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Adrenal Steroids in Serum during Danazol Therapy, Taking
into Account Cross-Reactions between Danazol Metabolites

and Serum Androgens
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Department of Obstetrics and Gynecology, Kanazawa University
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Abstract. To investigate the changes in the serum androgen concentrations and the Free Androgen
Index (FAI) in women during danazol therapy, we measured the serum concentrations of adrenal
steroids and danazol metabolites, and then examined the effects of danazol metabolites on assays for
serum androgens. Thirteen women who had endometriosis were treated with danazol (300 or 400
mg/day) for 8 to 16 weeks. Blood samples were taken before, during, and after the medication. During
the danazol therapy, serum testosterone (T), cortisol (F), and sex-hormone binding globulin (SHBG)
significantly decreased (P<0.05); but serum dehydroepiandrosterone-sulfate (DHEAS) and FAI
increased (P<0.05). The serum concentrations of danazol metabolites were: danazol, 209.0+£28.3
(ng/mL, mean * SEM); A'-2-hydroxymethyl ethisterone, 114.4+8.4; and 2-hydroxymethyl ethisterone,
660.0+54.2. There was considerable cross-reaction between danazol metabolites and androgens [T,
androstenedione (A), and dehydroepiandrosterone (DHEA)] in the direct assays. As for the ratios of
adrenal steroids in serum, the DHEAS/F, DHEAS/DHEA, and 11-deoxycortisol (S)/F ratios increased
(P<0.05). We conclude that the increase in FAI and DHEAS represents increased native androgenic
activity with danazol, and the changes in adrenal steroid ratios in serum indicate the inhibition of

11B-hydroxylase and sulfatase activities during danazol therapy.
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DANAZOL, an isoxazole derivative of the synthe-
tic steroid 17-ethinyltestosterone (ethisterone), is
being used clinically in the management of en-
dometriosis, chronic cystic mastitis, and endomet-
rial adenomatous hyperplasia. It has been re-
ported that the mechanisms of action of danazol
involve antigonadotropic effects, inhibition of ster-
oidogenesis, facilitation of steroid metabolism and
direct androgenic effects, but the detailed phar-
macology of danazol is still unclear [1].

Native androgens have many biological effects
throughout a woman’s life. To investigate the
changes in serum androgen levels and the Free
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Androgen Index (FAI) in women during danazol
therapy, it is very important to determine the
serum concentrations of androgens (both ovarian
and adrenal) and danazol metabolites during
danazol therapy. There are numerous studies
regarding serum androgen levels during danazol
therapy [1-8], but only a few of these consider
serum levels of adrenal androgens [2, 4, 8].
Adrenal androgens in serum, predominantly com-
posed of dehydroepiandrosterone (DHEA) and
DHEA sulfate (DHEAS) in humans, increase with
adrenarche, reach a maximum in the second and
third decades of life, and decline with advancing
years. Because of the unchanged serum cortisol (F)
levels throughout a lifetime, the changes in
DHEAS/F and DHEA/F ratios have been used as
indices of aging.

To correctly measure concentrations of serum



660

androgens by radioimmunoassay (RIA), we must
reduce the cross-reacting materials as much as
possible. Considerable amounts of cross-reacting
steroids including danazol metabolites have been
detected in RIA for serum androgens (especially
for testosterone) [2], but they have not been
investigated fully.

In this study, we investigated the serum concen-
trations of androgens and other adrenal steroids
during danazol therapy as well as the influence of
danazol on these assays; in addition, we considered
the changes in adrenal steroid ratios in serum
during danazol therapy.

Materials and Methods

Patients

Thirteen women who had endometriosis were
selected for this study and informed consent was
obtained from each. The patients ranged from 26
to 48 years in age, averaging 35.5 years. The
menstrual cycles of 10 patients were regular
before danazol therapy, while the others were
irregular. The patients were treated with danazol
(300-400 mg/day) for 8 to 16 weeks. Blood
samples were collected before treatment (in the
early follicular phase), during treatment (in the
2nd, 4th, 8th, and 12th weeks), and 1 month after
the end of treatment. The blood samples were
withdrown between 0900 h and 1000 h with the
patient in the supine position at bed rest (2 to 3 h
after the last danazol administration); the serum
was stored at —80°C until the assay.

Hormone assays

Serum DHEAS were measured by solid-phase
RIA (Coat-A-Count kit, Diagnostic Products Cor-
poration, Los Angeles, CA). Serum F was mea-
sured by RIA (SPAC Cortisol Kit II, Daiichi
Radioisotope Labs. Tokyo, Japan). Serum DHEA
and androstenedione (A) were extracted with ethyl
ether, and separated by Sephadex LH-20 (Phar-
macia, Uppsala, Sweden) column chromatography
(hexane: benzene: methanol = 8:1:1); then they
were determined by RIA with anti-DHEA anti-
body (kindly supplied by Dr. Sekihara, 3rd De-
partment of Internal Medicine, Tokyo University,
Tokyo), and anti-A antibody (Teikoku Zouki Co.,
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Ltd. Tokyo, Japan). Serum 11-deoxycortisol (S)
was also determined after dichloromethane ex-
traction and Sephadex LH-20 separation (ben-
zene: methanol = 98:2) by RIA with ant-S
antibody (Teikoku Zouki Co., Litd.). Serum testos-
terone (T) was measured with a commercial kit
(CIS kit, CIS Diagnostic Co., Ltd. Sakura, Japan)
with or without dichloromethane extraction fol-
lowed by high-performance liquid chromatogra-
phy (HPLC, LC-6A; Shimazu Co. Kyoto, Japan
and Zorbax CN column, 4.6 mm X 25 cm;
Shimazu Co.; methanol: acetonitrile: Ho,O =
3:2:7). Serum danazol and danazol metabolites
(ethisterone, A'-2-hydroxymethyl ethisterone, 2-
hydroxymethyl ethisterone) were extracted with
dichloromethane and were measured by HPLC.
Sex hormone binding globulin (SHBG) was
assayed with an immunoradiometric assay kit
(Farmos Diagnostica Co., Ltd. Oulunsalo, Fin-
land), and the FAI was calculated as the total T
concentration (nmol/L) X 100, divided by the
SHBG concentration (nmol/L). The intra-assay
and inter-assay coefficients of variation were
<10% and 15%, respectively, for all of these
assays.

The cross-reactions with danazol metabolites
were examined on each assay.

The ratios of respective steroids in serum
during danazol therapy were calculated from the
data obtained from the above assays.

Statistical methods

Statistical analysis was performed by Student’s
t-test. Data are expressed as mean = SEM.

Results

The serum DHEAS levels were significantly
higher during danazol therapy than in the pre-
treatment period (P<0.05). Serum DHEA de-
creased slightly, and the serum A levels were
unchanged during treatment. Serum T levels
during danazol therapy measured by RIA without
extraction and separation were significantly higher
(P<0.05) than levels in the pretreatment period.
When measured after extraction and HPLC
separation, however, these levels were significantly
lower than in the pretreatment period (P<0.05).
The SHBG levels were 83.9 &= 17.7 nmol/L before
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treatment, and decreased markedly to 6.5 £ 0.5
nmol/L. during the treatment (P<0.05), but the
FAI increased significantly during danazol ther-
apy (P<0.05). Serum concentrations (ng/mL) of
danazol metabolites were: danazol, 209.0 + 28.3;
A'-2-hydroxymethyl ethisterone, 114.4 + 8.4;
and 2-hydroxymethyl ethisterone, 660.0 + 54.2.
No serum ethisterone was detected in this assay
(Table 1).

As for the cross-reactions between T and dana-
zol metabolites in the T kit, the percentage of
cross-reactions was 0.2% for danazol, 0.08% for
A'-2-hydroxymethyl ethisterone, 0.2% for 2-
hydroxymethyl ethisterone and 1.1% for ethister-
one. DHEA and A also showed cross-reactions,
which were, however, lower than those for T.
DHEA and A were separated from danazol
metabolites by Sephadex LLH-20 column chroma-
tography (data not shown). In the DHEAS kit, the
percentage of cross-reactions was <0.001% (Table
2).
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Serum F decreased from 14.4 + 1.6 (ug/dL) to
7.9 £ 0.8 in the 2nd week and remained low
during the rest of the treatment period (P<0.05).
Serum S was unchanged during danazol treat-
ment. The DHEAS/F, DHEAS/DHEA and S/F
ratios increased during the treatment period
(P<0.05). (Fig. 1).

Discussion

Danazol has been used clinically for the manage-
ment of endometriosis for more than 15 years.
The clinical effects of danazol have been attri-
buted to its antigonadotropic and androgenic
properties, but the relationship between serum
levels of androgens and danazol metabolites dur-
ing danazol therapy has not been investigated
fully.

Native androgens have many biological effects
on women. Serum androgens in premenopausal

Table 1. Concentrations of androgens and danazol metabolites in serum during

danazol therapy”

Before During™ After

DHEAS (ug/dL) 105.0£16.3  211.9+22.69 182.9+40.9°9
DHEA (ng/mL) 3.31+0.58 2.64+0.23 3.95%+0.69
A (ng/mL) 0.79%+0.14 0.78%0.1 0.86+0.21
T (ng/mL)

direct assay 0.34%0.05 6.14£0.39°  0.40%0.06

with HPLC 0.32+0.06 0.22+0.049  0.38+0.05
SHBG (nmol/L) 83.9+17.7 6.5+0.59 37.9+3.7
FAI 2.0+0.5 14.8+0.29 4.4%0.9
Danazol (ng/mL) 209.0+28.3
A'-Q—hydr()xymethyl Ethisterone (ng/mL) 114.4+8.4
2-hydroxymethyl Ethisterone (ng/mL) 660.0+54.2
Ethisterone (ng/mL) ND®

DHEA, dehydroepiandrosterone; DHEAS, DHEA sulfate; A, androstenedione; T,
serum testosterone; SHBG, sex hormone binding globulin; FAI, free androgen index.
a) Values are the means+SEM. b) Data are the totals for the 2nd, 4th, 8th, and 12th
weeks. ¢) P<0.05 with reference to pretreatment values. d) ND, not detectable.

Table 2. Percentage cross-reactions between danazol metabolites and serum androgens

A'-2-hydroxymethyl

2-hydroxymethyl

Danazol Ethisterone Ethisterone Ethisterone
T 0.2 0.08 0.2 1.1
A 0.008 0.01 0.008 0.005
DHEA <0.001 <0.001 0.005 0.01
DHEAS <0.001 <0.001 <0.001 <0.001

T, serum testosterone; A, androstenedione; DHEA, dehydroepiandrosterone; DHEAS,

DHEA sulfate.
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Serum concentrations of F, S, and DHEAS (left panel) and the DHEAS/F, DHEAS/DHEA and S/F

ratios in serum (right panel) during danazol therapy. Each point represents the mean * SEM. 3,
P<0.05 with reference to pretreatment values.

women derive from the ovarium and the adrenal
gland, and especially adrenal androgens are sec-
reted abundantly in young women, so it is neces-
sary to investigate the changes in the serum
concentrations of both types of androgens in
women. Native androgens may inhibit the growth
of endometriotic tissues; therefore, to examine the
androgenic effects of danazol at tissue level, it is
also important to investigate the serum concentra-
tions of native androgens, especially those of free
androgens. Although the precise functions of
adrenal androgens are uncertain, there are some
studies of the relation between adrenal androgens
and Alzheimer’s disease [9—11], osteoporosis [12],
cardiovascular disease [13], and human im-
munodeficiency virus infection [14]. On the other
hand, the DHEAS/F or DHEA/F ratio is particu-
larly thought of as a discriminator of degradative
changes in humans; it is meaningful for studying
the process of aging to investigate the changes in
the DHEAS/F or DHEA/F ratio due to diseases
and medications.

There have been many studies giving contradic-
tory findings in relation to the serum T concentra-
tion during danazol therapy. Some investigators
report an increase in T [2, 3, 6], but others report

that T decreased during treatment [1, 4, 5, 7, 8,
15]. The present results obtained from the assays
performed after extraction and HPLC separation
show that the serum T concentration is low during
danazol therapy; but the direct assay resulted in
values higher than the pretreatment one. This
discrepancy in the serum T concentration could be
attributed to cross-reactions with danazol metabo-
lites in the direct assay. In our findings, serum
danazol metabolites are responsible for about
30—40% of the cross-reactions in T kits. Danazol
metabolites other than danazol, 2-hydroxymethyl
ethisterone and A'-2-hydroxymethyl ethisterone
may be responsible for the remaining 60-70% of
cross-reactions. Further investigation is needed to
clarify this point. The main cause of a decrease in
serum T during danazol therapy may be the
decrease in ovarian T production, but the effects
of the decreased serum adrenal androgens must
also be considered. Another cause of the decrease
in serum T may be a decrease in SHBG during
danazol therapy. Danazol profoundly decreases
the SHBG concentration and also competes with T
in binding to SHBG [15]. Consequently, the
metabolism of T may be increased. These events
may lead to an increase in free T in serum. This
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hypothesis is supported by the increase in FAI
during danazol therapy in the present study.

Serum DHEA and A decreased slightly but
DHEAS increased during danazol therapy in the
present study. Stillman et al. [7] report increasing
serum DHEA and A during danazol therapy, but
Sherins et al. [4] and Carlstrém et al. [8] report
decreased serum DHEA and A. The decrease in
serum DHEA and A may reflect the inhibitory
effects of danazol on steroidogenesis. As for the
increase in serum DHEAS, Carlstrom et al. [16]
report that hepatic sulfatase was inhibited during
danazol therapy. A decrease in adrenal sulfatase
activity has also been proposed, but this point was
not clarified in our study. The increase in the
DHEAS/DHEA ratio during danazol therapy rep-
resents a decrease in conversion from DHEAS to
DHEA caused by sulfatase inhibition, but it is
necessary to investigate the changes of sulfokinase
and  3B-hydroxysteroid  dehydrogenase/A*°-
isomerase activities.

Decreased serum F and an increase in the S/F
ratio were seen in the present study. The serum
concentration of adrenocorticotropin (ACTH) was

unchanged (data not shown), and serum S also did
not vary in the present study. These data suggest
that 118-hydroxylase is inhibited by danazol in the
adrenal glands. On the other hand, the changes in
the metabolic clearance rate of F must also be
considered factor contributing to the decrease in
serum F. The decrease in corticosteroid binding
globulin (CBG) during danazol therapy [17] may
also affect the serum F concentration.

The increased DHEAS/F ratio during danazol
therapy is thought to be caused by the inhibition of
sulfatase and 11B-hydroxylase by danazol. The
decrease in the DHEAS/F or DHEA/F ratio has
been thought to reflect aging. Thus danazol may
reduce the effect of aging on endocrinological
function.
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