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Department of Obstetrics and Gynaecology
and WHO Collaborating Centre for Clinical Research
in Human Reproduction, King's College Hospital
Medical School, Denmark Hill, London, S. E. 3

VARIATIONS IN THE CONCENTRATION
OF TESTOSTERONE IN PERIPHERAL VENOUS PLASMA
FROM HEALTHY WOMEN

By

John P. P. Tyler, John R. Newion
and William P. Collins

ABSTRACGT

The concentration of testosterone (ng/100 ml; mean £ sp) has been
determined in peripheral venous plasma at 4 hourly intervals for 24 h
from 9 non-pregnant women (89.8 & 11.8) and 9 during late pregnancy
(70 £ 82). In addition, the level of this hormone has been measured in
samples of plasma removed daily (between 08.30 and 10.00 h) throughout
9 ovarian cycles (41.6 + 11.8), and weckly from 10 women during gesta-
tion (57.6 * 14.7).

The results show that there is considerable individual variation in both
the concentration and pattern in serial samples over the respective time
scales, The values of the arithmetic mean from non-pregnant subjects
show that there is a tendency for the concentration to be lower between
90.00 and 04.00 h. However, the differences between the values at delined
times over a 24 h period arc not statistically significant. During the
ovarian cycle 3 subjects had peak values during the peri-ovulatory phase,
9 in the luteal, 1 in the follicular and 3 showed no consistent pattern.

There was no. significant difference in values (40.9 % 11.8, 41.9 + 119
and 41.8 £ 11.9) for the 5 phascs of the cycle. There is a significant rise- "
in the concentration of plasma testosterone during pregnancy (P <0.0005), -
but the pattern of the arithmetic mean is not related to the corresponding -
values for progesterone or oesiradiol. During late pregnancy (34 weeks to" 7

term) there is a change in the nycterohemeral pattern, with thie highest

mican values: occurring between 16,00 and 04.00 h. The results-are dis-- -

cussed.
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Although the technique of radioimmunoassay has become established as the
method most favoured for the determination of testosterone in biological
fluids, the opportunity that it affords for extensive studies on reproductive
endocrinology has not been exploited. Consequently there has not been the
expected increase in knowledge regarding the physiological role of this com-
pound in women.

There are many interrelated reasons for the lack of precise information
regarding the pattern and significance of changes in the concentration of
testosterone in peripheral venous plasma [rom women throughout the repro-
ductive cycle. Frequently the mean and range of values have been determined
from the analysis of single samples of plasma from relatively few women, who
were presumed to have no endocrine dysfunction. Furthermore, the time at
which the samples were removed has been invariably related to the process of
menstruation, rather than to changes in the level of other hormones from
cither the pituitary or the gonads.

An attempt has been made to overcome some of these problems, and the
present study has involved the determination of testosterone, oestradiol, pro-
gesterone, follicle stimulating hormone (F'SH), luteinising hormone (LH) and
cortisol in serial samples of peripheral venous plasma from well defined
groups of women. In this paper results are presented on the nycterochemeral
variation of plasma testosteronc in 18 subjects, on the daily variation through-
out 9 ovarian cycles and 10 uncomplicated pregnancies studied at weekly in-
tervals from the 26th week to term.

EXPERIMENTAL

Subjects

Thirty-seven women (aged 26 to 84 years) volunicered to participate in the study.
The non-pregnant subjects had a history of reasonably regular menstrual cycles, and
ha apparent general medical or gynaecological disease. Nine were admitted to hospital;
and peripheral venous blood was removed every 4 h throughout a 94 h period: The
samples were taken through an indwelling catheter that had been inserted ‘into an
sntecubital vein, A further 9 volunteers were bled by venepuncture between 08.80 ‘and
16.00 h every day throughout a complete menstrual cycle. The results from. the analyses
vf the latter samples demonstrated that every subject had a biphasic pattern of
vestradiol, a mideycle peak of LH, and levels of progesterone that were greater than
3 ng/ml during the luteal phase of the cycle: Ten pregnant subjects were chosen at
tandom from an antenatal clinic that was held in the’ morning. Blood samples were
‘aken at fortnightly intervals from weeks 26 to 36 after” the Jast menstrual period
and then every week until term. An additional 9 subjects, who were at least 84 weeks
Fregnant, had blood samples removed every 4 h {at the same timés as the non-pregnant
women) over a 24 h period. :
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Method

The concentration of testosterone in peripheral venous plasma was determined in a
liquid phase radioimmunoassay system. Tritiated testosterone (8. A. 100 Ci/mmol) was
used as the labelled antigen, and thc antiserum was raiscd against testosterone-3-
carboxymethyl oxime-bovine scrum albumin. The steroid bound to antibodies was
precipitated with a mixture of ammonium and calcium sulphates, and the precipitate
was resuspended for liquid scintillation counting in the assay tube, Under these con-
ditions the cross-reaction with 3u-dihydrotestosterone was less than 5%, and -the
overall cost of each determination was reduced by up to 70 %. The method has heen
described and evaluated in detail {(Tyler et al. 1973).

RESULTS

Nycterohemeral variation: non-pregnant women

The individual values for the 9 subjects are listed in Table 1, and the pat-
tern of the arithmetic mean + se (NP) is shown in Fig. 1. The lowest mean
value at 04.00 h is 77 % of the maximum value at 08.00 h, and therc is 2
progressive decrease in the mcan concentration throughout the day. There is no
significant difference (Student’s i-test) between the concentrations at any of the
defined times. The overall concentration {(mean * sp) is 39.8 + 11.8 ng/100 ml.

Table 1.

The concentration (ng/100 ml) of testosterone in serial samples of peripheral venous

plasma {rom adult women.

Subject Time (h)
08.00 1200 16.00 20.00 2400  04.00 08.00
1 41 35 26 51 37 28 -
2 38 87 66 46 48 34 52
3 66 63 - 41 34 80 35
4 41 35 97 26 25 29 4
5 42 - 37 33 87 38 3
6 45 39 57 - 39 26 62
7 42 45 46 35 27 26 27
8 63 76 56 43 59 24 37
9 B 87 39 -~ 34 87 35
Mean 463 45.9 44.9 39.8 37.0 35.7 434
.. Standard
deviation 10.5 15.3 14.6 8.5 8.7 17.%- 12:2
Coeflicient o
of ‘variation 22.0 33.0 32.0 21.0 23.0 48.0 284
(o) : Qo :
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Fig. L
The concentration (mean £ sk) of testosterone in peripheral venous plasma throughout
a 24 hour period. P is the pattern from 9 women during the 3rd trimester of pregnancy,
and NP the corresponding pattern [rom 9 non-pregnant subjects.

Daily variation during the ovarian cycle

The mean and range of values {or plasma testosterone from 9 subjects
throughout one complete ovarian cycle is shown in Fig. 2. The sample col-

LH

1111111]111!1{1
“14-12-10-8-6 4 -2 O 2. 4 .6 8 101214
Days relative to LH peak - 4
Fig. 2, :
The concentration (mean %sp) of testosterone in daily samples of peripheral venous
plasma throughout 9 ovarian cycles.
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lection was started on the first or second day of menstrual bleeding, and
continued until the first day of the subsequent cycle. The values, however
are plotted relative to the peak concentration of LH (Day 0) in the same
samples of plasma. Accordingly, days —4 to —14 refer to the follicular phase
of the ovarian cycle, and days 4 to 14 to the luteal phase. The period -3 to 3
is designated as the peri-ovulatory phase.

The concentration (ng/100 ml; mean + sp) of testosterone in peripheral
venous plasma during the follicular phase is 40.9 * 11.8, during the per-
ovulatory phase 41.9 + 11.9, and throughout the luteal phase 41.8 £ 11.9.
There is no significant difference in the values during the three periods. The
mean concentration for the complete study is 41.6 £ 11.8,

If the pattern for every cycle is viewed independently, then § subjects had
peak values in the peri-ovulatory phase, 2 in the luteal, and 1 in the follicular
phase. However, the raised values are not significantly different from the
values during the other parts of the same cycle. In the remaining 3 subjects
the results fluctuated in a random manner.

Changes throughoul gestation

The concentration (mean + sp) of plasma testosterone throughout pregnancy
in 10 subjects is shown in Fig. 3. There is no apparent correlation between the
level of testosterome and the number of weeks of gestation. However, the
overall mean concentration during pregnancy (57.6 + 14.7 ng/100 ml) is signi-

ng/ 100 mi plasma
R N N - e BB IR )
000060 o0 od
T T 1 ¥ 1T 1T 1T 71T 717

1 1 1 i 1 H i 1

26 28 30 32 34 36 38 40
Gestation (weeks)
} Fig. 3. .
The concentration (mean * sp) of testosterone in peripheral venous. plasma from-
10 women throughout pregnancy. i B
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ficantly higher (P <C0.0005, Student’s /-test) than in non-pregnant women.
There is no correlation between the concentration of testosterone in peri-
pheral venous plasma from the mother, and the birth weight or sex of the baby.

Nycterohemeral variation: late pregnancy

The individual values for testosterone in plasma samples removed every 4 h
from 9 pregnant subjects prior to labour are shown in Table 2. The pattern
of the arithmetic mean + sr (P) is shown in Fig. 1. The lowest mean concen-
tration is 65 % of the maximum value at 20.00 h. There is no significant dif-
ference between the concentrations of plasma testosterone at different times,
and the individual variation in both level and pattern is considerable. The
averall concentration (mean + sp) is 70 =32 ng/100 ml.

DISCUSSION

There are conflicting reports in the literature regarding changes in the con-
centration of testosterone in serial samples of peripheral venous plasma from
healthy women. For example, previous studies on samples removed throughout

Table 2.
The concentration {ng/100 ml) of testosterone in serial samples of peripheral venous
plasma from women during the third trimester of pregnancy.

Subi Time (h)
subjeet
08.00 12.00 16.00 20.00 24.00 04.00 08.00
1 73 89 104 154 89 118 77 .
2 55 56 81 68 59 55 73
3 54 46 53 62 53 56 64
4 45 48 56 128 108 59 113
5 42 41 51 45 42 50 47
6 57 87 119 54 143 58 - 113
7 55 45 48 40 65 34 48
8 51 47 102 59 52 191 54
9 52 58 55 133 53 54 50
Mean 58.8 57.1 74.3 82.6 73.8 750 - 710
+ Standard
deviation 8.7 18.2 27.6 43.2 332 49.2 26.1
Coefficient
of variation 16.2 31.8 37.1 52.8 - 450 65.8 36.8
{%s) :
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the ovarian or menstrual cycle have shown that the highest values may occur
during the follicular phase (Lloyd et al. 1966), the peri-ovulatory phase ( Judd
& Yen 1973; Abrahawn 1974), or the luteal phase (Coyotupa ¢t al. 1972}, The
results from the present study on 9 subjects have confirmed that the pattern is
variable, and that the fluctuations are small. Only 1 of the subjects had peak
levels during the follicular phase, 3 had raised values during the peri-ovula-
tory period, and 2 during the luteal phase. The 8 remaining subjects showed
no obvious pattern. A statistical analysis of the results established that there
was no significant difference between any of the defined phases of the ovarian
cycle. Accordingly, it is concluded that the findings reported by previous in-
vestigators may have depended primarily upon the number of subjects and
cycles that were studied.

Complementary studics on sex hormone binding globulin (SHBG) have shown
that there is no significant change in the level of this protein in peripheral
plasma throughout the ovarian cycle (Anderson 1974). This finding implies
that the conceniration of apparent free testosterone probably follows a similar
pattern to that of total testosterone.

To date there is no information regarding changes in the concentration of
testosterone in peripheral plasma throughout the day and night in women.
Numerous studies on this aspect have been undertaken on groups of men, and
the majority of the results have shown higher concentrations in the early
morning (04.00 to 08.00 h). However, there is variation between individuals in
the amplitude and duration of the rhythm and it is difficult to prove that
significant differences do occur (Boon et al. 1972). The results from the present
study on serial samples from 9 non-pregnant women have shown a similar
pattern, in that there is a tendency for the mean values to decrease during the
day to a value at 04.00 b that is 77 % of the maximum value at 08.00 h. This
trend is similar to that observed for cortisol (the lowest mean value is 199/ of
the maximum) and androstenedione (James & Andre 1974), and may well re-
flect changes in the contribution of testosterone and precursors from the
adrenal cortices.

During pregnancy the foetus and placenta contribute to the concentrations
of various hormones in maternal plasma, and there is general agreement that
the total amount of testosterone is increased (Osborn & Yannone 1971). The
complete explanation for this rise is not known, but it has been postulated that
the increased production of oestrogens is associated with a rise in the con-
centration of SHBG. The results from the present study show that altheugh
the mean concentration of testosterone throughout pregnancy is elevated when
compared with the values from non-pregnant women (P <C0.0005), there is
not a progressive increase, and the pattern is different from that of progeste-
rone or ocstradiol. These findings are similar to those reported by Mizuno et al.
(1968); although their values were considerably higher. The finding thaf the
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mean concentration of testosterone in 2 of the 9 subjects was within the range
of values for non-pregnant women is consistent with a report by Bachmann
et al. (1974), who found a similar phenomenon in 2 out of 6 subjects. The
pattern of testosterone in peripheral venous plasma throughout the day and
night is more variable during late pregnancy, and is different to that defined
n non-pregnant women. The trend for the arithmetic mean is similar to that
obtained for progesterone (Runnchaum et «l. 1972), which possibly indicates
a contribution from the foeto-placental unit.

The results detailed in this paper show that there is a marked individual
variation in the concentration of testosterone in peripheral venous plasma.
However, when the arithmetic mean values from at least 9 subjects are plotted,
trends may be seen throughout the day and night in non-pregnant and preg-
nant women, and throughout the course of pregnancy. The values during the
ovarian cycle remain remarkedly constant compared with the wide fluctuations
i the concentrations of other gonadal steroids. These findings may be ex-
plained with reference to studics of the dynamic aspects of androgen meta-
bolism. For example, it has been shown that up to 60 %, of the testosterone in
peripheral venous plasma may originate from the extraglandular conversion
of androstenedione (Horton & Tait 1967). Furthermore hoth testosterone and
androstenedione are secrcted by the ovaries and adrenal cortices. The mean
blood production rate of androstenedione has been estimated as 3.3 mg/24 h
and that of testosterone as 0.23 mg/24 h (Bardin & Lipsett 1967). The relative
contribution of the ovaries and adrenal cortices is difficult to determine over
a given period of time, but studies involving the analysis of ovarian venous
blood have indicated that only small amounts of testosterone are secreted, and
that androstenedione is the major Cyy steroid secreted from the ovary (de Jong
¢t al. 1974). Other investigations on a woman who had been adrenalectomised
{Abrakam & Chakmakjian 1973) and on patients whose adrenals had been sup-
pressed (Abrakam 1974) suggest that up to 60 %/ of the androstenedione. in
peripheral venous plasma may be of adrenal origin. ~

It is concluded that the measurement of testosterone in peripheral verious

plasma from women provides a reasonable index of androgen status, but may._

not reflect acute changes in ovarian physiology.
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