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1 INTRODUCTION 
Skin aging involves intrinsic and extrinsic process 
[8]. Environmental factors, such as primarily 
chronic ultraviolet B (UVB) light exposure causes 
extrinsic skin aging which is then called 
photoaging [21,17,11]. UVB increases the 
production of Reactive Oxygen Species (ROS) of 
the skin [11,25]. ROS could act as a secondary 
messenger which upregulated activator protein-1 
(AP-1), resulted in collagen degradation and 
inhibition of procollagen synthesis [30,29,24,10]. 

Among genes involved in the aging 
process, matrix metalloproteinases (MMPs) and 
Type I collagen show prominent roles in 
determining skin aging progression. MMPs are a 
family of structurally related matrix-degrading 
enzymes that play important roles in various 
destructive processes, including skin aging [23,8]. 
In particular, MMP-1, known as interstitial 
collagenase, is a main collagenolytic enzyme that 
contributes to the degradation of collagen in the 
skin exposed to chronic UVB rays [3].  
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Among the 28 types of collagen that have 
been identified in human tissue, type I collagen is 
the most abundant subtype in dermal 
extracellular matrix, contributing to 80% -85% of 
total collagen of dermis [2,16]. Type I collagen is 
synthesized as procollagen type I, a soluble 
precursor secreted by fibroblasts when organizing 
the main ECM (Extra Cellular Matrix) components 
[28]. The inhibition of the transforming growth 
factor-β (TGF-β) signalling pathway due to 
upregulation of AP-1, leads to a decrease in the 
synthesis of type I procollagen which, in turn, 
decreases the amount of type I collagen. 
Disorganization, fragmentation, dispersion and 
decrease in collagen type I are prominent 
features of photodamaged human skin [22,2,10]. 

By countering and balancing the ROS 
level, we may be able to delay skin aging caused 
by UVB. Antioxidant agents might be utilized to 
reduce the tissue damage, caused by 
overproduction of ROS. There is a new form of 
antioxidant, astaxanthin, a natural red pigment 
which is synthesized by the microalgae, 
Haematococcus pluvialis [27,1]. Interestingly, 
astaxanthin has a strong antioxidant property. 
Previous studies showed that astaxanthin 
antioxidant activity was 10, 54, 65, and 100 times 
stronger than zeaxanthin, β-carotene, vitamin C 
and alpha-tocopherol, respectively [26,6,19]. 

Astaxanthin might reduce UVB-induced 
photoaging process of human skin by balancing 
oxidant/antioxidant status. Furthermore, ROS-
mediated upregulation of MMP-1 and 
downregulation of procollagen synthesis could be 
minimized [5]. In the present study, we elaborate 
the antioxidant effect of topical astaxanthin 
against UVB-induced skin photoaging in the rat’s 
skin.  

2 METHODOLOGY 

Fifteen of 8 weeks olds, Wistar male rats were 
acclimatized for one-week prior study and 
randomly divided into three groups (n=5 rats per 
group). P0 group as control (UVB exposure only), 
P1 group (exposed to UVB and treated with base 
cream), and P2 group (exposed to UVB and 
treated with astaxanthin cream). Skin area 
located at 10 cm distal from ear was exposed by 
using hair shaver and marked with permanent 
marker. All procedures approved by Ethical 
Committee, Faculty of Medicine, Universitas 
Padjadjaran (Animal Ethics Number: 
288/UN6.C.10/PN/2017). 
UVB Irradiation 

Rats were irradiated thrice a week by UVB lamp 
(Kernel KN-4003, China) for 6 consecutive weeks 
at the interscapular area, with size of exposure 
3x3 cm. Radiation dosage used was 130 mJ/cm2 
for 30 minutes. The distance between UVB lamp 
and rat’s skin was 42 cm. 
 
Astaxanthin Cream 
The astaxanthin component was extracted 
from Haematococcus pluvialis supplied by 
Faculty of Pharmacy, Universitas Padjadjaran. 
The astaxanthin cream vehicle was cocoa oil. 
The base cream contained cream vehicle only. 

On exposure day, astaxanthin cream or 
base cream was applied twice, 20 minutes before 
and 4 hours after UVB irradiation. The dose given 
was 0.3 gram/cm2 of irradiated skin. On non-
exposure day, creams were applied once in the 
morning (09.00 am). 
 
Skin sample Collection 
Twenty four hours after last UV exposure, under 
isoflurane anaesthesia, skin sample was excised 
using sterile surgical blade and collected from 
interscapular area 3x3 cm square. Skin sample 
was divided into 3 sections. For western blot 
sample and RNA purposes, the skin was snap 
freezed using liquid nitrogen then stored at -80ºC. 
For Haematoxylin-Eosin (HE) staining, the skin 
was stored in 2% paraformaldehyde in 4ºC. 
 
RNA Extraction and Semiquantitative RT-PCR 

The total skin RNA was extracted using TRIzol 
reagent (Thermo Fisher; USA) according to 
manufacturer’s protocol. RNAs were stored at -80 
C until use.  According to manufacturer’s 
protocol, 150 ng of RNA and 0.2 µM of forward 
and reverse specific primers were added to a 
mixture of One-step RT-PCR kit (MyTaq One-
step RT-PCR kit, Bioline, USA). PCR stage 
conditions are as follows: Denaturation is 94oC 
for 2 minutes; Annealing is 56oC for 2 min; 
Amplification/Extension is 72oC for 3 min, all 
these processes repeated for 34 cycles. Primers 
used were as listed in table 1. All PCR products 
were verified by 1% gel stained blue dye (Thermo 
Scientific, USA) electrophoresis. Gel 
documentation was performed using darkroom 
camera and results were analysed by Image J 
software (NIH Image). The PCR products of each 
gene of interest were normalized by β-actin level 
as an internal control. All procedures were 
repeated three times to confirm the results 
consistency. 
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Protein extraction and Western blotting 

Skin samples were lysed using RIPA lysis buffer 
(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) with 1 mM protease inhibitors 
cocktail (Sigma, Merck KGA, Darmstadt, 
Germany) ) and 1 mM sodium orthovanadate 
(phosphatase inhibitor, Sigma) The tissue lysates 
were centrifuged for 15 min at 15,000 x g, 4°C. 
Protein concentrations were measured by protein 
assay kit (company). Equal amount of protein 
samples were resolved by SDS-PAGE gels, 
transferred to nitrocellulose membranes and 
immunoblotted with anti-MMP1 antibody (Cat no. 
orb214254, Biorbyt Ltd., Cambridge, UK)) and 
anti-type I procollagen antibody (Cat no. 
GTX55675; GeneTex, Irvine, CA, USA). The 
equality of protein loading was confirmed 
by probing blots with anti-β-Actin antibody 2A3 
(Cat no. sc 517582, Santa Cruz Biotechnology 
Inc., CA, USA). The secondary antibodies used 
were Goat anti-mouse IgG Secondary Antibody 
HRP (sc-2005, Santa Cruz Biotechnology Inc., 
CA, USA) for MMP1, R&D laboratories for type I 
procollagen and R&D laboratories for β-actin. The 
antigen-antibody complexes were detected by 
Western Sure ECL Substrate (LI-COR 
Biotechnology, Lincoln, NE, USA), and visualized 
with LICOR C-Digit Western Blot Scanner (LI-
COR Biotechnology, Lincoln, NE, USA). 
Densitometric analysis was performed using 
Image J software (NIH Image).  
 
Histology (Hematoxylin and Eosin (H&E) 
Staining) 
Five-micrometre-thick sections were collected 
from paraffin-embedded skin tissues. The 
sections were stained with hematoxylin (Cat no. 
GHS316, Sigma, USA)  and eosin solution (Cat 
no. HT110116, Sigma, USA) for 30 s, washed, 
stained with eosin solution (Cat no. 230251, 
Sigma, St. Louis, MO, USA) for 1 min, washed 
again, dehydrated with an alcohol series, and 
cleared with xylene. HE staining was performed 
as follows: hematoxylin staining for 10 minutes, 
water rinse for 10 minutes, eosin staining for 
2 minutes, decoloring in 90% ethanol for 5 
minutes, 95 % ethanol for 5 minutes, and clearing 
in xylene solution for 5 minutes.  After mounting, 
the tissues were observed by light microscopy 
(Carl Zeiss, German). 
 
 

Statistical Analysis 

Quantitative values were determined in at least 

three independent experiments and expressed as 

the means ± standard deviation (SD). A statistical 

comparison of different treatment groups was 

determined by one-way analysis of variance 

(ANOVA) or Kruskal-Wallis test and further tested 

with post-hoc LSD or Mann-Whitney analysis 

using GraphPad Prism 5.01 (GraphPad Software, 

Le Jolla, CA).  p-value of less than 0.05 was 

considered as statistically significant. All statistics 

were computed using SPSS 17.0 software. Data 

are expressed as mean ± Standard Error 

Minimum (SEM). Statistical significant was 

considered at p <0.05. 

3 RESULTS 

Comparison of physical appearance and 
histology appearance in skin after UVB treatment 
Based on macroscopical and histopathological 
observation of the skin tissues in all groups, UV 
exposure caused irritation and itchiness proven 
by visible scratch sign.  Big open arrows showed 
thicker of epidermal layer after UV radiation and 
thinner after cotreated with astaxanthin cream. 
Small open arrows pointed to a change at the 
subdermal area showing an increase of 
hypergranulation process which was signs of 
tissue damage and inflammation (Figure 1). 
Interestingly, subdermal hypergranulation in 
astaxanthin group was less prominent. 
 
Astaxanthin reduces UVB-induced MMP1 gene 
upregulation 
The mRNA expression of MMP-1 and Type-1 
procollagen were measured by semiquantitative 
RT-PCR.  After normalizing with β-actin mRNA, 
the result showed that the relative ratio of MMP-1 
expression was 0.81 ± 0.287 in P0 group, 0.67 ± 
0.128 in P1 group and 0.42 ± 0.155 in P2 group 
(Figure 2). There was a significant difference in 
MMP-1 expression between group P0 and P2 (p 
< 00.1). Furthermore, the relative ratio of Type-I 
procollagen expression was 0.90 ± 0.284, 0.87 ± 
0.116, and 0.89 ± 0.078 in P0, P1, and P2 group, 
respectively. There was no significant difference 
in Type-I procollagen expression between groups 
P0 and P2. The result indicates that astaxanthin 
cream treatment might affect MMP-1 expression, 
but not Type-1 procollagen. 
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Figure 1. Astaxanthin cream reduces keratinization and 
hypergranulation in rat skin. UVB increases dryness of the 
skin and this effect was reduced by astaxanthin cream. In the 
histological appearance, there are significant hypergranulation 
by UVB induction and reduced by Astaxanthin cream. (A) 
Representative photograph of skin surface after UVB; (B) 
Representative photograph of skin surface after UVB plus 
cream base; (C) Representative photograph of skin surface 
after UVB plus Astaxanthin cream. (D) Representative 
histology photograph of skin surface after UVB; (E) 
Representative histology photograph of skin surface after 
UVB plus cream base; (F) Representative histology 
photograph of skin surface after UVB plus Astaxanthin cream.  
(Black arrow shows dryness and irritation sign on the skin; 
Large white arrow shows a granular and small white arrow - 
keratin layers) 
 
 

 
Figure 2. Astaxanthin cream significantly reduces MMP1 
mRNA expression and did not change Procollagen I 
mRNA expression in rat skin. (A) Representative of 
electrophoresis PCR product. (B) Quantification of ratio 
(normalized by b-Actin) showing net changes of MMP1 and 
Procollagen mRNA expression. Bars represent the means of 
the respective individual densitometry of ratios ±SEM, (n = 5, 
*P<0.05).  

 

 
Figure 3. Astaxanthin cream significantly reduces MMP1 
protein expression and did not change Procollagen I 
protein expression. (A) Representative immunoblot and 
quantitation showing MMP1 and Procollagen protein levels in 
the skin of rats with or without astaxanthin cream treatment 
and exposure of UV B (B) Quantification of ratio (normalized 
by b-Actin) showing net changes of MMP1 and Procollagen 
protein level ratios. Bar graphs show the means of the 
respective individual ratios ± SEM (n=5, *P<0.05).  
 
 
Table 1. Primer List and Condition of PCR with referral journal 
 
No Gene  

Names 
Sequence  Reference 

1. MMP-1 F: TGGGATTTCCAAAA 
GAGG  
R: CGTGGTTCCCTGAG 
AAGA 

Kang et al., 
2017 

2. type I 
procollagen 
(COL1A2) 

F: GCAGTGTGCAATAT 
GATCCA 
R: TTGACAATGTCCAC 
AACAGG  

(Liang et al., 
2010); 

3. β-actin F: TGGAGAAGATTTGG 
CACC  
R: CCAGAGGCATACAG 
GGACAA- 

(Hyatt et al. 
2008). 

 
 

Astaxanthin significantly decreased MMP1 
protein levels by 0,4 folds however there was no 
change in type I Procollagen mRNA expression 
against β-actin protein levels, MMP-1; type I 
Collage - β-actin gene ratio was obtained. The 
mean of the ratio was 0.941 ± 0.187 in P0, 0.63 ± 
0.122 in P1 and 0.48 ± 0.175 in P2 group. From 
further test results with post-Hoc LSD, significant 
differences between group P0 and P2 were 
obtained (p < 0, 01). 
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4 DISCUSSION 

One promising strategy for the prevention of 
photoaging is by harnessing natural 
phytochemicals which could promote collagen 
synthesis and suppress collagen degradation. As 
natural product, these phytochemicals most likely 
are relatively harmless and possess a variety of 
beneficial properties. In this study, we evaluated 
the antioxidant properties of astaxanthin on the 
expression of MMP-1 enzyme and type I 
procollagen in UVB-exposed rats’ skin.  

We found that after 6 weeks of treatment 
with astaxanthin cream, MMP-1 expression was 
significantly decreased compared to control 
group. Interestingly, we did not see any 
significant changes in Type I procollagen 
expression between treated and control groups. 
(Fig.2). This might be caused by inadequate UVB 
exposure. The type I procollagen is synthesized 
in fibroblast cell nuclei [16], and the radiation 
dose that we used (130 mJ/cm2 for 6 weeks) 
could not suppress the synthesis of type I 
procollagen [14]. In addition, topical astaxanthin 
administration is less effective in promoting the 
synthesis of type I procollagen because topical 
preparation can only penetrate into stratum 
corneum. On the other hand, the administration of 
oral astaxanthin can accumulate in the subcutis 
and then slowly released to the dermis and 
epidermis, resulted in stimulation of type I 
procollagen synthesis [4,7]. Furthermore, Yoon et 
al. (2014) has demonstrated that administration of 
oral astaxanthin and collagen hydrolysate for 12 
weeks could significantly increase mRNA levels 
of type I procollagen in UVB-exposed human 
skin. 

The synthesis of type I procollagen begins 

with the transcription of two distinct genes, the 

COL1A1 and COL1A2 genes. The mature 

mRNAs of COL1A gene are transported from the 

nucleus to the fibroblast cells rough endoplasmic 

reticulum to be translated into pro α 

(procollagens) protein [12,16].  To detect up/down 

regulation of type I procollagen, we used a primer 

that binds to COL1A2 gene. The transcription rate 

of COL1A2 gene is two times slower than the 

COL1A1 gene. In addition, the COL1A2 gene 

only produces one α2 procollagen chain while the 

COL1A1 gene produces two α1 procollagen 

chains [16,20]. Therefore, detecting the 

expression changes in COL1A2 gene might not 

be sensitive enough to determine the expression 

level of type I procollagen. 

5 CONCLUSION  

Antioxidant activity of topical astaxanthin might be 
involved in decreasing MMP-1 expression, but 
not necessarily increasing type I procollagen 
expression in the skin of Wistar male rats 
irradiated by UVB.  

CONFLICTS OF INTEREST 

The authors report no conflicts of interest. The 

authors alone are responsible for the content and 

writing of this paper. 

ACKNOWLEDGEMENT 

This work was supported by PUPT- DIKTI Grant 
(RL) and Post Doctoral Grant (RL) from Ministry 
of Education and Research, Indonesia. We would 
like to thank, Ms. Susianti, Mr Aziiz Rosdianto, 
and for their helpful technical support. 

REFERENCES  

[1]         Ambati, R. R., Phang, S.-M., Ravi, S. & 
Aswathanarayana, R. G. : Astaxanthin: Sources, 
extraction, stability, biological activities and its 
commercial applications—A review. Marine drugs, 
2014;12, 128-152. 

[2]         Baumman, L. & Saghari, S. Basic Science of the 
Dermis. In: Baumann, L., Saghari, S. & Weisberg, E. 
(eds.) Cosmetic Dermatology: Principles and Practice. 
2 ed. 2009; New York: McGraw-Hill. 

[3]         Brennan, M., Bhatti, H., Nerusu, K. C., Bhagavathula, 
N., Kang, S., Fisher, G. J., Varani, J. & Voorhees, J. 

J. Matrix metalloproteinase‐1 is the major 
collagenolytic enzyme responsible for collagen 
damage in UV‐irradiated human skin. Photochemistry 
and photobiology, 2003; 78, 43-48. 

[4]         Darvin, M. E., Fluhr, J. W., Schanzer, S., Richter, H., 
Patzelt, A., Meinke, M. C., Zastrow, L., Golz, K., 
Doucet, O. & Sterry, W. Dermal carotenoid level and 
kinetics after topical and systemic administration of 
antioxidants: enrichment strategies in a controlled in 
vivo study. Journal of Dermatological science, 2011; 
64, 53-58. 

[5]         Demeule, M., Brossard, M., Pagé, M., Gingras, D. & 
Béliveau, R. Matrix metalloproteinase inhibition by 
green tea catechins. Biochimica et Biophysica Acta 
(BBA)-Protein Structure and Molecular Enzymology, 
2000; 1478, 51-60. 

[6]         Dhankhar, J., Kadian, S. S. & Sharma, A. Astaxanthin: 
A potential carotenoid. International Journal of 
Pharmaceutical Sciences and Research, 2012; 3, 
1246. 

[7]         Draelos, Z. D. Nutrition and enhancing youthful-
appearing skin. Clinics in Dermatology, 2010; 28, 400-
408. 

[8]         Fanjul-Fernández, M., Folgueras, A. R., Cabrera, S.  
López-Otín, C. 2010. Matrix metalloproteinases: 
evolution, gene regulation and functional analysis in 
mouse models. Biochimica et Biophysica Acta (BBA)-
Molecular Cell Research, 2010; 1803, 3-19. 

[9]         Farage, M., Miller, K., Elsner, P. & Maibach, H. 
Intrinsic and extrinsic factors in skin ageing: a review. 

http://apps.amdi.usm.my/journal/


 
 

 

J. of Biomed. & Clin. Sci. June 2018 Vol 3 (1), 62-67      Original Article 

 

 

 

http://apps.amdi.usm.my/journal/    [67] 

 

International Journal of Cosmetic Science, 2008; 30, 
87-95. 

[10]    Fisher, G. J., Kang, S., Varani, J., Bata-Csorgo, Z., 
Wan, Y., Datta, S. & Voorhees, J. J. Mechanisms of 
photoaging and chronological skin aging. Archives of 
Dermatology, 2002;138, 1462-1470. 

[11]     Fisher, G. J. & Voorhees, J. J. Molecular mechanisms 
of photoaging and its prevention by retinoic acid: 
ultraviolet irradiation induces MAP kinase signal 
transduction cascades that induce Ap-1-regulated 
matrix metalloproteinases that degrade human skin in 
vivo. Journal of Investigative Dermatology Symposium 
Proceedings, 1998; 61-68. 

[12]    Gilkes, D. M., Semenza, G. L. & Wirtz, D. Hypoxia and 
the extracellular matrix: drivers of tumour metastasis. 
Nature Reviews Cancer, 2014; 14, 430-439. 

[13]     Hyatt, J. P. K., Mccall, G. E., Kander, E. M., Zhong, 
H., Roy, R. R. & Huey, K. A. PAX3/7 expression 
coincides with MyoD during chronic skeletal muscle 
overload. Muscle & Nerve, 2008; 38, 861-866. 

[14]     Imokawa, G. & Ishida, K. Biological mechanisms 
underlying the ultraviolet radiation-induced formation 
of skin wrinkling and sagging I: reduced skin elasticity, 
highly associated with enhanced dermal elastase 
activity, triggers wrinkling and sagging. International 
Journal of Molecular Sciences, 2015; 16, 7753-7775. 

[15]     Kang, M. H., Choi, S. & Kim, B.-H. Skin Wound 
Healing Effects and Action Mechanism of Acai Berry 
Water Extracts. Toxicological Research, 2017; 33, 
149. 

[16]     Krieg, T., Aumailley, M., Koch, M., Chu, M. & Uitto, J. 
Collagens, Elastic Fibers, and Other Extracellular 
Matrix Protein of the Dermis. In: Wolff K, G. L., Katz 
Si, Glichrest Ba, Paller as, Leffel Dj (ed.) Fitzpatrick’s 
Dermatology in General Medicine. 2012. 8 ed. New 
York: McGraw-Hill. 

[17]     Krutmann, J. Pathomechanisms of Photoaged Skin. 
In: Farage Ma, M. K., Maibach Hi (ed.) Textbook of 
Aging Skin. 2010. Berlin: Springer Berlin Heidelberg. 

[18]     Liang, J., Pei, X., Zhang, Z., Wang, N., Wang, J. & Li, 
Y. The Protective Effects of Long‐Term Oral 
Administration of Marine Collagen Hydrolysate from 
Chum Salmon on Collagen Matrix Homeostasis in the 

Chronological Aged Skin of Sprague‐Dawley Male 
Rats. Journal of Food Science, 2010; 75. 

[19]     Miki, W. Biological functions and activities of animal 
carotenoids. Pure and Applied Chemistry, 1991; 63, 
141-146. 

[20]     Pan, X., Chen, Z., Huang, R., Yao, Y. & Ma, G. 
Transforming growth factor β1 induces the expression 
of collagen type I by DNA methylation in cardiac 
fibroblasts. PloS one, 2013; 8, e60335. 

[21]     Pittayapruek, P., Meephansan, J., Prapapan, O.,   
Komine, M. & Ohtsuki, M. 2016. Role of Matrix 
Metalloproteinases in Photoaging and 
Photocarcinogenesis. International Journal of 
Molecular Sciences, 2016; 17, 868. 

[22]     Quan, T., He, T., Kang, S., Voorhees, J. J. & Fisher, 
G. J. 2004. Solar ultraviolet irradiation reduces 
collagen in photoaged human skin by blocking 
transforming growth factor-β type II receptor/Smad 
signaling. The American journal of pathology, 165, 
741-751. 

[23]     Quan, T., Qin, Z., Xia, W., Shao, Y., Voorhees, J. J. & 
Fisher, G. J. Matrix-degrading Metalloproteinases in 
Photoaging. The journal of investigative dermatology. 
Symposium proceedings / the Society for Investigative 

Dermatology, Inc. [and] European Society for 
Dermatological Research, 2009; 14, 20-24. 

[24]     Rabe, J. H., Mamelak, A. J., Mcelgunn, P. J., 
Morison, W. L. & Sauder, D. N. Photoaging: 
mechanisms and repair. Journal of the American 
Academy of Dermatology, 2006; 55, 1-19. 

[25]     Rinnerthaler, M., Bischof, J., Streubel, M. K., Trost, A. 
& Richter, K. Oxidative Stress in Aging Human Skin. 
Biomolecules, 2015; 5, 545-589. 

[26]     Shah, M., Liang, Y., Cheng, J. & Daroch, M. 
Astaxanthin-Producing Green Microalga 
Haematococcus pluvialis: From Single Cell to High 
Value Commercial Products. Front. Plant Sci, 2016; 7, 
531. 

[27]     Sharma, V. & Chand, S. 2014. Astaxanthin : An Anti-
oxidant God. International Journal of Phytotherapy, 
2014; 4, 40-44. 

[28]     Varani, J., Warner, R. L., Gharaee-Kermani, M., 
Phan, S. H., Kang, S., Chung, J., Wang, Z., Datta, S. 
C., Fisher, G. J. & Voorhees, J. J. Vitamin A 
antagonizes decreased cell growth and elevated 
collagen-degrading matrix metalloproteinases and 
stimulates collagen accumulation in naturally aged 
human skin. Journal of Investigative Dermatology, 
2000; 114, 480-486. 

[29]     Xu, Y. & Fisher, G. J. 2005. Ultraviolet (UV) light 
irradiation induced signal transduction in skin 
photoaging. Journal of Dermatological Science 
Supplement, 2005; 1, S1-S8. 

[30]     Yaar, M. & Gilchrest, B. A.. Aging of Skin. In: Wolff K, 
Goldsmith La, Katz Si, Glichrest Ba, Paller As & 
Leffel, D. J. (eds.) 2012Fitzpatrick’s Dermatology in 
General Medicine. 8 ed. New York: Mc-Graw-Hill. 

[31]     Yoon, H.-S., Cho, H. H., Cho, S., Lee, S.-R., Shin, M.-
H. & Chung, J. H. Supplementing with Dietary 
Astaxanthin Combined with Collagen Hydrolysate 
Improves Facial Elasticity and Decreases Matrix 
Metalloproteinase-1 and-12 Expression: A 
Comparative Study with Placebo. Journal of Medicinal 
Food, 2014; 17, 810-816. 

 
 

 

http://apps.amdi.usm.my/journal/

