrass oil, 0.04% Rosemary oil, 0.0006%
Chamomile oil and 0.02% Peppermint oil (Figure 5A). As a
transcription factor for the modulation of phase 2 enzymes,
maximal mRNA induction of Nrf-2 expression was observed
in 0.0025% Lavender oil, 0.005% Lemongrass oil, 0.04%
Rosemary oil, 0.02% Chamomile oil and 0.005%

Peppermint oil (Figure 5B). Collectively, the plant essential
oils were found to be a good natural source for the induction
of the phase 2 enzymes (HO-1, NQO-1, GSTs, and GCLM) in
NHEKs.
DISCUSSION
Development of novel cosmeceuticals is of importance in
skin research due to their new therapeutic modalities in
addition to the original concept of use as cosmetics. All five
plant essential oils tested (Lavender oil, Lemongrass oil,
Rosemary oil, Chamomile oil and Peppermint oil) were
found to have potent antioxidant and ROS-scavenging
activity, since they upregulate both enzymatic antioxidant
and phase 2 enzymes in KCs. In our experience, there is no
concern with respect to the safety of plant essential oils, as
they have been widely used for a long time in cosmetics and
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aromatherapy. Therefore, these five plant essential oils are
novel candidate materials for cosmeceuticals with
relatively good safety.
Lavender is included in a wide variety of skincare products
including soaps, moisturizers, lotions, bath gels, lip balms,
hand creams, shampoos and hair conditioners. Chamomile
is added to skin formulations as an emollient, providing antiinflammatory and soothing activity to the skin (Baumann,
2007).
Among the various organs, the skin is highly vulnerable
to oxidative damage due to its direct exposure to ROS
derived from the outer environment. UV irradiation is
known to be a major culprit among the environmental
factors in the induction of ROS-related skin cancers and
aging. Therefore, it makes sense that the skin developed
efficient defense mechanisms, such as enzymatic and nonenzymatic antioxidants to protect the body from harmful
environments (Godic et al., 2014). In particular, epidermal
KCs play a crucial role in protecting the body, since they are
located in outermost layer of the skin and occupy more
than 70% of the epidermis. From this study, KCs were
found to be armed with an array of endogenous antioxidant
and detoxifying enzymes that respond actively to plant
essential oils, eliminating oxidative damage under UVBirradiated conditions.
There are different expression levels of enzymatic and
non-enzymatic antioxidants in the skin, for instance,
enzymatic antioxidants including SOD, CAT, GPx and Grx
have been reported to be higher in the epidermis than in
the dermis (Hayaishi et al., 1987; Shindo et al., 1994). On
the other hand, there is a gradient in the expression levels
of low-molecular weight lipophilic antioxidants such as
vitamins C, glutathione and uric acid (Weber et al., 1999;
Vermeij et al., 2011), which can be detected at low
concentrations on the outer layers, but increase in
concentration toward the deeper layers of the horny layer.
Fortunately, the low concentration of such antioxidants in
the outer layers of the epidermis can be compensated for by
the cornified envelope (CE), a highly insoluble and
extremely tough structure beneath the cell membrane of
terminally-differentiating KCs in the upper epidermis
(Kalinin et al., 2001). This complex structure, consisting of
involucrin, loricrin, elafin, cystatin A, S100 family proteins
and small proline-rich proteins (SPRPs), etc provides the
skin with a protective barrier against the external
environment including UV irradiation. SPRPs, in particular
the SPRP2 subfamily, are not only rich in proline but are
disproportionally enriched with cysteine, which quenches
ROS effectively by forming intramolecular disulfide bonds
(Rinnerthaler et al., 2015). On the other hand, topical or
transdermal delivery of large-molecular weight antioxidant
enzymes is challenging due to the complicated barrier
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system of the skin.
To circumvent such problems in the delivery of
antioxidants, it is more desirable to stimulate KCs to
produce endogenous antioxidant enzymes by permeable
materials such as low-molecular weight essential oils
(usually less than 500 Daltons) (Natatsu et al., 2000). A
group of natural oils extracted from flowers and various
parts of plants have been used for aromatherapy to enhance
psychological and physical well-being. Aromatherapy as a
form of alternative medicine is gaining attention for use as
an adjuvant therapy to improve various functions of the
body. Aromas can be absorbed into our body through
inhalation and skin application and stimulate various cells
and organs including the brain and skin (Ali et al., 2015).
From the results of this study, we suggest that plant
essential oils are ideal materials to penetrate the skin,
which in turn will stimulate KCs to produce antioxidant
enzymes. Considering that the total polyphenol content of
our tested enzymes varies, a mixture of candidate oils may
yield more promising anti-photoaging activity in the skin.
Currently, novel cosmeceutical products are expected to
not only improve cosmetic outcomes but also to possess
pharmacological actions such as antioxidant activity, in order
to improve skin inflammation and skin aging (Baumann,
2007). In this respect, our results conform to this ideal by
showing potent antioxidant and detoxifying actions of the
tested plant essential oils, which are good candidate
ingredients for the development of novel cosmeceuticals in
the future. Clinical studies regarding their beneficial effect in
the skin are required for further development of new skin
products containing these plant extracts. We expect that a
combination of essential oils with good biological efficacy is
likely to create a synergistic effect in the production of
antioxidant and detoxifying activities in the skin.
ACKNOWLEDGMENTS
This research was supported by the Ministry of Trade,
Industry and Energy (MOTIE), Korea Institute for
Advancement of Technology (KIAT) through the
Encouragement Program for The Industries of Economic
Cooperation Region (R0004542).
REFERENCES
Ali B, Al-Wabel NA, Shams S, Ahamad A, Khan SA, Anwar F (2015).
Essential oils used in aromatherapy: A systemic review. Asian Prac. J.
Trop. Biomed. 5(8): 601-611.
Baumann LS (2007). Less-known botanical cosmeceuticals. Dermatol. Ther.
20(5): 330-342.
Choi JY, Choi DI, Lee JB, Yun SJ, Lee DH, Eun JB, Lee SC (2013). Ethanol
extract of peanut sprout induces Nrf2 activation and expression of

Academia Journal of Agricultural Research; Jung et al.

antioxidant and detoxifying enzymes in human dermal fibroblasts:
implication for its protection against UVB-irradiated oxidative stress.
Photochem. Photobiol. 89(2):453-460.
Clardy J, Walsh C (2004). Lessons from natural molecules. Nature.
432(7019): 829-837.
Fujii J, Ikeda Y (2002). Advances in our understanding of peroxiredoxin, a
multifunctional, mammalian redox protein. Redox. Rep. 7(3): 123–130.
Godic A, Poljšak B, Adamic M, Dahmane R (2014).The role of antioxidants
in skin cancer prevention and treatment. Oxid. Med. Cell Longev.
5(860479):1-6.
Hayaishi O, Imamura S, Miyachi Y (1987).The biological role of reactive
oxygen species in skin. Tokyo: University of Tokyo Press and New York:
Elsevier. pp. 225-230.
Kalinin A, Marekov LN, Steinert PM (2001). Assembly of the epidermal
cornified cell envelope. J. Cell Sci.114(Pt 17): 3069-3070.
Khan SG, Katiyar SK, Agarwal R, Mukhtar H (1992). Enhancement of
antioxidant and phase II enzymes by oral feeding of green tea
polyphenols in drinking water to SKH-1 hairless mice: possible role in
cancer chemoprevention. Cancer Res.
52:
4050-4052.
Lee SC, Chae HZ, Lee JE, Kwon BD, Lee JB, Won YH, Ahn KY, Kim YP (2000).
Peroxiredoxin is ubiquitously expressed in rat skin: isotype-specific
expression in the epidermis and hair follicle. J. Invest. Dermatol. 115(6):
1108-1114.
Marrot L, Jones C, Perez P, Meunier JR (2008). The significance of Nrf2
pathway in (photo)-oxidative stress response in melanocytes and
keratinocytes of the human epidermis. Pigment Cell Melanoma Res.
21(1): 79-88.
Nakatsu T, Lupo AT, Chinn JW, Kang RKL (2000). Biological activity of
essential oils and their constituents. Stud. Nat. Prod. Chem. 21: 571-631.
Piao MS, Choi JY, Lee DH, Yun SJ, Lee JB, Lee SC (2011). Differentiationdependent expression of NADP(H):quinoneoxidoreductase-1 via NF-E2
related factor-2 activation inhuman epidermal keratinocytes. J.
Dermatol. Sci. 62(3): 147-153
Raut JS, Karuppayil SM (2014). A status review on the medicinal properties
of essential oils. Ind. Crops Prod. 62: 250-264.
Rhee SG, Chae HZ, Kim K (2005). Peroxiredoxins: a historical overview and
speculative preview of novel mechanisms and emerging concepts in cell
signaling. Free Radic. Biol. Med. 38(12): 1543-1552.
Rinnerthaler M, Bischof J, Streubel MK,Trost A, Richter K (2015). Oxidative
Stress in Aging Human Skin. Biomolecules. 5(2): 545-589.
Shindo R, Witt E, Han D, Epstein W, Packer L (1994). Enzymatic and nonenzymatic antioxidants in epidermis and dermis of human skin. J. Invest.
Dermatol.102(1):122-124.

242

Vermeij WP, Alia A, Beckendorf D (2011). ROS quenching potential of the
epidermal cornified cell envelope. J. Invest. Dermatol. 131(7): 14351441.
Weber SU, Thiele JJ, Cross CE, Packer L (1999). Vitamin C, uric acid, and
glutathione gradients in murine stratum corneum and their susceptibility
to ozone exposure. J. Invest. Dermatol. 113(6): 1128-1132.
Wojas-Pelc A, Marcinkiewicz J (2007). What is a role of haeme oxygenase-1
in psoriasis? Current concepts of pathogenesis. Int. J. Exp. Pathol. 88(2):
95-102.
Zhang M, An C, Gao Y, Leak RK, Chen J, Zhang F (2013). Emerging Roles of
Nrf2 and Phase II Antioxidant Enzymes in Neuroprotection. Prog.
Neurobiol.100: 30–47.

Cite this article as:
Jung JW, Piao MS, Choi JY, Park E, Yun SJ, Lee JB, Lee SC
(2017). A set of plant essential oils have antioxidant activity in
ultraviolet
Birradiated
epidermal
keratinocytes
by
upregulating antioxidant and detoxifying enzymes. Acad. J.
Agric. Res. 5(9): 233-242
Submit your manuscript at
http://www.academiapublishing.org/journals/ajar

