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1. Introduction 
Aronia melanocarpa, commonly known as black cho-

keberry, has been recognized for its potential health bene-
fits due to various bioactive compounds [1]. A. melano-
carpa is known for its high antioxidant content, including 
anthocyanins, flavonoids, and polyphenols. Antioxidants 
in A. melanocarpa may help improve cardiovascular 
health by reducing oxidative stress, supporting blood 
vessel function, and potentially lowering blood pressure 
[2]. A. melanocarpa extracts have been studied for their 
potential to modulate the immune system [3]. In addition, 
some research suggests that A. melanocarpa may possess 
anti-cancer properties [4] and help regulate blood sugar 
levels and improve insulin sensitivity [5]. Even though 
A. melanocarpa shows promise in various health aspects, 
there is not enough research on the anti-winkle activity 
of A. melanocarpa to fully understand its mechanisms of 
action and to establish specific recommendations for its 
use as cosmeceutical ingredients. 

Cosmeceuticals are cosmetic products that contain 
bioactive ingredients with potential therapeutic benefits 
for the skin [6]. Cosmeceuticals often contain biologi-
cally active compounds such as antioxidants, peptides, 
vitamins, and growth factors designed to provide bene-
fits beyond basic skincare. Many cosmeceuticals focus 

on anti-aging effects, aiming to reduce the appearance 
of fine lines, wrinkles, and other signs of skin aging [7]. 
Some cosmeceuticals include ingredients that promote 
the synthesis of collagen and elastin, crucial proteins for 
skin elasticity and firmness [8, 9]. Cosmeceuticals may 
incorporate ingredients like vitamin C or alpha-arbutin to 
address hyperpigmentation and promote a more even skin 
tone [10, 11]. Sunscreen-containing cosmeceuticals pro-
tect against harmful UV rays, helping prevent sun damage 
and premature aging [12].

Wrinkles in the skin are a natural part of the aging pro-
cess and can also be influenced by various external factors 
[13]. The formation of wrinkles involves a combination 
of intrinsic and extrinsic factors [14]. Collagenase is an 
enzyme that plays a significant role in the remodeling and 
turnover of collagen, a crucial protein in the skin's struc-
ture. It specifically targets collagen by breaking down its 
peptide bonds, leading to the degradation of collagen fi-
bers. In the skin, collagenase contributes to processes such 
as wound healing and tissue repair by clearing damaged or 
old collagen, allowing for the synthesis of new collagen. 
While regulated collagen degradation is essential for 
maintaining skin health, imbalances in collagenase acti-
vity can contribute to skin disorders and aging. Research 
into collagenase regulation and its implications in skin 
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biology is ongoing for potential therapeutic applications 
[8, 15]. Elastase is an enzyme that plays a role in the main-
tenance of skin elasticity. It primarily targets elastin, a 
protein responsible for the resilience and flexibility of the 
skin. Elastase breaks down elastin fibers by cleaving their 
peptide bonds, contributing to the natural turnover and 
remodeling of the extracellular matrix. While controlled 
elastase activity is essential for skin function, excessive or 
unregulated elastase activity can lead to the degradation 
of elastin, contributing to skin aging and loss of elasticity. 
Understanding and regulating elastase activity is a focus 
of skincare research, to develop strategies to preserve skin 
elasticity and prevent premature aging [16]. Thus, Scien-
tists have endeavored to create innovative methods to hin-
der the activity of collagenase and elastase enzymes to en-
hance skin tensile firmness, potentially paving the way for 
the formulation of cosmeceuticals with anti-wrinkle [17].

In this study, we assessed the potential of ethanol ex-
tracts from A. melanocarpa (AME) as a cosmeceutical in-
gredient. AME demonstrates anti-wrinkle effects by inhi-
biting collagenase and elastase while promoting the upre-
gulation of protein markers associated with tight junctions 
in skin cells. Consequently, our ongoing research suggests 
that AME could serve as a promising agent for treating 
skin disorders by supporting skin tissue maintenance.

2. Materials and Methods 
2.1. Preparation of the ethanol extract of A. melanocar-
pa (AME)

Dried A. melanocarpa was ground and sifted through 
a 30-mesh sieve (600 µm particle size). Then, the powder 
was extracted with 70% ethanol (Sigma Aldrich, St. Louis, 
MO, USA) and concentrated by rotary evaporation. The 
extract was dissolved in dimethyl sulfoxide (DMSO, Sig-
ma Aldrich, 100 mg/ml) and kept in -20°C.

2.2. Chemicals
Ascorbic acid, retinoic acid, glycerol, glycine, sodium 

chloride, Trizma base, and Tween 20 were from Sigma 
Aldrich.

2.3. Cell lines 
CCD986Sk and HaCaT from ATCC (Manassas, VA, 

USA) were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM, Sigma Aldrich) supplemented with 
10% fetal bovine serum (FBS, Sigma Aldrich) and 1% 
streptomycin/penicillin (Sigma Aldrich) in a humidified 
CO2 incubator at 37°C. 

2.4. 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay
180 µl of DPPH solution (Sigma Aldrich) in methanol 

were mixed with 20 µl of AME (100, 50, and 25 µg/ml) or 
ascorbic acid (A.A., 1 µl) in a 96-well plate. The plate was 
stored in the dark for 15 min and the absorbance was me-
asured at 517 nm using the microplate reader (Molecular 
Devices, Mountain View, CA, USA). 

2.5. WST-1 assay
CCD986Sk (1 × 103 cells) was seeded into each well 

of a 96-well plate and incubated for 18 h. Then, cells were 
treated with AME (100, 50, and 25 µg/ml) or retinoic acid 
(R.A., 10 µM) for 48 h. 20 µl of WST-1 solution (Daeillab 
Service, Seoul, Korea) was added to each well. After 4 h, 
the absorbance was measured at 460 nm using a micropla-

te reader (Molecular Devices). 

2.6. Collagenase assay
150 µl of collagenase (0.2 mg/ml, Abcam, Cambridge, 

UK) was mixed with 100 µl of AME (100, 50, and 25 µg/
ml) or (1, 10)-phenanthrolin (Phe., collagenase inhibitor, 
10 µM, Abcam) in a 1.5 ml tube followed by addition of 
250 µl of 4-phenylazobezyloxylcarbonyl Pro-Leu-Gly-
Pro-Arg (collagenase substrate, 0.3 mg/ml, Abcam). After 
incubation at 25°C for 20 min, the reaction was stopped by 
addition of 6% citric acid (Sigma Aldrich). The reaction 
mixture was extracted by ethyl acetate (Sigma Aldrich). 
The absorbance was measured at 320 nm using the mic-
roplate reader (Molecular Devices). 

2.7. Elastase assay 
25 µl of elastase solution (0.2 mg/ml, Abcam) was mi-

xed with 100 µl of AME (100, 50, and 25 µg/ml) or elasta-
tinal (Ela., elastase inhibitor, 10 µM, Abcam) in a 96-well 
plate followed by addition of 25 µl of elastase substrate. 
After incubation at 25°C for 30 min, the absorbance was 
measured at 410 nm using the microplate reader (Molecu-
lar Devices). 

2.8. ELISA
CCD986Sk (1 × 105 cells/well) were seeded to a 6-well 

plate and incubated for 18 h. Then, the culture medium 
was changed to serum-free medium containing AME (100, 
50, and 25 µg/ml) and incubated for 48 h. The amount 
of procollagen type I C-peptide in culture medium was 
measured with a procollagen type I C-peptide ELISA kit 
(Takara, Otsu, Japan) according to manufacturer’s manual. 

2.9. Western blotting analysis
CCD986Sk (1 × 105 cells/well) were seeded to a 6-well 

plate and incubated for 18 h. Then, the culture medium 
was changed to serum-free medium containing AME (100 
and 50 µg/ml) and incubated for 48 h. The total proteins in 
culture medium were concentrated by Centricon (100 kDa, 
Sigma Aldrich). HaCaT (1 × 105 cells/well) were seeded to 
a 6-well plate and incubated for 18 h. Then, cells were 
treated with AME (100 µg/ml) for 48 h. The total proteins 
separated by electrophoresis on 10% SDS polyacrylamide 
gel, transferred to a PVDF membrane (Sigma Aldrich) and 
analyzed by the anti-collagen Type I (1:500, Sigma Ald-
rich), anti-ZO-1 (1:1000, Sigma Aldrich), anti-Occludin1 
(1:1000, Sigma Aldrich), and anti-Claudin-1 (1:1000, Sig-
ma Aldrich) antibodies. After harvesting cells, Membrane 
was incubated using and horse radish peroxidase-conju-
gated secondary antibody (Sigma Aldrich). Chemilumi-
nescence was detected using enhanced chemiluminescent 
substrate (Sigma Aldrich).

2. 10. Wound healing assay
HaCaT (1 × 105 cells/well) were seeded in 6-well plates 

and incubated with serum-free medium for 18 h. Then, an 
artificial wound was scratched into the cell using a P20 pi-
pette tip. Then media was changed with DMEM with 1% 
FBS containing AME (100 µg/ml) or R.A. (10 µM). Ima-
ges were taken by microscopy (Leica, GmbH, Germany) 
at 0 and 48 h.

2.11. Invasion assay
HaCaT (1 × 105) were seeded in the upper chamber of 
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tely 18% compared to the control at 100 µg/ml of AME, 
which was a slightly lower value than that of the positive 
control (10 µM of 1,10-Phenanthroline). Then, we tried to 
examine whether AME inhibits elastase activity or not. As 
shown in Figure 2.B, 100 µg/ml of AME decreased elasta-
se activity with an approximate 60% compared to the cont-
rol. 10 µM of elastatinal as a positive control showed 50% 
inhibition rate. Thus, these results indicated that AME had 
the potential to inhibit both collagenase and elastase which 
was known to be involved in the regulation of winkle for-
mation and tissue elasticity.

3.3. Effect of AME on collagen synthesis in CCD986Sk.
After confirming the anti-collagenase activity of AME, 

we tried to examine the amount of collagen in CCD986Sk 
cell culture media treated by AME. The level of Type I 
collagen was measured by procollagen Type I C-peptide 
ELISA assay kit since the amount of procollagen secre-
ted from CCD986Sk cell reflects the amount of collagen. 
As shown in Figure 3.A, AME increased the expression of 
Type I collagen in CCD986Sk cell culture media in a dose-
dependent way. 100 µg/ml of AME treatment induced the 
secretion of about 145 ng/ml of Type I collagen (p-value < 
0.05), which was slightly higher than that (140 ng.ml) of 
10 µM of retinoic acid treatment as the positive control. In 
addition, the expression of Type I collagen was confirmed 
by Western blotting analysis (Figure 3. B). Type I collagen 

invasion assay plate (pore size: 8 μm, Corning Life Sci-
ences, Lowell, MA, USA) with serum-free medium for 
18 h. After treating cells with AME (100 µg/ml) or R.A. 
(10 µM), the invaded cells were fixed with 4% parafor-
maldehyde solution (Sigma Aldrich) and stained with 1% 
crystal violet solution (Sigma Aldrich). Images were taken 
by microscopy (Leica) at 48 h.

2.12. Statistical analysis 
All experiments were performed in triplicate. The data 

are expressed as the mean ± standard deviation (SD). Sig-
nificant differences between controls and treated cells 
were analyzed by student’s t-test. 

3. Results 
3.1. Effect of AME on DPPH radical scavenging acti-
vity and CCD986Sk viability.

Antioxidant effect of natural plant extracts is well-
known standard to determine whether the extract can be 
used as a component of the cosmeceutical formulation 
or not. As shown in Figure 1.A, it was demonstrated that 
AME showed DPPH radical scavenging activity in dose-
dependent manner. Especially, 100 and 50 µg/ml of AME 
have statistically significant (p-value < 0.05) DPPH radi-
cal scavenging activity compared to the control. 100 µg/
ml of AME has a slightly lower DPPH radical scaven-
ging activity than 1 µM of ascorbic acid that was used 
for the positive control. To investigate the cell viability 
of AME on CCD986Sk human fibroblast cells known to 
express the proper collagen expression in skin [18, 19], 
CCD986Sk cells were treated with AME and the viability 
was measured using the WST-1 assay. As shown in Figure 
1. B, AME treatment did not change the cell growth rate 
of CCD986Sk up to 100 µg/ml. Thus, these results suggest 
that AME has the potential to provide more collagen pro-
tein around skin fibroblasts without any toxicity.

3.2. Effect of AME on collagenase and elastase activity.
In order to develop the anti-wrinkle ingredients for 

cosmeceuticals, we investigated the effects of AME on 
collagenase activity. As shown in Figure 2. A, AME dec-
reased collagenase activity with dose dose-dependent way. 
The collagenase activity was decreased up to approxima-

Fig. 1. Anti-oxidant activity and investigation of CCD986Sk cell via-
bility of the ethanol extract of A. melanocarpa (AME). (A) DPPH 
radical scavenging ability of AME. The concentration of DPPH radi-
cal was determined using 100, 50, and 25 µg/ml of AME with a DPPH 
solution. Ascorbic acid (A.A., 1 µM) was used as a positive control. 
(B) Effects of AME on the viability of CCD986Sk cells. Cells were 
treated with 100, 50, and 25 µg/ml of AME for 48 h and viability was 
determined by WST-1 assay. Retinoic acid (R.A., 10 µM) was used 
as a positive control. Statistical differences between control vs. group 
* < 0.05.

Fig. 2. Anti-collagenase and elastase activity of AME. (A) Collage-
nase inhibitory activity of AME. Collagenase was reacted with 100, 
50, and 25 µg/ml of AME. 1,10-phenanthroline (Phe., 10 µM) was 
used as a positive control. (B) Elastase inhibitory activity of AME. 
Elastase was reacted with 100, 50, and 25 µg/ml of AME. Elastatinal 
(Ela., 10 µM) was used as a positive control. Statistical differences 
between control vs. group * < 0.05.

Fig. 3. Collagen synthesis activity of AME. (A) Effect of AME on 
collagen synthesis in CCD986Sk cells. Cells were treated with 100, 
50, and 25 µg/ml of AME for 48 h and collagen amount was deter-
mined by ELISA. Retinoic acid (R.A., 10 µM) was used as a positive 
control. Statistical differences between control vs. group * < 0.05. (B) 
Western blotting analysis of collagen expression level. Cells were 
treated with 100 and 50 µg/ml of AME for 48 h and collagen Type I in 
the cell culture media was analyzed. Coomassie blue staining analysis 
was used for the loading control.
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was collected from the cell culture media under the same 
condition with ELISA analysis and analyzed by anti-Type 
I collagen antibody. In fact, compared to the control, the 
expression of Type I collagen was increased by AME tre-
atment (50 and 100 µg/ml) in CCD986Sk cells. 

3.4. Effect of AME on cell mobility in HaCaT.
To investigate the effect on keratinocyte mobility by 

AME, wound healing assay was performed. As shown in 
Figure 4. A, assay results showed that the gap of wound 
was more narrowed by AME than the control in HaCaT 
cells. In addition, invasion assay results indicated that the 
number of membrane-traversed cells was increased by 
AME in HaCatT cells (Figure 4. B). 100 µg/ml of AME 
treatment induced a similar activity of migration and inva-
sion of HaCaT cells with 10 µM of retinoic acid treatment 
as the positive control. Then, we analyzed the expression 
level of Claudin1, Occludin, and ZO-1 which were tight 
junction (TJ) proteins responsible for adhesive closure 
functions in skin keratinocytes. As shown in Figure 4. C, 
the expression of Claudin1, Occludin, and ZO-1 was upre-
gulated by AME in HaCaT cells. Thus, these results sug-
gest that the enhanced cell mobility by AME is associated 
with TJ function in skin HaCaT human keratinocytes.

4. Discussion
Extracts from traditional herbal plants are gaining 

attention for cosmetic uses, particularly in applications 
such as anti-wrinkle and skin whitening. A. melanocarpa, 
a traditional herbal remedy in Asia for treating diverse 
diseases, has potential functional ingredients for cosme-
ceuticals. However, the novel activity of AME is not fully 
comprehended, and the molecular mechanisms underlying 
its effects are yet to be elucidated. Our research aims to 
explore the anti-wrinkle properties of AME as part of the 
effort to develop new cosmeceutical ingredients, contribu-
ting to advancements in cosmetic substances derived from 
this plant. There have been several research on the biologi-
cal activity of AME. Application of a topical extract from 

A. melanocarpa, abundant in chlorogenic acid and rutin, 
mitigates UVB-induced skin damage in mice by allevia-
ting disruptions in collagen [20]. AME enhances the pro-
duction of type I collagen while reducing the expression 
of MMP1 and MMP3 in HaCaT cells [21]. In addition, a 
recent study showed that consuming AME in cases of cad-
mium intoxication could be effective in preventing disrup-
tions in collagen homeostasis induced by this xenobiotic 
in the liver [22]. Thus, AME has been reported to stimulate 
collagen synthesis in the skin and liver. Similar to the pre-
vious studies, ELISA analysis indicated that AME eleva-
ted the expression of Type I collagen in a dose-dependent 
manner (Figure 3. A). This was verified through Western 
blotting analysis of Type I collagen obtained from the cell 
culture media (Figure 3. B). 

Collagen represents a type of extracellular matrix pro-
tein present in connective tissues, constituting approxima-
tely 30% of the total proteins in mammals [23, 24]. Human 
tissues contain different types of collagen, with Type I col-
lagen recognized for its pivotal role in the process of skin 
recovery. [25]. Collagen originates from precursor procol-
lagen, which incorporates additional peptide sequences at 
both the N and C-termini. [25]. Following the removal of 
the extra peptide sequence from procollagen by procol-
lagen peptidase, collagens are produced as components 
of extracellular matrix proteins and integrated into the 
mesh network of extracellular fibrils [26]. External fac-
tors such as UV exposure and aging markedly increase the 
expression of matrix metalloproteinases, also known as 
collagenases responsible for degradation of collagen [27]. 
For instance, subjecting skin fibroblasts to excessive UV 
irradiation stress can trigger the activation of Erk kinase, 
subsequently activating the c-Jun transcriptional factor. 
Consequently, the elevated expression of collagenase oc-
curs, contributing to the degradation of collagen and the 
initiation of wrinkle formation in the skin dermis [19]. 
Elastin is a constituent of the extracellular matrix found in 
the connective tissue surrounding the skin dermis, and it 
can undergo degradation by elastase, a type of proteinase 
enzyme [28]. Hence, controlling collagenase and elastase 
activity could safeguard the elasticity of skin connective 
tissue and potentially serve as a therapeutic approach for 
various diseases. As shown in Figure 2. A and B, 100 µg/
ml of AME reduced the activity of collagenase by about 
18% which was similar to the positive control (10 µM of 
1,10-Phenanthroline). Also, 100 µg/ml of AME demons-
trated an approximate 60% decrease in elastase activity. 
The positive control, elastatinal at 10 µM, exhibited a 50% 
inhibition rate.

The adhesive closure functions of TJ are essential for 
ensuring the nterconnectedness of skin cells and regula-
ting the movement or permeation of substances between 
these neighboring cells [29]. An actual consequence of the 
improved TJ function in the skin is the heightened hydra-
tion in the surrounding area, which is likely associated 
with the regulation of wrinkle formation. Tight junctions 
involve constitutive proteins integrated into cell mem-
branes and cytosolic proteins, including Claudins, Occlu-
dins, JAMs, and ZO-1. In the context of skin TJ, among 
numerous Claudin isomers, Claudin1 is recognized as the 
most crucial protein for TJ regulation. Consequently, we 
conducted an analysis of the expression levels of Clau-
din1, Occludin, and ZO-1 in HaCaT human keratinocytes 
treated with AME using Western blotting. As depicted in 

Fig. 4. Investigation of HaCaT cell mobility of AME. (A) Effect of 
AME on migration of HaCaT. Cells were treated with 100 µg/ml of 
AME for 48 h and migration of cells was observed by microscopy. 
(B) Effect of AME on invasiveness of HaCaT. Cells were treated with 
100 µg/ml of AME for 48 h and invasiveness of cells was observed 
by microscopy. Retinoic acid (R.A., 10 µM) was used as a positive 
control. Migration or invasiveness was presented as bar graph. Sta-
tistical differences between control vs. group * < 0.05. (C) (A) Effect 
of AME on tight junction related protein expression in HaCaT. Cells 
were treated with 100 µg/ml of AME for 48 h and expression of ZO-1, 
Occludin, and Claudin1 was analyzed by each antibody. β-actin was 
used as a loading control.
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Figure 4. C, AME upregulated Claudin1, Occludin, and 
ZO-1 in HaCaT cells. This finding was corroborated by a 
wound-healing migration assay, as the enhanced TJ func-
tion can influence cell mobility and migration. [30] (Fi-
gure 4. A and B).

5. Conclusion
In this research, we demonstrated that AME had no im-

pact on the growth of CCD986Sk human fibroblasts, ex-
hibited DPPH radical scavenging activity, and induced the 
expression of tight junction (TJ) function-related proteins, 
as well as cell migration in HaCaT human keratinocytes. 
Additionally, we observed the inhibitory effects of AME 
on wrinkle formation by promoting collagen synthesis in 
CCD986Sk human fibroblast cells. This study represents 
the first evidence that A. melanocarpa, deemed safe and 
effective, possesses protective effects against damage in 
skin connective tissues. While our focus was on the po-
tential use of AME in cosmetic agents, it's noteworthy that 
A. melanocarpa has traditional medicinal uses in Asia for 
treating various ailments. Our in vitro assays showcased 
novel cosmeceutical activities such as anti-wrinkle effects, 
suggesting that A. melanocarpa, a traditionally consumed 
herbal plant, could be incorporated into cosmeceutical 
products. This study contributes to expanding the appli-
cation of traditional herbal foods into other industrial and 
scientific domains. For future investigations, we aim to 
identify more active compounds within AME and eluci-
date the detailed relationship between these compounds 
and the signaling pathways involved in collagen synthesis 
and TJ activation. In conclusion, our research may facili-
tate the development of new cosmetic and pharmaceutical 
substances utilizing A. melanocarpa.
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A.A.; retinoic acid: R.A.; (1, 10)-Phenanthrolin: Phe; 
Elastatinal: Ela; Standard deviation: SD; Tight junction: 
TJ
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