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Abstract : In an era where everyone is seeking everlasting youth, preventing photodamage by ultraviolet radiation (UVR)
from the sun is of key interest to the cosmetic industry. Inhibiting the production of UVR-mediated reactive oxygen species (ROS) is often the targeted function of cosmetic products, and a suitably reliable model is needed to test this. Hence,
the current protocol was designed to effectively analyze the ultraviolet (UV) protective effect of bioactive natural product
compounds against photodamage caused by UVR, specifically UVB radiation. Analysis of bioactive compounds that were
previously reported to have UV protective properties using this model yielded data that showed the reproducibility and reliability of this model in determining UVB protective properties of the bioactive natural product compounds of interest. Thus,
this setup model can be used for future endeavors such as the study of UVB protective properties of other natural products or
as a basis of a model for UVA and UVC protective designs.
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Introduction

There are three types of UVR produced by the sun that
are present in our atmosphere - UVA which has the longest wavelength (320-400nm) and about 95% penetration
level through the ozone, followed by UVB (290-320nm)
with around 5% penetration level and finally UVC (200290nm) which is absorbed by the upper layer of the stratosphere[1]. Only UVA and UVB get absorbed by the skin
- UVA, which has a longer wavelength is able to penetrate
into our dermis layer, while UVB which has a shorter
wavelength gets absorbed mainly in the epidermis[2].

When the skin is exposed to UVA and UVB, a cascade
of events is initiated. UVA and UVB irradiation elevate
the level of reactive oxygen species (ROS) in the skin,
causing indirect DNA damage[3]. UVB also causes the
production of reactive nitrogen species (RNS) by activating nitric oxide synthase (iNOS) which generates nitric oxide (NO) and nitrotyrosine[4]. Both ROS and RNS
depletes the skin’s antioxidant defense system which
brings about oxidative and nitrosative stress in the cells.
Under stress, the skin cells start initiating pro-inflammatory cytokines and other inflammatory mediators that
signal the start of inflammation[5]. The formation of melanin is also activated indirectly through the upregulation
of tyrosinase and tyrosinase –related protein 1 (TRP-1)
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as a protective mechanism against DNA damage[6]. Besides that, the skin’s connective tissue also experience
damage when exposed to UVR as neutrophils begin to
secrete neutrophil elastase that not only cleaves extracellular matrices but also activates matrix metalloproteases
(MMP) which assists with the degradation[7]. UVB has
been demonstrated to be capable of causing direct damage to DNA as it is able to form cyclobutene pyrimidine
dimers (CPD) and pyrimidine-pyrimidone (6-4) photoproduct in DNA[8]. As a result of these reactions, under
prolonged irradiation, the skin would experience photoaging which is characterized by pigment irregularities,
wrinkles, sagging skin and lack of resilience[9].
Bioactive compounds from natural products have proven
to have great potential as a source of compounds that
could contribute significantly in the fields of medicine[10,11] and cosmetic studies[12-15]. In cosmetics, many
bioactive compounds obtained from natural products,
such as antioxidants, have been used to inhibit ROS induced by UVR. This in turn reduces the oxidative stress
in the skin, thus slowing down photoaging[16]. In a study
done by Pérez-Sánchez, Barrajón-Catalán[17], it was suggested that lemon balm was able to protect human keratinocytes against the detrimental effects of UVB due to

its a high content of antioxidants, such as rosmarinic acid,
which inhibits the production of ROS. Given that this creates a need for a reliable and cost effective way to screen
natural compounds for the photoprotective properties, we
have devised and optimized a reliable model to screen for
UV protective properties in natural products against the
detrimental effect of UVB. To ensure the reliability of
this model, bioactive compounds, obtained from natural
products that were previously reported to have photoprotective properties were used. This set up model was also
made in alignment with the requirements of U.S. Food
and Drug Administration (FDA) and International Organization for Standardization (ISO) regulations on UVB
exposure in which a broadband UVB (BBUVB) lamp was
used to mimic the UVB wavelength that are present in the
atmosphere[18,19]. The overview of the setup model can be
seen in Figure 1.

Method details
Optimization of UVB exposure
Materials
Basic consumables such as cell culture flasks, 96 well
plates, 15ml or 50ml Falcon tubes, serological pipettes

Figure 1. Optimized setup model to determine UVB protective properties of natural products. Optimal dose of UVB
exposure were firstly determined via measuring the cell viability of HaCaT cells that were irradiated with different doses
of UVB. After optimal UVB dose was ascertained, bioactive compounds from natural products were screened for UVB
protective properties by treating the cells in concurrent with UVB irradiation. Cell viability were determined using MTT
assay.
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and pipette tips.
•

Well-equipped tissue culture facilities that provides
CO2 incubator, centrifudge, biosafety cabinet, microplate reader and inverted bright field microscope.

•

BBUVB lamp: Philip UVB Broadband TL 20W/12
phototherapy lamp

•

UV Meter: Lutron UV Light Meter UV-340A

•

Immortalized human keratinocytes (HaCaT) cell line

•

(Note:Before irradiation, the cover of the plate was removed to avoid any absorption of UVB by the plastic
cover.)
Concurrent Treatment of HaCaT cells with compounds
and UVB irradiation
Materials
•

Basic consumables such as cell culture flasks, 96
well plates, 15ml or 50ml Falcon tubes, serological
pipettes and pipette tips.

Cell culture medium: 1x high-glucose Dulbecco
Modified Eagle Medium (DMEM) GlutaMAX without HEPES (Gibco, USA) supplemented with 1.0%
of 100x Antibiotic-antimycotic (100U/ml penicillin,
100µg/ml streptomycin and 25µg/ml amphotericin B)
(Gibco, USA) and 10.0% fetal bovine serum (Gibco,
USA).

•

Well-equipped tissue culture facilities that provides
CO2 incubator, centrifuge, biosafety cabinet, microplate reader and inverted bright field microscope.

•

BBUVB lamp: Philip UVB Broadband TL 20W/12
phototherapy lamp

•

UV Meter: Lutron UV Light Meter UV-340A

•

1x Phosphate buffered saline (PBS) pH7.4

•

•

1x Tryple Express (Gibco)

Immortalized human keratinocytes (HaCaT) cell
line

•

0.4% Trypan blue stain

•

•

Aluminum foil

Cell culture medium: 1x high-glucose Dulbecco
Modified Eagle Medium (DMEM) GlutaMAX
without HEPES (Gibco, USA) supplemented with
1.0% of 100x Antibiotic-antimycotic (100U/ml
penicillin, 100µg/ml streptomycin and 25µg/ml
amphotericin B) (Gibco, USA) and 10.0% fetal bovine serum (Gibco, USA).

•

1x Phosphate buffered saline (PBS) pH7.4

•

1x Tryple Express (Gibco)

•

0.4% Trypan blue stain

•

Aluminum foil

•

Sterile dimethyl sulfoxide (DMSO)

•

Bioactive compounds prepared in 100% DMSO:
ferulic acid and rosmarinic acid

Procedure
The HaCaT cells at log-phase of growth, which is approximately 70-80% confluence was used during all treatments.
For all treatment, the cells were seeded at a cell density of
1 x 105 cells/ml before incubating for 24 hours at 37ºC in
5% CO2 atmosphere to allow adherence[20]. The cells were
irradiated with Philip UVB Broadband TL 20W/12 phototherapy lamp (Philip, Netherlands) which emits UV radiation within the range of 290-315nm. The emission energy
of the lamp was measured using UV Light Meter UV-340A
(Lutron, USA) and the cells were irradiated at 0, 15, 31,
46, 62 and 124mJ/cm2 UVB. Cell viability was determined
using MTT assay and percentage of cell viability were
normalized against the viability of unexposed cells (unexposed controls) as depicted in Figure 1.
(Note: It is recommended that the cells should be at a passage number that is lower than 30 as the constant changing
of media and PBS in this protocol could stress the cells.
Older cells may detach easier from the 96 well plate during the change of media and hence causes variation in its
percentage of cell viability.)
1.

Remove the media from each well and add in 50µl of
PBS to form a thin layer of solution above the cells.

2.

Cover the unexposed control cells with aluminum foil
to inhibit the penetration of UVB radiations onto the
control cells.

3.

Irradiate the cells with 0, 15, 31, 46, 62 and 124mJ/
cm2 UVB.

4.

After irradiation, add 150µl of media into the wells to
make up to a total volume of 200µl and incubate the
cells at 37°C with 5% CO2 for 24 hours.

5.

Proceed with MTT assay after the incubation period.

Procedure
To determine the UVB protective properties of natural compounds, HaCaT cells were concurrently treated
with either rosmarinic or ferulic acid (40μg/ml), which
are naturally occurring bioactive compounds found in
various natural products, and irradiated with 50mJ/cm2
UVB[21,22]. Both compounds were previously reported to
have UV protective properties when tested against UVB
on HaCaT cells through attenuation of apoptosis regulatory genes and proteins, reduction of CPD formation,
decrease secretion of inflammatory cytokines and reduction of ROS production[23,24]. Hence, both compounds
make suitable candidates to assess the current model
setup as shown in Figure 1. Percentage of cell viability were analyzed via the MTT assay and data obtained
were normalized against the viability of unexposed cells
(unexposed controls).
1.

Mix the compounds with PBS to give a total concentration of 40μg/ml of the compounds in 0.5%
DMSO. (For the negative control, cells should only
be treated with a concentration of 0.5% DMSO
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in PBS without the presence of any bioactive compounds)
2.

Remove the media from each well and add 50μl of the
mixed solution into its designated well.

3.

Cover the unexposed control cells with aluminum foil.

4.

Irradiate the plate with 50mJ/cm2 UVB.

5.

Remove the mixed solution and replace with 150μl of
media and 50μl of PBS to make up to a volume of
200µl.

6.

Incubate the plate for 24 hours at 37°C with 5% CO2.

7.

Proceed with MTT assay after the 24 hour incubation.

MTT assay
Materials
•

Dimethyl sulfoxide (DMSO)

•

3-(4,5-Dimethylthiazol-2-Y1)-2,5-Diphenyltetrazolium Bromide (MTT) reagent

Procedure
Cell viability was assessed using 3-(4,5-Dimethylthiazol2-Y1)-2,5-Diphenyltetrazolium Bromide (MTT) assay as
described by[25] with slight modifications.
1.

Add 20µl of MTT solution into each well.

2.

Incubate the plate for 2 hours to allow the formation of
formazan crystals

3.

Aspirate the solution and add in 100µl of DMSO into
each well to solubilize the formazan crystal

4.

Measure the absorbance at 570nm using a microplate
reader.

5.

Calculate the percentage of cell viability after normalizing all samples and negative control against the unexposed control cells.

(Note: All the data obtained were analyzed with one-way
analysis of variance (ANOVA) and Tukey HSD post-hoc
tests using Statistical Package for Social Science (SPSS)
version 24.0. Significance of data was determined set at
p<0.05. )

Methods Validation
Determination of optimal UVB exposure
To determine the optimal dose of UVB exposure, HaCaT
cells were irradiated with 0, 15, 31, 46, 62 and 124mJ/cm2
UVB. The data obtained as shown in Figure 2 and microscopic view of the cells in Figure 3 showed a decrease in
cell viability as the UVB exposure increases. Cells that
were exposed to UVB irradiation were normalized against
the unexposed control cells, which was assumed to be at
100% viability. A significant decrease in cell viability can
be seen when the cells were exposed to 31mJ/cm2 UVB,
where 83.29 ± 6.55% of the cells remained viable after the
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exposure. At the dosage of 45mJ/cm2, the viability of the
cells decreased to 66.04 ± 6.48%. While cells that were
exposed with 62 and 124mJ/cm2 UVB retained 37.31 ±
4.75% and 12.32 ± 1.96% viability respectively.

Figure 2. HaCaT cells were subjected to different doses
of UVB exposure (mJ/cm2) to determine the optimal
dose of UVB exposure. The media from each well were
replaced with a thin layer of PBS and then the cells were
exposed to 0, 15, 31, 46, 62 and 124 mJ/cm2 UVB. The
cell viability was then determined through MTT assay
after 24 hours incubation. Exposed cells were normalized against unexposed cells (unexposed controls) to
obtain the percentage of viable cells. Each data was expressed as mean ± standard error and n >3.

Figure 3. Microscopic view of HaCaT cells after exposure to UVB. The cells were exposed to UVB (0-124mJ/
cm2) and incubated for 24 hours. The images depict 10x
magnification of the cells at each exposure dosage before MTT assay was performed. The arrows indicate
UVB-induced dead cells.
UVB protective properties of natural product compounds against UVB
Both ferulic acid and rosmarinic acid, were analyzed
for their UV protective effect against UVB. The results
obtained (Figure 4) showed that both compounds displayed significant UVB protection on HaCaT cells during UVB irradiation as compared to the negative control
(cells exposed to UVB without the addition of bioactive
compounds). The results obtained correlates with other
studies that reported UVB photoprotective properties of
both ferulic acid and rosmarinic acid[23,26]. This shows
that the model that was designed is reliable in screening for UVB photoprotective properties of natural products. In the application of cosmetic studies especially for
sunscreens, this screening method could prove to be a
quick preliminary technique in determining if the added
natural product extracts have UV protective properties.
This will aid in narrowing down potential plant or other
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biological extracts and thus saving cost in research and development. The presented method can also potentially be
developed further to include studies on 3D models of skin
tissues to allow for better analysis on the UV protection of
developed cosmetics.

Figure 4. Protective effect of bioactive compounds obtained from natural products against UVB irradiation on
HaCaT cells. HaCaT cells were treated with either ferulic or rosmarinic acid (40μg/ml) in concurrent with UVB
irradiation. Both negative control and unexposed control
cells were treated with only 0.5% DMSO. All cells were irradiated with 50mJ/cm2 UVB except the unexposed control
cells. After incubating for 24 hours, MTT assay was done
to obtain the cell viability. Irradiated cells were normalized
against the viability of unexposed cells to obtain the percentage of cell viability. The viability of negative control
cells was compared against unexposed cells while the cells
treated with compounds were compared against the negative control. Each data was expressed as mean ± standard
error. (Negative control: n> 3, # p≤0.05)(Compound: n >
3, * p≤0.05).

Overall, the photoprotective properties displayed by
ferulic and rosmarinic acid using our set up model
were similar to those that were reported by other studies, proving that the model designed is a reliable and
replicable method to test for UVB photoprotection
properties in natural products. Using this model, other
natural products can be easily screened for UVB protective properties, aiding cosmetic companies in the preliminary search for potential UVB protection in natural
product extract to include in their formulation. Analysis
including 3D skin tissue models can also be developed
from this model, allowing further UV protection analysis on the developed product. Finally, this setup model
can also be form the basis for development of research
models which include screening for protection against
UVA and UVC.
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