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Application of Isolated Tyrosinase Inhibitory Compounds from Persimmon Leaves
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Total phenolic content was the highest in 60% ethanol extracts at 21.91 mg/g, and inhibitory activity
against tyrosinase of 60% ethanol extracts was higher than ethanol extracts of other concentration. The
inhibitory compounds against tyrosinase from Persimmon leaves were purified using Sephadex LH-20,
MCI-gel CHP-20 column chromatography with gradient elution. Two purified compounds were iso-
lated as a result. The chemical structures of each compound were determined and identified using
'H-NMR and "C-NMR, FAB-Mass. The compounds were confirmed as (+)-gallocatechin and prodel-
phinidin B-3. The tyrosinase inhibitory activities of purified (+)-gallocatechin and prodelphinidin B-3
were 29.5 and 40.2%, respectively. The inhibitory activities of (+)-gallocatechin and prodelphinidin B-3
against melanin biosynthesis in melanoma cell were 32.5 and 46.7%. The safety of essence with ty-
rosinase inhibitory compounds from persimmon leaves was also assessed by various safety profiles.
First, changes in pH (4.90~4.95) and viscosity (23,000~26,000 cP) was not detected for 60 days.
Essence also showed stability against temperature and light for 60 days. All these findings suggest
that extracts from persimmon leaves have a great potential as a cosmetical ingredient with a potent

whitening effect.
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A E 1 mlE 95% ethanol 1 ml®} =74 5 mlE A7}st
1 N Folin-ciocalteu reagent 0.5 mlE Ho] & 41ojF11, 5%
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Tyrosinase Xall&d =X

Tyrosinase A3 &3 42 Yagi 59 WH[38] wat =
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4 0.1 mle EFHo mushroom tyrosinase (110 unit/ml) 0.2
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vt A ZZHEH melanin B3 A3l 4L
Hosoi 5[16]¢] el we} S35tk DMEM i 2| = ) &
¥ Webent A ZE 100 mm culture disholl 2x10° cell/dish7}
HA BFEh 2447 v T ARE FEEE 2A4 3 2
ml H7Fatar, 48413t Fof] 14tk (pH 74) 0.2 A A5G
o} 71 o 025M trypsin-EDTA 402 HEE &3d &
T3 ATE 1x10°HE F 1mlY 5% TCAZ A3},
2,500 rpm .2 23] AL § #&] ¥ melaning IH
SHo 2 A H3g H etherethanol (1:3) 1 mlE 7}5te] 23] ¢
AEE 3 X ether I mlE A3 AZAIZAT. AZH melanin
o 1N NaOHZ 1ml 7}t 80°CellA] 1A17F ¥H3-A17] & &
F F=A 405 nmol A FFEE =43t} Melanin A §HA]
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Sephadex LH-20°] 23 A A
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Thiolysis
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Tyrosinase™ tyrosine .2 5-F 3 4-dihydroxyphenylalanine
7} DOPA-quinones AH HFHOoZ 57 /5'1‘4 melanin A4
Wge) BASKE BATH obi} BAF 53] Aaje 2Ha
5} 90 el 4 BAE 3 AT 4 0] 51
= gt & drelMe A 7l 72
Adjeds Eelsta v EdE HES Y 7
AZA &&7] 93 tyrosinase G A &
200 M 9F o] el 60% & F=E
rosinase A &S YeEhfo] 714 =
F o aga AAHes B #2
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Eo] tyrosinase A BA] HE& AL FAF F YT}

SuN

Tyrosinase A3} 242 Eejsllee] T/ % 1 7x9% a3
74]7]' %lt )\—-i Kim & [22] E]——le'gii/ BE—‘:’—J' %

M catechin®+ tyrosinase 43| &5& HERX
A9, gallocatechin®] W} epicatechinfoll Al & A3 &4 &
YERY 2121, monomer 2t} dimeroll A A &Ado] o $-4

stk o S[ile Rustc
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Fig. 1. The effect of ethanol concentration on phenolics content
in extracts from Persimmon leaves.
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Fig. 2. Inhibition of tyrosinase activity by extracts from
Persimmon leaves.

Aol S veto] elog e a4gy As E48 A7
o)A & 35E2] polyphenolFS A stAl 3%tk 24
< 60% EtOHZ %349 5533 Sephadex LH-20 column
o $H3l4 60% FtOHS vl 2 3t 423 2+ Fig. 3%
2ol M FYES F2 5 AL, A7kA £ F B £
oA &4 A3l &AJo] &<lE of(Table 1), Sephadex LH-20
columns ©]&3te] EtOHS 0-100%7HA WslA| 7™ 23
25 s A7 BEE oA 3714 (B-1, B-2, B3)&F o] 7
253, CEFlA 27kA(C1, G2 o] AEH U ol
8 F B-29 C-194] tyrosinase A3 &/¢] HEEH Ao}
(Table 2), TLC Aol X E£3EE Ao s4EAR Bels)
7] §J3ted, B-29+ C-1& MCl-gel CHP-20 columng: ©]-&-3}]
33 £ sk oju) &8 2U-& MeOHE 0-100%2 gra-
dient® &Z33{ch 1 23} Fig. 3el4 9} £o] B22FH

B-2-1¢} B-2-2&, C-19 &8 FH C-1-1, C1-2 ¥ C-1-39 &
EAS 45 7 Uden, 7 AAEE o834 tyrosinase]

Persimmon leaves

|
Sephadex LH-20 60%EtOH ext.

Bluitedin 60% BOH |

o Sephadex LH- ’0

Sephadex LH- 7(I
(09100“/0E10H)

09100“’:.E10H)

C-l G2
MCI-gel CHP-20 B MCI-gel CHP-20
(0100% MeOH) ' 1 (0100%MeOH)
B2l B2 Gl 12 CL3

Fig. 3. A procedure for isolation of phenolic compounds from
persimmon leaves.
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Table 1. Tyrosinase inhibition of fractions from persimmon
leaves by Sephadex LH-20

Fraction Inhibition activity (%)
A -
B 26.5%2.3
C 38.3£1.5

Table 2. Tyrosinase inhibition fractions from persimmon leaves
by Sephadex LH-20

Fraction Inhibition activity (%)
B-1 -
B-2 28.3+3.3
B-3 -
C1 37.9£3.5
C2 -

3 &4& =43 43 B-2-2(compound A)%} C-1-2(com-
pound B) A H& Bh Al EAS AL F USUTHTable
3). A" 2714 compound®] A S {5t F&2 £4& g
23, compound Av FA 348 0 Z melting point7} 186~
189°C ol %11, [a]p7} +2.47(C=1.0, acetone)°] 31 2.7, negative
FAB-MSo] A 3059 H44&< A0 B2 ()epicatechin 2
(+)-catechin®ll 44 B2} 1747} o 2g3s E49S & 5 3
31, 'H-NMR spectrumdl| 4] 256 ppm (dd), 2.75 ppm (dd)&=
alipatic 99 9] 4-HE 97|} 413 ppm (s), 474 ppm (d)
catechol®] AHAQI signalZ2H 32-HE AT & At &=
3§t 5.86, 5.99 ppm spectrum-> doublet®] & FF2=2 68-H
AL AL 6.52 ppme] 2 HE 9] singlet™ 2,6'-HZ A
(+)-gallocatechin®. 2 &334t} o]2st Z3}+= Sakanaka
3519 A A dAsA. Compound B= E24 9
FAEoZ [apE -157. 6°(C—10 acetone)©] 13l anisalde-
hyde—HZSOM] /{1 Z——_}/}ll] ‘ﬂ' S E L]'E}'lﬁ M——U:]
FAB-MSOl A m/z; 609[M-H| 9] EA&& dlerg &3y
e o] dimeric ©]29] 3HHEYS ¢ ANtk Compound
BE monomerZ AZ37] 3] thiolysis?HSE AA
Sephadex LH-20 column® 2 ] g Z 7 Fig. 4|4} o]
compound B-17} B-27} 1:1 mol9] HI& & do] % 2n B-1¢]
'H-NMR spectrum< €918 A3} 4.09 ppm (2 H, 5,-5CHy),
7.16~7.46 ppm (5 H, aromatic)?l 4] benzylthioethers}# &

negative

Table 3. Tyrosinase inhibition fractions from persimmon leaves
by Sephadex LH-20

Fraction Inhibition activity (%)
B-2-1 5.2+0.8
B-2-2 29.5%1.3
C-1-1 1.310.3
C-1-2 40.2+13
C-2-3 10.71.1
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Fig. 4. Thiolysis of compound C-1-2

A HaL, A 22 AT AES 98k Raney
Niste] &g whg-S 74 Sephadex LH-202.2 A3 23
B3Z ¥< 4 Atk B3¢ 'H-NMRS 292 A3} com-
pound A9l 'H-NMR#} d=]8}e] (+)-gallocatechin®. 2 574
at91.2v) B-29] 'H-NMRE (+)-gallocatechin®] signal® < =]
St 3 compound BEZ 9] spectrum A “gF-ol 3
e 4HY Z¥A47E 222 compound BE A%l
(+)-gallocatechin, 3}5-¢l (+)-gallocatechin®] 4a-82] Z ¥ &€l
Z A% ¥ prodelphinidin B-3Z FA 34tk o]83 A=
o S[123]e Ak dA A

MHE9| tyrosinase XsHetA ol

Tyrosinase= 5 @ahd A lojA v Fa3 o
< 3t 9027, melanosome WAl tyrosines AHsHA|
DOPAE FFE+ tyrosine hydroxylaseZ, DOPAE 4F8IA| A
DOPA quinones TH=+ DOPA oxidaseZ A 2H-&-3ho] @z}
d A E A=Y 523 a4 2830 15]. ol 2A
7 oA depd =3 AFE S EHHoZ AT &
AT tyrosinase AN ES =745 23 Table 49 Zo] =4
Hooh o2 RE 23 (+)-gallocatechin®} prodelphi-
nidin B-3% 77t 295, 40.2%2] ANZAS Ueo] ty-
rosinase A3 &40l HlaA =4 eI Lee 52719 AT
A A ES o] &3 tyrosinase AAl 4 S 27 1,000
ppm®] F=A 10.0% W T &7} "]’E]"X»\L——Eq, Jung &
[20]¢] EAMA, %Zl%k Q7tg) &5 1,000 pp m A1 30.0%
vgke] A ss el A3e} An F[5]9] EHE
9] tyrosinase A EH S SA 2% G5 2 oﬂ%%
1,000 ppmoll A 22} 24.0, 48.0% 9] Ae)E Yehd A3}

ok

3.9 e
=
=1

Table 4. Inhibitory effect of tyrosinase by purified phenolics
from persimmon leaves

Source Phenolics Inhibition activity (%)
Persimmon Gallocatechin 295+1.3
leaves Prodelphinidin B-3 40.2+2.6

g0l s AT F AT EF Kwak
52619 & 9] tyrosinase ?ﬂ fds A 2710
mg/mle] A hexane chloroform % ethyl acetate2 £

£ 5] 247} 55.8, 575, 60.2% 2 E34E YRS
S[25]0] ALl o gL FEE-S hexane, chloroform %
ethyl acetate2 #2]3t X2t Ev] £ &9 tyrosinase #1315
o] 10 mg/mlol| A 72.0%, 59.0%, 99.7% & YEI T B2

3 A7 Tr/\}rs} A8 &S e tyrosinase A 8] &4 o]

el 79 2

Melanoma cell (BI6F10)0IlA2| melanin  A48ted  X{3H
2 AAES A4 AR AH8-3H7] 9319 melanoma
Aol Mo Wepd B3-S Z4% A7 Table 59 2o] 37
Hodoh o2 HE £ 3 (+)-gallocatechin® prodelphi-
nidin B35 @} A7t 42t 325, 46.7% 9] A3
A& Jehl Atk o= Kwak §[25]9] A2 g FEE©
B16F10 melanoma | ¥¢] melanin %A &7} 10 mg/mloﬂ
A A5 FEEY AT 363%, AR FEE] B 55I%E
‘/}E]r‘/} o] Wepd A age vsds ¢ 5 A
i1, Hwang ‘5[18]¢] 14He] 918 Webd A o A &2l A
A% QAR 100 pg/mle) =AM 27.0%9) As)&S Yt
Wler, Cho 51019 f71%] depd A4 A oA
200 ug/ml9] 7] butanol ¥ &< 49 25.0%2 A&
S YEMIST, Kim F[21]¢] ¢H8 344171 vitamin C9} o] E
B Wepd A A EaelA tizae ZH L]
100 pg/mle] FZ=olA 44.7%<] A G 79} vlwste], 7HQle
deid A a3t S A F Yo, 49 A
A AR AHo] THed Ao R AlsdH
UL FEES E85t essence MEQ| 2HFY
Table 69] X"ol whe} A z3le] A2(25T)ol A B3 es-
sence AlEF< 602 }91 pHS} A= 54 23 Fig. 59} 23kt
Essence Al&9] 7% 10,000 ppm®] =4 pH ZA A7}
490~495% 60% %CM AR F 2 WEE dehiA
23k}, Essence Al &9 A =E Brookfield LV-1I digital visc-
ometerZ SA 3 A A-2(25T)o A HHE essence Zﬂ%ﬂ
AZE 60Y < Z43 23 23,000~26,000 cPAFO] o &
o AF7E S FAGe] 2 W glo] s §]r

FEe doll A3 BAA FALadde aEs] A

O

Table 5. Inhibitory effects of melanin synthesis of purified com-
pounds from persimmon leaves induced B-16 mouse
melanoma cell lines

Source Phenolics Inhibition activity (%)
Persimmon  Gallocatechin 32.5+2.3
leaves Prodelphinidin  B-3 46.7+1.1




Table 6. Recipe of essence
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Phase Ingredient Content (%)
Purified Water 37.75
Dopotassium Glycyrrhizate 0.05
Disodium Ethylenediaminetetraacetate 0.03
A Imidazolidynyl Urea 0.15
Polyethylene Glycol 1500 2.00
Betain 3.00
Glycerin 5.00
1,3-Butylene Glycol 2.00
B Purified Water 10.00
Polyglycerylmethacrylate/Propylene Glycol 2.00
Purified Water 15.00
C Carbomer 940 0.20
Carbomer 941 0.06
D Purified Water 2.00
Hydroxyethylcellulose 0.02
B Purified Water 1.00
Sodium Hyaluronate 0.01
E Purified Water 2.00
Triethanolamine 0.26
Ethanol 6.00
G Methyl Paraben 0.15
Polyoxyethylene Hydrogenated Castor Oil 0.40
Fragrance 0.02
q Aloe Vera Gel 0.30
Fucogel 1000 0.30
I Purified Water 10.00
Purified compounds 0.30
6.00 30000.00
25000.00 | 0/'\0/'\'/‘
5.00 . o Py ° o °
20000.00
400
15000.00 |
3.00 10000.00

1 3 5 7 15 30

Storage time (Day)

1 3 7 15 30 60

Storage time (Day)

Fig. 5. pH and viscosity change of the essence.

SR B7kE AR 43} Table 73 2] 0,25, 402
2o BA3 essence AEL 60Y EoF RE LT 270
A obgE Ao g yehgth B E 33E Y A 18
0C)ol e Qe 2y, WA W3 Hr Zu Ho AH,

2] So] BaHH, ALolA
x 5o 55 - &

_Y‘i rir °1N e
u
o

gt} o)9} e FFe AMEA0] 2 JFS FW ojyg, 3
Fo] Ze= v H 9, oju A £ ® JETE Foh Yuk
02 FFY FAFHEL LHAE EA AL o 7R
HEd ok sl2g kg A S A F ok 511, essence A E-2 60
d F< BAIA w3k glo] 83Tt Essence A9 183
7 AAge] et FAES S AT Table 87 99} 2o
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Table 7. Results of stability test of essence in constant temperature conditions

Stability
Temperature (T) Storage time (day)
1 3 7 15 30 60
0 Stable Stable Stable Stable Stable Stable
25 Stable Stable Stable Stable Stable Stable
40 Stable Stable Stable Stable Stable Stable

Table 8. Results of artificial sun lamp test of essence

Storage time (hr)

Conditi
ondition 05

1 2 4

Stability Stable

Stable Stable Stable

* Temperature was 40C and Distance from light source was 20.3 cm

Table 9. Results of sun test of essence

Storage time (day)

Sample 7 5
Essence Stable Stable
Table 10. Results of stability test of essence in cycle chamber condition
Cycle 1 2 3 4 6 7 8 9 10

Stability Stable Stable Stable Stable

Stable Stable Stable Stable Stable Stable

Table 11. Results of stability test of essence in freeze & thaw cycling condition

Storage time (day)

Temperature (C)

7
-10 Stable Stable
25 Stable Stable

gl wa} #-3} - & o
A e AlF EHTTL DA 7t 9 2 71E
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7k 2471 Bag
T ﬂ} Table 103} #o]
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wato] 393 79k S BET A3 Table 113 20
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