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Study on the Whitening Components on Inhibition
of Tyrosinase Activity and Melanin Production in
Zebrafish Embryos
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Abstract

Kojic acid and arbutin are whitening ingredients approved by the Ministry of Health and
Welfare, and resveratrol has a whitening effect. Here, koji acid, arbutin, and resveratrol were
selected as model tyrosinase inhibitors to study their enzyme inhibition kinetic mechanism in
this study. Since Taiwan has banned animal experiments on cosmetics, this study changed to
use zebrafish embryos as an in vivo platform for whitening study. The results showed that 100
pug/mL kojic acid, arbutin, and resveratrol inhibited tyrosinase by 77.82%, 8.72%, and 59.85%
in the in vitro test, respectively. Regarding enzyme inhibition kinetics, both kojic acid and
arbutin were competitive inhibitors, while resveratrol seemed to be a non-competitive inhibitor.
Follow-up animal experiments, inhibitors at 100 pg/mL were immersed in zebrafish embryos,
and the amounts of melanin production in zebrafish embryos were analyzed 72 hours later.
Compared to the control, relative contents of melanin in kojic acid, arbutin, and resveratrol
decreased to 65.24, 53.42, and 67.38%, respectively. Arbutin showed the most promising
whitening effect, and the effect of inhibiting tyrosinase in vitro was different. Therefore, using
zebrafish embryos can be a feasible screening platform for detailed testing of whitening

ingredients.

Keywords: kojic acid, arbutin, resveratrol, tyrosinase, enzyme inhibition kinetics, zebrafish,

melanin
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Ol

RIS S AR 4R, (WHO ) HYSHE - 72D - JEARE - A2k - RS nME xR
A 40%H A [ ZE E ZE S (Draelos, 2008 ) » FRIZES S SiET » BRI b Bl
TR BOER TR > FEERED 96 £ 582 X » BAFRLE 2 106 -4 1038 5% HIRE{LiL
R E R L > E8E 2 SERE G EYIRFE B A AR - 107 ST EE
HYEERE T DM R S S S15%EE R (F] > 2016) -

HEE (melanin ) JBEEERREZLEORIURNRRE - fEHIALEW T BER
4R B EARS (tyrosinase) fE(L » DAERHERE (tyrosine) B¢ L-2E5 (L-DOPA) {E %
BVE - ZEsHEEER ALV B - B2 B IR (8 1) » B — (AR R e B
B (cysteine ) M HAK (glutathione ) 45 & TZREER (BZ (pheomelanin ) » S5—({EFI €
PR EREEZE (eumelanin) » [LfEREZE K EREHEEE - EREZPRERE T
(BRI SR T R R s S R e T R B e BRI AERHZE 1 (tyrosinase-related protein 1, TRP-1) ~

(tyrosinase-related protein 2, TRP-2) » #UZ I (5 22 A4F BAHRHAIEE 22 S B B0
F& HH R F PR 25 T B 22 SR B 25 TR ARSI SR 1 A9 4R B (Chang, 2009 )
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Fig. 1. Biosynthetic pathway of melanin. (Chang, 2009)
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B RBULTT 55 &5 A B H pRT R 2 S S AR R B0 e
BB R ARAE R RIS E G T SRINE RV TRIIE - SHE L Iy
SREIRISAL  SHTBIEHETER - i RS BRI IE - e LRI 7 A I HE
VBB GIE » 2000 ) WAL ET IR GTRIEAT 5145 1/S I 1/Vo fF Lineweaver-
Burk [B] » FifHHM R B IR ER Ry = o+ 5 ™ x o 0 Hefy SRR Rk
FEREHREIEISE (Vi) » 1T x BHETHEES (-UKn) » Kn % Michaclis-Menten 41 -
Lt RS TR R Vimax B A HTASTIIOIANE I R SRR
AR BT IRARS » (EFe) BT » BN Ko (EEIEE] 12 Vinw ]
% (EAIER - 2008) -

B |- BRI FITERE] 7T R el ROR AT » R AT g R
S CF - $4%) BRE RSB EN M AV EB IS » AT T ]
MBS R TS S AR 2 T EIE ZRARAE » IR E A =
i+ 39 LA competitive ) ~ JF 35 F AL (noncompetitive ) + 5 411
(uncompetitive ) + LUBLETERERIY]NETEE (1L 1/S 1 1/Vo {F Lineweaver-Burk [6] ([
2)  BEP RN ST EARLL - 3 B rBUL P ERAE LR - y W
B ORGSR (Vi) R0 EHORIRIEITEE T » 0GR RO IR
(# K {EHA » 8500 K S0 KARIE R DU S EHAIBIRITECR. « FF500 P B S
RERUTAELL - T2 AR IS ML (B 65 - B R A AT
P o H K I - SRR A R I YIS (B A S
#7 ((Delaune and Alsayour > 2020 ; GlF1#% > 2008 ) -

Lineweaver-Burk plots for enzyme inhibition

— inhibitor — inhibiter — inhibitor
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inhibition inhibition (Mixed) inhibition
Ky increased Ky reduced Ky unaffected
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2. BERANHIEN IR -
Fig. 2. Models of enzyme inhibition. (Delaune and Alsayour, 2020)
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HAIfEESNASEZAENFEAR A =08 (R 1) B - AERE - 4R
C LTAVIMREH A - ZEINRE Y RS > 53 il Rl B P B R S BT
RO ECEERROZRE - Pk - SRRREE AR E R
HRAHME - ERITESE A Ry B e A A B BB a1 - (B2 2555 B T PR
Rz~ BRI > ATRE S [REALEE: ~ MBIERI(EH - ATLLH BTER S o) ~ K
RIVE AR S BRI - O BEERT nT IR ARG T - 2R N B R B i 145 A
BHIHIER - seHBR VAN B RN &R - EMSEHRIER (25 > 2011) -

=1 FEEAE H Rz AR 2 13 TSR Ry (A @ AED - 2008)
Table 1. 13 kinds of whitening ingredients currently approved by the Ministry of Health and

Welfare
oy SN R = M &’
kojic acid bl 2%  EH
arbutin HESRZE FH (Hmd a2 A
7% 4% hydroquinone fE
£ 20 ppm BT
ascorbyl glucoside 2 C M 2% EH
ascorbyl tetraisopalmitate 35 1fn % VU S A= AE B B 3.0 % AIHIR ORI (2gE
(HEBMEdEER C) (Bl )
3-o-ethyl ascorbic acid 3-0- ZAYUE MM ] BB (= T R R
1.0~2.0% 1EtEBRAVIZA EH
AILE
sodium ascorbyl phosphate “E 2 C ke snEs 3%  EH
magnesium ascorbyl A2 C Il s W%
phosphate
chamomile ET FH AR 0.50% [f1EEBE ~ BT
5,5°-dipropyl-biphenyl- CNAERER R 0.50% IR ERIPE - Pk
2,2°-diol Bt (E0HUE)
cetyl tranexamate HCI (] Ay s 306 LA Nt AR i}
1FEBBEEDL > EEALSE
tranexamic acid {EHHER 2 0-3.0% LA Nt AR i}
1EEZEBEIZ A
potassium SiE=R-Yi s RS B e A W]
methoxysalicylate 1.0~3.0% [FEZEBIHIFR  EH
ALE
ellagic acid EIERL 0.50% EH
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FHENFEMEYE BN G o B AR RN AR R R AR R N RS 0 I
AR S ~ B RAIREEE - HEA SR IDEAR R E BB A b dnet
i HEEwrEd b A L2 HVEIR 2018 /£ 5 H 2 H » EIREB/ANHISCEE L
(2 A Bt SR B A T BN BB - R LS 50K EBrIAA DABE FS S B =05 B
S G LA BADERS ARG 120 /N DA E FRETHEERIRER - RSB
8354 (EU Directive 2010/63/EU ) {3 AR HY 2 BIRRE: T i i AE dnfis Bl
ANTELLENYFREIN | (Stréhleetal., 2012 ) » B (Daniorerio ) AfifflEHEE & » &
HRATRIKE  BEE ARRRETE R AR B R R IR A - ZBZEFRETESE -
HARRGEE B R - RETMKMER - FTAIREHEEHRRY S 885 20 v DIy 25 - H
PEG S HESINE 4 E P52k (Ferreiraetal., 2011) - B 52388 HELNZH B A\ REAR(LL > BT
FERAHFETA 70% AT N BRI E I FERT R 31 » T 82 A S A A Ay VB AR B ER Al
1] 82% (De Souza Anselmo et al., 2018 ) - FI|FHBE R SRR TE BB # AR & - B
AILREEY] ~ E D - AEE - BE RN - HEREB YR - B,
YAz Z FEC (Lajis - 2018 5 2% 2015 ) - HHE F - I FEEM L Hsu 55 (2016)
TN FH B RS fe R RE I B 2 B 4R 25 BV B el = I TR -

AREFTZ B R 8Rl, - AR M O B 5 1 5oy B Re S MBS R B e~ B
FIEEAT RS RYBE S FRRERY 0P E U » B aIE R R 2R 22 B i g A RGeS 7
M Z A PIFA -

&~ MRHRIDG A
— ~ Mt

Fili% (kojicacid ) ~ HELR 2 (arbutin) ~ HEZE RS (resveratrol ) ~ figh# % ( L-tyrosine ) »
likhz el (tyrosinase ) ~ & e Al ZlEZy a7 (2°7°-dichlorofluorescin diacetate >
DCF-DA ) ~ E& /b9 (NaOH ) H#EH Sigma Chemical Co. ( St. Louis » MO » USA) - B34
THEPESS fa( Wild type AB O H /B85 0 70 FP b 52k 73 52 ( TZCAS » Taipei Taiwan )

ELISA “FJi5 96 L (90015-2NB) fEH RN AIRAE] (BKE > &) - Tissue PE
LB™ [£H G-Biosciences (Maryland Heights » MO » USA) - #%&/b& (H202) iEEH

AR E4digE T 2k &+ ( KPR > HAS ) Protease inhibitor cocktail tablets # 5 Roche( BL>
CH) ~ 0.22 um $15H#E )8 23 H Advangene Consumables ( Lake Bluff » IL » USA ) »
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=

HE56 (Channel DCM-45 » &) ~ JEEE 4% ( Eyela Oil Bath Osb-2000 » Japan ) ~
A (Hsiangtai Centrifuge » BREEAT] > £78) » E2RHE (3% (Hsiangtai Centrifuge » B
BEINT] » 8 ~ BB (Vortex Genie 2 » USA ) ~ BFHEFE ( Sartorius @ BERENT] » &
)~ 4EEEER (Model U-2001 - Hitachi Co. » Japan) ~ S5t H#% (DC-600H
Delta » 478 ) ~ #8356 ST (ChroMated300 » SUERS S ATRAE] » 408 ) - TTREEAM
B2 (SMZ745T > BJIEFARAFE > 68) ~ Bttt (VictorTM X2 Multicable
Plate Reader > Perkin-Elmer Co. Ltd. » Shelon, USA ) ~ EZEWUN BE4E- % ( BEE 5140
B TEAE] » &) ~ 2L ZEUTECEMT (20.5%10.5%10 cm) [ ATERIS 2 BRET B 1 /)
5 Gt 68) -

=~ BRAEBEREIE M RS )52
(—) FEghalely St sfr (Masuda etal., 2005)

B PR ZJEVERAL (unitmg ) BUE S EE LR L 0.1M (pH 6.8 ) & &k A

& (PBS) BCE R 250 unit/mL 2 BRfBERRZR » G0N 4 CUKFEH L FETE 30 mg BSREZEL
(L-tyrosine ) &> 100 mL WlE4EENAR » Ky 300 mg/L FRHZREEVEVAIR - it ELISA F
JEE 96 fHFLAR A © CA) 120 uL 0.1M PBS+40 pL tyrosinase (250 unit/mL )~ (B)
160 uL PBS ~ (C) 80 uL PBS + 40 uL tyrosinase+40 uL sample ~ (D) 120 uL PBS+40 puL
sample » FAZEE (25°C ) N FE 10 min 1% » R0 40 pL 300 mg/L tyrosine » JE&H 5K
JE 10 min » DURz & 475 nm HE HIRSEE - #5iHA G EES R RR A HIHI% -
#FE /A ¢ Tyrosinase inhibition (%) = ((A-B) — (C-D)) / (A-B) x 100%
(=) HilskBER a2 B8

RS HE B O B R [FDRE (150 ~ 200 ~ 250 ~ 300 1 400 pg/mL ) HY 200 pL - il A 400
pL 0.1 M WREGEEAR - FEIIA 400 uL 250 unitmL FERfZEERS > (HAEAGHE A 1 mL 0
ANBRBLLEME RS E  fE8 & 475 nm | For#EEci—REOEE - EE S min 2
1E - G PARF RO CEERE - DURERVE W -

TR R B Be Bk R (B (150 ~ 200 ~ 250 ~ 300 1 400 pg/mL ) HY 200 pL - A 200
uL 0.1 M pH6.8 B 4% B2 Fe 200 pL fIHIA » FAIA 400 pL250 unit/mL FRHZEERS -
(EAERSTE Fy | mL A A BB B R G5 - fER & 475 nm | - 7 fEE0 8k — XK
JtAE - HE S min {211 > FLARFEEEOEEFRE -
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MY~ B e EhYeEs
(—) PEFEfAEEREZIEINZ U (Westerfield, 2000 )

B 2R FE 2 BT f B Y ME SRR K S sl AR ELEE - R 12 &
ACRAERTTY 28+2°C » WEAHETHEEIA K 14 /NEHEIR - 10 /N RS - SRERERI R - UK
—R > FZAK 1/3 - BUEINITAT— R - - —RE A m B R A IR 2 TN
o ORI AREE - FARE RS IR G HR AR - (R A BB DN » 49 30 min YTEEE
HhZ fE e

(=) PR ERRRGHY S RN

T94HEEH 50 §H 6 hpf IVBEES SARREIZIEN 100 ng/mL AR SRS - =06 72 h
& (78hpf) » LLRO AUFHE =2 » TR RO R E5EE - DU RO K K22
FHEHHRAR -

(=) mEAEREAZEESEHE (Hsuetal,2016)

BRI AIBE R U RERE TR EZ RO 7KDL 1 mL &7 & A EGHIHIITY PE LB Tissue Buffer
HEAfEEELVE T K HE% 30min 0 DL 10000 g B0y 15 min 0 iR EE A
FHAIN 1 mL 1 N NaOH 4 100°C R [EDZ 1 /NFf - REA @& B EZE DL 0.22 um $TEE
JEERAEE - 1Y 96 FLEEHFLIARIN 200 uL - DU R EEHER & 405 nm JHIRSY -
RERIS 2 B E A G R B EZAEE » RGHEEOREE

T~ ettt

RS R ZEE - WLOHEHERRERR » Frs 2 8B Statistical Package
for Social Science ( SPSS, SPSS INC.7: A AS 5 AT AR A E] ) 20.0 4zt ELS
WIS HEL TARE T AT+ DA T2 BERRE 737 (Duncan’s Multiple Range Test ) » DUEZ/KH4E
Ky P<0.05 » DAHZH 7= 5 > SHEE M -

— ~ B el 2 SR 7E

FHE 3 B > =H0F H R TR R Re S MHIIHIER > JRIEAE 100 pg/mL - DIERRE
TIHPSCR AR R 77.8% » HEEIE RN ZEE 59.9% > BRARFEAAEHA 8.7% » MRELE 50
pg/mL - 2B ~ AR R O B E E A RS B S MEAIHIR 73 51 Ry 51.6%, 6%71 56.4% -
REEWORIE 100 pg/mL Bl > BRSNS 2 250 pg/mL H 0 AR R 2 B Hs pe il o it
HIFPR A FETH 2 87.6% M1 22.5% » {H (4 2 B Il a2 o HE— i iE — TN
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RESRZN B B35 2 R HIRI B e BRI 2 Eh 052 B e BUSAE A EREE BS HBE T HY )
ZRE > FK Lineweaver-Burk HU 1/S F1 1/Vo BEEIEL(EE - 40[E 2 Frow & ARIAIHIE -
NG B R AN SER AR B Roige PRI > & el 4 FOE S 53R IEREE ARG
RG] - H&p MR E4RHY y S EA IR A REEAR AT - B 2 BARITHY SR A
FEERR - HURE M E R > & g IR S Ity - IS R B AS e B YRR A
PERE I - 1T K [EGBEZ AR FRORTREE S HBS LI 7 RE S IRINBIRRARDD - 1M
ZEFIFHEI F AR S IE AR (Vinax ) © H#E— T EERUA TR AE R R NGIHEIAYRE - RIIHTR
J& FERRR IR AR R ZR BRI AR R - BRI A AR - LB RS I NEg
By S PEAIRIE SR T - HERE T - ZRERHIHIH D JERe R R A H E RS, -

100

;\3 90 O Kojic acid bA bA _i[i
g 80 O Arbutin cj;_ = =
E 70 W Resveratrol . . )
£60 F o A °
850 F ]
©
% 40 r
E 30 | By oC aC
20 s dc ﬂ
10 | r} F}
0 ] ]
50 100 150 200 250

ug/mL
3. NEDREAVEREE - AER N O 22 B W RS R EE R S R -

Fig. 3. Effect different concentration of kojic acid, arbutin and resveratrol on tyrosinase
inhibition. Data are expressed as mean + S. D. (n=3). *° Means with different
superscript were significantly different (p<0.05). ~¢ Means with different superscript
among the same concentration were significantly different (p<0.05).

L= AR EGE BE SR RSB OIS DAV T o SR RSN
ZROR MR D R EERE A o HESURTE T - B n s 2= HH Eh 2 Ry B AN B
e PRI (Deri, 2016; Chenetal., 1991) » S5FMERZR B ¥R "Wy ERCHERS - HAiIFTR
VREREA = 735 R o~ B REZ(LREAIAERZ (deoxyarbutin) » —f R FTZAKIRY
AESRZR Ky B-arbutin - EL&TRE Ky ) MEEREY B A0 —(EMpA: - NESREBIIg R - HE
F A HIED ST BT Fo S AU R BB T RS R B B S M . (R R A
FE T ST » AET A B e B i e 22 AR 028 (BIAIER » 2008; Maeda and Fukuda, 1996 )«
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A0 pgmL, Y= 148725+ 115 00 |
R>=0.9908
+I=15 }lgﬁ"’ll]L Y= 5005.3x +11.16 80 F
R2>=10.9795 70
' I=25 pg/mL y=11081x + 12.684
R*=0.9682 ,‘,3 60 r
T 50
40
30
20
B d
,—-—F"‘—'l——’_'-_ 7 O | 1
-0.01 -0.006 -0.002 0.002 0.006

1/L-tyrosine (ug/mL)

(IEZI/?:EB Without Inhibitor 15 pg/mL Kojic aicd  25ug/mL Kojic aicd
Km (pg/mL) 129.3 4485 873.6
Vmax 0.087 0.090 0.079
Inhibition type Competitive inhibition

4. RN IS EE R S MERY Lineweaver-Burk & (FH[E] -
Fig. 4. Lineweaver-Burk plots of tyrosinase activity in the presence or absence of kojic acid.

100

4 1=0 ng/mL 90 | ¥=2228.9x +5.5585
R>=10.946
*I1=136 pgmL 80  y=3164.8x +4.4129
70 | R2=0.9871 ,
=408 pg/mL oo | y=4910.6x +4.5059 e
R2=0.9992 —~
550 ‘ = <
= 40 |
30
20
1 1 Ut¢‘I 1 1 1 1 1
-0.015  -0.01  -0.005 0 0.005 0.01 0.015 0.02 0.025 0.03
1/L-tyrosine (ug/mL)
Inhibitor Without Inhibitor  Arbutin 136 pg/mL  Arbutin 408 pg/mL
(pg/mL) u Hg u ng
Km (ug/mL) 401.0 717.2 1089.8
Vmax 0.180 0.222 0.227
Inhibition type Competitive inhibition

5. BRARFRHIMEHL BRI GERY Lineweaver-Burk S E[8lE -

Fig. 5. Lineweaver-Burk plots of tyrosinase activity in the presence or absence of arbutin.
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A FER T FAR D ETTEAL ~ PUOMIEER ~ P - SR E B EIE 4
( Frémont, 2000 ) > ;NINEZ2EEEHY ([ 6 ) > DL Lineweaver-Burk {E[& » DL 1/S fl1 1/Vo {E

& - AR EZERER - EFHTIVEY - BUnEIRES O ERIVRER » SRR IE
AR (Vimax) F1 K B B8N > B R I55 - AEHIH S - ORI A B R - A
BEAYES e RENEE  EEFEMNIFIRIGES - BRItz DZERT A
HEENZE AR A b P R 2R D RO E AR (Yoon et al., 2019 )-
o y = 1928.1x + 3.8866
% r 1=0 ng/mL- R2= 0.9952
80 *1=2.5 ug/mL Y = 1929.7x + 6.3345
70 R2=0.9953
60 | =5 pg/mL  y=1898.7x + 11.61
- R2=0.9568
= 50 r
—
40
30
20
10
-0.01 -0.005 0 0.005 0.01 0.015 0.02 0.025 0.03
1/L-tyrosine (pug/mL)
Inhibitor Without Inhibitor  Resveratrol 2.5 ug/mL  Resveratrol 5 ug/mL
(ug/mL) esveratrol 2. ug esveratro |.,lg
Km (pg/mL) 496.0 304.6 163.5
Vmax 0.257 0.157 0.086
Inhibition type Uncompetitive inhibition

6. HEE ISR IENG 5 1ERY Lineweaver-Burk £ 58 [&] -

Fig. 6. Lineweaver-Burk plots of tyrosinase activity in the presence or absence of resveratrol.

= R AR R ORI

FHIE 7 Roi=itd 72 /NEFRDE G SO NRAVET SR AR IS /2 LUR I 100 pg/mL
FEAR RS AT 2RV R O REYD - BAERIR - ARREAERE me NsUERTIIE 3 #ash
AR R BB ETIR A IR RRVZER  IEHREER R G ARIIH B O R SR ARNE

s/ VB Bl A > BRI O ZRAVE R - IE SR Es b Bea ST (E
0 2015 ) 2RI 100 pg/mL (%28 s AR Y BT fa IR AG B e flaH AV BR 6 R0k -
HBRZEINRAVER CERAHAT - LEATE 3 385 MITHES f Bl & 2 MERAR AT

2 B HE 0BT 50 R 100 pg/mL HYEREL ~ BERZN A 22 AZ/Z0 72 /NRFIZHIBE
BREROESEONT  DUEHIZHIE 100% » AIlE (% B S0 ng/mL B > 28l - #EERZE
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MR ZERNHEROREGEDHIER 78.09% ~ 83.38%#1 75.76% » ZATMPES S#UZ/EF
FIRCTHIRE R £ 100 ng/mL B - $8l% - AERZF O ZEERNEHE AR S & 50
ug/mL B[R > 53 BIREERE By 65.24% ~ 53.42%F1 67.38% » H LAHER ZH9)F (SR ik
BRG] 0 22T —H S OO REE 2 2 - A 7 BB A NRIYEE AR AT

ELEE S VRS B LARE SR 203 LR e TS MU B F B e R A IR KR 22
5o BEERESR RIS - Al A BRI R O R G HAHR AR - 1B BERS - AR
mFEER (FE% - 2015) » SRS AT PR SARRa(E Ris O i 2 BV &

-

Control 100 pg/mL Kojic acid

100 pg/mL Arbutin 100 pg/mL Resveratrol

7. PEHIAH 2100 pg/mLERRE ~ BEERER  HEEERZHYT8 hpfBL & fiRRatE A -
Fig. 7. Depigmenting effect of control, 100 ug/mL kojic acid, arbutin and resveratrol of
zebrafish embryos treated at 78 hpf (72 h treatment).

< 2. 50 1100 pg/mL 75 (5 B o SIBES G A B (0 21105 H 200R
Table 2. The whitening effect of 50 and 100 ng/mL whitening components on the melanin in

zebrafish
Treatment Concentration (pg/mL ) Relative melanin = (% )
Control - 100£0.23"
50 b
Kojic acid 78.09:|:O.44d
100 65.244+0.51
50 b
Arbutin 83.38+0.11
100 53.42+0.84°
50 ¢
Resveratrol 75.76+0.35
100 67.38+3.49"

Data were expressed as mean+S.D. (N=4) .
¢ Means with different superscript were significantly different (p<0.05) .
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515 HIV BB e RIEEAG AR BB (3 224 R
B4

B HE BB EAYRCR, - IR, ~ AR ANERIR R - R 20505
PR~ s RN T ALY HIRI(E A - 28010 DABERS S RRarY BB (e 3R Al 2 Eh1ssli -1
5 > LL 100 pg/mL 52 50 pg/mL BIERTR ORAE BK > HEE#: 100 pg/mL —=HHFH
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