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ABSTRACT. When 50 mg of 17«-estradiol was
given orally to each of 2 male subjects, estrone
was isolated as metabolite from the urine; only
trace amounts, at most, of 17/3-estradiol could be
detected. Of the total dose of 17«-estradiol ad-
ministered, only 2.2 and 3.4%, respectively, were
recovered in the estrone, estradiol and estriol
fractions, as determined by the method of Brown,
Bulbrook and Greenwood (4). In comparative

experiments with 17/3-estradiol, 20% of the ad-
ministered dose was recovered. Similarly, 17«-
estradiol was metabolized to a greater extent
than 17/3-estradiol during incubation with human
liver slices. The results obtained show that a 17a-
hydroxysteroid oxidoreductase is present in man
and that the metabolism of 17«-estradiol in vivo
as well as in vitro differs from that of 17/3-
estradiol. (J Clin Endocr 26: 533, 1966)

RECENTLY, Schott and Katzman (1)
described a method for the separation

and quantitative estimation of 17a-estra-
diol. During the course of these studies, the
possible presence of 17a-estradiol in human
pregnancy urine was also investigated. In
confirmation of a previous statement by
Marrian (2), no 17o;-estradiol could be iso-
lated from pooled urines of pregnant
women; strongly suggestive evidence, how-
ever, for the presence of this estrogen was
obtained in two different specimens of urine
collected from an individual during the
last week of pregnancy. The substance
behaving like 17o:-estradiol was liberated
by j3-glucuronidase in amounts estimated
to be from 40 to 80 ^g/liter. It was sug-
gested that the failure to detect regularly
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1 17a-Estradiol [estra-l,3,5(10)-trien-3,17a-diol].
The systematic names of the other steroids men-
tioned in this manuscript are stated in brackets
after the trivial names as follows: 17/3-estradiol
[estra-l,3,5,(10)-trien-3,17/3-diol]; estrone [estra-1,
3,5(10)-trien-3-ol,17-one]; estriol [estra-l,3,5(10)-
trien-3,16«,17|3-trioll; 16-epi-estriol [estra-l,3,5(10)-
trien-3,16/3,17/3-triol]; 17-epi-estriol [estra-l,3,5(10)-
trien-3,16a,17«-triol]; 16,17-epi-estriol [estra-1,3,
5(10)-trien-3,16/3,17a-triol]; 16 a-hydroxy estrone
[estra-l,3,5(10)-trien-3,16a-diol, 17-one]; 16/3-hy-
droxyestrone [estra-l,3,5(10)-trien-3,16/3-diol-17-
one|; ll-dehydro-17a-estradiol [estra-1,3,5 (10),
ll(12)-tetraen-3,17«-diol]; cis-testosterone [an-
drost-4-en-17o-ol-3-one].

2 Present address: Spring Hill College, Mobile,
Ala.

17a-estradiol in human urine may partly
be due to its rapid metabolic alteration. It
seemed therefore of interest to study the
fate of 17a-estradiol in the human.

Materials and Methods
The experiments were carried out on 4

healthy male subjects (age: 35-40 years). Ur-
ines were collected at 24-hr intervals, diluted to
1200 ml and stored at —10 C until used. Ali-
quots of 200 ml were filtered through a Sepha-
dex column (G-25) according to Beling (3). The
filtrates were acidified to pH 5.2 with acetic
acid, buffered to this pH by the addition of 0.1
vol of m-acetate buffer and incubated at 37 C
with an extract from Helix pomatia (1 ml, con-
taining 50,000 Fishman units of /3-glucuroni-
dase and 25,000 Whitehead units sulfatase) for
48 hr. The hydrolyzed mixture was extracted
twice with 0.67 vol of ether; the extracts were
combined and processed following the method
of Brown, Bulbrook and Greenwood (4). The
methylated estrone, estradiol and estriol frac-
tions thus obtained were measured by the
Kober reaction under the optimal conditions as
described by Nocke (5); in some experiments,
the Kober color was extracted according to
Ittrich (6). The methylated estradiol fractions
obtained after oral administration of 17a-estra-
diol were also subjected to the 2 Kober reagents
as described by Haenni (7). One of these (re-
agent B) is specific for 17a-estradiol, whereas
reagent A yields the Kober color with both
17a- and 17jS-estradiol; for further details, see
(1). In control experiments, it was found that
after addition of 20 Mg of estrone, 17/3-estradiol,
17a-estradiol and estriol to male urine and
subsequent enzymatic hydrolysis, 85, 78, 82 and
83%, respectively, could be recovered. All
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TABLE 1. Urinary excretion of estrogens by two
male subjects following oral administration of 50
mg of 17a-estradiol. 17«-Estradiol was adminis-
tered on day 2. The estrogen fractions were deter-
mined by the method of Brown, Bulbrook and

Greenwood (4).

Sub-
ject

A

B

Day

1
2
3
4
5
6

1
2
3
4
5
6

Amounts
i

Estrone

4
38
30
16
6
5

2
15
11

7
8
5

of estrogens in urine
(fxg/24 hr)

Estradiol*

2
657
532
279

92
59

2
565
460
355
190

73

Estriol

5
15
17
11

5
0

7
25
23
14
12
18

* In this fraction, only 17a-estradiol could be
identified with certainty.

values given in the paper are corrected for
methodological losses.

For subsequent qualitative experiments,
separation of the nonpolar and the polar frac-
tions was carried out by distribution between
water and benzene-petroleum ether (1:1), ac-
cording to Brown (8). The nonpolar fractions
obtained from 200 ml of urine were treated at
room temperature for 24 hr with 100 mg of
trimethylammonium hydrazide chloride in 10
ml of ethanol and 1.5 ml of acetic acid. The
ketonic and nonketonic fractions were obtained
in the usual way.

Free estrone was chromatographed on an
alumina column, using benzene with 0.5%
ethanol as eluent (9). Paper chromatography of
the nonmethylated estrogen fractions was car-
ried out at room temperature on formamide-
impregnated paper, using, as mobile phases,
monochlorobenzene and chloroform, respec-
tively [for details, see (10)]. Microsublimation
under atmospheric pressure and melting point
determination were performed as described
previously (11).

Samples of liver tissue were obtained from 2
patients at laparotomy. The liver tissue was
taken immediately to the laboratory and sliced
according to Deutsch (12). In each experiment,
100 ng of steroid, dissolved in 0.025 ml of etha-
nol, was incubated with 200 mg of liver slices in
3 ml of Krebs-Ringer-phosphate saline, pH 7.4,
containing 20 mM glucose, at 37 C for 60 min.
At the end of incubation, the mixtures were
extracted 3 times with equal volumes of ether,

and the ether extracts were combined and evap-
orated in vacuo. The residues were then chroma-
tographed on formamide-impregnated paper
with monochlorobenzene. The estrogens [es-
trone (RF value 0.76), 17o:-estradiol (Rv value
0.46) and 17/3-estradiol (RP value 0.39)] were
eluted, the eluates were methylated and the
3-methyl ethers were chromatographed on
alumina columns (4, 8). Quantitative determi-
nations were carried out by the Kober reaction,
as described by Breuer and Nocke (13).

Results
After oral administration of 50 mg of

17a-estradiol to each of two male subjects,
an increase in the excretion of the estrone,
estradiol and estriol fractions in urine was
observed (Table 1). The increase was most
pronounced in the estradiol fraction, with
small but significant increases in the
estrone and estriol fractions. Highest levels
of excretion occurred on the day of admin-
istration. The total recovery in the three
fractions was 2.2% for subject A and 3.4%
for subject B. These values are low by com-
parison with those found for 17/5-estradiol
(Fig. 1). When the latter was given orally
under similar experimental conditions, re-
covery as estrone, 17/3-estradiol and estriol
amounted to 20%.

Qualitative experiments were carried out
to obtain further information concerning
the nature of the estrogens present in the
estrone, estradiol and estriol fractions after
oral administration of 17a-estradiol. For
this purpose, aliquots of the urines from
the first and second days following inges-
tion of 17a-estradiol were separated into
the polar ("estriol") fraction, and into the
nonpolar ketonic ("estrone") and nonpolar
nonketonic ("estradiol") fractions.

The nonpolar ketonic fraction contained
a Kober chromogen which behaved like
estrone when chromatographed on an
alumina column. After sublimation, the
melting point of the estrone-like material
(254-256 C) was identical with that of
authentic estrone. When the Kober chro-
mogen was treated with dimethyl sulfate,
the methylated compound showed, after
chromatography on alumina, the same
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elution pattern as authentic estrone 3-
methyl ether.

The nonpolar nonketonic fraction con-
tained two Kober chromogens which, after
paper chromatography on formamide-im-
pregnated paper with monochlorobenzene,
had the same RF value as 17a-estradiol
(0.46) and 17/3-estradiol (0.39); however,
the compound with the mobility of 17/3-
estradiol was present only in minute
quantities. Furthermore, the material was
subjected to the two Kober reactions as
described by Haenni (7). By the use of
these two reactions, 17a-estradiol and 17/3-
estradiol may be detected in the presence
of one another (1, 7). In the nonpolar non-
ketonic fractions thus investigated, evi-
dence was obtained for the presence of
17a-estradiol, whereas 17/3-estradiol could
not be detected with certainty.

Owing to the large amounts of impurities
present, it was necessary to purify the polar
fraction before further investigation. After
saponification and chromatography on
formamide-impregnated paper with chloro-
form, various phenolic substances were
detected. The one present in highest
amounts had the same RF value (0.04) as
estriol; when this substance was treated
with dimethylsulfate, the methylated com-
pound showed, after chromatography on
alumina, the same elution pattern as
authentic estriol 3-methyl ether. Two
additional polar substances were found
which, in their chroma to graphic behavior,
resembled 16-epi-estriol and 17-epi-estriol.
Their identity, however, could not be
established with certainty.

50mg I7p-estradiol

FIG. 1. Total excretion of urinary estrogens after
oral administration of 50 mg of 17a-estradiol (2
male subjects) and of 50 mg of 17/3-estradiol (2 male
subjects). The columns represent mean values of
estrogens excreted by 2 subjects over a 5-day
period. Striped bar, estrone fraction; solid bar,
estradiol fraction; open bar, estriol fraction.

To find whether differences also exist in
vitro between the metabolism of 17a-estra-
diol and 17/3-estradiol, both steroids were
incubated with human liver slices. The
results of these experiments are sum-
marized in Table 2. It can be seen that
during 60 minutes of incubation 17a-estra-
diol is metabolized to a greater extent than
17/3-estradiol; no estrone could be detected
in the experiments with 17a-estradiol.

TABLE 2. Metabolism of 17a-estradiol and 17j3-estradiol by human liver slices obtained at laparotomy.
In each experiment, 100 tig of steroid was incubated with 200 mg of liver slices at 37 C for

60 minutes.

Estrogen incubated

17«-estradiol

17/3-estradiol

Estrogen found

17«-estradiol
estrone

17/3-estradiol
estrone

Amount

Patient I

7.4
0

22.5
3.5

of estrogen (̂ g)

Patient II

13.5
0

28.1
1.2
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Discussion
The results reported here show that 17a-

estradiol is oxidized to estrone in the human
organism. This oxidation is catalyzed by a
17a-hydroxy steroid oxidoreductase whose
presence in man has previously been
demonstrated both in vitro and in vivo.
Thus, on incubation with human liver
tissue, 17-epi-estriol was formed from 16a-
hydroxyestrone (14) and 16,17-epi-estriol
from 16/3-hydroxyestrone (15). Further,
17-epi-estriol and 16,17-epi-estriol were
isolated from the urine of men injected
with 16a-hydroxyestrone and 16/3-hydroxy-
estrone, respectively (16).

Two marked differences in the metabo-
lism of 17a-estradiol and 17/3-estradiol in
man have been found in the comparative
studies described in the present communi-
cation. Under the experimental conditions
employed, 17a-estradiol is metabolized
both in vitro and in vivo to a greater extent
than 17/3-estradiol. Moreover, only small
amounts of estrone are formed from 17a-
estradiol in vivo, whereas 17/3-estradiol
yields large amounts of estrone; similar
observations were made for the estriol
fractions. Consequently, the total recovery
of 17a-estradiol as estrone, estradiol and
estriol is much lower (approximately 3%)
than that of 17/3-estradiol (20%) in similar
experiments. The rapid disappearance of
estrone and estriol-like compounds shows
that 17a-estradiol, in contrast to 17/3-estra-
diol, is metabolized to a large extent to as
yet unidentified compounds. Accordingly,
a search for these degradation products
might well be rewarding.

Thus far, the following 17a-hydroxylated
Cis- and Cig-steroids have been isolated
from human urine: 17-epi-estriol (17), 16,
17-epi-estriol (18) and cis-testosterone (19-
21). More recently, evidence for the
presence of ll-dehydro-17a-estradiol has
been reported by Luukaainen and Adler-
creutz (22). The physiological significance
of these 17a-hydroxysteroids is difficult to
envisage since their biological properties
have not yet been studied in detail. On the

basis of the present findings, two reasons
may be given for the failure to isolate 17a-
estradiol from human urine. First, 17a-
estradiol may be formed, owing to the
relatively low activity of the 17a-hydroxy-
steroid oxidoreductase, only in very small
amounts. Second, 17a-estradiol is subjected
to rapid metabolism to as yet unidentified
products. It may well be, then, that, by
processing huge amounts of urine and em-
ploying special techniques, 17a-estradiol
can be isolated from human urine.

Acknowledgments
This work was supported by the Deutsche

Forschungsgemeinschaft. The authors wish to
thank Miss Monika Lindlau and Mrs. Eva-Monika
Denner for their technical assistance.

References
1. Schott, E. W., and P. A. Katzman, Endo-

crinology 74: 870, 1964.
2. Marrian, G. F., The Biochemistry of the

Oestrogenic Hormone, Proc. Intern. Congr.
Biochem., 4th Congr., Vienna, vol. 4, 1958, p.
208.

3. Beling, C. G., Ada Endocr (Kobenhavn),
Suppl. 79, 1963.

4. Brown, J. B., R. D. Bulbrook, and F. C. Green-
wood, J Endocr 16: 49, 1957.

5. Nocke, W., Biochem J 78: 593, 1961.
6. Ittrich, G., Hoppe Seyler Z Physiol Chem 312:

1, 1958.
7. Haenni, E. 0., J Amer Pharm Ass Sci Ed 39:

544, 1950.
8. Brown, J. B., Biochem J 60: 185, 1955.
9. Breuer, H., Naturwissenschaften 42:16, 1955.

10. Knuppen, R., Z Vitamin Hormon Ferment-
forsch 12: 355, 1962.

11. Breuer, H., and E. Kassau, Ada Endocr
{Kobenhavn), Suppl. 51: 1113, 1960.

12. Deutsch, W., J Physiol 87: 56P, 1936.
13. Breuer, H., and L. Nocke, Ada Endocr

(Kobenhavn) 29: 489, 1958.
14. Breuer, H., L. Nocke, and R. Knuppen, Hoppe

Seyler Z Physiol Chem 311: 275, 1958.
15. Breuer, H., and L. Nocke, Biochim Biophys

Ada 36: 271, 1959.
16. Nocke, W., H. Breuer, and R. Knuppen, Ada

Endocr (Kobenhavn) 36: 393,1961.
17. Breuer, H., and G. Pangels, Biochim Biophys

Ada 36: 572, 1959.
18. Breuer, H., Nature (London) 185: 613, 1960.
19. Korenman, S. G., H. Wilson, and M. B. Lip-

sett, J Biol Chem 239: 1004, 1964.
20. Brooks, R. V., and G. Giuliani, Steroids 4: 101,

1964.
21. Schubert, K., K. Wehrberger, and G. Franken-

berg, Naturwissenschaften 24: 638, 1964.
22. Luukaainen, T., and H. Adlercreutz, Biochim

Biophys Ada (in press).

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 12 November 2015. at 13:53 For personal use only. No other uses without permission. . All rights reserved.




