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ABSTRACT
Background: Skin aging is the most common dermatological problem caused by
intrinsic and extrinsic factor, such as exposure to (ultraviolet) UV rays. Chlorogenic
acid (CA) is a phenolic compound which is known for its antioxidant properties
against oxidative stress.
Objective: This study investigates the antiaging and anti-inflammatory properties of
CA on UV-induced skin fibroblast cells.
Methods: Anti-inflammatory properties of CA were assessed by measuring
inflammatory-related proteins IL-1β and TNF-a, while antiaging properties of CA
were assessed by measuring reactive oxygen species (ROS), apoptosis, live and
necrotic cells, and COL-3 gene expression level.
Results: Treating UV-induced skin fibroblast cells with CA decreased the level of
ROS, IL-1β, TNF-a, apoptotic cells, and necrotic cells and increased live cells and
COL-3 gene expression.
Conclusion: CA has the potential as the protective compound against inflammation
and aging by decreasing the level ROS, pro-inflammatory cytokines IL-1β and
TNF-a, apoptotic cells, and necrotic cells and by increasing live cells and COL-3 gene
expression.

Subjects Cell Biology, Molecular Biology, Pharmacology
Keywords Antiaging, Anti-inflammatory, Apoptosis, Chlorogenic acid, Ultraviolet

INTRODUCTION
Skin aging is the most common dermatological problem, especially for women. While
aging could happen as a result of intrinsic mechanisms, the external causes also play a big
role in causing skin aging (Baumann, 2007; Farage et al., 2008). The external causes in
aging are mostly from environmental factors i.e., sun (ultraviolet), infrared and heat,
smoking, air pollution, and low antioxidant diet (Vierkötter & Krutmann, 2012; Addor,
2018). Ultraviolet (UV) exposure is one of the factors that play an important role in
affecting all body systems, especially for the skin as the outer barrier against the external
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environment. Direct exposure to UV rays could cause progressive loss of integrity and
physiology manifested in visible rough, sagging, and wrinkles in the skin (Baumann, 2007).
Infrared (IR) and heat induce premature skin aging with the mechanism: (1) IR stimulates
the expression of Matrix Metallopeptidase-1 (MMP-1) and decreases type 1 procollagen
expression in vivo. Acute IR irradiation also increases new, leaky vessel formation, and
induces inflammatory cellular infiltration. (2) Heat energy increase skin temperature
which increases MMP-1, -3, and -12 expression, and modulates elastin and fibrillin
synthesis, resulting in the development of solar elastosis. Acute heat shock in human skin
stimulates new vessel formation, recruit inflammatory cells, and causes oxidative DNA
damage (Cho et al., 2009). Smoking induces human skin aging by the additive induction of
MMP-1 expression (Yin, Morita & Tsuji, 2001). Air pollution can induce skin aging by
generating Reactive Oxygen Species (ROS) by the particulate matter contained
within the pollution (Donaldson et al., 2005). Low antioxidant diet correlates with the
antioxidant that is micronutrient in various vegetable to prevent the skin aging. If people
do not consume enough antioxidants, the mostly likely case is that there are wrinkles on
the skin (Addor, 2018).

At the cellular level, UV exposure affects the production of free radicals known as ROS.
An imbalance in ROS production causes oxidative stress, which leads to cellular or tissue
changes (Davalli et al., 2016). While ROS was naturally formed by cells as a normal
condition, UV exposure is known to increase the intracellular ROS level, causing oxidative
stress. Oxidative stress leads to the activation of a series of signaling pathways to the
apoptosis of skin fibroblast (Tanigawa et al., 2014). ROS production is also closely related
with inflammation. In contrast to young individuals, aged individuals have more numbers
of inflammatory cytokines, such as IL-6, IL-1β, and TNF-a (Sanada et al., 2018).
The existence of these substances plays an important role in the progression of
inflammatory diseases. The inhibition of oxidative stress now becomes an important
approach for treating skin damage due to aging (Rinnerthaler et al., 2015; Liguori et al.,
2018).

Chlorogenic acid (CA) is one of the phenolic compounds from the hydroxycinnamic
family, which is known for its antioxidant properties against free radicals (Santana-
Gálvez, Cisneros-Zevallos & Jacobo-Velázquez, 2017). This compound is also found in
beverages prepared from herbs, fruits, and vegetables (Clifford, 1999). In vitro and in vivo
analyses reported the roles of CA in mitigating oxidative and inflammatory stresses (Liang
& Kitts, 2016).

CA is naturally found in snake fruit peel (Girsang et al., 2019a; Fitri, 2015). Recent
in silico studies about snake fruit peel compound i.e., CA reported its antiaging and
antioxidant properties (Girsang et al., 2019b). CA is also reported to have a protective
effect by suppressing ROS level and to have anti-inflammatory properties against to lead
(Pb) poisoning (Girsang et al., 2019c). Therefore, this study aimed to determine the
antiaging and anti-inflammatory properties of CA on UV-induced fibroblast cells, being
reported for its antioxidant activities.
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MATERIALS AND METHODS
Materials
Skin fibroblast cells (BJ cell line, ATCC no CRL-2522) were obtained from Biomolecular
and Biomedical Research Center, Aretha Medika Utama, Bandung, Indonesia. Cells
were grown in MEM (L0416-500; Biowest, Riverside, MO, USA) with 10% fetal bovine
serum (FBS, S1810-500; Biowest, Riverside, MO, USA), 1% antibiotic/antimycotic
(L0010-100; ABAM, Biowest, Riverside, MO, USA), 1% Nanomycopulitine (L-X16-100;
Biowest, Riverside, MO, USA), 1% amphotericin B (L0009-050; Biowest, Riverside,
MO, USA), and 0.1% gentamicin (15750060; Gibco, Waltham, MA, USA) respectively.
Cells were incubated at 37 �C in a humidified atmosphere with 5% CO2. The cells with
80% confluency (n = 106 in six-well plate) were incubated with UV exposure for 75 min
(37 �C, 5% CO2). The cells induced from UV exposure were treated for 4 days with
CA (BP0345; Chengdu Biopurify Phytochemical) and were harvested with 0.25%
trypsin-EDTA (25200072; Gibco, Waltham, MA, USA) after 4 days treatment (Widowati
et al., 2016; Girsang et al., 2019c).

Measurement of IL-1β and TNF-a
The conditioned medium of the treated cells was used to measure the concentration of
IL-1β and TNF-a. The measurement was conducted according to Human IL-1β ELISA
Kit (Elisa Max Deluxe, 437004; BioLegend, San Diego, CA, USA) and Human TNF-a
ELISA Kit (Elisa Max Deluxe, 430204; BioLegend, San Diego, CA, USA) protocol.
The treatments used in this experiments were as follows: (1) normal control; (2) BJ cells +
DMSO 1% (vehicle control); (3) UV-induced BJ cells (positive control); (4) UV-induced
BJ cells + CA 6.25 µg/ml; and (5) UV-induced BJ cells + CA 25 µg/ml (Laksmitawati et al.,
2017;Widowati et al., 2016;Widowati et al., 2019a; Lister et al., 2020;Widowati et al., 2021).

Total protein measurements
The total protein measurement was conducted to assess the IL-1β and TNF-a level by
mg protein. The BSA stock was obtained by dissolving 2 mg of BSA in 1,000 ml ddH2O
(A9576, Lot. SLB2412; Sigma, St. Louis, MO, USA). The BSA solution was obtained
from diluting the BSA stock. The standard solution with 20 ml in number and 200 ml
of Quick Start Dye Reagent 1� (5000205; Biorad, Hercules, CA, USA) were added to each
well. The plate was incubated for 5 min at room temperature. The result was read at
595 nm (Widowati et al., 2019a; Lister et al., 2020).

Measurement of ROS level
The measurement of ROS levels was assessed using DCFDA Cellular Reactive Oxygen
Species Detection Assay Kit (Ab113851) according to the protocol, with slight
modification by flow cytometry (MACSQuant Analyzer 10: Miltenyi, Bergisch Gladbach,
Germany). The cells were harvested, counted, and added with 500 µl DCFDA working
buffer. They were then stained with 25 µM DCFDA and incubated for 30 min in 37 �C,
with 5% CO2. The result was analyzed using MACSQuant Analyzer 10 Flow Cytometer
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(Miltenyi, Bergisch Gladbach, Germany) (Widowati et al., 2014; Niocel et al., 2019;
Girsang et al., 2019c; Lister et al., 2020).

Measurement of apoptotic, live, necrotic cells
The measurement of apoptotic, live, and necrotic cells was assessed by flow cytometry
analysis. The cells were placed in a 2 � 6-well plate (n = 500.000) and were incubated
for 2 h. The growth medium was discarded in 4 days and harvested and centrifuged for
5 min at 1,600 rpm. The pellet was added with 500 µl FACS buffer and centrifuged.
The pellet was added with 100 µl FACS buffer and stained by annexin and propidium
iodide (PI). The stained cells were incubated for 1 h and analyzed using flow cytometry
(Lister et al., 2020; Widowati et al., 2019b).

Measurement of COL-3 gene expression
Measurement of COL-3 gene expression was performed using real-time quantitative
reverse transcription polymerase chain reaction (qRT-PCR) (Thermo Fisher Scientific
PikoReal 96) with SsoFast Evagreen Supermix (Bio-Rad, 172-5200). RNA isolation was
performed using AurumTM Total RNA mini Kit (Bio-Rad, 732-6820) according to
manufacturer’s protocol, the total RNA yield was estimated using microplate reader at
260/280 nm. RNA was used to produce cDNA using iScript cDNA synthesis (Bio-Rad,
1708890). Then the make master mix using iScript Reverse Transcription Supermix for
qRT-PCR (Bio-Rad, 170-8841). The qPCR conditions were for pre-denaturation (95 �C for
5 min), denaturation (95 �C for 1 min), annealing (58 �C for 40 s), pre-elongation (72 �C
for 1 min), and elongation (72 �C for 5 min). All the reaction was set for 55–90 �C melting
curve and 4 �C infinite hold, in a total of 40 reaction cycles (Widowati et al., 2019b; Afifah
et al., 2019).

Statistical analysis
All the data are presented as the mean ± standard deviation. The data were analyzed using
Shapiro–Wilk test followed by Mann–Whitney–Wilcoxon test and independent t-test.
P-values < 0.05 were considered significant.

RESULTS
IL-1β level
The IL-1β level of the conditioned medium of the treated fibroblast cell with CA was
measured using the ELISA method and compared to the negative control and UV-induced
fibroblast cell (positive control). Treatment with DMSO 1% (vehicle control) was not
significantly different with the negative control. The result shows a significant decreasing
level of IL-1β compared to the positive control (Fig. 1A). Total protein assay was
present to measure the IL-1β level by mg protein. The CA treatment showed a significant
decrease in the IL-1β level compared to the positive control (Fig. 1B).

TNF-a level
Treatment with DMSO 1% (vehicle control) on fibroblast cells toward TNF-α level was not
significantly different compared to the negative control. Treatment with 6.25 and 25 mg/ml
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CA showed a significant decreasing difference compared to positive control (Fig. 1C).
Total protein assay was present to measure the TNF-a level by mg protein. The CA
treatment showed a significant decrease in the TNF-a level compared to the positive
control (Fig. 1D). Total protein assay was present to measure the TNF-a level by mg
protein. The result showed a significant decrease in the TNF-a level compared to both
controls (Fig. 1D).

ROS level
The ROS level of UV-induced fibroblast cells was measured using flow cytometry with
DCFDA single staining. The dot blots show the population of the analyzed cells, and the
peak shows the positive ROS cells. The normal control, vehicle control, positive control,

Figure 1 Effect CA towards IL-1β and TNF-a level on UV-induced fibroblast cells. (A) IL-1β level
(pg/ml), (B) IL-1β level (pg/mg protein) (I) BJ cells (negative control), (II) BJ cells + DMSO 1% (vehicle
control), (III) UV-induced BJ cells (positive control), (IV) UV-induced BJ cells + CA 6.25 µg/ml,
(V) UV-induced BJ cells + CA 25 µg/ml. �Data is presented as mean ± standard deviation. A single
asterisk symbol (�) marks statistical difference compared to negative control group at 0.05 significance
level, a single hashtag (#) marks statistical difference compared positive control at 0.05 significance level
based on Tukey HSD post hoc test. (C) TNF-a level (pg/ml), (D) TNF-a level (pg/mg protein) (I) BJ cells
(negative control), (II) BJ cells + DMSO 1% (vehicle control), (III) UV-induced BJ cells (positive control),
(IV) UV-induced BJ cells + CA 6.25 µg/ml, (V) UV-induced BJ cells + CA 25 µg/ml. �Data is presented as
mean ± standard deviation. A single asterisk symbol (�) marks statistical difference compared to negative
control group at 0.05 significance level, a single hashtag (#) marks statistical difference compared positive
control at 0.05 significance level based on Tukey HSD post hoc test.

Full-size DOI: 10.7717/peerj.11419/fig-1
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treatment with CA 6.25 µg/ml, and treatment with CA 25 µg/ml show 0.02%, 0.05%, 16,01%,
4.95%, and 6.86% positive ROS levels, respectively (Fig. 2). Both cells treated with 6.25 and
25 mg/ml showed a significant decreasing difference compared to positive control (Fig. 3).

Apoptosis level
The apoptosis level was analyzed using flow cytometry. The surface markers PI and
annexin were used as stains. Figure 4 shows the representative of dot blots effect CA 6.25
and 25 mg/ml towards apoptosis cells. Flow cytometry analysis reveals the percentage of
live cells, necrotic cells, early apoptosis, and late apoptosis of cells. Figure 5 shows the
comparison between each treatment on live of cells (a), necrosis of cells (b), death of cells
(early apoptosis) (c), and apoptosis (late apoptosis) (d).

Figure 2 The representative of dot blots of various concentration CA on UV-induced fibroblast cell toward ROS level by flow cytometry. (A) BJ
cells (negative control); 0.02%, (B) BJ cells + DMSO 1% (vehicle control): 0.05%, (C) BJ cells + UV (positive control): 16.01%, (D): UV-induced BJ
cells + CA 6.25 µg/ml: 4.95%, (E): UV-induced BJ cells + CA 25 µg/ml: 6.86%. Full-size DOI: 10.7717/peerj.11419/fig-2
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Figure 3 Effect CA towards ROS level on UV-induced fibroblast cells. (I) BJ cells (negative control),
(II) BJ cells + DMSO 1% (vehicle control), (III) UV-induced BJ cells (positive control), (IV) UV-induced
BJ cells + CA 6.25 µg/ml, (V) UV-induced BJ cells + CA 25 µg/ml. �Data is presented as mean ± standard
deviation. A single asterisk symbol (�) marks statistical difference compared to negative control group at
0.05 significance level, a single hashtag (#) marks statistical difference compared positive control at 0.05
significance level based on Tukey HSD post hoc test. Full-size DOI: 10.7717/peerj.11419/fig-3

Figure 4 The representative of dot blots of various concentration CA on UV-induced skin fibroblast
cell toward apoptosis level by flow cytometry. (A) BJ cells (negative control): live cells: 100%, necrotic:
0.0%, early apoptosis: 0.0%, late apoptosis: 0.0% (B) BJ cells + DMSO 1% (vehicle control): live cells:
95.14%, necrotic: 0.38%, early apoptosis: 7.86%, late apoptosis: 2.61% (C) BJ cells + UV (positive control):
live cells: 38.60%, necrotic: 18.0%, early apoptosis: 16.98%, late apoptosis: 26.43% (D) UV-induced BJ
cells + CA 6.25 µg/ml: live cells: 80.35%, necrotic: 0.78%, early apoptosis: 10.48%, late apoptosis: 8.39%
(E) UV-induced BJ cells + CA 25 µg/ml: live cells: 85.50%, necrotic: 0.92%, early apoptosis: 6.51%, late
apoptosis: 6.97%. Full-size DOI: 10.7717/peerj.11419/fig-4
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COL-3 gene expression
The COL-3 gene expression was examined using qRT-PCR. Table 1 presents the primer
and annealing temperature used for performing COL-3 gene expression, while Table 2
shows the concentration and RNA purity. The COL-3 gene expression shown in Fig. 6

Figure 5 Effect CA towards apoptosis cells on UV-induced fibroblast cells. (A) live of cells,
(B) necrosis of cells, (C) death of cells (late apoptosis of cells), (D) apoptosis of cells (early apoptosis of
cells) (I) BJ cells (negative control), (II) BJ cells + DMSO 1% (vehicle control), (III) BJ cells + UV (positive
control), (IV) UV-induced BJ cells + CA cells + CA 6.25 µg/ml, (V) UV-induced BJ cells + CA 25 µg/ml.
�Data is presented as mean ± standard deviation. A single asterisk symbol (�) marks statistical difference
compared to negative control group at 0.05 significance level, a single hashtag (#) marks statistical dif-
ference compared positive control at 0.05 significance level based on Tukey HSD post hoc test.

Full-size DOI: 10.7717/peerj.11419/fig-5

Table 1 RT-qPCR detail of COL-3 gene.

Gene
symbols

Primer Sequence (5′ to 3′)
Upper strand: sense
Lower strand: antisense

Product
size (bp)

Annealing
(�C)

Cycle References

COL-3 5′-CCAGGAGCTAACGGTCTCAG -3′
5′-CACGGTTTCCATCTCTTCCA -3′

103 54 40 Ye et al., 2012

β-Actin 5′-AGACCTGTACGCCAACACAG-3′
5′-TTCTGCATCCTGTCGGCAAT-3′

24 60 40 Palumbo et al., 2018
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revealed the CA treatment 6.25 and 25 mg/ml showed a significant increase in the COL-3
gene expression compared to the positive control.

DISCUSSION
UV-induced aging mechanism triggered free radicals in the form of increased intracellular
ROS level, leading to oxidative stress, which then triggered inflammation leading to cell
death (apoptosis). BJ fibroblast cells are the model of aging cells induced by UV
(Girsang et al., 2019c). Fibroblast cells play a role in tissue granulation and scar formation
during the inflammation process. The result of the anti-inflammatory test shows treating
UV-induced BJ cells with CA decreased the IL-1β and TNF-a levels related to the
aging model (Fig. 1). The inflammation triggered by UV rays resulted in the increase of the

Figure 6 Effect CA towards COL-3 gene expression on UV-induced fibroblast cells. (I) BJ cells
(negative control), (II) BJ cells + DMSO 1% (vehicle control), (III) BJ cells + UV (positive control),
(IV) UV-induced BJ cells + CA cells + CA 6.25 µg/ml, (V) UV-induced BJ cells + CA 25 µg/ml. �Data is
presented as mean ± standard deviation. A single asterisk symbol (�) marks statistical difference com-
pared to negative control group at 0.05 significance level, a single hashtag (#) marks statistical difference
compared positive control at 0.05 significance level based on Tukey HSD post hoc test.

Full-size DOI: 10.7717/peerj.11419/fig-6

Table 2 Concentration and purity of RNA.

RNA concentration (ng/µL) RNA purity
(λ 260/λ 280 nm)

BJ cells (negative control) 190.20 2.3468

BJ cells + DMSO 1% (vehicle control) 179.20 2.3271

UV-induced BJ cells (positive control) 177.70 2.3179

UV-induced BJ cells + CA 6.25 µg/ml 118.80 2.2235

UV-induced BJ cells + CA 25 µg/ml 105.64 2.2848
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pro-inflammatory cytokine group IL-1β and TNF-a, which are used as inflammatory
markers for anti-inflammatory assessment (Chung et al., 2009).

The presence of ROS as one of the inflammation trigger also being one of the direct
UV-exposures effect in cells (Tanigawa et al., 2014). The accumulation of ROS leads to
cell death known as apoptosis, which results in the decreasing level of healthy cells.
The result of the assessment with fluorescence intensity as an indicator by DCFDA
staining showed that CA decreased the level of ROS compared with the positive control
(Figs. 2 and 3). The previous study about CA also stating the reducing ROS level induced
by lead (Pb) and hydrogen peroxide (H2O2) effect by this substances (Girsang et al., 2019c;
Hoelzl et al., 2010), CA has antiaging property by inhibiting enzyme related skin aging
i.e., MMP-1 and human skin fibroblast elastase (HSFE) according in silico analysis
(Girsang et al., 2019b).

UV exposure of BJ-cells also affects the level of apoptosis. The oxidative stress caused by
UV rays promotes apoptosis in healthy cells (Kannan & Jain, 2000). Flow cytometry
analysis revealed the lowest number of live cells in UV-induced BJ cells. Treatment
with CA on UV-exposed cells resulted in increased number of live cells and decreased

Figure 7 Proposed mechanism of CA protective effect towards UV-induced skin fibroblast cells. UV
exposures causing an increasing level of ROS leading to an increase of pro-inflammatory cytokines IL-1β
and TNF-a leading to inflammation. The presence of ROS triggered the production of caspase 9 (Casp-9)
along with the production of Casp-8 by the presence of TNF-a leading to apoptosis. These two condition
of inflammation and apoptosis leading to aging in cells. On another side, UV-exposures decreasing the
COL-3 gene expression causing the loss of fibril pattern leading to aging as well. The presence of CA
inhibits the production of ROS level thus suppressing the pro-inflammatory cytokines IL-1β and TNF-a.
The presence of CA also increasing the level of COL-3 gene expression.

Full-size DOI: 10.7717/peerj.11419/fig-7
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cell death, necrosis, and apoptosis (Figs. 4 and 5). The protective effect of CA toward
apoptosis is also reported in rat liver with oxidative stress triggered by methotrexate
(Ali et al., 2017).

While CA could potentially decrease the levels of ROS, IL-1β, and TNF-a, the
measurement of COL-3 gene expression can also be conducted to determine the repairing
effect of CA toward aging. COL-3 gene is related to the pattern of tendon fibril thickness
and is more abundant in younger individuals than aged individuals of the animal
model (Ribitsch et al., 2019). UV exposure could also decrease the COL-3 gene expression
level (Chen et al., 2019). The result of this research showed the effect of UV exposure
and the treatment of CA toward COL-3 gene expression level. Treatment with CA
increased the COL-3 gene expression level compared to the aging model (Fig. 6).
According to these results, we proposed the mechanism of anti-inflammatory and
antiaging properties of CA against UV-induced BJ cells (Fig. 7).

CONCLUSION
This study shows that CA has the potential as the protective compound against
inflammation and aging by reducing ROS, pro-inflammatory cytokines IL-1β and TNF-a,
apoptosis, and necrotic cells and by increasing live cells and COL-3 gene expression.

ACKNOWLEDGEMENTS
We would also extend our gratitude to Seila Arumwardana, Hanna Sari Widya Kusuma,
Cintani Dewi Wahyuni, Cahyaning Riski Wijayanti, Muhammad Aldi Maulana, and
Aditya Rinaldy from Aretha Medika Utama, Biomolecular and Biomedical Research
Center, Bandung for the their valuable assistance.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was supported by The Ministry of Education, Culture, Research, and
Technology, Indonesia for research grant of PDUPT (Penelitian Dasar Unggulan
Perguruan Tinggi) 2021. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
The Ministry of Education, Culture, Research, and Technology, Indonesia for research
grant of PDUPT (Penelitian Dasar Unggulan Perguruan Tinggi) 2021.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Ermi Girsang conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, authored or reviewed drafts of the paper, and approved the final draft.

Girsang et al. (2021), PeerJ, DOI 10.7717/peerj.11419 11/15

http://dx.doi.org/10.7717/peerj.11419
https://peerj.com/


� Chrismis N. Ginting conceived and designed the experiments, prepared figures and/or
tables, authored or reviewed drafts of the paper, and approved the final draft.

� I. Nyoman Ehrich Lister conceived and designed the experiments, prepared figures and/
or tables, authored or reviewed drafts of the paper, and approved the final draft.

� Kamila Yashfa Gunawan performed the experiments, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.

� Wahyu Widowati performed the experiments, analyzed the data, prepared figures and/
or tables, authored or reviewed drafts of the paper, and approved the final draft.

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:

The Gen COL-3 and B-Actin sequences are available at NCBI:
COL-3, NM_000090.4; B-Actin, NM_001101.5.

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.11419#supplemental-information.

REFERENCES
Addor FASA. 2018. Beyond photoaging: additional factors involved in the process of skin aging.

Clinical, Cosmetic and Investigational Dermatology 11:437–443 DOI 10.2147/CCID.S177448.

Afifah E, Mozef T, Sandra F, Arumwardana S, Rihibiha DD, Nufus H, Rizal R, Amalia A,
Bachtiar I, Murti H, Widowati W. 2019. Induction of matrix metalloproteinases in
chondrocytes by Interleukin IL-1β as an osteoarthritis model. Journal of Mathematical
Fundamental Science 51(2):103–111 DOI 10.5614/j.math.fund.sci.2019.51.2.1.

Ali N, Rashid S, Nafees S, Hasan SK, Shahid A, Majed F, Sultana S. 2017. Protective effect of
chlorogenic acid against methotrexate induced oxidative stress, inflammation and apoptosis in
rat liver: an experimental approach. Chemico-Biological Interactions 272(6):80–91
DOI 10.1016/j.cbi.2017.05.002.

Baumann L. 2007. Skin ageing and its treatment. Journal of Pathology 211(2):241–251
DOI 10.1002/path.2098.

Chen J, Luo J, Tan Y, Wang M, Liu Z, Yang T, Lei X. 2019. Effects of low-dose ALA-PDT on
fibroblast photoaging induced by UVA irradiation and the underlying mechanisms.
Photodiagnosis and Photodynamic Therapy 27(8):79–84 DOI 10.1016/j.pdpdt.2019.05.006.

Cho S, Mi HS, Yeon KK, Jo ES, Young ML, Chi HP, Jin HC. 2009. Effects of infrared radiation
and heat on human skin aging in vivo. Journal of Investigative Dermatology Symposium
Proceedings 14(1):15–19 DOI 10.1038/jidsymp.2009.7.

Chung HY, Cesari M, Anton S, Marzetti E, Giovannini S, Seo AY, Carter C, Yu BP,
Leeuwenburgh C. 2009. Molecular inflammation: underpinnings of aging and age-related
diseases. Ageing Research Reviews 8(1):18–30 DOI 10.1016/j.arr.2008.07.002.

Girsang et al. (2021), PeerJ, DOI 10.7717/peerj.11419 12/15

https://www.ncbi.nlm.nih.gov/nuccore/NM_000090.4?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/NM_001101.5?report=fasta
http://dx.doi.org/10.7717/peerj.11419#supplemental-information
http://dx.doi.org/10.7717/peerj.11419#supplemental-information
http://dx.doi.org/10.7717/peerj.11419#supplemental-information
http://dx.doi.org/10.2147/CCID.S177448
http://dx.doi.org/10.5614/j.math.fund.sci.2019.51.2.1
http://dx.doi.org/10.1016/j.cbi.2017.05.002
http://dx.doi.org/10.1002/path.2098
http://dx.doi.org/10.1016/j.pdpdt.2019.05.006
http://dx.doi.org/10.1038/jidsymp.2009.7
http://dx.doi.org/10.1016/j.arr.2008.07.002
http://dx.doi.org/10.7717/peerj.11419
https://peerj.com/


Clifford MN. 1999. Chlorogenic acids and other cinnamates—nature, occurrence and dietary
burden. Journal of the Science of Food and Agriculture 79:362–372
DOI 10.1002/(SICI)1097-0010(19990301)79:3<362::AID-JSFA256>3.0.CO;2-D.

Davalli P, Mitic T, Caporali A, Lauriola A, D’Arca D. 2016. ROS, cell senescence, and novel
molecular mechanisms in aging and agerelated diseases. Oxidative Medicine and Cellular
Longevity 2016:3565127 DOI 10.1155/2016/3565127.

Donaldson K, Lang T, Luis AJ, Rodger D, David EN, Nicholas M, William MN, Vicki S. 2005.
Combustion-derived nanoparticles: a review of their toxicology following inhalation exposure.
Particle and Fibre Toxicology 2(1):10 DOI 10.1186/1743-8977-2-10.

Farage MA, Miller KW, Elsner P, Maibach HI. 2008. Intrinsic and extrinsic factors in skin ageing:
a review. International Journal of Cosmetic Science 30(2):87–95
DOI 10.1111/j.1468-2494.2007.00415.x.

Fitri A. 2015. Identification of phytochemical and antioxidant activity in peel and seed of tropical
fruits from Indonesia. Bogor: Bogor Agricultural University.

Girsang E, Lister INE, Ginting CN, Khu A, Samin B, Widowati W, Wibowo SHB, Rizal R.
2019a. Chemical constituents of snake fruit (Salacca zalacca (Gaert.) Voss) peel and in silico
anti-aging analysis. Molecular and Cellular Biomedical Sciences 3(2):122–128
DOI 10.21705/mcbs.v3i2.80.

Girsang E, Ginting CN, Lister INE, Widowati W, Wibowo SHB, Perdana F, Rizal R. 2019b. In
silico analysis of phytochemical compound found in snake fruit (Salacca zalacca) peel as
anti-aging agent. Thai Journal of Pharmaceutical Sciences 43:105–109.

Girsang E, Lister INE, Ginting CN, Nasution SL, Suhartina S, Munshy UZ, Rizal R,
Widowati W. 2019c. Antioxidant and anti-inflammatory activity of chlorogenic acid on
lead-induced fibroblast cells. Journal of Physics: Conference Series. IOP Publishing 1374:012006
DOI 10.1088/1742-6596/1374/1/012006.

Hoelzl C, Knasmüller S, Wagner K-H, Elbling L, Huber W, Kager N, Ferk F, Ehrlich V,
Nersesyan A, Neubauer O, Desmarchelier A, Marin-Kuan M, Delatour T, Verguet C,
Bezençon C, Besson A, Grathwohl D, Simic T, Kundi M, Schilter B, Cavin C. 2010. Instant
coffee with high chlorogenic acid levels protects humans against oxidative damage of
macromolecules. Molecular Nutrition & Food Research 12:1722–1733
DOI 10.1002/mnfr.201000048.

Kannan K, Jain SK. 2000. Oxidative stress and apoptosis. Pathophysiology 7(3):153–163
DOI 10.1016/S0928-4680(00)00053-5.

Laksmitawati DR, Widyastuti A, Karami N, Afifah E, Rihibiha DD, Nufus H, Widowati W.
2017. Anti-inflammatory effects of Anredera cordifolia and Piper crocatum extracts on
lipopolysaccharide-stimulated macrophage cell line. Bangladesh Journal of Pharmacology
12(1):35–40 DOI 10.3329/bjp.v12i1.28714.

Liang N, Kitts DD. 2016. Role of chlorogenic acids in controlling oxidative and inflammatory
stress conditions. Nutrients 8(1):16 DOI 10.3390/nu8010016.

Liguori I, Gennaro R, Francesco C, Giulia B, Luisa A, David DM, Gaetano G, Gianluca T,
Francesco C, Domenico B, Pasquale A. 2018. Oxidative stress, aging, and diseases. Clinical
Interventions in Aging 13:757–772 DOI 10.2147/CIA.S158513.

Lister INE, Ginting CN, Girsang E, Nataya ED, Azizah AM, Widowati W. 2020.
Hepatoprotective properties of red betel (Piper crocatum Ruiz and Pav) leaves extract towards
H2O2-induced HepG2 cells via anti-inflammatory, antinecrotic, antioxidant potency. Saudi
Pharmaceutical Journal 28(10):1182–1189 DOI 10.1016/j.jsps.2020.08.007.

Girsang et al. (2021), PeerJ, DOI 10.7717/peerj.11419 13/15

http://dx.doi.org/10.1002/(SICI)1097-0010(19990301)79:3%3C362::AID-JSFA256%3E3.0.CO;2-D
http://dx.doi.org/10.1155/2016/3565127
http://dx.doi.org/10.1186/1743-8977-2-10
http://dx.doi.org/10.1111/j.1468-2494.2007.00415.x
http://dx.doi.org/10.21705/mcbs.v3i2.80
http://dx.doi.org/10.1088/1742-6596/1374/1/012006
http://dx.doi.org/10.1002/mnfr.201000048
http://dx.doi.org/10.1016/S0928-4680(00)00053-5
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.3390/nu8010016
http://dx.doi.org/10.2147/CIA.S158513
http://dx.doi.org/10.1016/j.jsps.2020.08.007
http://dx.doi.org/10.7717/peerj.11419
https://peerj.com/


Niocel M, Appourchaux R, Nguyen XN, Delpeuch M, Cimarelli A. 2019. The DNA damage
induced by the Cytosine Deaminase APOBEC3A leads to the production of ROS. Scientific
Reports 9(1):4714 DOI 10.1038/s41598-019-40941-8.

Palumbo O, Accadia M, Palumbo P, Leone MP, Scorrano A, Palladino T, Stallone R,
Bonaglia MC, Carella M. 2018. Refinement of the critical 7p22.1 deletion region:
haploinsufficiency of ACTB is the cause of the 7p22.1 microdeletion-related developmental
disorders. European Journal of Medical Genetics 61(5):248–252
DOI 10.1016/j.ejmg.2017.12.008.

Ribitsch I, Gueltekin S, Keith MF, Minichmair K, Peham C, Jenner F, Egerbacher M. 2019. Age-
related changes of tendon fibril micro-morphology and gene expression. Journal of Anatomy
236(4):688–700 DOI 10.1111/joa.13125.

Rinnerthaler M, Johannes B, Maria KS, Andrea T, Klaus R. 2015. Oxidative stress in aging
human skin. Biomolecules 5(2):545–589 DOI 10.3390/biom5020545.

Sanada F, Taniyama Y, Muratsu J, Otsu R, Shimizu H, Rakugi H, Morishita R. 2018. Source of
chronic inflammation in aging. Frontiers in Cardiovascular Medicine 5:12
DOI 10.3389/fcvm.2018.00012.

Santana-Gálvez J, Cisneros-Zevallos L, Jacobo-Velázquez DA. 2017. Chlorogenic acid: recent
advances on its dual role as a food additive and a nutraceutical against metabolic syndrome.
Molecules 22(3):358 DOI 10.3390/molecules22030358.

Tanigawa T, Kanazawa S, Ichibori R, Fujiwara T, Magome T, Shingaki K, Miyata S, Hata Y,
Tomita K, Matsuda K, Kubo T, Tohyama M, Yano K, Hosokawa K. 2014. (+)-Catechin
protects dermal fibroblasts against oxidative stress-induced apoptosis. BMC Complementary and
Alternative Medicine 14(1):133 DOI 10.1186/1472-6882-14-133.

Vierkötter A, Krutmann J. 2012. Environmental influences on skin aging and ethnic-specific
manifestations. Dermatoendocrinol 4(3):227–231 DOI 10.4161/derm.19858.

Widowati W, Widyanto RM, Husin W, Ratnawati H, Laksmitawati DR, Setiawan B,
Nugrahenny D, Bachtiar I. 2014. Green tea extract protects endothelial progenitor cells from
oxidative insult through reduction of intracellular reactive oxygen species activity. Iranian
Journal of Basic Medical Sciences 17:702.

Widowati W, Darsono L, Suherman J, Fauziah N, Maesaroh M, Erawijantari PP. 2016. Anti-
inflammatory effect of mangosteen (Garcinia mangostana L.) peel extract and its compounds in
LPS-induced RAW264.7 cells. Natural Product Science 22(3):147–153
DOI 10.20307/nps.2016.22.3.147.

Widowati W, Prahastuti S, Ekayanti NLW, Munshy UZ, Kusuma HSW, Wibowo SHB,
Amalia A, Widodo WS, Rizal R. 2019a. Anti-Inflammation assay of black soybean extract and
its compounds on lipopolysaccharide-induced RAW 264.7 Cell. Journal of Physics: Conference
Series 1374:12052 DOI 10.1088/1742-6596/1374/1/012052.

Widowati W, Jasaputra DK, Onggowidjaja P, Sumitro SB, Widodo MA, Afifah E, Rihibiha DD,
Rizal R, Amalia A, Kusuma HSW, Murti H, Bachtiar I. 2019b. Effects of conditioned medium
of co-culture IL-2 induced NK cells and human Wharton’s Jelly Mesenchymal stem cells
(hWJMSCs) on apoptotic gene expression in a breast cancer cell line (MCF-7). Journal of
Mathematical Fundamental Science 51(3):205–224 DOI 10.5614/j.math.fund.sci.2019.51.3.1.

Widowati W, Jasaputra DK, Gunawan KY, Kusuma HSW, Arumwardana S, Wahyuni CD,
Lister INE, Ginting CN, Girsang E, Rizal R. 2021. Turmeric extract potential inhibit
inflammatory marker in LPS stimulated marcophage cells. International Journal of Applied
Pharmaceutics 13:7–11.

Girsang et al. (2021), PeerJ, DOI 10.7717/peerj.11419 14/15

http://dx.doi.org/10.1038/s41598-019-40941-8
http://dx.doi.org/10.1016/j.ejmg.2017.12.008
http://dx.doi.org/10.1111/joa.13125
http://dx.doi.org/10.3390/biom5020545
http://dx.doi.org/10.3389/fcvm.2018.00012
http://dx.doi.org/10.3390/molecules22030358
http://dx.doi.org/10.1186/1472-6882-14-133
http://dx.doi.org/10.4161/derm.19858
http://dx.doi.org/10.20307/nps.2016.22.3.147
http://dx.doi.org/10.1088/1742-6596/1374/1/012052
http://dx.doi.org/10.5614/j.math.fund.sci.2019.51.3.1
http://dx.doi.org/10.7717/peerj.11419
https://peerj.com/


Ye J, Coulouris G, Zaretskaya I, Cutcutache I, Rozen S, Madden TL. 2012. Primer-BLAST: a tool
to design target-specific primers for polymerase chain reaction. BMC Bioinformatics 13(1):134
DOI 10.1186/1471-2105-13-134.

Yin L, Morita A, Tsuji T. 2001. Skin aging induced by ultraviolet exposure and tobacco smoking:
evidence from epidemiological and molecular studies. Photodermatology, Photoimmunology &
Photomedicine 17(4):178–183 DOI 10.1034/j.1600-0781.2001.170407.x.

Girsang et al. (2021), PeerJ, DOI 10.7717/peerj.11419 15/15

http://dx.doi.org/10.1186/1471-2105-13-134
http://dx.doi.org/10.1034/j.1600-0781.2001.170407.x
http://dx.doi.org/10.7717/peerj.11419
https://peerj.com/

	Anti-inflammatory and antiaging properties of chlorogenic acid on UV-induced fibroblast cell
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


