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ABSTRACT. This report describes the free or unbound testosterone levels in ten normal females
during the menstrual cycle, using a simplified technique of equilibrium dialysis of undiluted
plasma. Total testosterone concentration fell progressively during the menstrual cycle, whereas
the percent free testosterone increased from the follicular to the Iuteal phase. Free testosterone
levels also fell but only significantly at the late luteal phase. For comparison two patients with
anovulatory cycles were evaluated. Progesterone displacement of endogenous testosterone from
its binding protein(s) was suggested by in vitro studies.

INTRODUCTION

It has been known for some time that the physiological
cftect ot a given circulating sex steroid 1s not correlated
with the total plasma concentration, bul rather with that
fraction of the total which is not bound to the high
afhinity sex hormone-binding globulin (SHBG) and to
the low affinity serum albumin, with the suggeslion that
the latter may supplement the free pool of hormone
wilhin issues because of the rapid dissociation of ste-
roids from albumin (1).

Using a simple and precise techmgue of equilibrium
dialysis for the direct measurement of percentage free
testoslerone in plasma, we performed a paired study in
ten normal females, collecting samples at several
times during their menstural cycle. For comparison two
patients without hormonal evidence of corpus luteum
formation were also studied. Experimental data were
also obtained trom incubation of plasma samples with
_progressive amounts of progesterone.

PATIENTS AND METHODS

Ten women with ages ranging from 24-40 yr with
body weights within the normal range according to the
Metropohtan Life Insurance tables, with regular men-
strual cycles of 25 1o 36 days, were studied Cycles
were considered to be ovulatory on the basis of basal
temperature and plasma progesterone levels greater
than 5 ng/mlinthe luteal phase (2). Because of varia-
non in the length of the individual cycles, the 4 blood
samnples collected in every subject were pooled using
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the “midcycle” day for departure {day 0 of cycle) Then
the samples were considered to be collected from day
-910 -7 (consideredthe "early follicular phase' taking
into consideration the estradiol and progesterone lev-
els obtained inthe samples — EF), fromday — 3to —1
("latefollicular phase” — LF), fromday +31o+7 {“early
luteal phase” — EL) and from day +8 to +14 ("late
luteal phase™ — LL).

Two women (subjects n. 11 and 12), 23 and 25 -year-
old, nonobese, with probably anovulatory cycles pres-
enting increasing estradiol concentrations al the ex-
pected luteal phase but progesterone levels uniformly
low termined by an episode of vaginal bleeding afler 32
and 31 days, respectively, were studied.

All subjects were informed about the nature of the
procedure and written consenl obtained in every one.
Total estradiol (E,), testosterone (T), progesterone (P)
RlAs were performed as described previously (3-5).

‘The validation of the total testosterone radioimmu-

noassay was satisfied by specific studies, evaluating
the crossreactivity of the antiserum and by dilution test,
comparing the reactivity of the plasma hormone with
that of the standard. The antiserum used was prepared
agamnst testosterone 19-carboxymethylether-BSA,
having a high degree of specificity to testosterone
presenting only significant crossreaction with 5 g-di-
hydrotestosterone (7%) We have obtained identical
values for both male and female testosterone levels
with and without chromatography. In the dilution test,
the correlation coefficient between the dilution and the
steroid concentration was highly sigmficant {r=0.997).
The sensitivity of the standard curve for the testoster-
oneRIAwas 5 pg. Theintra-and interassay coetficients
of variation were 5.9% and 10 0%, respectively. Finally,
the recovery was in the range of 88 to 109% of the
steroid added to the sleroid-free plasma (low and high
poal),

Unbound or free testosterone was determined by equi-
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librnium dialysis by the technique described by Kley,
Bartmann and Kruskemper (6) in which dialysis lubing
containing 1 mi of undiluted plasma was dialyzed
against 10 mlphosphate bufter 0.05 M, pH 7.4 contain-
ing about 8,000 cpm 1,2 *H testosterone (sp. activ. 40
Ci/mmol, obtained from New England Nuclear, Boston,
MA, USA and purified on a Sephadex LH-20 column)in
a 20 ml glass vial. The wals were kept in a shaking
water bath at 37 C for 16 h. Under these conditions,
equilibrium was reached after 10 h of incubation and
remained unchanged up to 24 h. Samples of 1 ml from
oulside of lubing were taken for measurement of ra-
dicactivity and compared to 1 ml of the original bufter
containing the radioactive testnstarnne (hafare dialy-
Sis).

The percent of free teslosterone was calculated ac-
cording to the formula (7):

cpm/mlinside = cpm/ml buffer-cpm/ml outside
dialysis tube predialysis dialysis tube

cpm/mi outside
dialysis tube

cpm/mlinside

dialysis tube 100

% Free =

The product ol lotal testosterone concentration, as
determined by RIA times the percentage unbound
gives the concenlration of unbound or free steroid.
Our method of calculation was compared to that pre-
sented by Kley et al. (6} in which the alteration occur-
ring in the volume inside tubing is corrected by the
difference in weight betore and after dialysis. The com-
panson was done in 62 paired samples showing as
value of 0.806 (1, ., = 2.000), the correlation coefficient
belween the 2 methods being 0.9852, with a linear
regression represented by the equation x,,,,, = 0.9956
Youg T 0.1237, indicating that both methods gave sim-
ilar results. The coefficients of vaniation were: 6.2%
intraassay and 7.2% for interassay (7).

Totest the hypothesis that physiological levels of pro-
gesterone can displace endogenous testosterone from
its binding proteins. plasma from patients n° 3 (LF),
4(EF). 5(EF) and 10 (LF) as well as from 2 pools ob-
tained from normal and hirsute females respectively,
were incubated for 24 hours at 37 C with a progester-

one standard in buffer {1ng/uly in amounts variable
from 2 to 15 ng of steroid/ml of plasma. The relation
between final progesterone concentration in plasma
and correspondent % FT is indicated for each sample
in Figure 1. Besides, for each plasma from the patients
studied, the LL phase was evaluated again in the same
assay incubated for the obtention of the regression line
{Fig. 1).

Statistical Analysis

The data were analyzed by analysis of variance {ANO-
VA (7) with the F statistic. The least significant differ-

ence (LSD) method was used when F was significant
(8).

RESULTS : 4

The estradiol and progesterone levels measured in our
normal subjects were indicative of ovulatory cycles,
the values are shown in Table 1.

Table 1 indicates that plasma lolal teslosterone (T)
was significantly variable within the phases of the men-
strual cycle (F = 4.01612), the camparison between
pair of means indicating thal the teslosterone values
were significantly lower in both luteal periods when
compared to the follicular ones. However, no differen-
ces were noticed inthe sampling within the follicular or
luteal phases. Similarly. percent free testosterone
{%FT) was variable within the menstrual cycle (F =
4.1679), the comparison between pair of means also
showing higher values inthe luteal perods inrelation to
follicular ones. Furthermare, no differences within the
follicular or luteal phase were demonstrated.
Unbound or free testosterone concentration (FT) was
also signiticantly variable within the menstrual cycle (F
= 35367). The comparison between pair of means
demonstrated that only in the late luteal phase were the
levels significantly lower when compared to the early
follicular phase. No differences were present within the
follicular or luleal phases Therefore, the FT remained
relatively constant throughout the menstrual cycle ex-
cept al the late luteal period with the lowest total T and
highest percent of free hormone not compensating for
the significant decrease in the calculated level of FT.
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Plasma free testosterone in normal females
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In Table 1 are also indicated the steroid levels in the 2
patients with hormonal changes not suggestive of ovu-
lation or corpus luteum formation. The plasma T did not
show the expecled normal pattern presenting circulat-
ing levels above the upper limit of control normal cycles
at the expected late luteal phase (LL). On the other
hand, the %FT presented its lowest values at the LL.
Thus, FT remained relatively constant throughout the
study'in case 11 butit decreased in the 2nd half of the
cycle in case 12, in both patients the values however
were still within the normal range at the expected LL
The relation between the progesterone levels and %FT
in the plasma samples and pools in which progester-
one was added are indicaled in Figure 1, where it can
be seen thal the slopes of the regression lines are
variable. However, in all the analysis of variance of the
regression coefticients showed them to be slatistically
signuficant (9). Probability values (p} are indicated in
Figure 1.

DISCUSSION

A progressive decline in meantotal T from early follicu-
lar ta late luteal phase are indicated by our data, while
several investigators have shown that total plasma T
levels increase during the first half of the cycle lo a
peak value al midcycle and decline afterwards to lower
levels at the luteal phase, the nadir values attained at
the time of the highest P levels (11-13)

However, we could nol find significant differences in
total T values within either the follicular or luteal periods
but in the whole the luteal levels were significantly
lower than those observed in the follicular period.

On the other hand, it has been demonstrated that the
levels of unbound steroid correlate well with the mass
oftolal circulating steroid present (13, 14), confirmed by
our finding of a positive and highly signiticant correla-
tion between total and FT (r = 08336, n = 40). There-
fore. it should be expected that in the luteal phase the
levels of FT should be lower than those found in the
follicular period.

However we observed that there was a significant in-
crease in % FT in the luteal when compared to the
tollicular phase though the total levels of T were de-
creasing. This could be due tg a counteracting effect of
luteal progesterone which could displace endogenous
testosterone from SHBG (sex-hormone binding globu-
liny and/or CBG (corticosteroid binding globulin} by
compelition for the binding sites on that protein{s},
since some reports suggested that synthetic progestin
adminisiralion in pharmacologic doses suppresses
SHBG binding capacity (14-16). It should be men-
toned thal these synthetic progestagens, norgestrel
isomers, chemically resemble testosterone tar more
than progesterone

There is no evidence thal physiological levels of P can
displace endogenous T from SHBG considering that P
1s a very poor compelitor for sites on SHBG with an
aftinity conslant less than 1% that of testosterone (17).
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A possible explanation for our data could be the ais-
placement of endogenous testosterane by P from its
albumin binding since 30% of endogenous testoster-
one and 79% of progesterone are carried by albumin
(17) However, the suggestionthat P is able to displace
T from its binding proteins, albumin in particular. al-
though consistent with results presented in Figure 1.5
difficult to understand in face of current knowledge of
steroid-protein binding. Albumin has a very high capac-
ity to bind steroids and even in pregnancy most of the
steroid binding sites remain unoccupied (17) so that
compelition between different endogenous steroids is
unlikely. A significant decrease in the albumin level
would resultinanincrease in % FT but this is unlikely to
have occurred in our study

Alternatively, the reduced levels of free and total testos-
terone during the second half of the cycle, could be due
to decreased lestosterone production by the ovary.
However, Serio et al. {18) found testosterone (and an-
drostenedione, the major testosterone prohormone in
the adrenals, ovaries and peripheral tissues) concen-
trations significantly higher in the cvarian veins of sub-
jects studied during the luteal when compared lo the
follicular phase while it is known that the adrenal con-
tribution 1o peripheral T (and androstenedione} is rela-
tively constant throughout the menstrual cycle {11}
However, because these authors (18} did only mea-
surements of androgen concentration in avarian blood,
without measuring blood flow, nothing can be said
about secretion rates. Therefore, although the cause
for reduction in testosterane concentration across the
menstrual cycle could be due 10 the decrease in T
binding to its binding proteins, consistent with the
expernimental data, butinconsistent with the physiolog-
icaldala on steroid - protein binding. we cannol discard
the possibility that there is decreased T produchion
during the luteal phase of the normal cycle.
Furthermore, in our two anovulatory subjecls the lack
of increase in P levels would explain the relatively
constant total T, throughout therr study. Besides, the
%FT did not increase as it should be predicted but
rather decreased when compared to the normal late
luteal phase with the highest progesterone levels,
Accepting the validity of our method of calculation in
the equilibrium dialysis technique (7), the finding of an
increased %FT in the luteal phase should reduce total
testosterone concentration since the mass of the circu-
lating steroid level is dependent on its bound fracthion
This is what we found by an independent and sensitive
RIA for total testosterone measurement A simulta-
neous reduction in T production could nol be however
discarded.
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