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COMPARISON OFTHE IN VIVO AND IN VITRO RATES OF
FORMATION OFTHE THREE MAIN OXIDATIVE METABOLITES
OF ANTIPYRINE INMAN

A.R. BOOBIS, M.J. BRODIE, G.C. KAHN, E-L. TOVERUD, I.A. BLAIR,
S. MURRAY & D.S. DAVIES
Department of Clinical Phannacology, Royal Postgraduate Medical School, Ducane Road, London W12 OHS

1 The metabolism of antipyrine to its three main oMdative metabolites, 4-hydroxyantipyrine,
3-hydroxymethylantipyrine and norphenazone was investigated in vivo and in vitro in separate groups
of subjects with normal hepatic function and in the same group of patients with suspected liver
disease.
2 The rank order for the rate of formation of the three metabolites of antipyrine was similar in vivo
and in vitro.
3 There was no significant correlation between the rates of formation of any pair of antipyrine
metabolites either in vivo or in vitro.
4 Despite this there was a significant correlation between the in vivo and in vitro rates for formation
of each of the three metabolites in the same group of patients.
5 It is concluded that determination of rates of formation of antipyrine metabolites from their
excretion in urine provides an indication of the activity of the enzymes involved in their formation.

Introduction

Antipyrine has been widely used since 1968 as a sub-
strate in studies of hepatic drug oxidation in man
(reviewed in Vesell, 1979). The plasma half-life of the
parent compound has been used as an index of oxida-
tion rate (Vesell & Page, 1968) and later the concept
of total body clearance of antipyrine was introduced
as providing a more accurate reflection of enzyme
activity (Vesell & Page, 1969). Antipyrine is a par-
ticularly suitable substrate for studies of drug oxida-
tion. It depends almost entirely upon metabolism for
its elimination (Brodie et al., 1949), absorption after
an oral dose is 100%, there is no presystemic elimina-
tion (Andreasen & Vesell, 1974), protein binding is
minimal (Brodie et al., 1949) the drug distributes
rapidly into total body water (Brodie et al., 1949) and
elimination is from a single compartment by first
order kinetics (Huffman, Shoeman& Azamoff, 1974).
With the realisation that there are multiple forms

of hepatic cytochrome P450, both in animals and in
man (reviewed in Lu & West, 1980), it became
apparent that the three main oxidative metabolites of
antipyrine could be produced by different forms of
cytochrome P450 (Huffman et al., 1973; Danhof,
Krom & Breimer, 1979). Thus, the overall rate of
metabolism of antipyrine will provide an index only of
the net activity of all those forms of cytochrome P450
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involved in its metabolism. Antipyrine could not,
therefore, be used as a general substrate for all oxida-
tive activities.

Several groups have recently measured the main
oxidative metabolites of antipyrine in an attempt to
assess the activities of individual forms of hepatic
cytochrome P450 (Danhof, de Groot-van der Vis &
Breimer, 1979; Kellerman & Luyten-Kellerman,
1979). Although it now seems likely that each meta-
bolite is the product of more than one form of cyto-
chrome P450 (Kahn et al., 1980), measurement of
the individual metabolites should enable a degree of
specificity to be introduced into such studies. For
example, rifampicin differentially induces the forma-
tion of norphenazone from antipyrine (Toverud et
al., 1980) and also the hydroxylation of hexobarbi-
tone (Breimer, Zilly & Richter, 1977). It is thus
tempting to conclude that the form of cytochrome
P450 induced by rifampicin is particularly effective in
catalysing these two reactions.
Although measurement of antipyrine metabolites

is becoming increasingly widespread in studies of
drug oxidation in man, it has yet to be demonstrated
that the urinary excretion of these metabolites
accurately reflects the activity of those enzymes re-
sponsible for their production. We have therefore
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Table 1 Clinical details of subjects participating in study comparing in vivo and in vitro rates ofantipyrine oxidation

Subject Sex Age (years)

1 M
2 F
3** M
4 F
S F
6t F
7 M
8 M
9 F

Mean + s.d.

73
40
58
56
32
55
45
39
46

50 + 12

Histological appearance of
liver biopsy

Normal
Normal
Normal
Hepatitis
Hepatitis
Hepatitis
Cirrhosis
Steatosis
Steatosis

Cigarettes smoked/day

0
15
50
0
10
0
20
10
20

Alcohol ingestion*
(Units/week)

4
0
0
0

120
0

110
300
140

*1 unit = 1/2 pt beer = 1 glass of wine = 1 glass of spirits.
**Patient 3 received diazepam, prednisolone and diamorphine for the 4 weeks prior to study.
tPatient 6 received azathiaprine, prednisolone, atenolol, hydrallazine and glibencamide for 12-36 months prior to
study.
No other patient was taking regular medication for at least 4 weeks prior to study.

compared the rates of formation of the three main
oxidative metabolites of antipyrine, 3-hydroxy-
methylantipyrine (3-OHMeAP), 4-hydroxyantipyrine
(4-OHAP) and norphenazone (NP), in vivo and in
vitro both in different groups of subjects and in the
same subjects.

Methods

Hepatic tissue

Wedge biopsies of liver, taken by the Department of
Surgery, were obtained for diagnostic purposes
during laparotomy in patients with abnormal liver
function tests, lymphoma, suspected secondary
tumour or macroscopic areas of abnormality in the
liver. Part of the biopsy surplus to histological re-
quirement was made available to us for studies of

antipyrine oxidation in vitro. Only those biopsies that
were histologically normal or that showed minor
abnornalities such as non-specific infiltrates were in-
cluded in this study.

Normal subjects

Antipyrine, 600 mg, was administered orally to ten
healthy volunteers (age 24-36 years) after an over-
night fast. None of the subjects had any clinical
evidence of hepatic, haematological or renal disease
and baseline haemoglobin, urea and electrolytes, and
liver function tests were all normal. All subjects were
non-smokers and refrained from any other drug in-
gestion for the 7 days prior to and for the period ofthe
study. Blood samples of 10 ml were collected by
venipuncture at 0, 3, 5, 8, 24 and 48 h after admin-
istration of the drug. Plasma was separated by cen-
trifugation of the samples at 1500 g for 15 min and

Table 2 Biochemical liver function tests in nine patients with
suspected liver disease participating in study comparing in vivo and
in vitro rates of antipyrine oxidation

AST
Subject (lUll)

2
3
4
5
6
7
8
9

Normal
values

17
34
28
45
142
142
80
33
97

Alkaline phosphatase
(fUll)

242
82
182
87
106
65
168
71
60

Bilirubin Albumin
(,unol/l) (g/l)

12
42
10
13
16
11
6
7
17

45
44
41
41
40
42
43
51
49

< 40 <130 <17 35-55
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stored at -20°C until analysis. Subjects collected all
urine for 48 h over sodium metabisulphite (1 g/12 h
collection) in 4 x 12 h collections. The volume ofeach
collection was noted and an aliquot frozen at -20°C
until analysis.

In vivo and in vitro metabolism in the same subjects

A group of nine patients entering Hammersmith
Hospital with suspected hepatic disease for diagnostic
liver biopsy agreed to participate in the study. Clinical
and other relevant details of these patients are shown
in Tables 1 and 2. All patients were hepatitis B surface
antigen negative. Three days prior to biopsy the
patients received a single oral dose of 600 mg anti-
pyrine. Blood and urine samples were collected as
previously described for the normal subjects. Needle
biopsies of liver were taken percutaneously using the
Menghini technique and tissue surplus to histological
requirement was made available for studies of anti-
pyrine metabolism in vitro.
For all studies Local Research Ethics Committee

permission was obtained and written informed con-
sent was given by all subjects taking antipyrine for in
vivo studies of drug oxidation.

Preparation ofhepatic microsomalfractions

Biopsy material was immediately placed in ice cold
0.25M potassium phosphate buffer pH 7.25 contain-
ing 0.15M potassium chloride and 1 mm EDTA. The
tissue was homogenised and microsomal fractions
prepared by differential centrifugation as previously
described (Boobis et al., 1980). The microsomal
pellets were resuspended in 0.25M potassium phos-
phate buffer pH 7.25 containing 30% (v/v) glycerol
and the suspensions stored at -80°C until assayed.
Under these conditions of preparation and storage
human hepatic monooxygenase activity is stable for
at least 12 months.

Analyticalprocedures

Antipyrine in plasma (Prescott, Adjepon-Yamoah &
Roberts, 1973) and its metabolites in urine (Danhof,

de Groot-van der Vis et al., 1979; Murray, 1980;
Toverud et al., 1981) were determined by previously
published procedures. Antipyrine oxidation in vitro
with [3-'4C]-antipyrine as substrate was measured
by a radiometric-HPLC method as previously des-
cribed (Kahn et al., 1981). Microsomal protein con-
tent was assayed by a modification (Boobis et al.,
1980) of the method of Lowry et al. (1951) with
crystalline bovine serum albumin (Sigma fraction V)
as standard. Standard biochemical liver function tests
(aspartate transaminase, alkaline phosphatase,
bilirubin and albumin) were measured using a
Technicon Plus Autoanalyser.

Analysis ofresults

Half-life (T112) and C0, the concentration of anti-
pyrine at zero time, were calculated from the least
squares regression line fitted to a semilog plot of
plasma concentration of antipyrine against time after
administration of the drug. Volume of distribution
(V) was calculated from Dose/C0. Total body
clearance (Cl) was determined from the relationship

Dose .f
Cl= AUC

where f is the fraction of the dose available in the
systemic circulation and assumed to be l, and AUC is
the area under the plasma concentration curve for
antipyrine calculated by the trapezoidal rule with
extrapolation to infinity.

In vivo clearance to a metabolite (ClM) was calcu-
lated from

M
Cm- AUCt

where M is the amount of metabolite excreted in
urine over the interval t and AUCt is the area under
the plasma concentration curve for antipyrine over
the same interval.

Michaelis-Menten constants for antipyrine meta-
bolite formation in vitro were calculated by an

Table 3 Pharmacokinetic parameters for antipyrine disposition in healthy volunteers and in patients with suspected
liver disease

Subjects n T½, (h) V (l) Cl (ml/min)

Normal 10 12.0 + 1.0 40.2 + 1.4 56.1 + 3.8
subjects
Patients with
suspected 9 13.0 + 1.9 27.3 + 3.3 28.3 + 4.4
liver disease

Cl (3-OHMeAP) C
(ml/rm

7.6 + 0.9

4.7 + 1.1

I1 (4-OHA P) Cl (NP)
in)

14.1 ± 1.9 6.0 ± 0.5

11.7 + 3.6 4.5 + 0.7

Values are mean + s.e. mean.
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Table 4 Michaelis-Menten parameters for antipyrine oxidation in vitro by microsomal fractions of human liver

Vmax (nmol mg'I min-')
Km (mM)
Vmax
Km

3-Hydroxymethylantipyrine

0.60 ± 0.23
9.0 + 1.3

0.062

Metabolite
4-Hydroxyantipyrine

0.57 ± 0.20
7.3 ± 1.1

0.074

Values are mean ± s.e. mean (n = 3).
Liver samples were histologically normal or showed minor non-specific changes.

iterative programme based on non-linear least
squares regression analysis to fit the equation

Vmax.s
V

Km + s

where v is the velocity of the reaction
s is the substrate concentration
Vmax is the maximum velocity of the reaction

and Km is the apparent affinity constant (Michaelis-
Menten constant).

Results

The kinetics of antipyrine disposition in normal
volunteers are shown in Table 3. The major meta-
bolite was 4-OHAP, followed by 3-OHMeAP with
smaller amounts of NP being produced. The

Table 5 Comparison of relative rates of formation ofanti-
pyrine metabolites in vivo and in vitro in normal subjects
and in patients with suspected liver disease.

Normal subjects
in ViVO2

(n= 10)
in vitro3
(n = 3)
Patients with
suspected liver

disease
in ViVO2

(n = 9)
in vitro4
(n = 9)

Relative clearance' to
4-OHAP 3-OHMeAP

2.35

1.37

2.39

1.74

1.27

1.15

1.06

1.37

1

Michaelis-Menten parameters for antipyrine oxida-
tion in vitro are shown in Table 4. Km values for all
three metabolites were high, 7.7mm for 3-OHMeAP,
6.9 mm for 4-OHAP and 5.3 mm for NP. It has been
shown that for compounds eliminated by first order
processesthe intrinsic clearance closely approximates

Vmax
Km

(Rane, Wilkinson & Shand, 1977). The values of this
parameter for the three metabolites of antipyrine are
also shown in Table 4.
When the intrinsic clearance to each metabolite

was normalised to that ofnorphenazone (Table 5) the
relative in vivo clearance to 4-OHAP:3-OHMeAP:
NP was 2.35:1.27:1 which correlated with the relative
in vitro clearance values which were 1.37:1.15:1. A
similar correlation between relative in vivo and in
vitro rates of antipyrine metabolite formation was
found in patients with suspected liver disease (Table
5).

In the nine subjects studied both in vivo and in vitro
there were no significant correlations between the
clearance-in vivo to any pair of metabolites (Figure 1)
or between the in vitro rates of formation of any pair
of metabolites (Figure 2). In the latter case only
Vmax was determined because of the small amount of
tissue available.
When the in vivo clearance to aqy_metabolite was

correlated with its corresponding in vitro rate of
formation in the same subject there were significant
correlations for all three metabolites (Figure 3), the
most significant correlation being that for 4-OHAP.

Discussion

'Clearance values have been normalised to those of nor-

phenazone which has been given a value of unity
2In vivo clearance was expressed in terms of clearance to a

metabolite

:I'n vitro clearance was calculated from Km

In vitro rates of formation of antipyrine metabolism were

determined using Vmax only.

Antipyrine elimination in man depends upon three
major oxidative routes of metabolism and there is
increasing evidence that these reactions are catalysed
primarily by different forms of cytochrome P450
(Huffman et al., 1973; Kahn et al., 1980). In fact,
there was no correlation between rates of formation
of any pair of metabolites observed in the present
study although this could have been due to the limited

Norphenazone

0.34 + 0.18
5.9 + 0.6

0.054

1
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Figure 1 Correlations between in vivo rates of for-
mation of antipyrine metabolites in nine patients with
suspected liver disease. Clearance to a metabolite was
calculated as described in the text.

number of patients studied. However, Danhof (1980)
found only relatively weak correlations in a larger
group of subjects. Thus, it seems likely that there are
different forms of cytochrome P-450 involved in the
formation of the metabolites of antipyrine, but there
may well be overlap in their specificities.
The involvement of several forms of cytochrome

P450 in antipyrine metabolism means that measure-
ment of total body clearance of antipyrine can pro-
vide, at best, only an aggregate of their activity. Thus,
several groups have measured antipyrine metabolites
in urine, to overcome this problem (Danhof, de
Groot-van der Vis et al., 1979; Kellerman & Luyten-
Kellerman, 1979), but it has yet to be demonstrated
that these accurately reflect the activities of those
enzymes producing them.

In order that urinary metabolite excretion reflects
enzyme activity several criteria must be met. (1). The
fraction of the drug absorbed into the systemic circu-
lation must be known. For antipyrine all of an oral
dose is absorbed (Andreasen & Vesell, 1974). (2).
Elimination should be first order, which is true for
antipyrine (Huffman et al., 1974). (3). The rate of
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Antipyrine hydroxylase activity (nmol product mg-1 min-1)
Figure 2 Correlations between in vitro rates of for-
mation of antipyrine metabolites in nine patients with
suspected liver disease. Enzyme activity was determined
in hepatic microsomal fractions with saturating concen-
trations of antipyrine as described under Methods.
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Figure 3 Correlations between in vivo and in vitro rates
of formation of (a) 4-hydroxyantipyrine, (b) 3-hydroxy-
methylantipyrine and (c) norphenazone in nine patients
with suspected liver disease. Each point represents the
values for in vivo clearance (on the ordinate) and in vitro
metabolite activity (on the abcissa) for an individual
patient.

excretion of a metabolite should be rapid compared
with its rate of formation. This appears to be true for
the three main metabolites of antipyrine. The half-
life of antipyrine derived from urinary rates of excre-
tion of each of the three metabolites correlated signi-
ficantly with the value determined from saliva or
plasma concentrations of the parent compound
(Huffman et al., 1974; Danhof& Breimer, 1979) thus
demonstrating that oxidation is the rate limiting step
in the appearance of these metabolites in urine. (4).
The metabolite should not be further metabolised,
except to conjugates which can be hydrolysed thereby
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permitting quantitative assessment of the amount of
metabolite excreted to be made. The main oxidative
metabolites of antipyrine were believed to be end
products of phase 1 metabolism but several recent
papers suggest that further oxidation can occur
(Yoshimura, Shimeno & Tsukamoto, 1971; Stafford
et al., 1974; Bassmann, Bottcher & Schuppel, 1979).
Although these appear to represent relatively minor
routes of loss, their contribution to antipyrine meta-
bolite disposition has yet to be fully assessed. (5). The
metabolite should be excreted entirely via the
kidneys. The physico-chemical properties of anti-
pyrine metabolites and their conjugates are such that
they should be excreted almost exclusively via the
kidneys, and what evidence is available appears to
support this suggestion (Danhof, de Groot-van der
Vis et al., 1979). However there are no definitive
studies in man to show that renal excretion is the only
route of elimination of these metabolites. (6). In vivo
the metabolite should be produced only by hepatic
monooxygenase activity. This is difficult, if not im-
possible, to prove in man. The demonstration of anti-
pyrine metabolism by extrahepatic tissue in vitro does
not mean that such metabolism occurs in vivo, though
the reverse is probably true (lack of metabolism in
vitro should imply no metabolism in vivo).
Only a few studies have been performed in which in

vivo and in vitro rates of metabolism have been com-
pared in the same subjects. The in vivo clearance of
antipyrine has been compared with the in vitro meta-
bolism of other substrates in the same subjects by a
number of groups (e.g. Farrell, Cooksley & Powell,
1979; Pelkonen et al., 1980). Such studies most
probably reflect the overall pathology-of the liver
rather than the activity of any individual enzyme.
Fraser (1976) has shown a significant correlation be-
tween the in vivo and in vitro 3-hydroxylation of
amylobarbitone in man whereas Darby & Grundy

(1973) found no correlation between the in vivo
clearance of tolbutamide and its in vitro hydroxyla-
tion. McManus & Ilett (1979) demonstrated a cor-
relation between overall elimination of antipyrine in
vivo and in vitro in several species but not in man. In
the present study a significant correlation was found
for the rank order of antipyrine metabolite formation
in vivo and in vitro in different groups of subjects and
in the same group of patients. Further, there were
significant correlations between the in vivo and in
vitro rates of formation of each of the three main
metabolites of antipyrine in the same subjects.
The correlations found in this study were not suf-

ficiently good to be predictive and this may be
because only Vmax values were used to assess in vitro
enzyme activity. Although the Km values for the
formation of the three metabolites were similar and
inter-subject variation in the Km values was small
(Table 4) any variation in Km would affect the cor-
relation coefficients. In addition, in vitro activity was
determined on needle biopsy specimens and although
such samples appear to be reasonably representative
of the whole liver (Boobis et al., 1980) it is quite
possible that in liver disease there is some regional
variation in enzyme activity throughout the organ.
Despite these possible sources of error significant
correlations were found and it is concluded that
measurement of antipyrine metabolites in urine can
provide a useful measure of the activity of those en-
zymes involved in their production.
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