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SUMMARY

The objective of this study was to systematically determine the
pharmacokinetics and metabolism of diltiazem (DTZ) after a single
i.v. dose, and after single and multiple oral (p.o.) doses. Four mongrel
dogs (3 M, 1 F), aged 1-3 years, body weight 19-25 kg, were each
given a single 30 mg dose of DTZ as a solution by i.v injection, the
same dose orally from an immediate release tablet (Cardizem®,
Aventis Pharma, Canada, QC), and also t.i.d. for 10 doses. A 3-4 week
washout period was allowed between each treatment. Blood samples
(4 ml each) were obtained after each treatment from each animal via a
cephalic vein at 0 (just before dosing), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0,
6.0, 8.0, and 12.0 h post dose. Urine samples were collected for 24 h.
The plasma samples were immediately separated by centrifugation and
stored at -20°C until analysis. The results showed that the bio-
availability after a single p.o. dose of DTZ was 26 + 24%. Following a
single i.v. dose, DTZ declined bi-exponentially with a terminal half-
life (t,) of 4.2 £ 1.7 h. N-Monodesmethyl DTZ (M,), deacetyl DTZ
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(M), and deacetyl N-monodesmethyl DTZ (M;) were the major
metabolites. Contrary to the results observed in clinical studies, there
were no increase of plasma concentrations of DTZ after repeated
doses (accumulation factor R = 0.94 £ 0.51). Plasma concentrations of
M, decreased following repeated oral doses, accompanying by an
increase of plasma concentrations of M,, although these changes were
not statistically significant (p >0.05). This study cautions the use of
mongrel dogs for direct extrapolation to humans, particularly for
chronic pharmacokinetics studies of DTZ.

KEY WORDS

diltiazem, metabolites, pharmacokinetics, pharmacodynamics, dogs

INTRODUCTION

Diltiazem (DTZ) is a calcium antagonist widely used in the
treatment of angina and hypertension /1-3/. It is extensively metabo-
lized in humans via deacetylation, N-demethylation, O-demethylation,
and oxidative deamination, yielding a host of metabolites (Fig. 1),
some of which have potent pharmacological activities. It has been
shown that in dogs, the coronary vasodilatating properties of deacetyl
diltiazam (M,), N-monodesmethyl diltiazem (M,), and N-mono-
desmthyl deacetyl diltiazem (M;) were 50%, 20% and 17%,
respectively, of that of DTZ /4/. On the other hand, when comparing
the effect on platelet aggregation and uptake of adenosine by
erythrocytes in vitro, some of these metabolites (e.g. M) were more
potent than DTZ /5,6/. More recently, it has been shown that both M,
and M,, when injected separately into rabbits, significantly lowered
blood pressure (SBP and DBP). Their effects were comparable to
DTZ, although clearance and volume of distribution of these
metabolites were higher /7/.

The oral bioavailability of DTZ is about 40% in humans /8/, 30%
in rabbits /9/, 15-30% in dogs /10,11/ and 15% in rats /12/. The
systemic clearance following intravenous (i.v.) administration is about
14 ml/min/kg in humans /13/, 64 ml/min/kg in rabbits /9/, 45
ml/min/kg in dogs /10/, and 90-180 ml/min/kg in rats /12,14/. It has
been shown in humans that plasma concentrations of DTZ increased
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Fig. 1: Metabolism of diltiazem (DTZ). M, = N-monodesmethyl DTZ; M, =
deacetyl DTZ; M, = deacetyl N-monodesmethyl DTZ.

after multiple doses, accompanied by a greater increase of plasma
concentrations of its major metabolites, such as M and M, /15,16/.
The reason for the non-linear kinetics after chronic dosing is not fully
understood, although it could be related to inhibition of CYP450
isozymes by diltiazem /17,18/. Metabolism profiles of DTZ are more
similar between humans and dogs than in other animal species /19/.
The current study used the dog as an animal model to evaluate the
pharmacokinetics and metabolism of DTZ after single oral (p.o.), i.v.,
and repeated oral doses.

MATERIALS AND METHODS
Chemicals

DTZ and its metabolites were generously donated by the Tanabe
Seiyaku Co. (Japan) via Aventis Pharma Canada (formerly Hoechst
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Marion Roussel, Canada Research Inc., Laval, QC). Solvents were
HPLC grade (BDH Chem., Halifax, N.S., Canada), and all other
chemicals were reagent grade (Fisher Scientific, Ont., Canada).

Study protocol

The study protocol was approved by the Dalhousie University
Committee on Laboratory Animals. Four mongrel dogs (3 M, 1 F),
aged 1-3 years, body weight 19-25 kg (obtained via the Dalhousie
Animal Care Centre) were used for the experiments. The study was a
cross-over design with a 3-week washout period between each treat-
ment. Each animal received a single 30 mg dose of DTZ intravenously
as a solution, the same dose orally from an immediate release tablet
(Cardizem®, Aventis Pharma, Canada), and also t.i.d. for 10 doses.
Blood samples (4 ml each) were obtained after treatment from each
animal at 0 (just before dosing), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0,
8.0, and 12.0 h post dose. Urine samples were collected for 24 h. The
plasma samples were immediately separated by centrifugation (4°C,
1720 g, 5 min) and stored at -20°C until analysis /20/. All the samples
(plasma and urine) were analyzed within 3 months after collection to
avoid possible sample deterioration /21-23/.

Data analysis

Pharmacokinetic parameters were calculated using a computer-
assisted non-linear curve-fitting program employing a two-compart-
ment model following a bolus i.v. injection, and a one-compartment
model following the p.o. dose (Rstrips®, MicroMath Scientific
Software, Salt Lake City, UT, USA). Terminal half-lives (ty) were
calculated by non-linear regression. Areas under the plasma concen-
tration-time curve from 0 to the last sampling time (AUC) were
calculated by the trapezoidal method (Rstrip®, MicroMath, UT, USA).
Absolute bioavailability (F) was calculated by the equation F =
AUC,/AUCjy, where AUCp, and AUC;, were the corresponding areas
after i.v. and p.o. doses, respectively. Systemic clearance (Cl) was
calculated from the equation Cl = D/AUC, where D was the i.v. dose
/24/. The apparent volume of distribution at the 3-phase (Vi) was
equal to Cl/3 where 3 was the slope of the terminal portion of the log-
linear plasma concentrations-time curve after the i.v. dose /24/. Renal

254

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:18 AM



P.K.F. Yeung et al. Drug Metabolism and Drug Interactions

clearance (Clr) was calculated from the equation A/AUC, where A,
was the amount excreted as the unchanged drug in the urine over 24 h,
and AUC was the corresponding area /9,25/. Accumulation factor (R)
was calculated by the ratio (Cs)max/(Ci)max, where (Ci)max and
(Cp)max were the maximum plasma concentrations after the 10 p.o.
dose and the single p.o. dose study, respectively /24/. Due to the small
number of animals used in this study and missing data, the differences
between each dosage scheme were evaluated by ANOVA followed by
the Tukey multiple comparison tests, and considered significant when
p <0.05 (Systat®, Systat, Inc., Evanston, IL, USA).

RESULTS

Following the single i.v. administration, plasma concentrations of
DTZ declined bi-exponentially with an apparent terminal t, of
42 + 1.7 h (Fig. 2, Table 1). The CI, Clr and V3 of DTZ were 59
ml/min/kg, 0.13 £+ 0.10 ml/min/kg, and 18 + 10 l/kg, respectively.
Plasma concentrations of the metabolites Ms and M, were measurable
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Fig. 2: Mean plasma concentration-time profile of diltiazem (DTZ) in dogs after
DTZ. The solid lines represent concentrations predicted by the model
using mean data.
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TABLE 1

Pharmacokinetic parameters of DTZ in dogs after single and multiple
p.o. doses, and single i.v. injection of 30 mg of DTZ

Parameters/ Single dose  Single dose  Multiple P
Route iv. p-o. dose p.o.
Apparent ty, 42+17° 8853 9.7+4.6 NS
(h)
tmax () ND 29+1.8 19+0.2 NS
AUC (ng-h/ml) 690£590° 9136 56+19° <0.05

i.v. vs multiple p.o.
Comax (ng/ml) ND 11+£5.8 9.5+3.7 NS
Cir 0.13+£0.10° 021+0.10 0.58+0.36°" <0.05
(ml/min/kg) i.v. vs multiple p.o.

* Values represent means + S.D.
b p <0.05.

ND = not determined.

NS =not significant.

at most sampling times after the i.v. injection, with ty, of 13 £+ 12 and
17 + 14 h, respectively (Fig. 3). The highest plasma concentrations
(Cmax) Were M, followed by M,, deacetyl O-monodesmethyl DTZ
(My), and deacetyl N,O-didesmethyl DTZ (M), but M, was not
detectable in plasma following the i.v. injection. The Clr of My was
0.46 ml/min/kg, but Clr could not be determined for the other
metabolites because of insufficient data (Table 2).

Following the single p.o. dose, DTZ rose rapidly in plasma to reach
a maximum concentrations by 1 h, and then declined with a t, of
8.8 £ 5.3 h (Table 1). The mean plasma concentration-time profiles of
DTZ could be adequately characterized by an one-compartment model
with first order input following oral dose, but a two-compartment
model was needed to describe the disposition kinetics after i.v.
administration (Fig. 3). The absolute oral bioavailability was
26 + 24%. Compared to the i.v. dose, plasma concentrations of the
metabolites, except M, appeared to be higher after the p.o. dose,
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TABLE 2

Pharmacokinetic parameters of M, in dogs after single and multiple

p.o. doses, and single i.v. injection of 30 mg of DTZ

Parameters/ Single dose  Single dose Multiple dose p
Route i.v. p.o. p.o.

Apparent t;, (h) 13£12° 10£6.0 3624 NS
tmax (h) 2419 33+£26 2.7+0.33 NS
AUC (ng-h/ml) 95+35 110+33 110 £ 65 NS
Crax (ng/ml) 11+3.5 13+£3.6 14+ 8.7 NS

ClIr (ml/min/kg) 046030 035+0.28 1.8+14 NS

* Values represent means = S.D.
NS =not significant.

Plasma Concentration (ng/mL)

Fig. 3:
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Mean plasma concentration-time profile of diltiazem (DTZ) and its
metabolites in dogs after a single 30 mg i.v. dose. The solid lines represent
concentrations predicted by the model using mean data.
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although the differences were not statistically significant (p >0.05).
The time to reach Cpax (tmax) for M| was significantly longer after the
single p.o. dose (4.7 £ 1.6 vs 0.10 £ 0.12 h, p <0.05) (Table 3). The
Clr of DTZ, M4 and M3 were 0.21 £ 0.10, 0.35 £+ 0.28 and 1.0 £ 1.1
ml/min/kg, respectively.

After repeated oral doses t.i.d. for 3 days, plasma concentrations of
DTZ were lower than in the single p.o. dose study (AUC 56 £ 19 vs
91 + 36 ng-h/ml), although the difference was not statistically
significant. The mean accumulation factor (R) calculated from Ci;a
was 0.94 + 0.51. Renal clearance of DTZ was significantly higher after
the multiple oral doses vs the i.v. dose (p <0.05) (Table 1).

TABLE 3

Pharmacokinetic parameters of M, in dogs after single and multiple
p.o. doses, and single i.v. injection of 30 mg of DTZ

Parameters/ Single dose  Single dose Multiple p

Route iv. p.o. dose p.o.

Apparent ty, (h) 17+£14° >30 >30 ND

tmas (h) 0.10£0.12° 47+16° 1.1%13 <0.05
i.v. vs single p.o.

AUC (ng-h/ml) 82+ 56 53+2.1 2043 NS

Cruax (ng/ml) 130£200 55+12 2.6+045 NS

Clr (ml/min/kg) ND ND ND ND

* Values represent means + S.D.
® p <0.05.

ND = not determined.

NS =not significant.

DISCUSSION

As reported previously for DTZ in humans and animal species, the
pharmacokinetic data were highly variable /19,26/. Owing to the large
variability of data and the small number of animals used in this study,
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apparent differences in many observations did not reach statistical
significance. The metabolism and disposition of DTZ in the dogs was
similar to those reported earlier /10,27/. Following a single p.o. dose,
M, was the major metabolite, followed by M, and then M,, which is
similar to the metabolism profile observed in humans /19,26/. The t,
of the metabolites was considerably longer than that of the parent DTZ
(Fig. 3). These results are consistent with those reported previously in
dogs /10,27/, and also in humans, rabbits and rats /12,14,19/. This
suggests that the disposition of the metabolites could be rate limited
by their elimination. However, when the metabolites, M, or M,, were
injected separately into rabbits, their t,;, was shorter than that of DTZ
(4.5 vs 2.1 vs 2.8 h for DTZ, M; and M,, respectively), but the
volumes of distribution at steady-state (Vdss) were considerably larger
(1.9 vs 5.9 vs 9.0 I/kg for DTZ, M, and M,, respectively) /7/. Thus the
apparently longer t, seen in the current study could be attributed to a
larger volume of distribution of the DTZ metabolites.

Previous studies in rabbits and rats have shown that plasma
concentrations of the metabolites were higher after an i.v. dose /9,12/.
However, in the current study, with the exception of M;, plasma
concentrations of the metabolites were lower after the i.v. dose,
although the differences were not statistically significant (p >0.05).
This could be attributed to a species difference in DTZ metabolism,
particularly in extrahepatic sites, such as the blood and lung tissues,
which are known to rapidly metabolize DTZ to M; in rabbits /28,29/.
Extrahepatic metabolism of DTZ in other animal species has not been
reported. Thus, an in vitro study to investigate systemically species
differences in the metabolism of DTZ may be warranted to confirm
this hypothesis.

In an earlier study /27/, the t, of DTZ following a single 90 mg
oral dose of a sustained release DTZ (Cardizem® SR, Aventis
Pharma, Canada, QC) in beagle dogs was about S h, which is shorter
than the t, of 9 h determined in this study. The reasons for this
discrepancy are not clear. It could be related to differences in dose,
strain of animals used (beagles vs mongrels), formulation (sustained
vs immediate release), or a combination of these factors. There is also
evidence in this study to suggest that the kinetics of DTZ is non-linear
following multiple oral doses. The mean Cn.x and AUC of DTZ
following the single p.o. dose were higher than those after the multiple
p.o. doses (Table 1). Although the differences were not statistically
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significant, the data suggest that oral bioavailability of DTZ decreases
after repeated doses. This is contrary to the increased oral bio-
availability after multiple doses in mongrel dogs, as reported earlier by
Maskasame and co-workers /10/. While the reasons for this discre-
pancy are not clear, it may be attributed at least in part to the size of
the oral dose, which was 3 times higher than in the current study. It
was also administered as a solution, as opposed to the tablets used in
this study. An increase in oral bioavailability after chronic dosing has
also been reported in clinical studies /15,16/. While the mechanism of
altered bioavailability and the associated species differences after
chronic dosing are not known, an inhibition/induction of metabolism
could be an important attributing factor. Caille and co-workers /16/
have suggested that deacetylation of DTZ to M; may be increased in
humans during chronic dosing. In the current study, however, the
AUC of M, decreased from 53 + 2.1 to 20 + 4.3 ng-h/ml between
single and multiple p.o. doses (Table 2). On the other hand, the AUC
of M; rose from 36 + 38 to 60 + 28 ng-h/ml, although the differences
were not statistically significant. Thus it appears that metabolism
could be an important contributing factor to the non-linear behaviour
when DTZ was continued from the single p.o. dose to the multiple
doses in this animal species. Species comparison in single dose studies
may not be adequate to identify a suitable animal model for pharmaco-
kinetic studies.

In summary, the current study has confirmed the non-linearity and
species differences of DTZ metabolism reported in earlier studies
/10,19,27/, and cautions against the use of mongrel dogs for
pharmacokinetic studies of DTZ, particularly for chronic experiments.
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