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ABSTRACT 
In order to determine the potential pharmacokmetic drug interaction between ranitidine 
and diltiazem (DTZ), each of ten male beagle dogs, age 2-7-4.0 years, weight 13-16 kg, 
received a single oral dose of sustained release DTZ with and without previous multiple 
oral doses of ranitidine (150 mg bid for five doses). The dog was selected as the animal 
model because the pharmacokinetics and metabolism profiles of DTZ are similar to those 
in humans and because sustained release DTZ capsules can be administered with ease 
to this species. Following the oral dose of DTZ, blood samples (5 ml each) were obtained 
via a cephalic vein at 0 (just before dosing), 1, 2, 3, 4, 5, 6, 8, 12, 18, 24, 30, 36, and 
48 h after the dose. Urine samples were collected for 48 h post dose. Plasma and urine 
concentrations of DTZ and its major metabolites N-monodesmethyl DTZ (MA), deacetyl 
DTZ (Ml), and deacetyl N-monodesmethyl DTZ (M2) were determined by HPLC. 
Pharmacokinetic parameters were calculated by non-linear curve fitting, and the effect 
of ranitidine was evaluated by two-factor analysis of variance (ANOVA). Pre-treatment 
of the animals did not significantly alter the disposition of DTZ @>0-05). Similar to 
the results reported in clinical studies, there were large variations in the plasma and urine 
concentrations of DTZ and its major metabolites among the beagle dogs. The effect 
of ranitidine on the disposition of DTZ was highly variable. 
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INTRODUCTION 

Diltiazem (DTZ) is a calcium antagonist widely used in the treatment of angina 
and related disorders.lB2 It is extensively metabolized in humans via 
deacetylation, N-demethylation, 0-demethylation, and oxidative deamination 
yielding a host of metabolites, some of which have potent pharmacological 
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a~tivit ies.~-~ However, the contribution of these metabolites to the overall 
clinical safety and efficacy of DTZ is not clear. 

Clinically, DTZ is often administered together with other therapeutic agents, 
and hence potential drug interactions involving DTZ need to be considered. It 
has been shown that DTZ decreased clearance of digoxinY7 nifedipine,8 
cyclosporine ,9 and propranololI0 possibly by inhibiting cytochrome P-450 
isoenzymes." On the other hand, cimetidine and amiodarone increased plasma 
concentrations of DTZ by a similar me~hanisrn.l~-'~ It has been suggested that 
ranitidine is a much weaker inhibitor of cytochrome P-450 isoenzymes than 
~imetidine.'~.'~ Thus the potential of a pharmacokinetic drug interaction with 
ranitidine should be considerably less than that with cimetidine. The dog is a 
suitable animal model because the pharmacokinetics and metabolism of DTZ 
are similar in the dog and human, and because clinically available solid dosage 
forms can be administered to dogs ea~i1y.l~ Using beagle dogs as an animal 
model, this study determined the pharmacokinetic interactions between ranitidine 
and DTZ. 

MATERIALS AND METHODS 

Animals 

Ten male beagle dogs (Marshall Farms, North Rose, NY, U.S.A.) weighing 
between 13 and 16 kg, age 2.7-4-0 years, were used in the study. They were 
housed in the Dalhousie Animal Care Centre for two weeks prior to the 
experiment in order to acclimatize to the environment, and had access to food 
(Co-op, New Brunswick, Canada) and water ad libitum. During the experiment, 
they were housed in separate steel metabolic cages for collection of urine samples. 

Chemicals and reagents 
DTZ hydrochloride 90 mg sustained release capsules (Cardhem@ SR, Nordic 

Laboratories, Laval, Canada) were kindly supplied by Nordic Merrell Dow 
Research Inc. (Laval, Canada). Ranitidine hydrochloride 150 mg tablets 
(Zantac@) were obtained from Glaxo Canada Inc. (Toronto, Canada). DTZ 
metabolites deacetyl DTZ (M l), N-monodesmethyl DTZ (MA), deacetyl N- 
monodesmethyl DTZ (M2), deacetyl O-desmethyl DTZ (M4), and deacetyl N,O- 
didesmethyl DTZ (M6) were obtained as gifts from Tanabe Seiyaku Co. (Japan) 
via Nordic Merrell Dow Research Inc. (Laval, Canada). Racemic 0-desmethyl 
DTZ (Mx) and N, 0-didesmethyl DTZ (MB), and DTZ N-oxide were synthesized 
as described previously.'* 

Experimental protocol 
The study was approved by the Dalhousie University Ethics Committee for 

Animal Experimentation. It was a randomized two-way balanced cross-over 
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design in which the ten beagle dogs were randomly assigned into two 
groups ( n = 5  in each group). The control group of animals received a 
single oral dose of 90mg of sustained release DTZ, and the ranitidine 
treatment group received 150mg ranitidine orally bid for five doses before 
receiving DTZ. The last ranitidine dose was given 1 h before DTZ. After a 
three-week washout period, the treatment schedule was reversed for the two 
groups of animals. 

Each animal was fasted overnight before the experiment. In the morning of 
the experiment day, a polyethylene catheter (20 G x 1.25 in Surflo@ IV catheter, 
Terumo Medical Corp., Elkton, MD, U.S.A.) was placed in a cephalic vein 
of the animals for blood sample collection. Each animal then received 90 mg 
sustained release DTZ. No food except water was allowed during the first 4 h 
after DTZ. Blood samples (5ml each) were collected into green stoppered 
heparinized evacuated glass tubes (Vacutainers@ , Becton Dickinson, Ontario, 
Canada) at O(just before dosing), 1 ~ 0 , 2 ~ 0 , 3 ~ 0 , 4 ~ 0 , 5 ~ 0 , 6 ~ 0 , 8 ~ 0 , 1 2 - 0 , 1 8 - 0 ,  
24.0, 30.0, 36.0, and 48-0 h after the dose. Cumulative urine samples were 
collected for 48 h post dose. Blood samples collected were immediately 
centrifuged (4000rpm, 4 "C, 10 min) to separate plasma. Both plasma and 
urine samples were stored at - 20 "C until analysis, which was completed within 
three months of the study. Plasma and urine concentrations of DTZ and 
its metabolites MA, MI, and M2 were determined by HPLC as previously 
described. l9 

Pharmacokinetic data analysis 

Maximum plasma concentration (C,& time to reach C,, (?,A, terminal 
plasma half-life (t%), and lag time were calculated by non-linear curve 
fitting assuming a two-compartment model and first-order input. The 
area under the plasma concentration-time curve from time zero to 
infinity (AUC) was determined by the trapezoidal method to the last 
measurable concentration (C& and extrapolated to infinity using the equation 
residual AUC=C,,/@, where @ was the terminal slope of the plasma 
concentration time curve (Rstrip@ , Salt Lake City, UT, U.S.A.). Assuming that 
absorption was complete, renal clearance (Cl,) of DTZ or its metabolites was 
calculated by the equation C1, = A,/AUC, where A, was the amount recovered 
in urine over 48h post dose.20*21 This approach was adequate 
for DTZ and its metabolites except M2, because the residual areas were 
less than 10% of the total AUC, and hence should not introduce excess 
errors in the calculation. For the metabolite M2, the areas determined 
from zero to the last measurable concentrations were used because of its 
long t% and because it was measurable after 48 h post dose. Pharmacokinetic 
data were analysed by two-factor analysis of variance (ANOVA) for the 
effect of period and ranitidine. Differences were considered significant 
when p<0.05. 
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RESULTS 

Assay sensitivity and specificity 

The sensitivity of the HPLC assay was less than long ml-l. The assay 
distinguished ranitidine and DTZ from seven of the DTZ metabolites, MA, M1, 
M2, M4, M x ,  MB, and M6.U The N-oxide metabolites (e.g. DTZ-NO, MI-NO 
or M4-NO) would not interfere with the assay because they were not extracted 
by the methyl tert-butyl ether used in this study. Interferences were further ruled 
out by lack of interfering peaks in the 0 h samples collected during the control 
and ranitidine treatment periods (results not shown). 

Pharmacokinetic interactions 

Following a 90 mg single oral dose of sustained release DTZ, the mean C,, 
was 266ng ml-l and tmax at 4.1 h post dose. A mean lag time of 1-3 h 
was estimated for oral absorption of the sustained release DTZ. The 
mean AUC was 1999 ng h ml-I, and the terminal tl/, and C1, were 5.0 h and 
0.8 ml min kg- l, respectively (Table 1). The most abundant metabolite in 
plasma was MA, which was followed by M2 and then M1 (Figures 1 and 2). 
Other metabolites such as Mx, MB, M4, and M6 were also measurable in the 
plasma samples, but their concentrations were too low to obtain accurate kinetic 
estimates. The mean terminal tl/, values of the major metabolites were 
considerably longer than that of DTZ. The mean C1, of MA was higher than 

Table 1. Mean pharmacokinetic parameters of DTZ and its metabolites in beagle dogs 

tmax 
Q 

DTZa A 266-03 
(159- 88) 

B 214.80 
(128.71) 

MAa A 124-20 
(56.33) 

B 105.90 
(30-48) 

MIa A 74.56 
(43.73) 

B 57.21 
(29- 10) 

M2a A 43-89 
(14.71) 

B 39-39 
(18.56) 

4.12 
(2- 14) 
5-14 

(2 - 62) 
6-24 

(2.03) 
7.47 

(2.94) 
4- 17 

(2- 13) 
5.32 

(2.47) 
6-70 

( 5 -  12) 
8-42 

(4 * 48) 

4.97 
(1.58) 
6-41 

(5 * 38) 
11.97 

(1 2 - 38) 
12-81 
(9.94) 
13-84 

(10-85) 
9.75 

( 5 -  11) 
41-21 

(72 - 38) 
22 * 69 

(1 5 - 02) 

AUCo-, 
(ng h ml-') 

1999.34 
(930-39) 
1775.42 
(638 - 54) 
2066 * 74 
(739 -03) 
1907.20 
(465.99) 
830-91 

(262 - 96) 
687-66 

(181 *70) 
1589.07 

(1 976 - 3 1) 
1172.23 
(371-71) 

Lag time C1, 
(h) (ml min kg-') 

1-32 0-81 
(0.89) (0.45) 
1 -22 1.23 

(0.52) (1-15) 
1 -08 1.30 

(0.99) (0.53) 
1-00 1-31 

(0.57) (0.60) 
1-55 0-34 

(0-97) (0.16) 
1.14 0.57 

(0.58) (0.53) 
0-84 0-33 

(0-83) (0.15) 
0-94 0-30 

(0-91) (0- 16) 
~~ ~ 

A =control; B = ranitidine treatment. 
'No difference between A and B @>0*05). 
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Figure 1. Mean plasma concentrations of DTZ and MA in dogs after a single 90 mg oral dose of 
sustained released DTZ with and without multiple doses of ranitidine (150 mg bid for five doses) 

that of DTZ; in contrast the mean C1, values of M1 and M2 were lower than 
that of DTZ (Table I). 

After multiple oral doses of ranitidine (150mg bid for five doses), the mean 
tmax and terminal tE of DTZ appeared to be longer than the control (t,,, 4.1 

1 

I I I I 
I I I 

0.0 5.0 no 15.0 20.0 25.0 

Time (hr) 

Figure 2. Mean plasma concentrations of M1 and M2 in dogs after a single oral dose of sustained 
release DTZ with and without multiple oral doses of ranitidine (150 mg bid for five doses) 
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versus 5 * 1 h; t%, 5 -0 versus 6.4 h). The mean C,, and AUC were lower (C,,, 
266 versus 215 ng ml-I, AUC, 1999 versus 1775 ng hr ml-I), and the mean C1, 
was higher than the control (0.8 versus 1-2ml min kg-I). None of these 
differences nor the effect of period was statistically significant @>0-05). The 
order of abundance of plasma metabolites remained unaltered (i.e. 
MA>Ml >M2) (Figures 1 and 2). There were also no statistically significant 
differences in the pharmacokinetic profiles of the major metabolites between 
the ranitidine treated and control animals (Table 1). 

DISCUSSION 

The plasma concentration curves were adequately characterized by a two- 
compartment model, although the mean data could be fitted with either a one- 
or two-compartment model (Figures 1 and 2). Similarly to the case in humans, 
MA was the most abundant metabolite in dogs followed by M1 and M2.14J7*23 
The mean terminal t% values of these metabolites were considerably longer 
than that of the parent DTZ in these two species. Thus the dog should be a 
good animal model to investigate the pharmacokinetics and metabolism of DTZ. 
However, it should be noted that neither acidic metabolites formed via oxidative 
deamination, N-oxide metabolites, nor phase I1 conjugative metabolites were 
measured in these studies; the validity of the dog as an animal model for these 
metabolic pathways needs to be further addressed. 

Similar to the results observed in  human^,^^^^^ there were large inter- 
individual variations in the plasma and urine concentrations of DTZ and its 
metabolites. This could be due to a variable first-pass metabolism after oral 
DTZ.2S The effect of ranitidine on the kinetic and metabolism profiles of DTZ 
also varied, and for some animals C,, and AUC were higher than the 
controls. Nonetheless, the effect of ranitidine was not statistically significant 
(p>O.O5). On the basis of the number of animals involved (n= 10) and the 
results obtained from the study, the power of the study was less than 20070.~~ 
Thus, in retrospect, the probability of detecting a significant difference even 
if it exists would be very low (< 20%). This low probability is due to a large 
variation and a small sample size. In contrast to the lack of effect from ranitidine, 
it was shown that cimetidine at 200 mg tid significantly reduced oral clearance 
of DTZ in dogs. The concentration of the major metabolites MA and M1 were 
also lower after cimetidine although the effect on the metabolites was not 
statistically ~ignificant.'~ On the other hand, it has been shown in humans that 
cimetidine (300 mg qid), but not ranitidine (150 mg bid), significantly increased 
plasma concentrations of DTZ.I2 However, this clinical study involved only six 
healthy subjects and the results were thus inconclusive. 

The ranitidine dose used in this study (150 mg bid) was similar to the normal 
clinical therapeutic doses. The fact that no significant effect was observed on 
the pharmacokinetics and metabolism profiles of DTZ could be related to 
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ranitidine being a much weaker inhibitor of cytochrome P-450 isoenzymes. 
This inherent difference between the two H2-receptor antagonists has also been 
observed clinically for their effect on the disposition of theophylline,16 
indomethacin, and ~ulindac.~' In each case, the effect of cimetidine was more 
potent than ranitidine. The effect of ranitidine on gastric pH and motility was 
not measured in the present study. It is known that, clinically, ranitidine increases 
gastric pH and reduces gastric transit time.28 If the same effects as observed 
in humans could be extrapolated to the present study in dogs, it would imply 
that the pharmacokinetics and metabolism of the sustained release DTZ was 
not affected by these changes of the gastro-intestinal functions (Table 1). 

DTZ is extensively metabolized by cytochrome P-450 isoenzymes catalysing 
N-demethylation, 0-demethylation, oxidative d e a m i n a t i ~ n ~ * ~ * ~ ~  and perhaps 
also deacet~lation.~~ Thus it is not surprising that its metabolism would be 
inhibited by agents that are potent P450 isoenzyme inhibitors such as cimetidine. 
The lack of effect observed for ranitidine in the present study could reflect the 
inherent differences in potencies to inhibit P-450 isoenzymes between the two 
H2 antagonists. However, in light of the large inter-individual differences in 
the disposition of DTZ," the lack of pharmacokinetic drug interactions 
observed between ranitidine and DTZ shown in the beagle dogs needs to be 
further validated in humans. 
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