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Inhibition of the metabolism of paracetamol by isoniazid
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1 The effect of isoniazid given daily for 7 days on paracetamol (acetaminophen)
kinetics and metabolism was studied in 10 healthy volunteers. Paracetamol, 500 mg,

was given before isoniazid, on day 7 of isoniazid administration, and 2 days after the
last dose of isoniazid.

2 On day 7, isoniazid markedly inhibited the formation clearance of the glutathione
and catechol metabolites by 69.7% and 62.2%, respectively. Total paracetamol
clearance was lowered by 15.2%. There was no effect of isoniazid on the non-

oxidative pathways of paracetamol elimination.
3 Two days after isoniazid was discontinued, paracetamol metabolism had returned to

pre-isoniazid values.
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Introduction

Both paracetamol (Black, 1984; Hinson, 1980; Mitchell
& Jollow, 1975; Prescott, 1983) and isoniazid (Mitchell
et al., 1976; Timbrell, 1979) can cause hepatotoxicity.
Isoniazid causes liver necrosis in certain individuals at
therapeutic doses and paracetamol is heptatotoxic in
overdose. These two medications are likely to be taken
concurrently. In the only previous study (Ochs et al.,
1984) isoniazid did not significantly affect the total
clearance of paracetamol in 11 volunteers.
The known metabolic pathways of paracetamol are

shown in Figure 1. The predominant pathways of para-
cetamol biotransformation are conjugation to form
phenolic, glucuronide and sulphate metabolites, and
microsomal oxidative pathways of metabolism (catalysed
by cytochromes P-450) that lead to both catechol and
glutathione metabolites (Andrews et al., 1976; Black,
1984; Hinson, 1980; Mitchell et al., 1974; Prescott,
1983; Slattery et al., 1987). With large doses of para-
cetamol the conjugation pathways become saturated
and a larger percentage of paracetamol is cleared through
the oxidative pathways (Davis et al., 1976; Mitchell
et al., 1974; Prescott, 1983; Slattery & Levy, 1979;
Slattery et al., 1987).
The putative toxic intermediate formed by cyto-

chromes P-450 oxidation is N-acetyl-p-benzoquinone
imine (NAPQI) which causes cell damage when
glutathione is depleted (Albano et al., 1985; Dahlin
et al., 1984). Hepatic microsomal cytochrome P450IIE1
(P-450j) has been shown to catalyse the formation of
NAPQI and is induced by ethanol and isoniazid (Morgan
et al., 1983; Raucy et al., 1989; Ryan et al., 1986).

Furthermore, pretreatment of Long Evans rats with
isoniazid increased the paracetamol-induced hepatic
necrosis score by 85% (Kalhorn, Slattery & Nelson,
unpublished observations). It also is known that isoniazid
can inhibit the microsomal oxidative metabolism of
some drugs (Kutt et al., 1970; Muakkassah et al., 1981;
Wright et al., 1982). This study was designed to deter-
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Figure 1 Pathways of metabolism of paracetamol. Sulphate
and glucuronide conjugation are the two major routes of
metabolism of paracetamol. The two oxidative pathways
leading to the catechol and glutathione metabolites are
quantitatively less important.
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mine the potential for isoniazid to induce the oxidative
pathways of paracetamol in man, as well as to test
the possibility that isoniazid inhibits paracetamol
metabolism.

Methods

Volunteers

All subjects were healthy volunteers who gave written
informed consent to the study which was approved by
the Clinical Screening Committee for Human Experi-
mentation, University of British Columbia. The study
was limited to subjects within 15% of ideal body weight
who were non-smokers and non-drinkers or who drank
alcohol infrequently. Subjects were required to refrain
from taking any medication or alcohol during the study
and for 1 week prior to the study.

Protocol

Acetylator phenotype Sulphamethazine (10-12 mg kg-')
was given orally to each of the ten fasted subjects
followed by collection of a 6 h urine sample and a 6 h
serum sample.
The urine was collected and stored at -20° C until

the samples were analysed. Urine (1 ml) was diluted
with water (9 ml) and the solution was filtered through
a 0.45 ,um filter. The plasma (100 pul) was mixed with
acetonitrile (100 ,ul). After 2 min, 200 p1l of water was
added and the mixture was centrifuged in an Eppendorf
centrifuge for 2 min. The supernatant (25 ,ul) was used
as the sample in the subsequent h.p.l.c. analysis.
The samples were analysed by h.p.l.c. (Nouws et al.,

1985) by comparison with the standard solutions of
equimolar sulphamethazine and acetylated sulpha-
methazine.

Calculations of the ratio of the concentration of the
acetylated compound to those of the parent and acety-
lated drug were done for urine and plasma samples.
Subjects were classified as slow acetylators if the ratio
was less than 0.7 and 0.3 in the urine and plasma
respectively.

Paracetamol-isoniazid interaction Isoniazid (300 mg)
daily was administered for 7 days. Paracetamol
(500 mg) was given on three occasions: the day prior to
starting isoniazid (day 0), on the 7th day of isoniazid
administration (day 7) and 48 h after the last dose of
isoniazid (day 9).
The subjects fasted overnight and emptied their

bladders just prior to taking paracetamol (500 mg with
200 ml of water) at approximately 08.00 h. A heparin
lock was inserted into a forearm vein to take blood
samples, 5 ml over sodium EDTA at 0, 1, 2, 3, 4, 5, 6,
8, 10 and 12 h after ingestion of paracetamol. Subjects
continued to fast for a further 1.5 h. In addition a 24 h
urine sample, collected over 3 g of ascorbic acid and
maintained at 40 C, was collected on days 0, 6, 7 and 9.
Sample volumes were measured and the samples were
divided and stored at -70° C until analysis. Blood
samples were taken for measurement of complete blood

count, creatinine, aspartate amino transferase, alanine
amino transferase, y-glutamyl transferase, and alkaline
phosphatase, on days 0 and 7. Twenty-four hour urinary
creatinine excretion was measured.
Blood samples for the measurement of paracetamol

were centrifuged and the plasma was frozen at -70° C
until assay. Paracetamol and metabolites in urine and
plasma were assayed by an h.p.l.c. method (Wilson
et al., 1982). The relative standard deviation of
the method for the different compounds ranged from
2.2 to 4.9%.
The plasma clearance (CL) of paracetamol was calcu-

lated from the dose and area under the plasma concentra-
tion curve (AUC) assuming complete oral absorption.
The formation clearances of the various metabolites and
the renal clearance of paracetamol were calculated as
the product of the fraction of the dose of the respective
compound found in the urine and plasma drug clearance.
Renal clearances of paracetamol sulphate and glucuro-
nide were calculated from the ratio of the molar amount
of conjugate found in urine to theAUC of the conjugate.
Formation clearance through the toxic pathway was
calculated as the sum of the formation clearances of the
3-cysteinyl, 3-mercapto and 3-methylthio conjugates.
Formation clearance through the catechol pathway was
calculated as the sum of the formation clearances of
3-hydroxy and 3-methoxy-paracetamol.

Statistics

Results are expressed as mean ± s.e. mean. The data
were analysed by 2-way analysis of variance and paired
Student's t-test, using the Bonferroni correction for
multiple comparisons (Hays, 1981). P < 0.05 was
accepted as an indication of significance.

Results

Ten healthy volunteers between the ages of 23 and 56
years were chosen for the study. There were equal
numbers ofmen and women and equal numbers of rapid
and slow acetylators. All ten subjects completed the
protocol without adverse effects. The data from all
subjects were analysed and comparison of paracetamol
metabolism was made on days 0, 7 and 9.

Recoveries of paracetamol and its metabolites in the
urine are shown in Table 1. All of the oxidative metabo-
lites were markedly decreased on day 7 compared with
day 0 and day 9 in all subjects. The urinary recoveries
of the conjugated products were increased to a small
but significant degree on day 7 compared with day 9.
There was no statistical difference between day 0 and
day 9 in the recovery of any of the metabolites. Total
recovery on day 9 was slightly decreased as compared
with day 7. This could not be explained by differences
in 24 h creatinine recoveries, which were 1550 ± 130 mg,
1510 ± 110 mg and 1400 ± 80 mg on days 0, 7 and 9,
respectively (P > 0.05).

Total paracetamol clearance was decreased signifi-
cantly (P < 0.01) on day 7, 18.9 ± 1.71 h-1 as compared
with day 0, 22.2 ± 2.201 h-1 and day 9, 22.2 ± 1.81 h-'.
Formation clearances of the oxidative and non-oxidative
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Table 1 Effect of isoniazid treatment on the recovery of paracetamol and
its metabolites in urine (mean ± s.e. mean results).

Urinary recovery (% of dose)

Product Day 0 Day 7 Day 9

Paracetamol glucuronide 46.59 ± 2.25 53.01 ± 3.05 44.48 ± 3.15**
Paracetamol sulphate 31.48 ± 3.22 34.64 ± 2.57 27.25 ± 2.47**
Paracetamol 3.71 ± 0.49 4.35 ± 0.44 3.34 ± 0.41**
3-hydroxy paracetamol 2.96 ± 0.31* 1.82 ± 0.17 2.98 ± 0.23**
3-0-methyl paracetamol 2.82 ± 0.37** 0.76 ± 0.11 2.76 ± 0.31**
3-cysteine paracetamol 2.91 ± 0.28** 0.908 ± 0.09 3.19 ± 0.27**
Paracetamol 3-mercapturate 2.74 ± 0.33** 1.09 ± 0.21 2.86 ± 0.34**
3-methylthio paracetamol 0.64 ± 0.10* 0.16 ± 0.02 0.80 ± 0.12**
Total percent recovered 93.86 ± 2.60 96.74 ± 1.47 87.65 ± 2.76*

*P < 0.05, **P < 0.01, as compared with day 7 by paired t-test with Bonferroni
correction.
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Figure 2 Effect of isoniazid administration on paracetamol
(APAP) renal clearance and paracetamol metabolite
formation clearance (mean ± s.e. mean, n = 10). Isoniazid,
300 mg, was administered daily for 7 days. Paracetamol
metabolites: (APAP Glu) paracetamol glucuronide; (APAP
S04) paracetamol sulphate; (3-OR-APAP) sum of 3-hydroxy
paracetamol plus 3-0-methyl paracetamol; (3-SR-APAP) sum

of 3-cysteine paracetamol, paracetamol 3-mercapturate, plus
3-methylthio paracetamol. Comparisons were made by paired
t-test with Bonferroni correction. **P < 0.01 from day 0 and
day9. * day0, O day7 and O day9.

metabolites and paracetamol renal clearance are shown
in Figure 2. There were no significant differences in
paracetamol renal clearance or formation clearance of
the conjugated compounds, but clearance through
oxidative pathways was markedly diminished by
isoniazid on day 7 (P < 0.01).
Subgroup analysis showed male vs female and rapid

vs slow acetylator phenotype comparisons were not
statistically significant. However, when both gender
and phenotype were taken into account the extent to
which the oxidative pathways were reduced on day 7
was significantly greater (P < 0.02, unpaired t-test) in
slow acetylator females (20.3 ± 5.0%) than in rapid
acetylator males (46.1 ± 4.6%). Rapid acetylator females
(33.9 ± 4.5%) and slow acetylator males (34.0 ± 3.3%)
were not significantly different from the other groups.
This trend is consistent with a dose-related inhibitory
effect of isoniazid.
None of the subjects demonstrated any appreciable

change in clinical laboratory measurements. In particular

The results of this study show that isoniazid is a potent
inhibitor of the oxidative metabolism of paracetamol.
These findings are in agreement with those of previous
studies in which isoniazid was found to inhibit the
oxidative metabolism of both phenytoin (Kutt et al.,
1970) and carbamazepine (Wright et al., 1982). We have
demonstrated that isoniazid is a more potent inhibitor
of the oxidative metabolism of paracetamol than cimeti-
dine (Mitchell et al., 1984) or ethanol (Critchley et al.,
1983). Sub group analysis showing that the inhibition is
greatest in slow acetylator females suggests that it is a
dose-related effect.
The urinary recovery and formation clearance of the

thiol metabolites is an index of the exposure to the
oxidative metabolite, NAPQI, the major hepatotoxin.
We expected from experiments in rats to see an induction
of this oxidative pathway by isoniazid on day 9 as
compared with day 0. There are a number of possible
explanations for failure to demonstrate evidence of
induction: (i) P450IIE1 does not contribute markedly to
the oxidation of paracetamol in man, (ii) there are
marked interindividual differences in the inducibility of
the pathway in man, and (iii) residual inhibition or
destruction of the P-450 enzymes responsible, prevented
demonstration of the induction, i.e. without inhibition,
formation clearance would have remained low on day 9.
The significant inhibition of the oxidative metabolism

of paracetamol by isoniazid demonstrated in this study
will not result in an adverse drug-drug interaction.
Isoniazid decreases the total clearance of paracetamol
by only 15%. This small effect of isoniazid on para-
cetamol clearance represents a clinically inconsequential
drug interaction. If, however, isoniazid were ingested
at the same time as an acute or chronic paracetamol
overdose, a clinically useful drug interaction, the
inhibition of formation of the toxic intermediate and

--
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prevention of hepatotoxicity, might occur. The effect
of paracetamol on the risk of isoniazid hepatotoxicity
is presently unknown.

This study suggests that concomitant administration
of isoniazid and paracetamol is not associated with an
increased formation of the toxic metabolite of para-
cetamol; in fact the reverse was shown. We cannot

be certain whether induction may occur under other
conditions.

This work was supported by National Institute of Health
Program Project Grant GM32165. The assistance of S. Adams,
M. Murphy and M. Wong in the preparation of the manuscript
is gratefully acknowledged.
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