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Abstract--The gastric acid antisecretory compound omeprazole (5-methoxy-2-((4-methoxy-3,5-dimethyl- 
2-pyridinylmethyl)-sulphinyl)-lH-benzimidazole), a member of the new class of H+,K+-ATPase 
inhibitors, is known to interact with the metabolism of other drugs in vitro and in vivo. In this 
study, two other substituted benzimidazoles, pantoprazole (5-difluoromethoxy-2-((3,4-di-methoxy-2- 
pyridinylmethyl)-sulphinyl)-lH-benzimidazole) and lansoprazole (2-((3-methyl-4-(2,2,2-triftuoro- 
ethoxy)-2-pyridinylmethyl)-sulphinyl)-lH-benzimidazole) are compared for their ability to inhibit 
cytochrome P450 dependent biotransformati0n in vitro with regard to three representative reactions: 
O-dealkylation of 7-ethoxycoumarin (EC), N-demethylation of ethylmorphine (EM) and hydroxylation 
of Ionazolac (Lona). These reactions can be seen in microsomes from phenobarbital pretreated rats 
representing the cytochrome P450IIB1 subfamily. As shown in presence of known inhibitors of 
cytochrome P450, e.g. SK&F 525A, metyrapone, chlorpromazine and nitrendipine, different enzymes 
seem to be responsible for these three indicator reactions of the cytochrome P450IIB1 complex. These 
reactions are inhibited to a different extent by the three H+,K+-ATPase inhibitors. Pantoprazole shows 
the lowest inhibitory activity versus the three reactions (K~,/zmol/L): EC, 138; EM, 104; Lona, 128. 
A greater effect is observed with omeprazole: EC, 38; EM, 68; Lona, 20. Lansoprazole exceeds 
omeprazole in inhibiting the three cytochrome P450 dependent enzymes: EC, 17; EM, 34; Lona, 8. In 
microsomes from untreated rats with the predominant cytochrome P450IIA1 subfamily as well as in 
microsomes from isopropanol treated rats (induction of cytochrome P450IIE1) which catalyse only 
lonazolac hydroxylation to a detectable amount, the latter reaction was inhibited by pantoprazole with 
a somewhat lower Ki of 77 whereas the values for omeprazole and lansoprazole remained unchanged 
in comparison to those found in microsomes from phenobarbital pretreated rats. The biotransformation 
rate of the substituted benzimidazoles themselves in microsomes from control and induced rats is lowest 
for pantoprazole followed by lansoprazole and omeprazole. 

The knowledge of drug interactions with the liver 
microsomal mixed-function oxidase system is 
becoming more and more important in the safety 
assessment of new compounds developed for clinical 
use. This is particularly important in multi drug 
therapy, because the pharmacodynamics of two 
simultaneously given drugs may be dramatically 
altered by the influence of one drug on the 
metabolism of the other drug. One drug may interact 
with a second by a range of different mechanisms 
such as chemical incompatibility, displacement of 
protein binding, enzyme induction and interference 
with drug metabolism, i.e. biotransformation. The 
latter involves the transformation of specific moieties 
in a substrate molecule creating new functional 
groups which are generally more hydrophilic 
compared to the parent molecule. The route of 
biotransformation as well as the affinity of drugs for 
cytochrome P450 can be assessed by measuring their 
influence on the liver microsomal mixed-function 
oxidase system in vitro. 

The phase I reactions of biotransformation include 
O- and N-dealkylation of ethers and amines, 
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respectively, and the p-hydroxylation of aromatic 
ring systems. The basic chemistry involved in various 
reactions is probably quite uniform, and the 
selectivity of different cytochrome P450s for various 
substrates or reactions is thought to be the result of 
distinctions in the three-dimensional binding sites of 
the enzymes [1]. Therefore the metabolism of test 
compounds may be influenced to a different extent 
in the presence of known inhibitors of cytochrome 
P450.7-Ethoxycoumarin is used as the substrate for 
O-dealkylation [2] and ethylmorphine for N- 
dealkylation [3]. For aromatic ring hydroxylation, 
lonazolac was previously introduced as the substrate 
for biotransformation studies [4]. These reactions 
are catalysed by enzymes which are believed to 
belong to the enzymes of the cytochrome P450IIB 
subfamily due to their inducibility by phenobarbital.  
In non-induced microsomes from rat (cytochrome 
P450IIA), only lonazolac hydroxylation can be 
detected to a measurable amount. 

Substituted pyridylmethylsulphinyl-benzimida- 
zoles are a new class of inhibitors of the gastric 
H+,K+-ATPase [5-11]. This enzyme acts as a pro- 
ton pump enabling H ÷ to be secreted into the 
stomach [12, 13]. Pantoprazole, omeprazole and 
lansoprazole inhibit the proton pump in isolated 
gastric glands after stimulation by dibutyryl cyclic 
AMP in an equipotent range of 0.5 to 1.0/~mol/L 
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[8]. Recently, omeprazole has been shown to interact 
with 7-ethoxycoumarin dealkylase [14, 15] and 
ethylmorphine demethylase [15] in vitro and to be 
a stronger inhibitor of cytochrome P450 dependent 
enzymes than pantoprazole both in vitro and in vivo 
[161. 

The purpose of this study was to compare and 
characterize the biotransformation of pantoprazole, 
omeprazole and lansoprazole in microsomes and 
their influence on the three cytochrome P450 
dependent reactions with the substrates 7-ethoxy- 
coumarin, ethylmorphine and lonazolac. 

MATERIALS AND METHODS 

Chemicals 
The source of the drugs used were as follows: 

pantoprazole, omeprazole, lansoprazole, lonazo- 
lac (3-(p-chlorophenyl)-l-phenylpyrazole-4-acetic 
acid), and nitrendipine were synthesized at the 
Chemical Department, Byk Gulden Pharmazeutika, 
Konstallz, Germany; metyrapone (2-methyl-l-2- 
di-(3-pyridyl)-l-propanone, Aldrich, Milwaukee, 
U.S.A.); chlorpromazine (Bayer AG, Leverkusen, 
Germany); SK&F 525A (proadifen, Smith Kline 
& French, Welwyn, U.K.); 7-ethoxycoumarin, 
ethylmorphine (Sigma, Miinchen, Germany); other 
chemicals were from E. Merck (Darmstadt, 
Germany) and were of analytical grade. The 
benzimidazole sulphoxides were dissolved in 
dimethylsulphoxide. 

Preparation of liver microsomes 
Female rats (Sprague-Dawley, 180-200 g, 

Ivanovas, Kil31egg, Germany) were fed Altromin ® 
standard diet No. 1324 with free access to water with 
and without 0.1% phenobarbital for 7 days, 
respectively, before being killed by decapitation. 
Induction of cytochrome P450IIE1 was achieved by 
oral administration of 10 mL aqueous isopropanol 
solution (25% v/v) per kilogram body weight 24 hr 
before being killed by decapitation [17]. The livers 
were excised and homogenized (Potter-Elvejhem, 
860 rpm, six strokes) in three volumes of sodium 
phosphate buffer (100mmol/L, pH7.4) and KC1 
(150 mmol/L). The homogenate was centrifuged for 
20 min at 10,000 g with 13,000 rpm (Sorvall RC5B, 
SS 34 rotor) and the pellet discarded. The supernatant 
was further centrifuged for 60min at 29,000rpm 
(Kontron TGA 50, Type 30 rotor). The pellets were 
resuspended in the same volume sodium phosphate 
buffer and centrifuged again for 20min with 
29,000 rpm in the same rotor. The washed pellets 
were resuspended in one third of the volume of the 
same buffer (final protein concentration 25-30 mg/ 
mL) and stored at -80  °. 

Assay of enzymes 
7-Ethoxycoumarin (EC) deethylase. The O- 

deethylation of 7-ethoxycoumarin to the highly 
fluorescent product, 7-hydroxycoumarin (HC), is a 
particularly sensitive indicator of the monoxygenase 
activity as a function of the cytochrome P450 complex 
[2]. 

Incubation: 0.44mg protein were incubated 

in 100mmol/L Tris*-HC1 buffer, pH7.4, in the 
presence of 10, 15, 30 and 100 #mol/L, respectively, 
of EC plus test compound in a concentration range 
of 0 to 10 #mol/L lansoprazole, 0 to 50 #mol/L 
omeprazole and 0 to 100 #mol/L pantoprazole in a 
final volume of 3 mL. The reaction was started with 
0.3 mmol/L NADPH2. After 15 min of incubation 
at 37 ° , the reaction was terminated by adding 
consecutively 125 #L trichloroacetic acid (15% w/v) 
and 2 mL chloroform. After vigorous shaking and 
centrifugation for 5 min, 1 mL of the organic phase 
was extracted with 2mL 0.01mol/L NaOH plus 
lmol /L  NaC1, and a concentration of the 7- 
hydroxycoumarin in the alkaline phase was deter- 
mined fluorimetrically, the excitation and emission 
wavelengths used were 336 and 460 nm, respectively. 
7-Hydroxycoumarin in predetermined concen- 
trations was used as standard. The Km for 7- 
ethoxycoumarin was found to be 44 #mol/L with the 
specific activity of 1.2 nmol/L HC/mg/min. Linearity 
of HC formation with time was observed up to 
30 min in the presence of 0.3 mg protein and the EC 
concentration indicated above. 

Lonazolac hydroxylase activity. Lonazolac is 
exclusively metabolized in vitro on its aromatic ring 
moiety to hydroxy-lonazolac (3-(4-chlorophenyl)-l- 
(4-hydroxyphenyl)pyrazole-4-acetic acid) [4]. This 
biotransformation can directly be followed by 
detecting the metabolite by HPLC. The tested 
compounds at the highest concentrations used in this 
study did not interfere with this analysis. Linearity 
with time up to 30 min for the formation of the 
metabolite was observed for all concentrations of 
lonazolac used in the assay up to 0.3 mg protein/ 
mL. The Km for lonazolac on liver microsomes from 
untreated female rat was found to be 19.8 -- 4/~mol/ 
L with a Vmax of 4.2 nmol hydroxy-lonazolac/mg/ 
min. For microsomes from phenobarbital stimulated 
female rats these values were 42 +- 7.6/umol/L with 
a Vmax of 11.4--2.3 nmol hydroxy-lonazolac/mg/ 
rain. 

Incubation: 0.25 mg protein were incubated in 
100 mmol/L Tris-HCl buffer, pH 7.4, in the presence 
of lonazolac (25, 50 and 100#tool/L) and test 
compound (0-300 t~mol/L). The reaction was started 
by addition of NADPH2, final concentration 
0.3 mmol/L, then incubated at 37 ° for 15 rain. The 
reaction was stopped by freezing in liquid nitrogen, 
samples were then thawed and centrifuged at 20,000 g 
to remove protein prior to analysis by HPLC. 
Separation of lonazolac (substrate) and its meta- 
bolite, hydroxy-lonazolac, was performed on a 
reversed phase column (Nucleosil C 8.5/~m, column 
125 x 4.6 mm) andLiCHROPREPRP-2(precolumn 
12 x 4 mm). A gradient of acetonitrile (10-45%) 
and 10 mmol/L KH2PO4 buffer, pH 7.4, was used 
as eluent on the analytical column over 15 min (flow: 
i mL/min). 

Ethylmorphine N-demethylase. Linear time depen- 
dence of formaldehyde production was obtained 
during a 25 min period in the concentration range 
between 0.1 and 10.0 mmol/L of ethylmorphine up 

* Abbreviations used: Tris, ol, ol, ol-tris(hydroxymethyl)- 
methylamine; Hepes, N-2-hydroxyethylpiperazine-N'-2- 
ethanesulphonic acid. 
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Fig. 1. Effect of pantoprazole on ethoxyeoumarin-O-dealkylase. Lineweaver-Burk plot for inhibition 
of ethoxycoumarin-O-dealkylase by pantoprazole. Microsomal protein (0.44 mg) was incubated in 
100 mmol/L Tris-HCl buffer, pH 7.4, in the presence of 10, 15, 30 and 100 #mol/L ethoxycoumarin 
plus pantoprazole in the concentration range 0 to 100 #mol/L for 15 min at 37 °. The data shown are 

from a representative experiment out of the four performed. 

to 2 mg protein/mE The formaldehyde formation 
was measured as described [18]. 

Incubation: 1.8mg protein were incubated in 
50 mmol/L Hepes-Tris buffer, pH 7.4, 150 mmol/L 
KCI and 3 mmol/L NADPH 2 in the presence of the 
test compound (concentration range 10 to 100 #mol/ 
L) for 5 min at 37 °. After addition of ethylmorphine 
(0.3 and 1.0 retool/L) the incubation was continued 
for 15 min in a final volume of 500 #L. The reaction 
was stopped by addition of 200 #L trichloroacetic 
acid (15% w/v) and by eentrifugation for 10rain 
with 2500 rpm at 2000 g. Supematant (500 #L) was 
mixed with the Nash reagent and incubated for 
12 rain at 60*. Absorbanee at 410 nm was followed 
on a KONTRON UVICON 860 speetrophotometer 
and converted to concentration on the basis of a 
standard curve obtained with similarly treated 
formaldehyde solutions of appropriate concen- 
trations. The Km value for ethylmorphine was 
found to be 326-+ 10#mol/L with the Vmax of 
0.88 -+ 0.24 nmol formaldehyde/mg/min. 

Incubation of the test compounds and analysis by 
HPLC 

Incubation was performed as described for 
lonazolac hydroxylase and in the presence of 
10/zmol/L test compound. The reaction was stopped 
at the indicated times. The HPLC analysis was 
performed as described for lonazolac. 

Protein assay 
Protein was determined according to Lowry et al. 

[19] using bovine serum albumin as standard. 

Evaluation 
The results were qualitatively and quantitatively 

evaluated using graphical plots according to 
Lineweaver and Burk (primary scheme: reciprocal 
velocity in the presence of various inhibitor 
concentrations versus reciprocal substrate con- 
centrations, secondary scheme for Ki determination: 
slope from primary scheme versus inhibitor con- 
centrations) [20], Dixon (reciprocal velocity versus 
inhibitor concentrations) [21] and Cornish-Bowden 
(substrate concentrations over velocity versus 
inhibitor concentrations) [22]. 

R E S U L T S  

Cytochrome P45011 dependent biotransformation of 
pantoprazole, omeprazole and lansoprazole in rat 
microsomes 

The metabolism of the test compounds in 
microsomes was analysed in order to demonstrate 
that they are substrates of cytochrome P450 
dependent enzymes. Each of the three compounds 
was metabolized in microsomes from untreated rats 
(cytochrome P450IIA1 [23]) with the slowest rate 
for pantoprazole followed by lansoprazole and 
omeprazole. In microsomes from phenobarbital 
treated rats, however, the metabolism of the three 
compounds is considerably increased which is 
consistent with the contribution of the cytochrome 
P450IIB subfamily to their biotransformation (Table 
1) [23]. The three compounds have different affinities 
to the two cytochrome P450 subfamilies IIA and 
IIB. 



350 W. A. Smior~ et al. 

Table 1. Biotransformation of pantoprazole, omeprazole and lansoprazole in microsomes from 
control and phenobarbital induced rat 

% Remaining parent compound 
Control Phenobarbital treated 

Time of incubation (min) 15 30 60 15 30 60 

Pantoprazole 100 100 92 68 57 53 
Omeprazole 69 59 37 33 27 22 
Lansoprazole 86 78 72 45 31 28 

Table 2. Inhibitory potency of compounds which interact with cytochrome P450 

Ki (#mol/L) 
7-Ethoxycoumarin Lonazolac Ethylmorphine 

dealkylase hydroxylase demethylase 

SK&F 525A < 1 < 1 6 
Metyrapone 3 118 74 
Nitrendipine 4 <1 32 
Chlorpromazine 14 20 >500 

Ki determination on rat microsomes for 7-ethoxycoumarin dealkylase and lonazolac 
hydroxylase according to Lineweaver and Burk and for ethylmorphine demethylase 
according to Dixon. 

Interaction of standard compounds with the three 
cytochrome P450 dependent reactions 

The four compounds, proadifen, metyrapone, 
nitrendipine and chlorpromazine, known asinhibitors 
of cytochrome P450 dependent enzymes, were 
studied in the three enzymatic reactions. As shown 
in Table 2, the inhibitory potencies of the four 
compounds versus the three enzymes were completely 
different demonstrating that the three indicator 
reactions for cytochrome P450 seem to represent 
three different enzymes or binding sites. 

Interaction of pantoprazole, omeprazole and lan- 
soprazole with 7-ethoxycoumarin-O-dealkylase 

In the presence of pantoprazole, a concentration 
dependent inhibition of the dealkylase activity was 
observed (Lineweaver-Burk plot, Fig. 1). The slope 
of each line was plotted versus the inhibitor 
concentration and the intersection point of the 
regression line with the ordinate taken as the Ki 
value. The K i for pantoprazole was 135 #mol/L. 
Omeprazole showed a stronger interaction with 
cytochrome P450 which is indicated by the Ki value 
of 38.5/~mol/L, which is then followed by the Ki 
value for lansoprazole of 17/~mol/L (Table 3). The 
three compounds showed mixed-type inhibition for 
7-ethoxycoumarin dealkylase (data only shown for 
pantoprazole, Fig. 1). 

Interaction of pantoprazole, omeprazole and lan- 
soprazole with lonazolac hydroxylation 

The three compounds were tested in microsomes 
from treated and untreated rats, respectively. The 
kinetic analysis of the interaction of pantoprazole 
with lonazolac hydroxylation in microsomes from 
control rats shows mixed-type inhibition in the 

double reciprocal graph of specific activity versus 
lonazolac concentration (Fig. 2a). In the analysis 
according to Dixon (not shown) and Cornish- 
Bowden (Fig. 3a), however, this inhibition seems to 
be competitive. This is not the case for inhibition 
of lonazolac hydroxylation by pantoprazole in 
phenobarbital induced microsomes where we found 
a non-competitive type of inhibition (Figs 2b and 
3b). Likewise, the Ki values for pantoprazole differ 
in both types of microsome whereas the K i values 
for omeprazole and lansoprazole do not differ (Table 
4). The ranking order for inhibition of lonazolac 
hydroxylation by the three compounds is mainly in 
parallel to that shown above for the O-dealkylation 
of 7-ethoxycoumarin (Table 3). In both types 
of microsome, omeprazole showed competitive 
inhibition for lonazolac hydroxylase (Fig. 3c) whereas 
for lansoprazole non-competitive inhibition was 
observed (not shown). The interaction of the three 
compounds with lonazolac hydroxylase was also 
examined in microsomes which were obtained from 
rats induced by isopropanol. This treatment is 
believed to induce the cytochrome P450 subfamily 
IIE1. However, the Ki values of the three H+,K +- 
ATPase inhibitors were unaltered in comparison to 
the control (Table 4). 

Interaction of pantoprazole, omeprazole and lan- 
soprazole with ethylmorphine demethylase 

Among the three model systems for cytochrome 
P450 the demethylation of ethylmorphine is 
characterized by its low substrate affinity, i.e. the 
high Km value for ethylmorphine of 326/~mol/L 
which has been found also by others [3, 14]. 
Pantoprazole, up to 100gmol/L, inhibited this 
activity in a manner that resulted in a linear Dixon 
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Table 3. Inhibitory potencies of pantoprazole, omeprazole and lansoprazole on cytochrome 
P450 
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Ki (/~mol/L) 
7-Ethoxycoumarin Lonazolac Ethylmorphinc 

Inhibitor dealkylase hydroxylase demethylase 

Pantoprazole 138 - 12.3 (4) 128 -+ 4.6 (4) 104 --- 9.1 (8) 
Omeprazole 38 - 2.7 (4) 20 - 3.6 (4) 68 -+ 8.7 (4) 
Lansoprazole 17 - 4.3 (3) 8 ± 1.4 (3) 34 ± 3.6 (5) 

Values are means -~ SE (the number of separate experiments is given in parentheses). 
K~ determination in rat liver microsomes for 7-ethoxycoumarin dealkylase and lonazolac 

hydroxylase according to Lineweaver and Burk and for ethylmorphine demethylase 
according to Dixon. 

plot (not shown). However, for omeprazole and 
lansoprazole linearity was only seen up to 30 ~mol/ 
L. The non-linearity at higher concentrations of 
these two compounds indicated that the inhibition 
was partial. For these compounds Ki values were 
calculated from the intersection points of the linear 
portion of the lines in the Dixon plot and given in 
Table 3. Again, for pantoprazole the highest Ki 
value was obtained. 

DISCUSSION 

In this study, three benzimidazole sulphoxides 
representing the new class of proton pump 
inhibiting anti-secretory compounds, pantoprazole, 
omeprazole and lansoprazole were compared with 
respect to their inhibitory potency on cytochrome 
P450 dependent enzymes. One of these compounds, 
omeprazole, has already been shown in animal 
experiments [16] and clinical studies [15] to interact 
with cytochrome P450. Three in vitro test systems 
have been used to assess the interactions with 
cytochrome P450 in the present study. Two of them 
are commonly used for inhibition studies, the 
7-ethoxycoumarin dealkylase and ethylmorphine 
demethylase. Both reactions can only be seen in 
microsomes from phenobarbital treated rats with the 
analysis used. This fact indicates that these enzymes 
are members of the cytochrome P450IIB subfamily. 
Very low 7-ethoxycoumarin dealkylase activity could 
also be found in microsomes from isopropanol 
treated rats which indicates that this enzyme may 
also be a member of the cytochrome P450IIE1 
subfamily. However, the activity was not sufficiently 
high for inhibition studies. The third one, the 
lonazolac hydroxylase, was recently established in 
our laboratory [4]. The metabolite of lonazolac, 
3 - (4- chlorophenyl) -1- (4- hydroxyphenyl)pyrazole- 
4-acetic acid, formed in this system is easily detectable 
by HPLC and the method represents an excellent 
diagnostic procedure in interaction studies. Lon- 
azolac hydroxylation could be observed in micro- 
somes from untreated and phenobarbital treated rats 
which represents the cytochrome P450IIA1 and 
P450IIB subfamily, respectively. In isopropanol 
induced microsomes, the specific activity of lonazolac 
hydroxylase is not enhanced in comparison to the 
control (data not shown). Similar results were 

obtained in isopropanol treated rats with respect to 
the Ki value of the three test compounds for lonazolac 
hydroxylation, which are in the range of the control 
rats. Therefore, the conclusion can be drawn that 
these three compounds interfere with the three 
enzymes of at least two subfamilies of the major 
cytochrome P450II family whereas the third one, 
cytochrome P450IIE1, inducible by ethanol and 
isopropanol, does not metabolize the substrates to 
a measurable extent. Relevant interactions of the 
three benzimidazole sulphoxides with the cytochrome 
P450IIE1 dependent enzymes might, therefore, be 
excluded. However, the question arose as to whether 
there was any need to check a new compound in 
more than one in vitro system. Unfortunately, 
no comparisons are possible so far between different 
cytochrome P450 dependent enzymatic systems and 
different inhibitors, and data are not available in the 
literature to answer this question. Inhibition data 
differ qualitatively and quantitatively from laboratory 
to laboratory (24]. Even worse, there is no agreement 
among scientists to use Ki values only if obtained 
from experiments using at least two substrate 
concentrations. The comparison by the ICs0, the 
concentration of inhibitor required for 50% 
inhibition, is only possible in cases where the 
mechanism of inhibition is known. For this reason 
we compared the three systems with the aid of some 
known inhibitors. The results in Table 2 justify the 
use of these three in vitro systems in order to mimic 
the broad substrate specifity and great diversity of 
the drug metabolizing enzyme system in vivo. In the 
presence of inhibitors for cytochrome P450, the 
three substrates 7-ethoxycoumarin, ethylmorphine 
and lonazolac, respectively, seem to be metabolized 
by three different enzymes or at least by different 
binding sites. As long as no data on a new class of 
compounds exist for drug interactions in vivo, in 
vitro interaction studies of new drugs using a range 
of substrates may be considered as a useful way to 
gain insight in this area. The benzimidazole 
sulphoxides are metabolized in vitro to a negligible 
extent to the corresponding sulphones during 
incubation, which are themselves poor inhibitors 
of the drug metabolizing enzymes (personal 
observations). The low interaction of pantoprazole 
in comparison to the other two compounds with the 
three enzymes is obvious. This low affinity to 
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Fig. 2. Effect of pantoprazole on lonazolac hydroxylase. Lineweaver-Burk plot for inhibition of 
lonazolac hydroxylation by pantoprazole in microsomes from untreated rats (a) and from phenobarbital 
treated rats (b). Microsomal protein (0.25 rag) and 0.3 mmol/L NADPH2 were incubated in the 
presence of 25, 50 and 100/~mol/L lonazolac and 0-300 #mol/L pantoprazole in 100 mmol/L Tris--HCI 
buffer, pH 7.4, at 37 ° for 15 rain. The data shown are from a representative experiment out of the four 

performed. 
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Table 4. Inhibition of lonazolac hydroxylase by pantoprazole, omaprazole and 
lansoprazole in microsomes from untreated rats (control) and from rats treated with 

phenobarbital and isopropanol 

K~ (#mol/L) 
Control Phenobarbital Isopropanol 

Pantoprazole 77 - 5.0 (2) 128 --- 4.6 (4) 70 (1) 
Omeprazole 20 +-- 4.3 (2) 20 --- 3.6 (4) 24 (1) 
Lansoprazole 8 --- 1.5 (2) 8 --- 1.4 (4) 6 (1) 

Values are means --- SE (the number of experiments is given in parentheses). 

cytochrome P450 was also demonstrated by the time 
course of biotransformation in control and induced 
microsomes where we obtain, in both cases, 
the lowest rate for pantoprazole. Interestingly, 
omeprazole showed the highest rate for biotransform- 
ation in control and phenobarbital induced micro- 
somes in comparison to pantoprazole and lan- 
soprazole which is not in the same ranking order as 
shown in the interaction studies. It is obvious that 
the benzimidazole sulphoxides might have different 
affinities to the enzymes responsible for their own 
biotransformation in comparison to those responsible 
for biotransformation of 7-ethoxycoumarin, ethyl- 
morphine and lonazolac. In control microsomes, 
pantoprazole and omeprazole showed competitive 
inhibition versus lonazolac whereas in phenobarbital 
induced microsomes the Ki for pantoprazole is 
increased and the inhibition seems to be more of the 
mixed type. This is consistent with the observation 
that the Ki has also changed and that in phenobarbital 
induced microsomes an additional enzyme or binding 
site might metabolize lonazolac which is not 
accessible for pantoprazole in a competitive way. 
Omeprazole and lansoprazole do not interact at all 
with this additional binding site for lonazolac although 
their metabolism was increased in phenobarbital 
induced microsomes. The most pH sensitive 
benzimidazole sulphoxide among the three tested 
]8], lansoprazole, interacts very strongly and non- 
competitively with lonazolac hydroxylase in both 
types of microsomes. The Ki for pantoprazole 
obtained in the three cytochrome P450IIB dependent 
systems is in the range of 104 to 135/~mol/L showing 
similar low affinity in all three in vitro systems 
investigated. The Ki values for inhibition by 
omeprazole is in the concentration range of 19 to 
68/~mol/L. The pronounced inhibition of cytochrome 
P450 in presence of lansoprazole with the range of 
Ki values between 7.4 and 34/~mol/L is of the mixed 
type similar to pantoprazole and omeprazole for 7- 
ethoxycoumarin dealkylase. 

In vitro studies need to be confirmed by in vivo 
findings. Administration of omeprazole (40 mg over 
7 days) in man prolonged the half-life of diazepam 
from 37 to 85 hr [15]. In rats, 50% prolongation of 
the diazepam effect was observed after dosing of 
281/~mol/kg omeprazole. The same effect was 
obtained after 170 #mol/kg lansoprazole but was not 
found below 1000/~mol/kg pantoprazole [16, 25]. In 
pharmacological studies in rats, the range of IDs0 
(/~mol/kg; p.o.) for inhibition of acid secretion is 

between 150 and 300/~mol/kg for omeprazole and 
between 25 and 40/umol/kg for pantoprazole [16]. 
Whereas the IDs0 values for inhibition of acid 
secretion and those for 50% prolongation of 
diazepam effect for omeprazole coincide with this 
concentration range, this is not the case for 
pantoprazole where we observe concentrations at 
least one order of magnitude higher necessary for a 
50% prolongation of the diazepam effect in 
comparison to the IDs0 for acid secretion. For 
lansoprazole only interaction studies with diazepam 
are available and these show a 50% prolongation 
already at 170/~mol/kg. 

Although it was possible to demonstrate the 
interaction of the benzimidazole sulphoxides with 
cytochrome P450 in animals, these studies were 
performed only with one substrate. In contrast to 
the interaction with the diazepam metabolism, the 
biotransformation of propranolol seems not to be 
affected by omeprazole [26]. Therefore, the 
conclusion for biotransformation studies in vivo as 
well as in vitro should be to use a range of 
various substrates for cytochrome P450 which are 
metabolized by different typical pathways of 
biotransformation. This procedure should provide 
us with sufficient information about the interaction 
of a new drug in the body. 

In summary, the use of the three different 
enzymatic systems, 7-ethoxycoumarin dealkylase, 
ethylmorphin demethylase and lonazolac hydroxyl- 
ase, for testing interactions with cytochrome P450 
seems to be helpful for evaluating possible drug 
interactions in vivo. The three biotransformation 
reactions are catalysed by three different enzymes. 
In all experiments, pantoprazole showed much lower 
affinity to cytochrome P450 than omeprazole or 
lansoprazole. 
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