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The tyrosinase inhibitiory activity was examined on the main constituents of Brazilian
propolis. Artepillin C, (E)-3-prenyl-4-(dihydrocinnamoyloxy)cinnamic acid, (E)-3-(2,2-
dimethyl-8-prenyl-2H-benzopyran-6-y1)-2-propenoic acid, kaempferol and kaempferide
showed potent inhibitory activities, and had higher activities than those known for kojic acid
or ascorbic acid as tyrosinase inhibitors. The type of inhibition by artepillin C with respect to
L-tyrosine as substrate was characteristically noncompetitive. For the structure-activity
relationships, the tyrosinase inhibitory activity tended to increase with the presence of the
hydroxyl or the methoxyl group at position 4 of the aromatic ring. Furthermore addition of
the prenyl group or the presence of the hydroxy group at position 7 of the flavonoid may play
an important role for increasing the inhibition of tyrosinase. Brazilian propolis show lower
activity than the propolis of other countries [China, Japan, Australia, Ukraine, Hungary,
Uruguay]. It was suggested that the propolis of other countries contained various flavonoids

which were responsible for the inhibitiory activity.

Keywords: propolis; Apis mellifera; tyrosinase inhibitor; artepillin C; 3-prenyl-4-
(dihydrocinnamoyloxy)cinnamic acid; (E)-3-(2,2-dimethyl-8-prenyl-2H-benzopyran-6-y1)-2-

propenoic acid; kaempferol; kaempferide
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1. ¥

Kojicacid i3 FH 71 F A 7&K 0, arbutin IZRFLEL
T¥ME& D, ascorbic acid, benzoic acid, p-hydroxybenzoic
acid, protocatechuic acid, vanillic acid, cinnamic acid, p-
coumaric acid, 4-methoxycinnamic acid, caffeic acid, ferulic
acid, 3,4-dimethoxycinnamic acid, chrysin, apigenin,

luteolin, galangin, kaempferol, quercetin, naringenin,
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vanillin, L-tyrosine tX, FIf#MZET EWI VBA LK.

Acacetin, kaempferide, pinocembrin, isosakuranetin,
sakuranetin, caffeic acid phenethyl ester (CAPE)id, &R
SRR AR B T R SRR BRI L L0 T
EEWEHSOERAWE., £ IN5OMIT, benzyl p-
coumarate, phenethyl p-coumarate, drupanin, artepillin C,
(E)-3-(2,2-dimethyl-2H-1-benzopyran-6-yl)-2-propenoic
acid, (E)-3-(2,2-dimethyl-8-prenyl-2H-1-benzopyran-6-yl)-
2-propenoic acid, (E)-3-(2,2-dimethyl-3,4-dihydro-3-
hydroxy-8-prenyl-2H-1-benzopyran-6-yl)-2-propenoic acid,
(E)-3-[2,3-dihydro-2-(1-hydroxy-1-methylethyl)-7-prenyl-
5-benzofuranyl]-2-propenoic acid,  (E)-3-[2,3-dihydro-2-
(1-methylethenyl)-7-prenyl-5-benzofuranyl]-2-propenoic
acid, (E)-3-prenyl-4-(dihydrocinnamoyloxy)cinnamic acid (%

BESR S IR KD HBEL o EEMER W,

2. HHUR(ENE S ORY ADOHRR

B HR(ENIE 7 TR D A0, #iR VIS B W TR RE &
FolzTIDNWETLVIU R, 21—hU%k, N5FY
VR, PEE, BEE A-ARTUTE NZHU-—
B, 54 FE, INITTAETOR) ARV,
NoOFEH0.4 g ZHIMN<HE, 75% BOHZ 1 ml MA,
2 B X i L7z, 2RI 3000 rpm T, 20 min EL»
SYEER, LR EBERMICT, LEWERE, LBl
HOEEBE L.

3. Baccharis drucunculifolia DC.D %4

TN, BN OWICTREL K Bacchanis
drucunculifolia DC. (Compositae) % BER, - LEUTH T
¥ L, TNENZE MeOH 8 F T 3 ByfH, 3 B 21T
S, COMtEESBL, B EELZbOEREBE
L.

4. FoF—CHERR

ForF—tvtRERRIL, BESOMEE VEREL
Tk, 1/15 M U CEEREHE(pH 6.8) 2.0 ml, alktz
H,0 X13 10% DMSO iZ¥%/h L, &iRIE100, 50, 25, 10, 5,
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2.5 pg/mDICFAREL = BHARK 2.0 ml, 150 wits/ml @
mushroom tyrosinase (Sigma chemical L8, EC 1.14.18.1)
KB O0.5ml, EHELT0.5mg/ml D L-tyrosine KIBH
0.5 ml MAZHDERBRKEL T, 37°CT IR > F
aN— b L&, KIS, 475 nm BT RRHEENS
DOPAchrome DAEMEBZRAIE L. AERDILX, UTO
RIZEWREHZTW, HERE 0y LY T 7 #ER
U 50%FHEREEAC, )& RD /.

(A-A’)-[(B-B')-(C-C')]

EHR(G) =
RHER(%) ™G

X100

A absorbance at 475nm without test sample

A’: absorbance at 475nm without test sample and
enzyme

B : absorbance at 475nm with test sample

B’: absorbance at 475nm with test sample, but
without substrate

C: absorbance at 475nm with test sample, but
without enzyme

C’: absorbance at 475nm with test sample, but

without enzyme and substrate

5. BRI OHEEFERA

BRERBOHERRIT, ZED tyrosine BE% 0.5, 0.3,
0.2, 0.1 mg/ml t:%ﬁiﬁﬁﬁ&ﬁb\, zheh 1 BEgOK
BEEERELE. ChoORle® D, “EHEK
(Lineweaver-Burk) 7 0w b &M SHERRZFAN. £/2
REEEBKIL, BonRIbRERNSEHHL K.

6. HIFEERE
WFEEEE, U-1100 spectrophotometer (A SLRIERRERD
ZERLE.
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FIEME O# R % Table 112R U7z BHETE H£1ZDOPAchrome
OERBEEEC, RO L DU T50%HEREAC,,)
ERH LR ZEIT 2.

FFFEICBNT, TV ZIVHEEEEEEAERD artepillin C
(12) [IC,;: 10.5 pg/ml (0.070 mM)]%>, (E)-3-prenyl-4-
(dihydrocinnamoyloxy)cinnamic acid (1 8) [IC,,: 11.9 pug/ml
(0.066mM)], (E)-3-(2,2-dimethyl-8-prenyl-2H-benzopyran-
6-yl)-2-propenoic acid (14) [IC,: 13.7 pg/ml (0.092 mM)]
B, 735K /A KD kaempferol (24) [IC,,: 10.3 ug/mi
(0.072 mM)]®® kaempfride (25) [IC,,: 12.0 pg/ml (0.080
mM)], galangin * (23) [IC,: 12.1 pg/ml (0.090 mM)],
apigenin * (2 0) [IC,,: 12.2 pg/ml (0.090 mM) AR T &t
FREEM LR L. CNSIBEREDERRORMELT
Bl & T T B kojic acid [IC,,: 13.6 pg/ml (0.191 mM)}®
ascorbic acid [IC,,: 16.4 pg/ml (0.186mM)], arbutin [IC,,:
23.4 pug/ml (0.172 mM)J L DEWHEBESEE R L. i
kojic acid & D PH EF/EM XKD o A%, caffeic acid
phenethyl ester (CAPE) (40)%° p-coumaric acid phenethyl
ester (39), p-coumaric acidbenzyl ester (38), R 7 IR
/A R® chrysin (19)* acacetin * (21), quercetin (26),
luteolin * (2 2), naringenin (2 8), isosakuranetin (2 9ITD
WTh, MOEEEEEZRLUL. REERFEEDOELE
HEE, FFBIATIIVOHEEEER, WINHENHO
TV, sakuranetin (3 0)& vanillin (4 DIZDWTIE, D
THENBDTH 7.

FOULEYH & SR E R 2 &, REERS
Bk, BEEEFEE TR/ RIBWT, XOEVR
D4 HXIET IR /A4 RO B BO kR EL <
AN OIVENM ME N D LHEE NG < Ir SR A
BHON. FEROEVROIMUIIT IR/ A RDB
BO 3MIKEEDA M IVENMMENS EHEE
PITORELS 2D, ROECROINL, 4T T IR/
{1 RO B RO 347, 4#403KICA bFJVEICEBREIND
&, BFEFEEEBEIE T 2HANRO 6N, Dk
Mo, ROEVBO4FXIET7 IR 1 RO B RO 441
DRBEEOHER, Forr—YoMEFEtEzE0 2 ER
KRB EMRBEINE. 7I8 /1 RiZBWT, CRO
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Table 1 Tyrosinase Inhibitory Activity of The Main Constituents of Brazilian Propolis and Related

Compounds
- ICy? ICy?
Compounds ug/ml (mM) Compounds ug/ml (mM)
[Benzoic acid derivatives] [Flavonoids}
benzoic acid (1) 45.5(0.754) |chrysin(19) 14.2 (0.112)
4-hydroxybenzoic acid (2) 27.1(0.392) |apigenin * (20) 12.2 (0.090)
protocatechuic acid (3) 287 (0.372) |acacetin * (21) 15.5(0.109)
vanillin acid (4) 35.9(0.427) |luteolin * (22) 19.6 (0.137)
galangin * (23) 12.1 (0.090)
[Cinnamic acid derivatives] kaempferol (24) 103 (0.072)
cinnamic acid (8) 38.6 (0.521) |kaempferide (25) 12.0 (0.080)
p-coumaric acid (6) 26.4 (0.322) |quercetin (26) 16.4 (0.109)
4-methoxycinnamic acid * (7) 27.9(0.313) |pinocembrin (27) 21.9(0.171)
caffeic acid (8) 30.9 (0.343) |naringenin (28) 18.8 (0.138)
ferulic acid (9) 34.5(0.355) |isosakuranetin (29) 20.1 (0.140)
3,4-dimethoxycinnamic acid * (10) 41.9 (0.402) |sakuranetin (30) >100
dihydrokaempferol (31) 22.8(0.151)
[Prenylated cinnamic acid derivatives]
drupanin (11) 40.5 (0.349) [Quinic acid esters}
artepillin C (12) 10.5 (0.070) | 5-caffeoylquinic acid (32) 36.2 (0.204)
(E)-3-(2,2-dimethyl- 3-caffeoylquinic acid (33) 49.5(0.279)
2H-1-benzopyran-6-yl)-2-propenoic 30.2 (0.263)
acid (13) 4-caffeoylquinic acid (34) 43.8 (0.247)
(E)-3-(2,2-dimethyl-8-prenyl- 4,5-dicaffeoylquinic acid (35) 39.5(0.153)
2H-1-benzopyran-6-yl)-2-propenoic 13.7 (0.092) .
acid (14) 3,5-dicaffeoylquinic acid (36) 50.4 (0.195)
(E)-3-(2,2-dimethyl-3,4-dihydro-3- 3 4-dicaffeoylquinic acid (37) 46.8(0.181)
hydroxy-8-prenyl-2H-1-benzopyran-  23.3 (0.147)
6-yl)-2-propenoic acid (15)
(E)-3-[2,3-dihydro-2-(1-hydroxy-1- [Other compounds]
methylethyl)-7-prenyl-5- 24.8 (0.157) o
benzofuranyl]-2-propenoic acid (16) p-coumaric acid benzyl ester (38) 154 (0.135)
(E)-3-[2 3-dihydro-2-(1- p-coumaric acid phenethyl ester (39) 17.2 (0.113)
methylethenyl)-7-prenyl-5- 30.1 (0.202) o
benzofuranyl]-2-propenoic acid (17) caffeic acid phenethyl ester (40) 15.1 (0.108)
3~ i vanillin (41) >100
(E)-3-prenyl-4-(dihydro- 11.9 (0.066)
cinnamoyloxy)cinnamic acid (18)
[Standard]
kojic acid 13.6 (0.191)
ascorbic acid 16.4 (0.186)
arbutin 23.4(0.172)

Tyrosinase was incubate with the 1-tyrosine and test substance at 37 °C for 60 min. The absorbance was read

at 475nm. Each value represents the mean of five experiments.

* No report the isolation from Brazilian propolis.

(114)

a) 50% inhibitory concentration.
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(o] o]
WOH OH
HO

drupanin
(1

artepiliin C (12)

(E)-3-(2,2-dimethyt-2H1-benzopyran-
6-yi)-2-propenoic acid (13)
(E)-3-(2,2-dimethyl-8-prenyt-2 14+
1-benzopyran-6-yl)-2-propenoic
acid (14)

(E)-3-(2,2-dimethyt-3,4-dihydro-
3-hydroxy-8-prenyl-2H-1-
benzopyran-8-yl)-2-propenoic
acld (15)

(E)-3-[2,3-dihydro-2-(1-hydroxy-
o 1-methylethyi)-7-prenyi-5-
benzoturanyl}-2-propenoic acid
(16}

(o]

(E)-3-[2,3-dihydro-2-(1-methylethenyl)-
7-prenyi-5-benzofuranyi}-2-propenolc acid (17)

(o)
WOH
O
0
(E)-3-prenyi-4-(dihydrocinnamoyloxy )cinnamic acid (18)

Ry, Ry=H chrysin (19) Ry, Rg=H galangin * (23)
Ry=OH , Ry=H apigenin * (20) Ry=OH, Ry=H  kaemplerol (24)
R;=0CH,3, Ry=H acacetm. (21 Ry=0CHj, R=H kaempleride (25)
R=0H, R=OH lutealin * (22) Ry=OH, R=OH  quercetin (26)

ieead

OHO

(:jocus

Ho 0 A\
[ee
H

pinocembrin (27) dihydrokaempieride (31)

naringenin (28)
Isosakuranetin (29)
sdkuranetin (30)

Ro=
R=OH , Rp=H
Ry=0OCHj, Ry=H
R=OH , R=CHy

Chart 1. Structures of Isolated Compounds from Brazilian
Propolis and Related Compounds

2fL, B ERKBEETHT IR L, ZERfEOR
WIZIN/ XD BEEFEECE <R, EICED 3 1Tk
BEVPMMUIT SR VTR, HEEENEICEL A
BIARMNBO SN/ LT IR /A RO TALIKA RF
VEEH T % sakwranetin (30)DEBEFEENEL <Eh >
mZEMS, 7R A RO TMOKBEOEEIXIFOL
FTEOREEHOEMCEETHD LB SN TL
ZIVERBE S EARICIBNWT, p-coumaric acid (6)DHISH I
TV ZVEE 1 DF TS dupanin 1)1, ERBIDE
FIEERES 50, SV VEE 2 DA TS arepillin
Cl2)THRFI, HEEEREFELLLELE. £72
artepillin C 12)O 7V Z)VED—HNFFRTERER N
RS YT B O (E)-3-(2,2-dimethyl-8-prenyl-2H-
benzopyran-6-yl)-2-propenoic acid (14)i2725 &, HFE
HIRDPPLET L, ZHIC HO A& 7= E)-3-2,2-
dimethyl-3,4-dihydro-3-hydroxy-8-prenyl-2H-benzopyran-
6-yl)-2-propenoic acid (1 5) Tid, BIZE T I 2RO
53z,

TIDNETORYADERSTH O ', FOIF—
YO BE SR O TEMN > & arepillin C (12) D
Lineweaver-Burk /1w b % Fig. 1 IZ;RU 7=, artepillin C
(12)OBERKISEBFRIZ, Fg. 1 WORURSSHBM 2 3
EHHEER2RUE. £~ (B-3-prenyl-4-(dihydro-
cinnamoyloxy)cinnamic acid (18)*%® kaempferol (24),
caffeic acid phenethyl ester (4 0)IZ DWW T H RO IEHFE
FRZERLUE.
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Fig.1. Lineweaver-Burk Plots Showing Inhibitory Effect of
Artepillin C (12) on Tyrosinase
@ 0 pg/mi (0 uM), W 10 pug/ml (66.7 uM), A 25 pg/ml (166.7 uM)
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-~7%, p-hydroxybenzoic acid (2)* p-coumaric acid (6),
caffeoylquinic acid (32-37)Id, Fg. 2 IGRUESEHIE
FERE IR L & . Arepillin C (12) & U (E)-3-prenyl-4-
(dihydrocinnamoyloxy)cinnamic acid (18) O f# 8 & ¥
Kild, TNF31.48X10%, 1.23X10*° THo7%.
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1/[L-tyrosine] (uM) '
Fig.2. Lineweaver-Burk Plots Showing Inhibitory Effect of
p-Hydroxybenzoic acid (2) on Tyrosinase
@ 0 pg/ml (0 uM), M 10 pg/mi (144.9 uM), A 25 pg/ml (362.3 uM)

FHIBEDNEDO T OR) ZAOHMBIFAKY, TI2)N
ETL7)>R)7oR) A0REMEMO1DEEZ SN
artepillin C A2)RED TV ZIVEEBAEREEHT 5
Baccharis dracunculifolia DC’O QMM TF+ 2IZDNWT, F
O —EORBEEEORRE Table2 I RLE. 75

WHET L2V 2%, —Hh U HR)TORY XKD Baccharis
dracunculifolia DC.DIEL B O TF R, TIIIVE
NTFIUR), PEE, HEE A-ALTUTE U
75 FE, NHU—E, INVITTAETOR) AICHK
NRPGOHEENZ R Uz, RABATRICBWT ™, 735
DIVETTRY X1, artepillin C (12)%° drupanin (11),
(E)-3-prenyl-4-(dihydrocinnamoyloxy)cinnamic acid (18),
(E)-3-(2,2-dimethyl-8-prenyl-2H-benzopyran-6-yl)-2-
propenoic acid (14)75 EMNEIRRRS T H DAL BB B4
DDA TTHY, —FH, TIDVNEDSNODERE, *
—ANSYUTE, IOy NE, UNITTAETORY
A1d, chrisin (19)%X° pinocembrin (27), galangin (23),
pinobanksin-3-acetate 78 & NELRF TH BT T K/ A
RPLDI AL T THEENDIHRE®BE LTS, &
hooz sk, 7S5PNETLIIY %R, 2—AVUFR)
TR AR, HERA-Z RS UTE, 09N
FEREDTORY ANEWAEEEZRT O, KFFRIC
PBVTHVHEERZRLZ7 IR /1 FOBEMKLE
HROBOLWAKZWEHMENS. £/, AUT I VVE
TFARVATHT L2 U HK, A—hUVROBDIET FH
1 REEBNPR NIFIVRIBZTI IR/ A ROF

Table 2 The Tyrosinase Inhibitory Activity of the Extracts from Propolis of Each Country

Propolis of each country IC,, (ug/m1)” Tyrosinase inhibition (%)"
Brazilian propolis  (Alecrim origin) 57.1 61.16+0.72
Brazilian propolis  (Eucalyptus origin) 72.8 55.76+0.39
Brazilian propolis  (Parana pine origin) 47.2 70.99+1.00
Chinese propolis 42.9 82.50+1.58
Japanese propolis 39.9 83.37+£0.50
Australian propolis 49.6 83.05+0.72
Ukrainian propolis 33.3 76.81%1.75
Hungarian propolis 28.2 85.71£1.02
Uruguayan propolis 48.6 74.92+1.55
Leaf of Baccharis dracunculifolia DC. >100 47.05+0.89
Branch of Baccharis dracunculifolia DC. 80.6 53.20+0.25

a) 50%inhibitory concentration. b) Each extract was dissolved in 10% DMSO (100 ug/ml)

before the assay. The percent inhibition of tyrosinase was calculated as described in the
experimental section. Each value represents the mean + S.D. of three experiments.
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HEPEFIIHIZ N E WS R4 D HPLC TR Wi
5HIDT EAREES N,
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BIBICIHBNT, EER key enzyme THZHF O F—HD
FEFREZERE L THRZT 2. TOKR, 752
WETZORVZAMASBODTEVWHEEEHEET 5
artepillin C (12)%°(E)-3-prenyl-4-(dihydrocinnamoyloxy)-
cinnamic acid (18), (£)-3-(2,2-dimethyl-8-prenyl-2H-
benzopyran-6-yl)-2-propenoic acid (1 4) , & T\ kaempferol
(2 4), kaempferide 2 5)ZRWELRZ. Zh s, Fo
FT-EHEWHEE LTHE E¥aflicRbEDN TN S
kojic acid % ascorbic acid X D WHEFEMEARL, £H
NRELLESTHETHS &R N

BBEERECBNT, XCEVRBO 4 I3V IR
/1 RDOBROGANDKEESEL A bFIVED
i, FoiF—YoMEEEE LR S5m0 R
I Fe, ISR/ A ROCED 241, 3 MMO_HE
HERU 3 MLOKBREDEEIZLD, TN/ <T5
R<TIKR)—IOIET, HHEREMEEEDDEMAR
TN BIZ, 2 DOTLIVEO S, VSR A
RO 7 SLOKBEOEFER, For—HFOmEEEE
EOLDITEER BRI ERZLTNWS I ENHSNIR
o7,

HHSENETOR) AICBWT, TISPNETL Y
Ur%k, A-AUKR)E, PESPA-ZAFSUTY, 3—0
WNEIR EITHANGFWHAEREEZR LA, ZH3E R
R DEN, FICEWHEEERERLCELDT SR )/
1 ROFEREBRICE D HOEHR SN,

TRy RiE, FEERCHRICER, PiKEEm, b
T UNF R EREL OEXBERNPENSNT S
D, 3-—OyNRETRREORBREIZHTUORY X
MELNTVS . BARIIEEANOBRILE & i,
FEAR, HoE, MR, MEBEMITHE L EDRERIES 5
EERITH, TORVADOZBITO 2R NS, BT

ain

AT OBEEIEHR, ZOLD B RERISICHEIN T
HBOTIaWh LTINS, 4%, BEMBEERY
P2 AT Z AR HERB O RARE EARILENHR R
WNIZ, EIVRAL R EHREMEAEZTOIREN
27 OR) ADFENEEND.

W EHFRICHED, TSR /A FEERBIUOTORY 2
KT 21EHRE JREVZEE L FFPARERR2HE R
B AR LR, RERAEDICORHH VAZLET. &
7O0RY A0 RBO—E%E /5N EEE LEERTOR
UABERITEHNLET.
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