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The protective effects of tea polysaccharides (TPS) and polyphenols (TPP) on skin were investi-
gated. TPS1 (92% TPS), crude TPS2 (20% TPS), and TPP (98%) were tested. The abilities of TPS
and TPP to protect the skin were assessed in four aspects: moisture absorption and retention,
sunscreen, promoting the proliferation of fibroblast cells, and tyrosinase inhibitory effect. TPS and
TPP absorbed and reserved moisture perfectly. TPS with higher purity had better moisture
absorption and retention abilities. TPS1 hardly protected the skin from the sun’s ultraviolet (UV)
rays and had little promoting effect on fibroblasts proliferation. TPP, however, protected skin against
UV rays and enhanced proliferation of fibroblast cells significantly. TPP had good tyrosinase
inhibitory effects; TPS showed weaker tyrosinase inhibitory effects with the purity increased. The
results indicated that TPP and TPS had complementary advantages and they should be appro-
priately combined to achieve higher performance when applied as active components of cosmetics.
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INTRODUCTION

Green tea, made from the leaf of Camellia sinensis, is one of the
most popular beverages in the world. The consumption of green
tea is especially popular in Asian countries, and its association
with human health benefits has resulted in the application of
green tea extracts as common botanical ingredients in dietary
supplements, nutraceuticals, and functional foods (/). Tea poly-
phenols (TPP) and tea polysaccharides (TPS) are both important
bioactive components extracted from green tea. TPP play a key
role in preventing the risk and pathogenesis of several chronic
diseases, especially cardiovascular disease and cancer, and related
pathologies (2—5). Most of these bioactivities are likely related to
the antioxidant abilities of flavonoids. The antioxidant activity of
TPP has been investigated extensively (6, 7), which is significantly
suggested to be applied as an antiaging material for cosmetics.
TPP could decrease the lipid peroxidation of the skin cells by
improving the level of GSH-Px and prevent the free radical from
damaging skin cells (8). TPS are other main bioactive components
of green tea other than TPP, especially in low-grade green tea. The
content decreases with the quality grade improvement of the tea.
The contents of TPS were from 0.8 to 1.5% in low-grade tea and
from 0.4 to 0.9% in high-grade tea (9). Great advances have been
made in chemical and bioactive studies of TPS in recent decades.
TPS is reported to possess a hypoglycemic effect (10), immunos-
timulating activity (//), and antibacterial activity (/2). TPS have
become secondary but important bioactive substances after TPP
found in tea.
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Moisture retention capability is the basic function of skin-care
cosmetics and skin health products. The moisture retention tissue
of skin is damaged with age and exposure to external environ-
ments. When the water in the cuticle is reduced to < 10%, the skin
will be dry, nonelastic, wrinkled, which will quicken skin aging.
Thus, water is important for skin, and moisture retention is an
important part of delaying skin aging. Moreover, many natural
plant extracts not only possess good moisture retention capability
but also have a definite nutritional effect on human skin. Thus,
natural active plant extracts have been replacing chemosynthetic
moisturizers in accordance with the customers’ demand for
naturalness. Among the numerous external factors promoting
skin aging, photoaging induced by ultraviolet (UV) light has been
proved to be the main factor. Skin exposed to sunlight appears to
be 30 years older than unexposed skin. Thus, sun protection is
an important method to delay skin aging. UV light is artifi-
cially divided into three ranges: (1) UV-A is radiation in the 320—
400 nm range; (2) UV-B is radiation in the 290—320 nm range;
and (3) UV-C is radiation in the 100—290 nm range. Generally,
UV-B has been blamed for sunburn, and some studies indicate
that UV-A may cause skin damage; these findings indicated that
the development of sunscreens which block UV-A and UV-B rays
has great market potential. Skin aging normally reflected cell
aging at the cellular level. Fibroblasts are principal cell compo-
nents in the dermis. According to Bayreuther’s theory of pheno-
type system, it could be concluded that the suppression of
fibroblast growth was an important cause of skin aging. In the
skin aging procedure, fibroblasts converted from the cleavage
type with active dividing ability to the postcleavage type with
inactive dividing ability. Due to a series of changes appearing in
fibroblasts during skin aging, many methods have been adopted
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to improve the biological characteristics of fibroblasts and to
delay the aging of skin and wrinkle formation. Therefore,
fibroblasts have been used as experimental materials to study
antiaging activity for bioactive components. Effects of TPS and
TPP on skin aging were assessed by in vitro fibroblast cell
proliferation.

In recent years, many studies have been done to discover safe
and natural ways of getting rid of skin discolorations and
achieving a beautiful and balanced skin tone. Therefore, in the
present market of cosmetics, the exploration of skin-lightening
substances has become a hot-spot in the cosmetic field. Visibly
pigmented skin results from the synthesis and distribution of
melanins. Melanin is synthesized in mammals in the melanosomes
of melanocytes. Melanin synthesis is regulated by melanogenic
enzymes such as tyrosinase, tyrosinase-related protein 1 (TRP-1),
and tyrosinase-related protein 2 (TRP-2). Tyrosinase (EC
1.14.18.1) is the rate-limiting enzyme for melanogenesis and
catalyzes the hydroxylation of L-tyrosine to 3,4-dihydroxypheny-
lalanine (DOPA) and oxidizes DOPA to dioaquinone, which is
the first stage for melanogenesis (/3). Most melanin synthesis
inhibitors inhibit melanogenesis by inhibiting tyrosinase activ-
ity (/4). Inhibition of tyrosinase activity was applied in evaluating
the skin-lightening activity of components in cosmaceuticals.
Therefore, now more attention has been paid to the use of natural
plant extracts such as tyrosinase inhibitors in the cosmetic
industry.

Tea has been used as a beverage in China and Japan for
thousands of years. TPS and TPP are the main components in tea
beverage. There were no data showing that TPS and TPP were
harmful to human body. These two components have been
proven to be safe and nontoxic (/5—17). However, TPS and
TPP have not been studied in detail with regard to skin-protecting
effect. To further develop the application of green tea, the
protective effects of TPS and TPP on skin were investigated from
the following aspects: moisture absorption and retention, sunsc-
reen, promotion of the proliferation of fibroblast cells, and
tyrosinase inhibitory effect.

MATERIALS AND METHODS

Materials. TPS (TPS1, 92% purity; and TPS2, 20% purity) and TPP
(98% purity) were prepared from green tea leaves in our laboratory. Rutin
(>98%), glycerol, DMEM high-glucose culture medium, fetal bovine
serum (FBS), and MTT was provided from Amresco Inc. (Solon, OH).
Trypsinase (0.25%), SDS, mushroom tyrosinase, EGCG, EGC, ECG,
EC, caffeine, vitamin C, and L-DOPA were purchased from Sigma
Chemical Co. (St. Louis, MO).

Sample Preparation. (1) Preparation of TPSI. Lower grade
green tea (500 g) was mixed with 2500 mL of 80% ethanol (v/v) and
refluxly heated at 30 °C for 24 h. This treatment was repeated twice. After
the mixture was filtered, the residue material was extracted with 5 L of
0.5% (m/m) plant hydrolase (Novozymes Co., Beijing, China) solution at
40 °C, pH 5.5, for 3 h. After filtration, the tea leaf residues were extracted
again with 5 L of distilled water at 60 °C for another 2 h. Then the
combined filtered solutions were centrifuged (10 min, 8000 rpm) to remove
the contaminants, and the supernatant was filtered through a 0.45 yum
microfiltration equipment. The permeated solution was concentrated to
about 2 L under reduced pressure, and 3 volumes of 95% ethanol (v/v) was
added slowly by stirring to precipitate the polysaccharides and keptat 4 °C
overnight. The polysaccharide pellets were obtained by centrifugation at
4800 rpm for 15 min and repeatedly washed sequentially with possibly less
amounts of ethanol, acetone, and ether, respectively. The refined poly-
saccharide pellets were completely dissolved in an appropriate volume of
distilled water and intensively dialyzed for 2 days against distilled water
(cutoff My, = 3500 Da). The retentate portion was concentrated and
deproteinated with Sevag reagent (CHCl;/BuOH = 4:1, v/v) for 30 min
under the magnetic force stirring, and the procedure was repeated twice.
Finally, the extracts were centrifuged to remove insoluble material, and the
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supernatant was precipitated by 3 volumes of 95% ethanol (v/v) again.
The polysaccharide pellets were obtained by centrifugation at 4800 rpm for
15 min and repeatedly washed sequentially with ethanol, acetone, and
ether, respectively. The polysaccharide pellets were redissolved in distilled
water and lyophilized to give TPS1 (about 4.5 g).

(2) Preparation of TPS2. Lower grade green tea (500 g) was
extracted with 5 L of 0.5% (m/v, pHS.5) plant hydrolase (Novozymes Co.)
solution at 40 °C for 3.0 h. After filtration, the tea leaf residues were
extracted again with 5 L of distilled water at 60 °C for another 2 h. Then the
combined filtered solution was centrifuged to remove the contaminants.
The supernatant was concentrated under reduced pressure to about 2 L
and precipitated by adding 8 L of 95% (v/v) ethanol at 4 °C for 24 h and
then centrifuged at 5000 rpm for 10 min. The sediment was vacuum-dried,
and 15.0 g of crude TPS2 was obtained.

(3) Preparation of TPP. Lower grade green tea (500 g) was
extracted with 0.5% (m/v) plant hydrolase (Novozymes Co.). After
filtration, the tea leaf residues were extracted again with distilled water
at 90 °C for another 1 h. Then the combined solution was centrifuged
(10 min, 8000 rpm), and the supernatant was filtered through a 0.45 um
microfiltration equipment. The permeate was concentrated under reduced
pressure. The concentrate were first decaffeinated by chloroform and then
extracted by ethyl acetate, citric acid buffer solution, and butyl acetate
successively. The extraction phase was vacuum concentrated for solvent
recovery and redissolved in water and then lyophilized to give TPP (about
19.5 g).

General Analysis. The content of tea polyphenols were determined
according to the ferrous tartrate method (/8). The compositions of tea
polyphenols (catechins) and caffeine in TPP were determined by reverse-
phase HPLC analysis (19, 20).

The total sugar content of TPS was determined as follows: (1) The
contents of uronic acids (CUA) in TPS were determined by m-hydro-
xybiphenol colorimetry using galacturonic acids as standard (21). (2) The
absorbance of tea polysaccharides (AT) in TPS were determined according
to the phenol—sulfuric acid method (22) using galactose as standard. The
absorbance of uronic acids (AUA) in TPS was determined according to the
phenol—sulfuric acid method using galacturonic acids as standard. Then
the actual absorbance of neutral sugars was the difference value of AT and
AUA. The actual contents of neutral sugars (CNS) were obtained
by means of the standard curve. (3) The contents of total sugars of
TPS were the sum of neutral sugars and acid polysaccharides contents
(CUA + CNS).

Monosaccaride Composition Analysis. Monosaccharide was deter-
mined by GC, and sample preparation was carried out according to the
reference by Blakeney et al. (23). TPS sample (20 mg) was hydrolyzed at
118 °C for 2 h with 2 mL of 2 mol L' TFA. The supernatant was
evaporated to dry under reduced pressure. The residue sample was stirred
with inositol (2 mg), hydroxylamine hydrochloride (10 mg), and pyridine
(0.5mL) at 90 °C for 30 min and then cooled to room temperature. After
acetic anhydride was added at 90 °C for 30 min, the mixture was subjected
to GC analysis. GC was performed on a Shimadzu GC-14A gas chroma-
tograph (Tokyo, Japan) equipped with an OV1701 flexible silica capillary
column (30 m x 0.53 mm x 1.0 um) and a flame ionization detector.
The detailed experimental conditions were as follows: N, (2 mL/min), H,
(40 mL/min); air (550 mL/min); the elution was realized by a temperature
gradient from 180 °C (5 min) to 240 °C (25 min) with a slope of 3 °C/min.
The vaporizer temperature was 280 °C, and the detector temperature was
260 °C. A 10 uL aliquot was injected for each run.

Moisture Absorption and Retention Tests. The effects of TPSI,
TPS2, TPP, and glycerol (positive control) on moisture absorption and
retention were evaluated by a weighting method through controlling
relative humidity of the desiccators (24). Prior to the moisture absorption
test, the samples were dried in a vacuum for 24 h. The water absorption
ability was assessed by the percentage of mass increase of dry sample (Ryp)

Rab = [(m1 - mo)/mo] x 100% (])

where my and m, are the masses of the dry samples before and after being
put into a saturated (NH4),SO, desiccator (81% relative humidity) or in
a saturated K,COs desiccator (43% relative humidity) at 20 °C for about
40 h, respectively.
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In the moisture retention test, wet samples were prepared by adding
water (10%) to each sample. The moisture retention ability was assessed
by the percentage of residual water of the wet sample (R,.)

Ree = (ma/mg) x 100% (2)

where m, and m, are the masses of water in the sample before and
after placement into a desiccator with silica gel at 20 °C for 48 h,
respectively.

Sunscreen Function Assessment. The efficacy of sunscreen of
purified TPS and TPP was measured according to the ultraviolet
absorption values, which were determined by the Cary 100 UV—vis
spectrophotometer (25). TPS and TPP were dissolved in double-distilled
water at the concentration of 100 mg/L. Rutin was used as the positive
control, which had a strong ability to absorb ultraviolet light. It was
dissolved in a 1:4 methanol—water solution to the concentration of
100 mg/L.

Effect on Proliferation of Skin Fibroblasts. Effects of TPP and TPS
on proliferation of fibroblast cells were examined in phase-contrast
microscopy and were determined morphologically by cell proliferation
and MTT assays (26).

Cell Culture. Fibroblasts were obtained from mice skin and were
cultured by the medium of DMEM with 10% FBS supplemented with
penicillin—streptomycin (100 U/mL/100 ug/mL) and 2 mM L-glutamine.
The cultures were incubated at 37 °C in a humidified atmosphere of 5%
CO, and 95% air. The media were replaced every 2 or 3 days until
confluence was reached. Fibroblasts used for this study were between their
third and fifth passage in culture.

MTT Assay. Cell survival was analyzed by using a non-radioactive
cell proliferation assay system (MTT assay) consisting of 3-(4,5-di-
methylthiaziazol-2-yl) 2,5-diphenyltetrazolium bromide. The cells were
plated at 1 x 10° cells/mL per well into 96-well plates, and various
concentrations (500, 200, 100, 50, and 20 ug/mL) of sample were added
with serum-free DMEM in a total volume of 100 uL/well. After further
culture for 48 h at 37 °C in a humidified atmosphere of 5% CO; in air,
fibroblast growth induction activity was determined by MTT solution
(5 mg/mL), which was added to each well of the plate, and plates were
incubated for 4 h at 37 °C in a humidified atmosphere of 5% CO, in air.
The medium in each well was changed by 100 uL of DMSO and mixed
thoroughly to dissolve the dark blue crystals for 10 min at room
temperature to ensure all crystals could be dissolved. The plates were read
with an ELISA reader, using a test wavelength of 570 nm and a reference
wavelength of 630 nm. All assays were repeated two times. Its cell
proliferation rate was set at 100%. If the proliferation rate is lower than
100%, the tested sample inhibited cell proliferation; otherwise, it promoted
cell proliferation.

Tyrosinase Inhibitory Assays. The tyrosinase inhibitory activity was
measured as previously described, using L-DOPA as the substrate (27)
with some modifications. Samples TPS1, TPS2, and TPP were respectively
dissolved into deionized water and prepared at different concentrations (5,
20, 100, and 500 ug/mL). A 2.0 mL sample solution was mixed with 2.0 mL
of substrate solution containing 0.02% L-DOPA in 25 mM phosphate
buffer (pH 6.8), and then 1.0 mL of enzyme solution (100 U/mL) and SmL
of phosphate buffer (pH 6.8) were added to this mixture solution. The
absorbance was recorded after 6 min at 25 °C at 475 nm using a Purkinje
spectrophotometer (Beijing, China). The phosphate buffer (pH 6.8) was
used as a blank, whereas 1.0 mL of distilled water was used as the control.
Results were compared with the control and the blank containing distilled
water in place of the sample solution. Vitamin C was used as the positive
control. Percent tyrosinase inhibitory activity was calculated using the
fOllOWil’lg formula: [(ODcomrol - ODsample)/ODconlrol] x 100. The ICSO
value was obtained through extrapolation from linear regression analysis
and denoted the concentration of sample required to inhibit 50% of
tyrosinase activity. The data presented are means & SD of three determi-
nations.

Statistical Analysis. SPSS 11.0 programs were used in the statistical
analysis. The significance of differences among values was analyzed by
one-way analysis of variance (ANOVA). Significant differences (P < 0.05)
between means were determined using Dunnett’s ¢ test. The criterion for
significance was p < 0.05 or p < 0.01, as specified.
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Table 1. Purity and Composition of TPS

sample vyield/% purity/% polyphenol/% neutral sugar/% uronic acid/%

TPSH 0.9 92.0 64.27 27.95
TPS2 33 20.0 35.60 17.05 3.95

Table 2. Effects of TPS1, TPS2, and TPP on Moisture Absorption and
Retention

RH = 43% RH = 81%

sample R (RSD?/% R (RSDY%  Rup (RSDH% Ry (RSDA)/%
TPST 14.31 (2.4) 111.03(0.3) 12.66(1.8) 103.63(0.1)

TPS2 9.36(5.5) 104.25(0.1) 5.33(2.5) 102.73(0.1)

TPP 10.07(0.2) 107.77 (0.1) 9.23(3.7) 103.26 (0.3)

glycerol  27.73(2.2) 111.40(0.9) 20.16(1.0) 112.37(0.2)

#RSD was the relative standard deviations of the three parallel experimental
groups.

RESULTS AND DISCUSSION

Purity and Composition of TPS and TPP. The purity and
composition of TPS obtained are shown in Table 1. TPSI
(yield = 0.9%) was obtained by a series of purification proce-
dures such as ethanol infusion, water extraction, ethanol sedi-
mentation, deproteination, and dialysis. The actual neutral sugars
content of TPS1 was 64.27%, the uronic acids content of TPS1
was 27.95%, and the purity of TPS1 was calculated as 92.0%. No
polyphenols were detected in TPS1. TPS1 consisted of rhamnose,
ribose, arabinose, mannose, glucose, galactose, and galacturonic
acid with the molar ratio of 4.8:1.6:15.4:7.3:6.6:44.9:19.4.

TPS2 (yield = 3.3%) was obtained by simple extraction
procedures such as water extraction and ethanol sedimentation.
The actual neutral sugars content of TPS2 was 17.05%, the uronic
acids content of TPS2 was 3.95%, and the purity of TPS2 was
calculated as 20.00%. The polyphenols content of TPS2 was
35.60%. Besides the polysaccharides and polyphemols, TPS2 also
contained proteins, ashes, pigments, amino acids, and other
components.

The content of tea polyphenols in TPP was 98.25% when
measured by methods of ferrous tartrate. The level of total
catechins was 81.83%. TPP consisted of EGCG (60.97%),
EGC (3.35%), EC (7.62%), ECG (3.05%), C (1.40%), and
caffeine (0.67%) determined by RP-HPLC.

Moisture Absorption and Retention Properties. The moisture
absorption ability and moisture retention property of TPS and
TPP were examined and compared with those of glycerol. As
shown in Table 2, the RSD values of three parallel groups are all
very low, which means that the method has high accuracy and
good repeatability. In all cases, the glycerol has the best moisture
absorption and retention activities among the samples tested.
Comparison of the results between TPS1 and TPS2 showed that
both moisture absorption ability and moisture retention capacity
increased with the increasing content of polysaccharides in
samples. Moisture absorption ability and moisture retention
capacity of TPP were lower than those of TPS1, but higher than
those of TPS2. TPS and TPP both had better moisture absorption
ability and moisture retention capacity under low relative hu-
midity condition (RH = 43%) than under high relative humidity
(RH = 81%). Thus, they are suitable for moisture retention in
relatively dry environments when used as components in cos-
metics.

The good moisturizing function of TPS was primarily due to
the molecular structures (28). The hydroxyl groups, carboxyl
groups, and some other polar groups in polysaccharide molecules
can form hydrogen bonds with water molecules. In this way,
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polysaccharides can bind a great deal of water. Besides, poly-
saccharide molecular chains wind together to form a web and
combine hydrogen bonds of water. Thus, polysaccharides have
good water retention. Furthermore, tea polysaccharides can
provide water by being constituted of an extracellular colloidal
matrix containing a great deal of water in an extracellular matrix
with other polysaccharide components and fibrous protein in
skin (28).

Many natural plant extracts not only possess good moisture
retention but also have a definite nutritional effect on human
skin. The dual effective components extracted from natural plants
have replaced some synthetic moisturizers. This alternation is the
main trend for the future for developing moisturizers.

Sunscreen Function. Sunscreens are cosmetic formulations that
block UV rays. According to Figure lc, rutin was found to

ADS

Figure 1. UV adsorption spectrograms of TPS1 (a), TPP (b), and rutin (c).
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strongly absorb ultraviolet light of UV-A, UV-B, and UV-C,
which is in accordance with the literature. As shown in Figure 1a,
TPS can absorb UV-A weakly and hardly absorbs UV-B. TPP,
however, can intensively absorb UV-A and UV-B (Figure 1b).
From these results, it can be concluded that TPP can be used as an
additive in sunscreens, which absorb the solar UV energy on the
skin’s surface and prevent deeper penetration and damage. The
significant antioxidant ability of TPP is also considered to stop
penetration of free radicals and to heal any damage as it may
occur within the skin. According to Figure 1b, TPP strongly
absorbs UV rays within the range of 280—320 nm, which resulted
from the benzene rings in the TPP. TPP mainly consists of
catechins such as EGCG, EGC, EC, and ECG, which contain
two or three benzene rings.

Effects of TPS and TPP on Fibroblast Cell Proliferation. In
microscopic examination, a low concentration of TPP (500 ug/
mL) stimulated fibroblast cell growth after 36 h of incubation
(Figure 2c¢,d). The number of cells increased after incubation for
36 h with TPP (Figure 2a,d).

In MTT assay, it was shown that the effect of TPS1 on skin
fibroblast proliferation was not siginificant (p < 0.05) (Figure 3a).
Cell viability was obviously reduced in a dose-dependent manner
after exposure of fibroblasts to TPS2. The low concentrations
(20—200 ug/mL) of TPS2 showed a stimulation of cell prolifera-
tion, but with concentration increasing, the effect of TPS2 on skin
fibroblasts proliferation decreased rapidly. The highest cell via-
bility of TPS2 was 163.75% at the concentration of 20 mg/L. The
high concentration (500 ug/mL) of TPS2 was cytotoxic and
inhibited cell proliferation (Figure 3b).

In the TPP group, the effect was extremely significant on cell
proliferation (p < 0.01). Cell viability was obviously increased in
a dose-dependent manner after exposure of fibroblasts to TPP.

(b

d

Figure 2. Fluorescent microscope picture of skin fibroblasts cultures [a, 0 h (400x); b, 0 h (1000 )]and fibroblast cultures after 36 h of incubation with
0 ug/mL TPP (c, 400x) and 500 «g/mL TPP (d, 400 ). The number of cells increased after incubation for 36 h with TPP (a, d).
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Figure 4. Inhibitory effects of Vc, TPP, TPS1, and TPS2 on tyrosinase.
Tyrosinase activity was estimated in the presence of L-DOPA as the
substrate, represented as inhibition percent at various concentrations.
Values are means of three separate experiments.

The cell viability of TPP was up to 259.85% at the concentration
of 500 mg/L, which indicated that TPP can greatly promote
fibroblast cell proliferation. With the increase of age and UV
radiation, fibroblast cells reduced and their activities declined;
thus, collagen synthesis reduced correspondingly. Collagen pro-
teins, which are synthesized by fibroblast cells, are the main
materials in the maintenance of skin water and elasticity. The
reduction of collagen proteins will lead to skin wrinkling and
roughness. Therefore, the studies of natural active components
promoting fibroblast cell proliferation are worthwhile. It is
suggested that TPP has good application in antiaging cosmetics.

Tyrosinase Inhibitory Effect. Tyrosinase inhibitory activities of
TPS, TPP, and Vc are shown in Figure 4. In the positive group (Vc
group), tyrosinase inhibition effects dose-dependently increased
with the addition of Vc. The inhibitory effect of Vc on tyrosinase
increased rapidly up to 98.52% at the concentration of 20 mg/L.
It can be concluded from Figure 4a that the I1Cs, for Vc was
between 4 and 20 mg/L. The inhibitory effects of TPP, TPS1, and
TPS2 on tyrosinase were unrelated to the sample dose. However,
inhibitory efficiency on tyrosinase was even more remarkable
than that of Vc at a relatively low dose (1—4 mg/L). Within the
range of 1—4 mg/L, the tyrosinase inhibitory rates of Vc were
between 27.59 and 11.82%, the inhibitory rates of TPS2
were between 75.37 and 59.11%, and the inhibitory rates of
TPP were between 69.65 and 57.14%, which indicated the
tyrosinase inhibitory effects of TPP and TPS2 had good
performance at the lower concentration. Within the range of
1—100 mg/L, the tyrosinase inhibitory rates of TPP were between
75.37 and 57.14%, the inhibitory rates of TPS2 were between
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75.37 and 59.11%, and the inhibitory rates of TPS1 were between
11.82 and 48.27%, which indicated TPS2 and TPP both had good
tyrosinase inhibitory effects, but TPS1 had very weak inhibitory
effects. When raw extracts was used as test samples, some
components in the crude extracts could react with tyrosinase,
which interfered with the determination. This may be the reason
the inhibitory curves of TPP, TPS1, and TPS2 on tyrosinase were
irregular. However, Vc appeared to have a more regular tyrosi-
nase inhibition property. As shown in Figure 4, the tyrosinase
inhibitory effect of TPP is almost the same as that of TPS2.
However, the inhibitory effect of TPS1 is much lower than that of
TPP and TPS2.

The structural significance of the phenol ring configuration in
inhibitory actions on tyrosinase has been reported (29). Although
green tea has been reported to inhibit mushroom tyrosinase
activity, especially the major active constituents in the green tea
(—)-epicatechin-3-gallate (ECG), (—)-gallocatechin-3-gallate
(GCG), and (—)-epigallocatechin-3-gallate (EGCG), which
showed strong inhibitory effects (30), the comparison of inhibi-
tory effects of crude TPS and TPP on tyrosinase in vitro has not
yet been reported.

On the basis of the results above, it can be obviously concluded
that TPS and TPP both had positive protective effects on skin.
TPS and TPP both had good moisture retention capability in
relatively dry environment for at least 48 h. TPP can intensively
absorb UV-A and UV-B, whereas TPS showed weak absorbance
of UV-A and UV-B. In skin cell cultures, TPP and crude TPS had
strong proliferation activity, whereas TPS with high purity had
hardly any effect on it. As for the tyrosinase inhibition assay, TPP
had good tyrosinase inhibitory effects; TPS showed weaker
tyrosinase inhibitory effects as the purity increased. The data
provided a useful support for developing skin-protecting cosmetic
additives and information for being added in the proper propor-
tion and amounts to cosmetics. This indicated that combination
of TPS and TPP would be a favorable possibility for protecting
skin, especially for the good moisture retention ability of TPS and
fibroblast proliferation effect and strong UV absorbance ability
of TPP. The results suggested that TPS and TPP extracted from
green tea may potentially be applied in cosmetics. The experi-
ments in the paper were all done in vitro, and the human clinical
effects need further in vivo trials.

ABBREVIATIONS USED

TPS, tea polysaccharide; TPP, tea polyphenol; DMEM, Dul-
becco’s modified Eagle’s Medium; FBS, fetal bovine serum;
MTT, methylthiazolyl tetrazolium; SDS, sodium dodecy! sulfo-
nate; Ve, vitamin C; L-DOPA, 1-3,4-dihydroxyphenylalanine;
UV, ultraviolet; R, water absorption rate; R,., moisture reten-
tion rate; DMSO, dimethyl sulfoxide; ELISA, enzyme-linked
immunosorbent assy; EGCG, (—)-epigallocatechin 3-gallate;
EGC, (—)-epigallocatechin; EC, (—)-epicatechin; C, catechin;
ECG, (—)-epicatechin 3-gallate; DL-C, pL-catechin.
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