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Summary. Antipyrine plasma clearance and rates of  metabolite 
formation were measured on four occasions in eight patients 
with disseminated nonseminomatous testicular cancer. Anti- 
pyrine tests were performed before, during (2x), and after 
treatment with a combination of  cisplatin (P), vinblastin (V), 
and bleomycin (B). Pretreatment values were compared with a 
male control group (n = 14) matched for age and body weight. 
Antipyrine plasma clearance was 20% higher in patients with 
testicular cancer (first experiment) than in the control group. 
This difference was mainly due to a 35% higher clearance for 
production of  3-hydroxymethylantipyrine (HMA), while clear- 
ance for production of  norantipyrine (NORA) and 4-hydroxy- 
antipyrine (OHA) was not significantly different from the 
control group. A reduction in CLHMA was observed after 
complete remission (fourth experiment), indicating that the 
presence of  the tumor may be related to a selective increase of  
HMA formation. Treatment with the PVB combination resulted 
in a 30% increase in antipyrine plasma clearance (second and 
third experiments), whereas the rates of  formation of the main 
metabolites of  antipyrine were all increased to the same extent. 
These accelerating effects of PVB treatment persisted for at least 
6 weeks after the start of  the last treatment cycle. 

The data presented in this paper demonstrate that the 
presence of  a testicular tumor and the use of cytostatics can have 
an accelerating and partially selective effect on oxidative 
drug-metabolizing enzyme activity in man. 

Introduction 

Large interindividual differences are observed in the disposi- 
tion of drugs that are predominantly metabolized by enzymes 
in the liver [2]. These differences are caused by differences in 
drug-metabolizing enzyme activity [5]. In patients with malig- 
nancies, the presence of a tumor and the administration of 
anticancer drugs may contribute to these differences, since 
certain diseases and drug treatments have been shown to 
influence hepatic enzyme activities [37]. A decrease in such 
activity was generally observed in tumor-bearing animals [18]. 
In patients with lung cancer a small increase in antipyrine 
clearance became apparent [3], though this increase could also 
have been caused by smoking [19, 34]. The presence of 
prostatic cancer shortened antipyrine half-life [26], while 
gastric cancer [14] and leukemia [15] seemed to have no effect. 
In patients with hepatoma, normal antipyrine half-lives were 
observed [27], but in metastatic liver cancer antipyrine 
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elimination was seriously impaired irrespective of the primary 
tumor [15, 27]. 

Little is known about the effects of cytostatic agents on 
drug-metabolizing enzyme activity in man. Higuchi et al. [15] 
found a 40% reduction of antipyrine clearance in patients with 
leukemia after treatment with a combination of daunorubicin, 
cytosine arabinoside, 6-mercaptopurine, and prednisolone, 
but the influence of a possible transfusion-related hepatitis 
could not be excluded. Animal and in vitro studies also showed 
inhibition of hepatic enzyme activity by carmustine [41], 
cyclophosphamide, 5-fluorouracil, methotrexate [7, 17], vin- 
cristine, actinomycin D [7], bleomycin [23], and doxorubicin 
[35]. Although testicular neoplasms are rare, amounting to 
only 1% of all malignant tumors in man, they are the main 
cause of cancer death in men aged 25-34  years [22]. Recently a 
combination of cis-diamminedichloroplatinum (cisplatin), vin- 
blastin, and bleomycin (PVB) was proved to be highly effective 
in the treatment of disseminated testicular nonsemino- 
ma [13, 28]. 

In our study we tried to establish the influence of testicular 
cancer on hepatic drug-metabolizing enzyme activity by 
measuring antipyrine plasma clearances and rates of formation 
of antipyrine metabolites. Antipyrine is widely used as a model 
compound to assess oxidative hepatic drug-metabolizing 
enzyme activity, since it is metabolized extensively in the liver 
and its elimination is independent of protein binding and liver 
blood flow [38]. The usefulness of the antipyrine test has 
recently been extended by including the analysis of the main 
metabolites of antipyrine: 4-hydroxyantipyrine (OHA), noran- 
tipyrine (NORA), and 3-hydroxymethylantipyrine (HMA) [9]. 
The formation of these metabolites is catalyzed by different 
isoenzymes of the cytochrome P-450 system. The rates of 
formation or clearances for production of the metabolites can 
be assessed by measuring total antipyrine clearance and 
cumulative renal metabolite excretion [6, 8, 10, 29]. 

Materials, patients and methods 

Drugs. Antipyrine (A) was obtained from a commercial source 
(Brocacef, Maarssen, The Netherlands). 3-Hydroxymethylan- 
tipyrine (HMA), norantipyrine (NORA), and 4-hydroxyanti- 
pyrine (OHA) were synthesized according to previously 
described methods [11, 20, 21]. cis-Diamminedichloro- 
platinum (Platinol) was obtained from Bristol-Myers; vinblas- 
tin (Velbe) from Lilly, and Neomycin (Bleomycin) from 
Lundbeck, through the Pharmacy of the University Hospital at 
Groningen, The Netherlands. 
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Human experiments. Eight patients with disseminated non- 
seminomatous testicular tumors (Table 1) were treated with a 
combination of cis-diamminedichloroplatinum (P), vinblastin 
(V), and bleomycin (B). A group of 14 healthy male adults of 
comparable age and weight (Table 2) was used as control 
group. P was given daily on days 1 - 5 ,  20 mg/m 2 in 300 ml 
mannitol with 20 mg chlorpromazine as a 2-h IV infusion in 
saline, by means of an arteriovenous shunt. An IV bolus of V 
1.2 mg/kg was given on days 1 and 2. B (30 mg) was infused 
with about 15 min on days 2, 9, and 16. Four treatment cycles 
were given, each new cycle starting on day 22 from the 1st day 
of the cycle before (Fig. 1). No other drugs were given before 
or during the experiments, except acetylsalicylic acid (Ascal, 
500 mg twice daily PO) to prevent obliteration of the AV 
shunt. 

Antipyrine (A) was injected as a 500-mg IV bolus 2 days 
before the start of cytostatic treatment (day - 2 ,  expt. I), 1 
week after the start of treatment (day 8, expt II),  just before 
the second treatment cycle (day 18, expt III),  and 6 weeks after 
the start of the last treatment cycle (day 106, expt IV; Fig. 1). 
Heparinized blood samples were taken at 0, 3, 6, 9, 12, 24, 28, 
and 32 h after antipyrine administration for determination of 
antipyrine plasma half-life (tl/2), apparent volume of distri- 
bution (Vd), and clearance (CL). Urine was collected at 
intervals during a period of 48 h to determine the amounts of 
antipyrine excreted and its main metabolites. Plasma and urine 
samples were stored at - 2 0 ° C  until analyzed by methods 
previously described [9, 30]. 

Table 1. Patient characteristics 

Patient Symbol Age Body weight (kg) 
(years) 

I II III IV 

1 O 41 72 69 68 71 
2 A 18 70 65 67 69 
3 [] 38 81 79 78 75 
4 $ 23 61 64 62 _a 
5 • 30 57 52 51 -~ 
6 • 24 84 78 77 _a 
7 • 29 67 64 63 _a 
8 + 24 60 59 59 62 

Patient mean 2 8 ± 8  69±10 66±9  66±9  69±5  
± SD (n = 8) 
Control mean 26 ± 4 73 ± 9 
± SD (n = 14) 

a Not determined, because these patients did not participate in 
expt. IV 

Calculations. Antipyrine half-life (tea) was calculated by 
least-squares regression analysis of the log plasma concentra- 
tion versus time curves. The apparent volume of distribution 
(Vd) was calculated by dividing the given dose by the 
extrapolated value of antipyrine concentration at time zero. 
The clearance (CL) of antipyrine from plasma and the 
clearances for production of the metabolites (CL~ of 
antipyrine were calculated according to the following equa- 
tions: 

CL = D/AUC (1) 

cLm =fm x CL (2) 

in which D is the given dose, A UC is the area under the plasma 
concentration time curve and fm is the fraction of the dose 
excreted as metabolite m in urine, upon extrapolation of the 
48-h value to infinity, using antipyrine half-life [8]. 

Statistical analysis for the comparison of controls and 
patients before treatment was performed with Student's t-test. 
Intertest and interpatient variations were evaluated by 
two-way analysis of variance followed by Student modification 
of the Newman-Keuls test. 

R e s u l t s  

Table 1 shows the characteristics of the individual patients, 
mean values of the control group, and the symbols used for 
each patient in Figs. 2 and 3. Ages and body weights were 
much the same for both groups, and moderate alcohol drinkers 
and smokers were equally represented. In Table 2 the mean of 
the data obtained are given, while individual results are shown 
in Figs. 2 and 3. Total antipyrine plasma clearance was higher 
in untreated cancer patients (expt I: 3.8 l/h) than in the control 
group (3.1 l/h), while no difference in Va was observed. The 
patients had considerably shorter elimination half-lives than 
the control group (7.8 versus 11.1 h). CLHM A was higher than 
in controls (11.3 versus 8.4 ml/min), while CLoH A and CLNoRA 
were not significantly different. 

Treatment with the combination of cytostatics (PVB) 
resulted in an increase of antipyrine clearance from 3.8 to 
4.6 1/h and a shortening of q/: from 7.8 to 6.6 h (expt I versus 
expt II; Fig. 2 and Table 2). The small changes in body weight 
(Table 1) And in Va (Table 2) of the patients were not 
statistically significant. 

Clearance for production of the metabolites had also 
increased after treatment. This was significant for CLNoRA: 
from 14.2 to 18.3 ml/min (I versus II) and CLHMA: from 11.3 to 
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Fig. 1. Design of cytostatic treatment with cisplatin 
P), vinblastin (V), and Neomycin (B), and the 
performance of antipyrine tests (A) 



T a b l e  2. Pharmacokinet ic  
testicular cancer before 
chemotherapy  

183 

data for antipyrine and its main metaboli tes in 14 controls (C) and in patients with disseminated nonseminomatous  
(I), during (II and III), and after (IV) t rea tment  with a cisplatin, vinblastin, and bleomycin combinat ion 

C I II III IV 
(n = 14) (n ~ 8) (n = 8) (n = 8) (n = 4) 

t ~  (h) 11.1 + 1.8 7.8 + 1.0 a 6.6 + 1.1 b 6.2 ± 1.2 b 6.8 + 1.3 
Vd (1) 48.2 + 7.4 41.8 + 4.4 42.6 + 4.6 42.6 + 5.2 44.4 + 5.3 
CL (l/h) 3.1 + 0.6 3.8 _+ 0.6 a 4.6 + 0.9 b 4.8 _+ 1.1 b 4.7 __ 1.2 b 
CLoH A (ml/min) 15.6 + 4.0 17.8 _+ 5.4 21.1 + 7.2 22.1 + 8.1 20.3 + 9.5 
CLNORA (ml/min) 14.0 +_ 6.1 14.2 + 2.5 18.3 + 2.8 b 16.4 _+ 5.0 17.3 _+ 3.5 
CLttMA (ml/min) 8.4 + 2.7 11.3 _+ 3.6 a 13.6 _+ 3.6 14.2 + 3.3 b 12.2 + 3.6 c 

Mean  values + SD, are given 
a Significant difference when  I compared with C (P < 0.05) 
u Significant difference when  II, III, and IV compared with I (P < 0.05) 
c Significant difference when  IV compared with III (P < 0.05) 

Fig. 2. Individual values of  elimination half-life (q/2), 
apparent  volume of distribution (Vd), and plasma 
clearance (CL) of antipyrine in eight patients with 
disseminated nonseminomatous  testicular cancer before 
(I), during (II, III), and after IV) t rea tment  with a 
cisplatin, vinblastin, and bleomycin combination 
chemotherapy.  The  horizontal lines indicate mean  
values. Of  14 controls (C), mean  values _+ SD are 
given 
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Fig. 3. Individual values of the clearance for 
production of 4-hydroxyantipyrine (OHA), 
norantipyrine (NORA), and 3-hydroxymethylantipyrine 
(HMA) in eight patients with disseminated 
nonseminomatous  testicular cancer before (I), during 
(II, III), and after (/V) t rea tment  with a cisplatin, 
vinblastin, and bleomycin combinat ion chemotherapy.  
The horizontal lines indicate mean  values. Of  14 
controls (C), mean  values + SD are given 
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14.2 ml/min (I versus III),  but not for CLoH A. The results of 
experiment I I I  did not differ from those of experiment II 
(Table 2 and Fig. 3). Six weeks after the start of the last 
treatment cycle (expt IV) antipyrine clearance was still about 
the same as in experiment II1. Of the metabolites, CLHM A had 
decreased significantly from 14.2 to 12.2 ml/min. 

Discussion 

The aim of the present study was to assess the influence of the 
presence of disseminated nonseminomatous testicular tumors 
and the influence of PVB treatment on hepatic function. In 
such patients, however, conventional (qualitative) liver func- 
tion tests such as gamma-glutamyltranspeptidase (GGT),  
alkaline phosphatase (AP), serum glutamyl oxalate transam- 
inase (sGOT), and serum glutamyl pyruvate transaiminase 
(sGPT) cannot be used, since these enzymes are formed in the 
tumor and are released during PVB treatment due to tumor 
cells lysis [36]. Protein synthesis is also a parameter  that cannot 
be used in this situation, and therefore antipyrine was chosen 
as a test drug for oxidative hepatic function, since its 
elimination kinetics have been widely used in assessing the 
activity of hepatic microsomal drug-metabolizing enzymes in 
man [2, 5, 6, 16, 37, 38]. Previously published studies with 
antipyrine indicated that lung cancer [3] and prostatic cancer 
[26] exerted a slight inducing effect, while gastric cancer [14], 
leukemia [15], or hepatoma [27] seemed to have no effect. 
Antipyrine metabolism was only impaired when metastases 
were located in the liver [15, 27]. 

Our results in patients with disseminated testicular cancer 
(all without liver metastases) are basically in agreement with 
these previous results, since antipyrine plasma clearance was 
about 20% higher in patients before treatment as compared to 
an age- and weight-matched control group (Table 1 and 
Fig. 2). In the previous studies with antipyrine, however, only 
antipyrine elimination half-lives or total plasma clearance were 
measured. The approach of measuring clearances for produc- 
tion of the three major metabolites enabled us to investigate 
the possible selective effects of the presence of tumor tissue 
and the administration of the anticancer drugs on the oxidative 
drug-metabolizing enzyme activity of different isoenzymes of 
cytochrome P-450 [6]. Comparison of the results obtained 
before PVB treatment (expt I) with those obtained in the 
control group indicated that the higher total clearance in the 
patients was mainly due to a 35% higher clearance for 
production of HMA. This result is interesting considering that 
in studies with such well-known inducers of drug metabolism as 
antipyrine [12], pentobarbital  [12], and rifampicin [31, 33], 
H M A  formation was found to be least susceptible to induction. 
Moreover,  formation of H M A  was affected less than formation 
of N O R A  and O H A  in alcoholic liver cirrhosis [32]. 

The effect of PVB treatment was investigated in a 
longitudinal study in the same panel of patients (Fig. 1). In 
contrast to the inhibiting effect of PVB treatment on enzymes 
involved in thyroid hormone metabolism [40], in our study 
PVB treatment resulted in an increase of antipyrine clearance 
(expt II versus expt I; Table2  and Fig. 2) by about 25%. 
During treatment,  similar increases were observed for all three 
main metabolites of antipyrine (expts II and III),  indicating 
nonselective induction. The increase in CLoHA was less 
pronounced than the increase in CLNoRA (expt II) and CLHM A 
(expt III). 

For the patient group as a whole, the results of experi- 
m e n t I I I  were not significantly different from those of 
experiment II,  indicating persistence of increased enzyme 
activity (Table 2). Individual results, however (Figs. 2 and 3), 
showed marked interindividual differences. In some patients a 
decrease in enzyme activity became apparent, while in others a 
further increase was observed. In most cases the changes in 
metabolite clearances paralleled the changes in total plasma 
clearance. 

No data are available on the effects of P, V, and B 
separately on hepatic drug-metabolizing enzyme activity in 
man. It can only be speculated that the increase in drug-me- 
tabolizing enzyme activity observed in this study is primarily 
associated with cisplatin, since platinum was shown to 
accumulate in the liver, resulting in detectable levels up to 4 
weeks after cisplatin administration [4]. Moreover, for plati- 
num a mean v-phase elimination half-life of 174 h as been 
reported [25]. The elimination half-life of B is about 4 h [1] and 
that of V about 24 h [24], so that they are not likely to give rise 
to a high degree of accumulation. Furthermore, B and 
vincristine, a compound related to V, have been reported to 
inhibit hepatic mixed-function oxidases in rats [7, 23]. 
However,  there may be large interspecies differences between 
isoenzymes of cytochrome P-450 in man and rat, and therefore 
no definite answer can be given to the question as to which 
anticancer drug has which effect on drug-metabolizing enzyme 
activity. There is probably no influence of the concomitantly 
administered chlorpromazine, since identical changes in anti- 
pyrine metabolism to those given in Table 2 were observed in 
two patients after PVB treatment without chlorpromazine. 
Other factors known to influence hepatic drug metabolism [39] 
were well controlled. The composition of the diet, for instance, 
was kept quite constant, and only minimal changes in body 
weight occurred (Table 1). 

Six weeks after the start of the last treatment cycle a fourth 
antipyrine test was performed. Antipyrine plasma clearance 
was still elevated and not significantly different from that in 
experiments II and III. This persistent effect may be related to 
the long elimination half-life of P [25] and its accumulation in 
the liver and other body tissues [4]. The inductive effect, 
however, did not persist evenly in the formation of all three 
metabolites of antipyrine. CLHM A was significantly reduced in 
comparison with experiment III,  whereas CLNoRA and CLona 
remained unchanged. In view of the initially elevated values of 
CLHM A in untreated patients compared with the control group, 
and the nonselective effects of PVB treatment, the preferential 
reduction in CLttMA may be associated with the disappearance 
of all tumor tissue. After  termination of treatment, complete 
remission was confirmed in all patients by surgical and 
histological examination. 

Data presented in this paper demonstrate that both the 
presence of a malignant fast-growing tumor and treatment with 
a PVB combination may have an accelerating effect on 
oxidative drug-metabolizing enzyme activity in man in vivo, 
though they were shown to have slightly differential effects on 
the different forms of cytochrome P-450. Assuming that 
antipyrine clearance provides a satisfactory reflection of liver 
function [6, 16, 32, 38], it can be concluded that the presence of 
testicular tumors and PVB treatment have no profound effect 
on it. 
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