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Long-term exposure to environmental pollutants can impair the human skin's barrier function and promote skin aging 

mechanisms. The visible consequences of these effects are dryness, wrinkles, black spots and worsening skin sensitivity. 

As awareness of the effects of environmental stressors on the skin has recently increased, consumers' demand for 

cosmetics that can provide anti-pollution effects is increasing. In this study, the possibility of anti-pollution cosmetic 

material was investigated by measuring the inhibitory effect of free radicals using a mixture of Nypa fruticans Wurmb 

(NF), Saussurea neoserrata (SN), Codium fragile (CF) and Enteromorpha compressa (EC), which has anti-inflammatory 

and antioxidant effects against irritation caused by dust. Combining the experimental results of a mixture of NF, SN, CF 

and EC by induction of fine dust stimulation, inhibition of inflammatory factors (PGE2) and intracellular free radicals 

(ROS) by inhibiting effects were significant, indicating the possibility of use as anti-pollution cosmetics. The most plants 

used as sources of anti-pollution cosmetic ingredients contain antioxidants as active substances. In our highly industrialized 

and chemically polluted world, it is not surprising that most plants used as sources of anti-pollution cosmetic ingredients 

contain antioxidants as active substances. Considering our results, it can be suggested that this anti-pollutant consisting 

of NF, SN, CF and EC may be a good ingredient for skincare products for the cosmetic industry due to their antioxidant 

properties, which may especially alter skin aging. 
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INTRODUCTION 

 

Particulate matters (PM) is a fine dust that floats for a long 

time in the atmosphere containing numerous pollutants 

along with sulfur oxides, nitrogen oxides, lead, ozone and 

carbon monoxide (Pan et al., 2015). PM10 is referred to as 

respiratory dust with a diameter of 10 μm or less, PM2.5 as 

fine dust with a diameter of 2.5 μm or less, and PM1.0 as 

ultrafine dust with a diameter of 1.0 μm or less. Because 

PM2.5 has a large surface area, it is easy to adsorb harmful 

metals or gaseous pollutants, and when it is deposited in 

the body, it acts as a toxic substance to the human body. In 

recent years, fine dust introduced from China is increasing 

significantly, the size of PM2.5 is less than about 1/20 of 

the pores, and currently 80% of the world's population is 
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exposed to PM2.5, increasing its severity. 

The risk of ultrafine dust containing heavy metals such 

as lead and cadmium and various chemicals (Kim et al., 

2016) weakens the metabolism of the skin, resulting in 

sebum. It decreases the control function and causes itching, 

dryness, and skin problems. Harmful substances such as 

heavy metals and environmental hormones contained in 

PM promote the secretion of inflammatory cytokines in cells 

and increase the number of white blood cells to exacerbate 

atopic dermatitis that causes allergic reactions. 

PM produces a lot of free radicals, which are toxic sub- 

stances in the human body, and these free radicals destroy 

collagen in the skin, reducing skin elasticity, causing exo- 

genous aging (Lecal et al., 2016). In particular, the skin acts 

as a barrier between the organism and the environment 

because it is located on the outermost part of our body in 

direct contact with fine dust, and these barrier functions are 

degraded with frequent exposure to contamination. Therefore, 

from a cosmetic point of view, the demand for fine dust is 

increasing, but research on preventing skin contamination is 

still insufficient. 

Nypa fruticans Wurmb (NF) used in this study is a plant 

that has traditionally been used for toothaches because of 

its excellent antibacterial activity in Southeast Asia, and 

has been recently imported to Korea (Prasad et al., 2013). 

According to previous reports, it has been reported that NF 

contain a large amount of phenolic acid and flavonoids, and 

have excellent antioxidant and cholesterol inhibitory effects 

(Yusoff et al., 2015). As material sources of natural medicine 

in oriental countries, most of those medicinal effects of 

Codium fragile (CF) and Enteromorpha compressa (EC) are 

directly or indirectly related to anti-inflammatory action of 

the seaweed (Kang et al., 2012). Saussurea neoserrata (SN) 

is a natural substance that has an effect on detoxification 

and is expected to help prevent adsorption or discharge of 

sulfur oxides and nitrogen oxides in PM. 

In this study, the possibility of anti-pollution cosmetic 

material was investigated by measuring the inhibitory effect 

of free radicals using NF, SN, CF and EC, which has anti- 

inflammatory and antioxidant effects against irritation caused 

by dust. 

 

 

MATERIALS AND METHODS 

Preparation of samples 

The dust PM1648a used in this study is urban particulate 

matter and was purchased from the National Institute of 

Standards and Technology (NIST; Gaithersburg, MD, USA). 

It has an average particle size of 5.85 μm. NF and SN were 

purchased from Todipalm Korea (Korea) and Eco Plaza 

(Korea), respectively. CF and EC were provided in a mixture 

form by Kangs kosmetik (Korea). NF and SN were immersed 

in the distilled water at a sample : solvent ratio of 1:20 (w/v) 

for 24 h at 60℃. The mixtures were then homogenized at 

60℃ for 4 h using a homogenizer (IKA, Staufen, Germany). 

The extracts were then filtered using the filter paper, concen- 

trated at 60℃ using a rotary evaporator (IKA) and freeze- 

dried for 24 h. All freeze-dried extracts were stored at 4℃ 

prior to further experiments. All experiments were repeated 

in triplicate. 

Reagents and instruments 

Ascorbic acid, dimethyl sulfoxide (DMSO), methanol 

and 3-(4,5-dimethylthiaso-2-yl)-2,5-di Phenyl tetrazolium 

bromide (MTT) is Sigma-Aldrich, St. Louis (MI, USA). 1% 

antibiotic antifungal antibiotics, 10% fetal bovine serum 

(FBS), phosphate buffered saline (PBS), Dulbecco's Modi- 

fied Eagle's Medium (DMEM) was purchased from Gibco 

(Thermo Fisher Scientific, Inc., Waltham, MA, USA) for cell 

culture. The CO2 incubator was purchased from Thermo- 

fisher Scientific (Waltham, MA, USA). Microplate reader 

(Bio-Rad Laboratories, Inc., Hercules, CA, USA) Was used 

in measures the absorbance of the Prostaglandin E2 (PGE2) 

ELISA assay kit (R&D system, Minneapolis, Minnesota, 

USA) and the non-radioactive cytotoxicity assay kit (Pro- 

mega, Madison, WI, USA). To measure the concentration of 

free radicals in cells with dichlorofluorescin diacetate (DCF- 

DA; Thermofisher Scientific), fluorescence intensity was 

measured using a Flourescence reader (Molecular Devices, 

San Joes, CA, USA). 

Cell line and culture 

Human keratinocytes (Human adult low calcium high 
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temperature: HaCaT) cells used in this experiment were pre- 

sold by the Korean Cell Line Bank, and DMEM medium 

containing 1% antibiotic antifungal and 10% FBS was used. 

Incubated in a CO2 incubator adjusted to 37℃, 5% CO2. 

Cell viability measurement (MTT analysis) 

MTT assay was performed to measure the effect of the 

sample on cell growth. Living cells with active metabolism 

reduce water-soluble yellow 3-(4,5-dimethylthiaso-2-yl)-2,5- 

diphenyltetrazolium bromide by the action of intracellular 

mitochondrial dehydrogenase, resulting in a purple insoluble 

form. HaCaT cells were placed in a 96-well plate of 1.0 × 

104 cells/mL using DMEM medium supplemented with 10% 

FBS and cultured for 18 hours, and then the four mixtures 

were concentrated and cultured for 24 hours. Then, 50 μL 

of MTT solution was added and reacted for 4 hours. After 

the culture was completely removed and washed with PBS, 

200 μL of DMSO was added to completely dissolve the pre- 

cipitate, and the absorbance was measured at 540 nm using 

a microplate reader (Ha, 2014). The average absorbance 

value for each sample group was obtained, compared with 

the absorbance value of the control group to evaluate the cell 

growth rate, and then repeated three times. 

Measurement of inflammation effect by fine particles 

Inflammation expression effect by particulate PM1648a 

was measured by a PGE2 expression effect test (Kim et al., 

2009; Park and Son, 2011). Raw264.7 cells were inoculated 

into a 48-well plate (SPL, Korea) at 1 × 105 cells/well, 

cultured for 18 hours, and then PM1648a were treated by 

concentration and cultured for 24 hours. Before collecting 

the culture medium, the control cells were treated with 1x 

lysis buffer (Promega) and incubated for 45 minutes, and 

then the culture medium was centrifuged at 3,000 rpm for 

5 minutes. The obtained supernatant was measured for the 

amount of PGE2 expression using a PGE2 ELISA assay kit 

(R&D system), and the experiment was repeated three times. 

All samples were stored frozen below -20℃ until quantified. 

Measurement of intracellular antioxidant effect (change 

in active oxygen concentration) 

The change in the concentration of free radicals in cells 

was measured using the DCF-DA of the fluorescent probe. 

DCF-DA, a non-fluorescent substance, is oxidized by reactive 

oxygen species (ROS) when hydrogen peroxide-related per- 

oxide is present in the cell, resulting in green fluorescence. 

Therefore, ROS can be measured via DCF-DA. 1 × 104 

HaCaT cells were inoculated into a 96-well plate (SPL) 

and cultured for 18 hours. Four mixed concentrations and 

PM1648a were simultaneously treated and cultured for 24 

hours. When incubation is complete, remove the medium 

and wash twice with PBS. After 10 μM DCF-DA was added 

to each well and incubated for 90 min in an incubator at 37℃ 

and 5% CO2, fluorescence intensities were measured at 

excitation 485 nm and emission 530 nm using a fluorescence 

reader. 

Statistical processing 

Measurement data was performed with a paired t-test, and 

it was confirmed that there was a statistically significant 

difference when the significance probability P<0.05 in the 

95% confidence interval. 

 

RESULTS 

Cell viability (MTT assay) 

HaCaT cells were treated with the mixture at different 

concentrations to confirm cell viability. A mixture of NF, SN, 

CF and EC was treated at a concentration of 0.0125 mg/ 

mL to 2 mg/mL to confirm cell viability (Fig. 1). Overall, 

the cell viability gradually decreased in a concentration- 

dependent manner, but showed a cell viability of 90% or 

more up to a concentration of 2 mg/mL. 

Inflammation expression effect by microparticles 

For the microparticle PM1648a, the concentration was 

increased to 0, 6.25, 12.5, 50, 100 μg/mL for each concen- 

tration, and the expression level of PGE2, an inflammatory 

substance, was measured (Fig. 2). It was found that the PGE2 

expression level increased significantly from the concen- 

tration of PM1648a of the microparticles above 6.25 μg/ 

mL, and a significant effect of inflammation expression was 

exhibited at the concentration of 12.5, 25, 50 and 100 μg/mL 

of the dust. Since the maximum PGE2 expression level was 
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displayed at a concentration of 25 μg/mL, the concentration 

of inflammation expression by microparticles was deter- 

mined to be 25 μg/mL. 

Inflammation inhibition effect by fine particles 

In order to observe the anti-inflammatory effect of natural 

products using PGE2 expression, the control group was 

stimulated with 25 μg/mL of PM1648a, and the experimental 

group was treated with 25 μg/mL of PM1648a and a mixture 

of NF, SN, CF and EC at the same time. And then after in- 

cubation for 24 hours, the inhibitory activity of PGE2 pro- 

duction was confirmed (Fig. 3). In addition, in the case of 

the mixed extract, a synergistic effect of inhibiting anti- 

inflammatory activity was confirmed in the mixed compos- 

ition of (NF:SN = 1:1) or (NF:CF:EC = 1:0.3:0.3). Through 

this, it can be understood that in the case of the above extract, 

when a specific composition is mixed within a specific range, 

a synergistic effect according to the interaction is exerted, 

thereby increasing the resistance activity against each harmful 

substance. 

ROS production inhibition (DCF-DA assay) 

In order to measure the change in active oxygen concen- 

tration in cells using DCF-DA assay, the control group was 

stimulated with 25 μg/mL of PM1648a to HaCaT cells, 

and the experimental group was treated with 25 μg/mL of 

PM1648a and a mixture of NF, SN, CF and EC at the same 

time. And then after incubation for 90 minutes, ROS pro- 

duction inhibitory activity was confirmed (Fig. 4). In the case 

of a single extract, NF had the best anti-pollution effect in 

the inhibitory effect of active oxygen production. In the case 

of SN, it can be seen that the effect is almost similar to that 

of NF. On the other hand, in the case of the mixed extract, 

a synergistic effect of inhibiting the production of active 

oxygen was confirmed in the mixed composition of (NF:SN 

= 1:1) or (NF:CF:EC = 1:0.3:0.3). 

 

Fig. 1. Viability of HaCaT cells according to the concentration of 
the complex using MTT assay. Bars represent the mean ± SD of 
triplicate measurements. *P<0.05, compared to the control group. 

Fig. 2. PGE2 production from HaCaT cells stimulated with the 
PM1648a. Bars represent the mean ± SD of triplicate measure-
ments. *P<0.05, **P<0.01, ***P<0.001 compared to the 0 con-
centration of the PM1648a. 

Fig. 3. PGE2 production from HaCaT cells stimulated with PM1648a
(25 μg/mL) according to the concentration of the complex. Bars 
represent the mean ± SD of triplicate measurements. *P<0.05, 
**P<0.01, ***P<0.001, compared to the control group. 
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DISCUSSION 

 

PMs are mixtures of particles suspended in the air (Kim 

et al., 2016; Jina et al., 2018). Since PM is a mixture of 

insoluble particles and soluble components such as gases or 

ions, even if the particles cannot penetrate the skin, they can 

cause harmful effects through soluble components (Guarnieri 

and Balmes, 2014; Beelen et al., 2008; Castano-Vinyals et 

al., 2008). Nevertheless, since there is no direct evidence as 

to whether the particles can penetrate the skin, we tried to 

determine if the locally collected PM particles trigger in- 

flammation through a ROS dependent manner. In addition, 

since atopic dermatitis is a representative disease of damaged 

skin barrier, the influence of inflammatory mediators on PM 

penetration was also investigated. It also aims to explore 

natural substances that regulate it. 

In this study, dust was reviewed on PM1648a (urban par- 

ticulate) purchased from the National Institute of Standards 

and Technology. Comparing the effects of each treatment 

condition in each experiment, NF had the best anti-pollution 

effect in the case of a single extract in the inhibitory effect 

of active oxygen production. In addition, in the case of the 

extract used in this study, it was confirmed that when a 

specific composition is mixed within a specific range, a 

synergistic effect according to the interaction appears. Com- 

bining the experimental results of a mixture of NF, SN, CF 

and EC by induction of the dust stimulation, this mixed 

extract has an effective effect on cell viability (MTT), and is 

effective against fine dust stimulation. Inhibition of inflam- 

matory factors (PGE2) and intracellular free radicals (ROS) 

by inhibiting effects were also significant, indicating the 

possibility of use as anti-pollution cosmetics. 

Several scientific studies have shown that prolonged ex- 

posure to environmental pollutants can modify biochemical 

parameters in human skin, impair barrier function, and pro- 

mote skin aging mechanisms. The visible consequences of 

these effects are dryness, wrinkles, black spots and worsening 

skin sensitivity. As awareness of the effects of environmental 

stressors on the skin is increasing, consumer demand for 

cosmetics that can provide anti-pollution effects is increasing. 

A number of recent studies have studied the antioxidant 

effect obtained from natural extracts (Fletcher et al., 2011; 

Piao et al., 2011; Mocan et al., 2016). In fact, plant extracts 

are often rich in bioactive compounds whose activity (anti- 

oxidants, chelating, film-forming) can be utilized in anti- 

pollution formulations. 

Most of the studies describe the anti-fine dust effect by 

inhibiting the generation of free radicals, similar to the con- 

clusions in this study (Anonymous, 2011; Prusakiewicz et 

al., 2006). As an indicator, it was confirmed by the level of 

malonyldialdehyde, a process of lipid peroxidation, and 

showed higher lipid antioxidant activity than vitamin E. 

Therefore, in future studies, we will study the related in- 

hibition mechanisms in detail. 

As mentioned above, airborne pollutants adversely affect 

human skin mainly through oxidative damage, resulting in 

oxidative stress and depletion of oxidative enzymes and 

other antioxidants in the epidermis. For this reason, it is not 

surprising that most plants used as sources of anti-pollution 

cosmetic ingredients contain antioxidants as active substances. 

In our highly industrialized and chemically polluted world, 

it is not surprising that most plants used as sources of anti- 

pollution cosmetic ingredients contain antioxidants as active 

substances. 

The anti-pollutant used in our study consisting of NF, SN, 

CF and EC extracts is a very promising functional products 

because of the antioxidant and anti-inflammation effects attri- 

buted to each ingredient along with our findings. Considering 

Fig. 4. ROS production from HaCaT cells stimulated with PM1648a
(25 μg/mL) according to the concentration of the complex. Bars 
represent the mean ± SD of triplicate measurements. **P<0.01, 
***P<0.001, compared to the control group. 
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our results, it can be suggested that this anti-pollutant con- 

sisting of NF, SN, CF and EC may be a good ingredient for 

skincare products for the cosmetic industry due to their anti- 

oxidant properties, which may especially alter skin aging. 

 

Abbreviations 

PM - Particulate matters, NF - Nypa fruticans Wurmb, 

SN - Saussurea neoserrata, CF - Codium fragile, EC - 

Enteromorpha compressa, DMSO - dimethyl sulfoxide, 

MTT - 3-(4,5-dimethylthiaso-2-yl)-2,5-di Phenyl tetrazolium 

bromide, FBS - fetal bovine serum, PBS - phosphate buffered 

saline, DMEM - Dulbecco's Modified Eagle's Medium, PGE2 

- Prostaglandin E2, DCF-DA - Dichlorofluorescin diacetate, 

HaCaT - Human adult low calcium high temperature, ROS 

- reactive oxygen species 
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