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SUMMARY 

A scheme of analysis is described which permits the separation and determination of nine 
oestrogen conjugates in late pregnancy urine without prior hydrolysis. The oestrogen cot&- 
gates, oestrone-3glucuronoside, 16ol-hydroxyoestrone-3glucuronoside, oestriol-3-glucurono- 
side, oestradiol- 17pglucuronoside, 16a-hydroxyoestrone-16cY_glucuronoside, oestriol-16a- 
glucuronoside, epi-oestriol-16j_Sglucuronoside, 16a-hydroxyoestrone-3-sulphate-16a-glucuro- 
noside, oestriol-3-sulphate- 16aglucuronoside have Been measured in the urine of five pregnant 
women to record the scatter of normal values. They have also been measured in the urine of 
one woman at intervals during the last 12 weeks of pregnancy. 

THE URINARY excretion of oestrogen conjugates increases substantially in late 
pregnancy. Unlike the Cl0 and CzI steroid hormones which are converted to in- 
active metabolites before conjugation and excretion, the principal oestrogens, 
oestrone, oestradiol and oestriol, are excreted in substantial amounts without 
modification in the conjugated form. Several different types of oestrogen conju- 
gate have been recognised according to the type and position of conjugation, 
namely: (1) ring-A glucuronosides [ 11, (2) ring-D glucuronosides [2,3], (3) sulphates 
[41, (4) the bis-conjugates, sulphateglucuronosides[5,6], (5) the bisconjugates, 
sulphate-N-acetylglucosaminides [7]. There is little excretion of free oestrogens, 
and the sulphate conjugates, which are important in the Cle steroid series, form a 
negligible proportion of the total oestrogen excretion [4,8]. 

The rise in the excretion of oestrogens during pregnancy has been known for a 
considerable time[9] but measurement of the oestrogens has been achieved only 
after hydrolysis of all conjugated forms, a procedure which destroys the identity of 
individual conjugates. Previous identification of oestrogen conjugates has been on 
a qualitative or semi-quantitative basis and no simultaneous determination of 
several oestrogen conjugates has been reported. In the present work an attempt 
has been made to separate and measure individual oestrogen conjugates in late 
pregnancy urine. Methods based on gel filtration, partition and ion-exchange 
chromatography [ lo] have been used to separate and measure oestrone-3- 
glucuronoside, 16a-hydroxyoestrone-3(?)-glucuronoside, oestriol3_glucurono- 
side, oestradiol- 17/3glucuronoside, 16cw-hydroxyoestrone- 1 &-glucuronoside, 
oestradiol- 17@-glucuronoside, 16cr-hydroxyoestrone- 16aglucuronoside, oestriol- 
1 Ba-glucuronoside, 16-epi-oestriol- 1 B/3-glucuronoside, oestriol-3-sulphate- 16a- 
glucuronoside and 16cY-hydroxyoestrone-3-sulphate-16ar-glucuronoside. These 
oestrogen conjugates have been measured in the urine of a group of pregnant 
women (36-40 weeks) to record the scatter of normal values and in the urine of an 
individual woman at intervals during the last 12 weeks of pregnancy. 
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METHODS 

Chromatographic separation of oestrogen conjugates 

The separation of the oestrogen conjugates of late pregnancy urine (I.50 ml) 
was achieved by chromato~aphic analysis on a variety of media as described by 
Smith and Kellie [ lo] and illustrated in Fig. 1. Practical details and evidence of 
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Fig. I. Scheme of separation of oestrogen conjugates in fate pregnancy urine on a variety 
of ch~mato~phi~ media. E, = Oestrone, & = Oestradiol, E, = Oestriol, l&z-OHE, = 

I&x-Hydroxyoestrone, S = Suiphate conjugate, G = Glucuronoside. 

identity of individual oestrogen conjugates will be found in this source. The 
principal steps were: 

~e~~~trat~o~ of urine[l]: formation of peaks I and II. This initial separation 
was carried out on a column of Sephadex G-25 (superfine grade, 50 cm x 3 cm dia.) 
and led to the separation of peaks I and II. The latter fraction contained mainly 
ring-D oestrogen monoglucuronosides. 

Sub-division of peak I oestrogen conjugates into sub-fractions IA and IB. 
Conjugates eluted in peak I in the initial separation were re-applied to the Sepha- 
dex column in a minimum volume of 1.5 M-acetate buffer pH 4.0 in the presence 
of 0.05 M-p-hydroxyphenyla~eti~ acid and yielded two sub-fractions IA and IB. 
The former sub-fraction contains oestrogen bis-conjugates and the latter oestro- 
gen ring-A monoglucuronosides. 

Analysis of sub-fraction IA (bis conjugates). This separation was carried out 
on an ion-exchange column of Ecteoia-cellulose powder (Whatman) eiuting with a 
gradient of sodium sulphate solution and led to the separation and measurement of 
oest~ol-3-suiphate-lo-~u~uronoside and l&x-hydroxyoestrone-3-sulphate- 
I&-glucuronoside. 

Analysis of sub-fraction IB (ring-A monoglucuronosides). Components of this 
sub-fraction were separated by partition chromatography on Celite in the system 
2-methylpropan-2-o1-ethylene dichloride-acetic acid-water (3 : 7 : 3 : 7 by Vol.) 
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and led to the measurement of oestrone-3glucuronoside, 16c+hydroxyoestrone- 
3(? 16cw)glucuronoside and oestriol-3glucuronoside. Separation of the 3- and 16a- 
glucuronosides of 16cY-hydroxyoestrone is incomplete on the initial Sephadex gel 
column and traces of the latter conjugate may have been measured in this fraction. 

Sub-division of peak II oestrogen conjugates (ring-D monoglucuronosides) 
The separation of oestrogen ring-D conjugates eluted in peak II from the initial 
Sephadex column separation was also achieved by partition chromatography on 
Celite in the system 2-methylpropan-2-ol-ethylene dichloride-acetic acid-water 
(15 : 85 : 30 : 70 by Vol.). The following oestrogen conjugates were separated and 
measured: oestradiol- 17&lucuronoside, 16cY-hydroxyoestrone- 16aglucurono- 
side, oestriol- 16ol-glucuronoside and 16-epi-oestriol- 16/3-glucuronoside. The 
oestradiol- 17P-glucuronoside was a minor component and could only be deter- 
mined in some urines. Oestriol-16crglucuronoside was by far the largest single 
conjugate component of this fraction and of late pregnancy urine. 

Measurement of oestrogen conjugates 

In each chromatographic separation a small portion of serial fractions was 
removed and the oestrogen content was determined by the Kober calorimetric 
method[l 11. No preliminary hydrolysis of the oestrogen conjugates was neces- 
sary and the colours given were indistinguishable from those of the corresponding 
free oestrogen standards. It has been established[l2] that the oestrogen glucu- 
ronosides may be treated in this way and presumably the hydrolysis occurs during 
the preliminary heating with the Kober reagent. The oestriol Kober reagent 
(76%H,SO,) was used throughout. 

RESULTS 

Analysis of oestrogen conjugates in late pregnancy urines (5) 

The scheme of analysis described above has been applied to late pregnancy 
urine from five different subjects and the concentrations of individual oestrogen 
conjugates, expressed as mg/24 h, are given in Table 1. The overall recovery of 
oestrogen conjugates by summation ranged from 62-79% of the total oestrogen 
excretion as determined by Kober reaction in peaks I and II. Sulphate conjugates 
which are eluted in peak II have not been separated and measured. The figures in 
parentheses (Table 1) are expressed as a percentage of the total excretion. 

In the urines examined, the major portion of the excreted conjugates (557-70.0 
70.0%) were found in peak II; the ring-D glucuronosides, and the major compo- 
nent of this fraction, oestriol-16cY-glucuronoside, represented 36.7-43.2% of the 
daily output. The other components recognised in peak II, all of which were ring- 
D glucuronosides, were by comparison minor conjugates, no single compound 
exceeding 2% of the daily excretion. 

Less than half (29-g-44.2%) of the urinary conjugates were excreted in Peak I 
which embraces the bis-conjugates and ring-A glucuronosides. Within the sub- 
fraction IA (the bis-conjugates) oestriol-3-sulphate-16cqlucuronoside was the 
greater component but in no case did it exceed 8% of the total urinary excretion. 
The two bis-conjugates identified in this sub-fraction, although minor components, 
were found in all the urines examined. 

The three conjugates identified in sub-fraction IB are ring-A glucuronosides 
conjugated at the phenolic hydroxyl group at C-3. Oestrone and oestriol-3- 
glucuronosides were positively identified in this fraction and 16cy-hydroxy- 
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oestrone-3-glucuronoside when added to urine was eluted in this subfraction 
between the named glucuronosides. Synthetic 16a-hydroxyoestrone-16a-glucu- 
ronoside is eluted mainly in peak II but there is some overlap into sub-fraction IB 
and this compound may have contributed to the component measured as 16~ 
hydroxyoestrone-3-glucuronoside. Together, ring-A monoglucuronosides rep- 
resent a significant part of the total urinary oestrogen conjugates (20.2-31.8%) 
and the major component of this, as of other fractions, was the conjugate of oes- 
trio1 (6.8-16.2%). 

Technically the oestrogen conjugates in peak II are the most difficult to separ- 
ate because of the great preponderance of oestriol-16aglucuronoside. The other 
components, oestradiol-17&lucuronoside, 16cu-hydroxyoestrone- 16cr-glucuro- 
noside and epi-oestriol- 16p-glucuronoside, are minor metabolites. Although 
oestradiol-17&lucuronoside is probably present in all late pregnancy urines, it 
was only possible to determine the amount in two of the urines examined. 

The pattern of excretion of oestrogen conjugates with advancing pregnancy 

The object of this study was to observe any progressive change in the pattern 
of excretion of oestrogens during the latter stages of pregnancy. Urine samples 
representing complete daily excretion were received and analysed at 28, 32, 34, 
37 and 40 weeks gestation; the last sample was obtained within a few days of a 
normal delivery (male child: 4 kg at birth). The amounts of the individual oestro- 
gen conjugates excreted at these times are given in Table 2; as previously, the 
values given in parentheses are expressed as a percentage of the total oestrogen 
conjugate excretion. 

DISCUSSION 

The pattern of excretion of oestrogen conjugates in the urines from five sub- 
jects examined was similar, yet even in this limited number there was a wide 
range of variation of individual conjugate forms. All of the pregnancies went 
normally to full term and it is not known whether the pattern of excretion is grossly 
disturbed in abnormal circumstances. The complete analysis of individual urine 
samples is tedious and time-consuming and the method cannot be recommended 
as a practical routine procedure; nevertheless, there is a recognisable pattern of 
normal excretion and this may justify a further study of excretion in abnormal 
pregnancy, e.g. in toxaemia of pregnancy, diabetic pregnancy, etc. 

It is clear from the analysis of consecutive urines from a pregnant subject 
(Fig. 2) that there is no dramatic change in the pattern of excretion of oestrogen 
conjugates with advancing pregnancy. The ratio peak II/peak I conjugates shows 
a slow but progressive rise to the 37th week indicating selective conjugation as 
ring-D conjugates, and as might be expected the same tendency is apparent in the 
ratio oestriol-16cr-glucuronoside/oestriol-3-glucuronoside (Table 3). This follows 
from the fact that these oestriol conjugates are the major components of peak II 
and sub-fraction IB respectively. Tikkanen and Adlercreutz[ 131 have achieved 
the separation of different types of oestriol conjugates in pregnancy urine. The 
quantitative relationship of the main oestriol conjugates, recently established by 
Tikkanen [ 141, showed that oestriol- 16a-glucuronoside was the conjugate present 
in the largest proportion followed by oestriol-3-glucuronoside in late pregnancy 
urines. Goebelsman et al. [ 151 maintain that the latter ratio rises with advancing 
pregnancy although this is disputed by Hihnel[4]. In the present study the ratio 
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3or e Peak tI ring-o 

/ 

glucuronoslde 

Peak I 

Sub-fractton IB 
‘ring A glucuronosldes 

28 30 32 34 36 38 40 

Weeks of pregnancy 

Fig. 2. Excretion of oestrogen conjugates with advancing pregnancy. Peak II-total 
Ring-D glucuronosoides; Peak IA-total b&conjugates; Peak IB - total Ring-A glucuro- 
sides; Peak I-sum of Peaks IA and IB. The origin of these fractions is shown in Fig. 1. 

Table 3. Relative changes in forms of conjugation with advancing pregnancy 

Weeks of Ratio Ratio Ratios of oestrogen conjugates 
pregnancy Pk II/Pk I IA/IB C-16/C-3 glut. C-3 gluc./bis-conjugates 

2a 1.11 8.2 2.31 
32 1.14 6.0 2.37 8.2 
34 1.31 5.8 4.10 5.8 
37 1-43 5.4 4.33 5.1 
40 1-25 3.5 2.70 4.3 

Comment Rise to Continuous Rise to Continuous 
37th wk. fall 37th wk. fall 

Peuk I C-3 plus bis-conjugates (IA-IB); Peak Ii Ring-D conjugates; 
Peak IA bis-conjugates; Peak 1 B Ring-A conjugates. 

increased until the 37th week but had fallen significantly by the 40th week. The 
reason for the latter change is uncertain but may have been associated with the 
preparation for delivery which occurred within a short interval of the receipt of 
the last urine sample. 

A progressive fall was also observed in the ratio IBlIA which indicated that in 
spite of a steady increase in the excretion of C-3 glucuronosides throughout the 
period of study, the his-conjugates (3-sulphate- 16~-~ucuronosides) represented 
an increasing proportion of peak I conjugates. This tendency is also apparent in 
the changing ratio oest~ol-3-glucuronoside~oest~ol-3-s~phate- 16icu-giucurono- 
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side (Table 3). Other ratios which have been calculated did not reveal any con- 
sistent change throughout the period of study. 

Oestrone was recognised in the urine samples only as the C-3 glucuronoside 
although trace amounts of oestrone-3-sulphate are excreted[8,16]. At full term 
the glucuronoside represented 13.6% (7.2mg) of the total oestrogen excretion 
and this must be considered as the major urinary conjugate of oestrone. Oestra- 
diol, which has the highest biological activity, and which is a major component of 
late pregnancy plasma [ 171, could only be identified as oestradiol- 17/?-glucurono- 
side in some of the urines. Oestriol, and 16a-hydroxyoestrone, are compounds 
formed by the placenta from precursors of foetal origin and they are the major 
products of the foeto-placental unit. Both compounds were excreted in three con: 
jugated forms, as the C-3- and C-lb-glucuronosides and as the bis-conjugates. 
Oestriol is excreted mainly as the 16crglucuronoside whereas the principal 
conjugate of the ring-D cr-ketol is the C-3 glucuronoside. 

In the process of identification of the separated conjugates and their parent 
steroids by paper and thin layer chromatography [lo] no evidence of any other 
important oestrogen metabolites such as 2-hydroxyoestrogens and 2-methoxy- 
oestrogens [ 181 was obtained. Moreover, in the Kober determinations of the puri- 
fied conjugates no interference was observed. It can be concluded that the C2 
substituted oestrogens, which give a red-violet colour with the Kober reagent [ 191 
were absent and they may have been eluted earlier in the initial separation by gel 
filtration on Sephadex G-25. 

Although the oestrogens of pregnancy are formed mainly by the foeto-placental 
unit they do not appear to be released in the conjugate form. In spite of the im- 
portant role of steroid sulphates in the biogenesis of oestrogens, within the unit 
only trace amounts are excreted and there is some experimental evidence that 
oestrogen sulphates produced within the foeto-placental unit are hydrolysed 
before entering the maternal circulation [20]. In contrast, there is little evidence of 
oestrogen-glucuronoside formation within the unit [21], yet over 95% of human 
excretory oestrogens are excreted in this form. 

It seems probable that the oestrogens produced in the foeto-placental unit are 
conjugated elsewhere. Oestriol, the major product, can be conjugated as the 16~ 
glucuronoside in the human liver and as the 3~ and 16aglucuronosides in the 
human small intestine [22]. The conjugation of 16cr-hydroxyoestrone with glucu- 
ronic acid probably occurs at the same sites. The formation of the bis-conjugates 
of these oestrogens involves passage through the liver[23]. The results suggest 
that there is no great change in the pattern of oestrogen excretion in late normal 
pregnancy and the organs principally involved, namely the liver and intestines, are 
able to deal with the vast increase in endogenous production. 
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