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ABSTRACT

Collagen was extracted from pig skin, and mixedh \aitioxidants, a moisturizing agent, and a cragstig agent
to prepare anti-aging face mask. The antioxidarttvity of olive oil and tea polyphenols (TP) waadied using
DPPHe assay. The results show that both olive nd &P present a clearance effect towards DPPHecaldi The
best clearance effect was obtained when the Htialive oil to TP is 1g: 0.6mg. Single factor esipent shows
that when the amount of added polyvinyl pyrrolideves 0.03 g, the antioxidants can be uniformly elispd in the
film. The optimal formulation and processing pardeng were obtained for the fabrication of anti-agjiface mask
from collagen, olive oil, tea polyphenols, lacticih and glutaraldehyde. The resulting collagen aging face
mask present outstanding moisturizing, repairingit@ning, anti-oxidation, anti skin aging effects.
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INTRODUCTION

As China gradually entering the era of aging pofua research on anti-aging products, and espgaakmetic
products has attracted much attention. Among th®ws cosmetic products, face mask presents maensive
care properties such as whitening, moisturizing, r@moving freckles. With the increasing environtaépollution,
the face mask with intensive care properties i®bgeg more and more popular, and its use is fasvigig [1]. The
skin is located at the surface of the body, anthiss one of the most significant tissues during litbdy aging
process. With people ageing, degradation and énéssjj of collagen fibers and elastic fibers withie dermis will
occur, leading to loss of skin moisturizing abiliskin wrinkling and elasticity decrease. Among thechanisms of
ageing, free radical theory and crosslinking theamy currently the most widely adopted one. Rasdicah cause
lipid peroxidation in the body, oxidation or crdeking of DNA and RNA, oxidation of polysaccharidetbus
leading to tissue damage. Antioxidants exhibit gantl-aging effects since they are able to elingrthese radicals
and slow down oxidation.

Hydrolyzed collagen presents similar chemical stmgcas skin collagen, and good affinity to mangynpounds. It
has been used as additive in many high end cosn&mllagen molecules contain a large number ofdpflic
groups such as hydroxyl and amino groups, andphesent excellent moisturizing effect. Hydrolyzedlagen can
promote fibroblast proliferation and reduce wrirkléhus slowing down skin aging. It also presentshiening
effect by reducing UV-induced skin color stainird. |

Olive oil is composed of more than 99% saponifiednpounds (triglycerides), and some efficient antlarts.
Extra virgin olive oil has been shown to effectiveémove superoxide anions from different tissuss r@duce their
fat peroxides by 70%. It can form an artificial f@ctive layer of sebum which can be easily absothethe body,
thus effectively maintaining skin elasticity andistoOlive oil is rich in monounsaturated fatty @siand vitamin E,
K, A, D, squalene and phenolic antioxidants, wideh eliminate facial wrinkles and prevent skin adi8]. On the
other hand, as one of the most active componerteéafpolyphenols, catechin presents outstandingadént,
anti-aging and anti-radiation activities. Its artéant capacity is 4 to 6 times that of synthetitiaidants such as
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butylated hydroxy toluene (BHT), butylated hydrorigmle (BHA), or tertiary butyl hydroquinone (TBHQ to 7
times that of vitamin E, and 5 to 10 times thavitdmin C. Moreover, tea polyphenols present ne sffects and
no smell, in contrast to artificial antioxidantg.[4

In this work, we developed a novel anti-aging apla face mask by addition of tea polyphenols ance ail in
collagen. This face mask presents no side effedisitnan skin. The anti-oxidants contained in tloe famask can be
efficiently absorbed due to the good affinity bedwecollagen and skin, thus allowing to remove fiagicals and
slowing down skin aging.

EXPERIMENTAL SECTION

2.1 Materials

Collagen (laboratory prepared); glutaraldehyde (A&)dium carboxymethyl cellulose (CP); soluble ctafAR);
lactic acid (AR); absolute ethanol (AR); aceticca¢AR); NaCOs(AR); NaaHPQO, (AR); NaH,PQ, (AR); olive oil
(Olivoila extra virgin olive oil) tea polyphenols (Hangzhou hetian biological tecbgplCo., LTD} DPPHe (Sigma
D9132).

2.2 Methods

2.2.1 Extraction of collagen

Residual fat was first removed from fresh pig skimich was then chopped into small pieces. Degrgasipig skin
was realized in a 10% MNaO; solution, followed by hydrolysis in a pH 8.0 enayrsolution at 4T for 2h. The
resulting solution was filtered, and the filtratascentrifuged.

The collagen solution was finally lyophilized teeid a powder [5][6].

2.2.2 DPPHse assay

1,1-Diphenyl-2-picrylhydrazyl radical (DPPHe) isngtrogen-centered radical which is stable in orgasolvents.
DPPHe assay is a simple and rapid method for tlysis of free radicals. In fact, DPPHe solutionathanol
appears dark purple with a strong absorption atagelength of 517 nm. The color gradually disappeeinsen
radicals in clearance agent make pair with DPPHsdhtion. Therefore, the absorption will disappdaother
substances provide a radical to make a pair wih ofi DPPHe. The decrease of absorption is propaatito the
quantity of paired radicals [7]. Thus the changalisorbance can be used to assess the abilitytiokiaiants to
eliminate free radicals. DPPHe assay is a rapidsiige and simple method to evaluate the antioxidetivity of
natural antioxidants, and can be achieved usingtsgghotometer.

(1) Preparation of reagents
a) Preparation of tea polyphenols solution
0.3 g tea polyphenols was dissolved in 50 mL ofydnbus ethanol, yielding a TP solution of 6 mg/mL.

b) Preparation of DPPHe solution

0.028 g DPPHe was dissolved in ethanol in a smedikier. The solution is introduced into a 1000 mluretric
flask, and diluted to a total volume of 1000 mL dydition of ethanol. A 7.1 x TOM DPPHe solution was thus
obtained, and conserved in a refrigerator befoee us

c¢) Preparation of olive oil-TP solution

3 g olive oil was separately introduced in 9 srhathkers. A predetermined amount (0, 0.1, 0.15,0025, 0.3, 0.35,
0.4, 0.45 mL) of TP solution previously preparedsvilben added and homogenized. 0.1 mL of each gplwias
taken and introduced in a 50 mL conical flask. 5etthanol was added to yield an olive oil-TP solutio

(2) Determination of the clearance rate

2 mL of the various olive oil-TP solutions was segely introduced in a test tube. 2 mL DPPHe solutwas then
added and homogenized for 30 min. The absorbantteeafolutions was measured at 517 nm to giveShnilarly,

the absorbance of 2 mL olive oil-TP solution mixeith 2 mL ethanol was measured to givg &And the absorbance
of 2 mL DPPHe mixed with 2 mL ethanol was measuedive A. The clearance rate was determined using the
following equation:

Clearance rate (%) = [1-{AA,)/A]*x100%
Where: A= absorbance of 2 mL DPPHe solution + 2 mL ethaoddtion,

A; = absorbance of 2 mL DPPHe solution + 2 mL oliVleTd® solution,
A, = absorbance of 2 mL olive 0il-TP solution + 2 oflethanol.
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The absorbance was measured using a UV-2802 Ubleispectrophotometer (Shanghai UNICO Instrument Co
Ltd.).

2.2.3 Preparation of collagen anti-aging face mask

1.0 g sodium carboxymethyl cellulose solution wissalved in 18 mL water to yield an aqueous sofuti®.1 g
collagen was introduced in a beaker, followed bgitamh of 0.1 g starch, 2 mL lactic acid, 0 ~ 0@#VP, and 3.0
mL glutaraldehyde. The mixture was stirred at rodemperature for homogenization. 9.0 g of sodium
carboxymethyl cellulose solution was then addethémixture. The resulting solution was stirrechid0°C water
bath to yield a transparent gel. 0.2 ~ 0.6 mL olb#eTP solution was added to the gel and homogehiZ he
viscous mixture was spread on a template, followedirying at 60C in an oven. Finally the film was detached
from the template.

2.2.4 Measurements

Gel permeation chromatography (GPC) was realizedgu$100/1200 HPLC (Agilent Technologies Inc. USA)
equipped with 18 angle laser light scattering (Wylachnology Company USA) and Optilab T-rEX diffietial
refractive index detectors, 100 000 aqueous phalsent (Japan Shodex OHpak SB-803 HQ), and a guatohnn
(Japan Shodex OHpak SB-G). A pH = 6.0 phosphatiebaf 25 mM was used as the eluent. Measuremeete w
realized at a flow rate of 0.5 mL/min at 35°C.

RESULTS AND DISCUSSION

3.1 Characterization of collagen

The molecular weights of collagen were determingd@PC. The weight-average molecular weight (Mw) and
number-average molecular weight (Mn) were 7930 aAd0, respectively. And the polydispersity indep &
Mw/My) is 1.07.

3.2 Determination of the reaction time between anixidants and DPPHe

The rate and efficiency of antioxidants to elimsmddPPHe radicals depend on their intrinsic propsrtiThe
clearance effect of antioxidants towards DPPHe bandynamically monitored by measuring the change in
absorbance at 517 nm. Olive oil-TP solutions weatded in DPPHe ethanol solution, and the absorbafidbe
mixed solutions was measured until stabilizatiorihef absorbance in order to determine the clearaateeand the
reaction time of antioxidants solutions towards BIP.P
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Figure 1 Absorbance changes of olive oil-TP and DR mixture solution as a function of time
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Figure 1 shows the absorbance changes of olivER#&nd DPPHe. mixture solution as a function of tilh@ppears
that after addition of antioxidants, the absorbadeereases very rapidly in the first 5 minutes.etain, the
absorbance decrease gradually slows down. In tleenviog experiments, a reaction time of 30 min wgatected for
the measurements of absorbance.

3.3 Determination of the optimal amount of tea polghenols
A series of olive oil-TP solutions were prepareat] ghen mixed with a DPPHe solution. The cleararate of olive
0il-TP mixture towards DPPHe radicals was measuafést 30 min.

Table 1 Relationship between the clearance rate arile amount of added TP

No 1 2 3 4 5 6 7 8 9
olive oil/lg: TP/mg 1.0 1:0.2 1:.0.3 104 105 ®&0.107 108 109
Clearance rate/% 70.6 76.9 80 82.8 85.3 88.2 88.17.8 8 87.3

Table 1 summarizes the clearance rate data. ltaapptkat both olive oil and TP present clearanfecefowards
DPPHe. In fact, olive oil contains a small amouiitvitamin E, polyphenols and squalene which arécieffit
antioxidants. And catechin as a component of tdgppenols is a highly active antioxidant. Moreoweiye oil-TP
mixture presents better clearance effect to DPR&f vlive oil itself. The clearance rate increasitk the increase
in the ratio of olive oil to TP, reaching 88% whie ratio of olive oil to TP is 1: 0.6. Beyond, tblearance rate
levels off. Therefore, it is assumed that tea plofymls present a synergic antioxidant effect witheaoil.

3.4 Effect of antioxidants and PVP on the preparatin of face mask

During the preparation of the face mask, it waseoled that antioxidants leak out to the surfacehef film,
especially when a large amount of antioxidants wsexl. Moreover, uneven distribution of antioxidantghe film
was detected. That is why polyvinyl pyrrolidone ®Vwas used as a dispersant so that antioxidamsbea
uniformly dispersed in the film. The optimal amosiof antioxidants and PVP were determined usinglsifactor
experiment.

Table 2 Influence of antioxidants and PVP amountsmthe preparation of face mask

No 1 2 3 4 5 6 7 8 9
Antioxidants/mL 0.6 0.5 0.4 0.3 0.2 0.3 0.3 0.3 0.3
PVP/g 0 0 0 0 0 0.01 0.02 0.03 0.04
Leakage at surface* ++++ +++ +++ ++ ++ ++ ++ + +
Distribution uneven uneven UunNeven UNeven UNeven vame even even even

"Leakage at surface is noted using “+”: more “+” mea more leakage.

As shown in Table 2, the obtained face mask appeaoa-greasy with uniform distribution when the ambof
added anti-oxidant was 0.2 ~ 0.3mL, and that oedd@VP was 0.03 ~ 0.04g.

3.5 Role of other ingredients in the face mask

The other components also play important rolebénpreparation of the collagen face mask. Sodiutmosgmethyl
cellulose is the main component of the film. Stazohtributes to enhance the strength and tougtofabe material.
Lactic acid is added to greatly improve the moiging properties of the face mask, and glutaraldehglays the
role of crosslinker to improve the film strength.

CONCLUSION

The present work examined the antioxidant actigitylive oil-TP using DPPHe assay. It was obsertieat both
olive oil and tea polyphenols present clearanceceffowards DPPHe radicals. The highest clearaate and
antioxidant effect were obtained when the ratiolofe oil to TP is 1g: 0.6mg.

In this experiment, PVP was used as a solid digpér® improve the distribution of antioxidantsndle factor
experiments show that when the amount of added W&420.03 g, the antioxidants can be uniformly dispe in
the film.

This work studied the preparation process of agitig collagen face mask by mixing collagen withvelioil, TP,
lactic acid and PVP. The optimal formulation andgaration conditions were obtained as follows: @ dollagen,
0.1 g starch, 2 mL lactic acid, 0.03 g PVP, andLOglutaraldehyde are mixed by stirring at roomperature; 9.0
g sodium carboxymethyl cellulose solution is thelded to the mixture. A transparent gel is obtaibgdtirring at
407C. 0.3 mL antioxidants (olive oil: TP =1g: 0.6mg)added to the gel. The mixture is homogenized aneiasl on
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the template, followed by drying in an oven at’®6Qo yield an anti-aging collagen mask.

The novel anti-aging collagen face mask presentstanding moisturizing, repairing, whitening, aoxidation, anti
skin aging effects, and is a promising anti-agind eepairing face mask.
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