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ABSTRACT

Furanocoumarins in grapefruit are known to show inhibitory effects against Cytochrome P450 3A (CYP3A)
in intestinal epithelial cells; however, furanocoumarin derivatives are contained not only in grapefruit but also
widely in the plants of Rutaceae and Umbelliferae families, which are used as components of Kampo extract
medicines. We investigated the inhibitory effects of 12 furanocoumarins extracted from plants in the Umbelliferae
family against CYP3A activity. Notopterol and rivulobirin A were found to be potent inhibitors of CYP3A.
Furthermore, we studied their inhibitory effect on intestinal CYP3A when furanocoumarins are used as Kampo
extract medicines in vivo. Midazolam, a CYP3A substrate drug, was concomitantly orally administered to rats
with Kampo extract medicines containing furanocoumarins, Senkyu-cha-cho-san or Sokei-kakketsu-to. Both
Kampo extracted medicines did not obviously affect Cmx and area under the plasma concentration-time curve
(AUC) of midazolam, although both Kampo extract medicines contained notopterol, a potent CYP3A inhibitor
in vitro. The results implied a lack of potent drug-drug interactions between both Kampo extract medicines and
CYP3A substrate drugs when both are concomitantly administered. To evaluate the mechanism-based inhibition
of CYP3A by 12 furanocoumarins, mechanism-based inhibition screening experiment was performed. As a result,
it was shown that notopterol, rivulobirin A and byakangelicol were potent mechanism-based inhibitors. Further-
more, midazolam was orally administered to rats which are pretreated by oral administration of Kampo extracted
medicines of Senkyu-cha-cho-san or Sokei-kakketsu-to for 3 days. Senkyu-cha-cho-san and Sokei-kakketsu-to
significantly increased AUC of midazolam, resulting that furanocoumarins in these Kampo extracted medicines

may inhibit intestinal CYP3A as mechanism-based inhibitors.
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Fig. 1 Plasma felodipine concentration-time profile from the pilot study in which the effect of grapefruit juice was evaluated in

a volunteer.

Felodipine 5 mg regular tablet was administered with 350 ml double-strength grapefruit juice or water.

Cited from Ref. #13.

Table 1 Innate oral drug bioavailability and mean relative drug AUC and Cumax With
grapefruit juice compared with control(%).

Bioarailability Medication Dng AUC Dnig C,...
<5% Nisoldipine 198 406
Nimodipine 151 124
Terfenadine 249 343
Saquinavir 150-220 —
15-20% Felodipine 145-345 170-538
Nicardipine 134-196 125-153
Nitrendipine 140-206 140-199
Propafenone 133 123
17f-oestradiol 116 131
30—40% Cyclosporin 108-162 104-132
Diltiazem 110 102
Ethinylestradiol 128 137
Midazolam 152 156
Triazolam 148 130
Verapamil 143 161
60% Nifedipine 134-203 104-194
70% Quinidine 108 93
> 80% Acenocoumarol 98 —
Amlodipine 108-116 115
Prednisone 150 139
Theophylline 103 97
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Fig. 2 Chemical structures of furanocoumarins extracted from herbal remedies in the Umbelliferae family.
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Fig. 3 CYP3A4 inhibitory effects of furanocoumarins.
1’OH-midazolam production rate by CYP3A4 of Supersomes™ was determined by the screening experiment. Initial
concentrations of midazolam and each furanocoumarin were adjusted to 2 and 10 uM, respectively. The initial
concentration of ketoconazole (positive control) was adjusted to 100 nM.
Each value represents the mean of two experiments.



Vol. 8 (2014)

113

FRETE M DR S OMHBIZ O WTIRIRED &L Z A8
L TIETW. 5%, IHoMESLE S OR
FOBEIZOVWT OB T I2MENEL EEZD
na.

3. 77/ O9RVVEFEREAICEKSIn
vivo I\Ni& CYP3A Si&FREMR

LFL CYP3A BHEZ R @ invitro 2 7 ) —= v
&Y, v VRERERR7 7 7<) ORIz
X CYP3A Z K BHET 2 b OVBFEET 5 2 LA
o ELolz, Zho7 7 /7<) vEHITHEM
THWLNS Z 3%, EHREA OB &
LTS EFIERES D, F7z, invivo 2
BOWTITHEMEN pH LHELIROFEEL LT S
S OFEERE, WHLE OEBNIFE S BH 0BT
M, CYP3A HILE OB ESE, YW HE
TLRTF 2D CTHMITEEL TWB. Lichio
T, invitro lZBIF DA ) —= 7D in vivo D
WREZEREICKML T2 LIS VEEL, BHE
FIOIREETHEH LU 72BR D in vivo 12 B 1) DHETH8
BB, 22T, 777 7=<VVEHESE
B9 EFHA L UOINEZRFRS X CBRIEIL
%% A\, midazolam &GP L T v MITEEOH
5. 721 0 14+ midazolam B ZIE T 5 2 &
W& D invivo kb FIZB 275 /7<) VHE
GBS HHF 2 /NG CYP3A ITRIFTHEIZOW
THEI#4To 7. Fig 4138 T & 912, JIEZEH

Mz e MBI 2@EERSGEICHE ST 28G5 TR
5.1 T b midazolam O MR EHER 12 322358
OoNLrolz. —77, BREEIMGEHH LIS
AITBWT D, JIBAFBO AR LRI, B
# 5 8 ClL M4+ midazolam {EE I EIIRE O 5
N b ol REBRTHM U CMmESEAF I
/¥ Rivulobirin A B EH SN TELT, CYPSAD
PHEIZBH 5 F % 7 7 7 7 < ) ¥ % Notopterol T
horLtEZLND., LrL, JNIFEFATIIEE S
L% Notopterol O & H & IFBAIEIME £ D #9 3.7
BEEWVIZD b 5T, WITIIBWT b EEN
ELLrolzZ &0, JIBFHBERSRIZBW
T3 Notopterol D /Mg b FZHEIEAIREE 23551 & FRE
PRTBEIGEL TR WAL H 5. 2O M
IZDoWTIE, ERBFIREORGRIZEB 1T 2HLE
P T ® Notopterol D i< Z2 EME DG L T W
DL s NI F, —Ho7 7<) v
!¥ mechanism-based inhibition & FEIX 41 2 B IZ X
D CYP3A ZIHET 2 2 Lo nTWwE™ ) 2
EHL, REBRCHEHALI7 7 /7<) VED
mechanism-based inhibition {EMEZH L T\ % Al g8
Y53 5. Mechanism-based inhibition V&4 % A 3
56, W TRLE®EME D E W midazolam & Hi[H]
MBS LCdH, CYP3A IZX T % BHETE M 13
LIS WhD LB, 22T, Tab 12D
7 2 7 7 <) »$H® mechanism-based inhibition {5
PEIZOWT S S It T 72,

1.5 ¢

[
ie]
g5~ 127 —O—midazolam alone
o
T E
o B‘) —&—midazolam with Senkyu-cha-cho-san
8 5 09
8 7{ ——midazolam with Sokei-kakketsu-to

S
€ x
O ®©
oo
£
ke
€

0 30 60 90 120
Time (min)

Fig. 4 Changes in midazolam concentration in plasma after concomitant
oral administration of Kampo extracted medicines.
Data are expressed as the mean & S.E. of three experiments.
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Fig. 5 Time-dependent inhibition of CYP3A4 by furanocoumarins.
Each value represents the mean of 2 -4 experiments.

Table 2 Calculated kobs values of 12 furanocoumarins.

Furanocoumarins Kobs (min'l) Furanocoumarins Kobs (min'l)
Notopterol 0.2804 Bergapten 0.0964
Rivulobirin A 0.2389 Oxypeucedanin 0.0892
Byakangelicol 0.2343 Byakangelicin 0.0670
Troleandomycin 0.1744 Heraclenol 0.0614
Oxypeucedanin 0.1181 Psoralen 0.0572
hydrate

Heraclenin 0.1163 I[soimperatorin 0.0365
Imperatorin 0.1149

Kobs values were calculated from the slope of the regression lines in Fig. 5.
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Fig. 6 Concentration-dependent inhibition of CYP3A4 by furanocoumarins.

Solid lines represent the profiles fitted to the equation of kovs=

(kmacl X I:FC:I )/(Kl+ [FCJ) Where kobﬂ, kmac&, KI,

[FC] mean the observed inactivation rate constants, maximal inactivation rate constant, dissociation constant and
furanocoumarins concentration in the incubation mixtures, respectively.

Each point represents the mean+ S.E. of four experiments.

Table 3 Calculated mechanism-based inhibition parameters of 3 furanocoumarins

Troleandomycin ~ Notopterol Rivulobirin A Byakangelicol
Ki (uM) 2.274 +0.155 2.481 £ 1.062 0.377 £0.225 1.691 £ 0.631
Kinaet (min™) 0.321 +0.039 0.535+£0.144 0.366 +0.135 0.437 +0.079

Mechanism-based inhibition parameters were calculated from the data shown in Fig. 6.
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Fig. 7 Effects of Kampo extracted medicines including furanocoumarins on midazolam concentration in plasma after(A) oral

and (B) intravenous administration to rats.

Midazolam was orally or intravenously (10 mg/kg, 0.5 mg/kg, respectively) administered to rats which are pretreated
by oral administration of Kampo extracted medicines of Senkyu-cha-cho-san or Sokei-kakketsu-to for 3 days (125 mg/

kg/day).

Each point in panel (A) and (B) represent the mean £ S.E. of 5-7 and 4 four experiments, respectively.

Table 4 Effects of furanocoumarins on the pharmacokinetic parameters of
midazolam after oral or intravenous administration

Cinax (ng/ml) AUC)— (ng-min/ml) AUC Ratio

p. o. administration

Control 0.430 +0.127 28.20 + 1.456 1.00
Senkyu-cha-cho-san 1.105 £ 0.098 45.03 £ 6.566 1.60 + 0.208*
Sokei-kakketsu-to 1.695 + 0.203 42.18 £4.835 1.50 = 0.086*
i. v. administration

Control 8.936 £0.716 1.00
Senkyu-cha-cho-san 7.512 +1.392 0.841 +0.135
Sokei-kakketsu-to 8.387 £ 0545 0.939 +0.053

Data for p. 0. administration and i. v. administration experiments represent the mean + S.E. of 5-7 and 4 experiments, respectively.

*Significant at P < 0.05 vs Control.
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YER DS EDSHED b T & 1205, RIFFET
D B ERFEAIE e VI X T4 = a v D
BEaoE R EHIZEBETEIFELMILTY
T ENTFHRENL 20, HEHEHF LEEED 2
WIS S AR 1 2 AR I L ToOEH
DEENLENS.

HEF

ABIFGE D —HF 1% K 23 4F B R FREERRZE A A
KWFEBIC X DZRITLIzd O TY. MR D
F L CBIRA LIS L 5.
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