
~ ) Pergamon 
Biochemical Pharmacology, Vol. 48, No, 9, pp. 1779-1783. 1994. 

Copyright ~ 1994 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 

0006-2952/94 $7.00 + 0.00 

0006-2952(94)00322-X 

CHARACTERISATION OF PRAZIQUANTEL METABOLISM 
BY RAT LIVER MICROSOMES USING CYTOCHROME P450 

INHIBITORS 

COLLEN M. M A S I M I R E M B W A  and JULIA A. HASLER* 
Department of Biochemistry, University of Zimbabwe, Mt Pleasant, Harare, Zimbabwe 

(Received 20 January 1994; accepted 4 July 1994) 

Abstract--The metabolism of praziquantel (PZQ) was studied in microsomes isolated from livers of 
differently pretreated rats and in the presence of various inhibitors of cytochrome P450 (P450) isoforms. 
Microsomes from phenobarbitone (PB)-pretreated rats metabolised PZQ to its major metabolite 4OH- 
praziquantel (4OH-PZQ) at a greater rate than those from 20-methylcholanthrene (MC) and saline 
(SA) pretreated rats. The Vm= for the PB microsomes was 600 nmol 4OH-PZQ formed/mg/min x 10 -3 
compared to 91.4 nmol/mg/min x 10 -3 for MC and 238 nmol/mg/min x 10 -3 for SA microsomes. These 
results indicate that PZQ is metabolised by PB-inducible isoforms of P450. Inhibitor studies were 
conducted with microsomes from SA-pretreated animals. In these studies, caffeine, disulfuram, and 
tolbutamide were poor inhibitors of the metabohsm of PZQ to 4OH-PZQ, with I50 values not 
determinable. Ouinidine and quinine inhibited the hydroxylation of PZQ but with high Ki values. 17ol- 
Ethynylestradiol, cimetidine and diphenylhydramine were effectwe inhibitors of the formation of 4OH- 
PZQ, with 17o~-ethynylestradiol being the most potent with a K~ of 0.5 --- 0.05 #M. From the known 
specificities of these P450 inhibitors, it is therefore concluded that cytochromes P450 1A2, 2El, 2C9- 
10, and 2D6 probably do not contribute significantly to the metabolism of PZQ to its major metabolite 
in rats. It is likely that cytochromes P450 2B1 and 3A, both inducible by PB, are predominantly 
responsible for the formation of 4OH-PZQ. 

Key words: praziquantel; praziquantel metabolism; 4-hydroxypraziquantel; cytochrome P450 inhibitors 

P Z Q , t  2-cyclohexylcarbonyl (1,2,3,6,7,11b) hexa- 
hydro-4H-pyrazin (2,l-a)  isoquino-lin-4-one, is a 
broadly effective trematode and cestocide [1]. After  
oral administration, the drug is absorbed rapidly, 
followed by rapid and extensive metabolism [2]. 
Praziquantel is subjected to pronounced first-pass 
metabolism and the major  metabolite in serum of 
humans and animals has been identified as the 4- 
hydroxycyclohexyl-carbonyl analogue of PZQ (4OH- 
PZQ) [1, 2]. A number of studies has been done on 
the pharmacokinetics of PZQ in rats [3, 4] and in 
humans [3, 5]. The mechanism of action [3, 6] and 
toxicology [7] of PZQ have also been studied. Other 
investigations have been directed towards identifying 
the metabolites of PZQ [8, 9], and a few studies 
have been carried out on the metabolism of PZQ in 
vitro [10]. 

Cytochrome P450 is a family of haem proteins 
which plays a major role in the metabolism of a wide 
range of xenobiotic and endogenous compounds 
[11]. Cytochrome P450 exists as multiple isoforms 
which respond differently to specific inducers [12, 13] 
and inhibitors [13, 14]. Within each mammalian 
species there are estimated to be over 20 different 
cytochrome P450 gene products that have been 
characterised with regard to their properties and 
catalytic specificities [14, 15]. Comparison of rat 
cytochrome P450 isoforms with those found in 

* Corresponding author. FAX (263) 4 333407. 
t Abbreviations: PZQ, praziquantel; 4OH-PZQ, 4- 

hydroxypraziquantel; PB, phenobarbitone; MC, 20- 
methylcholanthrene; SA, saline; P450, cytochrome P450. 

humans has also been done with a view to improving 
the extrapolation of findings from animal studies to 
humans [16]. There are many useful approaches 
available for determining which cytochrome P450 
isoforms make major contributions to the metabolism 
of a particular drug. These include assessing the 
effect of specific inhibitors and antibodies on the 
metabolism of a drug in microsomal preparations. 
Another  approach is to use microsomal preparations 
from animals that have been pretreated with inducers 
of specific forms of cytochrome P450 [12, 14]. 

In pharmacokinetic studies, pretreatment with 
phenobarbitone resulted in lowered maximum serum 
PZQ concentrations and reduced its bioavailability 
in rats [17], whilst pretreatment with the antiepileptics 
phenytoin and carbamazepine had a similar effect 
in humans [18]. Pretreatment with dexamethasone 
also decreased PZQ bioavailability in humans [19]. 
Induction of the forms of cytochrome P450 that 
metabolise PZQ is the most likely explanation of 
the above observed effects. In contrast, in rats, 
cimetidine, ketoconazole and miconazole each 
increased the bioavailability of PZQ in vivo and 
inhibited microsomal metabolism of PZQ in vitro 
[20]. These agents are known to inhibit cytochrome 
P450 isoforms [21], and their effect on PZQ 
pharmacokinetics and metabolism in vitro is probably 
due to the inhibition of the isoforms of cytochrome 
P450 that metabolise PZQ. In this study we 
have characterised PZQ metabolism in hepatic 
microsomes prepared from rats pretreated with 
classic inducers and using inhibitors of specific 
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isoforms of cytochrome P450. The aim of the study 
was to identify cytochrome P450 isoforms that 
participate in the metabolism of PZQ to 4OH-PZQ. 

MATERIALS AND METHODS 

Chemicals. PZQ was a generous gift from Bayer 
(Bayerwerk, Germany) and 4OH-PZQ a generous 
gift from Merck (Darmstadt,  Germany). Ethyl 
acetate was purchased from Merck (Darmstadt,  
Germany) and HPLC-grade acetonitrile was from 
Caledon Lab Ltd (Georgetown, Ontario, Canada). 
Sodium phenobarbitone was a generous gift from 
CAPS Ltd (Harare,  Zimbabwe).  All biochemicals, 
20-methylcholanthrene, and the specific inhibitors 
of cytochrome P450 isoforms were purchased from 
Sigma (St Louis, MO, U.S.A.) .  

Animalpretreatment. Male Sprague-Dawley rats, 
8 weeks of age and weighing 150-200g, were 
obtained from the University of Zimbabwe Animal 
House. Rats received i.p. injections of either 50 mg/ 
kg sodium PB dissolved in 0.9% NaC1 or 40 mg/kg 
of MC dissolved in olive oil for 4 successive days. 
Control animals received equivalent volumes of 
0.9% NaCI (SA). During pretreatment,  the animals 
were allowed free access to food and water. On the 
morning of the 5th day, PB, MC and SA pretreated 
rats were sacrificed and livers removed for 
preparation of PB, MC and SA microsomes. 

Microsomal metabolism of praziquantel. Micro- 
somes were prepared by ultracentrifugation [22]. 
The microsomes were then stored at - 8 0  ° in 0.1 mM 
Tris-HC1 buffer, pH 7.4, containing 1.0 mM EDTA,  
and 20% glycerol. The protein concentration was 
determined by the Lowry method [23] using BSA 
as standard. Preliminary experiments using PB 
microsomes established that the hydroxylation of 
PZQ to 4OH-PZQ depended on the presence of an 
NADPH-generat ing system and that this reaction 
was linear with time for at least 30 min. Subsequent 
incubations were therefore for 15rain at 37 °. 
The incubation mixture (1.0 mL) comprised PZQ 
dissolved in 5 t~L of DMSO, 500 ~L of a 2 mg/mL 
microsomal suspension, 240/~L of 50 mM Tris-HC1 
pH 7.4 buffer and an NADPH-generat ing system. 
The latter comprised 200mM DL-isocitric acid, 
0.3 mM NADP,  10 mM MgC1 and 1.0 unit of isocitric 
dehydrogenase. In experiments with inhibitors, 
different concentrations dissolved in 5 ~L of either 
water or DMSO were added to the incubation 
mixture. The reaction was initiated by adding the 
isocitric dehydrogenase and allowing the mixture to 
incubate at 37 ° under air in a shaking incubator for 
15 min. The reaction was terminated by adding 2 vol 
ice-cold ethyl acetate and vortex mixing. The 
incubation medium was immediately extracted for 
4OH-PZQ with ethyl acetate. 

Sample extraction and analysis. Each 1.0mL 
microsomal incubation medium was extracted for 
the PZQ metabolite (4OH-PZQ) three times with 
ethyl acetate (2 mL). The three ethyl acetate extracts 
were pooled and reduced to dryness by blowing air 
over the extract in tubes placed in a water-bath at 
60 °. The dry sample was reconstituted in 200/~L of 
the mobile phase. Fifty microlitres of this sample 
was injected on to the HPLC for the determination 
of 4OH-PZQ.  A Varian 9000 HPLC was used with 

Table 1. Michaelis-Menten parameters for formation of 
4-hydroxypraziquantel from praziquantel in rat liver 

microsomes 

K~ I/ma x 
Microsomes ( /~M)  (nmol/mg/min x 10 3) 

PB 90.2 -* 23.1 600 -+- 143 
MC 32.5 -+ 26.2* 92 -+ 21* 
SA 31.4 + 5.9t 238 +- 12+ 

For each set of microsomes, N = 3. 
Significantly different from the PB microsomes, at: 

*P < 0.05, tP < 0.005• 

a RP-18 (5/~m, 150 x 4.6 mm) column; the mobile 
phase was acetonitr i le:water (30:70 v/v), at a flow 
rate of 0.8 mL/min with a column temperature of 
30 °. The recovery of 0.75/~g/mL 4OH-PZQ added 
to a microsomal suspension was 98% with a 
coefficient of variation of 3.3% and N = 7. 

Enzyme kinetics. Data were plotted using the 
ENZFIT program for Lineweaver-Burke plots to 
determine the Km and Vmax values for PZQ 
metabolism in PB, MC and SA microsomes. Dixon 
plots were generated from the inhibition studies to 
determine the Ki values of the four most potent 
inhibitors of PZQ metabolism to 4OH-PZQ. 

Data analysis. A paired two-tailed Student's t-test 
was used to compare the differences in the Michaelis- 
Menten parameters for PZQ hydroxylation to 4OH- 
PZQ in microsomes from differently pretreated rats. 

RESULTS 

Michaelis-Menten kinetics 
Km and Vmax values, calculated from Lineweaver-  

Burke plots for the metabolism of PZQ to 4OH- 
PZQ mediated by microsomes from PB, MC and 
SA pretreated rats, are shown in Table 1. Figure 1 
shows the plots of rate of 4OH-praziquantel 
production with varying concentrations of pra- 
ziquantel by microsomes from differently pretreated 
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Fig. 1. Plots of rate of 4OH-praziquantel production vs 
varying concentrations of praziquantel by microsomes from 
SA-, MC- and PB-pretreated rats. For each differently 

pretreated group of rats, N = 3. 
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Table 2. Inhibition of praziquantel hydroxylation by specific substrates/inhibitors of cytochrome 
P450s 
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4OH-PZQ formation Approximate* 
Substrate/ (% of control) [50 K,. and K, 

P450 inhibitor at [/] = 1 mM (pM) (/zM) 

1A2 caffeine 60.4 -4- 4.7 - -  500-1000? 
2B1 diphenhydramine 18.1 -+ 1.2 250 - -  
2C9-10 tolbutamide 58.3 +- 1.2 - -  224.4 
2D6 quinidine 13.1 _+ 7.2 196.4 20.1 

quinine 31.1 +_ 4.4 446.4 3.5 
2El disulfiram 60.8 -+ 5.4 - -  - -  
3A cimetidine 33.6 -+ 8.3 339 25-100§ 

17o~-ethynyl- 13.4 -+ 1.15 2.9 - -  
estradiol 

N = 3 .  
* K, and K m from Refs [24 and 25]. 
t Human data; :~ at [ll = 25/~M. 

rats. The Km for PB microsomes was greater than 
that for MC and SA microsomes, the differences 
being statistically significant. The Vma x values 
obtained were statistically significantly different from 
each other, in the order PB > SA > MC microsomes. 

Inhibition of praziquantel hydroxylation 

A range of inhibitor concentrations was used to 
generate plots of percentage rate of 4-hydroxylation 
vs inhibitor concentration for eight compounds that 
inhibit cytochrome P450 (plots not shown). Table 2 
shows the 150 values obtained from these plots for 
compounds which inhibited PZQ hydroxylation in 
microsomes from untreated animals by more than 
50% in the concentration ranges used. For the 
less potent inhibitors, only the percentage PZQ 
hydroxylation compared to the controls at the highest 
inhibitor concentration of 1.0 mM was recorded. 
From these plots, caffeine, tolbutamide and 
disulfiram were found to be poor inhibitors of PZQ 
hydroxylation whilst 17o~-ethynylestradiol was the 
most potent inhibitor. 

The four inhibitors which inhibited PZQ hydroxy- 
lation by more than 50% were further investigated 
by determining their Ki values and the mode of 
inhibition. Dixon plots for the inhibitory effects of 
quinidine and diphenhydramine (Fig. 2) and 17a- 
ethynylestradiol and cimetidine (Fig. 3) were used 
to calculate Ki values and assign mode of inhibition 
(Table 3). 

DISCUSSION 

The results of our study show that PZQ is 
metabolised to its major metabolite, 4OH-PZQ, to 
a much greater extent by microsomes from PB- 
pretreated rats than by microsomes from MC- and 
SA-pretreated rats. The finding that PB induction 
enhances the metabolism of PZQ is in agreement 
with our in oivo study in which PZQ bioavailability 
and maximum serum levels were greatly decreased 
in PB-pretreated rats as compared to MC-pretreated 
rats and the SA control rats [17]. The Km was 
unexpectedly higher for the PB microsomes as 
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Fig. 2. Dixon plots illustrating the inhibition of praziquantel 
hydroxylation by quinidine and diphenhydramine in 
microsomes from livers of saline pretreated rats. For each 

study, N = 3. 



1782 C.M. MASIMIREMBWA and J. A. HASLER 

80 

70 
? 

o 60' 

= 5 0 -  
E 
t~ 4 0 -  

o 

E 3 0 -  
c 

20 -  

10 -  

i~ 25p.M PZQ / 

• i . . . . . . . .  

- 0 . 5 - 0 . 3 - 0 . 1  0.1 0 .3  0 .5  0 .7  0 .9  1.1 

[Cimetidine] mM 

40 p -  
i~ 25~M PZQ / / T  

c 

0 . . . . . .  , . . . . .  ! . . . .  i , 

- 6  - 1  4 9 1 4  

[17¢z-Ethynylestradiol] laM 
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in microsomes from livers of saline pretreated rats. For 
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compared to MC and SA microsomes, and this could 
imply that there is an inducible (at least by PB) 
microsomal P450 which has a lower affinity for PZQ. 
It should be noted here that CYP2B and CYP3A 
forms are inducible by PB and steroids [13]. 

Specific inhibitors were used in an attempt to 

Table 3. Ki values and modes of inhibition of praziquantel 
hydroxylation in saline pretreated rat liver microsomes 
for some species-specific inhibitors of cytochrome P450 

(N = 3) 

Type of 
Substrate/inhibitor Ki (#M) inhibition 

quinidine 110.0 -+ 33 non-competitive 
diphenhydramine 96.7 - 37.9 competitive 
quinine 120.0 + 14 competitive 
cimetidine 253.0 ± 42 competitive 
17ot-ethynylestradiol 0.5 ± 0.05 competitive 

identify the forms of P450 that contribute to PZQ 
metabolism. Caffeine, tolbutamide and disulfiram in 
concentrations in excess of their Km and/or  Ki values 
with respect to prototype substrates in humans did 
not significantly inhibit PZQ hydroxylation. This 
suggests that cytochromes P450 1A2, 2C isoforms 
and 2El for which the compounds are markers, 
respectively [14, 24], are not involved to any great 
extent in the hydroxylation of PZQ to its major 
metabolite 4OH-PZQ. Quinidine and quinine 
inhibited PZQ metabolism with Ki values of 126 and 
110/~M, respectively. As these are in excess of their 
typical Ki values, this suggests minor participation 
of cytochrome P450 2D1 for which quinidine and 
quinine are inhibitors [25], with the human 
orthologue being 2D6. It should, however, be taken 
into account that quinidine might be inhibiting 
cytochrome P450 3A isoforms for which it is a 
substrate [15]. 

Diphenhydramine, cimetidine and 17o~-ethynyl- 
estradiol significantly inhibit PZQ hydroxylation. 
Diphenhydramine is a specific inhibitor of cyto- 
chrome P450 2B1 whilst cimetidine and 17ol- 
ethynylestradiol are inhibitors for 3A isoforms of 
cytochrome P450 [12, 14]. 17o~-Ethynylestradiol is 
known to destroy selectively CYP3A forms by 
metabolite intermediate complexation [26], and has 
also been shown to be a substrate of the 
same enzyme [27]. The 17~-ethynylestradiol could 
therefore be interacting with CYP3A forms through 
a biphasic mechanism of inhibition: the observed 
competitive inhibition (Fig. 3) being its competition 
with PZQ for the CYP3A active site and the dramatic 
reduction in the production of 4OH-PZQ,  with 
increasing inhibitor concentration being due to the 
mechanism-based inactivation of the CYP3A forms. 

The significant inhibition of PZQ hydroxylation 
by these compounds implies an involvement of the 
2B and 3A isoforms of cytochrome P450 in the 
metabolism of PZQ. Two forms of cytochrome P450 
2B (2B1 and 2B2) are induced in rat liver by 
phenobarbital but only 2B2 is expressed in the 
untreated animal [16]. Although one 2B (2B6) gene 
has been found in humans, expression of this gene 
has not been demonstrated [28]. The finding that 2B 
isoforms might play an important role in PZQ 
hydroxylation in rats therefore is likely to be of no 
significance for human metabolism of praziquantel. 

Cytochrome P450 3A isoforms, however, are 
found in both species (3A1 and 3A2 in rat and 3A3, 
4, 5 and 7 in humans) and are induced by a number 
of the same compounds including phenobarbital 
[13, 16, 29]. Although it is usually not reliable to 
extrapolate animal model findings to humans, it has 
been shown that the rat and human CYP3A forms 
exhibit comparable specificities and have similar 
mechanisms of regulation [30]. The suggestion that 
praziquantel is metabolised by 2B and 3A isoforms 
of cytochrome P450 could explain the decreased 
bioavailability of PZQ and its lowered maximum 
serum levels in rats pretreated with PB [17], in 
humans pretreated with dexamethasone [19] and in 
phenytoin and carbamazepine pretreated humans 
[18], compounds which are now known to induce 
CYP3A forms [31]. 

In the evaluation of the safety of drugs and other 
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chemicals there  is an interest  in determining their 
potent ial  for induct ion or inhibition of the enzymes 
of drug metabol ism.  Such interactions may alter the 
pharmacological  effects of concurrent  medicat ion,  
modify the toxicity or  carcinogenicity of xenobiotics,  
or  alter the levels of  important  endogenous 
compounds  [29]. Knowledge  of the specific forms of  
cy tochrome P450 that are predominant ly  involved 
in the metabol ism of P Z Q  assists in making 
predict ions about  drug interactions due to induction 
or  inhibition. F rom our  studies, we would anticipate 
that agents and factors affecting the cytochrome 
P450 3A status of an individual could be expected 
to alter P Z Q  metabol ism.  Fur ther  studies on 
the metabol ism of P Z Q  using antibodies and 
heterologous  expression systems for individual 
cytochrome P450 isoforms would provide conclusive 
evidence of the specific cytochrome P450 isoforms 
involved.  
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