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Background: Ultraviolet B (UVB) exposure leads to formation of photoproducts leading to cellular damage. Prevention using sunscreen can
sometimes be inadequate and can be an economic burden. Recent studies have suggested the photoprotective effect of curcumin.
Objective: To examine the acute and chronic photoprotective effect of topical curcumin, using cyclobutyl pyrimidine dimers (CPD) and
8-hydroxy2'deoxyguanosine (8-OHdG) expression as markers of DNA-induced damage, and epidermal hyperplasia on UVB-induced mice.
Methods: Three treatment groups were established. Group A (negative control) consisted of 5 mice, Group B and C were further
divided into two categories to assess acute and chronic effects of topical curcumin and UVB radiation. Each consisted of six subgroups
of five mice. Subgroup 1; UVB exposure only (positive control) subgroup 2; acetone and UVB exposure, subgroup 3—6; topical
curcumin application of 100nM, 1uM, 10uM, and 100uM concentrations, respectively. In Group C, there were two categories that
received 3x/week UVB exposure for three weeks which effects were being observed at 24 hours and 10 days after the last exposure.
The topical curcumin dose was 2mg/mL/cm? applied 30 minutes prior to 343mlJ/cm?/day UVB irradiation. Skin biopsy was done
one hour after the last UVB exposure for immunohistochemical and histopathology examinations.

Results: Topical curcumin showed a limited yet robust protective effect against CPD and 8-OHdG expression in Group B, while in
Group C all concentrations showed significant CPD and 8-OHdG inhibition after 10 days of UVB exposure. The 10uM and 100uM
concentrations showed the best epidermal hyperplasia inhibition effect (p<0.05). No significant differences were found in terms in
efficacy either in single nor daily application.

Conclusion: Topical curcumin can prevent the formation of the photoproducts CPD and 8-OHdG and epidermal hyperplasia in both
acute and chronic exposure in UVB-induced mice.
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Introduction

Prolonged exposure to sunlight causes acute and chronic consequences, such as sunburn, epidermal hyperplasia, photoaging,
and skin cancer. The ultraviolet (UV) spectrum in sunlight can be distinguished to three groups based on its wavelengths: UVC
(<290nm), UVB (290-320nm), and UVA (320—400nm). The UVC spectrum is mostly absorbed by the ozone layer, leaving
UVB and UVA to reach the skin, of which UVB causes more serious acute and chronic effects to the skin. UVB is absorbed by
chromophores in the dermis such as deoxyribonucleic acid (DNA) and urocanic acid in the form of photon energy which leads
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to various biological effects.! UV is absorbed by various molecules such as thymine, and cytosine to form photoproducts such
as cyclobutyl pyrimidine dimers (CPD) and 64 photoproducts which are formed immediately after UVB absorption by
nucleotide. CPD is the main photoproduct which is formed within the pyrimidine bases in the DNA chain and is considered to
play an important role in mammalian cells mutations.”

Besides promoting CPD formation, nucleotides are highly susceptible to free radical injury. UV radiation induces the
production of reactive oxygen species (ROS) such as superoxide anion, hydrogen peroxide and the hydroxyl radical.’
Oxidation of nucleotide bases promotes transversion of guanine to thymine and is a characterized mutation caused by ROS
where guanine at the 8" position is oxidized to produce 8-hydroxy2'deoxyguanosine (8-OHdG).* These molecular and
biochemical processes will result in clinical and histopathology changes of the skin manifesting in epidermal hyperplasia,
sunburn, photoaging and skin cancer.” One study concludes that after 2.5kJ/m? UVB exposure, epidermal hyperplasia that
leads to epidermal thickening begins within a few hours and reaches its peak after 48—72 hours.® Other studies have shown
epidermal hyperplasia to appear at a maximum rate after 24 hours of chronic exposure of 4.8kJ/m> UVB twice a week for
three weeks.” Epidermal hyperplasia can act as protective response towards UVB exposure as well as an indicator to assess
the photoprotective capability of certain chemical compounds when applied to the skin prior to UVB radiation.®

The acute and chronic effects of UV radiation can be prevented through sun exposure avoidance. However, this approach is
often not practical. Chemical sunscreens have been shown to be effective in preventing acute and chronic effects, but they are
not easily available in rural communities and are expensive for low-income population. Hence, other protection modalities
need to be developed. Curcuma longa is a widely known natural ingredient used for various purposes, including as a natural
sunblock when used in powder form. Its active compound, curcumin, contains various polyphenols known for its antioxidant
properties preventing the production of ROS after UV radiation.’

However, the protective effect of curcumin against the acute and chronic effects of UV exposure in the inhibition of
photoproducts formation, has not been well explained. Various studies carried out have been only assessing the effect of
curcumin based on a single curcumin application before UVB exposure. Topical application of 10uM prior to UVB
exposure inhibited the formation of malondialdehyde (MDA) in UV-induced mice. Assessment of the protective effect of
a chemical can be assessed based on the application of the material before UV exposure. However, the best protective
concentration of curcumin is not yet known. In addition, the effects regarding frequency of daily application prior to
UVB exposure is also yet to be explored. Furthermore, the protective effect of curcumin against chronic UVB exposure
has also yet to be studied as well as the extent of this protective effect is not clearly known.

This study aims to explore the photoprotective of acute and chronic effect of various doses of curcumin on UVB-
induced mice. Acute effects were observed after single UVB exposure, while chronic effects were observed after three-
time weekly UVB exposure three weeks. In addition, the study also assessed the effects of long-term effects of UVB
radiation through assessment of epidermal thickness and determine the best concentration through photoproduct expres-
sion of CPD, 8-OHdG expression, and epidermal hyperplasia examination.

Materials and Methods

Study Design

The study is a pure experimental study with a post-test design comparison with a control group conducted at the Animal
Laboratory, Faculty of Medicine, Hasanuddin University, Makassar, South Sulawesi, Indonesia. The histopathological
samples were prepared and analyzed in the Pathology Laboratory of Wahidin Sudirohusodo Hospital, Makassar, South
Sulawesi, Indonesia. The immunohistochemical staining was carried out at the Health Biotechnology Laboratory,
Research Center, Hasanuddin University, Makassar, South Sulawesi, Indonesia.

Subjects

Subjects used in our study were healthy albino mice aged 7 weeks old that weighed 20-30 grams and bred by Maros
Center for Research and Development Center, Makassar, South Sulawesi, Indonesia. Mice were chosen, randomly
grouped, and placed inside cages for one week under standard room temperature (28 = 2°C), humidity 50 £ 10% with 12-
hour light and 12-hour dark cycle.
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Chemicals

Synthetic topical curcumin was acquired and prepared by the Pharmacognosy Phytochemical Laboratory, Faculty of
Pharmacy, Hasanuddin University), Makassar, South Sulawesi, Indonesia. Four concentrations, 100nM, 1pM, 10uM and
100uM concentrations were prepared in 100mL acetone. Method of synthesis was proprietary. The UVB light source was
ten FS40T12/UVB sun lamps (200-340 nm, peak emission 314 nm) calibrated using FLUX radiometer.

Study Protocol

The mice were grouped into three groups: group A, group B, and group C. Group A acted as negative control with a total of
five mice, while Group B and C were divided to assess the acute and chronic effects of topical curcumin and UVB radiation
(Figure 1). Group B was further divided into two categories, the first was to assess the one-time application of topical curcumin
applied 20 minutes prior to UVB radiation, and the second was to assess the effects daily application of topical curcumin for
seven days prior to single UVB exposure. To assess each of the concentrations, the second category was further divided to six
subgroups each containing five mice. Subgroup one acted as positive control which only received UVB exposure, subgroup
two received topical acetone for 20 minutes followed with UVB exposure, and subgroup 3—6 received four 100nM, 1um,
10puM, and 100uM concentration, respectively, for 20 minutes followed by UVB exposure. Skin biopsy was taken one hour
after UVB radiation for immunohistochemical staining to assess the levels of CPD and 8-OHdG.

Similarly, group C was designated to assess the chronic effects of UVB radiation and was divided into two categories
to assess the effects of UVB radiation in two different time periods (24 hours and 10 days). Each category was divided to
six subgroups each consisting of five mice, and all received thrice weekly exposure of UVB radiation for three
consecutive weeks. Histopathological and immunohistochemistry (IHC) examination were performed after 24 hours
and 10 days of last UVB exposure. Dosage of all topical application was 2 mg/mL/cm? applied 20 minutes prior to UVB
exposure. Dose of UVB exposure was set to 343mJ/cm?/day.

Immunohistochemistry

THC was used to assess CPD and 8-OHdG expression and performed according to the streptavidin-biotin-peroxidase method
labeled with streptavidin-biotin (Dako, Carpinteria, USA). The protocol used in this study followed a previous similar study.'’
Before staining, each slide was deparaffinized with xylene for 15 minutes and dehydrated with 100%, 90%, 80%, 70%, and 60%

Figure | Grading of the immunohistochemical examination based on the number of the stained cells and color intensity: (A) no expression or <|0% of the epidermal cells
showing weak intensity, (B) <50% epidermal cells showing weak intensity or <10% showing strong intensity (C) >50% epidermal cells showing weak intensity or >10%
showing strong intensity.
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alcohol, each for 10 minutes. The preparation was then washed with dH,0 for two cycles, each for five minutes, and incubated
with PBS solution for 5 minutes. Furthermore, samples were incubated using 0.3% hydrogen peroxide for 15 minutes.

Samples were staining using a primary anti-CPD antibody (KAM'IYA, United States) and anti-8-OHdG antibody
(GENESIS Bio-med, Spain) and incubated overnight at 4°C, followed by incubation with secondary antibody and
streptavidin for 30 minutes each. The preparation was then further stained using 3.3 diamino benzidine tetrahydrochlor-
ide for 10 minutes until a brown pigment was visible for microscopic examination. Lastly, staining using hematoxylin
was then performed to better visualize the cell nucleus for 30 seconds and then washed using water for 5 minutes.
A second dehydration process using 70%, 80%, 90%, and 96% for 2 minutes each was then performed and submerged in
xylene for 5 minutes and malinol before preparations were covered using deck glass.

The result of the immunohistochemical examination was classified based on a study by Chen et al'' using the number
of the stained cells and color intensity using the following classification: 0; no expression or <10% of the epidermal cells
showing weak intensity, 1; <50% epidermal cells showing weak intensity or <10% showing strong intensity, 2; >50%
epidermal cells showing weak intensity or >10% showing strong intensity. Scoring was determined by multiplying the
percentage of cells that yielded positive signal with the intensity of the positive signal. Four categories were established
with negative, mild (0-2), moderate (3—4), and strong (5-6) (Figure 1A—C).

Epidermal Thickness Assessment

Histopathological preparations were obtained from the back of mice through biopsy and fixed with formalin buffer.
Specimens were placed on a flat surface and divided into two parts. Slides of 4uM thickness were then prepared from the
center of the specimen and stained with hematoxylin-eosin (HE). Examination was performed using microscope
equipped with a digital camera (Olympus DP12). Evaluation of epidermal hyperplasia were made based on epidermal
thickness in the interfollicular region of the basal layer to the granular layer, as measured by CorelDraw®™ version 13.

Statistical Examination

Data were analyzed using SPSS version 22 (SPSS Inc. Chicago, IL, USA). The CPD and 8-OHdG expression analysis
were done using Mann—Whitney and Kruskal Wallis tests. ANOVA test was followed by a post-hoc to assess the
decrease in epidermal thickness. A p-value <0.05 was considered statistically significant.

Result
CPD and 8-OHdG Expression Following Acute and Chronic UVB Exposure

The CPD and 8-OHdG expression in group B were examined after single and daily topical curcumin application for
seven days followed with UVB radiation. We found that topical curcumin reduced CPD expression where all concentra-
tions displayed moderate and high expression of CPD (40% and 60% respectively) compared to the positive control and
acetone only group which showed 100% IHC expression. Conversely, we found negative and mild-moderate 8-OHdG
expression especially in groups receiving concentration of 1uM and 10puM. A reduced protective effect was shown by the
100nM and 100uM group. The total number of applications of topical curcumin, one time and seven times, did not
significantly influence protective effects against CPD and 8-OHdG expression (p <0.05) (Figure 2).

Subsequently, we then examined the CPD and 8-OHdG expressions in group C which received chronic UVB
exposure three times weekly for three consecutive weeks. The 100uM curcumin group exhibited the best protective
effect towards CPD levels, with all samples resulted in negative/mild IHC expression 24 hours after the last UVB
exposure (p<0.05). Meanwhile, mild/negative CPD expression 10 days after the last UVB exposure was shown by 1uM,
10uM, and 100uM. As for 8-OHdG levels, all concentrations resulted in mild/negative IHC expression 24 hours and 10
days after UVB exposure (p <0.05). Similar to group B, no significant differences in CPD and 8-OHdG levels were found
between single and daily application. (p<0.05) (Figure 3).
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Figure 2 Effects of curcumin application against single UVB-induced CPD and 8-OHdG expression.
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Figure 3 Effects of curcumin application against chronic UVB-induced CPD and 8-OHdG expression.
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Figure 4 Epidermal thickness in (A) No UVB exposure (B) chronic UVB exposure (C) chronic UVB exposure and 100nM concentration (D) chronic UVB exposure and
1uM (E) chronic UVB exposure and 10uM (F) chronic UVB exposure and 100uM.

UVB-Induced Epidermal Hyperplasia

Epidermal hyperplasia was assessed through histopathology in mice without UVB exposure (Figure 4A) and only UVB
exposure (Figure 4B), followed with topical curcumin application before chronic UVB exposure within 24 hours and 10
days after the last UVB exposure. All concentrations of 100nM, 1uM, 10uM, and 100puM topical curcumin applied prior
to UVB exposure exhibited less visible epidermal hyperplasia (Figure 4B—F). Furthermore, we found that the 10uM and
100puM concentrations provided the best results in prevention of epidermal hyperplasia.

Discussion

UVB absorption by chromophores causes inflammation, epidermal hyperplasia, and changes in gene expression. It is
associated with proliferation and differentiation, cytokine production, and growth factor.'® Chronic UV exposures may
lead to defects in the recovery process of DNA damage and are associated with oncogenesis and/or tumor suppressor
genes mutation that causes the initiation of cutaneous cancer.'?

CPD is a UV hotspot mutagen'® and one of the main photoproduct that is directly formed after UVB absorption
by nucleotide. While 8-OHdG is formed indirectly from oxidative stress. Both compounds play a significant role in
the carcinogenesis process.” Thus, they can be used to assess the protective effect of curcumin against photodamage.
In addition, acetone used as solvent in this study has not shown to influence the efficacy of curcumin and has long
been used to evaluate the efficacy of curcumin.'® A direct protective effect from DNA damage occurs through
inhibition of UV exposure to the skin or absorption of photon energy by agents acting as sunscreens.'* In our study,
we used synthetic topical curcumin creams in four concentrations with acetone acting as solvent. Previous studies
such as by Liieret al have seek to explore the anti-inflammatory capability of synthetic curcumin and have found that
it can reduce the number of expression of cytokines and chemokines such as IL-6 and IL-8."° To prove the efficacy of
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topical curcumin we also prepared one group that was only applied with acetone as a comparison. Dosage of 2mg/
mL/cm? was determined as it is the standard dosage of sunscreen application.'® Furthermore, our study found that in
single UVB exposure, the protective effect of curcumin was shown to have minimal effect in various groups and with
the best effect exhibited at 10uM concentration. No significant differences were found in either single or daily
application of curcumin. Whereas in the group that received chronic UVB exposures, curcumin showed a protective
effect against CPD expression with the 100pM concentration showing the most significant protective effect in both 24
hours and 10 days. These results are consistent with previous studies that reported the increased protective effects of
curcumin against CPD expression with increased curcumin concentrations.'’

The difference in curcumin protective effect between single and chronic UVB groups may be due to the increased rate of
repaired cells in the chronic UVB group. In these groups, subjects were exposed to UVB three times weekly for three weeks
and examined 24 hours after the last exposure which allowed more CPD to be repaired than subjects in the group that only
received single UVB exposure. Some investigators observed dimer reparation occurred 9 hours after UVB radiation.'® In our
study, CPD expression was still visible in both UVB control group at 1 hour, 24 hours and 10 days after exposure, with
expression at 10 days may be a sign of permanent DNA damage.'” These photolesions can inhibit DNA replication and
transcription and therefore generate permanent DNA damage, which subsequently lead to cell death, photoaging and
photocarcinogenesis.'® With the impairment of the cellular repairment mechanism, ROS and other free radicals can cause
permanent DNA damage and is one of the initial and typical stages of UV-induced carcinogenesis.'’

The application of curcumin prior to UVB exposure prevents CPD expression and cell damage as well as play a role in
accelerating CPD repair by influencing cellular processes such as cycle cell, differentiation and DNA repairment through
the mutS homolog 2 (MSH2) enzyme.'®*® Furthermore, an in vitro study on squamous cell carcinoma cell lines showed
that curcumin decreases UV-induced apoptosis and inflammation through inhibition of nuclear factor-kB (NF-xB).2%*!

In contrast with CPD, the effect of curcumin against 8-OHdG, one of the key markers for cellular oxidative stress,
following single UVB exposure showed strong protective effect. The best protective effect was shown by 10uM
concentration. In multiple exposures, 8-OHdG expression was not seen in all samples at 24 hours and 10 days. These
results suggested that curcumin possesses protective effect towards ROS formation after chronic UVB exposure
Interestingly, higher curcumin concentrations increased the protective effect except the 100uM. This phenomenon also
occurred in a previous study.”?* The decline in protective effect observed on the 100pM might be explained by the pro-
oxidant and antioxidant effects of curcumin, with the earlier effect being observed at higher concentrations.”

The antioxidant effect of curcumin is mediated through several mechanism including scavenge different forms of free
radicals, such as ROS and reactive nitrogen species (RNS), induction of the antioxidant enzymes, superoxide dismutase
(SOD), catalase, and glutathione peroxidase (GSH), and inhibition of ROS-generating enzymes such as lipoxygenase/
cyclooxygenase and xanthine hydrogenase/oxidase which can be revealed by assessing 8-OHdG expression.”* This was
supported by previous studies where Curcuma prevented UV-induced apoptosis and eliminated oxidative stress through
lipid peroxidase inhibition using linoleic acid, a polyunsaturated fatty acid that is oxidized and forms fatty acid radicals.?
A decline in the lipid peroxidase level is achieved through maintaining the activity of various antioxidant enzymes that
play a central role in regulating lipid peroxidases, such as SOD, catalase, and GSH. The protective effect of curcumin is
also clear in human cells by protecting against radiation-induced DNA damage. This is mainly attributed to the
antioxidant effect and scavenger against free hydroxyl radicals.*® In addition, curcumin is a lipophilic compound,
which makes it an efficient scavenger of peroxyl radicals. Phenolic OH in curcumin play a major role in that activity;
therefore, it is also considered as a chain-breaking antioxidant.*’

The protective effect towards CPD and 8-OhDG production is in line with the protective effect against epidermal
hyperplasia. As epidermal hyperplasia is a well-known normal response towards UV radiation, its decrease resulting from
topical curcumin application can therefore be associated with its protective effect against UB radiation. The 10uM
concentration was shown to be the most effective concentration to inhibit epidermal hyperplasia. Similar with the
photoproducts analysis described previously, a decreased effect was also seen on the 100uM concentration, which was
consistent with other studies.”® However, these differences are not statistically significant. This might be attributed by the
suppression of C-jun/Activator protein 1 (AP-1) activation,” and fibroblast growth factor receptor 2 (FGFR2)
expression,”? or through the induction of the p53-p21/CIP1 cascade. The antiproliferative effect of curcumin is mediated
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by modulation in the cell cycle through CDK inhibitor expression which inhibits CKD-cyclin kinase complex activity. In
addition, curcumin is also known to inhibit UVB-induced cytotoxicity.*”

From these results, we therefore determined that 10uM, and 100uM topical curcumin provided the best overall photo-
protective effect by presenting the lowest level of CPD and 8-OHdG after UVB radiation in both acute and chronic models.

Conclusion

The use of topical curcumin especially the 10uM dan 100uM concentrations showed photoprotective effect towards
acute and chronic UVB exposure on mice by inhibiting CPD and 8-OHdG production for up to ten days after UVB
exposure. There were no differences in photoprotective effect in either single or daily application of topical curcumin.
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