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Skin aging is characterized by a decrease in the skin's ability to regenerate and
Skin aging, UV maintain its structure, which is influenced by endogenous factors (genetic mutations,
light, Melatonin,  hormonal factors) and exogenous factors (UV exposure, pollution). UV radiation
Hyaluronidase, accelerates skin aging by generating reactive oxygen species (ROS) that can activate
Javanese ginger hyaluronidase and induce inflammation, leading to cell apoptosis. Natural
antioxidants such as melatonin play an important role in skin protection, but
melatonin levels decrease with UV exposure. The temulawak plant contains
compounds that can be utilized as antioxidants. This study aims to determine the
potential of Curcuma xanthorrhiza (temulawak) natural extract to reduce UV-
induced skin aging by increasing melatonin levels and reducing hyaluronidase
activity. Extraction was performed using maceration method with 70% ethanol
solvent. Aging model cells were prepared from human skin fibroblast cell cultures
that were exposed to UV light 300J/cm2 for 75 minutes. The treatment given to the
aging model cells, namely temulawak extract in 3 different concentrations 12.50;
6,25; 3.13 ug/mL. The results showed that temulawak extract significantly increased
melatonin level in fibroblasts exposed to UV light, with an optimal concentration of
12.25 pg/mL (147.71 pg/mL metionin). In addition, temulawak extract also
significantly reduced hyaluronidase levels with the same optimal concentration
(95.78 ng/mL). Curcuma longa extract may serve as an effective natural agent for
anti-aging skin care products by increasing melatonin levels and reducing
hyaluronidase activity, thus potentially improving skin health and reducing the

effects of aging caused by UV exposure.

1. Introduction

Skin aging is a decrease in the skin's ability to regenerate and maintain skin structure (Marta et al.,
2016). One of the characteristics of aging is skin folds caused by poor hydration, loss of body mass,
epidermal junctions, and dermis disintegration. Skin aging triggers changes caused by a combination
of endogenous factors (genetic mutations, cellular metabolism, and hormonal changes) and exogenous
factors (UV exposure, chemicals, pollution, and toxins) (Chaudhary et al., 2020). Intrinsic aging occurs
due to biological factors, while extrinsic aging is influenced by sun exposure, pollution, and lifestyle
habits (Zhang & Duan., 2018).

Sun exposure contains high UV intensity that accelerates the skin aging process (de Paula Corréa et
al., 2021). UV radiation is a natural component of sunlight that is invisible to the naked eye. UV is
classified into three types based on wavelength: UV-A (315-400 nm), UV-B (280-315 nm), and UV-
C (100-280 nm). The Earth's stratospheric ozone layer fully filters out UV-C, but is unable to filter out
UV-A and UV-B rays, allowing them to reach the Earth's surface (Panich et al., 2016). The mechanism
of premature aging triggered by UV light triggers free radicals and oxidative stress, which then triggers
inflammation that can eventually lead to cell death (apoptosis). UV light stimulates various oxidizing
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molecules and free radicals, which due to their chemical reactivity can damage lipids and alter
molecular structures (Brand et al., 2018).

In skin protection, the body has natural antioxidants that can clear harmful compounds. One type of
natural antioxidant in the body on the skin is melatonin (Fischer et al, 2008). When UV light penetrates
the skin, melatonin binds to ROS to protect the skin so that its levels decrease (D'Orazio et al, 2013).
However, the more frequent exposure to UV light, melatonin levels continue to decrease. Meanwhile,
UV light induces an increase in hyaluronidase which plays a role in degrading hyaluronic acid,
resulting in dry and wrinkled skin (Jusri et al., 2019; Weber et al, 2019). Hyaluronic acid functions to
bind water and keep the body's skin smooth, watery and lubricated (Roy et al., 2013). Nowadays, skin
health and beauty is considered an indicator of one's health (Shanbag et al., 2019). Treatments such as
botulinum toxin or botox are often used for preventive skin care (Salsabila et al., 2024). However
because the effects of botox are short acting, patient compliance and repeated injections are a problem.
Botulinum toxin works locally, where large muscle groups may require multiple injection sites to
achieve the desired effect, making the cost very high (Verheyden & Blitzer, 2002).

People's alternative is to use skin care products to prevent aging, hence the demand for "anti-aging"
care products continues to increase (Shanbag et al., 2024). However, it is important to consider the
ingredients contained in skincare products. Some synthetic chemicals often used in anti-aging products
are considered harmful to human health and the environment (Ramalhete et al., 2018). One example is
parabens, which are used as cosmetic preservatives. Continuous use of parabens can cause allergic
reactions and skin rashes on sensitive skin (Chermahini & Sarmidi, 2011). Prevention of the effects of
skin aging due to UV rays can utilize natural ingredients that have potential as anti-aging and
antioxidants (Verma et al., 2024) while triggering an increase in melatonin to inhibit aging (Bocheva
et al., 2019). Natural products have the advantages of specialized resources and few side effects.
Recently, many compounds or extracts from natural products that slow down aging have been reported
(Ding et al., 2017).

Indonesia has abundant natural resources, namely medicinal plants, most of which have not been
scientifically proven to be useful. One of the potential natural ingredients is temulawak. Temulawak
has the Latin name Curcuma xanthorriza is a traditional plant that is utilized throughout the local
distribution area as an ingredient of jamu (Indonesian herbal medicine and supplements) or for the
treatment and control of various diseases and disorders since ancient times (Rahmat et al., 2021).
Recorded in 2019, C. xanthorrhiza is widely cultivated in Indonesia with a harvest area of
approximately 13,042,873 m 2 producing a yield of 29,637,119 kg (BPS statistic Indonesia, 2019).
Temulawak has a distinctive compound, xanthorrizol, which distinguishes it from turmeric (Erpina et
al., 2017).

Curcumin and terpenoid compounds are the most abundant phytochemicals in temulawak rhizomes
(Minarni et al., 2023). Compounds that play an active role in the biological activity of temulawak
include: curcuminoids, xanthorrhizol, ar-turmerone, and a-curcumene (Widyastuti et al., 2021).
Previous research reported that temulawak has anti-aging (Wargasetia et al., 2023), antioxidant
(Laksmitawati et al., 2022), hepato- and neuroprotector (Rahmat & Kang, 2021), and wound healing
(Malau et al, 2024) activities. The compound content and biological activity of temulawak have the
potential to be used as a therapeutic material for the future, especially as an anti-aging agent.

Increased hyaluronidase enzyme causes skin aging which is the result of excessive UV exposure.
Alternative prevention for this needs to be done, one of which is by increasing melatonin production.
Metabolite compounds in temulawak have potential as anti-aging agents. This study was conducted to
analyze the potential of temulawak extract on hyaluronidase enzyme activity, melatonin levels, human
skin fibroblast cell lines exposed to UV as a model of aging.

2. Methodology
The type of research in this study is experimental design with posttest only control group method. Place
General and Cell Culture Laboratory, PT Aretha Medika Utama, Bandung the independent variable used
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Is various concentrations of temulawak extract as a treatment for human skin fibroblast cell lines
exposed to UV light. The study began with the extraction of temulawak rhizomes in a CPOTB
standardized factory. The research was continued with fibroblast cell culturing, UV light exposure and
treatment with extracts. Determination of the best 3 concentrations for treatment has been tested
cytotoxic first by previous studies. Therefore, after 70-80% confluence cells, the research continued
directly to UV light exposure. UV light exposure was given at an intensity of 300J/cm? for 75 minutes.
Cells were then given 3 concentrations of extracts and incubated for 24 hours in an incubator. After
treatment, the cells were then centrifuged, and the supernatant was taken for ELISA testing of melatonin
and hyaluronidase levels. The research flow can be seen in figure 1. The independent variables used in
this study are various concentrations of temulawak extract (ETL) given to UV-induced fibroblast cells.

3. Results and discussion

Research on the administration of temulawak extract to measure melatonin and hyaluronidase levels
was tested on aging model cells. Aging model cells are human skin fibroblast cell lines that are exposed
to UV light given UV light exposure for 75 minutes. The following are the results of research on the
administration of temulawak extract to melatonin and hyaluronidase levels in aging model cells.
Melatonin levels were quantified using the ELISA method based on the absorbance value of the
enzyme activated by an antibody that binds to melatonin-specific antigens. Statistical analysis was
performed on IBM SPSS software (version 20). The data obtained from the ELISA test were tested for
normality to determine the distribution of ELISA data. The method used in the normality test was the
Shapiro-Wilk method because the samples in each treatment group did not reach 50 samples. The
homogeneity test was conducted to determine whether the ELISA result data was homogeneous or not.
The results of the normality test (Appendix 3.1) and homogeneity (Appendix 3.2) showed p>0.05 in
the measurement of melatonin levels of aging model cells given temulawak extract. Differences in the
mean values of the various treatments were obtained from one-way ANOVA analysis. The results of
ANOVA analysis (Appendix 3.3) showed a value of p<0.05, so it was concluded that Ho was rejected
and there was an effect of temulawak extract on melatonin levels in human skin fibroblast cell lines
exposed to UV light as a model of aging. Furthermore, to determine which treatment group showed
statistically significant differences, the Post Hoc test was conducted with the Tukey HSD method
(Appendix 3.4). The results of research on the potential of temulawak extract on melatonin levels in
human skin fibroblast cell lines exposed to UV light as a model of aging (Table 4.1) and (Figure 4.1).

Table 4.1 Melatonin levels in aging model cells
Treatment Melatonin Level (pg/mL)
KN 164,83 +12,17¢

KP 61,38 + 8,632
ETL1 74,96 + 5,882
ETL2 118,96 *

7,61P

ETL3 147.71 £ 22.56

Note: data are presented as mean * standard deviation. Different superscripts (a, b, bc, ¢) indicate
significant differences (p<0.05) between treatments on melatonin levels in aging model cells. KN:
negative control, KP: positive control, ETL1: treatment with 3.13 pg/mL temulawak extract, ETL2:
treatment with 6.25 pg/mL temulawak extract, ETL3: treatment with 12.25 pg/mL temulawak extract.
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Figure 4.1 Melatonin Levels in Aging Model Cells

Note: data are presented as mean + standard deviation. Different superscripts (a, b, bc, c) indicate
significant differences (p<0.05) between treatments on melatonin levels in aging model cells. KN:
negative control, KP: positive control, ETL1: treatment with 3.13 pg/mL temulawak extract, ETL2:
treatment with 6.25 pg/mL temulawak extract, ETL3: treatment with 12.25 pg/mL temulawak extract.

Based on the data from the measurement of melatonin levels in Table 4.1 and Figure 4.1, it shows that
the administration of temulawak extract can increase melatonin levels in aging model cells. The
positive control treatment (KP) or fibroblast cells exposed to UV light with an average value of 61.38
pg/mL showed a decrease in melatonin levels which was significantly different from the negative
control treatment (KN) or fibroblast cells that were not exposed to UV light with an average value of
164.83 pg/mL. The administration of temulawak extract with a fairly small dose, namely 3.13 pug/mL
with an average value of 74.96 pg/mL has not shown a significant increase in melatonin levels
compared to the KP treatment. The effect of giving temulawak extract with a concentration of 6.25
png/mL with an average value of 118.96 pg/mL and a concentration of 12.25 ug/mL with an average
value of 147.71 pg/mL showed a significant increase in melatonin levels compared to the KP treatment.
The results showed that fibroblast cells given UV exposure can reduce melatonin levels, then the
administration of temulawak extract can increase melatonin levels again.

Hyaluronidase levels were measured using the ELISA method based on the absorbance value of the
enzyme that has been activated by an antibody that binds to hyaluronidase-specific antigens. Statistical
analysis was performed on IBM SPSS software (version 20). Data obtained from the ELISA test were
tested for normality using the Shapiro-Wilk method because the number of samples in each treatment
group did not reach 50 samples. The normality test was carried out to determine the distribution of
normally distributed ELISA data. Homogeneity test is conducted to determine whether the ELISA
result data is homogeneous or not. The results of the normality test (Appendix 5.1) and homogeneity
(Appendix 5.2) showed p>0.05 in the measurement of hyaluronidase levels of aging model cells treated
with temulawak extract. Each treatment was subjected to one-way ANOVA analysis to determine the
difference in mean values in the treatments tested. The results of ANOVA analysis (Appendix 5.3)
showed a value of p < .05, so Hois rejected and it can be concluded that there is an effect of temulawak
extract on hyaluronidase levels in human skin fibroblast cell lines exposed to UV light as a model of
aging. Post Hoc test with Tukey HSD method was then conducted to determine which treatment group
showed meaningful or statistically significant differences (Appendix 5.4). The results of the research
on the potential of temulawak extract on hyaluronidase levels in human skin fibroblast cell lines
exposed to UV light as a model of aging can be seen in Table 4.2 and Figure 4.2.
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Table 4.2 Hyaluronidase Levels in Aging Model Cells
Treatment Hyaluronidase Level (ng/mL)
KN 79,36 + 1,982
KP 149,52 £ 9,174
ETL1 119,85 + 3,11°¢
ETL2 107.42 £3.71
ETL3 95,78 + 5,05P

Note: data are presented as mean + standard deviation. Different superscripts (a, b, bc, ¢, d) indicate
significant differences (p<0.05) between treatments on hyaluronidase levels in aging model cells. KN:
negative control, KP: positive control, ETL1: treatment with 3.13 pg/mL temulawak extract, ETL2:
treatment with 6.25 pg/mL temulawak extract, ETL3: treatment with 12.25 pg/mL temulawak extract.
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Figure 4.2 Hyaluronidase Levels in Aging Model Cells

Note: data are presented as mean + standard deviation. Different superscripts (a, b, bc, ¢, d) indicate
significant differences (p<0.05) between treatments on hyaluronidase levels in aging model cells. KN:
negative control, KP: positive control, ETL1: treatment with 3.13 pg/mL temulawak extract, ETL2:
treatment with 6.25 pg/mL temulawak extract, ETL3: treatment with 12.25 pug/mL temulawak extract.

Based on the data from the measurement of hyaluronidase levels in Table 4.2 and Figure 4.2, it shows
that the administration of temulawak extract can reduce hyaluronidase levels in aging model cells. The
positive control treatment (KP) or fibroblast cells exposed to UV light with an average value of 149.52
ng/mL showed an increase in hyaluronidase levels which was significantly different from the negative
control treatment (KN) or fibroblast cells that were not exposed to UV light with an average value of
79.36 ng/mL. Treatment with temulawak extract with a concentration of 3.13 pg/ml with an average
value of 119.85 ng/mL, a concentration of 6.25 pg/mL with an average value of 107.42 pg/mL, and a
concentration of 12.25 pg/mL with an average value of 95.78 ng/mL showed a significant decrease in
hyaluronidase levels compared to the KP treatment. The results showed that fibroblast cells given UV
exposure can increase hyaluronidase levels, then the administration of temulawak extract can reduce
hyaluronidase levels again.

Discussion

In this study, fibroblast cells were exposed to UV light to create an aging cell model. Fibroblast cells
synthesize several components such as hyaluronic acid and are cells commonly found in connective
tissue (Yoshimura et al., 2023). Skin organs that are commonly exposed to the sun's UV rays contain
fibroblast cells. The occurrence of skin aging can be characterized by a decrease in the number of
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fibroblast cells (Yusharyahya, 2021). The use of fibroblast cells as aging model cells has been done in
previous studies because they can show decreased proliferation and morphological changes after
exposure to oxidative stress (Widowati et al., 2022).

Prolonged exposure to UV radiation can cause various impacts on skin cells. UV absorbed by the skin
can cause DNA damage and activate ROS. This can cause genetic mutations and lead to abnormal cell
growth that causes skin cancer and premature aging (Fitraneti et al., 2024). UV exposure to fibroblasts
and skin cells can activate free radicals and then increase oxidative stress (Ansary et al., 2021).
Oxidative stress is a condition of imbalance between antioxidants and pro-oxidants that occurs due to
excessive formation of ROS (Mulianto, 2020). Therefore, consumption of food ingredients that are
high in antioxidant content can help protect the body from free radicals. Plants are one source of
antioxidants with minimal side effects (Gunarti et al., 2022).

Melatonin levels in fibroblast cells exposed to UV light decreased. The decrease in melatonin levels
can indicate an increased activity of melatonin in fighting free radicals. Melatonin is hydrophilic and
lipophilic, so it can cross cell membranes and protect cells from free radicals (Suyanto & Widianti,
2023). The protective effect provided by melatonin can maintain cell physiology and tissue
homeostatis, especially in UV-exposed skin cells (Bocheva et al., 2022). Melatonin indirectly affects
the skin through its metabolites, which are hydroxyl derivatives of melatonin produced in response to
UV light (Rusanovaetal., 2019). Another study showed that melatonin administration to UV-irradiated
human fibroblast cells can inhibit oxidative stress-induced skin damage (Yuksel Egrilmez et al., 2022).
Therefore, increasing melatonin levels is essential in maintaining skin quality. The use of temulawak
extract can help the skin in increasing melatonin levels, thus preventing aging.

Hyaluronidase levels showed an increase in UV-irradiated fibroblast cells. An increase in
hyaluronidase levels indicates an increase in free radicals that induce hyaluronidase enzyme activity.
Excessive amounts of free radicals induce hyaluronidase enzyme function to excessively degrade
hyaluronic acid (Papaemmanouil et al., 2022). One of the key components in maintaining skin quality
is hyaluronic acid which plays a role in keeping the skin moist and smooth (Khojah etal., 2024). Efforts
to prevent aging due to increased levels of the enzyme hyaluronidase which causes a decrease in
hyaluronic acid levels can be done by consuming antioxidants. One source of antioxidants can be
obtained from plants (Kusumawulan et al., 2022). Therefore, reducing hyaluronidase enzyme levels is
very important in maintaining skin quality. The use of temulawak extract can help the skin in reducing
hyaluronidase levels, thus preventing aging.

The use of temulawak extract on fibroblast cells irradiated with UV light showed an increase in
melatonin levels and a significant decrease in hyaluronidase levels. This shows that temulawak extract
can act as antiaging by reducing the levels of free radicals present in aging model cells. The
curcuminoid content in temulawak acts as a strong antioxidant, so it can neutralize free radicals that
damage skin cells (Panjaitan et al., 2022). Previous research has begun to develop temulawak-based
instant powder drinks (Solikhah et al., 2023). Several other products that have been developed from
temulawak, namely sweets, pastries, noodles, dodol, crackers, and jelly candy have begun to be made
to increase public interest in consuming temulawak (Khamidah et al., 2017). In addition to being
developed into food or beverage products, temulawak has also begun to be used as a basic ingredient
for skin beauty products as an anti-aging agent. Previous research has developed a lotion made from
temulawak combined with strawberries (Alfian et al., 2023). Temulawak was also developed into a gel
mask for the face that serves to prevent aging (Muslikh et al., 2024). The development of products
made from temulawak has been widely done, but basic research using aging cell models to prove that
temulawak has the potential as anti-aging has not been done. The results of this study are expected to
be the basis for using temulawak in products that can prevent the aging process. These results support
the results of a previous study which showed that temulawak extract on UV-irradiated fibroblast cells
proved efficacious for mediating UVinduced skin aging (Rahmat et al., 2021).
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4. Conclusion and future scope

The Temulawak extract can significantly increase melatonin levels in human skin fibroblast cell lines

exposed to UV light with the best results at a concentration of 12.25 ug/mL (147.71 pg/mL melatonin).

Temulawak extract can significantly reduce hyaluronidase levels in human skin fibroblast cell lines

exposed to UV light with the best results at a concentration of 12.25 pg/mL (95.78 ng/mL

hyaluronidase).

Advice

Future research can test other parameters related to skin aging, such as collagenase, elastase, and

tyrosinase levels. Other parameters tested include gene expression levels associated with skin aging,

such as MMP. Further research is needed at the in vivo level using mice or rats as animal models
induced by UV and free radicals to test anti-aging and anti oxidantactivities.
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