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Summary. Four healthy subjects were investigated
weekly for 14 weeks by the antipyrine one sample
saliva test, the 48-h urinary excretion of major an-
tipyrine metabolites and the 2-h aminopyrine
breath test before, during and after stimulation and
inhibition of drug metabolism with phenobarbital
and cimetidine, respectively. The phenobarbital-
induced enhancement of antipyrine clearance
(1.33-2.03 times) and of the aminopyrine breath test
(0.94-1.19 times) occurred one week after beginning
drug administration and persisted for 10 days after
its cessation. The cimetidine-related inhibition of an-
tipyrine clearance (0.62-0.85 times) and of the ami-
nopyrine breath test (0.52-0.93 times) was observed
24 h after beginning cimetidine administration and
subsided within two days after the last dose. During
enhancement and inhibition the clearance of antipy-
rine to 3-hydroxymethyl-, 4-hydroxy- and norantipy-
rine varied as the total antipyrine clearance. The in-
traindividual variation in antipyrine clearance was
6-8%, and the corresponding variation in urinary
excretion of antipyrine metabolites was 10-20%. It is
concluded that the influence of phenobarbital and
cimetidine on hepatic microsomal enzyme activity
can be monitored simply by measurement of the
blood concentration of the drug. Whether this simple
relationship applies to other microsomally mediated
drug interactions requires further evaluation.
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Many xenobiotics are able to alter microsomal en-
zyme activity in man to a clinically important extent
[7, 27]. Enhancement of the activity is most frequent-

ly reported, but an increasing number of substances
are recognized as inhibitors {37].

Microsomal enzyme activity has sometimes been
assessed after discontinuation of drug administra-
tion[2, 5,6, 8,12, 13,19, 24, 25, 28, 31, 38, 42], but the
time course of drug-associated changes in microsom-
al enzyme activity in man has received limited atten-
tion.

Some of the drug-induced changes in microso-
mal enzyme function may cause serious drug interac-
tions, so it is important to know the rate with which
the changes may develop and subside. The informa-
tion is necessary to explain the time course of micro-
somally mediated drug interactions, and in planning
to prevent clinically important interactions.

The present study was done to examine the
sequential changes in antipyrine and aminopyrine
metabolism, as assessed by the antipyrine saliva
test [39], the 48-h urinary excretion of the three
major metabolites of antipyrine [9], and the 2-h
aminopyrine breath test [16], before, during and
following stimulation and inhibition of drug metab-
olism with phenobarbital [40] and cimetidine [35],
respectively.

Material and Methods

Four healthy non-smoking volunteers, three men
and one woman, aged 25-35 years, gave informed
consent. None had taken any drugs for one month
prior to the study. They all consumed alcohol social-
ly, i.e. their average daily consumption was less than
10 g ethanol. No effort was made to control the
dietary habits of the subjects.

The design of the study is illustrated in Fig.1. A
control period of two weeks was followed by two
experimental periods, each lasting six weeks. During
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Fig. 1. Design of study. Four healthy subjects randomly received
phenobarbital 100 mg daily, or cimetidine 1000 mg daily, for 13
days, separated by four weeks

Table 1. Coefficient of variation expressed as SD in % of the
mean value X (SD rel.). The standard deviation of 450 duplicate
gas chromatographic antipyrine analyses of was calculated from

7
I/ %:% , where d is the difference between duplicates

Range of concentration SD SD rel
[ng/ml] fug/mi] {%]
2.0-49 (%=3.5, n= 54) 0.18 51
50-99 (=78, n=115) 0.23 3.0
10.0-149 (%=124, n=152) 0.38 3.1
15.0-199 (%=17.0, n=101) 0.62 3.7
20.0-250 (X=21.3, n= 28) 0.52 2.5

one period phenobarbital 100 mg was given at bed-
time for 13 days, and during the other period cimeti-
dine 200 mg three times daily plus 400 mg at bedtime
was given for 13 days. No drugs were given for the
rest of the periods. Two subjects received cimetidine
first and then phenobarbital and two received the
drugs in the opposite sequence. Venous blood sam-
ples for estimation of plasma phenobarbital and
cimetidine during the appropriate periods were col-
lected 12h after the bedtime dose and before the
morning dose, according to the time schedule in
Fig.1.

Plasma phenobarbital was determined by a spec-
trophotometric enzymatic EMIT® method [35]. Plas-
ma cimetidine was determined by HPLC [21]. y-Glu-
tamyltranspeptidase (s-y GT) was also determined in
all blood samples.

Once weekly an oral dose of phenazone 1g (an-
tipyrine) was given simultaneously with *C-amino-
pyrine 2 uCi (98% radiochemically pure as judged by
TLC), containing about 5ug aminopyrine, with
20 ml of tap water. Aminopyrine was not given dur-
ing Weeks 1, 7,13, and 14 in order to avoid a cumula-
tive radioactive dose exceeding 20 pCi. After amino-
pyrine and antipyrine administration the volunteers
restricted their physical activity to a minimum in or-
der to avoid changes in endogenous CO,-prod-
uction. Two h after drug administration breath sam-
ples were collected by exhaling through anhydrous
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calcium sulfate (for drying) and into a scintillating vi-
al containing a trapping solution of 0.5 M hyamine
hydrochloride-ethanol 4 ml and two drops of 10%
thymolphtalein solution, until the indicator changed
from blue to colourless, indicating trapping of CO,
2 mmol. After addition of scintillation cocktail, sam-
ples were counted in a liquid scintillation spectrome-
ter, with use of an external standard and dual chan-
nel correction for quench. Activity was expressed as
% of the administered *C-label per mmol CO, multi-
% dose x kg)
mmol CO, /"~
Saliva 5 ml was collected about 24 h after admin-
istration of antipyrine and was kept frozen at —20°C
until analyzed by GLC [28]. The coefficient of varia-
tion of duplicate analyses ranged from 2.5 to 5.1% at
antipyrine concentrations between 2 and 25 pg/ml
(Table 1). The clearance of antipyrine was calculated
from the dose (D), an assumed volume of distribu-
tion (Vp) and the salivary concentration of antipy-
rine at time t (c;)

_ IOV -Ing
t

plied by the body weight in kg (

ClAp X VD [11]

Urine was collected for 48 h after antipyrine ad-
ministration once before, twice during and twice af-
ter each drug regime (Fig.1) [9], and was kept frozen
at —20°C until analysed for antipyrine (AP), 4-hy-
droxyantipyrine (4-OH), 3-hydroxymethylantipyrine
(3-OH-M) and norantipyrine (NOR).

The urinary excretion of each of the three metab-
olites was expressed as % of the administered dose of
antipyrine, assuming complete absorption. The
clearance of each metabolite was calculated by mul-
tiplying its total urinary excretion as % of the dose of
antipyrine by the total clearance of antipyrine, as-
suming first order elimination kinetics for each me-
tabolite and complete metabolism of antipyrine
within 48 h [9].

The urine samples were assayed after hydrolysis
with glucuronidase/arylsulfatase (Boehringer) for
3 h at 37°C. Alkaline extraction with dichlorometh-
ane was performed for analysis of antipyrine and 3-
OH-M, and acid extraction for analysis of 4-OH and
NOR (dichlormethane/pentane 30/70 v/v). After
evaporation to dryness and redissolving the residue
in 100 ul mobile phase, 25 ul was injected into a high
pressure liquid chromatographic (HPLC) system,
consisting of a Waters pump and injection loop, a
Waters p Bondapack C18 column and a Waters UV
detector (Model 440) with a fixed wavelength of
354nm. The mobile phase was 0.01 M phosphate
buffer/methanol (65/35, v/v), and the flow rate was
2 ml/min. Retention times for metabolites and inter-
nal standard (phenacetin) ranged from 2.6 to 7.1 min.
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Table 2. Antipyrine clearance (Clap), aminopyrine breath test (ABT) as % "C-label of “C-dose x kg body weight/mmol COs, serum y
glutamyltranspeptidase (s-yGT) plasma phenobarbital (P-Phen) and plasma cimetidine (P-Cim) in 4 subjects studied once a week for 14
weeks. Weeks of phenobarbital (Phen) or cimetidine (Cim) administration are indicated by boxes

Subject Test Week No.
1 2 3 4 5 6 7 8 9 0 11 12 13 14
Phen Cim
HEP Clap [ml/min] 450 368 (375 592 | 693 615 435 420 |314 295 | 405 437 457 404
ABT 037 037|035 035 036 - 032 - 027 030| 035 - 033 -
s-yGT [U/1] - 27 37 32 |35 39 - 36 |33 39 |35 38 - -
P-Phen [mg/1] 0 4 9 3 - - - - - - - -
P-Cim [mg/] - - - - - - 00 | 100 023] 00 00 - -
Phen Cim
BR Clap [m]/min] 524 577 |568 719 630 615 631 |571 466 | 614 60.5 569 504
ABT 047 046 | 0.55 0.5 - 049 — | 046 043 047 - 046 -
s-yGT[U/]] - 24 |22 26 |44 a4 - 30 30 29 |22 27 - -
P-Phen [mg/1] - 0 3 9 2 - - - - - - - -
P-Cim [mg/1] - - - - - ~ 00 | 043 018 00 00 - -
Cim Phen
HP Clap [m]/min] 294 302 [268 226 | 300 305 375 311 |453 546 | 602 418 365 325
ABT 031 028022 018 026 - 021 - | 020 023 028 - 022 -
s-yGT[U/]] - 17 |16 16 16 - 10 |18 15 |18 21 - -
P-Phen [mg/1] - - - - - - 0 4 12 |12 3 - -
P-Cim [mg/1] - 00 | 1.08 104 00 - - - - - - - -
Cim Phen
MD Clup [m]/min] 503 542 [36.1 389 473 556 590 577 605 813 |858 653 603 585
ABT 040 037 036 032] 035 - 037 - | 039 041] 037 - 036 -
s-yGT[U/1] -9 110 9 10 -1 9 10 |11 183 - -
P-Phen [mg/1] - - - - - - 0 3 12 |1 4 - -
P-Cim [mg/1] - 00 | 014 010 00 - - - - _ - - _

Reference metabolites were used for standard
curves: NOR (EGA-Chemie), 4-OH (EGA-Chemie),
and 3-OH-M, (kindly donated by Drs. Danhof,
Eichelbaum, and Yoshimura). The coefficient of
variation of duplicate analyses of the antipyrine
metabolites in calculated as shown in Table 1, was
about 3%, except for 3-OH-M, for which it was
about 10%.

Aminopyrine, cimetidine and phenobarbital did
not interfere with the HPLC analysis of metabolites.

In a separate study the intraindividual variation
in antipyrine clearance was studied in five healthy
volunteers (two men and three women) two of whom
were smokers. The three non-smokers (HEP, HP and
MD) also participated in the study with cimetidine
and phenobarbital. Antipyrine administration, col-
lection of saliva and urine, and analyses were per-
formed by the methods described above. The mea-
surements were made once a week, 14 times in each
subject. Urine was only collected 10 times by the
three non-smokers, with an interval of at least one
week during the 14 weeks [9].

In each subject the amount of creatinine in each
sample of urine was almost constant from week to
week, indicating completeness of the 48-h collection.

Permission to use radiolabelled aminopyrine was
granted by the Danish Health Authorities, and ethi-
cal approval according to the Declaration of Helsin-
ki was given by the Committee of Ethics of Copen-
hagen.

The data for antipyrine clearance and aminopy-
rine were tested by two-way analysis of variance. The
period effect was considered statistically significant
if Pwere less than 0.05.

Results

Antipyrine clearances and the aminopyrine breath
test results during the cimetidine and phenobarbital
experiments are given in Table 2.

The mean plasma concentration of phenobarbi-
tal was 3.5 (0.3), 10.5 (0.9), 9.8 (1.0), and 2.5 (0.9)
mg/1 (% SD) during the two weeks of dosing and the
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Table 3. Antipyrine clearance [ml/min] measured in 5 subjects once a week for 14 weeks (control experiment). BK and LN were smokers

Subject Week No x+SD
1 2 3 4 5 6 7 8 9 10 11 12 13 14
HEP 49.1 507 406 475 425 495 387 418 477 457 458 452 419 386 447+4.0
HP 315 308 279 337 293 277 283 337 346 327 335 320 288 311 31.1£25
MD 521 448 524 473 551 553 534 540 594 555 488 565 500 442 52.0+4.5
BK 66.6 59.7 692 725 717 645 665 737 648 685 590 621 663 656 66.5+4.4
LN 511 532 500 525 557 570 529 635 548 593 580 548 565 524 55.1+3.6
ol /min maximum three days after cessation, when the plas-
w 251 ma phenobarbital level was still high. The antipyrine
= clearance had decreased to its control level about 15
0 28y days after phenobarbital withdrawal, corresponding
o to the disappearance of phenobarbital from plasma.
= 15 /I/ I\ 4-0H During cimetidine administration the antipyrine
3 s \OR clearance was reduced to 0.74-times the control vai-
= 18} ! ue (range 0.62-0.85; p<0.01), and the aminopyrine
= breath test result was reduced to 0.72 (range
3 0 3-0H-M 0.52-0.93; p<0.01). As indicated by the antipyrine
=2 AP and aminopyrine measurements on Days 2 and 9 of
8 TS E 56 7 80 111121314 cimetidine dosing, the decrease in microsomal en-
PHEN CIM zyme activity was confined to the period of adminis-

eer no.

Fig. 2. Time course of the calculated relative clearance (metabo-
lite % of antipyrine dose recovered in 48-h urine multiplied by to-
tal salivary antipyrine clearance) of 4-hydroxyantipyrine (4-OH),
norantipyrine (NOR), 3-hydroxymethylantipyrine (3-OM-M) and
unchanged antipyrine (AP) in 4 subjects before, during, and after
phenobarbital (PHEN) or cimetidine (CIM); mean = SEM

two weeks after withdrawal. The second sample was
taken four days before cessation of phenobarbital
administration. Plasma phenobarbital continued to
increase (verified in two subjects) during the last four
days of dosing. This explains why the plasma pheno-
barbital level was almost as high three days after the
cessation of treatment as on Day 9 of treatment.
Phenobarbital was not completely eliminated until
15 days after cessation. Plasma cimetidine was 0.7
(0.2) and 0.4 (0.2) mg/1 during treatment and was on-
ly present in plasma during the period of administra-
tion.

The antipyrine clearance and aminopyrine
breath test were significantly influenced by the drug
regimens (p<0.01). Phenobarbital increased antipy-
rine clearance to 1.60-times the control value (range
1.33-2.03), whereas the increase in the aminopyrine
breath test result was only 1.07-times the control val-
ue (range 0.94-1.19). The antipyrine clearance was
not significantly changed on the second day of
phenobarbital administration, but the increase was
apparent on Day 9 of treatment and was still at its

tration of cimetidine (Table 2).

No difference was found between antipyrine
clearance measured at the same time as the aminopy-
rine breath test during the third week and antipyrine
clearance measured alone in the fourth week after
cimetidine withdrawal (4934103 vs. 449+
10.6 ml/min (mean = SD; Table 2).

The intraindividual variation in total antipyrine
clearance, expressed as the coefficient of variation,
was 6.5 and 6.7% in the smokers (LN and BK), and
7.9, 8.7, and 8.9% in the non-smokers (HP, MD, and
HEP) during the 14 week control period without ci-
metidine or phenobarbital administration (Table 3).

The relative clearance of each of the three major
antipyrine metabolites before, during and after each
drug regimen is shown in Fig.2. During cimetidine
administration the clearances of all three metabolites
were significantly depressed and to almost the same
extent to 0.55-times (range 0.43-0.91) the control val-
ues. The corresponding increase in the metabolites
during phenobarbital was 1.50-fold (1.13-1.86).

During the periods of cimetidine and phenobar-
bital administration the clearance of each metabolite
varied significantly in all four subjects (p<0.01),
whereas no significant variation in clearance was ob-
served in the ten control measurements taken over 14
weeks in three subjects (p> 0.1; Fig. 3). The intraindi-
vidual variation in the clearance of the antipyrine
metabolites ranged from 10.6 to 20.0% (Fig.3).

No significant change in s-yGT was observed
during either of the drug treatments (Table 2).
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Discussion

Few studies have been made of the time course of
drug-related changes in microsomal enzyme activity,
but several authors have measured enzyme activity
once after withdrawal of the causative agent [2, 5, 6,
8,12, 13, 24, 25, 28, 31, 34, 39, 43].

The time course of enhanced and depressed an-
tipyrine metabolism in the present study was closely
related to the plasma concentrations of phenobarbi-
tal and cimetidine, respectively. Accordingly, the
elimination or synthesis of increased or decreased
amounts of microsomal enzyme appears to be only
of minor importance. The half-life of microsomal en-
zyme turnover has been calculated as ranging from
one to six days [20]. Since phenobarbital is eliminat-
ed at about the same rate, its elimination is probably
the time limiting factor in reversal of phenobarbital
-induced enhancement of microsomal enzyme activi-
ty. However, this may not apply to drugs that are
eliminated more rapidly than the excess microsomal
enzymes, in which case enzyme turnover may be the
limiting factor [39]. The cimetidine-related inhibition
of microsomal enzyme activity found in this study,
and in another study with sulfaphenazole [34], oc-
curred and subsided within hours. It is unlikely that
the depressed activity have been associated with a
corresponding change in the quantity of the enzyme
involved, but may be explained by competitive inhi-
bition, the degree of which was probably determined
by the amount of modulating substance at the active
site of the enzyme.

The increased enzyme activity attributed to DDT
exposure lasted for three months [18], the effect of

219

ml/min
825

™
=

W
i
|
e
g

4-0H

LA I\I/I”M T I\I NOR

H\!\r&'/ﬁ\f—"‘f 3-0H-M

AP

—
=
T

in
T

CALCULATED RELATIVE CLEARAN

L :

T2 3 4 ETE 7 8 § 18

o)
ks

No. of measurements

dUPlﬂS 14 weeks

Fig. 3 Time course of the calculated relative clearance (metabolite
% of antipyrine dose recovered in 48-hour urine multiplied by to-
tal salivary clearance) of 4-hydroxyantipyrine (4-OH), norantipy-
rine (NOR), 3-hydroxymethylantipyrine (3-OH-M), and un-
changed antipyrine (AP) in a control experiment in 3 of the 4
subjects who participated in the phenobarbital-cimetidine study;
mean +SEM

phenobarbital was reversed in 2-6 weeks (depending
on the dose and duration of treatment [13, 19, 24]),
the effect of rifampicin was reversed in 2-3 weeks
[24, 39], that of glutethimide within two weeks [12],
and the effect of diets rich in brussel sprouts and cab-
bage or charcoal broiled beef had returned to its con-
trol value 1 week after withdrawal of the diets [8, 25].

The inhibitory effect of disulfiram on antipyrine
clearance lasted for at least 10 days after discontinu-
ation of treatment [43], whereas the inhibition of tol-
butamide metabolism was reversed within hours af-
ter withdrawing sulfaphenazole [34].

Table 4. Previous studies on the effect of phenobarbital and cimetidine on antipyrine half-life (t.) and clearance (C1) expressed as a

multiple of the control value

Number of  Dose/day Number Effect on ty, Cl Design of study Author
persons of day given
Phenobarbital
16 2mg/kg 14 t,, 0.63 before/during Vesell and Page 1969  [40]
150 mg
3 3.6mg/kg 21 t, 0.60 before/during/ Kampffmeyer 1971 [19]
100-250 mg after
10 180mg 21 t,084 C11.82 before/during Roberts et al. 1976 [30]
7 100 mg 14 1:0.64 Ci11.56
22 100 mg 7 6, 0.65 CI1.60 before/during Danhof et al. 1982 [10]
Cimetidine
6 400 mg 14 t, 138 C10.80 before/during Serlin et al. 1979 [35]
6 400 mg 21 t,1.21 1090 before/during Puurunen et al. 1980 [29]
8 1060 mg 7 t, 132 C10.73 before/during Henry et al. 1980 [14
9 1000 mg 21 6, 1.36 Cl1046 before/during Neuvonen et al. 1981 [23]
6 1000 mg 7 t, 121 C10.74 before/during Staiger et al. 1981 [36]
7 1000 mg 7 t. 1.31 C10.77 before/during Breen et al. 1982 4]
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Table 5. Reported studies of the effect of phenobarbital and cimetidine on aminopyrine metabolism (2-h breath value, half-life (t,) and

clearance (Cl)) expressed as a multiple of the control values

Number of Dose/day Number of Effect on t,,, Cl or 2-h Design of study Author
persons days given breath test
Phenobarbital
300 mg 14 Ci1.19 before/during Roots 1972 [32]
not reported not reported 2-h breath higher before/during Hepner et al. 1974 [16]
during treatment
11 treated not reported not reported 2-h breath 1.77 - treated/controls Lewis et al. 1977 [22]
14 controls
8 150 mg 7 2-h breath 1.46 before/during Piken and Hepner 1979 [26]
Cimetidine
8 1000 mg 7 ti; of breath 1.33 before/during Henry 1980 [14]

Cl (plasma) 1.32

In all these studies the microsomal enzyme activi-
ty seems to have been roughly correlated with the
half-life of the causative agent, but since no data on
the blood concentrations of the modulating com-
pounds have been given the exact relationship can-
not be described.

The degree of phenobarbital-related enhance-
ment, and cimetidine-associated depression of total
antipyrine clearance observed here is in agreement
with previous studies, where total antipyrine clear-
ance was measured before and during drug adminis-
tration (Table 4). The change in antipyrine clearance
was considerably greater than the observed intraindi-
vidual coefficient of variation, which amounted to
6-8%, as calculated from 14 measurements made
once weekly in five healthy subjects. This intraindi-
vidual variation is also consistent with a recent study
in which, as in the present study, no effort was made
to control the life style of the persons investigated [1].

Cimetidine was found to decrease both antipy-
rine and aminopyrine elimination to the same extent,
in agreement with a recent study [14]. However, the
induction of antipyrine elimination after phenobarb-
ital was more pronounced than that of aminopyrine
elimination. This indicates that whereas oxidation of
antipyrine and N-demethylation of aminopyrine are
equally depressed by cimetidine, the enzyme activi-
ties are differentially affected by phenobarbital. A
similar discrepancy was previously reported by Hep-
ner et al. [16], and has also been observed after ad-
ministration of glutethimide [15]. In all the previous
studies in which phenobarbital has been found to en-
hance aminopyrine metabolism, larger doses of
phenobarbital were administered than in the present
experiment (Table 5). Several studies have shown
faster antipyrine elimination during treatment with
doses of phenobarbital of about 100 mg daily as were

used here (Table 4). Thus, it appears that antipyrine
metabolism is more sensitive than that of aminopy-
rine to changes induced by small doses of pheno-
barbital.

The change in the total clearance of antipyrine
during cimetidine and phenobarbital administration
was accompanied by similar changes in the calcula-
ted clearance of its three major metabolites, viz. i.e.
3-hydroxymethyl-, 4-hydroxy-, and norantipyrine.
Contrary to the selective inhibition of the urinary
excretion of 3-hydroxymethylantipyrine by propra-
nolol [3], the clearance of antipyrine to each of the
three metabolites was depressed in parallel by cime-
tidine. The recently described dissociation by pheno-
barbital of the degree of enhancement of antipyrine
metabolite excretion [10] was not found here. How-
ever, the small number of subjects investigated and
the large intraindividual variation in the calculated
clearance of antipyrine metabolites found in the
present study do not permit exclusion of minor dif-
ferences in the effects of cimetidine or phenobarbital
on the metabolic pathways of antipyrine.

A one-sample method was used for determina-
tion of total antipyrine clearance. It was previously
shown to give a result identical to the clearance esti-
mated in the conventional way if the volume of dis-
tribution is unchanged [11]. The body weight, and
thereby the total body water (equal to the distribu-
tion volume of antipyrine), was constant during the
study. Moreover, it is well established that neither
phenobarbital nor cimetidine change the volume of
distribution of antipyrine [10, 35, 37, 41}. Therefore,
the recorded changes in antipyrine clearance were
probably caused by phenobarbital and cimetidine.

It has previously been shown that a large dose of
aminopyrine depresses antipyrine clearance [42]. In
this study aminopyrine 5 pg did not inhibit antipy-
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rine metabolism, and the one-sample antipyrine sali-
va test and the aminopyrine breath test could be used
simultaneously. With these two simple noninvasive
tests for assessment of hepatic microsomal enzyme
activity, it would be easy to investigate whether the
simple relationship between the plasma concentra-
tion of a modulating compound and the microsomal
enzyme activity found here could be extended to
other drugs.
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