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Abstract

OBJECTIVES: To investigate melatonin production in hyperandrogenic women
before and during treatment with cyproterone acetate and ethinyl estradiol
(Diane 35).

MATERIAL AND METHODS: We studied 10 women with late onset adrenal hy-
perplasia due to 21-hydroxylase deficiency (LOCAH) and 10 women with
idiopathic hirsutism (IH). Patients were treated with Diane 35 for four
months. Fasting blood samples for the determination of luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), testosterone and dihydro-
epiandrosterone sulfate (DHEAS) and 24-hour urine collections for the de-
termination of 6-sulfatoxymelatonin (aMT6s) excretion were obtained from
all patients at baseline and after 4 months of treatment. Results were com-
pared with those obtained in 15 control women.

RESULTS: At baseline, women with LOCAH had significantly higher serum tes-
tosterone, 17-hydroxyprogesterone (170HP) and ACTH stimulated 170HP
values than IH and control women. Their aMT6s values (51.0+20.5 pug/24h)
were significantly higher than the values in IH (34.3+7.1) and control
women (30.5+6.5) (p<0.001). Diane 35 treatment significantly decreased
serum LH, FSH and testosterone levels and aMT6s values in LOCAH
patients (29.8+16.6 ug/24h) (p<0.0001) in LOCAH patients.

CONCLUSIONS: These results indicate that hyperandrogenic women with
LOCAH have increased melatonin production. The normalization of aMT6s
and testosterone values during cyproterone acetate-ethinyl estradiol treat-
ment, suggest that sex steroids either directly or through the suppression of
gonadotropin, modulate melatonin secretion in these patients.
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ABBREVIATIONS

1. ACTH Adrenocorticotropic hormone

2. aMTés 6-sulfatoxymelatonin

3. BMI Body mass index

4. DHEAS  dihydroepiandrosterone sulfate

5. DIANE 35 cyproterone acetate-ethinyl estradiol

6. FSH follicle-stimulating hormone

7. IH idiopathic hirsutism

8. LH luteinizing hormone

9. LOCAH late onset adrenal hyperplasia due to 21-hydroxylase
deficiency

10. 170HP  17-hydroxyprogesterone

Introduction

The role of melatonin in human reproduction is still
enigmatic at present. A large body of information sug-
gests that melatonin and the reproductive hormones
are inter-related under both physiological and patho-
logical conditions [1]. This concept is based on obser-
vations of increased melatonin levels in hypogonadal
patients with GnRH deficiency [2-5], decreased mela-
tonin concentrations in precocious puberty [6] and in
primary hypogonadism [7-8]. Testosterone or estradiol
(E2) replacement therapy given to hypogonadal patients
normalized their melatonin levels [3—4,8]. Long-term
melatonin administration given to men decreased
sperm density and motility as well as seminal plasma
E2 levels [9].

Melatonin secretion profiles in hyperandrogenic
women were examined in only few studies. In children
with congenital adrenal hyperplasia, plasma melato-
nin levels were normal and replacement therapy with
glucocorticoids did not modify their melatonin levels
[10]. In hyperandrogenic non-obese women, urinary
sulfatoxymelatonin concentrations were higher com-
pared to matched controls [11]. Recently, we have dem-
onstrated that women with late onset adrenal hyper-
plasia due to 21-hydroxylase deficiency (LOCAH) had
elevated melatonin production that was associated
with their increased androgen levels [12]. Compared
with LOCAH, idiopathic hirsutism (IH), a form of
hyperandrogenism found in women with regular ovu-
latory cycles and normal androgen levels, results from
hyperactivity of 5a-reductase in peripheral tissue [13].
Cyproterone acetate is the most widely used drug for
the treatment of hirsutism [14]. Treatment of polycys-
tic ovary syndrome and idiopathic hirsutism patients
with cyproterone acetate-ethinyl estradiol (Diane 35)
effectively decreased the hirsutism score and reduced
androgen levels in these patients [15-16].

The measurement of urinary 6-sulfatoxymelatonin
(aMT6s), the major metabolite of melatonin, was shown
to correlate with plasma hormone levels and is consid-
ered to be a good indicator of pineal melatonin secretion
[17-19].

To further delineate possible relations between mel-
atonin and the reproductive hormones, we studied mel-
atonin secretion, as determined by the 24-hour uri-
nary aMT6s excretion, in hyperandrogenic women with
LOCAH and IH before and after 4 months of antiandro-
gen treatment with Diane 35.
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Subjects and methods

Participants and Protocol

We studied 10 LOCAH, 10 IH and 15 control women
aged 18-30 years. The institutional review board (Hel-
sinki committee) approved the study and all of the par-
ticipants gave their informed consent before the start
of the study. The diagnosis of 21-hydroxylase deficiency
(LOCAH) was made on the basis of genetic analysis and
a serum 17-hydroxyprogesterone (170HP) level after
ACTH (250 pg IV) more than 2SD above the normal
mean [20]. The diagnosis of IH was made by the find-
ings of hirsutism and/or acne in patients who had regu-
lar menstrual cycles, normal androgen levels, LH/FSH
ratio<1, normal ovarian ultrasound patterns, and nor-
mal 170HP response to ACTH. All 20 hyperandrogenic
women were treated with Diane 35 (Schering, Berlin,
Germany) from day 1 to day 21. Fasting serum FSH,
LH, testosterone and DHEAS and the 24-hour urinary
aMT6s excretion were determined before and after 4
months of treatment.

Hormone Measurements

Melatonin was determined as urinary aMT6s. Urine
was collected over a 24-hour period; the volume of
each collection was recorded and aliquots were frozen
at —20°C until assayed. Creatinine concentration was
determined in each sample to verify a complete 24-hour
collection as previously described [12]. The concentra-
tions of aMT6s in urine samples were determined by an
enzyme immunoassay method (ELISA). The melatonin
sulfates ELISA kits were provided by immunobiological
laboratories, Hamburg, Germany. The assay sensitiv-
ity was 0.3 ng/ml. The intra-assay and interassay coef-
ficients of variation (CV) were 10% and 16%, respec-
tively. The cross-reactivity of the anti-melatonin sulfate
antiserum is 0.0002% for melatonin, 0.001% for 6-hyd-
roxymelatonin, 0.0005% for N-acetyl-L-hydroxytryp-
tophan and less than 0.0001% for N-acetyl-L-trypto-
phan.

Blood samples were centrifuged, then immediately
separated and stored at — 20°C until assayed. Commer-
cial kits were used to determine the concentrations of
serum LH, FSH, testosterone, 17 OHP and DHEAS.
Serum LH and FSH were determined by the immuno-
metric technique (Biodata Diagnostics, Rome, Italy).
Normal levels are LH: 10-18 mIU/ml and FSH: 4-13
mlIU/ml (follicular phase of the menstrual cycle).
DHEA-S and 17-hydroxyprogesterone were determined
by radioimmunoassay methods (Diagnostic Products
Corporation, Los Angeles, CA). The normal levels of
these hormones are: DHEAS: 35-430 ng/ml and 170HP:
less than 5.0 pg/ml. Serum total testosterone levels were
determined by competitive immunoassay using the Im-
mulite analyzer (Diagnostic Products Corporation. Los
Angeles, CA). The normal levels are 0.2-0.8 ng/ml dur-
ing the follicular phase of the menstrual cycle.



Genetic Analysis of the CYP21 Gene

DNA was isolated from peripheral blood leukocytes.
For mutation analysis of CYP21, we employed PCR
amplification of CYP21 specific fragments and restric-
tion enzymes analysis [21]. The following mutations
in CYP21 were analyzed: P30L, 12 splice, I172L, exon
6(E6) cluster, V281L, Q318X, and the homozygous
state of the exon 3 del. 8 BP (E3 del8) [22].

Statistical Analysis

We have examined urinary aMT6s (expressed as
total per 24-hour, per BMI, per body weight, and as the
rate of excretion), serum LH, FSH, testosterone and
DHEAS in-patients with LOCAH and IH, and in con-
trol women. Data are given as mean +SD. Comparison
among aMT6s, LH, FSH, testosterone and DHEAS val-
ues before and during Diane 35 treatment were per-
formed using the Wilcoxon matched pair’s rank test.
Comparison between the different groups (PCOS vs.
control, IH vs. control and LOCAH vs. controls; ITH
vs. controls) was conducted using the Mann Whitney
test. Spearman rank correlation was computed for the
entire population and for each group separately.

Results

The clinical and endocrine characteristics of the
study subjects are given in table 1. The LOCAH women
had hirsutism score (13.6+3.7), which was similar
to the index observed in IH (15.1+3.6) as compared
with a score of <8 in controls (p<0.0001). The three
groups had similar BMI values. All 10 patients with
LOCAH were carrying mutations of the CYP21 gene.
Six women carried the Q318X mutation and four
women carried the V281L mutation. Their serum tes-
tosterone, basal and ACTH stimulated 170HP levels
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were significantly higher than the values in IH and con-
trol women (table 1). The three groups did not statisti-
cally significantly differ in DHEAS levels.

The results of urinary aMT6s excretion values in the
women studied before and during treatment are given
in table 2. At baseline, LOCAH patients had statisti-
cally significantly higher aMT6s values than did the
IH and control women. Analysis of the pretreatment
and during treatment variables revealed that testoster-
one levels during treatment differed from pretreatment
levels only in LOCAH (p<0.02), whereas DHEAS dur-
ing treatment differed from the pretreatment levels in
LOCAH and IH (p<0.02) (table 1). Serum gonadotro-
pin levels were significantly suppressed during Diane
35 treatment as compared to baseline values in
LOCAH and IH women. The aMT6s values during
treatment were statistically significantly different from
the pretreatment values in LOCAH (table 2, figure
1). Spearman correlation analysis revealed that in
LOCAH patients aMT6s values positively correlated
with DHEAS(r=0.41;p=0.02) and with ACTH stim-
ulated 170HP (r=0.36;p=0.04) but not with testos-
terone (r=0.04;p=not significant). In control women
aMTé6s values were positively correlated with testos-
terone (r=0.51;p=0.05 for aMT6s per body weight and
r=0.53;p= 0.04 for rate of aMT6s excretion).

Discussion

In this study, we have evaluated the daily melatonin
excretion in hyperandrogenic women and studied the
effect of Diane 35 treatment on aMT6s excretion. In
LOCAH patients, testosterone and aMT6s values were
increased in comparison to IH and control women.
Treatment with Diane 35 was associated with a sig-
nificant decrease in serum testosterone and urinary

treatment (Data are mean + SD).

Table 1. Clinical and hormonal data for hyperandrogenic women before and during Diane 35

Parameter LOCAH (n=10) IH (n=10) Control (n=15)
Baseline 4 months Baseline 4 months
Age (years) 21.442.7 21.6+2.8 23.7£2.2
BMI (kg/m?) 24.9+3.3  24.9+3.3 23.7£3.0  23.7£3.0 24.0+5.2
LH (mIU/ml) 5.3x2.3  2.3x1.2% 4.9+2.3 2.7+1.2% 4.6+2.2
FSH (mIU/ml) 5.6+1.8 2.7+£1.1% 5.1+1.9 2.8+1.1 6.5+1.4
Testosterone (ng/ml)  0.5+0.1*x 0.3+0.1 0.3 +0.1 0.3+0.2 0.3+0.1
DHEAS (ng/ml) 3144101  194+103xx 3214207  214+100% 197484

xx p<0.02-compared with pretreatment values; ** p<0.05 LOCAH vs. Control

Table 2. Urinary 6-sulfatoxymelatonin (aMT6s) excretion values in hyperandrogenic women before
and during Diane 35 treatment (Data are mean + SD).

aMTé6s LOCAH IH Control
Before During Before During
Total (ng/24h) 51.0+20.5¢ 29.8+16.6%  34.3x7.1 28.8+12.3  30.5%6.5
Rate of excretion (ng/h/kg)  32.7+£17.2% 18.9+9.2% 19.447.6 16.4+10.8  21.4+7.2
Per body weight (ng/kg/24h) 788+411% 4554219 5554202 392+259 530+186
Per BMI (ng/kg/m2) 2037£1071% 1191+605% 1347524 1031+727 1330+429

X p<0.001 LOCAH vs.controls; ** p<0.0001,compared with pretreatment values.
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Figure 1. Urinary 6-sulfatoxymelatonin (aMT6s) excretion data in hyperandrogenic
and controlwomen (LOCAH: Late onset adrenal hyperplasia due to 21-hydroxylase
deficiency; IH: idiopathic hirsutism) before and after four months of treatment
with Diane 35(ethinyl estradiol-cyproterone acetate). At baseline, LOCAH
patients had significantly higher aMT6s values than IH and control women
(p<0.001). During treatment aMT6s values were significantly lower than the
pretreatment values in these patients (p<0.0001).

aMT6s values in LOCAH patients. The efficacy of Diane
35 on androgen levels in hyperandrogenic women was
previously described in numerous studies [15-16,13].
During Diane 35 treatment, gonadotropin, testoster-
one, dihydrotestosterone and DHEAS were suppressed
whereas sex hormone-binding globulin (SHBG) levels
increased [14,16]. The increase in SHBG levels resulted
in decreased free testosterone fraction [23]. In the pres-
ent study, correlation analysis revealed that in LOCAH
patients, aMT6s values positively correlated with
DHEAS and 170HP levels, suggesting that increased
melatonin secretion is associated with their androgen
levels.

Several reports imply that gonadal steroids may
modulate melatonin secretion. This hypothesis is sup-
ported by the current findings of decreased aMT6s
values during Diane 35 treatment with concomitant
decline in androgen levels in the present study, pres-
ence of androgen and estrogen receptors in the rat and
human pineal glands [24,25], and decreased melatonin
content during the addition of testosterone to perfused
rat pineals [26]. The diminution of melatonin levels
after estrogen replacement in women with GnRH defi-
ciency also suggest that sex steroids, through the acti-
vation of specific receptors in the pineal gland, modu-
late melatonin secretion. Yet the efficacy of estradiol
in modulating melatonin secretion was not confirmed
by others [27], nor was suppression of estradiol levels
during GnRH agonist therapy given to female patients
with precocious puberty, associated with normalization
of melatonin levels [6]. The possibility that androgens,
either directly or indirectly through the suppression
of gonadotropin, may modulate melatonin secretion is
suggested by several observations. In GnRH deficient
men and in patients with Klinefelter’s syndrome, tes-
tosterone replacement successfully normalized mela-
tonin concentrations [4,8,28]. On the other hand, in
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men with leuprolide-induced hypogonadism, testoster-
one treatment did not change melatonin levels [29].
Similarly, in primary hypogonadism and in adult-onset
hypogonadotropic hypogonadism, testosterone replace-
ment therapy did not alter blood melatonin levels
[17,30]. These data indicate that the pathophysiologi-
cal role of melatonin in human reproduction is far from
being clarified. It is clear though, that there is no simple
classic feedback regulation between the pineal and the
gonads.

In conclusion, LOCAH women have increased mela-
tonin production, which is normalized during cyprot-
erone acetate-ethinyl estradiol treatment. In hyperan-
drogenic women due to idiopathic hirsutism, melatonin
secretion is normal and not altered during Diane 35
treatment.

REFERENCES

1 Luboshitzky R, Lavie P. Melatonin and sex hormones inter-
relationships - A review. J Pediatr Endocrinol Metab 1999;
12:355-362.

2 Brzezinski R, Lynch HJ, Seibel NM, Deng MH, Wurtman RJ.
The circadian rhythm of plasma melatonin during the normal
menstrual cycle and in amenorrheic women. J Clin Endocrinol
Metab 1988; 66:891-895.

3 Okatani Y, Sagara Y. Amplification of melatonin secretion in
women with functional secondary ammenorrhea: relation to
endogenous oestrogen concentration. Clin Endocrinol 1994;
41:766-780.

4 Luboshitzky R, Lavi S, Thuma I, Lavie P. Testosterone treatment
alters melatonin concentrations in male patients with gonado-
tropin-releasing hormone deficiency. J Clin Endocrinol Metab
1996; 81:770-774.

5 Kadva A, Djahanbakach 0, Monson J, Di WL, Silman R. Elevated
nocturnal melatoninis a consequence of gonadotropin-releasing
hormone deficiency in women with hypothalamic ammenorrhea.
J Clin Endocrinol Metab 1998; 83:3653-3662.



6 Waldhauser F, Boepple PA, Schemper M, Mansfield MJ, Crowley
WF. Serum melatonin in central precocious puberty is lower
than age-matched prepubertal children. J Clin Endocrinol
Metab 1991; 73:793-796.

7 Luboshitzky R, Wagner O, Lavi S, Herer P, Lavie P. Decreased
nocturnal melatonin secretion in-patients with Klinefelter's
syndrome. Clin Endocrinol 1996; 45:749-754.

8 Rajmil 0, Puig-Domingo M, Tortosa F, Viader M, Patterson AG,
Schwarzstein D, DeLeiva A. Melatonin concentration before and
during testosterone replacement in primary hypogonadic men.
Eur J Endocrinol 1997; 137:48-52.

9 Luboshitzky R, Shen-Orr Z, Nave R, Lavi S, Lavie P. Melatonin
administration alters semen quality in healthy man. J Androl
2002; 23:547-554.

10 Waldhauser F, Frisch H, Krautgasser GA, Sparotti A, Schober
E, Bieglmayer C. Serum melatonin is not affected by gluco-
corticoids replacement in congenital adrenal hyperplasia. Acta
Endocr 1986; 111:355-359.

11 Blaicher W, Imhof MH, Gruber DM, Scchneeberger C, Sator MO,
Huber JC. Endocrinological disorders focusing on melatonin
interactions. Gynecol Obstet Invest 1999; 48:179-182.

12 Luboshitzky R, Qupti G, Ishai A, Shen-Orr Z, Herer P. Increased
urinary 6-sulfatoxymelatonin excretion in women with non-
classical steroid 21-hydroxylase deficiency. Neuroendocrinol
Lett 2001; 22:359-363.

13 Paoletti AM, Cagnacci A, Orru M, Ajossa S, Gueriero S, Melis GB.
Treatment with flutamide improves hyperinsulinemia in women
with idiopathic hirsutism. Fertil Steril 1999; 72:448-453.

14 Rittmaster RS, Antiandrogen treatment of polycystic ovary
syndrome. Endocrinol Metab Clin North Am 1999; 28:409-421.

15 Fruzetti F, Bersi C, Parrini D, Ricci C, Genazzani AR. Treatment
of hirsutism: comparisons between different antiandrogen with
central and peripheral effects. Fertil Steril 1999; 71:445-451.

16 Venturoli S, Marescalchi O, Colombo FM, Marcelli S, Ravaioli
B, Bagnoli A, Paradisi R, Flamigni C. A prospective study
randomized trial comparing low dose Flutamide, Finesteride,
Ketoconazole, and Cyproterone Acetate-Estrogen regimens in
the treatment of hirsutism. J Clin Endocrinol Metab 1999;
84:1304-1310.

17 Bojkowski CJ, Arendt J. Factors influencing 6-sulphat-
oxymelatonin - a major melatonin metabolite in normal human
subjects. Clin Endocrinol 1990; 33:435-444.

18 Mathews CD, Guerin MV, Wang X. Human plasma melatonin
and urinary 6-sulphatoxymelatonin:studies in natural animal
photoperiod and in extended darkness. Clin Endocrinol 1991;
35:21-27.

19 Kovacs J, Brodner W, Kirchlechner V, Arif T, Waldhauser F.
Measurement of urinary melatonin: A useful tool for monitoring
serum melatonin after its administration. J Clin Endocrinol
Metab 2000; 85:666-670.

20 White PC, Speiser PW. Congenital adrenal hyperplasia due to
21-hydroxylase deficiency. Endocr Rev 2000; 21:245-291.

21 Oriola J, Plesa I, Machuca I, Pavia C, Rivera-Fillat F. Rapid
screening method for detecting mutations in the 21 hydroxylase
gene. Clin Chem 1997; 43:557-561.

22 Wedell A. Molecula genetics of congenital adrenal hyperplasia
(21-hydroxylase deficiency): implications for diagnosis,
prognosis and treatment. Acta Paediat 1998; 87:159-164.

23 Falsetti L, Gaubera A, Tisi G. Efficacy of the combination ethinyl
estradiol and cyproterone acetate on endocrine, clinical and
ultrasonographic profile in polycystic ovary syndrome. Hum
Reprod 2001; 16:36-42.

24 Cardinali DP, Nagle CA, Rosner JM. Control of estrogen and
androgen receptors in the rat pineal gland by catecholamine
transmitter. Life Sci 1975; 16:93-106.

25 Luboshitzky R, Dharan M, Goldman D, Herer P, Hiss Y, Lavie
P. Seasonal variation of gonadotropin and gonadal steroid
receptors in the human pineal gland. Brain Res Bull 1997;
44:665-670.

Melatonin production in hyperandrogenic women

26 San Martin A, Bogdan A, Touitou Y. Day-night differences in
the effects of gonadal hormones on melatonin release from
perifused rat pineals. Evidence of a circadian control. Steroids
1996; 61:27-32.

27 Delfs TM, Baarks S, Fock C, Schumacher M, Olcese J, Zimmerman
RC. Sex steroids do not alter melatonin secretion in humans.
Hum Reprod 1994; 9:49-54.

28 Caglayan S, Ozata M, Ozisik G, Turan M, Bolu F, Ontenli C, Arslan
N, Erbil K, Gul D, Ozdemir IC. Plasma melatonin concentration
before and during testosterone replacement in Klinfelter's
syndrome: Relation to hepatic indolamine metabolism and
sympathoadrenal activity. J Clin Endocrinol Metab 2001;
86:738-743.

29 Leibenluft E, Schmidt PJ, Turner EH, Danaceau MA,Ashman
SB, Wehr TA, Rubinow DR. Effects of leuprolide-induced hypo-
gonadism and testosterone replacement on sleep,melatonin
and prolactin secretion in men. J Clin Endocrinol Metab 1997;
82:3203-3207.

30 0zata M, Bulkur M, Bingal N,Beyhan Z, Corakci A, Bolu E,
Gundogan MD. Daytime plasma melatonin levels in male hypo-
gonadism. J Clin Endocrinol Metab 1996; 81:1877-1881.

Neuroendocrinology Letters No.4, August 2002, Vol.23 Copyright © 2002 Neuroendocrinology Letters ISSN 0172-780X 313



