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Correlation of ovarian follicle size and the urinary
excretion of oestrone glucuronide, luteinizing hormone
and pregnanediol glucuronide in spontaneous cycles
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Department of Obsteirics and Gynaecology, University College Hospital, Ibadan, Nigeria, and * Academic
Department of Obstetrics and Gynaecology, King's College School of Medicine and Dentistry, London, U.K.

Summary

Ovarian follicular development was investi-
gated in 17 apparently normal women in whom
ovulation was dated using real-time ultrason-
ography. Ultrasonic determination of follicular
growth was performed on a daily basis with a
real-time sector scanner, and correlated with
daily concentrations of oestrone-3-glucuronide
(Ey-3-G), luteinizing hormone (LH) and the
ratio  of E;-3-G  to  pregnanediol-3a-gluc-
uronide (Pd-3«¢-G) in carly morning urine.
The main results from ultrasonography showed
that all patients except one developed follicles
greater than 1.8 ecm, with a mean growth rate of
0.18 cm/day. There was a statistically significant
correlation between the mean follicular dia-
meter and the mean concentrations of urinary
E,-3-G (r = 0.95, P < 0.001) and ratio of E,-3-
G to Pd-3a-G (r = 0.97, P < 0.001) during the
8 days prior to ovulation.

Résumé

[enquéte a été faite sur le développement folli-
culaire ovarien en 17 femmes normales appar-
emment dans lesquelles I'ovulation a ¢té datée
en utilisant un temps réel d’ultra-sonographie.
La détermination ultra-sonique de croissance
folliculaire était demontrée a base journaliere
avec un secteur de temps réel et de corréla-
ton avec des concentrations journaliéres
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d’oestrone-3-glucuronide  (E;-3-G), hormone
lutéinisant (LH) et la proportion de E;-3-G a
pregnanédiole-3a-glucuronide  (Pd-3a-G) dans
I'urine maternale de bonne heure. Les résultats
principaux d'ultra-sonographiec a montré quc
les malades, sauf un, avaient développé des fol-
licles plus que 1.8 cm avec un taux moyen de
croissance de 0.18 cm par jour. Il y avait une
corrélation importante statistiquement entre le
diametre folliculaire moyen et la concentration
urinairc moyenne E;-3-G (r = 0.95, P < 0 001)
ct en raison de E-3-G a Pd-3a-G (r = 0.97, P
< 0.001) de 8 jours antéricurement 2
I'ovulation.

Introduction

Ultrasound monitoring of ovarian structural
changes has become a widely accepted method
for the evaluation of ovarian function and its
accuracy in this regard has been confirmed (1,
2]. There are increasing reports that these
readily identifiable morphological changes re-
flect the physiological process occurring within
the ovary [3]. Most of these reports have been
on plasma oestradiol. However, steroidal hor-
mones are characterized by large day-to-day
variations, and frequent samples are often re-
quired to identify their trend [4, 5]. As frequent
blood samples are impractical in routine clinical
practice, other biological fluids that are casily
collected at home by the patient may be prefer-
able to daily serum hormone assays.

Results have shown that the measurement
of oestrone-3-glucuronide (E,;-3-G) in daily
samples of early morning urine (EMU) could
be used to monitor follicular development, pre-
dict ovulation, and locate the probable start and
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finish of the fertile period in healthy women
and in infertile women undergoing therapy
to induce ovulation [6]. The measurement
of pregnanediol-3a-glucuronide  (Pd-3a-G)
could be used to confirm the presence of a cor-
pus lutcum. This study attempts to determine
the temporal relationships between ultrasonic
morphologic measurement of follicular dia-
meter and urinary hormone metabolites as in-
dices of ovarian function in spontancous cycles.

Patients and methods

A total of 17 women (aged 20-30 years) were

studied. They were sclected from patients on
the waiting list for artificial insemination by
donor (AID). These women had all experi-
enced regular menstrual cycles (24-33 days) for
at least 3 months prior to the study. Fur-
thermore, all were in good general health
and were not on a special diet or receiving
any drug therapy. Particular care was taken
to check that there was no history or evidence
of hiver or kidney discase or dysfunction.

An ATL Mark 100 real-time sector scanner
with a 720 ultrasonic scanhcad was used for
echographic studies. The maximum diameters
of the follicle were measured in both the longi-
tudinal and transverse planes. The means of
these measurements were obtained. Each pa-
tient was scanned daily from day 5 until there
was confirmatory ultrasonic evidence of ovula-
tion. Ovulation was assumed to have occurred
when one or more of the following phenomena
were observed with ultrasound: appearance of
internal echoes in a mature follicle; collapse of
follicle, either in shape and/or reduction in size;
disappearance of a mature follicle. This was
earlier described by Queenan et al. [1].

The patients were scanned between 08.30 h
and 10.30 h daily, and the examination time
was less than 5 min per patient. The full bladder
technique was employed. Each patient col-
lected early morning urine samples from day 1
of the menstrual cycle to the day preceding the
onset of the next menstrual bleeding, except
when the patient became pregnant and urine
samples were collected until day 42. Oestrone-
3-glucuronide and Pd-3a-G were measured
by liquid-phase radioimmunoassay (RIA) using
tritiated antigens as described by Collins e al.
[6]. Luteinizing hormone was measured by

chemiluminescence  immunoassay — using  an
activated ester of a hemisuccinyl denvative of
6-(N-4-aminobutyl-N-cthyl)amino-2,3-dihydro-
phthalasine-1.4 dione (ABEI-H), as previously
described by Brockelbank er al. [7]. An evalua-
tion of the methods gave the following values:
sensitivity of calibration curve: 2.78 mol/l for
E-3-G, 0.24 mol/l for Pd-3u-G and 0.2 1/l
for LH. The intra-assay precision (CV%) was
6.1% for E;-3-G, 4.3% for Pd-3a¢-G and
25.7% for LH. The between-batch precision or
routine conditions variance (RCV%) was
11.4% for E;-3-G. 12.1% for Pd-3u-G and
5.8% for LH. The mean bias was 17% for E,;-3-
G, —15% for Pd-3u-G and + 5.8% for LI

The first significant rise in the concentration
of a urinary metabolite was defined as the first
amount that was 1.5 times the mean of the three
preceding values. The peak excretion was the
highest amount that was at least twice the mean
concentration for the three preceding samples.
For statistical analysis. the value for cach
metabolite on every day of the ovarian cycle.
relative to the day of follicular rupture, was
best described by the mean transformation
of the results to Log.

Results

The daily time scale for both the hormonal and
ultrasonic variations was related to the day im-
mediately after the largest follicular diameter
(i.e.. the day of follicular rupture), which was
defined as day 0. Two patients became
pregnant during the study.

Table 1 shows the mean follicular diameter
(dominant follicle) relative to the day of follicu-
lar rupture and the increase in mean follicular
size. Steady follicular growth occurred in all pa-
tients reaching a mean maximum diameter of
2.05 (£ 0.19) cm. In the two patients that be-
came pregnant, the pre-ovulatory follicular dia-
meter was 1.8 and 2.0 cm, respectively. The
mean increase in follicular size relative to the
day of follicular rupture was 0.18 * 0.04 cm/
day. In all cases, the dominant follicle ovulated
within 20-30 h of reaching its mean peak dia-
meter.

The days on which the rise and peak value for
each steroid glucuronide and urinary LH occur-
red, relative to the day of follicular rupture,
were identified, and the total number of sub-
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Table 1. Follicular diameters in spontancous cycles (mature follicles)

Days relative to
day of follicular -8 =7
rupture

Mecan follicular
diameter (cm)”® 0.82 0.93

Standard deviation  0.25 0.22

Increase in mean
follicular size (cm)f 0.11

1.10 1.24 1.46 1.67 1.90 2.05
0.20 0.23 0.22 0.18 0.16 0.19

0.17 0.14 0.22 0.21 023 0.15

*Maximum diameters of the dominant follicles were measured in both
the longitudinal and transverse planes over the period of maximum folli-
cular growth (day —8 to day 0) in 17 subjects.

tIncrease in mean follicular diameter (cm/day) was 0.18 (£ 0.04).

jects with identifiable rise and peak values for
cach analyte is presented in Fig. 1. A peak of
LH could be defined in 14 (82.3%) of the pa-
tients within 24 h of follicular rupture, as
observed by ultrasound. These results provide
further evidence that an initial rise or peak in
the concentration of urinary LH may be used to
detect ovulation. A peak of E;-3-G was identi-
fied in 16 (94.1%) of the patients about the time
of ovulation (i.e. £ 24 h of follicular rupture).
Using the initial rise in Pd-3a-G values, ovula-
tion was detected in 10 (58.9%) of the 17 pa-
tients studied within 48 h of follicular rupture.
Table 2 compares the values of all the hor-
mones assayed as a useful index for the immedi-
ate detection of ovulation. The shortest mean
interval to the estimated time of ovulation
(ETO) are the rise values for LH and the peak
values for E;-3-G. and the ratio of E;-3-G/
Pd-3u-G. Using the rise values as the sole
criterion for ovulation, less than 25% of the
patients studied failed to meet this criterion.

Figure 2 is a scatter diagram showing the rela-
tionships between the log mean concentration
of urinary E,-3-G and the mean follicular dia-
meter. There is a significant correlation be-
tween the urinary E;-3-G and mean follicular
diameter (r = 0.95, P < 0.001). On a linear re-
gression analysis of urinary oestrogen (y) on
mean follicular diameter (x), the regression
equation was as shown in the figure. The re-
gression line is significant (P < 0.001) and the
fraction of the total sum of squares explained

Oestrone
104 9lucuromide

]
4
q
2 |

S 114111
of buemang

No. patients
o

2«' H

o,

Pregnanediol 3cc-glucuronide
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e 000

-8 -6 -4 -2 0 +2 +4 +6 48 +I0

Days relative to follicular rupture

Fig. 1. Rise (0) and peak (8) values of ocstrone
glucuronide, LH and pregnancdiol glucuronide rel-
ative to day of follicular rupture.
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Table 2. A comparison of urinary hormone assays for the immediate
prediction of ovulation®

Mecan interval (days) from
follicular rupture to estimated

No. patients who fail time of ovulation by
Assayt to meet criterion (%)  analyte (mean * s.d.)
E\-3-G
Rise 3 (17.6) —2.57 (0.94)
Pcak = -0.52 (0.62)
LH
Rise 2 (11.76) —-1.0 (0.76)
Peak — +0.47 (0.94)
Pd-3a-G
Rise 3 (17.76) +1.79 (1.05)
Peak — +7.47 (1.59)
Ratio E;-3-G
to Pd-3a-G
Rise 4 (23.53) —4.62 (1.50)
Peak — —1.18 (1.13)

*Early morning urine samples were collected on a daily basis and
assayed for cach metabolite in 17 menstrual cycles (17 subjects).

iThe first significant rise in the concentration of a urinary metabolite
was defined as the amount that was 1.5 times the mean of three preced-
ing values. The peak excretion was the highest amount that was at lcast
twice the mean concentration for the three preceding samples.

by the regression line is 0.91. Figure 3 is a scat-
ter diagram showing the relationship between
the mean follicular diameter and the ratio of
E,-3-G/Pd-3a-G. There is a significant correla-
tion between ratio of E;-3-G/Pd-3a-G and
mean follicular diameter (r = 0.97, P < 0.001).
On a hnear regression analysis of ratio of E,;-3-

160 =
y +1.4237 +0.3248x o
(r:0.95)
8 120+ (P<0.001)
¥
3¢
72 80~
'? v
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Follicular diameter (cm)

Fig. 2. Corrclation between the mean of urinary
oestrone-3-glucuronide and mean follicular diameter.

G/Pd-3a-G (y) on tollicular diameter (x) the
regression was shown in the figure. The regres-
sion is significant (£ < 0.001) and the fraction
of the total sum of squares explained by the
regression line is 0.93.
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Fig. 3. Corrclation between ratio of ocstrone glucur-
onide (E;-3-G) to pregnanediol glucuronide (Pd-3a-
G) and the mcan follicular diameter.
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Discussion

The ability to monitor accurately the growth of
human Graafian follicles using non-invasive
procedures, such as ultrasonography. repre-
sents a considerable advance in studies of hu-
man fertility. In this study, both ultrasound and
measurement of urinary hormone metabolites
provided similar clinical information concern-
g follicular development. Other workers have
attempted to correlate ultrasound findings with
hormone levels. Initial reports were on plasma
oestradiol and they demonstrated little or no
correlation  between  serum  oestradiol  (E;)
levels and follicular diameter [8], until Hack-
cloer et al. [3] reported an excellent correlation
between follicular diameter and plasma oestra-
diol levels in spontancous cycles (r = 0.968, n =
15). Subsequently, Vargyas et al. |9] demon-
strated a close correlation of real-time ultra-
sound imaging of ovarian follicle growth and E,
secretion  in ovulatory  patients  following
clomiphene citrate for in-vitro fertilization.

In our study, when hormonal data were com-
pared and contrasted with ultrasonic follicular
diameters over a period of maximum follicular
growth and development (day =8 to day 0),
there was a statistically significant correlation
between follicular diameter and urinary E;-3-G
levels, and the ratio of E;-3-G to Pd-3a-G.
Furthermore, our study shows that the shortest
mean intervals to the estimated time of ovula-
tion (ETO) were the mean rise value for LH
and the mean peak values for E;-3-G, and the
E;-3-G/Pd-3u-G ratio. The mean peak value
for LH and the mean rise value for Pd-3a-G,
although 0.50 day and 0.86 day. respectively,
occurred after the ETO. This fact may exclude
their use as a practical method for ovulation
prediction. However, it must be borne in mind
that as there was a 24-h interval between suc-
cessive ultrasound examinations, the ETO in
our study would spread over 24 h, i.e. between
the time the maximum follicular diameter was
observed and the time the ultrasonic evidence
of ovulation was noted. Furthermore, the peak
value is only known in retrospect and in our
definition can only be known at least 3 days
after its occurrence.

A peak of LH was identified in 14 out of 17
patients used in this study within 24 h of follicu-
lar rupture, as observed by ultrasonography.
Previously, Renauld er al. [10] found that in

three of 10 normal women volunteers with
regular cycles and no gynaccological ab-
normalities, disappearance of the follicles by
ultrasound scanning occurred on the day of
maximum plasma LH values. In the remaining
cycles, the follicles disappeared on the day fol-
lowing the maximum LH value. There are two
components to the half-life of LH in peripheral
circulation — one of approximately 20 min and
the other of approximately 3 h [11], and the
main metabolite is rapidly excreted in urine.
Conscquently, the measurement of LH in daily
samples of urine is a practical reference method
for the detection of ovulation. Similarly, the
kinetics and mode of oestradiol metabolism
have been studied using isotopic tracer tech-
niques [12]. Oestradiol rapidly disappears from
the circulation; both the half-life (defined as the
time taken for the total blood hormone level to
fall by half should endogenous production cease
completely) and the turnover time (defined as
the time taken to replace as much hormone as 1s
present in the circulatory blood at any one in-
stant), have values between 5 min and 25 min.
The urinary oestrogen levels, as used in our
study. may be a good reflection of plasma con-
centration and thus the close correlation
obtained in the study.

The mean rise value for Pd-3a-G (0.50 day)
in this study occurred after the ETO, and thus
excludes its use for ovulation prediction.
However, the rising progesterone concentra-
tion, being a marker of follicular response to
LH surge, may be a uscful index for the im-
mediate detection of ovulation. In fact, using
the initial rise in Pd-3a-G values, ovulation
was detected in about 60% of our subjects
within 48 h of follicular rupture. The results
from numerous studies have shown that the
urinary excretion of metabolites of progester-
one starts immediately after an injection of
labelled progesterone. Approximately 1% of
the total dose accumulates in the urine during
the first 30 min after injection, 9% by 4 h [13),
29% by 24 h,37% by 48 h and 41% by 72 h [ 14].
Other studies have shown that up to 27% of
radiolabelled progesterone are excreted in the
urine as pregnanediol-3a-glucuronide [15, 16].
Thus, the concentration of this metabolite can
be used as an index of luteal function. The ratio
of E;-3-G/Pd-3ua-G as used in this study is con-
sidered important, as the pre-ovulatory levels
of progesterone are fairly constant, and so may



82 A. O. Adekunle, W. P. Collins and M. 1. Whuehead

be used to ‘standardize’ the E,-3-G reading for
the concentration of urine samples [17].

In conclusion, ultrasonography provides ade-
quate information on Graafian follicle size and
growth. Considering the wide biological varia-
tions that occur in human reproductive hor-
mone levels, the findings of this study represent
a good correlation between estimates of func-
tion and morphology. To predict and detect
ovulation rapidly would be of great value for
the treatment of infertility as well as natural
birth control.
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