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SUMMARY 

Simple and specific solid-phase radioimmunoassays are described for the determination of estriol-16a- 
glucuronide in urine and pregnancy plasma. The radioimmunoassay is carried out directly in diluted 
urine or plasma. The antiserum-bound steroid is separated from the unbound fraction simply by centri- 
fugation, and in the method used for pregnancy urine the supernatant is used for radioactivity counting. 
In the modification for plasma and non-pregnancy urine the antiserum-bound steroid is freed from 
the solid support by shaking with hydrochloric acid, and the freed radioactivity is counted. Anties- 
triol-16a-glucuronide antiserum was raised in a sheep and coupled to agarose gel. The antiserum 
showed exceptionally good specificity. Data on the reliability of the methods are presented and reference 
values for urinary estriol-16a-glucuronide in pregnancy urine are given. The methods seem suitable 
for monitoring of foetal well-being in pregnancy and for prediction of ovulation in fertile women. 

INTRODUCTION 

Conventional techniques for measuring conjugated 
steroids in urine or plasma involve hydrolysis and 
extraction of the free steroid. Recently, radioimmuno- 
logical methods for measuring the intact conjugates 
have been developed [l-5]. In one study the azoben- 
zoyl derivative of estriol-16x-glucuronide coupled 
mainly to C-4 was used for immunization [6] but 
the exact procedure has not been published. Most 
antibodies were raised with antigens in which the ster- 
oid glucuronide was coupled to the macromolecule 
through the carboxyl group of the glucuronic acid 
moiety. In antibody production coupling to other 
positions of the steroid would theoretically yield more 
specific antibodies; however, direct coupling is much 
simpler and more convenient, and in our hands has 
resulted in highly specific antibodies. Utilizing anti- 
bodies to estriol-16x-glucuronide (E,-16aG), we have 
developed solid-phase radioimmunological methods 
for determination of this steroid in urine and preg- 
nancy plasma. The methods are suggested to be used 
for prediction of ovulation in non-pregnant women 
and for the monitoring of foetal well-being. 

EXPERIMENTAL 

Material. Twenty-four h urine was collected from 
normal pregnant women from the eighth week of ges- 
tation to term. In some cases plasma samples were 
taken into heparinized tubes the morning when urine 
collection was finished. Urine was also collected from 
volunteers during a menstrual cycle for determination 
of E,-16aG concentration before and around ovula- 

* To whom correspondence should be sent. 

tion. Ovulation was confirmed by assays of urinary 
LH and plasma progesterone. All urine and plasma 
samples were stored at -20°C until analysed. 

Reference compounds. [6,9-3H]-Estriol-16c+glucur- 
onide was purchased from the Radiochemical Centre 
(Amersham, Bucks, England), S.A. 32 Ci/mmol. The 
following reference steroids were used: estriol-16cc- 
glucuronide (E,-16aG), estriol (E3), estradiol-17fi (E,), 
estrone (E,) and 16-oxo-estradiol-17/l(16-oxoE,) were 
from Ikapharm (Ramat-Gan, Israel). Estrone-3-glu- 
curonide, (Ei-3G), estradiol-3-glucuronide (E,-3G), 
estriol-3-glucuronide (E,-3G), estradiol-17fi-glucur- 
onide (E,-17BG), 17-epiestriol-16x-glucuronide 
(17-epiE,-16aG), and 16-epiestriol-16fi-glucuronide 
(16-epiE,-16PG) were gifts from Dr. A. E. Kellie. 
2-hydroxyestradiol-1-S-glutathione (2-OH-Ez-l-S- 
Glut.) was a gift from Dr. J. C. Elce. Estrone-3-sul- 
phate (E,-3-S) was purchased from Orion Oy (Hel- 
sinki, Finland) and estriol-3-sulphate (E,-3-S) from 
Leo Ab (Halsingborg, Sweden). 

Reagents. Tricine (N-Tris-(hydroxymethyl)methyl- 
glycine)(Fluka AG, Bucks, Switzerland), sodium 
chloride, sodium hydroxide, sodium azide and hydro- 
chloric acid (Merck AG, Darmstadt, Germany), gela- 
tine (Difco Laboratories, Detroit, Michigan, U.S.A.), 
2,5-diphenyloxazole (PPO)(Koch Light Laboratories, 
Colnbrook, Bucks, England), 1,4-bis-2(5-phenyloxazo- 
1yl)benzene (POPOP) (Packar Instrument Company 
Inc., Downers Grove, U.S.A.), Triton-X-100 (BDH 
Chemicals Ltd., Poole, England), and xylene (J. T. 
Baker Chemical Co., Deventer, Holland). 

Assay buffer. Tricine-buffered saline (TBS), pH 8.0, 
containing 0.1% gelatine was prepared as described 
by Hennam et al. [7]. 

Antiserum. E,-16ctG was coupled to thyroglobulin 
via the carboxyl group of glucuronic acid as described 
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by Abraham and Grover [X] and the macromolecule 
conjugate was injected into two sheep. The IgG frac- 
tion was isolated by precipitation with sodium sul- 
phate and immobilized by reaction with CNBr-acti- 
vated Sepharose!’ L (Ph~lr~n~lci~l Fine Chemicals Ab, 
Uppsala, Swcdcn): I g of Scpharose 4B is swelled and 
washed for 15 min on a glass filter with lO_” M HCI 
solution (200 ml). I ml of IgG solution. diluted to 5 ml 
with 0.1 M NaHCO, bufl’er containing 0.5 M N&I. is 
mixed with the gel in the test tube and the mixture 
is rotated for 2 h at room temperature or overnight 
at 4C. Unbound material is washed away with cou- 
pling buffer and any remaining active groups are 
reacted with I M ethanolamine at pH 8 for I-2 h. 
Three washing cycles are used to remove non-cova- 

lently absorbed protein. each cycle consisting of a 
wash at pH4 (0.1 M acetate buffer containing I M 
N&I) followed by a wash at pH X (0.1 M borate 
buffer containing I M NaCI). The get is stored 
at f4’C. 

Before use in radioimmunoassay a suitable amount 
of the gel is washed with 0.9”,, sodium chloride to 
remove any free antiserum displaced from the gel. The 
gel suspension is diluted to 1 :ScK) (~~n~iserurn A) or 

1:2000 (antiserum B) for the assay. These dilutions 
correspond to 1 :12,500 and 1 :SOoO dilutions of ori- 
ginal antisera. 

Scinti/lution /fuid. PPO-xylene was prepared by dis- 
solving 15 g of PPO and 1 g of POPOP in 1250 ml 
of Triton X-100 and xylene added 5000 ml. 

Metho& 

Method .fiv pregnunc!~ winv (wthod I). 24-h urine 
samples are diluted 100&10,000 times with the assay 
buffer and 0.5 ml aliquots are transferred in duplicate 
to disposable Eppendorf microtubes. A standard 
curve is constructed by diluting E,-l&C to 
25%2000pg/ml with the assay buR‘er and assayed as 
the samples. 0.1 ml of [“H]E,-16zG dilution contain- 
ing about 100 pg (7.1 nCi) is added to the tubes. An 
aliquot of the antiserum suspension is washed twice 
in a centrifuge tube by adding 10ml of saline and 
then centrifuging (10min. 4000s). The washed SLIS- 
pension is diluted to produce about 40-50”,, binding 
of the tracer in the absence of unlabelled ligand. The 
antiserum suspension is continuously mixed with a 
magnetic stirrer and 0.4ml added to the tubes with 
an automatic pipette. and the reaction mixture is in- 
cubated for 2 h at room temperature with gentle 
rotation. The tubes are centrifuged at room tempera- 
ture (2.5 min. SOOOg), and 0.7 ml aliquot of the super- 
natant from each tube is transferred to the counting 
vial containing PPO-xylene, and the radioactivity in 
each tube is measured in a Wallac 81000 automatic 
liquid scintillation counter (Wallac Oy, Turku, Fin- 
land). 

The incubation time of 2 h was chosen after testing 
30 min. 1. 2, 3 and 24 h incubation times. Standard 
curves (5 tubes for each point of the standard curve) 
were compared. The sensitivity and precision of each 

curve was calculated and found that the 2-h incuba- 
tion did not differ from 3- or 74-h incubation, 30 min 
and 1 h did not yield satisfactory standard curves. 

A modjjic.trtion jbr preyncrrx~~ pltrsmtr md ml-prq- 

77f777~~~ uriw (method ff). Plasma is diluted SO-200 
times and IloIl-pregnancy urine l&.50 times with the , 
assay buffer and assayed in the same way as preg- 
nancy urine (see above) to the point after separation 
of the antiserum-bound and unbound fractions. After 
centrifugation the bulk of the supernatant is removed 
by suction and the particles (0.2 ml) containing the 
antiserlIrn-t~(~Lltid steroid are washed twice with 1 ml 
of 0.9” ,, sodium chloride. 0.X ml of 1 mol/l. HCI is 
added and the tubes are shaken for 30min in an 
Eppendorf rotamixer 3300 to liberate the radioacti- 
vity from the particles. After centrifugation 0.7ml of 
the supernatant is taken for radioactivity counting. 
It may be mentioned that no dissociation of anti- 
bodyyligand complex caused by washing with NaCl 
was ever found. 

Estriol-Ihx-ylu~urorlirfe [9] and estriol [lo] were 

also assayed in pregnancy urine by specific gas-chro- 
matography methods. Progesterone was assayed by 

r~~dioimmuno~~ssay from 0.5 ml of plasma which was 
extracted twice with five vol. of petroleum ether. In 
other respects the previously published method was 

followed [I 11. 
LH it7 urine was assayed by a radioimmunological 

method. The extraction method of Reiter et (11. f12) 
was slightly modified usith smaller volumes. The LH 
is precipitated with I ml of cold acetone from 5ml 
of acidified urine (pH 4.5 is obtained with glacial ace- 
tic acid). The urine is thoroughly mixed with a Vortex 
shaker and kept overnight at +4,C. The supernatant 
was poured OR‘ and the acetone still left in the precipi- 
tate is evaporated. The inimunoassay is carried out 
with a double antibody solid-phase technique 
(DASP)(Karonen et d.. manuscript in preparation). 
The 2nd IRP HMG standard (C67061) was used as 
standard. (WHO International Laboratory for Bio- 
logical Standards, National Institute for Medical 
Research. Mill Hill. London. N.W.7, England). 

RESt,I,TS 

Spec$cit~~. Known amounts of estriol-16r-glucur- 

onidc, estriol (Es), estradiol (E,), estrone (E,), Es-3G, 
E,-3-S, l6-epiE,-16/IG, 1 7-epiE,- 16zG, E I-3-S. 

E,-3G. Ez-1 7PG. Ez-3G, l&oxoE, and 2-OH-E,-I-S- 
glut. were dissolved in the assay buffer and suitably 
diluted. Cross-reactivity of each steroid were deter- 
mtned at 5n”,, inhibition of the binding of labelled 
E,-16ctG 1131. The antiserum (A) used in the assays 
did not cross-react significantly with any of these ster- 
oids: less than l”,, with the conjugates and 0.2-2.0T,;J 
with the free steroids. Table 1 shows the percentage 
cross-reactivities of the two Sepharose-coupled anti- 
sera (A and B) with the steroids listed above. Also 
presented for comparison the specificity of the anti- 
serum (C) used previously in the liquid-phase, RIA 
of E,-IhctG 141. 
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Table 1. Cross-reactivities of the two antisera, A and B, used in the solid-phase 
RIA for urine and plasma and of antiserum C used in the liquid-phase RIA 

141 

Steroid A B C 

Estriol-16cc-glucuronide 
Estriol 
Estradiol 
Estrone 
Estriol-3-glucuronide 
Estriol-3-sulphate 
16-Epiestriol-16B-glucuronide 
17-Epiestriol-16a-glucuronide 
Estrone-3-glucuronide 
Estrone-3-sulphate 
Estradiol-17b-glucuronide 
Estradiol-3-glucuronide 
16-Oxoestradiol-17B 
2-Hydroxyestradiol-I-S-glutathione 

100 100 100 
2.0 1.3 <I 
1.5 0.4 <l 
0.2 <O.l <1 

<O.l co.1 <O.l 
<O.l co.1 3.0 
<O.l 0.6 0 

0.6 17.2 0.1 
<O.l 0.1 0 
<O.l <O.l <1 

0.1 0.9 <l 
0.2 <O.l tl 
0.9 10.1 
0.4 0.1 <l 

The ufinity constant of the antiserum (A) was deter- 
mined from a Scatchard plot [14] and by a saturation 
curve method suggested by Ode11 et al. [lS]. The 
two methods gave results of the same order: 
1.12 x 10’“l/mol by the former and 1.15 x 
10” l/mol by the latter method. 

Accuracy was determined by adding 50-500 pg of 
E,-16crG to a pooled diluted late-pregnancy urine 
sample. The samples were assayed, and the recoveries 
for each addition were calculated. The mean recovery 
was 95.7 + 9.7% (N = 20) by method I and 
101.7 + 9.3% (N = 20) by method II. There were no 
significant differences of the mean recoveries for each 

level of addition. 
The pooled urine sample was analyzed by both 

methods 10 times at different occasions. The mean 
value obtained by method II was 1.9% smaller than 
by method I and the difference was not significant. 

Precision. Intra- and interassay coefficient of vari- 
ation (C.V.) were calculated according to Snede- 
cor[16] for both methods from 15 urine samples 
diluted to lO&SOO pg/O.5 ml. The interassay C.V. was 
8.3% for method I when calculated for these 15 
samples in two different assays. When these samples 
were pooled and assayed in 10 different assays, the 
interassay C.V. was 8.1% for method I and 8.0% for 
method II. The intra-assay coefficient of variation was 
7.3% for method I and 6.9% for method II. 

Sensitioity. By both methods the lowest detectable 
value which differs from zero by two standard devi- 
ations was 25 pg. A graphical presentation of logit- 

log transformation of a typical standard curve is 
shown in Fig. 1. 

The day-to-day variation in urinary excretion of 
Es-16aG in pregnancy was calculated from 26 pairs 
of 24-h urine samples collected on consecutive days. 
Variation was 12.4x, which is in good agreement with 
the figure of 10.2% previously obtained [4]. 

Reference values for E,-16aG concentration in 
pregnancy urine were determined in 100 urine 
samples from the 8th week of gestation to term. The 

24-h values calculated as mg estriol are presented in 
Fig. 2. 

Comparison of the results with estriol-16a-glucuronide 
and estriol values determined by gas chromatographic 
(GE) methods 

E,-16aG was determined in 25 urine samples col- 

lected from normal pregnant women. Urines were 
assayed by the present method (I) and by a GLC 
method [9]. A good correlation was found, the coeffi- 
cient of correlation being 0.97. The regression equa- 

tion was y = 0.92 x + 0.89, where y represents the 
values obtained by RIA and x those by GLC. The 
mean values for E,-16aG excretion (as E,) were 

20.4mg/24 h by RIA and 21.2mg/24 h by GLC. The 
correlation of these methods is shown in Fig. 3. Table 

2 allows a comparison of E,-16aG values obtained 
for one pregnant woman by the GLC method [9], 
by the present solid phase RIA and by the RIA pre- 
viously described [4]. 

+ 2- 

+ 1.5- 

+0.5; \ 

+ l- 

0 

- 0.5 

- l- :\ 

L---- L--L __I_ 

25 50 125 250 500 1000 
Esttil %a-glucurmide 
w/tube 

Fig. 1. Logit-log transformation of a dose response curve 
of E,-16a-glucuronide kg/tube) logit 
B/B, = B/B,/(l - B/B,,). B = the bound, labelled ligand, 
BO = the bound, labelled ligand at zero dose of unlabelled 

ligand, B/B, = the percentage bound. 
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Estr~ol m 24 h 
50~ (as +I a-glucuronide) 

WEEK OF PREGNANCY 

Fig. 2. E,-16a-glucuronide concentration (expressed as 
estriol mg/24 h) in 100 normal pregnancy urine samples 
from the 8th week of gestation to term. All values fall 

between the dotted lines. 

E,-16aG values of 22 third-trimester 24-h urine 
samples were also compared with the total estriol 
values of these samples determined by a gas chroma- 
tographic method after hydrolysis [lo]. The coeffi- 
cient of correlation was 0.95 and the regression equa- 
tion y = 0.92 x + 0.40, where y represents the values 
obtained by RIA and x those by GLC. X = 
23.6 mg/24 h and J = 22.2 mg/24 h (Fig. 4). 

Preliminary results of urinary E,-16ctG excretion dur- 

ing the menstrual cycle 

Assays of E,-16aG were made by method 11 on 
24-h urine samples from three normally menstruating 
women. In subject No. 1 (Fig. 5) the peak value of 

E,-16ctG was reached one day before ovulation took 
place, as judged by assays of urinary LH. In this sub- 
ject the rise in E,-16ctG concentration started 5 days 

Radiolmmunoassay 
Estrlol.mgp4 h 

4o 

i 

(as 16~1 -glucuronlde) 

35 

L__ ~~ -_ 
10 15 20 25 

Fig. 3. The correlation between a specific gas chromato- 
graphic method for estriol-16a-glucuronide [9] and the 
present solid-phase radioimmunoassay for 

estriol-16cc-glucuronide. 

before ovulation. In subject No. 2 the peak value of 
E,-16ctG was reached on the same day as ovulation 
took place, but the rise had started 7 days before. 
In subject No. 3 the peak value was obtained one 
day before ovulation, the rise having started 4 days 
earlier. It can also be observed that the amount of 

Rad~oimmunoassay 
Estriol. mg 124 h 

40 
1 

(as l&-glucuronide) 
‘/ 

l / 

/’ 

Fig. 4. The correlation between a gas chromatographic 
method for estriol [lo] and the present solid-phase 

radioimmunoassay for estriol- 16a-glucuronide. 

Table 2. Comparison of results (E, mg/24 h) obtained by assay of estriol-16a-glucur- 
onide by three different methods in 11 urine samples from one woman covering her 

whole pregnancy 

Sample GLC reference 
No. method [13] 

RIA (solid phase) 
antiserum A 

RIA (liquid phase) 
antiserum C 

L 

3 
4 
5 
6 
I 
8 
9 

10 
11 

Mean values 

0.5 0.5 0.8 
3.8 3.1 4.0 
9.3 9.0 14.0 

13.4 10.9 21.4 
18.8 18.5 19.7 
21.0 26.8 39.0 
27.5 25.2 31.1 
25.3 30.6 32.2 
39.7 37.8 41.8 
45.1 42.7 62.7 
39.1 38.1 54.5 
22.2 22.2 29.2 
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E&d rq/h 
(as l6u-glwurcmka) 

WJ- LH-peak 

12+X- /i 

lcoO- 
/ 

600. 
LH-oeak 

dayofcycle 

Fig. 5. Excretion of estriol-16cc-glucuronide (expressed as 
estriol rig/h)) in 24-h urine samples in three menstrual 
cycles. +O = subject No. 1, A-A = subject No. 2, 

x---x = subject No. 3. 

Es-16aG excreted in the early follicular phase is re- 
markably constant. 

Preliminary results of plasma E,-16aG assays in preg- 
nancy 

In Table 3 plasma E,-16aG values obtained in two 
normal pregnant women are shown. 

DISCUSSION 

The purpose of this study was to develop a rapid 
and reliable method for prediction of ovulation in 
non-pregnant women as well as for monitoring foetal 
well-being in pregnancy. The advantage of measuring 
estriol-16a-glucuronide instead of total estriol as an 
index of foetal well-being has been discussed earlier 
[4]. Although plasma samples are easier to obtain 
than 24-h urine samples and a satisfactory correlation 
has been found between urinary estrogens and plasma 
estriol [17,18], assay of the latter hormone is not 
recommended as the sole method of monitoring 
estrogen metabolism in high-risk pregnancies [ 191. 

Present methods of measuring estriol or total 

estrogens in urine usually involve hydrolysis and puri- 

fication, which render them time-consuming and im- 

practical and result in procedural losses. Direct 
measurement of estrogen conjugates would be prefer- 
able, and some methods have already been published. 
Of the existing immunoassays which measure estriol- 
16a-glucuronide in pregnancy urine, one is based on 
charcoal-dextran separation [4] and another on 
ammonium sulphate precipitation [3]. A solid-phase 
immunoassay previously published utilized polyacry- 
lamide as a solid support for antiestriol-16c+glucur- 

onide antiserum [Z]. These radio-ligand assays of 
estriol-16a-glucuronide, though suitable for clinical 

purposes, were not completely specific for E,-16aG 
[2,3] or, despite high specificity of the antiserum con- 
firmed by testing the percentage cross-reactivity with 
related compounds, the values given by the radioim- 
munoassay were too high as compared with those 

obtained with an accurate and specific GLC pro- 
cedure [4]. The antiserum used in the present method 
showed good specificity in cross-reactivity studies, 
and in addition direct proof of specificity was 
obtained, because the results correlated well with 
those of the same above-mentioned specific and accu- 
rate method based on gas-chromatography [9]. This 
GLC method measures all four estriol conjugates sep- 
arately and the results suggest that the new pro- 
cedures for E,-16crG assay does not include measure- 
ment of the double conjugate E,-3-sulphate-16aG. 
However, this conjugate was not available for cross- 
reactivity studies. E,-3-sulphate-16aG showed a 36% 
cross-reactivity in the method of Soares et a1.[3]. The 
values obtained for urinary estriol-16a-glucuronide in 
late pregnancy were only slightly lower than the total 
estriol values given by another GLC method [lo], 
although at that stage the conjugate has been 
reported to comprise 70-80x of total estriol [20,21]. 
This is because in this GLC method [lo] no correc- 

Table 3. Determinations of estriol-16a-glucuronide (expressed as estriol ng/ml) in plasma samples from two normal 
pregnant women 

Weeks of E3 ng/ml (E,-16a-glucuronide) Weeks of E, ng/ml (Es-16a-glucuronide) 
pregnancy Subject No. 1 Subject No. 2 pregnancy Subject No. 1 Subject No. 2 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0.47 
0.53 

0.68 

1.22 

1.92 

4.34 

3.51 

4.93 

1.01 
2.18 
3.97 
3.70 
6.57 
6.75 
8.52 
6.04 

17.1 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

24 h after 
delivery 

14.5 
12.4 

15.5 

16.4 
17.1 
19.1 
20.7 

30.6 
37.1 

27.3 
33.9 
39.0 
30.8 
31.5 
31.2 

51.8 
52.4 
66.4 
55.9 
73.3 
80.4 
70.8 
23.5 



104 I’. Lerrr~~r~ and H. ADL~R(.R~UT/ 

tion is made for the chemical losses during hydrolysis 
and purification in the assay of estriol. Thus in our 
view the present method does not measure any other 
compounds except estriol-16r-glucuronide. 

One of the disadvantages of measuring total estriol 
in pregnancy urine is the considerable daily fluctua- 
tion (lS~SO”,,) [22226]. The day-to-day variation of 
estriol-16a-glucuronide excretion seems to be some- 
what less, 12.4”,,. This is partly due to the fact that 
other constituents of urine and drugs do not interfere 

with the determination. In addition. the clearance of 

the conjugate is very high, approximating that of para- 
aminohippuric acid 1213. Thus its urinary excretion 
should not be greatly influenced by alteration in kid- 
ney function. 

The present solid-phase RIA in pregnancy urine is 
quick and simple, and can be performed in one work- 
ing day. Since the antiserum is coupled to a solid 
support, separation of the antiserum-bound fractions 
is rapid and needs no refrigeration, The method for 
plasma and non-pregnancy urine, though a little more 
time-consuming, can be performed in 1 working day. 
Because the method involves no inherent procedural 
losses, no radioactive internal standard is necessary. 

In the normal non-pregnancy urine and in preg- 
nancy plasma the concentration of estriol-16a-glucur- 
onide is too low for direct radioimmunoassay with 
the present antibody in solution, because of the inter- 
ference of other constituents in the fluids with the 
method. Different dilutions of the fluids gave different 
results. Thus in work with the low dilutions present 
in non-pregnancy urine and pregnancy plasma wash- 
ing of the particles which contain the antiserum- 
bound steroid and release of the radioactivity with 
acid seem necessary. The present method failed to 
measure the conjugate accurately in non-pregnant 

urine and plasma when the supernatant (the unbound 
fraction) was used for liquid scintillation counting. By 
this direct solid-phase radioimmunoassay estriol-16x- 
glucuronide could be measured in plasma at a dilu- 
tion of 1 :5 as early as in the eighth week of gestation. 
The conjugate could also be measured without dith- 
culty through the menstrual cycle even in the begin- 
ning of the follicular phase when the level of estrogen 
is low. The excretion of estriol-16x-glucuronide seems 

to be fairly constant at the beginning of the cycle 
until the rise before ovulation starts. A distinct rise 
of the concentration from the basal level was seen 
4-7 days before ovulation took place. Thus it may 
be possible to use this rapid method for the prediction 
of ovulation in women. 

The preliminary results of estriol-16rl-glucuronide 
measurement in monitoring of foetal well-being have 
been published 1273. 

Although the methods presented in this paper are 
both fairly rapid, the slowest step is still liquid scintil- 
lation counting. To speed up the counting time we 
are trying to couple iodine to estriol-16z-glucuronide 

and use it as a tracer instead of the tritiated conju- 
gate. 
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