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Oral contraceptives and endocrine changes*
0. J. LUCIS1 & R. LUCIS

In groups ofwomen taking oral contraceptives and in control groups ofwomen, the serum
levels ofcortisol, protein-bound iodine, and total thyroxine were measured together with the
T3 binding index. The daily excretion in the urine offree cortisol, 17-hydroxycorticoste-
roids, 17-ketosteroids, pregnanediol, pregnanetriol, total oestrogens, total catecholamines,
and 4-hydroxy-3-methoxymandelic acid was also assayed. The frequency distribution of
the values obtained indicates that oral contraceptives have a marked influence on the
endocrine environment. The smallest deviations were observed in urinary excretion of total
catecholamines and of 4-hydroxy-3-methoxymandelic acid. In some individuals the hor-
mone assays were continued throughout the menstrual cycle. The morning and afternoon
levels of serum cortisol tended to increase during the period when the oral contraceptive
was being taken.

According to the estimates of the Advisory Com-
mittee on Obstetrics and Gynecology (1969) of the
United States Food and Drug Administration,
18.5 million women are using oral contraceptives.
The hormonal balance in these women may show
deviations from that seen in normally menstruating
women and this problem was investigated in our
laboratory in order to establish the values for com-
monly used endocrine assays in women with spon-
taneous menstrual cycles and in those using different
types of oral contraceptive.

MATERIALS AND METHODS

Office and laboratory employees ranging in age
from 17 to 45 years volunteered to participate in this
study. The normal group were women whose case
histories showed that they had regular menstrual
cycles. Those women had either never used oral
contraceptives or had discontinued their use for at
least 2 months and had resumed their natural men-
strual rhythm. The other group of women took oral
contraceptives regularly, in the morning according

* Part of the information contained in this paper was
reported at a meeting of the Canadian Society for Clinical
Investigation, in January 1971.
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to prescription, and had been doing so for at least
2 months. The types of oral contraceptive prepara-
tions taken are shown in Table 1.
The urinary excretion of hormones and their

metabolites was determined on 24-hour urine spe-
cimens. The quantity of free cortisol in the urine was
assayed by the method of protein displacement bind-
ing (Murphy, 1967) using newborn calf serum and
corticosterone-3H as reagents. Total urinary 17-
hydroxycorticosteroids were measured after /-glucu-
ronidase (3.2.1.31) hydrolysis by the Porter-Silber
reaction (Porter & Silber, 1954).
The Zimmermann reaction (Zimmermann &

Pontius, 1954) was used to measure the quantities of
total neutral urinary 17-ketosteroids. In the final
step, the Zimmermann chromogen was extracted
with diethyl ether and the colour intensity was
expressed in milligrams of androsterone standard.
Urinary total oestrogens were measured fluoro-
metrically according to the method of Ittrich (1960).
Pregnanediol and pregnanetriol glucuronides were
hydrolysed with /3-glucuronidase, fractionated on an
alumina column, and measured by gas-liquid chro-
matography (Lucis et al., 1968). Total catechol-
amines in the urine were assayed fluorometrically
(Von Euler & Lishajko, 1959) and 4-hydroxy-3-
methoxymandelic acid (vanillylmandelic acid, VMA)
was determined by the method of Fellman et al.
(1962).

Cortisol levels in serum were measured as in
urine (Murphy, 1967). Serum protein-bound iodine
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Table 1. Oral contraceptives taken by women in the study

Trade name Composition Type

C-Quens 100 mestranol 0.1 mg
sequential

chlormadinone acetate 1.5 mg

Miniquen mestranol 0.1 mg
sequential

etynodiol diacetate 0.5 mg

Ovex ethinylestradiol 0.1 mg
sequential

megestrol acetate 5 mg

Serial - 28 ethinylestradiol 0.1 mg
sequential

megestrol acetate 1 mg

Norinyl - 1 mestranol 0.05 mg
combination

norethisterone 1 mg

Norinyl - 2 mestranol 0.1 mg
combination

norethisterone 2 mg

Ortho-Novum -1 mestranol 0.05 mg
combination

norethisterone 1 mg

Ortho-Novum -2 mestranol 0.1 mg
combination

norethisterone 2 mg

Ovral ethinylestradiol 0.05 mg
combination

norgestrel 0.5 mg

Ovulen - 1 mestranol 0.1 mg
combination

etynodiol diacetate 1 mg

(PBI) was determined using the wet-digestion tech-
nique and the Auto Analyzer, and serum total
thyroxine (T4) was assayed by protein displacement
binding (Murphy, 1965; Lucis et al., 1969). The
degree of serum protein binding of triiodothyronine
(T2) in vitro was measured by the T3-binding index
which was determined using the Thyopac-3 pre-
paration.'

RESULTS

Serum cortisol levels in women with physiological
menstrual cycles revealed that the hormone level in
the morning ranged from 7.1 to 23.0 ,tg per 100 ml of
serum, with the peak frequencies between 11.1 and
19.0 ,ug (Fig. 1). For the same group of women the
afternoon cortisol levels were lower and ranged
from 3.1 to 19.0 ,ug per 100 ml of serum, most being
between 3.1 and 11.0 ,ug. In women who were taking

1 Amersham-Searle Corporation, Toronto, Ontario,
Canada.
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Fig. 1. Serum cortisol in women. Mean values: normal,
morning, 14.6 ± 4.0 ltg/100 ml; afternoon, 8.8 +
3.7 Hg/ml: oral contraceptives, morning, 39.6 + 10.9
.ug/1 00 ml; afternoon, 22.8 + 7.9 jug/1 00 ml.

oral contraceptives, the morning levels ranged from
20.1 to 76.0 ,ug per 100 ml of serum and most were
between 30.1 and 50 ,ug (Fig. 1). The serum cortisol
levels were lower in specimens drawn at 16.00 hours.
Considering the diurnal variation of the serum cor-
tisol levels in the two groups, the levels in the women
who were taking oral contraceptives were con-
siderably higher than in women with physiological
menstrual cycles. In some women the levels of serum
cortisol fluctuated during the cycle while they were
taking oral contraceptives. Fig. 2 shows this effect
in a 44-year-old subject who had been taking oral
contraceptives regularly for the past 8 years. A
similar pattern was observed in three additional

= A_

I~~~~~MI

S 7 N fl U
DAYCt CES 2oo

Fig. 2. Oral contraceptives and serum cortisol levels.
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Table 2. Hormone levels in normal ovulatory cycles

Serum cortisol (Mkg/i 00 ml) Total Urinary steroids
Phase oestrogens

9.00 h 16.00 h (g/day) Pregnanediol Pregnanetriol9.00 h 16.00h (iAg/day)
(mg/day) (mg/day)

Subject AA: aged 19 years

follicular 12.5 4.6 29.1 0.5 0.4

mid-cycle 15.8 7.3 49.2 1.3 0.5

luteal 17.1 13.7 74.4 2.1 1.0

pre-menstrual 13.6 8.3 29.0 0.3 0.2

subject AB: aged 25 years

tollicular 14.8 7.7 18.8 0.1 0.4

mid-cycle 9.8 5.7 22.9 0.9 0.7

luteal 15.1 6.2 28.4 1.8 0.9

pre-menstrual 16.3 2.8 17.6 0.2 0.5

subject AC: aged 28 years

follicular 11.7 8.7 25.9 0.5 0.4

mid-cycle 14.8 5.9 60.0 0.3 0.6

luteal 13.4 11.2 62.3 3.8 1.3

pre-menstrual 12.5 8.4 30.8 1.2 0.5

subject AD: aged 31 years

follicular 11.5 5.7 27.0 0.4 0.2

mid-cycle 22.1 18.3 57.0 0.2 0.1

luteal 12.5 5.1 73.0 2.3 0.6

pre-menstrual 15.7 5.3 51.5 2.6 0.6

cycles in other women who were taking C-Quens,
Ovulen, and Norinyl-2. It was suspected that com-
pounds contained in the oral contraceptives inter-
fered with the assay procedure and appropriate
extracts from the various preparations were tested
in vitro: however, neither the progestogen nor the
oestrogen components at concentrations of 50 ,ug per
100 ml interfered with the assay of serum cortisol.
In spite of the elevated serum cortisol levels the

physiological rhythm in adrenocortical response to
the endogenous pituitary ACTH discharge was pre-
served. In addition, the regimen of oral contracep-
tives tended to induce a new artificial cycle in daily
serum cortisol. The figures in Table 2 show that,
apart from the normal diurnal variation in serum
cortisol, women with physiological menstrual cycles
did not show a detectable rhythm such as that

observed in the subjects who were taking oral con-
traceptives. The fact that the four women listed in
Table 2 did have ovulatory cycles is indicated by the
rise of urinary pregnanediol, pregnanetriol, and
oestrogens during the luteal phase.

Urinary 17-hydroxycorticosteroids, free cortisol, and
17-ketosteroids
If the oral contraceptives do increase the levels of

serum cortisol, then an increase in the excretion of
free cortisol and its metabolites in the urine would be
expected. Fig. 3 compares the excretion of free
cortisol in the urine of women taking oral contracep-
tives with that in normal subjects.
A trend towards an increased urinary output of

free unmetabolized cortisol was noted in the women
who were taking oral contraceptives. The urinary
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Fig. 3. Urinary free cortisol in women. Mean values:
normal 56.8 ± 23.7 jtg/day; oral contraceptives, 79.5 ±
36.6 pLg/day.

17-hydroxycorticosteroids, measured by the Porter-
Silber reaction, embrace the principal biologically
inactive metabolites of cortisol (tetrahydrocortisone
and tetrahydrocortisol), which are formed mainly in
the liver and are conjugated with glucosiduroriic
acid. In normally menstruating women the excre-
tion of 17-hydroxycorticosteroids in the urine ranged
from 2.1 to 8.0 mg/day with a peak frequency of
4.1-6.0 mg/day (Fig. 4). The women taking oral
contraceptives excreted smaller amounts of 17-hy-
droxycorticosteroids than those having physiological
menstrual cycles.
The levels of total neutral 17-ketosteroids in urine

are frequently used as a guide to androgen produc-
tion. In women, the 17-ketosteroids in the urine are
mainly metabolized from androgens secreted by the
adrenal cortex, with contributions from cortisol
degradation products formed by the liver and from
the androgens secreted by the ovaries. The rates of
excretion of 17-ketosteroids in the urine in women
with normal menstrual cycles covered a wider range
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Fig. 5. Urinary neutral 1 7-ketosteroids in women.
Mean values: normal, 7.9 ± 2.8 mg/day; oral contra-
ceptives, 5.0 ± 1.8 mg/day.

than did those of the group that took oral contracep-
tives (Fig. 5).

Urinary pregnanediol, pregnanetriol, and oestrogens
In women with normal ovarian cycles, the develop-

ment and function of the corpora lutea is accom-
panied by changes in the excretion of pregnanediol
and oestrogen in the urine (Table 2). Some women
also show a cyclic fluctuation in urinary pregnanetriol

Fig. 6. (A) Urinary pregnanediol in women. Mean values:
normal, 0.8 ± 0.6 mg/day; oral contraceptives, 0.3 ±
0.2 mg/day. (B) Urinary pregnanetriol in women. Mean
values: normal, 0.7 ± 0.3 mg/day; oral contraceptives,
0.3 ± 0.1 mg/day.
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Fig. 4. Urinary 17-hydroxycorticosteroids in women.
Mean values: normal, 4.6 ± 1.4 mg/day; oral contra-
ceptives, 2.6 ± 0.9 mg/day.
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excretion that is related to changes in production of
17a-hydroxyprogesterone. During treatment with
oral contraceptives, the delicate balance of FSH and
LH secretion by the pituitary gland becomes distor-
ted and consequently the ovarian function is altered.
In the women who were taking oral contraceptives,
the levels of urinary pregnanediol and pregnanetriol
remained low. The frequency distribution of preg-
nanediol and pregnanetriol values demonstrated that
oral contraceptives effectively suppressed the secre-
tion of progesterone and 17a-hydroxyprogesterone
(Fig. 6). The total urinary oestrogen excretion in
these women also tended to be lower than in women
with natural menstrual cycles (Fig. 7).

NORMAL ON ORAL CONTRACEPTIVES
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normal, 40.0 ± 17.8 zig/day; oral contraceptives, 25.9 +
7.4 ,ug/day.

Serum thyroxine and protein-bound iodine

Assays of the total serum T4 and of PBI are widely
used for the assessment of thyroid function. The
results of both tests are influenced by the rate of
thyroxine release from the thyroid gland and by the
level of circulating serum thyroxine binding globulin.
Fig. 8 shows the frequency distribution of serum T4
and PRI values in normal women and in women
who were taking oral contraceptives. The latter
group exhibited a notable trend towards higher
values and this was attributed to an increased syn-
thesis of thyroxine-binding globulin. Alterations in
the serum proteins that bind thyroid hormones were
determined in vitro. The uptake of '251-labelled
triiodothyronine (T3) by sera from women with
normal menstrual cycles was between 91 and 120
units.' The sera from women who were taking oral

1 T, Binding Index (expressed in arbitrary units) = (T,
binding of patients serum/T, binding of standard reference
serum) x 100.
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Fig. 8. (A) Serum thyroxine levels in women. Mean
values: normal, 6.6 + 1.4 sig/100 ml; oral contracep-
tives, 9.4 + 1.7 tg/100 ml. (B) Serum protein bound
iodine (PBI) in women. Mean values: normal, 6.4 +
1.0 stg/100 ml; oral contraceptives, 8.0 ± 1.2 /.tg/100 ml.

contraceptives showed a definite trend towards a
higher uptake (Table 3). These results suggest that
under the influence of the oral contraceptives the
thyroid hormone-binding proteins were less satu-

Table 3. Serum T3-binding index in females a

Normal (n = 39) Oral contraceptives
T3 value (n =40)

No. % No. %

91-95 1 2.6 0 0

96-1 00 8 20.5 8 20.0

101-105 9 23.2 7 17.5

106-110 13 33.2 2 5.0

111-115 7 17.9 5 12.5

116-120 1 2.5 4 10.0

121-125 0 5 12.5

126-130 0 2 5.0

131-135 0 3 7.5

136-140 0 3 7.5

141-145 0 1 2.5

total 39 40

a Measured by Thyopac-3 method.
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Fig. 9. (A) Urinary catecholamines in women. Mean
values: normal, 37.1 + 14.6 pg/day; oral contracep-
tives, 37.1 + 18.9 ,ug/day. (B) Urinary 4-hydroxy-3-
methoxymandelic acid (VMA) in women. Mean values:
normal, 3.5 1.6 mg/day; oral contraceptives, 3.3
1.7 mg/day.

rated than those of normal females. The effects of
oral contraceptives on the thyroid function tests are

reversible and in our experience disappear 4-6 weeks
after withdrawal of the drugs.

Urinary catecholamines and VMA

The catecholamines that appear in urine (epine-
phrine and norepinephrine) represent the renal
excess of these hormones, whereas the VMA in
urine is the biologically inactive end-product result-
ing from the metabolism of epinephrine and nore-

pinephrine. A comparison of the catecholamine and
VMA levels excreted in urine by the two groups of
women showed no differences (Fig. 9).

DISCUSSION

The results of many endocrine function tests in
females taking oral contraceptives reveal notable
deviations from the results observed in physio-
logically menstruating women. In most instances
there is an overlap of the ranges observed in the two
groups of women, suggesting that the metabolic
reactions of different individuals to these drugs may
differ in degree. Also, one oral contraceptive pre-

paration may be less potent in the induction of
hormonal imbalance than another. In the present
study these factors were not specifically investigated.
The main effect of oral contraceptives in preventing
ovulation and corpus luteum development is well
reflected in the low pregnanediol values, which do
not change during the course of medication. These
women also show a decrease in the production of
17a-hydroxyprogesterone as indicated by low urinary
pregnanetriol values. In some women with normal
menstrual cycles the excretion of urinary pregnane-

triol follows a cyclic pattern similar to that of preg-

nanediol. Women who take oral contraceptives
tend to excrete smaller quantities of oestrogens than
do women who do not take such drugs. This may

reflect some interference by the oral contraceptive
drugs with oestrogen production by the ovaries. It
is believed that oral contraceptives primarily affect
the cyclic release of gonadotropin from the pituitary
gland (Salhanick et al., 1969). A direct effect of the
contraceptive drugs on steroid biosynthesis by the
ovaries can also be considered as an additional
possibility. Almost all oral contraceptive prepara-
tions contain highly active oestrogen derivatives,
either ethinylestradiol or its 3-methyl ether. The
pharmacological oestrogenic stimulus increases the
biosynthesis of transcortin and thyroxine-binding
globulin. Since these plasma proteins, which appear

in the a-globulin fraction, are of profound im-
portance in cortisol and thyroxine transport, any

change in the concentration of transcortin and
thyroxine-binding globulin will alter the levels of the
total circulating hormones in the blood (Bradley &
Waterhouse, 1966; Burke, 1970; Elgee, 1970). It
becomes apparent from the present study that the
serum cortisol levels are more affected by the oral
contraceptives than are those of serum thyroxine or

protein-bound iodine. Indeed the serum cortisol
levels in women taking oral contraceptives reach
values that are frequently found in Cushing's syn-

drome: nevertheless these women do not exhibit any
signs or symptoms of this condition. In addition, the
normal daily circadian rhythm is well preserved in
these individuals. The physiological phenomenon of
circadian rhythm was shown to be related to the
pattern of sleeping and being awake (Weitzmann et
al., 1966). During sleep, at the time of the onset of
rapid eye movements, the cerebral impulses ap-
parently activate the hypothalamic pituitary axis and
cause a discharge of ACTH, which in turn activates
the adrenal cortisol secretion (Weitzman et al., 1966).
Assays of serum cortisol levels in women taking oral
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contraceptives have revealed another, probably
artificial, cycle. The levels of serum cortisol tend to
increase daily while a drug containing oestrogens is
being taken. During the oestrogen-withdrawal
period the serum cortisol level tends to decrease; it
increases again in the next oral contraceptive cycle.
This observation may very well be linked with two
phenomena. During the period when an oestrogenic
drug is being taken the daily stimulus causes a pro-
gressive increase in the transcortin level and this
binds the secreted cortisol. Extensive investigations
on transcortin have shown that in normal subjects
the biological half-life of this protein fraction is
approximately 5 days (Pincus et al., 1966). The
excretion of unmetabolized cortisol in urine has been
shown to be related to the cortisol levels in plasma
(Murphy, 1967; Lucis & Lucis, 1969). Sandberg et
al. (1969) have shown that oestrogenic compounds
present in oral contraceptive medications cause not
only an elevation of the transcortin levels but also
an increase in the level of unbound cortisol in the
plasma. On the basis of these observations an
increase may be expected in the output of free
cortisol in the urine in women who are taking oral
contraceptives, and our investigation does show a
trend towards such an increase, although previous
studies have revealed contradictory findings (Pincus
et al., 1966). It has been observed repeatedly that
the excretion of cortisol metabolites in the urine is
significantly reduced in women who are taking oral
contraceptives (Layne et al., 1962; Pincus, 1965;
Elgee, 1970). This phenomenon is also apparent in
the results of the present study. Our assay of the
levels of 17-hydroxycorticosteroids in the urine
measures the quantities of those metabolites that
contain the dihydroxy-acetone side chain.

In keeping with the finding of reduced adrenocor-
tical activity in women who take oral contraceptives
there is a demonstrable decrease in the excretion of
urinary 17-ketosteroids. Several investigators have
studied the reduction of adrenocortical activity in
those women and have shown that the response of

the pituitary-adrenocortical axis to methopyrapone
(2-methyl-1,2-di-3-pyridyl-l-propanone) is blunted.
However, the adrenal cortex in these subjects responds
well to exogenous ACTH stimulation (Elgee, 1970).

Alterations in the total serum T4 and in PBI levels
in women taking oral contraceptives appear to be
less striking than the elevation of the level of total
circulating serum cortisol. Assays of T3 uptake by
serum proteins indicate an increased capacity for T3
binding. According to current concepts the thyro-
metabolic status is governed by the free fraction of
circulating T4, which accounts for some 0.05% of
the total serum T4. Since oestrogenic drugs increase
the thyroxine-binding globulin there will be an
increase in protein-bound T4. In spite of increased
total serum T4 levels, the women during this study
did not show clinical signs or symptoms of hyper-
thyroidism. It should be pointed out that our know-
ledge of the long-term effects of increased circulating
T4 levels in relation to the harmonious functioning
of the organism is still inadequate and requires
further studies. The serum T4 and PBI levels and the
T3-binding index do return to the normal range
within 4 to 6 weeks after the discontinuation of oral
contraceptives. These observations are in agreement
with the report of Mishell, Colodny & Swanson
(1969).
The hormonal function of the adrenal medulla

and the autonomic nervous system as judged by
catecholamine metabolism shows no demonstrable
deviations in females taking oral contraceptives.

In view of the fact that oral contraceptives are
used largely by healthy women for socioeconomic
reasons, more attention should be given to studies of
the silent cumulative effects caused by their use. We
still do not know how serious the induced changes
are. Since these problems concern a large segment
of the human population, appropriately planned
research programmes are urgently needed. In the
present study, the groups were too small to permit
an evaluation of individual responses towards each
pharmaceutical preparation.
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RtSUME
CONTRACEPTIFS ORAUX ET MODIFICATIONS ENDOCRINIENNES

Une serie d'epreuves couramment utilisees pour evaluer
les fonctions endocriniennes ont e pratiquees dans
deux groupes de femmes volontaires, les unes prenant
regulierement des contraceptifs oraux, les autres ne
recourant pas 'a ce genre de medication.
On constate que chez les utilisatrices de contraceptifs

oraux les taux de cortisol serique varient suivant un
rythme circadien, mais sont considerablement plus eleves
que chez les femmes ayant des cycles menstruels physio-
logiques. On note chez elles l'apparition d'un autre
cycle, probablement artificiel: les taux de cortisol serique
augmentent regulierement et quotidiennement pendant
la periode oui la femme prend des oestrogenes, puis
s'abaissent des que cesse l'usage du medicament. Cepen-
dant, en depit de la hausse des concentrations seriques,
1'excretion urinaire du cortisol libre n'est accrue que chez
certains sujets.
Chez les utilisatrices de contraceptifs oraux, les taux

seriques de la thyroxine et de l'iode lie aux prot6ines
ont tendance a etre plus elev6s. L'indice de liaison de la
triiodothyronine (T3) est 6galement augmente. La mesure
de 1'excr6tion urinaire des 17-hydroxycorticosteroides,
des 17-c6tost6roides et des cestrog6nes totaux donne des
valeurs plus fortes que normalement. L'excr6tion urinaire
du pregnandiol et du pregnanetriol est inhibee. En
revanche, on ne releve aucune difference entre utilisa-
trices et non-utilisatrices en ce qui conceme les concen-
trations urinaires des catecholamines totales et de I'acide
vanilmandelique.

Ces resultats montrent que les contraceptifs oraux
modifient l'homeostasie des st6roldes cortico-surrenaux,
des gonadost6roldes et des hormones thyroidiennes. Etant
donne le tres grand nombre de femmes bien portantes qui
les utilisent, il conviendrait de proceder 'a une etude plus
poussee de leurs effets cumulatifs, meme s'ils ne provo-
quent aucun trouble apparent.
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