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Summary. Cimetidine is a n  H 2 antagonist which inhibits 
cytochrome P-450 and reduces hepatic blood flow. To de- 
termine whether cimetidine interferes with the plasma 
pharmacokinetics of doxorubicin, we gave six female New 
Zealand rabbits doxorubicin 3 mg/kg, followed a month 
later by cimetidine 120 mg/kg every 12 h over 72 h and 
doxorubicin 3 mg/kg. Serial plasma specimens were ob- 
tained over 72 h and assayed for doxorubicin and its me- 
tabolites by high-performance liquid chromatography and 
fluorescence detection. 

Doxorubicin plasma pharmacokinetics were prolonged 
after cimetidine pretreatment [AUC 0.76 + 0.22 vs. 2.85 ± 
t.22 g M x  h, no pretreatment vs pretreatment (p=0.005), 
half-life = 11.7+6.55 vs 28.0_+8.16h (P= 0.0002), and 
clearance = 0.129+0.036 vs 0.036+0.011 1/min -1 kg -I  
(P= 0.0007)]. No significant differences were found be- 
tween the AUCs for doxorubicinol, 7-deoxy doxorubicinol 
aglycone, or two unidentified nonpolar metabolites in 
nonpretreatment and pretreatment studies. Cimetidine in- 
creases and prolongs the plasma exposure to doxorubicin 
in rabbits. Doxorubicin metabolism does not appear to be 
affected by cimetidine. 

Introduction 

Cimetidine is an H2-antagonist widely used for the treat- 
ment of peptic ulcer disease and gastric hyperacidity. This 
drug has been shown in vitro to inhibit cytochrome P-450 
in a noncompetitive manner [24, 25]. In vitro, cimetidine 
prolongs the clearance, increases the half-life, and in- 
creases the areas under the curve of a diverse group of 
drugs, including oral anticoagulants [30], benzodiazepines 
[10, 21, 29], theophylline [28], anticonvulsants [1], ketocon- 
azole [32], lidocaine [15], and beta-blocking agents [20, 27]. 

Experience with cimetidine-antineoplastic agent inter- 
action is limited. Hande et al. [18] have demonstrated that 
cimetidine inhibits the excretion of procarbazine and 
hexamethylamine in rats. Recently, Harvey et al. [19] have 
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Fig. 1. Major proposed metabolic pathway of doxorubicin in hu- 
mans. (Reprinted by permission, from Pratt WB and Ruddon 
RW, The Anticancer Drugs, Oxford University Press, New York, 
1979, p 162 

reported that prolonged dosing (4 weeks) with cimetidine 
causes prolongation of 5-fluorouracil excretion and expo- 
sure (area under the curve) in humans. 

Doxorubicin (Adriamycin) is the prime example of a 
cytotoxic drug that is almost completely metabolized and 
excreted by the liver [3, 31] (Fig. 1). We put forward the hy- 
pothesis that drugs which inhibit cytochrome P-450 func- 
tion or decrease hepatic blood flow would change the 
pharmacokinetics of hepatically handled antineoplastic 
agents, resulting in higher concentrations, prolonged half- 
lives, and increased total drug exposures similar to those 
changes previously observed in noncytotoxic drugs. To 
test this hypothesis, we have evaluated the pharmacokinet- 
ic interaction of cimetidine with doxorubicin in rabbits. 
Our data suggest that cimetidine increases plasma concen- 
trations and prolongs the half-life of doxorubicin. 
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Materials and methods 

Materials. Doxorubicin hydrochloride was purchased as 
commercial material from Adria Laboratories. Tetrahyd- 
rofuran (THF) was obtained from Fisher Laboratories 
(HPLC grade). Ammonium formate (Fisher certified) buf- 
fer, 0.1% (w/v) was made fresh daily with distilled water 
and was adjusted to pH 4.0 with formic acid (Fisher certi- 
fied). The buffer was subsequently filtered (Millipore, Mil- 
ford, Mass) and degassed before use. For chemical extrac- 
tion, chloroform (Fisher certified), 2-propanol (Fisher cer- 
tified), and ammonium sulfate (Fisher certified) were used. 

Synthesis of metabolites. The following metabolites were 
synthesized according to the published procedures of Tak- 
anashi and Bachur [31]: doxorubicinol, doxorubicin agly- 
cone, doxorubicinol aglycone, 7-deoxydoxorubicin agly- 
cone, and 7-deoxydoxorubicinol aglycone. Identity of the 
standard was confirmed by mass spectroscopy. 1 Purity of 
all standards was confirmed by a single peak on HPLC at 
published retention times [2, 8]. The lack of other peaks in 
the HPLC trace suggested at least 99% purity of the metab- 
olite. 

Experimental procedure. Six New Zealand white rabbits 
were given doxorubicin 3 mg/kg through the marginal ear 
vein over a 5-rnin period. Blood samples (3 ml) were then 
collected in heparinized tubes at 0.083 (5 min), 0.25, 1, 2, 
4, 8, 12, 24, 36, 48, and 72 h, and immediately centrifuged 
at 4 ° C. The plasma supernatant was removed and frozen 
at - 2 0  °C until assay. All samples were assayed within 3 
weeks of their collection. 

Four weeks following the initial doxorubicin dose, the 
same rabbits received a second dose of doxorubicin, 3 mg/  
kg. This time, they also received cimetidine 120 mg/kg i. v. 
1 h before doxorubicin and every 12 h for 72 h after the 
administration of doxorubicin. Blood specimens were 
drawn and processed as described above. 

Doxorubicin assay. Specimens were assayed according to a 
recently described procedure [8]. Following the addition of 
0.05 nmol daunorubicin per ml plasma as an internal 
standard, I ml plasma was extracted with 2 ml chloro- 
form: isopropanol (1:1, v/v) according to the procedure 
of Benjamin et al. [5]. The extract was dried and stored 
overnight at - 2 0  °C and reconstituted in 100 [xl of a 3:7 
THF : methanol solution. Then 60 ml of the plasma extract 
was injected into a Waters Associates (Millipore Corp., 
Milford Mass) dual pump, programmed-gradient high- 
performance liquid chromatograph. Doxorubicin and me- 
tabolites were separated on a 30 cm, 10 p~m particle size, ~t- 
Bondapak phenyl column (Waters Associates, Millipore 
Corp., Milford Mass) using a mobile phase consisting of 
THF : 16 mM, pH 4.0 formate buffer (1 : 1, v/v). Metabo- 
lites were eluted over a 10-min linear gradient from 15% 
THF to 50% THF, with a 5-min washout period at 50% 
THF. Doxorubicin and metabolite peaks were detected on 
a Perkin-Elmer model 650-40 spectrofluorimeter fitted 
with an 18-~tl flow cell. The excitation wavelength was 
476nm and the emission detection wavelength was 
550 nm. 

J Performed on a Nermag RI0-10-R quadrapole mass spectrome- 
ter by Dr Ian Blair 

Peaks were printed and integrated on a Waters Asso- 
ciates (Millipore Corp., Milford, Mass) data module. 
Doxorubicin and metabolites were identified according to 
peak retention times compared with standards injected in 
methanol. The assay is sensitive to 0.054 ng doxorubicin 
injected from a methanol solution and 2 ng doxorubicin 
extracted from human plasma [8]. 

Quantitation. A standard curve was prepared from each 
rabbit's pretreatment plasma. The ratio of known doxoru- 
bicin peak areas to a 0.05 nmol/ml daunorubicin internal 
standard was calculated. Following linear regression anal- 
ysis, concentrations of metabolites and doxorubicin from 
plasma were calculated from their ratio to the internal 
standard. 

Pharmacokineties. Doxorubicin concentrations were fitted 
by means of the nonlinear curve fitting program MLAB 
[21] to the equation: 

C(t ) = Ae -~t + Be -~t, 

where C~t ) is the plasma concentration at time t, A and B 
are constants, and a and [} are linear elimination rate con- 
stants. A 1/(concentration) 2 weighting function was used 
for curve fitting. The area under the curve (AUC) was cal- 
culated for doxorubicin by the log trapezoidal rule to in- 
finity. Clearance was calculated by: 

Do/AUC, 

where D o is the administered dose. Volume of distribution 
was calculated by a noncompartmental method [4]: 

Vds s = D O (AUMC)/AUC 2 

where AUMC is the area under the movement curve. 
Areas under the curve for metabolites were calculated by 
the log-trapezoidal rule. Student's t-test for paired means 
was used to test for statistical significance. 

Results 

Two-compartment fits of doxorubicin concentrations with 
and without cimetidine are shown in Fig. 2. Pharmacokin- 
etic data are listed in Table 1. Significant differences were 
found in all major pharmacokinetic parameters. Cimeti- 
dine prolonged the half-life and increased the area under 
the curve. The calculated total-body clearance was re- 
duced. 

Doxorubicinol, a combination peak of 7-deoxydoxoru- 
bicinol aglycone and doxorubicin aglycone, and unknown 
metabolites C and G were detected in most rabbits 
(Table 2). There were no differences from baseline values 
in metabolite exposure when the animals were treated with 
cimetidine. The wide standard deviations seen in metabo- 
lite AUCs reflect their low concentrations at or near the 
detection limits of the assay (0.005 btM doxorubicin fluor- 
escent equivalent). Plasma concentrations of the metabo- 
lites were neither as high nor as long in duration as we 
have found in human plasma [6]. 
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Fig. 2. Concentration time curve of doxorubicin plasma concen- 
trations obtained from New Zealand White rabbits pretreated 
with cimetidine 1 h before and every 12 h for 72 h after doxorubi- 
cin administration, compared with the concentrations obtained 
from the same rabbits without cimetidine treatment 

D i s c u s s i o n  

In view of  the widespread use of  doxorubicin as anticancer 
therapy, it is important  to consider the possibility of  drug- 
drug interactions with commonly  used drugs such as ci- 
metidine. Cimetidine's interactions with multiple drugs are 
well described. At least four mechanisms have been iden- 
tified. First, cimetidine is thought to affect gastrointestinal- 
absorption of  ketoconazole and penicillin owing to its H 2 
receptor antagonism and subsequent decrease in gastric 
acid secretion [13, 32]. Second, cimetimetidine-induced H2 
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receptor blockade decreases hepatic blood flow. Reduced 
hepatic uptake of  propanolol  due to decreased blood flow 
has resulted in increased plasma drug concentration and 
area under the curve [15, 20, 27]. Third, the inhibition of  
cytochrome P-450 by cimetdine is described as noncom- 
petitive [24] and has been documented in vitro [24] and in 
vivo with multiple pharmacologic agents [1, 10, 21, 28-30]. 
Finally, preliminary data have suggested that cimetidine 
causes competitive inhibition of  renal tubular secretion of  
organic acids [23], theoretically interacting with drugs sec- 
reted by the kidney. No such interactions have been re- 
ported to date. 

Drug interactions with doxorubicin are well documen- 
ted. Reich and Bachur [26] initially described phenobarbi- 
tal-enhanced metabolism and clearance of  doxorubicin in 
mice. Subsequent human studies by Chang et al. [9] sug- 
gested that streptozotocin delayed doxorubicin excretion 
and caused increased myelotoxicity. Streptozotocin-in- 
duced hepatotoxicity was thought to cause delay in the me- 
tabolism of doxorubicin and hence delayed drug excretion 
and toxicity. Studies conducted by Evans et al. [12] in 
children have found that cyclophosphamide prolongs the 
plasma exposure of  doxorubicin. The increased doxorubi- 
cin exposure is probably due to 4-hydroxycyclophospha- 
mide, a major metabolite of  cyclophosphamide,  which 
may have induced inhibition of  cytochrome P-450 reduc- 
tase activity [11]. This drug interaction has been shown to 
delay the appearance of  7-deoxydoxorubicinol aglycone 
and 7-deoxydoxorubicin aglycone [11]. 

Doxorubicin disappears from plasma faster in rabbits 
than in humans. Rabbits metabolize the drug to aglycones 
in a manner similar to man, albeit in low concentrations 
[7]. Our study shows that cimetidine induces a significant 
decrease in doxorubicin clearance in rabbits. This is also 
reflected in an increased terminal excretion half-life and 
an increased area under the curve. Since doxorubicin is 
not administered orally or excreted in large quantities by 
the kidney, these two mechanisms of  drug-drug interaction 
are not relevant. Hepatic extraction efficiency of  doxoru- 
bicin in humans is approximately 50%-60% [16]; the ex- 
traction efficiency in rabbits, to our knowledge, is un- 

Table 1. Pharmacokinetic parameters obtained from biexponential analysis of doxorubicin plasma-time profile 

AUC (I.t M-h) T 1/2 (h) C 1TB (1/min-~ kg-J) Vds~ (1/kg) 

Doxorubicin (n = 6) 0.76 + 0.22 11.7 + 6.55 0.129 ± 0.036 112.4 ± 77.0 
Doxorubicin + cimetidine (n = 6) 2.85± 1.22 28.0±8.16 0.036±0.011 80.5+38.8 
P = 0.005 0.002 0.0007 0.23 

Values given are means + SD 

T a b l e  2. Areas under the concentration-time curve for doxorubicin and metabolites in animals receiving doxorubicin with or without 
cimetidine 

Metabolite Doxorubicin alone Doxorubicin + cimetidine P 
(~M-h) (p~M-h) 

Doxorubicin 0.750 + 0.22 2.850 + 1.22 
Doxorubicinol 0.450 + 0.28 0.590 + 0.22 
7-Deoxydoxorubicinol aglycone 1.010 + 1.28 1.460 -t- 3.34 
Unknown metabolite C 0.440 + 0.036 0.065 + 0.065 
Unknown metabolite G 0.026 _+ 0.015 0.060 + 0.051 

0.005 
0.32 
0.71 
0.58 
0.14 

Values given are means + SD 
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known.  Since hepat ic  b lood  flow changes induced  by his- 
tamine  b lockade  affect only  high-clearance drugs [15, 20, 
27] (such as propranolo l ) ,  it is not  l ikely that  this mecha-  
nism is pr imar i ly  responsible  for  the large clearance delay 
we have observed. 

This leaves us with inhibi t ion of  cy tochrome P-450 as 
the p r imary  mechanism of  c imet idine 's  delay o f  doxorubi-  
cin clearance. Unfor tunately ,  the metabol i te  da ta  do not  
suppor t  this assertion. I f  cytochrome P-450 enzymes had  
been blocked,  then higher  doxorub ic ino l  exposure  and 
lower aglycone metabol i te  concentra t ions  in the cimeti- 
d ine- t reated animals  would  have been observed.  Instead,  
no significant differences in doxorubic ino l  or  aglycone ex- 
posures  between the two treatments  was found.  These 
discrepancies  may  be expla ined  by a t rend toward  higher 
doxorubic ino l  concentra t ions  and by the low metabol i te  
concentra t ions  which were, with the except ion o f  doxoru-  
bicinol ,  at the detect ion limits of  our  assay. The large 
s tandard  deviat ions o f  areas under  the curve suppor t  this 
assert ion [14]. Final ly ,  it is possible  that c imet idine inhibits 
the a ldehyde  and ketone reductases,  which convert  doxo-  
rubicin  to doxorubicinol .  

Fur ther  work evaluat ing the interact ions of  cimetidine 
with ant ineoplas t ic  agents is important .  The widespread  
use of  this drug and its abil i ty to inhibi t  cytochrome P-450 
enzymes may  have adverse clinical  effects upon  pat ients  
receiving other  hepat ical ly  metabol ized ant ineoplas t ic  
agents. 
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