
Print ISSN: 2085-3297, Online ISSN: 2355-9179The Indonesian Biomedical Journal, Vol.13, No.1, March 2021, p.1-105

84

R E S E A R C H  A R T I C L E

Robusta Extract Cream Ameliorated Ultraviolet B-induced Wrinkle Skin of Mice 
by the Regulation of Epidermal Thickness and Inhibition of MMP-1 

Dimpuulina Erna Mariati1, Sunarjati Sudigdoadi1,2, Ronny Lesmana1,3,4, Astrid Feinisa Khairani5, 
Julia Windi Gunadi6, Vita Murniati Tarawan1,3, Unang Supratman7, Hanna Goenawan1,3,4,

1Magister Program of Anti Aging, Faculty of Medicine, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, Jatinangor 45363, Indonesia
2Microbiology Division, Department of Biomedical Science, Faculty of Medicine, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, 

Jatinangor 45363, Indonesia
3Physiology Division, Department of Biomedical Science, Faculty of Medicine, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, 

Jatinangor 45363, Indonesia
4Physiology Molecular Laboratory, Biological Activity Division, Central Laboratory, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, 

Jatinangor 45363,  Indonesia 
5Cell Biology Division, Department of Biomedical Science, Faculty of Medicine, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, 

Jatinangor 45363, Indonesia
6Department of Physiology, Faculty of Medicine, Maranatha Christian University, Jl. Profesor drg. Suria Sumantri, M.P.H. No. 65, Bandung 40164, 

Indonesia
7Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Jl. Raya Bandung Sumedang KM 21, 

Jatinangor 45363, Indonesia

Corresponding author. E-mail: hanna@unpad.ac.id

Received date: Oct 19, 2020; Revised date: Jan 4, 2021; Accepted date: Jan 7, 2021

BACKGROUND: Recently, coffee is widely used 
for preventing photoaging because of its antioxidant 
capacity. Among two kinds of coffee, robusta coffee 

has higher content of antioxidant such as chlorogenic acid 
(CGA) and caffeine. Researchs about robusta coffee bean 
effect on photoaging due to UVB radiation is still limited. 
Therefore, the aim of this study was to examine the effect of 
robusta extract cream (RE cream) on preventing wrinkle in 
mice induced by ultraviolet-B (UVB) radiation. 

METHODS: RE cream was made by mixing RE coffee 
with moisturizing cream in different concentration (10%, 
20%, and 40%). Twenty-five male of Mus musculus Balb/c 
strain mice aged 4 weeks were divided into five groups; 
control group, UVB group, UVB + 10% RE group, UVB 
+ 20% RE group, and UVB + 40% RE group. The UVB 
groups were given UVB radiation three times a week with 
an exposure duration of 100 seconds per time for ten weeks. 
At the end of the treatment, skin samples were excised 
and statined histologically, also were analyzed for their 
protein expression. Evaluation of wrinkles was carried out 

using the Bissete method before and after treatment. To 
evaluate the thickness of the epidermis, HE staining was 
performed, while masson Trichome staining was performed 
to determine the collagen content. 

RESULTS: RE  cream-treated  groups  showed  lower 
wrinkle score compared to the control group. Furthermore, 
in  UVB + 10% RE  group,  the  RE  cream  application 
reduce wrinkle formation. In UVB + 10% RE group and 
UVB + 20% RE group, the RE cream application increased 
epidermal thickness and collagen content (p=0.00). 
While collagenase, matrix metalloproteinase-1 (MMP-1) 
expression was lower in  UVB + 20% RE group compared 
to the UVB group (p<0.05), however the MMP1 expression 
in UVB + 40% RE group was higher than other treatment 
group.  

CONCLUSION: RE cream prevents wrinkle by 
maintaining epidermal thickness and collagen contain. RE 
cream also decreases MMP-1 expression in mice.
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Introduction

The skin is one of the largest organ of human body. Skin 
has a lot of function such as first barrier against pathogens, 
chemicals, protecting against damage and from ultraviolet 
(UV).(1) Skin aging is a loss of skin components which is 
characterized by a decrease in skin elasticity, pigmentation, 
or loss of skin cell barrier on the epidermis layer.(2) 
Premature skin aging (photoaging) can be caused by 
chronic sunray exposure.(3,4) Sunray radiation contains 
UVA and UVB radiation. Although small amount of UVB 
exposure, its intensity can cause photoaging.(5) Chronic 
UVB radiation induces degradation of skin structure such 
as proinflamatory cytokines such as interleukin (IL)-1α, and 
activate matrix metalloproteinase (MMP) in skin cells such 
as keratinocytes and fibroblast.(6) 
 Reactive oxygen species (ROS) affect DNA and 
decreased tyrosine phosphatase cause increase of MMP 
production and decrease collagen production.(6) MMP 
degraded collagen type I with hydrolysis reaction.(7) Low 
collagen structure in skin cause wrinkle formation. Wrinkle 
formation shown by histology examination provides 
characteristics like changes in epidermal thickness and 
collagen formation.(8) 
 Coffee is one popular drinks worldwide, every 
years approximately seven tons coffee consumed by 
people all over the world.(9) Coffee contains not only 
chlorogenic acids (CGA) and their derivatives, but also 
caffeine, theophylline and theobromine, cafestol, kahweol, 
tocopherols and trigonelline, which have huge benefit for 
health.(10) Robusta coffee has higher antiradical capacity 
compared to arabica coffee. CGA and caffeine is highly 
expressed in robusta coffee.(11) CGA has been reported 
as an antioxidant and anti-inflammation that could prevent 
protoaging by decreasing free radicals.(12,13) It has been 
reported that coffee components prevent photoaging by 
decreasing MMP expression.(14)
 However, there is limited information about protective 
effect of robusta extract (RE) cream for photoaging in mice. 
Therefore, we are interested to investigate RE cream effect 
to prevent wrinkle in skin of UVB treated mice.  

Methods

Animal Experiment
Twenty-five ales of Mus musculus Balb/c strain mice aged 
4 weeks, weight 25±5 gr were used in this experiment. 

Animals were kept under a controlled room temperature 
and photoperiodicity of 12-hours light/dark system in 
Department of Pharmacology and Therapy, Universitas 
Padjadjaran, Jatinangor. Mice were acclimatized for 7 days 
and randomly divided into five groups, which were control 
group, UVB group, UVB + 10% RE group, UVB + 20% 
RE group, and UVB + 40% RE group. All procedure were 
approved by the Ethical Committee, Universitas Padjadjaran 
(No.: 1163/UN6.KEP/EC/2019). 

RE Cream Extraction
Robusta coffee beans were obtained from Lampung, 
Indonesia. Robusta coffee beans were extracted using 
maseration method. Coffee bean was mashed and then soak 
in 70% ethanol for three days. We filtered the sample, and 
we evaporated the filtrate using rotary evaporator until it goy 
extracted. We kept the extract until the ethanol evaporated.  
Then, the extract were mixed with vanishing cream contain 
vaseline, stearic acid, wax, triethanolamine,  and propylene 
glycol into three different concentration (10%, 20%, and 
40%).(15)

UV Irradiation and RE Cream Treatment
Mice were exposed to UV light (kernel KN-4003) at a dose 
of 166 mJ/cm2 three times a week for teen weeks and the 
duration of each exposure was 100 seconds. The distance 
between the UV light and the skin was 3 cm.(16) During 
the experiment each mice were irradiated at different cage. 
After the irradiation, mice were returned to standard cage to 
get access for food and drink ad libitum.
 As much as 0.1 g/cm2 RE cream in different 
concentration were applied on the back skin of mice. RE 
cream was applied after UVB exposure once a day, for ten 
weeks. 

Wrinkle Assessment 
After shaving, the wrinkles on the back skin of the mice 
were photographed before and after the experimental 
period. The assessment of wrinkles were done based on the 
Bissette method.(17)
 We divided wrinkle by grading. Grade 0 : numerous 
fine striations covering back and flanks of body, fine 
striations ran length of body and appear and disappear with 
motion. Grade 1: all fine striations on back along spine were 
gone, a few shallow coarse wrinkles across back which 
appear and disappear with motion. Grade 2: all fine striations 
were gone, some coarse wrinkles across back which were 
permanent. Grade 3: all fine striations were gone, several 
deep coarse wrinkles across back which were permanent.
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Protein Extraction and Western Blotting 
Twenty-four hours after the last UVB exposure, mice were 
sacrificed with ketamine injection, and skin samples were 
excised in back area with size 2x3 cm2. Skin samples was 
stored at -80oC for western blot analysis and kept in 10% 
formalin at room temperature for Haematoxylin-Eosin (HE)  
and Masson Thrichome staining. Protein were isolated 
using RIPA (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 
1 mM Na2EDTA; 1 mM EGTA; 1% NP-40; 1% sodium 
deoxycholate; 2.5 mM sodium pyrophosphate; 1 mM 
β-glycerophosphate; 1 mM Na3VO4; 1 ug/mL leupeptin) as 
previously described.(16) Protease inhibitor coctail 1 mM 
(Merck KGA, Darmstadt, Germany) were added to inhibit 
proteolysis. Protein lysate were taken from the supernatant 
after five minute centrifugation at 15.000 rpm in 4oC 
temperature. Protein lysate were mixed with sample buffer 
(10 mM Tris-HCl (pH 7.8), 150 mM NaCl, 1 mM EDTA, 
1% P-40, and protease inhibitors) then heated in 95oC for 
five minutes. Next, protein sample equally resolved by 
TRIS-SDS  page  gel  and  transferred  to  nitrocellulose 
membranes.   
 Protein were blotted to nitrocellulose membrane 
(Merck Millipore, Burlington, MA, USA) with MiniBlot 
(Thermo Scientific Fisher, Waltham, MA, USA). Primary 
antibody MMP-1 (1:200; Thermo Fisher Scientific) and 
secondary antibody, anti Rabbit IR DYE 680 RD (1:5000; 
LI-COR Biosciences, Lincoln, NE, USA) were used for 
immunoblotted. We used anti GAPDH antibody (1:200, 
Thermo Fisher Scientific) to confirm protein equality. 
Membrane were visualized using Odyssey CLx Imaging 
System (LI-COR Biosciences). Band density were quantified 
using image J software (NIH, Bethesda, MD, USA). 

Histological Examination using HE and Masson 
Trichrome Staining
Skin tissue were blocked using paraffin embeded block and 
cutted into 6 µm slice. Slide were subjected to HE staining 
and Masson Trichrome staining for collagen dectection. 
Image were taken using light microscope Apotome 2 (Carl 
Zeiss GmBH, Jena, Germany) with 400x magnification. 
Epidermal thickness were measured using image analysis 
software ZEN pro (Carl Zeiss GmBH) for H&E staining. 
Mean of epidermal thickness were measured at 5 different 
sites for each subjects.

Statistical Analysis
All statistical analysis data were presented as mean±standard 
deviation (SD). Wrinkle score data were not distributed 
normally and homogen. Thus, to analyze the difference 

between  groups,  Kruskal-wallis  and  Mann-Whitney  
test were used. Epidermal thickness data were normal and 
homogen. One-Way ANOVA test continue with the least 
significant difference (LSD) test were used to analyzed this 
datas.  

Results

Effect of RE Cream on Wrinkle Formation 
To study the effect of RE cream on wrinkle formation, we 
examined the wrinkle progression on mice skin. Results 
showed that wrinkle formation were reduced in RE group in 
dose dependent manner (Figure 1 A, Figure 2A). The lowest 
wrinkle score were observed in UVB + 10% RE group (0.2, 
p<0.05). Wrinkle examination based on Bissette method 
showed that RE cream prevented wrinkle formation (0.2 for 
UVB + 10% RE group; 0.6 for UVB + 20% RE group; and 
1.2 for UVB + 40% RE group) compared to control group 
(1.8 for UVB group) as shown in Figure 2A. 

RE Cream Increase Epidermal Thickness and Collagen 
Deposition in Photoaging Model Mice. 
We made skin preservation for histology examination 
using HE staining. Epidermal thickness were measured to 
evaluate the effect of RE cream on collagen destruction. 
To determine whether RE cream application maintain 
epidermis thickness, we measured epidermal thickness in 
skin histology. UVB exposure to the mice skin decreased 
the epidermal thickness as shown in Figure 1 B, Figure 2B. 
 Epidermal thickness in all groups treated with RE 
were significantly higher than UVB group (p<0.05). 
However, no difference between the groups treated with RE 
cream was observed (Figure 2B). The result showed that RE 
cream increased epidermal thickness significantly (406 µm 
for UVB + 10% RE group; 460 µm for UVB + 20% RE 
group; and 381 µm for UVB + 40% RE group) compared to 
control group (Figure 2B, Table 1). It suggest that epidermal 
thickness reduction in UVB exposure were ameliorated with 
RE treatment. 
 Photoaging induce imbalance of collagen synthesis 
and degradation. As the main structure in the extracellular 
matrix of the dermis, collagen degradation can be observes 
as wrinkle. To confirm the correlation between wrinkle level 
and collagen content in skin, we stained the skin histology 
samples with Masson Trichrome (Figure 1C). Collagen 
content were stained by blue colour (black arrow). UVB 
treated mice showed lower collagen content compared to 
the control group.
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Figure 1. Observation on the mice's back skin. A: Wrinkle formation in mice skin (blue arrow: wrinkle). B: HE staining (white arrow: 
epidermal thickness; black bar: 1,000 mm). C: Masson’s Trichrome staining (black arrow: collagen deposition; black bar: 1,000 mm).

Figure 2.  Effect of RE cream on skin of photoaging mice. A: Quantification of wrinkle score. B: Epidermal thickness. Data were shown 
as mean±SEM. Asteriks indicated statistical significant, *p<0.05; ***p<0.001.

RE Cream Decreased MMP-1 Protein Expression
To clarify whether delayed process of wrinkle production by 
RE cream was correlated with collagen destruction enzyme, 
we examined the MMP-1 protein expression. We found that 
RE cream application decreased MMP-1 protein expression 
in skin mice (Figure 3, Table 1).
 After  10  weeks  of  treatment,  MMP-1  protein 
expression significantly lower in UVB + 20% RE 
group (0.92±0.12, p<0.05) compared to the UVB group  
(1.92±0.63, p=0.025) as shown in Table 1. However, UVB 
+ 10% RE  group (1.81±0.42) and UBV + 40% RE group 
(1.52±0.33) did not show any changes in MMP-1 protein 
expression.

Discussion

UV radiation reported increase ROS production and could 
activated signal transduction and lead to decrease collagen 
synthesis.(18,19) Wrinkle is one of photoaging sign with 
histological feature decrease epidermal thickness, and 
decreased collagen density.(20) Consistent with another 
studies, UVB irradiation on mice skin for 10 weeks induced 
skin wrinkle, decrease epidermal thickness and increase of 
MMP-1 expression.
 Coffee was proposed to have a potent antioxidant 
capacity. Antioxidant capacity in coffee extract was 
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Wrinkle Score Epidermal Thickness MMP-1 Protein Expression

Control 0.60±0.55 390.79±47.04 1.439±0.310

UVB 1.80±0.45 237.63±23.10 1.923±0.630

UVB + 10% RE 0.20±0.45 406.99±53.22 1.812±0.452

UVB + 20% RE 0.60±0.55 460.49±68.50 0.924±0.127

UVB + 40% RE 1.20±0.84 381.81±23.73 1.527±0.334

Mean±SD
Group

Table 1. Wrinkle Score, epidermal thickness, and quantification of western blot results.

  Control        UVB         UVB +       UVB +      UVB + 
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Figure 3. MMP-1 protein expression on skin sample of 
photoaging mice.UVB mice expressed high MMP-1 protein, 
RE cream treatment suppressed MMP-1 protein expression. Data 
represent mean±SEM. Asteriks indicated statistical significant, 
*p<0.05.

obtained from its high polyphenol concentration including 
CGA. Research reported that Robusta coffee contains higher 
polyphenol than Arabica coffee.(21-24) CGA also found 
higher in robusta coffee compared to arabica coffee.(11) 
In the present study, we found that topical application of 
robusta coffee cream inhibit wrinkle by maintain epidermal 
thickness (Figure 1B, Figure D) and collagen fibrils 
deposition (Figure 1C) in UVB treated mice. 
 CGA prevent photoaging through the mitogen 
activated protein kinase (MAPK) pathway.(21) MAPK 
could activated regulator protein such as extracellular 
signal-regulated kinases (ERK), c-Jun N-terminal kinase 
(JNK) and p38. This protein could increase activator 
protein 1 (AP-1) expression which is a transcription factor 
that could inhibit pro collagen gene expression. AP-1 and 
nuclear factor kappa-B (NF-kB) activation increase MMP-
1 expression.(25) MMP-1, one of collagenase family, 
responsible for initiation of collagen fragmentation.(26) 
MMP-1 degradate collagen type I and III.(26) Further 

degradation of collagen were done by MMP-3 and MMP-
9. Sequester of collagen may inhibit procollagen synthesis. 
Function changes in aged skin such as loss of elasticity and 
wrinkle formation because the number of functional elastic 
fibers is reduced.(27) Our study revealed that RE cream 
could decrease MMP-1 expression and maintain collagen 
content in dermis. Therefore, wrinkle as symptoms of 
photoaging process could be prevented. Figure 4 shows the  
mechanism of RE cream on skin photoaging process.
 We observed that RE cream were suppress MMP-
1 expression in dose dependent manner. Only UVB + 20 
RE group showed significant reduction on MMP-1 protein 
expression. While slight reduction was observed on UVB + 
10% RE and UVB + 40% RE groups. Discrepancies found in 
MMP-1 potein expression and epidermal thickness possibly 
caused by another MMPs expression. Administration of 
0.5% oral coffee ground extract had better potential for 
photoaging prevention by supressing MMP-2, 9, 14.(28) 
Thus, in the future, correlation between dose dependent 
RE cream and MMPs expression is need to be studied. 
Furhermore, caffeine content in RE may contribute to 
decrease ROS production through enchance superoxide 
dismutase 2 (SOD2) activity.(29) 
 RE contains several bioactive compound such as 
caffeine, CGA, and phenolic acid. High CGA content may 
contribute to oxidative stress. Studies in mice endothelial 
cells using high CGA and phenolic acid injection showed 
increased production of ROS in venular wall.(30) However, 
in this study, we did not identify the bioactive compound 
in RE cream. We observed less effect of RE treatment on 
higher concentration of RE cream (40%). Possibly, higher 
concentration in RE group (40%) lead to imbalance between 
oxidant and antioxidant. Hence, futher study to evaluated the 
CGA content in RE cream and its effect on ROS production 
in skin needs to be conducted.
 Natural sources such as Nypa fruticans, has similar 
effect coffee ground extract. Study using Nypa fruticans 
showed inhibition of MMP-1 and increase collagen 
synthesis. Increase epidermal thickness and less wrinkle 
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Figure 4. Purpose mechanism of RE on 
skin photoaging process. UVB induce 
ROS production and activate MAPK 
pathway. MAPK take central role in 
activation mitogen; JNK, ERK and p38 
and lead to increase of MMP-1 expression. 
MMP-1 takes role in collagen degradation 
thus decrease epidermal thickness and 
increase wrinkle formation. ER suppress 
MMP-1 protein expression and ameliorated 
wrinkle progression in photoaging mice.

also observed in Nypa fruticans treatment. Nypa fruticans 
was contains protocathechuic acid, catechin, CGA, and 
another polyphenolics. Therefore, another natural product 
contain CGA effect on skin photoaging must be evaluated.

Conclusion

Our study revealed that RE cream prevent photoaging skin 
in UVB treated Balb/C mice in dose dependent manner 
partly through suppression of MMP-1. However, lower 
dose (10% and 20%) of RE cream showed preferable 
antiphotoaging effect. While 40% RE did not showed any 
significant changes on epidermal thickness possibly due to 
oxidative stress.
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