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Summary The oral pharmacokinetics of aminoglutethimide were determined in 17 patients re-
ceiving the drug therapeutically. The absorption of aminoglutethimide after oral intake
was almost complete as judged by recovery of radio-labelled drug in the urine. The plasma
half-life of the drug was markedly reduced (mean 430/o) during multiple-dose administra-
tion as compared with a single dose, but only a moderate increase in total clearance (mean
26.90/o) was obsened. This Jinding was consistent with a significant reduction (mean 29.20/o)
in apparent volume of distribution (Vd) occurring during prolonged treatment.

These alterations in drug distibution could also be demonstrated after a drug-free
interval of 96 hours during treatment. The reduction in apparent volume of distribution
could not be explained by altered plasma protein binding of aminoglutethimide, as
evaluated bv eauilibrium dialvsis experiments.

Aminoglutethimide is an inhibitor of the non-
glandular steroid aromatase and several enzymes
in the steroidogenic pathways in the adrenal cortex
(Santen and Samojlik, 1979). This drug causes re-
duced oestrogen production in postmenopausal
women. In combination with a glucocorticoid
(Santen et al., 1974) aminoglutethimide has re-
cently been introduced as an effective treatment of
advanced breast cancer.

Aminoglutethimide has been shown to enhance
hepatic metabolism of drugs metabolised by the
mono-oxygenases of the endoplasmic reticulum
(Lonning et al., l984a,b; Santen et al.,1974), and
an increase of its own metabolism has been sug-
gested (Murray et al., 1979). As initial side effects
of aminoglutethimide may be related to its metab-
olism (Coombes et al., 1982) further investigations
of the disposition of this drug seemed necessary.

Materials and Methods
Patients

17 patients (16 females and I male) receiving
aminoglutethimide as endocrine therapy for ad-
vanced breast cancer, took part in this study after
giving their informed consent. Mean age was 63
years (range 47 to 82) and mean weight was 70kg
(range 56.5 to 87.0). The dosage schedule was ami-
noglutethimide 250mg bid for the first 2 weeks, fol-
lowed by 250mg qid, except in 3 patients who re-
ceived l25mg bid (Harris et al., 1983). Cortisone
acetate was given to the patients receiving the high-
dose treatment only (50mg bid for the first 2 weeks,
then decreased to 25mg bid). None of the patients
were smokers, or used other drugs known to affect
drug metabolism.

During the investigation the patients were on a
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standard hospital diet without charcoal broiled

food.

Protocol and Blood Sampling

Plasma half-life, clearance and volume of dis-

tribution of aminoglutethimide were determined
under 3 conditions: phase l, 2 and' 3.

Phase I (single-dose phase): Patients not pre-

viously exposed to aminoglutethimide received a
single tablet (250mg) of aminoglutethimide ('Ori-

meten', Ciba-Geigy). The drug was given at 8am.
Blood samples were drawn at 0,1,2,4,6,9,12,24,36,48
and 72 hours after drug intake.

Phase 2 (multiple-dose therapy): The patients

received the same daily dose of aminoglutethimide
for at least 5 days prior to the study. The doses
were administered at strictly 6-hour (250mg) or 12-
hour (500mg) intervals for at least the last 48 hours
of this 5-day period. Blood samples were drawn at
2-hour intervals for the first 12 hours. Treatment
was then discontinued for 24 to 72 hours (for half-
life determination) and blood collected as de-
scribed above for phase l.

Phase 3 (single-dose administration after phase

2): Patients received multiple doses according to
the regimen described above. Aminoglutethimide,
but not cortisone acetate, was then discontinued
for 96 hours. After this drug-free interval a single
dose was administered, and blood samples were
collected (as described for phase l).

Food and other drugs were not given from 8
hours before to 2 hours after the intake of ami-
noglutethimide. Blood samples were obtained by
venous puncture, and the blood allowed to clot for
30 minutes prior to centrifugation. Serum was
stored at -20'C until analvsis.

Studies with Radiolabelled
Aminoglutethimide

Three patients were studied in phase 2 and one
patient in phase L lz-t4cl aminoglutethimide (5.48
pCilme, radiochemical purity 98%) was a gift from
Ciba-Geigy Ltd (Basel); 7.5 or 25 pCi of this iso-
tope was given as a single pulse together with the

ordinary dose of aminoglutethimide, and 24-hour
urine samples were collected for the next 3 days'
Total recovery of radioactive drug was determined
in the urine. In addition, from the patient given 25
pCi, blood samples were coll€cted at 0, 1,2, 4, 6,
12,24,36, 48 and 72 hours after the radioactive
pulse was given. Aminoglutethimide plasma con-
centrations were measured by high-performance li-
quid chromatography (HPLC) [Schanche et al.,
19841, and the total radioactivity in the plasma was

determined by liquid scintillation counting. Three
of these blood samples, drawn at 2, 8 and 24 hours,
were fractionated by HPLC. The aminogluteth-
imide peak from 5 parallel HPLC runs were pooled,

lyophilised, and the radioactivity associated with

aminoglutethimide determined by liquid scintilla-
tion counting.

Determination of Protein Binding of
Aminoglutethimide by Equilibrium Dialysis

Serum obtained from 6 patients in all 3 differ-
ent conditions (phase l, 2 and 3) were included.
Samples of 0.5m1 were transferred to dialysis bags,
all of which were placed in a common compart-
ment, and dialysed against I litre of 150 mmol/L
phosphate buffer (pH 7.4) supplemented with 4 pgl

ml of [raC] aminoglutethimide (5 pCilmg) for 48

hours at 4'C. Samples of l00pl were taken both
from the internal and extemal volumes, mixed with

scintillation fluid (lOml of Scint Hei 4), and the
radioactivity determined by liquid scintillation
counting. The radioactive material was identified
as aminoglutethimide by HPLC. Both the final
volumes ofthe bags and the protein concentration
were determined.

Drug Analysis

Aminoglutethimide and its main plasma me-
tabolite, N-acetylaminoglutethimide, were deter-
mined by reversed-phase liquid chromatography,
by a method described in detail by Schanche et al.
(1984). Briefly, the column was eluted isocratically
at ambient temperature with ll% acetonitrile in

100 mmol/L ammonium formate (pH 3.5). The
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flow rate was 2 ml/min. Most samples were ana-
lysed in duplicate. The coeflicient of variation of
this method at a concentration of 0.5 pg/ml was
3.9% and 2.6% for aminoglutethimide and N-ace-
tylaminoglutethimide respectively, and the detec-
tion limit about 0.1 pg/ml for both compounds.

In serum from patient GH who was receiving
co-trimoxazole in phase 2, interfering material with
an absorption maximum (trmax.) at 264nm co-
chromatographed with N-acetylaminoglutethimide
(Xmax. 247). This material was separated frorn N-
acetylaminoglutethimide by increasing the final
acetonitrile concentration to l4%.

Aminoglutethimide concentration was. found to
be stable in serum samples stored at -20C for one
year. N-acetylaminoglutethimide, on the other
hand, showed a variable decomposition to ami-
noglutethimide (mean about l0% degradation/year).

Pharmacokinetic Calculations

Clearance (CL) after single-dose ingestion was
calculated by the formula:

F.D
cL -_

AUC

where F is the fraction of administered dose sys-
temically available, D is the dose, and AUC is the
area under the plasma concentration-time curve

from time zero to infinity. AUC was measured by
the trapezoidal rule, adding the residual ,rea cal-
culated by extrapolation of curve to infinity after
log linear least square regression analysis. The same
equation as shown above for single-dose clearance
was also applied in the steady-state situation using
the AUC measured during a dose interval
(AUC:) and the maintenance dose (DM). Half-life
was obtained by terminal log least square curve fit-
ting. The apparent volume of distribution (Vd) was
calculated by the equations:

F.D
vd = 

I, ' AUrc 
(single-dose) (Eq. 2)

(Eq. l),

or
F.  DM

Vd = 
I,. AU6T 

(steady-state) (Eq. 3),

where tr, is the smallest disposition rate constant.

Statistical Methods

Normal distribution of parameters were tested
for by Q-Q plots (Johnson and Wichern, 1982) of
data, their logarithmic or inverse transformations.
Comparison of 3 or more parameters, which were
normally distributed, was made by analysis of var-
iance (two-way). Two sets of parameters were com-
pared by the Student paired test, using the Bon-
ferroni correction for multiple comparison for the

Table l. Urinary recovery of radioactivity after oral intake of [14C] aminoglutethimide

Patient Phase Percentage recovery

day 1 day 2 day 3

92.6

90.0

79.8

2.2

3.9

t.o

41.4

18.4

14.6

10.3

20.7

IU

JJ

BG

JK 97.8

90.12.5

51.2

69.4

61.3

86.2

67.0
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determination of the final P value.

When the Q-Q plots suggested that the values

were not normally distributed, multiple compari-

son was made by a two-way non-parametric ana-

lysis of variance (Friedman test). Paired dala was

analysed by the Wilcoxon matched-pair signed test

or the Wilcoxon 2-sample test, using the Bonfer-

roni correction for the determination of final p val-

ues.
Significance levels were always expressed as two-

tailed. Trends were tested for by using the Spear-

man rank correlation coe{Iicient (r').

Results

Knowledge of the absorption of aminogluteth-
imide after oral administration was critical for the
pharmacokinetic calculations. The fraction of dose

systemically available (F) could not be determined

from experiments involving intravenous injection

ofthe drug, because a useful vehicle has never been

tested in animal experiments and the intravenous

route has never been used in humans. However,

after oral intake of [raC] aminoglutethimide the

isotope was almost completely recovered in the

urine (table I). This finding was consistent with an

absorption fraction approaching l.

Examples of typical plasma concentration pro-

files for aminoglutethimide and N-acetylaminog-

lutethimide in a patient (JK) tested in the 3 dif-

ferent situations are shown in figures l, 2 and 3.

Peak plasma concentrations were always reached

between I and 4 hours. Log linear regression ana-

lysis of concentrations versus time yielded r values

of between 0.88 and 0.99 (mean 0.978). I I of 40

curves (5 phase l, 5 phase 2, and I phase 3) were

28 32
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Fig. 1. plasma concentration curves for aminoglutethimide (a-a) and N-acetylaminoglutethimide (l-a) in a single patient (JK)

after aminoglutethimide administration in phase 7
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Fig.  2.  Plasma concentrat ion curves for aminoglutethimide
(()-o) and N-acetylaminoglutethimide (O-O) in a s ingte
pat ient  (JK) af ter  aminoglutethimide administrat ion in phase 2.

found better fitted by a 2-compartment model (fig.
l). The rv-phase was always short-lasting, subsiding
within 6 hours. For the other 29 curves a l-com-
partment model gave the best curve fil. The high-
cst peak aminoglulethimide concentration was
mcasured in patient JJ during phase 2 (23.1 pglml).

Half-lives for N-acetylaminoglutethimide were
not significantly different from the half-lives for
aminoglutethimide (table III). Concentrations of
N-acetylaminoglutethimide were sometimes too low
to obtain valid plasma levels after a time period
corresponding to 2 half-l ives. There was no tend-
ency towards accumulation of this metabolite ex-
cept in one patient (EK) in whom a small delay in
peak concentration together with a slightly longer
half-life for N-acetylaminoglutethimide than for the
parent compound was seen in phase 2.

Thc AUC/(N-acetylaminoglutcthimide)/AUC
(amrnoglutethimide) ratio was reduced in all but 2

patients (Wilcoxon p < 0.001) during treatment
(table III). These 2 patients had the lowest init ial
ratio. The reduction showed no correlation to tne
increase in total clearance of aminoglutethimide (r.
between 0.30 and 0.02, depending on whether ab-
solute or relative values were used respectively).
However, a significant positive correlation was seen
between the init ial clearance value and the AUC
(N - acetylaminoglutethimide/aminoglutethimide)
ratio (r. = 0.62, p < 0.025). This ratio, however,
was not correlated to the init ial half-l i fe (1. = 0.22).

The clearance values, half-l ives and distribution
volumes in individual patients are shown in table
II. When data from all patients are analysed to-
gether, a marked (mean 430lo) reduction in plasma
half-life of the drug was seen between phase I and
2 (p < 0.0001: Wilcoxon's matched-pair signed rank
lest). Clearance was significantly increased (mean
26.50/o; Student p < 0.01 log normal distribution).
and volume of distriburion (Vd) reduced (mean
30.40lo; Student p < 0.005, log normal distribution).

In the 6 patients in whom single-dose phar-
macokinetics during treatment were studied (phase

Fig.  3.  Plasma concentrat ion curves lor  aminoglutethimide
(U-t l )  and N-acetylaminoglutethimide ( f - f )  in a s ingte
pat ient  (JK) al ter  aminoglutethimide administrat ion in phase 3.
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3, table II), analysis of variance showed a signifi-

cant difference between the distribution volumes

in the 3 test situations (p < 0.005). A paired Stu-

dent test yielded significant differences between

phases I and 3 (mean 23.0% reduction; p < 0.05)

as well as between phases I and 2 (mean 43.8%

reduction; p < 0.025) but not between phases 2 and

3. HalfJives were also found to be signifrcantly dif-

ferent in the 3 test situations (Friedman, p < 0'005).

A Wilcoxon 2-sample test gave significant differ-

ences in half-lives between phases I and 2 (p (

0.01), but none of the other possible comparisons

yielded significant differences. However, the small

number of observations made type II error rather

likely. Clearance values obtained in the 3 different
phases were not found to be significantly different

by analysis of variance.
The elimination curve for [laC] aminogluteth-

imide was determined in a patient receiving a single

dose (25 pCi) of radioactive drug together u/ith a

dose of unlabelled drug during treatment at steady-

stale. The fraction of radioactivity in serum ac-

Table ll. pharmacokinetic parameters of aminoglutethimide given as a single dose (phase 1), at steady-state (phase 2)' and as a

single dose following multiple-dose therapy (phase 3)

Patient Phase 1 Phase 2 Phase 3

Vd
(L)

al

(L/h) (h)(h)(h)

duration ot Vd

treatment (L)
(weeks)

(Lih)

duration ot Vd

treatment (L)

(weeks)

CL
(L/h)

EK 85.6

sH 62.3

NH 40.5

xA so.6
LS 41.9

MF 71:5

EF 1 14.5

lw 45.7

GS 59.3

ME 97.7

GH 58.7

JKa 102.1

JJa 70.1

EBb 1 19.1

JHb " 88.8

BGa c 125.0

Anb.c q7 q

14.6 6

18.2 12

14.6 12

1 1.9 12

9.7 I

8.2 12

17.8 12

19.2 1

8.7 12

19.3 4

14.8 1

14.3 24

18.7 20

15.0 I

21.O 1

24.6 16

13.6 1

lq 5

4.3

7.4

7.6

9.2

6.7

9.1

6.8

14.8

10.3

c. l

8.2

12.6

6.3 12

9.2 12

7.1 12

10.0 12
OR R

9.8 4

8.9

2.4

8.79 7.4

3.26 11.4

5.12 12.9

2.19 21.8

4.26 11.8

3.01 11.3

4.44 12.8

2.16 4.4
Mean

+SD

75.9 3.49

26.9 1.24

4.05

z.o I

1 .92

2.95

2.45

6.08

4.47

1.65

4.74

3.51

2.74

4.96

2.60

5.49

2.93

5.CZ

2.93

73.2

52.0

26.1

30.6

34.1

74.8

92.6

34.2

46.0

59.4

84.7

30.9

47.3

41.6

78.1

35.2

52.8

20.7

o.cc

4.53

107

3.16

2.32

7.62

4.34

2.31

6.25

5.02

3.05

9.31

2.32

5.29

2.87

5.71

2.49

4.42

2.09

94.4

)J.C

95.0

68.9

72.3

49.0

72.2

17.9

a Phase 3 was determined before phase 2.

b Phase 2 was determined before phase 3.

c Aminoglutethimide 125m9 bid.

Abbreviations: Vd = apparent volume of distribution; cL = clearance; t2 = plasma half-life
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Table lll. Pharmacokinetic parameters of N-acetylaminoglutethimide (N-AcAG) after administration of aminoglutethimide (AG) as a
single dose (phase 1), at steady-state (phase 2), and as a single dose following multiple-dose therapy (phase 3)

Patient Phase 1 Phase 2 Phase 3

tv" AUC ratio duration of la AUC ratio duration of tv" AUC ratio
(h) (N-AoAG/AG) treatment (h) (N-ACAG/AG) treatment (h) (N-AoAG/

(weeks) (weeks)

359

AG)

EK 14.2 0.70 6 10.3 0.64

sH 16.5 0.25 12 8.3 0.16

NH 14.4 0.12 12 12.6 0.13

KA 1 1 .9 0.13 12 7 .9 o.o7

LS 13.6 0.18 9 9.7 0.14

MF 6.3 0.45 12 4.7 0.18

EF 17.6 1 .12 12 12.6 0.44

rw 19.8 0.41 1 10.5 0.29

GS 9.0 0.29 12 7.0 0.09

ME 17.6 0.81 4 8.5 0.41

GH 17 .4 0.23 1 10.1 0.11

JK 12.8 0.44 24 8.5 0.37 12 7.6 0.45

JJ 17.1 0.23 20 13.2 0.08 12 13.0 0.16

EB 13.1 0.44 1 10.3 0.44 12 11.0 0.23

JH 20.8 0.31 1 8.9 0.25 12 22.6 0.17

BG 24j  0.31 16 9.8 0.17 8 1 1 .8 0.18

GG 13.3 0.11 1 9.4 0.10 4 15.8 0.11

Mean 15.3 0.38

+ sD 4.3 0.27

9.6 0.24

2.1 0.17

13.6 0.22

5.1 0.12

Abbreviations: AUC = area under the plasma concentration-time curve; t% = plasma half-life

counted for by aminoglutethimide was determined Plasma Protein Binding
by HPLC at 3 time points, and was found to be
7 5.6 to 77 .196, and independent of the time elapsed The binding of aminoglutethimide to plasma
after oral intake of the labelled drug. The elimin- proteinwasbetween 13.0 and 32.4oh(mean24.3%
ation curve was constructed for ['aC] aminoglu- t SD5.4%)asdeterminedbyequilibriumdialysis.
tethimide using a factor of 0.765 for the correction No correlation was found between the volume of
for other radioactive material than aminogluteth- distribution and protein binding.
imide in serum. This elimination curve showed an
excellent log linear curve fit (r = 0.99) consistent Discussion
with a l-compartment model. Furthermore, half-
life, time to reach peak concentration and volume Absorption of aminoglutethimide after oral
of distribution of the labelled aminoglutethimide administration was evaluated by determination of
were the same as those for the unlabelled drug urinary recovery of radioactivity. This was per-
measured concomitantly. formed after single-dose administration (phase l)
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and during multiple-dose therapy at steady-state
(phase 2) because an increased absorption fraction
during treatment would mimic a reduction in vol-
ume of distribution. Almost complete absorption
was observed under both conditions (table I), which
is in agreement with data provided by others (Ni-

cholls, 1982). But possible interindividual vari-

ation in absorption should be kept in mind.
A presystemic clearance of drug might occur

after oral administration. This might obscure de-
termination of pharmacokinetic parameters. How-

ever, a rough estimate of the presystemic clearance
of arninoglutethimide can be obtained from know-

iedge of hepatic blood flow (90 L/h; Ganong, I 973),
and aminoglutethimide distribution between blood

cells and plasma. The latter parameter has been

estimated to be 1.4 to 1.7 (Thompson et al., l98l).

Total blood clearance may be obtained from the

following relationship: plasma Cl/blood CL =

blood concentration/plasma concentration (Row-

land and Tozer, 1980). Assuming that total clear-

ance equals hepatic clearance, the data (table II)

are consistent with a first-pass elimination of 2 to
8016. We used an F value (fraction of administered
dose systemically available) of I in our calcula-
tions, and no corection was made for first-pass
metabolism. This may cause an overestimation of

the clearance values, especially at high values, be-

cause the first-pass elimination fraction, and thereby

the F value, are proportional to hepatic clearance.
Therefore, the increase in clearance from phase I

to phases 2 and 3 may be slightly overestimated,
while the reduction in volume of distribution un-
der the same conditions may in fact be underes-
timated.

Thompson et al. (1981) reported that the phar-

macokinetics of aminoglutethimide given as a single

dose (tablet or solution) were best fitted by a 2-
compartment model. They found that peak con-
centrations were reached within 0.3 to 1.5 hours
after drug intake. The a-phase subsided within a
few hours. In contrast, we found that the phar-

macokinetics of aminoglutethimide in most patients

were best explained by a l-compartment model.

This may be related to the fact that our patients

showed a somewhat later peak plasma concentra-

tion. Delayed absorption may mask a rapid a-phase
and thereby a distinct change in curve slope, which
is required for a 2-compartment model fit.

N-acetylaminoglutethimide is regarded as an in-
active metabolite of aminoglutethimide since it has
been shown to have minor or no inhibitory effect
on desmolase or on aromatase in vitro (Coombes

et a1., 1980; Foster et al., 1983). The elimination
of this metabolite showed the same elimination rate
constant as for aminoglutethimide, suggesting that
production is the rateJimiting step in the elimin-
ation of this metabolite (Rowland and Tozer, 1980).
The AUC ratios between N-acetylaminogluteth-
imide and aminoglutethimide obtained in the pres-

ent study (table III) were in accordance with results
obtained by Adam et al. (1984), but our values
showed a larger spread with some especially high
values in phase l. However, AUC ratios above I
have been reported previously (Coombes et al.,
1980, 1982; Stuart-Harris et al., 1985). We ob-
served a marked decrease in the AUC ratio after
prolonged treatment in all but 2 patients. During
phase l, these 2 patients had the smallest AUC ra-
tios observed. Our finding of a positive correlation
between the initial clearance value of aminoglu-
tethimide and the AUC ratio contrasts with the
findings ofAdam et al. (1984) who reported a sig-
nificant negative correlation coeflicient.

The AUC ratio of N-acetylaminoglutethimide/
aminoglutethimide expresses the relations\ip be-
tween the senrm concentrations of aminogluteth-
imide and N-acetylaminoglutethimide in the dif-
ferent phases. Since no information is available
regarding the clearance of N-acetylaminogluteth-
imide, it is not possible to calculate from our data
the fraction of aminoglutethimide metabolised to
the N-acetyl metabolite (Rowland and Tozer, 1980).
While the first investigations based on unspecific
spectrophotometric assays reported 39 to 540/o of
aminoglutethimide to be eliminated in the urine
unchanged and 4 to 25% excreted as N-acetylam-
inoglutethimide (Douglas and Nicholls, 1965), re-
cent investigations using HPLC methods have re-
ported mean values of aminoglutethimide excreted
in the urine unchanged after a single dose to be in
the range of 200/o during 24 hours (Coombes et al.,
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1982) to 10.7% during 48 hours (Adam et al., 1984).
Values of N-acetylaminoglutethimide reported in
the same investigations were 6.4% and, 2.9%, re-
spectively. Urinary excretion of unchanged ami-
noglutethimide therefore accounts for only a minor
part of total aminoglutethimide clearance. Renal
clearance of N-acetylaminoglutethimide has been
found to be identical to the renal clearance of ami-
noglutethimide (Adam et al., 1984). If the volumes
of distribution of aminoglutethimide and N-ace-
tylaminoglutethimide are of the same magnitude,
their identical disposition rate constants (I) ob-
tained in our study suggest that total N-acetylam-
inoglutethimide clearance is identical to or higher
than the total clearance of aminoglutethimide
(Rowland and Tozer, 1980). Therefore, a further
metabolism of N-acetylaminoglutethimide cannot
be excluded, and an alteration in metabolic con-
version of N-acetylaminoglutethimide might con-
tribute to the observed change in the AUC ratios
of aminoglutethimide/N-acetylaminoglutethimide.

We found a reduction in mean serum amino-
glutethimide half-life from approximately 15 hours
during singledose adminstration (phase l) to about
t hours during multiple-dose therapy (phase 2)
[table II]. Similar data have been obtained by Mur-
ray et al. (1979) and Thompson et al. (1981) using
a spectrophotometric assay, and more recently by
Adam et al. (1984) using a HPLC technique. Mur-
ray et al. and Adam et al. obtained a slightly lower,
and Thompson et al. a somewhat higher clearance
value after single-dose administration than that ob-
tained in the present study. Murray et al. (1979)
reported a pronounced increase (about 100%) in
clearance during multiple-dose therapy, whereas
only a moderate increase (mean 26.5%) was ob-
served by us (table II). Adam et al. (1984) reported
a36.6% increase in systemic clearance after I week
of treatment.

Indirect evidence supports the conclusions ob-
tained in this study and by Adam et al. (1984).
Recently, several hydroxylated metabolites of ami-
noglutethimide have been identified in human urine
(Foster et al., 1984; Jarman et al., 1983) in addition
to the previously reported minor metabolites N-
formylaminoglutethimide and nitroglutethimide

(Baker et al., l98l). Most of these metabolites seem
to be of minor importance quantitatively, except
for hydroxyaminoglutethimide (Jarman et al.,
1983). The concentration of this metabolite has re-
cently been measured in urine from several patients,
showing large interindividual variation (Goss et al.,
1985). Unfortunately, the daily urinary output of
this metabolite was quantitated in one patient only,
accounting for between 9 and,25% of the aminog-
lutethimide dose, administered as multiple-dose
therapy. As urinary excretion of this metabolite in-
creased significantly during the first weeks of ami-
noglutethimide therapy, an induced production of
this metabolite has been suggested to be respon-
sible for the increase in aminoglutethimide clear-
ance (Goss et al., 1985;Jarman et al., 1983). If this
metabolite is excreted by the urinary pathway only,
an increased metabolic conversion from aminog-
lutethimide towards hydroxyaminoglutethimide, in
the order of 25% of the aminoglutethimide dose as
observed in the patient by Goss et al. (1985), could
correspond to an increase in total aminogluteth-
imide clearance of less than 35%, assuming that
other metabolic pathways remain unchanged. Fur-
thermore, the findings of Stuart-Harris et al. (1985)
of a linear relationship between the dose of ami-
noglutethimide and the measured plasma aminog-
Iutethimide concentration suggest that only minor
alterations in aminoglutethimide clearance occur
after one month on a dose regimen of 62.5mg bid.
On the other hand, we found aminoglutethimide
induction of warfarin metabolism to be dose-de-
pendent, with a significant increase in warfarin
clearance when the aminoglutethimide dose was
increased from l25mg bid to 250mg qid (unpub-
lished results). Therefore, the results obtained by
Stuart-Harris et al. (1985) also srrggest that the au-
toinduction of aminoglutethimide metabolism is
of small magnitude.

Total urinary output of aminoglutethimide, N-
acetylaminoglutethimide and hydroxyaminoglu-
tethimide accounted for only between 40 and 75%
of the aminoglutethimide dose administered at
steady-state in the single patient of Goss et al.
(1985), and the metabolism of aminoglutethimide
is still incompletely understood.
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The volume of distribution after single-dose

administration reported by Thompson et al. (1981)

as well as the value reported by Adam et al. (1984)

equalled that obtained by us in phase l. In the study

of Adam et al. (1984) the volume of distribution
was measured after one week of treatment, and a

non-significant mean reduction of about 8.5% was

observed.
A marked reduction in the volume of distri-

bution of aminoglutethimide after multiple-dose

therapy was demonstrated in the present study. This

reduction was signifrcant both when comparing
volumes of distribution in phase I with values ob-

tained at steady-state (phase 2) and after intake of

a single-dose following multiple-dose administra-

tion (phase 3). This unexpected finding does not

seem to be an artefact related to a different ex-
perimental design or different equations used for

the assessment of volume of distribution. The de-

termination of the volume of distribution of ami-

noglutethimide after a single oral dose or multiple

doses at steady-state is not dependent on the se-

lection of model. The equations for the calcula-

tions of Vd (see equations 2 and 3) are model in-

dependent, and the disposition rate constants (tr)

were estimated from the final slope of the curves
(Chiou, 1982). The volume of the central com-
partment (V.) obtained after intravenous bolus in-
jectiohs has been shown to depend on sampling

frequency (Gupta et al., 1979). However, the vol-

ume of distribution during the terminal phase is

independent of sample protocols as long as the time

interval is sufftcient to obtain the smallest dispo-

sition rate constant (tr,).
A decrease in volume of distribution during

treatment would result in reduction in halflife of

the drug, since half-life, in contrast to clearance, is

a distribution volume-dependent parameter (Gi-

baldi and Koup, 1981). Thus, the marked reduc-

tion in half-life observed in the present study could

to a large extent be attributbd to a decrease in the

volume of distribution, and only partly to induc-

tion of drug metabolism.
In general, a reduction in volume of distribu-

tion must be related to alteration of either a central

or peripheral compartment. We found no changes

in plasma protein binding of aminoglutethimide
during treatment. Therefore, other explanations
should be considered, e.g. a change in tissue bind-
ing of the drug (Gibaldi and Koup, l98l). Satur-

able tight binding of aminoglutethimide to peri-

pheral tissue(s) may occur. In this case, the slow
release of aminoglutethimide from these sites

should give rise to a terminal elimination charac-

terised by a long half-life. This was definitely not

observed when multiple-dose administration was

discontinued. However, we cannot exclude the
possibility that a very slow release of aminoglu-
tethimide from peripheral compartments might oc-

cur resulting in indetectable plasma concentrations
ofthe drug.

Infusions of hydrocortisone has been reported

to influence the metabolism of antipyrine (Breck-

enridge et al., 1973) and phenylbutazone (Aar-

bakke et al., 1977). However, cortisol plasma val-

ues measured during treatment in l0 patients

participating in the present study were all within

the normal range except during the initial fortnight
where cortisone acetate was administered at double
doses. Therefore, there is no obvious reason to as-
sume alteration in disposition of aminogluteth-
imide induced by cortisol levels.

Enterohepatic circulation of aminoglutethimide
may a{Iect the apparent volume of distribution. A

substantial enterohepatic circulation of aminoglu-
tethimide has been demonstrated in the rat (Egger

et al., 1982), whereas we found only a limited ex-

cretion of radioactivity (2.6 and 7.2% of the ad-
ministered dose) into the bile of 2 patients with

bile drainage (unpublished results). Nevertheless,
the possibility of enterohepatic circulation of ami-
noglutethimide in humans deserves further atten-
tion.

Only 2 patients participating in this study de-
veloped transient fever and skin rash as side effects
(KA and MF). No special features regarding the

disposition of either aminoglutethimide or its N-

acetylated metabolite in these 2 patients was ob-

served (table II). The patient (GG) receiving treat-

ment with aminoglutethimide 250mg qid later de-
veloped a serious granulocytopenia. Other side

effects were limited to an initial moderate lethargy;
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no other side effects were seen during continuous
treatment.

T herap eut ic I mplic at ion s

Our data suggest that autoinduction of aminog-
lutethimide metabolism is not the only mechanism
whereby the halfJife of the drug is decreased after
multiple-dose treatment. Reduction in the volume
of distribution of aminoglutethimide during long
term treatment may contribute significantly to the
overall disposition of this drug. It has been claimed
that the side effects during initiation of aminog-
lutethimide treatment may be related to insuffi-
cient drug metabolism (Murray et al., 1979). Our
findings suggest that the reduction of side effects
seen by modification of the conventional dosage
schedule for the first 2 weeks (i.e. aminogluteth-
imide at halfdosage, double dose ofthe glucocor-
ticoid) [Kvinnsland et al., 1984 Murray er al.,lg79l
probably results from the increased glucocorticoid
administration.

A decrease in the volume of distribution, as ob-
served in the present study (table II), would be ex-
pected to produce larger variations in plasma drug
concentration during a dose interval and higher
peak concentrations. However, the mean plasma
concentration should remain unchanged since this
parameter depends only on clearance.

During multiple-dose therapy we observed no
side eflects except for a single case of granulocy-
topenia (Kvinnsland et a1., 1984). Initial side ef-
fects, e.g. lethargy, occurred at much lower ami-
noglutethimide plasma concentrations than those
ieen during multiple-dose therapy.

Our data therefore suggest that induction of me-
tabolism of aminoglutethimide is of moderate
magnitude and minor importance in most patients.
We recommend a full dose schedulb of aminoe-
lutethimide from the start of therapy.

Acknowledgement

This work was supported by grants from the Nor-
wegian Cancer Society and the Norwegian Society for
Fighting Cancer. The authors gratefully acknowledge the

skilful technical assistance of Mrs Gry Kvalheim and Mr
Hallvard Bergesen. We are especially grateful to Professor
Olav M. Bakke and Professor Ronald R. Scheline for val-
uable discussion.

P.E. Lonning is a fellow of the Norwegian Cancer So-
ciety.

References

Aarbakke, J.; Bending, M.R. and Davies, D.S.: Increased oxida-
tion ofphenylbutazone during hydrocortisone infusion in man.
British Journal of Clinical Pharmacology 4: 621-622 (1971).

Adam, A.M.; Rogers, H.J.; Amiel, A. and Rubens, R.D.: The ef-
fect of acetylator phenotype on the disposition of aminoglu-
tethimide. Brirish Journal ofClinical pharmacology l8: 495-
50s ( l 984).

Baker, M.H.; Foster, A.B.; Harland, S.J. and Jarman, M.: Me-
tabolism of aminoglutethimide in humans: Formation of N-
formyl-aminoglutethimide and nitrogluterhimide. British
Journal of Pharmacology 74: 243-244 (1981\.

Breckenridge, A.; Burke, C.W.; Davies. D.S. and Orme. M.L'8.:
Immediate decrease by hydrocortisone of the plasma half-life
of antipyrine. British Journal of Pharmacology 47: 434-436
( l  973).

Chiou, W.L.: New physiologically based methods for calculating
the apparent steady-state volume ofdistribution in pharmaco-
kinetic studies. International Journal of Clinical pharmacol-
ogy, Therapy and Toxicology 20:255-258 (1982).

Coombes, R.C.; Jarman, M.; Harland, S.; Ratcliffe, W.A.; powles,
T.J.; Taylor, G.N.; O'Hare, M.; Nice, E.; Foster. A.B. and Ne-
ville, A.M.: Aminoglutethimide: Metabolism and eilects on
steroid synthesis in vivo. Journal of Endocrinology 87: 3lp-
32P 0980).

Coombes, R.C.; Foster, A.B.; Harland, S.J.; Jarman, M. and Nice,
E.C.: Polymorphically acetylated aminoglutethimide in hu-
mans. British Journal ofCancer 46: 340-345 (1982).

Douglas, J.S. and Nicholls, P.J.: The urinary excretion of amr-
noglutethimide in man. Journal of Pharmacy and pharmacol-
ogy l7 (Suppl . ) :  l l55-t l73 (1965).

Egger, H.; Bartlett, W.; Itterly, W.; Rodebaugh, R. and Shiman-
skas, C.: Metabolism of aminoglutethimide in the rat. Drug
Metabolism and Disposition l0: 405-412 (1982).

Foster, A.B.; Griggs, L.J.; Howe, L; Jarman, M.; Leung, C.S.;
Manson, D. and Rowlands, M.G.: Metabolism of aminoglu-
tethimide in humans. Identification of four new urinarv me-
tabolites. Drug Metabolism and Disposirion | 2: 5l l-5 l6 ( i9g4).

Foster, A.B.; Jarman, M.; Leung, C.S.; Rowlands, M.G. and Tay-
lor, G.N.: Analogues of aminoglutethimide: Selective inhibi-
tion of cholesterol side-chain cleavage. Journal of Medicinal
Chemistry 26: 50-54 (1983).

Ganong, W.F.: Review of Medical Physiology, 6th ed. (Lange
Medical Publications, Los Altos, California 1973).

Gibaldi, M. and Koup, J.R.: Pharmacokinetic concepts - drug
binding, apparent volume ofdistribulion and clearance. Euro-
pean Journal  ofCl in ical  Pharmacology 20:299-305 (1981)

Goss, P.E.; Jarman, M. and Griggs, L.J.: Metabolism oia-ino_
glutethimide in humans: Quantification and clinical relevance
of induced melabolism. British Journal of Cancer 5l: 259_262
( I  985).

Gupta, C.; Osterman, J.; Santen, R. and Bardin, C.W.: In vivo
metabolism of progestins. V. The effect of protocol design on
the estimated metabolic clearance rate and volume of distri-
bution of medroxyprogesterone acetate in women. Journal of
Clinical Endocrinology and Metabolism 48: 816-820 (1979).

Harris, A.L.; Dowselr, M.; Smirh, I.E. and Jeffcoate. S.L.: Endo-
crine effects oflow dose aminoglutethimide alone in advanced



-

Single-Dose and Steady-State Pharmacokinetics of Aminoglutethimide 364

postmenopausal breast cancer. British Journal of Cancer 47:

62t-627 (1983).
Jarman. M.: Fosier, A.B.; Goss, P.E.; Griggs, L.J.; Howe, I' and

Coombes, R.C.: Metabolism of aminoglutethimide in humans:
Identification of hydroxylaminoglutethimide as an induced
metabolite. Biochemistry Mass Spectromerry lO: 620'625
( l  983).

Johnson. R.A. and Wichern, D.W': Applied MultiYariate Statis-
tical Analysis (Prentice-Hall lnc, Englewood Cliffs, New Jersey
r 982).

Kvinnsiand, S.; Lonning, P.E. and Dahl, O.: Treatment of breast
cancer *ith aminoglutethimide. Acta Radiologica (Oncology)

23: 4ZI-424 (19E4).
Lonning, P.E.; kvinnsland, S. and Bakke, O.M.: Effect of ami-

nogliiethimide on antipyrine, theophylline, and digitoxin dis-
polition in breast cancer. Clinical Pharmacology and Thera-
peutics 36: 796-802 (1984a).

Lonning, P.E.; Kvinnsland, S. and Jahren, G.: Aminoglutethim-
ide a;d warfarin. A new important drug inleraction. Cancer
Chemotherapy and Pharmacology 12: 10-12 (1984b)' 

-
Munay, F.T.; Santner, S.; Samojlik, E. and Santen,-R'J.': Serum

aminoglutethimide levels: Studies of serum half-life, clearance,
and paiient compliance. Journal ofClinical Pharmacology l9:

704-7n (1979).
Nicholls, P.j.: Pharmacokinetic and balance studies of aminog-

lutethimide in animals and man. Royal Society of Medicine
International Congess and Symposium Series 53: 23'24 (19-82)'

Rowland, M. and Tozer, T.N.: Clinical Pharmacokinetics' Con-
cepts and Applications (Lea and Febiger, Philadelphia 1980)'

Santen, R.J.; Liplon, A. and Kendall, J.: Successful medical ad-

renalectomy with aminoglutethimide: Role of altered drug me-

tabolism. Jturnal of the American Medical Association 230:

l66l-1665 (1974).
Santen, R.J. and Samojlik, E.: Medical adrenalectomy for treat-

ment of metastatic breast carcinoma; in McGuire (Ed') Breast

Cancer, Vol. 3, pp. S79-Sl l5 (Plenum Press, New York 1979)'

Schanche, J.S.; I-onning, P.E.; Ueland, P.M. and Kvinnsland, S':

Determination of aminoglutethimide and N-acetylaminoglu-
tethimide in human plasma by reversed-phase liquid chro-
matography. Therapeutic Drug Monitoring 6: 221-226 (1984)'

Stuart-Hirris.-R.l Bradbrook, I.; Morrison, P'; Smith, E.; and Ro-
gers, H.J.: Observations on the pharmacokinetics of low dose

iminoglutethimide in patients with advanced breast cancer'
British Journal ofCancer (In press, 1985).

Thompson, T.A.; Vermeulen, J.D'; Wagner, W.E. and k Sher,
A.It.: Aminoglutethimide bioavailability, pharmacokinetics and

binding to bl-ood constituents. Journal of Pharmaceutical Sci-

ences 70: 1040-1043 (1981).

Address for correspondence and reprints: Dt P.E' Lonning, De-
partment of Oncology, University of Bergen 5016 Haukeland
(Noruay).


