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Sensitization and Crossreaction of Simple Coumarins
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The contact sensitization of 11 simple coumarins was examined by subcutaneous sensitizing of guinea pigs, and the
structure-activity relationship and cross-reactivity were investigated. Esculetin, 4-methylesculetin, and daphnetin were
found to be strong sensitizers, and 4-hydroxy-coumarin to be a moderate sensitizer. Other simple coumarins tested hed a
weak sensitivity to mild sensitizers. The results suggest that the introduction of hydroxy group, especially adjacent sub-

stitution at the 6, 7, and 8 positions of the coumarin ring with two hydroxy groups, may play an important role in ex-

hibiting the contact sensitization activity. The cross-reactivity was observed between esculetin and 4-methylesculetin, es-
culin or isoscoporetin, and also between daphnetin and 4-methylumbelliferone or umbelliferone, although there was no
mutual cross-reactivity between esculetin and daphnetin. It is interesting to note that guinea pigs, which had a weak sen-
sitivity to umbelliferone, showed a strong cross-reactivity to daphnetin, while those, which had a weak sensitivity to

daphnetin, showed a weak cross-reactivity to umbelliferone. It is assumed that a skin-protein conjugation at 5 or 6 posi-

tions of the coumarin ring is important to elicit the cross-reactivity of esculetin or daphnetin groups.
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Chemical Structures of Simple Coumarins Tested
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1.1% HSA (Sigma f- %!, Fraction V) &4 0.1M
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V/V), H17LRERER, FEE1.0ml/min, B
£ 230 nm XiF 340 nm, JEAR 20 ul THIEL /-
— B HSAB WK Z & £ 0W0.1M U > BB RS H ik
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umbelliferone, scoparone, coumarin % L C umbel-
liferone D Et S{LEWNE T > 7 1 (weak) &720, 1F
ENEBIERERD RN T,

2. Hfiv <) D HSA L DEASMERAR

IIEOHM I U 2 FHD HSA & DOfESH % Ta-
ble2IZRL7z. BWHAERERLZDIEX2MEDK
Fi 3 % T % 12 3 D daphnetin & esculetin T, F1
FN44.0%,42.4% TH > 7=. DWW T 4-methyles-
culetin 727.4% ThHo/=. Loy <) CHEHDOEH
WARIZI1I—6% EBRETH- /-,

3. By~ ) BORERFERER

iz <V 8 11 FREIC K 2 HER 48 %O
HEHE R %A Table 312R L7z, XEBAER NI es-

Table 2. Binding Rate of Simple Coumarins on Human Se-
rum Albumin

Substance Binding rate (%)
4-Methylumbelliferone 6.5
4-Methylesculetin 27.4
Esculetin 42.4
Umbelliferone 2.0
Coumarin 1.8
4-Hydroxycoumarin 3.3
Esculin 5.2
Daphnetin 44.0
Isoscopoletin 1.3
Scoparone 3.1

5,7-Dihydroxy-4-methylcomarin —

— : not done

Table 1. Sensitizing Potencies of Simple Coumarins

Sensitization rate (%)

Substance Grade Judgement
107Im 1072mM

4-Methylumbelliferone 8 0 I Weak
4-Methylesculetin 100 42 v Strong
Esculetin 100 50 v Strong
Umbelliferone 8 0 I Weak
Coumarin 0 0 I Weak
4-Hydroxycoumarin 75 33 111 Moderate
Esculin 25 0 11 Mild
Daphnetin 100 50 v Strong
Isoscopoletin 25 0 11 Mild
Scoparone 0 0 I Weak
5,7-Dihydroxy-4-methylcoumarin 0 0 I Weak
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Table 3.

Results of Cross-Challenge Test of Simple Coumarins

Crossreaction rate (%)

Challenge chemicals

Sensitizer 4MU 4MET ET Um Cm 4HC EL DH isoS SPA 57DH4MC
4-Methylumbelliferone (4MU) 8 0 0 0 0 0 0 25 0 0 0
4-Methylesculetin (4MET) 100 100 0 0 0 33 0 0 0 0
Esculetin (ET) 0 67 100 0 0 0 50 0 33 0 0
Umbelliferone (Um) 8 0 0 8 0 0 0 100 0 0 0
Coumarin (Cm) 0 0 0 0 0 0 0 0 0 0 0
4-Hydroxycoumarin (4HC) 0 0 0 0 0 75 0 0 0 0 0
Esculin (EL) 0 0 50 0 0 0 25 0 0 0 0
Daphnetin (DH) 8 0 0 17 0 0 0 100 0 0 0
Isoscopoletin (isoS) 0 0 42 0 0 0 0 0 25 0 0
Scoparone (SPA) 0 0 0 0 0 0 0 0 0 0 0
5,7-Dihydroxy-4-methylcoumarin (57DH4MC) 0 0 0 0 0 0 0 0 0 0 0

Table 4.
Enzymatic Hydrolysis of Esculin by S-Glucosidase

Metabolites of Esculin, Isoscopoletin and Umbelliferone by Homogenized Guinea Pig Skin Extracts, and

Substrate Enzyme source Detected substance Concentration (M)
. Esculin 0.77 <104
Skin extract? K
Esculetin 0.64x10-4
Esculin . Esculin 0.99x10~4
B-Glucosidase? .
Esculetin 0.53 %104
Heat-treated skin extract? Esculin 1.49x10-4
Skin extract! Isoscopoletin 1.40x 104
Isoscopoletin
Heat-treated skin extract? Isoscopoletin 1.45x10*
Skin extract! Umbelliferone 1.30x 104
Umbelliferone
Heat-treated skin extract? Umbelliferone 1.45%x10-4
1) Protein concentration: 28.4 ug/ml, 2) Almond 8-D-Glucosidase: 5.6 X 10~ ! ug/ml (11.1 units/mg)
culetin & 4-methylesculetin, esculin & % V)& isoscopo- 4 T U)X Fig. 3). — 7}, isoscopoletin, umbelliferone

letin [}, daphnetin & umbelliferone & % W\ |3 4-me-
thylumbelliferone [ 12 8% & #17=. 4-hydroxycou-
marin, scoparone, 5,7-dihydroxy-4-methylcoumarin
DR 7 <V 2RE & A0 S A RO & IR S TR
o 7.

4. Esculin, umbelliferone, isoscopoletin O in
vitro FZ KB RER

NEHOBEM <Y VHEOHP T, TNH TG DK
TEMEIRSS WS, MOBM Y <) & WA KR
P % 7& U 7= umbelliferone, esculin, isoscopoletin %
WO BT, BIVEY RSB ERBERRE L
AR EBRET o /2. T DFEHE%E Table 4 ITRLU 7=
3 <Y HOFP THgICREY AR SN0
L esculin DA TH 2. ZDOHWIT HPLC 4347 T
L E DB L D esculetin TH D EFESI N~
I 512, PB-glucosidase DIEAIZ L D esuclin 72 5 es-
culetin NFHHEICAER I NS Z & HHEFE L /= (Table

D JSTEIR D DA 5 857 U WA 3R &S e

o7z,
% =

EFWE OHEE & & ROSTE & DRIC B 5 FE D
BEMENEET S TSN TWS, Takase &
Konishi?IFH > 7 > REFEOH THEMEZFKE
THEMIMETICW DhoNOY > T a2 i
DI &, KEMRS EREREL, RNE-EHED
FWZEREDRBMZEZRML TWa, FHFIM5
W7 = =V LA N, INTALITKEE
BEEEEO2M, 37/ —ILORERITELS, »
D/KBEFLDBEMIZONIE KT B T &, £ EERM
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Fig. 3. HPLC Patterns of the Hydrolytic Products Obtained
from Esculin Treated with Guinea Pig Skin Extract or f-
Glucosidase

The retention times of esculin and esculetin are about 9.4, 14.5 min,
respectively.
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BRI T T2 2 & 2@E L TS, EEIARR
XIZHBWT I EBEOHM Y < U HITDWTHO
BAEAEEZE W, BIEEO®RS 2L 20
fEE HAMIE TH D coumarin IZITEMEMEITED
5 N78WAY, 4-hydroxycoumarin, umbelliferone &
4-methylumbelliferone & O Ehi#g & 0, BEAEHE D F
FZIX 4-methyl O F 51720, 4-OH HiT5# <
FHELTWD, RICHFEFR LD TITKEBEERD
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& daphnetin TI3ERWERIEMEZR L. LhL, B
WIZ AT L DBARIC S B AT 2 H DK H:Z FFD
5,7-dihydroxy-4-methylcoumarin 12 13 B A{E P % 32
otz E=20OKEEHE O 1 #2 methy b &
% Wi glucosyl /b & 317z isoscopoletin, esculin Tl

BAEMIIRIEICHEEI L, S5 2EDKEERET T
7% methyl /b & 217~ scoparone TI3 R EMIZN LT
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DRRAEMEITIE 1 D/KIRES 4 fLITHEE S 20, F5
BREOMBEMIC2HEOKEENEETSHZEDE
FHURE I Nz, AR ORI Hausen 5 DF 1
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FEOLMEDENWVREICLLDZBDEEDNS, EE
DA U7 BAEFEEISHEM 7 < U 2 HE O Bl
HEEEISMETEL2EBNZHETHDLEEZS
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ST, B EEYNTEEEZRET L 201C
12, Z<OLEEHEEHES L TR 24
TNH D, BT < ENEME R ERBIT S
DITITRS S KRENKRT ER-EETH2OTHAS.
4 al, 58 WIEAE M & 58 © 7= 4-methylesculetin, es-
culetin, daphnetin 7% in vitro %123 YT Human se-
rum albumin & EWHEGHEZR U2 2 SI3REIEMT
BT &Ry, BICERE & O/RE OEEMEIN R
I N7z (Table2). LU, HEEOBIEEZRL
7= 4-hydroxycoumarin % esculin 7% £ TII Bk /2 &
HiEGWHENEO s NLholz. IN60 <) V5
3 ENTREZZT TERINDILEMNKE
EHEMEL, BEEZRET200EEA 5N 5.

RIZ, Hflir <V O EBIERSIZDONT,
FEHEOEBKREAEFig. 4 1CE LD, RERINE
AUZEHMI < DHFHIREL 2DV ) —T1250
HT&E5%., DFD, esculetin 2 LAY I —F
& daphnetin ZH.MZ L72P )L —TICRBIEN 5.
REIGDFHBIIZZDE TN, HDEWVIFENTHR
BEZT, WMPENmD THEM L ZHRRE#RSE 2
IR KD RBBBENDH S, L7=H > T esculetin
& daphnetin 7)) — 7T DR ZE KIS AEALIE RN T
BRI NDHURREHE NS4 Bixd I E2RBL
TW3, Esculetin HEOHT, 5£9 4-methylesculetin
& esculetin D Z R XY E O & L D FE
®f, FRICHFEFROBERE K O ERELOR—FITX
5D EHWTES. /=, esculetin & esculin &
% W3 isoscopoletin & DR ZE K IIZ DWW TIEEN
AT & D ARk S N7z esculetin 23 LAY E| 2 R
L TWwasEEZSNS, BsculiniZDODWTIdin
vitro R INFOSFE SRR TE D, RNICBWTEES
B-glucosidase ® 1E Fl IZ & U esculetin 7Y 4 B & 11
5. —F, GROEBERNSIIHETERNM> 2
7%, isoscoporetin D HIL, L RNICEET S
methyltransferase 12 & U, [ methyl {t & 5% J es-
culetin WAERIN TS AIEEENSWVWEEDN S,
Methyltransferase {3 [ NICHEFET B T &, 520 F /=
Furuya,?” Braymer, Shetlar et. al?® 5 |4 scoparone &
scopoletin 27 F & F v MIREOKSEL, T/
WA kSR, i methyl 1k 2 521} 7= scopole-
tin, isoscopoletin = L T esculetin 8 L T 1% Z
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Fig. 4. Cross-Sensitivity Reactions in Daphnetin and Esculetin Groups
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RTNIENREDREND VD, FHDM & LHF
LTW3. Z®Z &I esculetin & esculin, isosco-
poletin & % W) 1 scoparone & O 38 2 K is 1t D iR 55
13 NAE T & B esculetin ARk BN EIZEAR L
TWbZEZRLTNS.

— 7}, daphnetin & umbelliferone ¥ & O 2 # X
JRIZBWT, umbelliferone BiJM D EAEPEIZE S,
daphnetin & HWRZEKIGEZRT EVWS HEED 5
HEZED . Chungd® 5|3 aflatoxin & Z O B
LBV DOBIERBR CRIROFT R Z#HE L TWa,
Umbelliferone 73 Z O K x & FH T 272D I KN
X3 & 521F daphnetin & D TP U 25 EH
BEDOENHETH S, LinL, SEORHERN
SIEMSH L WA ORI, RERGHEE
ST A EFII R Mo 2.

Barratt3D 5 |3 phenol 2t & 8 D — WY 75 N
A Z AL ELTDOpoisonivy A HZZL L, @
phenol E XA H =X L, QNEMEAIZZLLD 3
DORII— b DFEFEZHE L TWS. Phenol &
fbaE LS PEEERDEM I <Y 2 HITDN
T Barratt O GRZ#EHA L, T ORKME & ZZBAE A
HAZZLTDWTEREMA T, ST B0 2 8
D 7Kk B % ¥ D daphnetin & esculetin 1% A T or-

thoquinone AR I N, EWFHEAMEX D 567, 64
HHENI I CTEAE MG, BEEZREEHL T

WBHEZEZLDON—IITH A S. Esculetin D
G, BEEHEAEMLEL TR D 565 %W0WiE
8LME X 5N 578, esculetin & 4-methylesculetin
DRANEME, REZEBIEMICII R ERZENRD 517N
ZEMS, SETOEAMGEDOAREENE Z 5N
%. —7Jj, daphnetin DFESMHDZNWIT 6 ED
EEMBZ 5N 57, daphnetin @ 6 i 7% methoxy
X N7z fraxetin TIXEAEENRD SN &
K0, 6L TOEHEDOHEENEMEEDFEHRITITX

55 Z % umbelliferone & A2 KRN0 H 317~
EbEZOEND. GFETEENBRNTE esculetin
& daphnetin Z 0 U 72 BER R Z R I A =X
LITBET 2KF0E, SHBIIEEED, BMEEL TWE
7z,

SEEZFE 1 BEOBM Y < U OB K&
UOREBIEEICODWTHRTZ2{To /2. TOREE, &K
TEMEDFRIFIIT I < D EANDKEBE DS DN E
TH5. FICHEREOBEELIC 2 18 O KER I
BY 5 EHVWEIENEEZRT 2 &, KEREE T IVFIL
HTEMT S ETEREENEST A EE2RL
77 EEREBAEMICDNWT, B TIIEWLEEN:
OoORYHEM Y <D AN, BOWEEN 2RI RN Y
R VHEEBWRERIGEZRT ZENHASNETR
o7z, ZOZ EEFBCAEEREPICERET B
BEDORERBETF = v 7 OB NI
DOEBEMEINRB I NG, 5%, FacOEH, FEHE/E
HaEREFDEM Y < 288 % BRI KSR aE
IZFHDNIEFEOHMITHZEASEE, C
NS —@HOLFYE OME & R ER 2L ORMICHE
9 5 EEEMEEZIASNCT A I L3 L RS

PEDOmE W ERER, B3R5 O FRH AR ICE# T
b0 EAbnb.
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