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The Effect of Phenobarbital Pretreatment on the
Pharmacokinetics of Diltiazem in Rats

Yong-Bok Lee, 1k-Bae Koh and Min-Hwa Lee*
College of Pharmacy, Chonnam National University, Gwangju 500-757, Korea
and *College of Pharmacy, Seoul National University, Seoul 151-742, Korea
(Received September 7, 1992)

The influence of phenobarbital (PB) pretreatment (75 mg/kg/day, i.p. for 4 days) on the pharmaco-
kinetics of diltiazem (DTZ) and its metabolite, desacetyldiltiazem (DAD), was investigated in rats.
DTZ was injected via femoral (3 mg/kg) or portal (10 mg/kg) vein to the control and PB-pretreated
rats. DAD was also injected separately via femoral (3 mg/kg) vein to both groups of rats. The
intrinsic hepatic plasma clearance of DTZ was found to be significantly increased (6.8-fold) by the
PB pretreatment. However, the fraction of an intravenous DTZ dose converted to DAD (F,,) was
only slightly (6%) increased and calculated metabolic rate constant of DTZ to DAD was not affected
by the pretreatment. On the other hand, plasma free fraction of DTZ was increased (1.8-fold) from
4.24+ 0.25% to 7.45% 0.54% by the pretreatment. However, the 1.8-fold increase in the free fraction
of DTZ would not explain the 6.8-fold increase in the hepatic intrinsic clearance of DTZ. Therefore,
the increase in either the hepatic blood flow or the metabolism other than to DAD was expected
as the probable mechanism(s) of the increased- hepatic clearance of DTZ. Sequential metabolism
of DAD to further metabolites, however, would be a more potential cause of the apparently uncha-
nged metabolism of DTZ to DAD by the PB-pretreatment.

Keywords — Pharmacokinetics, Diltiazem, Desacetyldiltiazem, Phenobarbital, Plasma protein binding,
Hepatic intrinsic clearance, Metabolism.
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Figure 1—Chromatograms of: (A) blank rat plasma; (B)
blank rat urine; (C) rat plasma spiked with diltiazem,
desacetyldiltiazem and diphenhydramine (internal stan-
dard); (D) plasma sample 90 min after intravenous ad-
ministration of diltiazem (3 mg/kg). Detector setting:
0.005 au.fs., Recorder setting: 10 mV, | =Injection
time.

Peaks: 1=DAD; 2=DTZ; 3=Diphenhydramine; 4=Un-
known metabolite.
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Figure 2—Calibration curves of DTZ(O) and DAD(@)

in plasma by the peak height ratio mode (n=3). Linear

regression equation: DTZ, y=0.00471x—0.0494, r=

0.999 (p<0.01); DAD, y=0.00623x+0.0918, r=0.999 (p<

0.01).

Table 1—-HPLC Conditions for the Determination of DTZ
and DAD in Rat Plasma and Urine

Condition
Acetonitrile-water-MeOH (50:45:5)
(1.5g heptane sulfonic acid, 8g
sodium acetate, 0.06 m/-triethyla-
mine/l/, pH 6.5 with glacial acetic
acid)

Parameters

Mobile phase

Stationary phase Spherisorb® 5ym ODS
(reverse phase, 4.6 mmX250 mm)
Flow rate 1.5 m//min
Detector UV (237 nm)
Pressure 105~108 bar

Column temperature 50T
Injection volumn 50
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Figure 3—Distribution of diltiazem into red blood cells
of control(O) and PB-pretreated(@®) rats. Each point re-
presents the mean value of three independent experi-
ments and solid lines are the means of each experimen-
tal group.

Table Il—Effect of Phenobarbital Pretreatment on the
Blood-to-plasma Conceniration Ratio (Rgl and the Pla-
sma Protein Binding of DIZ in Rats*

Control PB-pretreated
Rz 0.87+ 0.04 0.85%0.03
Free fraction (%) 424+ 0.25 745% 0.54*
Hematocrit 047+ 0.01 048+ 0.01

Phenobarbital sod.(75 mg/kg) was intraperitoneally ad-
ministered to rat once a day for four days.
“Calculated by (free/free+bound) concentration X 100.
#Meanzt S.E. of twelve experiments. *p<0.01
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Figure 4—Plasma protein binding of diltiazem in control
(O) and PB-pretreated(®) rats by centrifugal ultrafiltra-
tion method. Solid lines are the means of each experi-
mental group.
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Figure 5—Mean arterial plasma concentration-time pro-
files of DTZ and its metabolite, DAD, after femoral vein
bolus administration of DTZ (3 mg/kg) to rats (n=6).
Each solid line was calculated by RSTRIP®. Vertical
bar represents the standard error of the mean.
Keys: —O—, control DTZ; ~®—, control DAD, —@—,
PB-pretreated DTZ; —A—, PB-pretreated DAD.
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Figure 6—Mean arterial plasma concentration-time pro-
files of DTZ and its metabolite, DAD, after portal vein
bolus administration of DTZ (10 mg/kg) to rats (n=6~
8). Each solid line was calculated by RSTRIP?. Vertical
bar represents the standard error of the mean.
Keys: —O-—, control DTZ; —B—, control DAD, —@—,
PB-pretreated DTZ; —A—, PB-pretreated DAD.
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Figure 7—Mean arterial plasma concentration-time pro-
files of DAD after femoral vein bolus administration of
DAD (3 mg/kg) to rats (n=6). Each solid line was calcu-
lated by RSTRIP®, Vertical bar represents the standard
error of the mean.

Keys: ~O-—, control DAD; -@-, PB-pretreated DAD.
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Table HNI—Effect of Phenobarbital Pretreatrment on the
Pharmacokinetics of DTZ after Femoral Venous Injection
to Rats (3mg/kg)?*

Table V—Effect of Phenobarbital Pretreatment on the
Pharmacokinetics of DAD after Femoral Venous Injec-
tion to Rats (3 mg/kg)

Parameters Control

PB-pretreated

Parameters Control PB-pretreated

AUC (ng-min/m/)  73187.3% 3065.5 54715.1+ 3217.6*

CL (m//min/kg) 4094+ 172 5554+ 3.74*
MRT (min) 64.90+ 2.29 46.24+ 1.63*
Vss (I/kg) 249+ 0.14 252 0.08
tipp (min) 59.6+ 2.7 68.0+ 3.8*
Xy (ug/kgy 114+ 29 264 0.7%
L (%)Y 0.38+0.08 009+ 0.02*
CLg (mi/min/kg) 0.14+ 0.08 0.04+ 0.01*
CLxz (ml/min/kg) 40.62+ 1.64 55.37+ 3.82*

AUC,,, (ng-min/m{)* 196753+ 15488 15347.7+ 1062.5*
Xump (ug/kgyl 1.65% 0.30 0.46+ 0.19*

All parameters were calculated by statistical moment
analysis. “Xu is the urinary excreted amounts of DTZ
upto 3 hours. *Urinary excreted fraction (f,, %) calcula-
ted by X,/administered dose. ‘AUC,,, is the area under
the concentration-time curve of DAD after DTZ admini-
stration. “X, ., is the urinary excreted amounts of DAD
upto 3 hours after DTZ administration. ¥Mean+ S.E.
(n=6~8), *p<0.01

Table IV —Effect of Phenobarbital Pretreatrnent on the
Pharmacokinetics of DTZ after Portal Venous Injection
to Rats (10 mg/kg)

Parameters
AUC (ng-min/mil)

Controt PB-pretreated
70888.5+ 55814 10617.8+ 467.3*

CL (mi/min/kg) 14170+ 1044  958.36+ 42.55*
MRT (min) 14491+ 1018  148.85+7.82
X, (ug/kgyr 25+ 1.1 0.8+ 0.3*
fu (o) 0.025+ 0.007 0.008+ 0.002*

AUC,,; (ng-min/m/¥ 78169.0+ 4143.8 18939.8+ 1084.9*
Ximp (ugfkg) 35+ 17 1.20% 047*

All parameters were calculated by statistical moment
analysis and expressed as meant SE. of 6~8 experi-

ments. For the meaning of a,b,c,d and * see Table
L

Ko )7t A9 ¥ JElYE A o2 Hol PBY
g8 fEE olxHA0q osjHE DTZY
DAD=Z S| tAl&Ert 37h7) o ez 3R
4 Ak weky, PBAME R sk DTZ) A
AgggeelRzrl S/l BH2IEREE)0]
Aashe A2 PBo) dd HaRTol FIHAA
2T ZhA F ) Ao EAE Pos A8 A A 7L B A 3}
Ho8? DTZe| A3} Yolulist wkgo] e A

AUC (ng'min/m/) 76482.7+ 30053 56450.6+ 2050.8*

CL (m{/min/kg) 4061+ 168 55.14+ 2.63*
MRT (min) 96.1+ 11.6 468+ 1.2*
Vss U/kg) 3.80+ 0.34 2.66 0.10*
typ (min) 88.3+ 6.0 40.9+ 2.4*
X, (ug/kgF 43+ 12 13+ 05*
£, (%Y 0.14% 0.04 0.04+ 0.01*
CLg (mi/min/kg) 0.06% 0.01 0.02+ 0.01*
CLyz (ml/min/kg) 4057+ 1.57 55.08+ 2.46*

All parameters were calculated by statistical moment
analysis and expressed as mean+ SE. of 6 experiments.
For the meaning of each parameter and symbol(*), see
Table III

Table VI—£Effect of Phenobarbital Pretreatment on the
Hepatic Metabolism-Related Parameters of DTZ in
Rats

Group MRT, F. F,. F.i Kot
Control 80.01 0291 0996 0257 0.0030
PB-pretreated 10261 0.058 0999 0272 0.0028

Parameters were calculated according to eq. 8~ 12 using
the data in Table III~V.
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