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SUMMARY

Oestrogens in bile, collected by T-tube drainage of the main bile duct, from fertile and post-menopausal
non-pregnant women and men were studied, after conjugate hydrolysis, by gas chromatography-mass
spectrometry. Oestriol, oestradiol-178. 16-epioestriol, 17-epioestriol, 16x-hydroxyoestrone and 16-oxo-
oestradiol-178 were identified in bile from fertile subjects. In addition, oestrone, 2-methoxyoestrone,
oestradiol-17«, 11-dehydro-oestradiol-17a, 168-hydroxyoestrone, 15a-hydroxyoestrone and 15z2-hydroxy-
oestradiol-178 were detected in these samples and mass-fragmentographic evidence for their presence
obtained. Quantitative analysis of these 13 oestrogens by mass fragmentography showed the excretion
of 4.1-21.3, 3.7-13.0 and 6.4-49.4 ug/24h in bile from men (n = 8), post-menopausal women (n = 4)
and fertile women (n = 2), respectively. The wide range of oestrogen concentration in the three groups
is due, in particular, to great individual variation in the concentrations of the 3 principal biliary
oestrogens: oestriol, 16a-hydroxyoestrone and oestrone. The quantitative oestrogen pattern in non-preg-
nancy bile differs significantly from that reported for urine showing greater relative amounts of oestriol
and 16a-hydroxyoestrone and smaller concentrations of oestrone. oestradiol and 2-methoxyoestrone.
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INTRODUCTION

The studies of Gsell-Busse[1] established that com-
pounds exhibiting oestrogenic activity are excreted in
human bile, while Cantarow et al[2], using a bio-
assay, demonstrated the presence of relatively large
amounts of oestrogen in human late pregnancy bile.
Later, Sandberg and Slaunwhite[3] and Twombly
and Levitz[4], by following the fate of injected radio-
active oestrogens in human subjects showed that
radioactive metabolites were secreted in the bile and
reabsorbed from the intestine, suggesting an entero-
hepatic recirculation.

Endogenous concentrations of the three classical
oestrogens oestrone (OE,), oestradio}l (OE,) and oes-
triol (OE;) in non-pregnancy bile were first deter-
mined, using a spectrophotometric method [5]. In the
same study evidence for the identity of these oes-
trogens was obtained by various color reactions, thin-
layer chromatography and counter-current distribu-
tion. Later OE,, OE,, OE;, 2-methoxy-oestrone
(2-MeOE,), 16a-hydroxyoestrone  (16a-OHOE,),
16-oxo0-oestradiol-17f (16-0x0OE,) and 16-epioestriol
(16-epiOEj3) were identified by gas chromatography-
mass spectrometry in bile from an adult male with
T-tube drainage of the main bile duct who had
received a 25 mg intramuscular injection of OF, [6].
Further development of this method [7] led to the
identification and quantitation of 12 oestrogens in
human pregnancy bile [8]. A mass fragmentographic
method based on the original gas chromatographic

procedure but with a sensitivity up to x 103 greater
has allowed measurement of 11 oestrogens in non-
pregnancy urine and bile [9; 10]. In this communica-
tion the oestrogen levels in bile from a group of adult
men, post-menopausal and fertile non-pregnant
women are reported in addition to some further mass
spectrometric data on the chemical nature of the
various oestrogens found in non-pregnancy bile.

EXPERIMENTAL

Patients

Bile' was collected by T-tube drainage of the main
bile duct from 8 adult men (29-70 years), 4 post-
menopausal women (61-72 years) and 4 fertile non-
pregnant women (34-37 years). All the patients had
been operated on for the removal of gallstones (chole-
lithiasis and/or choledocholithiasis); none of them
had jaundice due to biliary obstruction. They were
not treated either pre- or postoperatively with anti-
biotics and in none was liver dysfunction apparent.
Bile collection was commenced no sooner than three
days postoperatively and the subjects were main-
tained on a diet low in fat. Bile was collected into
plastic containers over 4-12h intervals and was im-
mediately frozen and stored at —20°C until pro-
cessed.

Steroids

OE; (oestrone): 3-hydroxy-1,3,5(10)-oestratrien-17-
one; OE, (oestradiol): 1,3,5(10)-oestratriene-3,17p-
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diol; OF, loestrioll: 1,3.5(10}cestratriene-3,164,178-
riol; OE;-172  {oestradiol-172):  1.3.5{(10}-oestra-
triene-3,17a-diol; 11-Dehydro-QE,-17a {11-dehydro-
oestradiol-17a): 1,3,5(101,1 1-oestratetraene-3,1 7e-diol:
2-MeOE, {Z-methoxyoestrone): 3-hydroxy-1,3.510-
oestratrien-17-one-2-methyl ether; 16-epiOE,
{16-epioestriol}: 1,3,5(10roestratriens-3,168,178-triol;
17-epiOE;  (17-epioestriol):  1.3,5(10)-oestratriene-
3,160, 1 7a-triol;  16,17-epiQE;  (16,17-epioestriol):
1,3.5(10)-oestratriene-3,168,1 Ta-triol; 16a-OHOE,
{16w-hydroxyoestrone): 3.16a-dihydroxy-1,3,5(10)-oes-
tratrien-17-one; 168-OHOE,; {16f-hydroxyocestronel:
3,188 - dihydroxy - 1,3,5{(10) - oestratrien ~ 17 - one;
16-0x00E, {I6-oxo-pestradiol):  3,178-dihydroxy-
1,3,5(10)-0estratrien-16-one;  15x-0OHOE, {{3zhy-
droxyoestrong}: 3,15x-dihydroxy-1,3,5{{0)-oestratrien-
{7-one; 1520H0E; {15x-hydroxyoestradiol):
1,3,5(10%-oestratriene-3,152,178-triol; OE,-SO; {oes-
trone sulphate}: 3-hydroxy-1,3,5(10)-cestratrien-17-
one-3-yl sulphate,

Purification, separation and guantitation of bile
oestrogens by gas chromatography

This was done according to the method of Adler-
creutz and Luukkainen[6] with some modifications
{71 Details of the quantitation of these ossirogens
in pregrancy bile by gas chromatography were
recently reported [83 AM assays were carried out in
duphicate and losses incurred during purification were
corrected for as described [8].

Gas chromatography-mass spectrometry

Mass spectra were recorded on & LKB 9000 gas
chromatograph-mass spectrometer (GC-MS) com-
bination instrument (LKB-Produkier AB, Bromma,
Sweden) linked to a Hewlett-Packard minicomputer
{HP 2100A); this system was described in detail {10]
Operating conditions were as published {97 except
in most instances 3% OV-210 was used instead of
19, QF-1 as column stationary phase.

Quantitative mass fragmentography (MF) was car-
ried out on the LKB %000, on a Varian MAT CH7
{GC-MS) equipped with a peak-matching system
allowing the measurement of two ions or on a Varian
MAT 112 (GC-MS) with a multiple ion detection
{MID) system. The analyses on the Varian instru-
ments were carried out in the application laboratory
of Varian MAT in Bremen, Germany. Some measure-
ments were also made on an LK B 2091 GC-MS fitted
with an MID system at the LKB application labora-
tory in Stockholm, Sweden. Details of the MF pro-
cedure have been published [9, 10]. The results were
calculated as described previously [9] but using pesk
height instead of peak area. All assays were carried
out in duplicate and losses incurred during extraction
and purification were corrected for as described [9].
The levels of 1l-dehydro-cestradiol-17x were calcu-
lated using oestradiol-178 as standard despite its dif-
ferent fragmentation pattern, as no standard is avail-
able.
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Criteria used for establishing the identity of the un-
known steroids with reference standards

Identification. based on the comparison of the gas
chromatographic properties and mass spectra of the
biliary oestrogens with those of reference standards
was discussed in detail in Part 1 of this study [8]
However, some of the oestrogen fractions. despite the
use of 200400 m! sample volumes. containgd such
small amounts of one or several of the steroids that
mass spectra could not be obtained. In these cases
gas chromatographic and mass fragmentographic evi-
dence for identity was obtained by monitoring the
molecular ion and other prominent or characteristic
ions of the vestrogens during GU-MS. ¥ their bebav-
jour was identical with those of the reference stan-
dards the steroids were regarded as identified with
reservation.

RESULTS

Gas chromatographic and mass spectrometric
studies were carried out on the oestrogens isolated
from bile obtained from two fertile women and led
to the identification of QE;. OE,-178, 16-epiOE,.
17-epiQE;, 162-OHOE, and 16-0x00E; and the
detection of 165-OHOE, and [5x-OHOE, (Table 1)
in addition mass fragmentographic evidence was
obtained for the presence of QE,. 2-MeOE,.
OE,-17x 11-Dehydro-OE ,-17x and 15¢-OHOE, m
non-pregnancy bile and bile from male subjects
{Table 1). The concentration of oestrone would have
permitted 8 mass spectrum of the peak to be taken
but we omitted to take the spectrum, in error; there
is, however, little doubt of its presence on the basis
of the MF evidence and previous findings [51.
Attempts to identify oestrogens other than those
listed in Table | were not made.

The oestrogens in two samples of bile obtained
from fertile non-pregnant women were guantitated by
gas chromatography {Table 21 Four consecutive 6-h
collections of bile from 2 third fertile woman were
analyzed by mass fragmentography, three on a Varian
MAT 112 instrument and one on the LKB 2091, In
addition, two 12-h bile samples collected on consecu-
tive days from a male patient were quantitated on
the LKB 9000. The variation in biliary oestrogen
excretion in these two subjects is illustrated in
Fig 1.

A serigs of nine bile samples from 8 adull men,
four bile samples from post-menopausal women and
a further sample from another fortile woman were
also analyzed by the MF method. The resulis of these
determinations are presented in Table 3. In Tablke 4.
24-h biliary oestrogen excretion values calculated
from the data presented in Table 3 are given. The
mean and range of biliary excretion of the three
classical oestrogens in this patient series. as deter-
mined by MF and GC, is compared in Table 5 to
that determined for a similar patient series in 1962
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Table 1. Oestrogens identified and detected in bile from fertile non-pregnant woman by gas chromatography-mass
spectrometry: the nature of the oestrogen derivative studied and references to the appropriate published mass spectra

are also included

Published spectra

Qestrogen Derivative Comment {reference})
OE; TMS identified {313
OE, TMS mass fragmentographic data only 6]
2-MeOE, TMS mass fragmentographic data only (6]
OE, 3-Methylated-TMS identified [321
OE,-17x 3-Methylated-TMS mass fragmentographic data only [29]
1 1-Dehydro-OFE ,-17x 3-Methylated-TMS mass fragmentographic data only [30]
16-epiOE; 16.17-Acetonide. TMS identified [33}
17-epiOE; 16,17-Acetonide. TMS identified [33]
162-OHOE, T™S identified {61
168-OHOE, TMS detected

16-0x00E , TMS identified [6]
152-OHOE, T™MS detected. but spectrum contaminated [29]
152-OHOE, T™MS mass fragmentographic data only [i]

[5] using a colorimetric technique. Three oestrogens:
15x-OHOE,, OE,-172 and [1-Dehydro-OE,-17x
were detected and quantitated in a limited number
of bile samples, only. Their concentration and ap-
proximate 24-h excretion are documented in Table 6.

DISCUSSION

In Part I of this study [8] 11 of these oestrogens
(except 152-OHOE,;) and 15a¢-OHOE were identified
and quantitated in human pregnancy bile; their bio-
synthesis and occurrence in human pregnancy plasma
and urine were reviewed. The identification and quan-
titation of these oestrogens in human pregnancy
faeces has also been reported [11]. In the present
study OE;. OE;-178, 16-epiOE;. 17-epiOE,.
16a-OHOE, and 16-0x0OE, were identified and less
complete evidence obtained for the presence of OF,,
2-MeOE;, OE,-17x, [1-Dehydro-OE,  and
150-OHOE, (Table 1). The failure to identify OE,
arose because of an oversight—no spectra of this frac-
tion were taken. The three classical oestrogens have
previously been identified in non-pregnancy and male
bile by a combination of counter-current distribution,

Table 2. Qestrogen concentrations in bile from two fertile
non-pregnant  women as  determined by  gas

chromatography
Subject AM. Subject A.S.
Qestrogen (37 years) (43 years)
Qestriol 19.8 14.2
Oestrone 5.6 20
2-Methoxyoestrone 0.4 2.6
QOestradiol-178 1.3 1.6
16-Epioestriol* 5.6 5.7
17-Epioestriol* 1.0 —
{6x-Hydroxyoestrone 250 40.6
168-Hydroxyoestrone 9.7 10.7
16-Oxo-oestradiol-178 10.0 8.6
154-Hydroxyoestrone* 5.0 3.8

* Peaks probably impure with resultant overestimation.
Values are expressed as ug/l.

thin-layer chromatography. colour reactions and UV-
spectroscopy [5]. Some evidence for the presence of
16-epiOE; was also obtained. Of the present group
of oestrogens the formation of 16a-OHOE,.
2-MeOE,, 152-OHOE,;, OE; and 16-epiOE; from
OE, or OE; [12, 13]. 168-OHOE, and 17-epiOE;
from 16a-OHOE, [14, 15], 16-0x0OE, from
16-0x0OE; [16, 17] and 15¢-OHOE, and
152-OHOE, from 15-0x00E, [18] by human liver
preparations, in vitro, have been reported.

In the present series of nine male (eight subjects).
four post-menopausal female and five fertile female
{two subjects) bile samples, analyzed by the mass frag-
mentographic procedure, large variation in total oes-
trogen excretion was seen (Tables 3 and 5). The wide
range of OF; excretion 1s the major quantitative con-
tributor to this variation (Tables 3 and 4). Similar
variation was also apparent for some of the other
oestrogens. The classical oestrogens were previously
measured in bile from similar groups of subjects [5]
and wide variation in the OE; levels in the post-
menopausal series, for instance, noted (Table 5). The
source of these large amounts of OE; in some
patients remains unexplained and can lead to the
remarkable finding of higher total biliary oestrogens
in some males as compared to some fertile females
(Tables 2, 3 and 4). In a study on the influence of
age on the urinary excretion of the classical oes-
trogens in post-menopausal women with atrophic
endometrium and normal liver function [19] it was
found that despite the concentration constancy shown
by each age group there was considerable interindivi-
dual variation, the highest values being some 10-fold
greater than the lowest values. In this connection it
must be emphasized that the present material, which
was obtained from patients with T-tube drainage of
the main bile duct post-operatively, cannot be
regarded as normal. Some of the variation in biliary
oestrogen levels observed may have been caused by
the influence of drugs given to these patients during
their illness on the steroid metabolizing enzyme sys-
tems. The calculation of 24-h excretion of oestrogens



1200

H. ADLERCREUTZ, F. MARTIN and B. LiNDSTROM

Amount
excreted
ng/12h
Male 69 years
1400¢ Two 12-h day time
collections
1200 1st days’ sample 108 ml
2nd days' sample 100ml
1000
800
600
400
200
™ j_h nd.
17 i KIHOE; 15:OHOE,
O, aMeogEQ-mi Oz wemogzep‘ogsxa.oaog 1’60)(0085
n.d.: not determined
;e\égount Female 35 years
ng/6h Four 6-h collections
1200 during 24 h
Morning sample 125 mi
*x Afternoon » 114 ml
1000} Evening » 120ml
Night » 106 mi
800+r Total 465ml

2—*m ¥

2MeOE,
OE, QE,-175
*  not determined
=+ sample lost

OE,

17053
16epiOE, 16,OHOE,

1500HOE

16/50HOE
éO 15:0HOE,

Fig. 1. Upper panel: Oestrogens excreted in two consecutive 12-h bile samples in a 69-year old male
subject. Lower panel: Oestrogens excreted in four consecutive 6-h bile samples in a 35-year old female
subject.

from samples collected during shorter periods seems
reasonably valid because of the rather limited vari-
ation in excretion seen during the day (Fig. 1). The
large difference in values for the fertile women may
be dependent on the day of the menstrual cycle on
which the samples were collected. In this study and
that of Adlercreutz{S], utilizing colorimetric deter-
mination, compared in Table §, the order of magni-
tude of the values obtained by mass fragmentography,
GLC or colorimetry are reasonably constant.

The major portion of OE, in plasma is in the form
of OE,;-SO, [20]. Mean concentrations of OE;-SO,
in plasma from normal men of 0.33 (n = 30) [21] and

0.72 ug/l (n = 5) [22] have been reported. The mean
biliary OE, level in the male group was 2.2 ugAl sug-
gesting a plasma to bile concentration gradient of the
order of 4. In pregnancy a corresponding value of
5 was calculated. In contrast, a concentrating effect
of up to 111-fold was seen for the 16-oxygenated oes-
trogens in pregnancy [18]. OE, is secreted in bile,
for the most part, as OE-SO, [5].

OE, is a relatively minor biliary oestrogen both
in men and non-pregnant, post-menopausal (Table 3)
and pregnant women [5]. However, the daily excre-
tion of OE, in faeces during pregnancy is as great
as in urine [11] and preliminary resuits show
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Table 6. Biliary excretion of some oestrogens measured in a limited number of bile samples

1 Sa-Hydroxy- 11-Dehydro-

oestradiol Oestradiol-17x  oestradiol-17x

Time of

Initials Sex Age collection (ug/l) (ug/24h) (ug/) (ug/24h) (ng/)) (ug/24h)

LB. M 70 06.00-22.00 1.91 0.53

H.N. M 53 07.00-15.00 0.06 0.022

AS. F 64 24.00-08.00 0.02 0.009

BS. F 62 06.00-14.00 0.02 0.006

H.M. F 61 06.00-14.00 0.07 0.028

B.B. F 35 06.00-12.00 1.13 057 0024 0.012 0062 0.031
12.00-18.00 1.15 052 0024 0010 0.048 0021
24.00-06.00 0.88 037 0022 0009 0074 0.031

B.B.

(Mean) 1.05 049 0023 0010 0061 0028

Approximate 24-h excretion values were calculated from results obtained for 6-, 8- or

16-h collections of bile.

relatively high excretion also in fertile women (Adler-
creutz, unpublished observations). The low biliaty
levels suggest the possibility of OE, formation in the
intestine, for example, by bacterial transformation of
other oestrogens [23] or neutral steroids [24]. This
possible significant formation of biologically active
oestrogen in the intestinal tract may have physiologi-
cal or pathological significance which is as yet not
understood and should be further investigated.

Of the non-classical oestrogens measured
16a-OHOE, was present in largest concentrations
(Table 3) and again showed large variation in biliary
excretion. Examination of .the concentrations of the
13 oestrogens measured showed little difference in
relative distribution between the male and post-meno-
pausal female groups with the exception of a tendency
for higher OE,;:16a-OHOE; secretion in males
(Tables 3 and 4). A similar conclusion could be drawn
from a comparison of relative concentrations in the
men and fertile women. Using the MF procedure, this
group of oestrogens have also been measured in the
urine of a fertile woman on days 14, 17 and 20 of
the menstrual cycle [9]. A’ comparison of this data
with our present findings highlights the relative quan-
titative importance of 16a-OHOE, excretion in bile.
This has previously been. noted when studying the
quantitative oestrogen pattern in body fluids during
pregnancy [25]. The high 16-OHOE,:OE; ratio in
pregnancy bile as compared to urine and the in-
creased urinary 16a-OHOE, excretion in diseases as-
sociated with impaired bile secretion led to the pro-
posal that a significant formation of OE; from
162-OHOE,; occurred during its enterohepatic circu-
lation [26]. The results of this study would tend to
strengthen this hypothesis. However, a further poss-
ible fate of biliary 16a-OHOE, and other labile ring
D x-ketolic oestrogens is degradation in the intestinal
tract: A study of the oestrogen content of human
pregnancy faeces [11] demonstrated the virtual
absence of these steroids in pregnancy faeces. In addi-
tion, the oral administration of ampicillin, which by
reducing the intestinal bacterial flora, altered the fae-
cal oestrogen profile to near biliary character, failed

to increase the concentration of the 16-ketolic oes-
trogens in faeces [23] suggesting that such degrada-
tion may not be dependent on bacterial enzymes. In
this study the biliary excretion of 16-0x0OE, and
168-OHOE, was in all cases some 5-10 times lower
than that of 16a-OHOE, .

Of the 15-hydroxylated oestrogens, 152-OHOE,
was measured in only two cases and the calculated
24-h excretion of 15¢-OHOE, was found to be about
0.5 ug (Table 6). In a series of reports [see, 27, 28]
it has been shown that 15¢-OHOE, and 15x-OHOE,
are present in body fluids principally conjugated to
N-acetylglucosamine. It is not known whether the
Helix pomatia extract used in this study hydrolyzes
N-acetylglucosaminides. The levels of 154-OHOE,
determined may thus be an underestimation of the
real content. That the intestine may be a significant
site- of oestrogen 15a-hydroxylation is evidenced by
‘the finding that 15¢-OHOE, was the principle meta-
bolite in portal venous blood of orally administered
160-OHOE, [23]. It is of some interest, also, that
150-OHOE; was one of the most significant oes-
trogens, quantitatively (125-180 ug/24 h), measured by
this MF procedure in pregnancy faeces [11].

OE,-17x was determined in bile samples from two
male and four female subjects (Table 6). Only
6-28 ng/24 h were excreted, thus, this oestrogen is a
very minor metabolite [see also 29]. The excretion
of 11-dehydro-oestradiol-17a [30] was measured in
three samples only from one of the fertile women.
The concentrations were about three times higher
than those of OE,-17x, the mean being 28ng/24h
(Table 6).

It may be concluded that the amount of oestrogens
excreted in bile per 24 h is relatively high in all groups
of subjects studied. This suggests that metabolic
events in the intestinal tract can contribute signifi-
cantly to the overall metabolism of these steroids and
may influence their biological activity in the organism
as the bulk of the biliary oestrogens are reabsorbed.
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