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Antipyrine metabolism in acute hepatic porphyria in relapse
and remission
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University Department of Medicine, Gardiner Institute, Western Infirmary, Glasgow Gll 6NT

Antipyrine kinetics following a single oral dose were obtained in porphyric patients in
attack and in remission and in controls. The clearance of antipyrine was significantly lower
during an acute porphyric attack (median: 0.34 ml min- kg-l; range: 0.1-0.71, P <0.05)
than in patients in remission (median: 0.53 ml min'- kg-'; range: 0.28-0.87) or controls
(median: 0.52 ml min-' kg-'; range: 0.32-0.93). There was a significant negative
correlation between weight-adjusted antipyrine clearance and the urinary excretion of the
porphyrin precursors, delta-aminolaevulinic acid (r = 0.86, P <0.001) and porphobilino-
gen (r = 0.82, P <0.002). These data suggest that the more severe the porphyric attack,
the greater the impairment of hepatic monooxygenase activity.
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Introduction

The acute hepatic porphyrias are a group of rare
conditions in which there are hereditary abnor-
malities in the biosynthesis ofhaem (Goldberg et
al., 1983). Patients can all present with acute
abdominal pain, autonomic dysfunction and
neuropsychiatric disturbance (Brodie & Gold-
berg, 1980). During an acute attack an excess of
the porphyrin precursors delta-aminolaevulinic
acid (ALA) and porphobilinogen (PBG) is found
in the urine. This abnormality persists when the
acute attack remits although usually to a lesser
degree. In all patients, hepatic haem synthesis is
diminished due to reduced activity of one enzyme
in the pathway specific for each type of porphyria.
Consequently, the initial and rate-limiting
enzyme, ALA-synthase (ALA-S), is derepressed
by negative feedback. Elevated activity of this
enzyme can be measured in circulating leucocytes
(Brodie et al., 1977b) and provides an important
extra index for the identification of latent cases
(McColl et al., 1982).
The majority of haem synthesised in the liver

is utilised for the formation of the haemoprotein
cytochrome P450 which forms the terminal
component of the hepatic mixed function oxidase

enzyme system (Goldberg et al., 1983). The
purpose of this study was to assess mono-
oxygenase activity, as reflected by antipyrine
metabolism, in patients with acute porphyria in
attack and in remission, and to attempt to cor-
relate this activity with the extent of the bio-
chemical defect in haem biosynthesis.

Methods

The study was carried out in 16 patients (14
female, two male) with hereditary hepatic por-
phyria. Fourteen had acute intermittent por-
phyria (AIP) and two variegate porphyria (VP).
The diagnosis had previously been made by
demonstrating increased porphyrin and precursor
excretion together with reduced activity of the
appropriate enzyme in circulating blood cells
and elevation of leucocyte ALA-S activity. Eight
patients (seven AIP, one VP) had typical symp-
toms of an acute attack (Group 1) and a further
eight (seven AIP, one VP) were clinically in
remission (Group 2). No patient was receiving
any drug known to affect antipyrine metabolism.
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Eight non-medicated patients investigated for
irritable bowel syndrome served as controls
(Group 3). All patients had normal standard bio-
chemical liver function tests. Females predomi-
nated in each group with eight in Group 1 and
seven each in the other two groups. One patient in
Group 1 smoked fewer than 10 cigarettes per day.
No patient in the other two groups smoked
tobacco. The median age of the patients in the
three groups was as follows: group 1: 32 years
(range 18-47), group 2: 38 years (range 17-54),
group 3: 45 years (range 30-50). The patients with
acute porphyria in attack were lighter than those
in the other two groups but this difference was not
statistically significant. [Group 1: median 55.8 kg
(range 43-71); Group 2: median 66 kg (range 52-
74); Group 3: median 68.7 kg (range 55-79)].

After an overnight fast, 600 mg of antipyrine
were administered orally and 10 ml blood samples
taken into heparinised tubes 0, 3, 5, 8, 12, 24 and
48 h later. The plasma was stored at -20 ° C until
analysis. Prior to the administration of the anti-
pyrine dose, 30 ml of blood were withdrawn for
immediate assay of leucocyte ALA-S activity
and a 24 h collection of urine for porphyrin and
precursor measurement was commenced.

Antipyrine was assayed by high pressure liquid
chromatography (Macphee et al., 1984). The
first-order elimination rate constant (k) was cal-
culated from the concentration time curve using
the method of least square regression analysis
assuming monoexponential decay. The apparent
volume of distribution (V ) was obtained from the
formula V = Dose/C(0) where C(0) is the con-
centration of the drug extrapolated on a log

linear scale to time zero. The plasma clearance
(CL) was calculated from the relationship CL =

V* k.
Leucocyte ALA-S activity (Brodie et al.,

1977c) and urinary ALA, PBG and total por-
phyrin content (Moore, 1983) were obtained
using standard techniques.

Results are quoted as medians and ranges.
The statistical analysis used Mann-Whitney U
tests and correlations were obtained by the
Spearman ranking procedure.

Results

Leucocyte ALA-S activity and porphyrin and
precursor excretion in the porphyric patients
together with the kinetics of antipyrine for all
three groups are shown in Table 1. The por-
phrics in attack had significantly higher leucocyte
ALA-S activity and increased urinary ALA,
PBG and total porphyrin excretion compared
with those in remission (all P < 0.05). The weight-
adjusted clearance of antipyrine was lower in
these patients [median 0.34 ml min-1 kg-'; range
0.1-0.71; P < 0.05 Figure 1] than in those in
remission [median 0.53 ml min-1 kg-1; range
0.28-0.87] and than in controls [median 0.52 ml
min-1 kg-1; range 0.32-0.93]. The volume of
antipyrine distribution was reduced in both por-
phyric groups [attack: median 22.51; range 10.1-
42.4; remission: median 23.21; range 17.2-41.3;
controls: median 37.31; range 24.6-50.0, P <
0.05]. There were significant negative correla-
tions between the antipyrine clearance (ml min-'

Table 1 Haem biosynthetic enzyme activities, urinary porphyrin and precursor excretion and antipyrine
kinetics in porphyrics in attack and in remission together with antipyrine kinetics in controls

Antipyrine
Urinary volume

Leucocyte ALA PBG Total Half- of
ALA-S (,umol (,umol porphyrins life distribution Clearance

(,molh-1mg-lprotein) 24 h-) 24 h-1) (,jg24h') (h) (1) (ml min-')

Attack 3327a 128a 280a 670a 15. lb 25.5c 20.4b
(n = 8) (746-7812) (71-418) (62-651) (329-5006) (7.7-34.9) (10.1-42.2) (5.9-42.5)
Remission 747 19 10 95 8.1 23.2c 36.0
(n =8) (419-2542) (8-166) (0-260) (26-291) (4.6-15.5) (17.2-41.3) (15.7-43.0)
Control 11.0 37.3 39.5
(n = 8) [50-300] [0-40] [0-16] [0-300] (8.7-15.1) (24.6-50) (24.3-54.7)

Figures are medians (ranges) with normal ranges in square brackets [
Statistical analysis by Mann-Whitney U test
a P < 0.05 between attack vs remission
b P < 0.05 between attack vs remission and controls
c P < 0.05 between attack and remission vs controls
ALA = delta-aminolaevulinic acid PBG = porphobilinogen
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Figure 1 Weight-adjusted antipyrine clearance in
patients with porphyria in attack and in remission, and
in controls. The values in attack were significantly
lower (P < 0.05) than those in remission and in controls.

kg-') and the urinary excretion of ALA (r =
-0.86, P < 0.001) and PBG (r = -0.82, P <
0.002) but not with total porphyrins (r =-0.45)
or the activity of leucocyte ALA-S (r =-0.45).

Discussion

This study confirms that acute attacks of por-
phyria are associated with temporary impairment
of the hepatic oxidation of antipyrine (Anderson
et al., 1976). Altered hepatic metabolism has
also been reported for salicylamide (Song et al.,
1974) and aminopyrine (Ostrowski et al., 1983)
but not for phenylbutazone (Anderson et al.,
1976) or indocyanine green (Stein et al., 1970).
The reduction in antipyrine volume of distribution
in all the porphyric patients was unexpected and
remains unexplained. It may reflect a diminution

in muscle bulk consequent upon the motor neuro-
pathy.

In the acute hepatic porphyrias there are
various enzyme defects in the haem biosynthetic
pathway which result in a relative deficiency of
hepatic haem and an accumulation of circulating
haem precursors. The majority of haem syn-
thesised in the liver is incorporated into cyto-
chrome P-450 which forms the terminal com-
ponent of the mixed function oxidase enzyme
system (Goldberg et al., 1983). Antipyrine is
almost completely metabolised in the liver by
oxidative processes and the different rates of
production of its metabolites reflect the activities
of the enzymes producing them (Boobis et al.,
1981). Reduced elimination of antipyrine in
patients with porphyria could be a consequence
either of reduced cytochrome P-450 necessary
for its metabolism or from a functional inhibition
of monooxygenase activity by circulating ALA
or PBG. The significant negative correlation
between the extent of porphyrin precursor
excretion and the elimination of antipyrine can
support either possibility. The correlation
between leucocyte ALA-S activity and antipyrine
clearance did not reach statistical significance.
However, the patient numbers were small and
the activity ofALA-S in leucocytes may not reflect
that present in hepatic tissue.
The close correlation between the amount of

both porphyrin precursors excreted in the urine
and the antipyrine clearance suggests that the
more severe the porphyric attack the greater is
the impairment of hepatic monooxygenase
activity.

Our grateful thanks go to Anne Somers for expert
secretarial assistance.
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