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Pharmacokinetic Interaction Between Diltiazem and Naringenin
in Rabbits
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The purpose of this study was to investigate the effect of naringenin, one of flavonoids, on the pharmacokinetics and
bioavailability of diltiazem (15 mg/kg) after oral administration of diltiazem with or without naringenin (2.0, 10 and 20
mg/kg) in rabbits. Coadministration of naringenin increased the absorption rate constant (K,), the area under the plasma
concentration-time curve (AUC) and peak concentration (C,,,) of diltiazem compared to the control group, but only
significantly (p<0.05) by 10 mg/kg of naringenin coadministration. The absolute bioavailability (AB%) of diltiazem by
coadministration ranges from 7.8% to 10.3%, increased more than control (7.2%), and relative bioavailability (RB%) of
diltiazem is increased from 1.08- to 1.43-fold. Coadministration caused on significant changes in the terminal half-lives
(t;,) and the time to reach the peak concentration (T,,) of diltiazem. On the other hand, coadministration of naringe-
nin increased the AUC desacetyldiltiazem, significantly at the dose of 10mg/kg. But the metabolite ratio (MR) was
decreased, significantly at 10 mg/kg of naringenin. Based on these results, we can make a conclusion that the increased
bioavailability and the significant changes of these pharmacokinetic parameters might be due to naringenin, which pos-
sess the potency to inhibit the metabolizing enzyme (CYP3A4) in the liver and intestinal mucosa, and also inhibit the
P-glycoprotein efflux pump in the intestinal mucosa.
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Fig. 1. Mean plasma concentration of diltiazem(ng/ml) after
oral administration of diltiazem(15 mg/kg) with naringenin
(2.0, 10 and 20 mg/kg) and IV administration of diltiazem(5
mg/kg) to rabbits. O; Control(diltiazem 15 mg/kg oral), A;
Coadministered with naringenin 2.0 mg/kg, A; Coadministered
with naringenin 10 mg/kg, Ik Coadministered with naringenin
20 mg/kg, @; IV(5 mg/kg diltiazem iv administration)
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Fig. 2. Mean plasma concentration of desacetyldiltiazem(ng/
ml) after oral administration of diltiazem(15 mg/kg) with
naringenin(2.0, 10 and 20 mg/kg) to rabbits. O; Control
(diltiazem 15 mg/kg oral), A; Coadministered with
naringenin 2.0 mg/kg, A; Coadministered with naringenin 10
mg/kg, l; Coadministered with naringenin 20 mg/kg.
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Table 1. Pharmacokinetic parameters of diltiazem after oral administration of diltiazem(15 mg/kg) with naringenin(2.0, 10
and 20 mg/kg) and IV administration of diltiazem(5 mg/kg) to rabbits

Parameters Control 30 meke I\izn::i;;:: 30 mgke v
AUC (ng/ml - hr) 326184.6 387£107.6 468+131.4* 354+98.8 1515
C,ax(ng/ml) 113.1429.4 132.4434.2 160.1+42.7* 121.3434.1

T pax(hD) 0.5+0.13 0.5£0.13 0.5+0.13 0.5+0.14

K, (hr'") 3.140.8 3.6£1.0 4.2£1.1* 3.4+0.9

ty (hr) 10.4+2.7 10.6+2.7 11.0+3.0 109429 7.0+1.9
AB(%) 72416 8.5+2.4 10.3+2.6* 7.842.1

R.B(%) 100 118 143 108

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

AUC, area under the plasma concentration-time curve from time zero to time infinity;

C e Deak concentration;

T .y time of peak concentration;

K,, absorption rate constant;

t; 5, terminal half-life;

R.B., AUC rate compared to AUC control;
A.B., absolute bioavailability.

Table 2. Pharmacokinetic parameters of desacetyldiltiazem
after oral administration of diltiazem(1S mg/kg) with naringenin
to rabbits

Parameters Control Naringenin

20mg/kg 10mgkg 20 mgkg
AUC (ng/ml - hr) 264+71.9 296+80.8 330+82.8* 284+74.5
Chnax (ng/ml) 55.2+14.4 63.1+16.1 70.1+18.6 59.1+20.1
Ty () 0.5£0.15 0.5+£0.16 0.5+0.15 0.5+0.14
t,, (hr) 14.4+3.6 145144 145£3.6 14.9+3.7
MR 0.81+0.17 0.77£0.16 0.71+£0.11* 0.80+0.18
R.B(%) 100 112 125 107

MeantS.D (#=6), *p<0.05 compared with control.

AUC, area under the plasma concentration-time curve from time zero
to time infinity;

Cmax, peak concentration;

Tmax, time of peak concentration;

t"2, terminal half-life;

R.B., AUC rate compared to AUC control;

MR, AUCmetabolite/AUC diltiazem.
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