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Furanocoumarins (FCs) such as bergamottin (BG) and 6,7 -dihydroxybergamottin (DHBG) contained in
grapefruits are known to be cytochrome P450 3A4 (CYP3A4) inhibitors. These are contained in larger quantity in peel
than in pulp, and therefore, processed peel products possibly have strong CYP3A4 inhibitory activity. The CYP3A4 in-
hibitory potency of these processed peel products, however, remains to be elucidated. The FC content and CYP3A in-
hibitory activities of various processed fruit peel products were investigated. CYP3A inhibitory activities of crystallized
grapefruit peel, grapefruit marmalade, lemon peel and bitter orange slice were close to that of 100% grapefruit juice,
while the activities of yuzu slice, pomelo (buntan) marmalade and crystallized iyokan peel were very weak, 1/8-1/20 of
100% grapefruit juice. The maximum BG content was 5.6 ug/g in lemon peel. The maximum DHBG content was 7.2 ug
/g in crystallized grapefruit peel, about 1/30 that of raw peel. Grapefruit marmalade and crystallized grapefruit peel
contained similar amounts of FCs to 100% grapefruit juice, but FCs were not detected in pomelo (buntan) marmalade
or crystallized iyokan peel. Good correlation (r=0.78) was observed between the FC contents of these peel products and
those CYP3A inhibitory activities. Preparation of homemade grapefruit marmalade and crystallized peel revealed that
considerably lower DHBG content in these products and lower CYP3A inhibitory activity than anticipated were at-
tributable to outflow of DHBG to broth during boiling of the raw peel.
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EWHEEDO X S IR R 2 O RFER LM T A& MILE
W CYP3A4 HEERZRT ZENTHREIN, 20
BEIIEES EOMAEER 25 & 2l fettn &
5, ZDRED, TL—TIN—=IT1a—ADHKRS
T, REREMTAEROBIIZDOWTHERENNLE
TharEEZLNS. LML, —ATTL—T7
=222 —RAZMET % & DHBG % BG 377 fi#
L, #2007V —TI7)—YPa—RA%&T7v ML
LGB AEERANEZ S hnEmEIN Ty
%10 WRERE T /&N OEE I Z A 5 T
MBEND0, TDiffE T FCs 235 RS % nlfE
HHEAONINREREINTESLF D FCs &
R, Z O CYP3A4 [HEEMIC D W TG 237
W,

AR TIIREZBTOSBERER LM TELD
FCs B H &S CYP3A4 [HEEEZRET & LD
2, JL—=77)—vyx—<xL—KREHHEL, £0
FELEFLIC BT D FCs OHEITOVWTHF N/,

;] &

1. HZE t M 7 0y — A% BD Gentest
%! (pooled human liver microsomes, 24 Cauca-
sian, Lot No. 18888), testosterone |¥F+H 51 5 X
27 %181 6B-hydroxytestosterone (6HT) 137~
#£%, BG, DHBG [3HIEHIRE TR 2 7.
¥z, v FI 70V —LAIZSDHMET Y b (7
) 2= IR —EZXANSHEAL, —BiEEL
FOBEED ITXOFARL /=

2. RERERMIESEAHDORAR JL—"7
7 ) —> < —< L — RiX Wilkin & Sons Limited
(England Essex) #l, V> 27 L —7 7)) —Vy<—
< L — RiZ ZENTIS GmbH & Co. KG (Germany
Aachen) #, 7> ¥ ><x—<L—KRidHEBE (OF
WA RKX) #, 35AY - L — RIZZIME
(ERESRT e AW, REWHEESE L T,
JAN (ERHREST) BHOoLEE—I, FL—
TIN—=YV AT 4 v, EZ—FLIAFA X,
WENAVART v T, HREAT 1 v 7, OTRF
A RAZERANWZ 100% 7 L—T77)—Y Y 1—R1Z
HAIINZ O a5« GEEHHERX) #H2H0
7z,

REREEMT AN 10g % 50ml @ 50%EtOH T
REDFA AL, 37°C T2RHEEONITIEE

SL7. REeamIkkesi#ELl, 500g TEOLLTLE
HEERBMLUZ, EEImz20—%1) —T)\N/RL—
7 —ICEDBEBAELEL, TOREZ#EEORFEKIC
BIEf LT, CYP3A [HEEMERAEHEE & U,
—7%, FCs D& H &HE D7z OB Fujita 5
DHIEOWCEDNWTITo 72, T/8bb, 50%EtOH
THHLZEE ImZ20—%Y —T/)\ KL —% —
IR OBEHEEER, MELEERET > —4&—HiC
1 BEHGE U CHote S, 600 ul DR RIKIC FEM L
. ZOKBRICE®RIZF) 8ml ZMAT, 245
MR &%, 500g T 15 pfE.LL, kiEzO—%
J—INKL—=F—ICL0EEEE-EEL, BiEET
T R = N YU )JL 300 ul IZ¥EA LT HPLC #HI5E i O
kL& L7z,

3. CYP3A [HEZEZMDAIFE Uesawa b O f5
110 % BB L HEICL DT Thbb,
85 mM sodium phosphate buffer (pH7.4), T v b
=270y —A (0.2mgprotein/ml), 0.2mM
testosterone, 3.3 mM MgCl,, 1.3 mM NADP*, 3.3
mM Glucose-6-phosphate, i ¥} 2 & IR R 480 ul
ZICTSHMTLA>FaN—MLERE,
Glucose-6-phosphate Dehydrogenase (0.2 U) 20 ul
ZMA T2 001 > FaX—F L7z KIBKRIZK
BLE7ERZRUILS00u ZMMATEEL, 34
fH, 4°C, 10000 g TiZ.00 %, Lif% HPLCIZVEA
LT, 6fHT 04K EZBELZ. E MNFI 7O
V—LERWSEAES, Iy MFI 70V —-L%H
WG LFEFRFOEENEGSNLSELS3I /0
v — LB % 0.3 mg protein/ml & U 7= DIAMIZ A4
ICHEL .

4. HPLC §# HPLC E@EiCI3R> 7
PU-980 (JASCO), UV-VIS #¥:iHi%% : SPD-10A VP
(SHIMADZU), - > 57 L —% :807-IT (JASCO)
ZHV, REEARIZ20u &L= 6HT OFE &
121X, 75 A : Cadenza CD-C18 (250X 4.6 mmi.d.,
5 um, Imtakt) &M\, BEIFEICIT MeOH : fEHIK
=60:40 (v/v) %i## 0.6 ml/min TEWL /=, ¥
HEEOMEWK X 254nm & L7z, FCs DEEIC
%, #5 L : CAPCELL PAK C18 (150X4.6 mm
i.d., 5 um, Shiseido) %M\, BEFHIZIZ MeOH :
Fa#Kk="75:25 (v/v) Z}fi®E 1.0 ml/min THEHKL
. BREZEBOBEREZ310mm &L BB, &
2R UT, 515 L : Cadenza CD-C18 (250%X4.6
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mm i.d., 5 um, Imtakt) & )7z (7% 0.6 ml/min).
5. SL—77)L—Y~x—<L—K, XT497
DRE  TL—TIN—VvERKE Ux>HEE
MOWOMUERRA (U & 2587 T, Rk
122-3mm QEI YW L. REZ#BEKIZA
N, OB LESH3I0 N ESRERLE, WiTI
L7k ZOEE4RETTO 2%, HiTEREEE
RAE3:2 (w/w) OEHETEY, TORERD
o B DOWHE & N A TR 20 rEIZA AT, — 7,
AT 4 w7, 4B TEREICHEZESRL, K
1 HE, A FTHRLTHERLEZ RELEY—
SL—REXT 1 v 71F—30C TREL 2.

6. FEMR  AWFKZEITOTHRZD, SEM»
50&EKOER, ANBOIRESOHEDIIZN,

] R

1. FERERERMIAERO CYP3A [HEFMHE
BREREEIMT B O CYP3A FHEE ORI 5
MB, JL—=T 7)== L —REKUIT v MF
270V —LHNT, iWlE»SHEERSZMET

Table 1. Effect of Solvents on Extraction of CYP3A Inhibi-
tory Activity from Grapefruit Marmalade

Solvents ICsy (mg/ml incubation mixture)
0.1 mol/1 HCl 280
water 71
50% EtOH 51

CYP3A activities were evaluated using rat liver microsomes.

Table 2. CYP3A Inhibitory Activities (ICs) of Various
Processed Fruit Peel Products

DRI DOWTHRAF L7z, Table 1 129 XDIT,
50%EtOH Zfliiysit & U7z & S ITm B BWIEMHN
W LN/, MOAEHIDWTD IN 2%
HEUTHWE: RRICEIELZT L—T7)b—>
2 a1 —AD ICsy 13 34 mg/ml incubation mixture T
bhote. HROBHEREFEREMT RSO CYP3A
FHIEEZ Table 2 1IT/RY. REREKMIEMSD S
5, AR WHEEEZ R LT L —TT)—Y
X—<XL—K, E2UTL =TT —Y =L —
R, ZL—=TFIN—=YXFT+1v7, LEZE-),
EY—F L TV XT14AD CYP3A [HEE ML 100
% TV —TIT)N—=0Y 21— ZADZFNEFFTFAENP
RHMo . TRITKRLT, T2, WEnh,
W9 Z& W2 BRI T & T CYP3A FHEEMI
V=T TN—YT1—AD 1/8-1/20 LA'F & fiisd
THEM- /2. 35HAY—<L—K, HEEAT 1 v
7 OHEEMHIZZN S ORICAIE L 7.

e W EEE R L2 L —T 7))L —

Table 3. CYP3A4 Inhibitory Activities (ICsy) of Several
Processed Grapefruit Peel Product

1Cso (mg/ml

Sample incubation Rag(} to
mixture)
100% grapefruit juice 16 1.00
Grapefruit marmalade 17 0.94
Homemade grapefruit marmalade 15 1.07
Grapefruit stick (crystallized peel) 21 0.76

CYP3A4 activities were evaluated using human liver microsomes.

Table 4. Furanocoumarins Contents in Various Processed
Fruit Peel Products

ICsy (mg/ml

Sample incubation Ragc; to
mixture)
100% grapefruit juice (GJ) 34 1.00
Iyokan stick (crystallized peel) 627 0.05
Yuzu slice 262 0.13
Hyuganatsu stick (crystallized peel) 99 0.34
Bitter orange slice 53 0.64
Lemon peel 45 0.76
Grapefruit stick (crystallized peel) 31 1.09
Pomelo (buntan) marmalade >1000 —
Harumi marmalade 165 0.21
Pink grapefruit marmalade 59 0.57
Grapefruit marmalade 51 0.66

CYP3A activities were evaluated using rat liver microsomes.

BG DHBG

Sample ( ug/g ) ( ue/s )

products/ \products
100% grapefruit juice 2.4 4.3
Iyokan stick (crystallized peel) N.D. N.D.
Yuzu slice N.D. 3.3
Hyuganatsu stick (crystallized peel) N.D. 3.4
Bitter orange slice N.D. 3.5
Lemon peel 5.6 N.D.
Grapefruit stick (crystallized peel) 1.2 7.2
Pomelo (buntan) marmalade N.D. 0.4
Harumi marmalade N.D. 0.2
Pink grapefruit marmalade 4.4 3.0
Grapefruit marmalade 3.8 3.4

N.D.: not detected.
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X—=XL—R, JL—=TFT)IN—=YZXT 1 v 7IZDN
T MFI 7OV —LZHAWTRHEKIC CYP3A4 [H
EWEEE PR, T ORERZE Table 312/R7. N
51, v MFI 7OV —LZ2HAWEES LRI
TVU—=TT)N—TY 21— LETFAENPLLIHNHE
FEENRDO SN, BHLETL—T T —Y
Y=L — RS EFTREOHEEEERL
7z,

2. FERERRMIBERZDFCsDERE
FIETE O FMIZ W 2 SR FER LN T &M O BG,
DHBG & f & & & U 7= # £ % Table 4 [T/RT.
BGiZ, LEE—IWNTLVL—=TTI)—YPa21—A
DRI2fEEERBELEEN, B2V L —T7
N—<—<L—K, VL —T7)—Y3x—<L—
RiZiZ 1.6-18 fFEMNEFENTWE., FL—T7
W=V AT 4 v I7DBGCEHEREIIT L —TT)—Y
Pa—AD50%THD, MOELEMNSIIRBIN
BmMho7. DHBGIX, VL =T TN —=YAT 1 v
DT V=T IN—=IT 212D 1T EEED S
<EENTWED, WTFXTA1 R, HHEZAT 1 v
7, EX—FVIPAITARX, TL—=TT)—
X—=XL—R, €27 L —=TI)—=YY—<L—
ROEERIZ0TO08MEETHH. 13dH, T
& ><—< L — RO DHBG & & &I3Hiw TAHhk
<, oEEMSEIREEINBNo .

3. RERRMIAERDICy &FCsEHELED
B84%  BG, DHBG 7' CYP3A [HZEEMZ2/RT X
BERRDEEZEZILNTVE I ENS, SHEERK
MLTEMKDICy & FCs BB DB ERL &
(Fig. 1). DHBG 12 BG @] 2 5D CYP3A [HERE
HEET 5729, FCs & &13 DHBG &% BG &
ICHE L, BGEHRIZAEL TELKZ. ICsy & FCs
THEEOMICITMHEEER (R=0.78) N#ED 5N
7z,

4. HL—T7L—Y~v—<L—K, XT497
DOFAMBRICE (TS FCsDPEE HEVL—
IN—YR—=<L—RK, XATFTq4vr70, TN560H
BUCHWAERKE, ERA, @iTEREH D FCs
GH % Table 512/79. DHBGIZ/ERKICLE
KEENTWEY, BRI L —T 7)) —Y3—7%
L — RRACTRRETEZFOEFERIIRELEIL
o ERENS U TR KL 28T 5% C DHBG
MAEZELPALTDRKEHSNTT 5729, 4T

1000 —e
() 42
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Fig. 1. Relationship between FCs Concentration of Various
Processed Fruit Peel Products and Those CYP3A Inhibitory
Activities (ICs)

FCs concentration corresponding to BG=DHBG X 1--0.45+BG.

(D pomelo (buntan) marmalade, @ crystallized iyokan peel, @) harumi mar-

malade, @ lemon peel, ® yuzu slice, ® crystallized hyuganatsu peel, (D bit-

ter orange slice, ® pink grapefruit marmalade, (9 grapefruit marmalade,

crystallized grapefruit peel. Correlation coefficient is 0.7817

Table 5. Furanocoumarins Contents in Homemade Grape-
fruit Peel Products and Those Ingredients

BG DHBG

Sample ( ue/g ) ( us/g )

products/ \products
Raw pulp 8.5 2.4
Raw peel 10.4 237.1
Single-boiled peel 10.2 58.0
Four-times-boiled peel 7.1 16.8
Homemade grapefruit marmalade? 8.8 24.7
Homemade grapefruit stick? 8.0 15.5

@ Made by simmering a mixture of raw pulp, four-times-boiled peel and
sugar (2 :3:2.5, w/w) for about 20 min. » Four-times-boiled peel coat-
ed with sugar, and dried in the sun over a day.

D DHBG ZHlE L. ZOE, HELZ
DHBG DO#] 95% 1%, Fig. 212 _RT EDICHiTHH
ICEIREND Z ENHG MM ETR S =,

% £

Castro 5%, 29O HK I L —T 7 ) —U
21— A®D FCs & &%, DHBG 0.08-19.6 ug/
ml, BG 0.33-12.3ug/ml TH 3 EWEL TS,
HNETIE Sakamaki 59N 13 DT L —TF 7
=YY 2 —=Z2IZDNWT#H#EL, DHBG 0-10 ug/
ml, BG 0-16ug/ml E#HEL TWD, ZHhiTx L
T, Castro 5B NRERGICHNRZT L =T T7)V—
REDEZE”S D FCs 1%, H i (Flavedo) 78
DHBG 106 ug/g, BG 19.8 ug/g & DHBG %% &I
HELTVWS, AFEICBNTH, HEY—<L—R
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Fig. 2. Amount of DHBG Lost during Preparation of Boiled
Peel and That Found in Broth

ERIZH = DT R & (Flavedo + Alvedo),
WO FCs A &% LT 5 &, #i#HH DHBG &
237ug/g MDD TELBICEGO Z ENHHRI N
(Table 5). DHBG & BG & D 5\ CYP3A4 [HES
MERTIENMENTVSE . ® LEN>T, &
L—7"7 )= RO T &I EE 2R
FEePHINZ Lal, SERERENTAEMSD
CYP3A [HEIEE Z AR, DB T L —F
TIN—Y AT 4 v IRI—L—RTH, TOMHE
EMEIX 100% 7 L —T 7)) —Y Y2 — A LFHEBET
»H o7 (Table 2).

RRINT &5 O CYP3A4 [HEEENTFEL DK
MoZEEE, NS BHOFCs &N L —
TIN—=IY 12— ADFNEIFTFRBEETH- 22
EMHAHATES EBbND (Table 4).

ZOEDITEBIOERKITITLED DHBG N E
ENHICEnnb56d, TNSOHEMIERZD
DHBG &4 &Mk <, CYP3A HEEMES
FHZEFESZREREHSNIT S0, JL—F
TNN—YX—=xL—K, HAXT1v7ZEEN5H
gL, SEERICHT S DHBG &4 &, FHEEN
BN, 2ORE, BRI LTI —YI—%
L —ROFABIZBNTIIER L EARAE3:2 T
RBABLEZD, FF O DHBG A &13 237.1 ug/g
X3/5+2.4ug/gx2/5=143 ug/g LHEINDDIT
HUTHE LT L —T TN =Y =YL —RDZ
N 247 ug/g EHEEMDKI 17%TH O, FAT+
W 712D W TR B O $ & © DHBG & & 237.1
ug/g R LU T15.5ug/eg £ 7% TH o 7= (Table
5). HHZ L —F 7)) —Y~x—~ L — ROMHEEFEE

HRIBEICEA > /= (Table 3). T35 OfEHEIE, #
EIBFE T FCs W fEd 5 WIkHELZZ &EZRL
T3,

HEBREIIBWT, REowmTitiiaxznd
DHBG % & L 7z#& 5%, %L/~ DHBG [2IFTE
BAICHI THICHEH L TWD Z ENmRI N,
FCs 1IN K 2 3 ENHE SN TWD N, 10 Ahf
FRIZBWTHHEEEMTELZFART IBEORKLD
AL OLEME T T, MECKS0MITTEEA LR
Mol EZRLTWVS, 2T, REZATHE
RN e 1%, # 30 B & Uesawa 519 A3 W 7= i #4
ZM (95°C, 10 77RO N#ELT DHBG 3£ L, 1
REE TIIEHR) L T TEN - 272D &
EZoNnb.

DEoLSiz, ZVL—7 7=V RENTLERD
CYP3A [HEIEMEN TN S D FCs & F & & BHEICH
BLTWDEEZ SN2, AW THN &
RENTBHOMEEEN S FCs 2 BOBKRZ KR
HUz. FOREHE, CYP3A HEEME FCs 5 H &
& ORITIT i) BAF iz AHBIRE R ATER® sz, T
DT EMS, MAEDHEOREFIZE £ 2 DHBG
P BG ZHETSHZEITLD, BBXZED CYP3A
FHEEEZTFHIT 22 ENMETHIEEZI SN
5. 7z1ZL, ZOMEMEOMEEIZIZT Y NI 2O
V= AEARFETIEHAWEZIZDMND 5T, FCs &
HEOEHIZEE L T Ohnishi 527t MFI 7 O
V—AZHWEEE® BG, DHBG O HEFMED
bR AKELTHWE, LERS>T, Iy ME
20V —LERWESEORERE GIBL TW
72WY) T H RO HBIMENE 5 N 5 REEIZ RN,
F—EHz DWW TO Iy MFI 70V —4L KUk b
P70y —AZzZHWE ICsy BT 5 & (Ta-
bles2and3), V'L —77)l—Y<¥—<L—RKTS5l
/17=3, J L =T T7)y—Y a2 —AT34/16=
21, V=TIV —VRAT 1 v T31/21=15 &
ML 28l &7 %7=%, DHBG & BG &0 5
CYP3A [HEEH DO BB L ZDOHRI 2 HET S &
IIrREE b 5.

FHBEBIERMN © DBBN KR ENEFRITOVTIE, &
R THIE L sh > HHEEEZH T 5 epoxy ber-
gamottin <> bergamottin 6’,7 -epoxide!2!¥ 7z E/NZE
NoDEMICEELEZEEZSNS. LEE—I
T FCs 21k L THEBEENEN 2. &
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7=, LEE—JLIZ bergamottin 214 < EEN TN
5 ZEITA, 55WasH CYP3A HEEM %R
3" hesperidin 22 < &0 Z & 2345 [EHIE L 7= FCs
SEICHEL T, W\ CYP3A JHEEN 2 R~ EK
D1DTHBEEZSNDM, —J5T hesperidin IZ
WBHEFEEN BV EOWMED DD, RAD
CYPIA [HEMHEMN G TN TWDHEEDE A 5N
%.
REREMTAFORICEITL—T TN =YD
21— A EFIEFS%D FCs 25 A, CYP3A4 [HEE
WEHEOHDONHBM, VL —TI7)—YT 21—
LRKOBEZBIT 2 ZENDBnEEZELZ NS
WD, TL—=TT7)N—Ya—-2AX0DbEYFREIZS
ADHENVIRWAEENENH S, L, SEO
¢ T4 Caucasian Ot "NFI 7OV — A2 AW,
Asian & Caucasian Tld CYP3AS O B 8I2#= N
AHENDZEND D, CYPIA HEIZEWAH S
WREMEDS B 5. L=aio T, AMFEHEOMHILIE
HTHhHRETHYD, 4, RERKMTAMHOE
MERIC A D EEZI SR L TV LENDH
5EEZBNS.
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