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Abstract — The purpose of this study was to investigate the effect of naringin pretreatment on the bioavailability and phar-
macokinetics of diltiazem and one of its metabolites, deacetyldiltiazem, in rabbits. Pharmacokinetic parameters of diltiazem
and deacetyldiltiazem were determined after oral administration of diltiazem (15 mg/kg) pretreated with naringin (1.5, 7.5
and 15 mg/kg). Absorption rate constant (k,) of diltiazem after oral administration of diltiazem pretreated with naringin was
significantly (p<0.05 or p<0.01) increased compared to the control group. Area under the plasma concentration-time curve
(AUC) and peak concentration (C_,.) of the diltiazem were significantly (p<0.05 or p<0.01) higher than those of the control.
Absolute bioavailability (AB%) of diltiazem pretreated with naringin ranged from 13.5% to 18.6%, being enhanced compared
to that of the control, 7.2%. Relative bioavailability (RB%) of diltiazem was 1.9~2.6 times higher than that of the control
group. There was no significant change in terminal half-life (t;) and T, of diltiazem in the presence of naringin. AUC of
deacetyldiltiazem pretreated with naringin was significantly (p<0.05) higher than (p<0.05) that of the control. But the
metabolite ratios (MR) were significantly decreased (p<0.05), implying that pretreatment of naringin could be effective to
inhibit the CYP 3A4-mediated metabolism of diltiazem. In this study, pretreatment of naringin significantly enhanced the oral
bioavailability of diltiazem. These results suggested that the diltiazem dosage should be adjusted when it is administered
with naringin or a naringin-containing dietary supplement in the clinical setting.
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bromide ¥ imipramine(HPLC®] WW#-%FE32)2 Sigma-Aldrich
Chemical Company(St. Louis, MOYIA, A2}2194(0.9% NaCl
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2313}, Triethylamine2 FA]013}8#) % (Kyoto, Japan)y2:, ~L
21 veEs ol EYE™”ES Merck(Darmstadt, Germany) A}
2] HPLC 585 ARgsisiTh.

HPLC 7171== Shimadzu(Kyoto, Japlan)*}%] liquid chromato-
graph pump(LC-10AD), autoinjector(SIL-10A), UV-Vis detector
(SPD-10A), Communications Bus Module(CBM-104), Cyg
column(3.9X 300 mm, 10 um, Waters Co., Ireland), & syringe
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Fig. 1 - Chromatogram of (A) blank plasma and (B) plasma spiked with diltiazem (8.037 min), desacetyldiltiazem (6.688 min) and imipramine

(10.387 min).
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0|57 methanol : acetonitril : 0.04 M ammonium bromide :
triethylamine(24 : 31 45 : 0.1, v/v/v/v; acetic acidZ pH 7.4 2
)2 ARgsIsle™ 7452 1.5 m/min®E p-bondapeak Cpp Z
HE B3 A7) 2 UV detector® 237 nm 3gollA] Akl
T}, 42904 imipramine2 10.5 min, YE/oFAL 8.0 min, 1)
1L deacetyldiltiazem2 6.7 mineflA Ea€lon, 2ej7t 45
sHAThFig. 1). ¥3% 2EloH7} deacetyldiltiazem®l tj3}od
HgFAE 8487 835527 5~500 ng/miclA 244
£ YeMISoH (r=0.999) HAZHFEE 5ng/mio|At Ul
(n=5) 3 H@=5F=TF =] CVRE F43 27 ek
7} deacetyldiltiazzem(50 % 500 ng/m))S 5%RTH 2 ow
imipramine> 2%Xt} 2131t A@A RecoveryrE 20 ng/m/ 2
200 ng/m! 3Z YEjolA FAFLLE ZAHTAY 10625.7%
o} 10114920 = tiepigich.
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Fig. 2 — Mean plasma concentration of diltiazem (ng/m/) after oral
administration of diltiazem (15 mg/kg) pretreated with na-
ringin (1.5, 7.5, 15 mg/kg) and IV administration of diltia-
zem (5 mg/kg) to rabbits. (@) Control (Diltiazem 15 mg/
kg) (A) Pretreated with naringin 1.5 mg/kg (A) Pretreated
with naringin 7.5 mg/kg ([J) Pretreated with naringin
15 mg/kg (M) IV (diltiazem 5 mg/kg).

Uz AAeFolLolA dEobf] FFEEHTE KA
(0<0.05 or p<0.01) A F7FI oH RE7]= diztel H
A R AR RATdM Fo4d UAE Aol7t Rtk A
A A o] &-&-L t2TolA 7.2%, YR M2 T FolA
13.5~18.6%Z 1213 (p<0.05 or p<0.01) YA S7}3I%h. ol
Z70) vl A BA Ol E-&-S 186%~257%= F7 I3t
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Fig. 3 - Mean plasma concentration of desacetyldiltiazem (ng/mi)
after oral administration of diltiazem (15 mg/kg) pretreated

with naringin (1.5, 7.5, 15 mg/kg) to rabbits. (@) Control
(desacetyldiltiazem) (A ) Pretreated with naringin 1.5 mg/

kg (A) Pretreated with naringin 7.5 mg/kg ([J) Pretreated
with naringin 15 mg/kg.

URIA AAEFAT(7.5 mg/kg U 15 mgkgolA tlopEd
Elolge] 55T A8 AL 72t 424+ 104.3 ng/ml -
hre} 4311106.2 ng/mi - hr®. th374(292+ 75.9 ng/ml - hr)ol] H]
A FA (p<0.05) A ST An¥SsEe Hud
FEE E2AREE URIR AAFodFelA dizdel vl &
2jo]7} itk tobddE]loble) dEjotdle] AR

Table I — Pharmacokinetic parameters of diltiazem after oral administration of diltiazem (15 mg/kg) pretreated with naringin (1.5, 7.5 and 15 mg/

kg) and IV administration of diltiazem (5 mg/kg) to rabbits.

Naringin
Parameters Control v
_ 1.5 mg/kg 7.5 mg/kg 15 mg/kg
AUC (ng/m! - hr) 327+85.0 609+158.3* 825+212.6%* 842+217.3** 1506+386.9
Crax (ng/ml) 113.1+294 237.7+61.9* 297.9+77.3%* 303.1£77.8**
T hr) 0.5+0.13 0.5+0.13 0.5+0.14 0.5+0.14
K, (hr'h) 3.1+0.8 53+1.4* 71£1.7%* 7.2+1.8%*
typ (hr) 10.3x2.71 1.3+3.0 11.3+3.1 11.6+33 6.8+1.8
AB (%) 7.2+1.8 13.5+3.7* 18.2+5.0** 18.6£5.2%*
RB (%) 100 186 252 257

Mean+S5.D. (n=6), *p<0.05, **p<0.01 compared with control.

AUC : area under the plasma concentration-time curve from time zero to time infinity.

Crax ¢ Peak concentration.

Toax ¢ time of peak concentration.

k, : absorption rate constant.

ty : terminal half-life.

RB (%) : relative bioavailability, compared AUC ,etezeq to AUC
AB (%) : absolute bioavailability.

control*

Vol. 49. No. 3. 2005
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Table II - Pharmacokinetic parameters of desacetyldiltiazem after oral administration of diltiazem (15 mg/kg) pretreated with naringin to rabbits

Naringin

Parameters Control

1.5 mg/kg 7.5 mg/kg 15 mg/kg
AUC (ng/my - hr) 292+75.9 360+92.9 424+104.3* 431+106.2*
Cax (ng/m)) 17.0+4.4 19.7+5.2 21.5+55 21956
T ) 1.0+£0.26 1.0+0.27 1.0+0.27 1.0+0.26
typ (hr) 16.8+4.4 17.1+45 17.7+£4.6 17.8+4.6
MR 0.89+0.26 0.59+0.17* 0.51x0.15* 0.51+0.14*
RB (%) 100 123 145 148

Mean=S.D. (n=6), *p<0.05, compared with control.

AUC : area under the plasma concentration-time curve from time zero to time infinity.

Cax : Peak concentration.

Toax : time of peak concentration.
ty» : terminal half-life.

MR : metabolite ratio, compared AUC e ceryiittiazem 0 AUCqiniazem-
RB (%) : relative bioavailability, compared AUC

Ashda A olu = 274 0.8910.26, UgIR A FAT
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