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Effect of omeprazole and polyethylene glycol-400 on antipyrine 
elimination by the isolated perfused rat liver 

LORRAINE K. WEBSTER, D. BRIAN JONES, GEORGE W. MIHALY, RICHARD A. SMALLWOOD*, Gastroenterology Unit, University 
of Melbourne Department of Medicine, Austin Hospital, Heidelberg 3084, Victoria, Australia 

The effect of the substituted benzimidazole, omeprazole, a 
potent inhibitor of gastric acid secretion, on the hepatic 
elimination of antipyrine was studied in the rat isolated 
perfused liver. Bolus dosage (10 mg in 100 ml perfusate) 
and infusions (1 pg ml-1 erfusate concentrations) of ome- 
prazole in its solvent, pofyethylene glycol-400 (PEG-4?), 
reduced antipyrine clearance by approximately one third 
(P < 0.05). PEG-400 alone caused a 15% decrease in 
antipyrine clearance (P > 0.10), indicating that the effect 
seen with omeprazole was at least partly due to the vehicle 
of dissolution. A significant but mild choleresis was noted in 
all pre arations (P < 0.01) exposed to PEG-400. We 
conclufe that the effect of omeprazole on hepatic drug 
elimination in patients warrants further study. 

We have previously employed the rat isolated per- 
fused liver to  examine the effects of H,-receptor 
antagonists on MFO activity (Mihaly et a1 1982). 
Antipyrine undergoes extensive multi-pathway metab- 
olism by hepatic MFO enzymes, and its clearance is 
widely accepted as an index of hepatic drug metaboliz- 
ing enzyme activity (Vuitton et a1 1981). The isolated 
liver is particularly suitable for the short term study of 
hepatic drug elimination, since the volume of the system 
is held constant, liver blood flow is precisely controlled 
and other routes of elimination present in the intact 
animal are excluded. The present study compares the 
effect of single doses and-infusions of PEG-400 and 
omeprazole in PEG-400 on antipyrine elimination by 
the rat isolated perfused liver, 

Omeprazole, a substituted benzimidazole, is a potent 
inhibitor of gastric acid secretion, acting by blocking 
the (H+ + K+) ATPase in the secretory canalicular 
membrane of the parietal cell (Olbe kt a1 1982). 
Benzimidazole derivatives have been shown to inhibit 
hepatic mixed function oxidases (MFO) (Murray et a1 
1982) and the potential inhibition of the metabolism of 
concurrently administered drugs by omeprazole may 
therefore be clinically important. In addition, the i.v. 
formulation for omeprazole may use polyethylene 
glycol (PEG-400) as the solvent, although the action of 
PEG-400 on the MFO enzyme system is unknown. 

Materials and methods 
Livers of male Sprague-Dawley rats (190-240 g) under 
ether anaesthesia were isolated by standard techniques 
(Gollan et al 1981), and perfused in a constant flow 
(16 ml min-1) recirculating system at 37 "C (Mihaly et a1 
1982). The main indices of liver viability were steady 
oxygen consumption (1.5-2.0 pnol g-1 liver min-l), 
sustained bile production (04-1.0 ml h-l), constant 
perfusion pressure (6-8 cm water), and normal appear- 
ance on light microscopy. 

Omeprazole (H168/68, 5-methoxy-2- [[(4-methoxy- * Correspondence. 
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3-, 5-dimethyl-2-pyridinyl)-methyl] sulphoxide]-1H- 
benzimidazole, Astra Pharmaceuticals, Sydney, Aus- 
tralia) has a low solubility in water and was therefore 
dissolved in 100% PEG-400 (polyethylene glycol, aver- 
age molecular weight = 400). The effect of the vehicle 
alone on the disposition of antipyrine (phenazone BP, 
Prosana Laboratories Pty. Ltd, Sydney, Australia) was 
determined with doses identical to those used in the 
omeprazole experiments. The elimination of a 2.5 mg 
bolus dose of antipyrine (lOmgml-l in water) was 
studied over 4 h as follows (n = 6 livers per group): (i) 
control, with no added PEG-400 or omeprazole, (ii) 
after a 500p1 bolus dose of PEG-400, (iii) during a 
constant infusion of PEG-400, (iv) after a 10 mg bolus 
dose of omeprazole (delivered in 500 pl of PEG-400), 
and (v) during sustained 1 pg mi-1 perfusate concentra- 
tions of omeprazole. All doses were administered into 
the perfusate reservoir, thereby simulating systemic 
administration. All bolus doses consisted of 100% 
PEG-400. Group (iii) dosage included a 127p1 bolus 
dose of PEG-400, plus an infusion at 1 ml h-1 of 10% 
PEG-400 in carbonate buffer (NaHCO,, 0.56 mg ml-1, 
to stabilize omeprazole). A sustained omeprazole con- 
centration of 1 pg mi-' (Group (v)) was achieved with a 
bolus dose of 127 pg omeprazole in 127 pl of PEG-400 
followed by an infusion at 1 ml h-1 of 750 pg ml-1 drug 
in 10% PEG-400 in carbonate buffer. This dosage 
regimen was determined (Gibaldi & Perrier 1982) using 
pharmacokinetic data obtained from previous single- 
dose omeprazole studies. The total amount of PEG-400 
was similar (500 and 527pl) in bolus and infusion 
experiments. Bile was collected on ice in preweighed 
vials and stored at -20 "C until assayed. Blood gases 
and liver function tests before and after each experi- 
ment ascertained the viability of the liver. Samples 
(1 mi) were taken from the perfusate reservoir for 
antipyrine estimations, predose and at 5,10,15,20,30, 
60,90,120,180 and 240 min; the red cells were removed 
from the perfusate, which was frozen at -20°C until 
assayed. Extra samples were taken at various times to 
measure omeprazole concentrations. An equal volume 
of fresh perfusate was added to the reservoir to replace 
that removed by sampling. The total amount of antipy- 
rine lost through sampling was less than 5% of the dose. 

Antipyrine concentrations in perfusate and bile were 
measured by a specific and sensitive (450 ng m1-I) high 
pressure liquid chromatographic (hplc) method 
(Shargel et a1 1979). Omeprazole was quantified by a 
recently developed hplc assay (Mihaly et a1 1983). The 
minimum detectable concentration of omeprazole in 
perfusate was 15 ng ml-1. 

Antipyrine pharmacokinetic parameters were calcu- 
lated using standard model-independent pharmaco- 
kinetic formulae (Gibaldi & Perrier 1982). Statistical 
comparisons were made using one-way analysis of 
variance and Tukey's method of multiple comparisons 
(Miller 1966), accepting P < 0.05 as statistically sig- 
nificant. All data are represented as mean f s.e.m. 

Results and dircussion 
The mean perfusate concentration/time profiles of 
antipyrine for all five experimental groups demonstrate 
that antipyrine elimination was monoexponential (Fig. 
1). The calculated pharmacokinetic parameters for 
antipyrine disposition are listed in Table 1. The volumes 
of distribution were not significantly different among 
any of the groups. After bolus dosage and infusion of 
omeprazole dissolved in PEG-400, antipyrine clearance 
was significantly reduced by 36 and 30%, respectively, 
when compared with the control (P < 0.05). Elimina- 
tion half-life was increased by 33 and 20% in the 
respective groups. Murray et al(l982) have shown that 
many benzimidazole derivatives can inhibit hepatic 
MFO activity by reversible interactions with cyto- 
chrome P-450. The effect seen here is virtually im- 
mediate, suggesting a direct interaction between the 
inhibiting agent and drug-metabolizing enzymes, lead- 
ing to a decrease in their activity. PEG400 alone 
inhibited antipyrine clearance to an intermediate degree 
(15%, Table 1). Although this inhibition was not 
statistically significant, it does suggest that the effect 
seen with omeprazole was in part due to the vehicle of 
dissolution. 

Omeprazole perfusate concentrations during infusion 
experiments ranged from 1.1 f 0.1 pg mi-'at 15 min, to 
1.4 f 0.2 pg mi-1 at 4 h. In contrast, after the 10 mg 
bolus dose, omeprazole concentrations fell from 52.3 f 
7.1 pg ml-1 at 5 min to  1-4 f 0.5 pg mi-1 at 60 min, and 
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FIG. 1. Semilogarithmic plot of the elimination of a 2.5 mg 
bolus dose of antipyrine from male rat isolated perfused 
livers having a perfusate volume of 100ml. Each point 
re resents mean ? s.e.m. for 6 livers: (A) Control, with no 
a&ed PEG-400 or omeprazole; (W after a 500 pi bolus of 

after a 10mg bolus dose of omeprazole (in 500p1 PEG- 
400); (0) during a constant infusion of omeprazole in 
PEG-400 maintaining perfusate omeprazole concentrations 
of 1 pg mi-1. Total PEG400 delivered during infusion 
experiments was 527 pl. Clearance of antipyrine after both 
bolus and infusion of omeprazole in PEG400 was signifi- 
cantly lower than the control (P < 0.05). 

PEG-400; (0) during a constant in 2 usion of PEG-400; (0) 
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Table 1. Pharmacokinetic arameters for antipyrine dispo- 
sition in male rat isolatefperfused livers in the absence 
(control) and presence of PEG-400 or omeprazole in 
PEG-400. Values are mean f s.e.m. for n = 6 livers. 

Volume of 
Clearance Half-life distribution 
(mlh-*) (h) (mu 

Control 70+6 1.6k0.1 15525 
PEG bolus (500 pI) 59 2 7 1.7 f 0.2 141 2 7 
Omeprazole bolus 

(10 md. 45 2 6d 2.4 2 0.3d 143 k 4 
PEG infusionb 6 0 5 2  1 .6f0 .1  139+7 
Omeprazole infusionc 49 2 2d 2.0 k 0.1 137 ? 2 

a In 500 pl PEG-400. 
b Bolus 127 pl + infusion at 1 ml h-1 of 10% PEG-400. 
c Bolus 127 pg (in 127 p1 PEG-400) + infusion at 1 ml h-' 

d P < 0.05 compared with control. 
of 750 pg ml-1 in 10% PEG-400. 

were undetectable by 90 min. Nevertheless, the inhibi- 
tory effect on antipyrine elimination was sustained 
throughout the 4 h after the bolus dose. 

The average bile flow per l o g  liver in the control 
group was 2.7 & 0.2 ml h-1. This increased to 4.0 + 
0.5 ml h-1 in the livers exposed to PEG400 (P < 0.01). 
A number of similar neutral compounds, e.g. PEG-1500 
(Sperber 1965) and ferrioxamine derivatives (Meyer- 
Brunot & Keberle 1968), have been shown to increase 
bile flow in direct proportion to their own excretion into 
bile. It is likely that PEG-400 similarly produces an 
osmotic choleresis. 

In control livers, cumulative biliary excretion of 
antipyrine was less than 1% of the dose. This increased 
proportionally with the increases in bile flow to 1-2% in 
the other experimental groups, and was greatest when 
overall hepatic clearance of antipyrine was inhibited. 
Changes in biliary excretion of antipyrine could not, 
therefore, account for the observed change in clear- 
ance. 

It is not possible to predict whether the inhibition of 
MFO enzymes by omeprazole will be clinically import- 
ant. After oral dosage (40 mg) in man, peak systemic 

plasma concentrations are less than on thirtieth of those 
found in the perfused liver system after a 10 mg bolus 
dose (unpublished observation). It therefore seems 
unlikely that oral omeprazole (without PEG-400) will 
inhibit the metabolism of other drugs to any extent. 
However, the possible inhibition of MFO enzymes by 
PEG-400 is of concern, especially as an intravenous 
formulation of omeprazole may use PEG-400 as the 
vehicle. 

The excellent technical assistance of Jeanette Anderson 
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donated by Astra Pharmaceuticals, Sydney, Australia. 
This work was supported by the National Health and 
Medical Research Council of Australia. 
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