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SUMMARY 

The excretion of the four main urinary estriol conjugates was determined in a group of women 
in late pregnancy and at intervals in the course of four normal pregnancies. The proportions of 
the various conjugates changed progressively with advancing pregnancy in some subjects, but 
not in others. In late pregnancy the following pattern is normal: estriol-16-glucuronide (68.0%). 
estriol-3-glucuronide (22.9%), estriol-3-sulfate, I6-glucuronide (6.5%) and estriol-3-sulfate 
(25%). 

INTRODUCTION 

A RELATIVE preponderance of urinary estriol over estrone and estradiol is charac- 
teristic of pregnancy and becomes greater as gestation advances. In late human 
pregnancy estriol is mainly produced in the fetoplacental unit and the sequence 
of events is largely as follows: Most of the estriol is formed in the placenta from 
neutral and phenolic precursors of fetal originll-41 and is transferred to the 
mother[5]. A minor part is conveyed to the fetus, where it is mostly converted 
to E3-3S* [6,7]. Unconjugated estriol seems to be transferred across the placenta 
and fetal membranes to the mother at a markedly greater rate than conjugated 
estriol[5,8,9]; most of the fetal E3-3S is hydrolyzed in the arylsulfatase-rich 
placenta and fetal membranes, and the unconjugated steroid is released into the 
maternal circulation. Conjugation with glucuronic and sulfuric acids takes place 
mainly in the maternal liver and intestine, and the conjugates are subsequently 
excreted in the urine. Some authors have suspected that in certain pathological 
conditions the type of conjugation might be affected and that the possible 
advantages of determinations of particular urinary conjugate fractions in obstetric 
disease should be evaluated [lo- 121. Both during the course of pregnancy and 
in late pregnancy the urinary excretion of E3-16G1, E3-3G1, E3-3S,16Gl and 
E3-3S was measured with a gas-liquid chromatographic method [ 131 developed 
for this purpose. 

Material 

EXPERIMENTAL 

Twenty-four-h urine samples were collected from normal pregnant women. 
The samples were frozen immediately (-18”) unless the analysis was to be 
started the same day. 

*The following trivial names and abbreviations have been used in this text. Estriol-3-glucuronide 
(E3-3Gl) = 1~,17Sdihydroxy-1,3,5(10)-estratrien-3-yl-P_D-glucopy~osiduronate; estriol-3- 
sulfate,l6-glucuronide (E3-3S,16Gl) = 17fl-hydroxy-1,3,5( IO)-estratrien-3-yl-sulfate-16u-yl+-D- 
glucopyranosiduronate; estriol- 16-glucuronide (E3- 16Gl) = 3,17@dihydroxy- 1,3,5( lO)-estratrien- 
16a-yl-P-D-glucopyranosiduronate; estriol-3-sulfate (E3-3S) = 16o, 17@dihydroxy- 1,3,5( lO)-estra- 
trien-3-yl-sulfate. 
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A detailed description of the method, including inst~mentation, solvents, 
reagents and procedure, has been published eIsewhere[l3]. Data on accuracy, 
specificity, precision and sensitivity were presented and the method was shown 
to satisfy the criteria of reliability and to be suitable for quantitative analysis of 
urinary estriol conjugates in human pregnancy[l3]. In short, the procedure is as 
follows: Separation of the four estriol conjugates is achieved by sequential gel 
filtration* on Sephadex G-25 and chromatography on Sephadex LH-20. After 
hydrolysis of the conjugates with Helix pomatia extract, the free steroid is 
removed by extraction and methylated. The methylated fraction is purified by 
chromatography on alumina and silylated. The final determination of the bis- 
trimethylsilyl ether of estriol 3-methyl ether is performed with gas-liquid 
chromatography on two (selective and non-selective) liquid phases. The accuracy 
of the method is improved by using labelled E3-3Gl, E3-3S,16Gl, E3-16Gl 
and E3-3S as internal standards in all determinations. Nonlabelled estrone is 
added before silylation and serves as an internal standard for gas-liquid chromato- 
graphy. The results are calculated as previously described [ 131 and the amounts 
of estriol conjugates are expressed as milligrams of estriol/24 h. 

RESULTS? AND DISCUSSION 

Serial determinations 
The results obtained in the four normal pregnancies (referred to as preg- 

nancies A-D) are presented in Figs. 1-4. The duration of pregnancy is expressed 
as weeks after the last menstrual period. It is probable that the estriol conjugate 
pattern of late pregnancy differs from that occurring in early pregnancy before 
and at the time when the feto-placental unit takes over the production of estrogens 
from the ovary. In the present study only seven determinations were made before 
the 20th week and the greatest variation in the proportions of the individual 
conjugates was observed in these determinations. Statistical analysis of the 
results obtained in early pregnancy as compared to late pregnancy was therefore 
not made. In the second half of pregnancy the order of magnitude of the four 
conjugate fractions was the same in all determinations: E3-16Gl (51*7-85.1%) 
E3-3Gl(7+2-369%) E3-3S,16G1(3.1-13.9%) E3-3S (O-3-60%). 

This is the first time the urinary excretion of estriol conjugates has been 
determined with a method based on gas-liquid chromatography. Few data are 
available for comp~son, since earlier studies have often been based on nonspecific 
and semiquantitative methods. In the following discussion, onty investigations 
with sufficient identification of the estriol conjugates measured are cited. Beling 
[IO] presented evidence that the ratio of peak II estriol to peak I estriol slowly 
increases with advancing pregnancy. Ahmed and Kellie [ 1 I] observed a similar 
change between weeks 28 and 37 in one pregnant woman and also found a fall 
in the ratio of E3-3G1 to E3-3S16GI. With respect to a changing ratio of peak I1 
to peak I. the results of the present study are not uniform; this is illustrated in 
Figs. l-4, where the percentage distribution of the conjugates in pregnancies 
A-D is shown, An increasing ratio of E3-16Gt to E3-3G1 (and hence of peak II 

*The terms ~e~~~t~a~iun and peak I and pruk II vindicating the two fractions of urinary estrogen 
conjugates obtained by this procedure) are used in this paper in the sense used by Beling[ lo]. 

Jf Presented in part at the 5th Meeting of Finnish Medical Societies, Helsinki, March 25-27. 
197 1 (Ref. 14) and at the 8th Acta Endocrinologica Congress, Copenhagen, July 4-8, 197 1 (Ref. 1%. 
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Fig. 1. Urinary excretion of estriol conjugates in pregnancy A. Note: The percentages 
for each conjugate were calculated as follows: 

mg of & in conjugate fraction 
mg of total urinary & 

x loo. 

Total excretion of estriol (mg) is indicated by horizontal bars; the curves depict pro- 
portions (%) of estriol conjugates. Abbreviations: E3-16Gl= estriol-16-glucuronide; 
E3-3Gl= estriol-3-glucuronide; E3-3S,16GI = estriol-3+ulfate,ldglucuronide; E3- 

3S = estriol-3-sulfate. 

to peak I) is seen in pregnancy A (Fig. I), and to a lesser extent in pregnancies 
B and D, but not in pregnancy C. In general, the E3-3Gl/E3-3S,16Gl ratios 
show a clear tendency to fall with advancing pregnancy indicating that E3-3S, 
16Gl represents an increasing proportion of peak I estriol, although there is a 
considerable fluctuation between the ratios in consecutive determinations. The 
cause of these gradual changes in pregnancy is not clear but they might be 
explained as secondary to a slowly deteriorating enterohepatic circulation of 
estrogens; E3-3Gl is synthesized exclusively in the mucosal cells of the intestine 
[ 16-181 and E3-3S,16Gl is the predominant biliary estriol conjugate [ 191, hence 
diminishing biliary excretion of estriol would probably result in diversion of E3- 
3S, 16Gl to urine and reduce the amount of estriol available for E3-3Gl formation 
in the intestine. As Adlercreutz and Tenhunen[20] have pointed out, some 
persons seem to be abnormally sensitive to the increased amounts of estrogens 
produced in pregnancy and develop intrahepatic cholestasis. The same authors 
also noted that the changes seen in normal pregnancy are qualitatively similar to 
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Fig. 2. Urinary excretion of estriol conjugates in pregnancy B. Note: For explanations 
see legend to Fig. 1. 

those found in recurrent (intrahepatic cholestatic) jaundice, and that the pattern 
in this pathologic condition can be regarded as an a~~vation of the pattern 
observed in some normal late pregnancies [ZO]. It appears, then, that the changing 
pattern of urinary estriol conjugates reflects a mild cholestatic condition probably 
due to increased estrogen action on the liver in predisposed subjects. 

Determinations in late pregnancy 
The results are presented in Table 1. The determinations numbered 1-7 

were made in 7 healthy pregnant women between weeks 33 and 42, and the 
values numbered 8-11 are mean values for the ~o~es~n~ng weeks in the 
pregnancies A-D. When the means (f- standard deviations) of the percentages are 
calculated for each of the four conjugates, the following proportions of estriol 
conjugates emerge as the normal pattern in late pregnancy urine: 

E3- I 6Gl E3-3Gl E3-3S,16Gl E3-3S 
68.0 z?z 7.4% 22.9 2 67% 6.5 + 2.7% 2.5 + 1.2%. 

Simultaneous dete~inations of ail four conjugates have not been reported 
previously. In 11 normal pregnant women in the last trimester of pregnancy 
Adlercreutz et al. [21] obtained a mean percentage of 2.8 for E3-3s. In the same 
study the mean percentages for peak I estriol and peak II estriol were 27.3 and 
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Fig. 3. Urinary excretion of estriol conjugates in pregnancy C. Note: For explanations 
see legend to Fig. 1. 

Table 1. Excretion of urinary estriol conjugates in late pregnancy expressed as 
estriol mg/24 h 

Subjects E3-3Gl E3-3S,16Gl E3-l6Gl E3-3S Total E3 

1 6.77 2.75 19.05 0.53 29.10 
2 3.51 0.95 10.80 0.48 15.74 
3 14.79 4.68 21.42 I .35 42.42 
4 2.59 I.62 18.12 1.16 23.49 
5 4.19 0.45 12.04 0.47 17.15 
6 4.53 066 IO.51 0.39 16.09 
7 6.86 0.86 20.26 0.31 28.30 
8A 5.43 2.18 34.77 I.77 44.15 
9B 8.67 3.23 25.10 0.33 37.33 

1oc 13.01 3.86 31.42 0.74 49.03 
IlD 4.51 1.36 14.37 0.49 20.73 

100 

60 

60 

‘0 

20 

L 

71.6. The corresponding values in the present investigation are 29.4 and 70.5. 
The present results are also broadly in accord with those recently reported by 
Ahmed and Kellie[ 111, who did not measure E3-3S but obtained values for the 
other three estriol conjugates. They reported slightly lower proportions for 
E3-3Gl and slightly higher proportions for E3-3S,16Gl than those of the present 
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Fig. 4. Urinary excretion of estriol conjugates in pregnancy D. Note: For explanations 
see legend to Fig. 1. 

investigation. Thus the mean ratio of E3-3Gl to E3-3S,16Gl as calculated from 
Table 1 is 4.3, as compared to their 2.2 (calculated from Ref. 11). The excretion 
of these two conjugates is of special interest, since their quantitative relationship 
was shown to change in the course of pregnancy (see above) and to be 
reversed in pregnancies complicated by recurrent intrahepatic cholestasis [22]. 
Previous investigations on the urinary excretion of endogenous estriol con- 
jugates have shown that E3-16G1 constitutes the largest fraction, followed by 
E3-3Gl[ 10,2 1,231. The results obtained after administration of labelled pre- 
cursors at midpregnancy[24-271 are consistent with this concept. However, the 
relationship and normal excretion pattern of the two sulfated estriol conjugates 
has not been established previously. 

From the new results presented here, and from those obtained by others, it 
can be concluded that: 

(1) Despite the great variation in the propo~ions of the different conjugates in 
late pregnancy urine, a distinct normal pattern can be established, approximately 
as follows: 

E3-16Gl:E3-3Gl:E3-3S,16Gl:E3-3S = 9:3:0+9:0*3 

(2) Gradual changes in the proportions of the different conjugates take place 
in the course of pregnancy, but the occurrence of these changes seems to depend 
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on the individual sensitivity of the secretory function of the liver to the increasing 
estrogen levels in pregnancy. 

(3) These changes in the urinary estriol conjugate pattern mainly reflect the 
function of the maternal liver; hence simultaneous determination of several 
estriol conjugates is of little value in the assessment of obstetric disease. This 
does not, however, rule out the possible advantage of measuring a single con- 
jugate fraction (e.g. E3-16Gl) instead of total urinary estriol. 
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