FAEEA] (2004), A 34E A 1 &
J. Kor. Pharm. Sci., Vol. 34, No. 1, 15-21 (2004)

2T WM Ele| E7jciMe] ESEErE Al

AT . R

FMCYEHE MY, *EAMZIS LS

(2003L4 129 199 %

] 2=
_'_

2004 149 27¢ =<

Pharmacokinetic Interaction between Verapamil and Quercetin in Rabbits
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ABSTRACT-The pharmacokinetics of orally administered verapamil (10 mg/kg) was studied in six rabbits after 20 min
pretreatment with quercetin and coadministration of quercetin (2.0 mg/kg, 10 mg/kg and 20 mg/kg, respectively). Pre-
treatment with quercetin significantly (p < 0.01, p < 0.05) increased the plasma concentration of verapamil. However, coad-
ministration of quercetin showed no significant effect on the pharmacokinetic parameters of verapamil. The elimination rate
constant (K,;) of verapamil pretreated with quercetin (10 mg/kg and 20 mg/kg) was significantly (p < 0.05) reduced com-
pared with control. The area under the plasma concentration-time curve (AUC) and the peak concentration (Cpay) of ver-
apamil pretreated with quercetin (2.0 mg/kg, 10 mg/kg and 20 mg/kg) were increased significantly (p <0.01, p <0.05)
compared with control. Pretreatment with quercetin (2.0 mg/kg, 10 mg/kg and 20 mg/kg) significantly (p < 0.01, p < 0.05)
increased the relative bioavailability of verapamil to 159 —219%. These results suggest that quercetin alters disposition of
verapamil by inhibition of P-glycoprotein efflux pump and its first-pass metabolism. The dosage of verapamil should be
adjusted when it is administered chronically with quercetin in a clinical situation.
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W2t o (verapamily® VA AUHE DA R T

olBEe AFsl] AE WE FolfYS Addem
@ Hl%‘?%‘ e olehs o) o]Zlo] LRINA

e AT BUASIE oA 1Y, FAY 2 B
THAS X BAZ WIHEHA AREEG Y
o] SFE2 TN A3 FFEAT, oA 23]
THEAE ol dAE Y] AFo]8-EC] 10-20%E R
TSR 2o F ujdE L Foge] 5% olslelttd
F AFE+E N- ¥ O-demethylationF g 2.2 FE-E TIAKA
& P, F QL norverapamiltte] SRS
Yepl 2 T2 EH o] drle 848 JehlA] ettt
AT 5 ovgtabde] 4EF
modelZ FHAE 4 d=dl, FEAF 9b7 (terminal elimina-
tion half-lifey= 3 —5417F0|, 7+5=Z & (hepatic extraction
ratioy> 7 T-FA] AJHo]&-Fo] w9 @i oF 082 4
Fgoll we} A4l ZFE]oj@ X (total body clearance)’} W3}
W= 0 gk B EeiA] wigkee] Sdojdir) A

+ 2-comparmtment

T2 =7 B3 ol o] AxIAR
Tel : 062)230-6365, E-mail : jsachoi@chosun.ac kr

15

sl @ERA Bt AAo)lg-Eo] FTteleH ol 7

AE Z3EQ7] w20 E o]2 Q&) I A-FAA o

Ue FEFHIE HATAL SR Wi e A 24
FHASH Exsled ZAgIelM 160-380L Hxe]

222 viehliy, 1516 &=z} Gl Ao T2 o7]|A] e

LR 80-90%} AT

e R R t

90l 2l ojEsiEE

AHYd & FE g ola) viehue) HEsEst

Wake & Uohe A7) ATk Loi 513 Johnson 52

Lﬁ

|

X

o
oLE
<= 78

A 2ol

AeEIgle] wjgtshae] ZpALE olAlstel, wiekuae) Fe)
OIS Gl 28 WIE SV s

o1}, Wing 52V @ Abemethy 522 FEFHo] Z 9
& WAA etk Bsksich Ho 523 Fuhr 59 7}
B2t wighdde] ZHiAEE dAlste, Wigkabde] AUCSt
Ao §-E-2 F7MZITAL B 31%] 0L, Zaidensten 54
SFEFEl] & FIAE VAR werhal BAsiih el
oF2d) 0 pIER W AZE e FUruloldl®
e} gz ago] BarEe] 9l

233 Wagnde pgeutEd 2 cytochrome p-450



16 #

3ACYP3A)Y] A&jAl = 7122 Bage] g2 =
vt s AgloX Y] e p-B3eiidat CYP3A <)
3 Z4a"yal Bt

A" (querceting Z1E ¥} ofxlel Exlishe iR
Z2}hR o] = (flavoniod)©|Th ZEH =)= flavone, flavonol,
flavanol, flavanone, isoflavone, anthocyamidin 522 257
™, glycosides linkageol] 2]3] thF-& phenolic groups’t
ATE glycosides® EA|3laL U} L2

oAEY A3g B INEHE FFA Al & 20%7F
FEm 2| 25A1200 8 BAEJE A" S
e, FAFE, o]y 2AE, p-gaE A
cytochrome P450(CYP)2] A ZH&-, apoptosis =28,
protein kinase C A 214, histamine 2] AAZE, cell
cycle modulation, angiogenesis ¢4l % angiotensin conver-
ting enzyme SAIZ-E- 5 thetet Ad &5 VERACEY

AAE o] §AikslaRE-2 phenolic hydroxyl groups?t free
radicalF9} ¥HgSle] FlsldAdo] Al o= ok phenoxy
radicalsS- Ao 2H Yepdt). AAE = p-gd
Z ol giste] IAZES vepdti Eargo] Qith In
vitro A8 AR O] adriamycin®] L M) sk
obare-S Z7MA Rtk 813L,% rhodamine-1239] thall P-
Fide] wiE2e-S A5 thodamine-1239] ZHE
U2 §9L Syt BaEe] ok

EdHolEe 72 CYPY AARNZEME 2Hggirial |
2] itk WA E CYP 3A42 A3l Al F
W3} e A7FEA A AFoleES F7M7IZ? 7
Ay gAle] F thAEZAQl 6o-hydroxytaxel 2 A%
CYP 3A%} CYP 2C85 SAldk= #Hgo] thal Barwe]
AUTE B ojafe] Ade Fgs] BH AR S A &
L B AFRAsE AR o] wigtebde] ol
F5E 8L, A JANA Hgade] ARolgES
Z7H1E AolgaL &8 $ Urh

wEtA B Ao Y p-ga &} cyto-
chrome P450°] th&t ojA|2kg-o] Hztatdef of=-selet A
Aol &Eel vX= FFS FHIIAA}, VRN DA-— I
WEeE g AT A5 2 IA-E AN F9A) wgst
Qo] AEeHslE FESIAT
yE

AE, AleF A 717]

wlghg st AAEE Sigma Co.(St. Louis, MO)2] R&
AH23199.01, acetonitrile Merck Co.(Darmstadt, Germany)

J. Kor. Pharm. Sci., Vol. 34, No. 1(2004)

g

9 AL AL&EHNoH, wiethylamineZ diethylether %
KH,PO,= Merck Co.(Darmstadt, Germany), J4F, 33}

YEFE Junshei Co.(Tokyo, Japan)2] 7-& AM&-3}5ith
717125 Waters*Fe] HPLC 1515 seriesE, A&7 |F52%
R(dry thermo bath)™ Rikakikai Co., Ltd(Tokyo, Japan),
2HF7] 8 Scientific Industries, INC.(Bohemia, N.Y.,, USA),
A41E2] 7] & Hanil Science Industrial Co., Ltd.(Inchun,
Korea), 2941%-2]7]= National Labnet Co.(USA), 55TY
HZE Orion Research Inc.(Boston, US.AYA-S ARSI

MESE

AARF AN A AT 20kg A5 New
Zealand white”d €4 E7E 172 RO RE, &
Zo] FFIHA 24NZF HAAZ F, 25% FHEE 4
mi/kgs & FARBY rEAR] & 2t 2N o
g, 2= thEFud ZgjoAAd-S AUsty AE AH
sgom g HAE] 8l Tle] FAME A
Aol H2l HHE(75 U/mhE S5FUYFEE B3 74
st 2R A3 BAF ) A AdsrE 75T
dP=zr ARNS F3) BEE FATH

AESE HN2

& (controlye WEkHd 10 mgkgE B TFA3IATH
AHY B A5 o] F(coadministration)> DAE 2.0 mg/keg,
10 mg/kg 2 20 mg/kgd WlZhdd 10 mgkgE FHTN &
FAA FEHEE B A ATFFEASAG. AAHE
(pretreatment)y> AAHE 20mgkg, 10mgkg 2 20 mg/kg
2 7zt ZAFRAF & 155 Fof #iZtebd 10 mygkeE 7
FEASAT AWFAESAIV)S gk 2 mgkes F
Aoz XA 3 FoaAt.

FARAE ATFES F 0, 0.1, 025, 05, 075, 1, 15,
2, 4, 8, 12 & 24 A7HIA 8] AWESE= 0, 0.017,
0.1, 025, 0.5, 075, 1, 2, 4, 8, 12 = 24 A7lA zHz}
1.5 miE A5t 13,000 pmollA] 1087+ A3 &
A 05miE FHsl) BT 40CM W¥E Rasiinh

SIS Hi2ioty BN

g4z g S5 AEHFEHAE BEFEUIIY
e wiel 233, 3 0.5 miel UFEEE4 (pro-
pranolol HCI 400 ng/ml) 100w} 2N NaOH 50 Wi Wil
IH)2 3027 EZAZTE Diethylether 6 miE 718) 287F
AU 2 FEE450 3000 rpmollA] 5B QAR ST



Wlehi sl Aue o] 7ol SREsHEs Juate 17

—_

=

5{':_1:

F718% SmiE FHal 35°C BA7]H3llx
T o)Bd 250 uiE ol Wb R 287} %s—ﬁ 171
AEE g o 50 HPLC°ﬂ sl =R s

HPLC #4& 93 AR&S Columne %@*—4%1 g A7t
AL F33 Kromasil KR 100-5C8 (5 um, 4.6 % 150 mm),
°]F42 005M KHPO, (pH=4.0= 0.05% triethylamine
Z+ 20% phosphoric acid®2 22 : Acetonitrile=70 : 30
(V/V) PG4 Ex: 280 nm, Em: 310 nmely 2813 &
e 1.5 mi/minZ AHE-3HATH

9 o s 23 F oAl ARnETRE IR
BZEZA WZaE 9 2 2 A9 norverapamil> ¥
P Aol s wWelibz) ek kEsiAl EelESi)

A5 A=pde wi=gheba 2, 10, 20, 50, 100, 200,
400 ng/m! MNFHFS FEF 05ml) €S ¥ vortexE 1
B 947 & 9] A P‘%‘ésﬂr ST o7 Aealg)
o} OI%‘ Al 2 AL y=0.036x — 0.266(r=0.999)>. %
F2 HA8E eI Oéom z} AA| 9] AZnEaH
S 2RE] WREFEZS Fo|z Wzl tigt v ¥
olZ WHAR|E Falo] njg] AT APHORRE FF F

Hj 2}

k=19 )\]

Jm r\“
-{0{[ OlN
)

3

vy

K

ON

Wi e SEs A

Higtabde] Fegele 2l H|9EAQ Lagrange HES
0|88 LAGRAN computer program*®2 AR&-dle] 343}
of SFewH TeHEE et T e EFFEE
FA131H 4 (area under the plasma concentration-time curve;
AUC)R At Eg4d] ofsf AXleith. H3dFsse
(Cra®t HATEFTTE THAIHT,)S AEEE 7 7iA ]
AR SAAANN PR o, AL (K wjdde]
ATEEE AR o8 283 W n)E 0.693/Ky
2 73

223 R ACIEEF)S B F (2 mgkg)td
AUCH| T3t 7 5A1%F (10 mg/kg)a-2+ ﬂxiaw AUC2
HEEE TROH@FH FR), SR IEEF,)S tx
2] AUCY tigt EAIFAZ dAfels AuCe] HEg=
F9e.

AUC,y  Dose;,
Fop= AUC, “Dose... < 100 %
A ME|

7 Agze] ofEEgerd ualvele] 9oy AL
unpaired Student's r-testd A-8ste] tjRws} BIW p<
005¢ o Fod e 27t S Ao XYsct.

AlS]

oE 2o

Wztnie] HsE
wesbd tiE, BARelR, YRR R Pue

10000

1000

B = e = I

Verapamil concentration (ng/mi)
=)
(&)

0 4 8 12 16 20 24
Time (hr)

Figure 1-Mean plasma concentration of verapamil after oral admin-
istration of verapamil (10 mg/kg) coadministered with quercetin and af-
ter intravenouse administration of verapamil (2 mg/kg) in rabbits.
(@), Control (verapamil 10 mg//kg)

(A ), Coadministered with quercetin 2.0 mg/kg

(£&), Coadministered with quercetin 10 mg/kg

(M), Coadministered with quercetin 20 mg/kg

(), LV. (verapamil 2 mg/kg)

10000

100 A

Verapamil concentration (ng/ml)

Time (hr)

Figure 2-Mean plasma concentration of verapamil after oral ad-
ministration of verapamil (10 mg/kg) pretreated with quercetin
(10mg/kg) and after intravenouse administration of verapamil (2
mg/kg) in rabbits.

(@), Control (verapamil 10 mg//kg)

(A ), Pretreated with quercetin 2.0 mg/kg

(&), Pretreated with quercetin 10 mg/kg

(M), Pretreated with quercetin 20 mg/kg

(ChH, LV. (verapamil 2 mg//kg)
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Table I-Pharmacokinetic Parameters of Verapamil after Oral Administration of Verapamill (10 mg/kg) Coadministered with

Quercetin in Rabbits

Parameters Veapamil Quercetin Coadministration Verapamil
Control 2.0 mg/kg 10 mg/kg 20 mg/kg 2mg/kg LV
Kq (hr™) 0.058 £0.013 0.057 £0.014 0.0560 + .014 0.056 +0.014 0.069 +0.016
ti (hr) 1194238 123432 124+3.1 124+33 99124
Crnax (ng/ml) 68.5+16.4 78.8+21.1 73.1+16.0 65.5+16.4 -
Tinax (br) 0.5 05 0.5 0.5 -
AUC? ™2 (ng/ml - hr) 318+71 378 £86 349 +72 302 £67 701 £ 149%+
Fap (%) 9.1+2.0 10.8+2.3 10.0+2.1 86+1.9 100
Eep (%) 100 119 110 95 -

Mean + S.D. (n=6), *p < 0.05, **p < 0.01 compared to control
K : elimination rate constant

ti2 : terminal half-life

Chax : peak concentration

Thmax : time to reach peak concentration

AUC® ™ ?: area under the plasma concentration-time curve from 0 to 24 hr

F,5 : absolute bioavailability, ratio(%) of AUC after oral (10 mg/kg) and intravenous administration (2 mg/kg)
F,p: relative bioavailability, ratio(%) of AUC with queretin coadministration to AUC oo

Table II-Pharmacokinetic Parameters of Verapamil after Oral Administration of Verapamill (10 mg/kg) Pretreated with Quercetin

in Rabbits
Parameters Veapamil Quercetin Pretreatment Verapamil
Control 2.0 mg/kg 10 mg/kg 20 mg/kg 2mg/kg LV
Kq (hr™h 0.058 £0.013 0.044 £0.010 0.042 +0.008* 0.041 £0.007* 0.069 £0.015
ty (hr) 11.9£2.8 15.81+4.8 16.5 £3.2* 16.7 £3.3* 99+24
Cax (ng/ml) 68.5+164 124.5 £29.8* 142.7 £35.3** 181.0 £44.1** -
Tinax (hr) 0.5 0.5 0.5 0.5 -
AUC’™ % (ng/ml * hr) 318 £68 505 £ 94* 615 +£129* 768 £ 151%* 701 + 149
Fop (%) 9.1£20 14425 176 £3.6 219145 100
F.p (%) 100 159 193 219 -

Mean + S.D. (n1=6), *p < 0.05, **p < 0.01 compared to control
K, : elimination rate constant

tin: terminal half-life

Conax © peak concentration

Tomax : time to reach peak concentration

AUC’™#: area under the plasma concentration-time curve from 0 — 24 hr

F,: absolute bioavailability, ratio(%) of AUC after oral (10 mg/kg) and intravenous administration (2 mg/kg)
F,;, : relative bioavailability, ratio(%) of AUC with queretin pretreatment to AUC sonmo-
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