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SUMMARY

[*H])-estradiol-178 was incubated with endometrium obtained at different times during the menstrual
cycle. The percentage of the [*H]-estradiol-178 metabolized was measured. Secretory endometrium
metabolizes estradiol-17f8 at a greater rate than proliferative endometrium. Proliferative endometrium
metabolizes estradiol-178 to estrone while secretory endometrium, under the influence of progesterone,
metabolizes estradiol-17 to water soluble metabolites and a small quantity of estrone. The production
and excretion of water soluble metabolites by the secretory endometrium is rapid. Endometrium show-
ing cystic hyperplasia or adenocarcinoma metabolizes estradiol-17f at the same rate as proliferative

endometrium.

INTRODUCTION

Metabolic transformation of estradiol-17 has been
consistently demonstrated in human endometrium
[1-4] and myometrium [1]. The major metabolite
isolated was estrone. Ball and Knuppen [5] also iso-
lated estrone along with quantities of 6a-hydroxy-
estradiol-17f and two water soluble metabolites, estra-
diol-17f sulphate and a positively charged conjugate.

Several workers have investigated the cyclic pattern
of uptake and metabolism of estradiol-17f in super-
fused tissue [3. 6], homogenates [7], and tissue slices
[1,4]. Tseng and Gurpide[3] revealed differences in
the rate of conversion of estradiol-17f to estrone in
the proliferative and secretory phase and they inter-
preted this as being due to an alteration in estradiol-
178 dehydrogenase activity. In a later investigation
Tseng and Gurpide[ 7] measured the activity of estra-
diol-178 dehydrogenase in 800g supernatant and
found a thirteen-fold increase in the enzyme activity
following ovulation. The current investigation, carried
out in tissue slices, also demonstrates this increase
in estradiol-178 dehydrogenase activity but shows
that water soluble metabolites, not estrone, are the
major metabolites during the secretory phase.

MATERIALS AND METHODS

Chemicals. Reagent grade organic solvents were
redistilled before use. [6,7->H]-estradiol-178 (S.A. 45
Ci/mmol) was purchased from Radiochemical Centre,
Amersham, England. Unlabelled steroids and Sulpha-
tase (Aryl Sulphatase) Type III: from Limpets were
obtained from Sigma Chemical Co., St. Louis, Mis-
souri, U.SA.

Tissues. The human endometrium used in this study
was obtained from uteri removed by hysterectomy.
Decidual tissue was obtained at therapeutic abortion.

Method

Uteri obtained at hysterectomy were immediately
placed on ice. The endometrium was removed and
a portion used for histological identification. The
remainder was sliced into pieces weighing 20-50 mg
wet weight. Tissue incubations were generally con-
ducted as follows: 2:8-3-1 pmol of [6,7-3H]-estradiol-
178 (S.A. 45 Ci/mmol) was incubated at 37°C with
100-150 mg of endometrium for [ h in Sml of phos-
phate buffer of the following composition: 0-05M
Sodium—potassium phosphate (pH 7-4), 0025 M KCl
and 0:004 M MgCl, [1]. At the end of the time period
the tissue slices were removed and placed into
another flask containing 5ml of phosphate buffer.

This flask, together with that containing the ori-
ginal incubation medium were flooded with 16ml
acetone and left overnight at 4° C. Throughout the
publication these extracts will be referred to as the
“tissue fraction” and “medium fraction” respectively.

The extracts were filtered, to remove precipitated
proteins and tissue, and the acetone evaporated under
N,. The remaining aqueous phase was extracted with
ether (3 x 15ml) and the combined etheral extracts
were dried over Na,SO,. After evaporation, the
ether extract afforded a residue which was dissolved
in ethanol (2-5 ml).

Investigation of the ether phase components on
Silica Gel G (chloroform-ethylacetate 9:1 v/v)
revealed that radioactivity was localized at positions
corresponding to standard estradiol-17§ and estrone.
These active zones were scraped into counting vials
and Permablend-toluene scintillator (10 ml) added.
Radioactivity was then measured in a Tri-carb model
3375 liquid scintillation spectrometer with automatic
external standardization. From this the amount of
estrone was calculated as a percentage of the original
[*H]-estradiol-17f added. Column chromatography
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of the residue on Sephadex LH-20. using dichloro-
methane-methanol (85:15 viv) as elution solvent also
indicated cstrone to be a metabolite. This was con-
firmed by recrystallization. from hexane-acetone, to
constant S.A.

The radioactivity in the aqueous phase was mea-
sured in Bray's scintillation mixture [8]. The aqueous
phase contains the water soluble metabolites. The
water soluble metabolites were applied to a Florisil
(60- 100 mesh) column prepared according to the di-
rections of Collins[15]. The column was eluted with
50ml fractions ecach ol cthylacetate. ethylacctate-
methanol (4:1.1:1. 1 :4 by vol.) methanol and meth-
anol:water (4:1, 1:1. 1:4 by vol). Eluates of 50
mi were collected. evaporated to dryness and reconsti-
tuted in 2 ml methanol. Aliquots of the eluates were
counted in order to determine which contained the
radioactive metabolites.

The *H estrogen sulphates which ecluted in the
second and third fractions were chromatographed on
Celite 545 using the solvent system chloroform-n-
heptanc t-butanol 1'0N NH,OH (1:2:2:2 by vol.).
The Celite column was prepared according to the
directions of Preedy and Aitken[16].

Thin-layer chromatography, of the water soluble
metabolites was carried out on Silica Gel G in two
scparate solvent systems:— (1) methylenc chloride:
methanol:ammonia (70:22:8 by vol) [17]. (2) n-
butanol after cquilibration for two hours in 10%,
NH,OH in water [18]. Appropriatc standards of
estrone sulphate and estradiol-3-sulphate were run
with each plate.

The tritiated metabolites isolated from the Florisil
column, Celite column and thin-layer chromatography
plates were treated with Sulphatase (24 h at 37°C)
and extracted with ether. The resulting free estrogens
were identified by thin layer chromatography in
chloroform—cthylacetate (9:1 v/v). Estrone and estra-
diol were recrystallized to constant specific activity
from hexane-acetone.

RESULTS

There are two types of metabolites produced by
human endometrium from estradiol-17f, free (ether-
extractable) and conjugated (water soluble) metabo-
lites. Estrone was isolated and identified as the free
metabolite of estradiol-17f by t.lc.. column chromat-
ography on Sephadex LH-20 and by recrystallization
to constant S.A.

Florisil elution chromatography was used to differ-
entiate the water soluble metabolites into sulphates
and/or glucosiduronates. Characteristically, estrogen
sulphates are eluted with ethylacetate- methanol (4:1,
1:1. by vol.) where as estrogen glucosiduronates are
eluted by methanol and methanol-water (4:1.v/v)
[15]. The water soluble metabolites produced by sec-
retory endometrium elute in the ethyl acetate-meth-
anol (4:1, 1:1, by vol.) fractions.

Separation of the sulphate fraction from Florisil
column was achieved by chromatography on Celite
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545 (Fig. 1). Estrone sulphate which contains 807, of
the water soluble *H is recovered in the 4-7 ml cluate.
Estradiol sulphatc which contains the rest ol the
water soluble *H is recovered in the 10-15ml cluate.

Identification of the estrogen sulphates was also
achieved by thin-layer chromatography. Figure 2 is
a typical chromatogram of the water soluble metabo-
lites run in methylene chloride methanol- ammonia
(70:22:8. by vol.). The water soluble *H metabolites
have the same mobility as the authentic standards
of estrone sulphate (R, = 0-48) and 17f-cstradiol-3-
sulphate (R, = 0-35). The majority of the radioacti-
vity is associated with the cestrone sulphate standard.
Similar separation and identification of the water sol-
uble metabolites was achicved in the second solvent
system. (R, Estrone sulphate = 0-70. 17f-estradiol-3-
sulphate = 0-37).

Treatment of the individual sulphate peaks with
Sulphatase. subsequent extraction and thin-layer
chromatography, identified the free estrogens corre-
sponding to their respective sulphates.

Quantitative and qualitative variations in mectabo-
lites occur with changes in the menstrual cycle. Figure
3 shows the percentage conversion of [*HJ-estradiol-
17/ into estrone and water soluble metabolites during
the menstrual cycle. In the mid-proliferative phase
269 + 2-7%; (mean = standard error of the mean) of
the [*Hl-estradiol-17f is metabolized. the majority
to estrone. In the later proliferative phase the conver-
sion drops to 204 + 1-7°, with estronc again being
the major metabolite.

Just before or after ovulation there is a sudden in-
crease in the quantity and an alteration in the nature
of the metabolites produced. In one experiment there
was a rapid increase in estrone levels (36%) above
that of the proliferative phase and an increase in
water soluble metabolites (22:6°;). Prior to the early
secretory phase the major conversion of [*H]-estra-
diol-17f changes to water soluble metabolites instead
of estrone (Fig. 3). Mid secretory endometrium has
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Fig. 1. Chromatography of estrogen sulphates from the
Florisil column on a Celite 545 column in chloroform-n-
heptane-tertiary butanol-1 M NH,OH (1:2:2:2 by vol)



Endometrial metabolism of estradiol-178

o O QO

20001~ £,50, E,SO, EE,
£
o
0
)

< 10004

3
a
k-

| 1 |

0 L] 20 30 33

O05cem.

Fig. 2. Thin-layer chromatography of the sulphate fraction
from the Florisil column. The standard E,-3-SO, and
E,-3-SO, had R values of 0-35 and 0-48 respectively (cir-
cles). Solvent system methylene chloride-methanol-am-
monia (70:22:8 by vol.).
the greatest metabolic activity converting 63-3 + 3-5%
of the [3H]-estradiol-17p to water soluble metabolites
and 17-1 + 1-7% to estrone. Towards the end of the
cycle the level of water soluble metabolites decreases
(261 + 47%) while estrone, again becoming the
dominant metabolite, is increased in production to
337 + 38%.

Decidual endometrium, obtained during the first
trimester, converts 47-1 + 4:1% of the [>H]-estradiol-
178 to estrone which is slightly below the conversion
to total metabolites at the end of the cycle
(59-8 + 46%, Fig. 3). The level of water soluble meta-
bolites (5-4 + 0-4%) is higher than in the proliferative
phase (3-1%) but is considerably lower than that pro-
duced in the secretory phase (63-3%).

Myometrium, in contrast to endometrium, does not
have a cyclic dependent metabolic pattern and the
percentage conversion is below that of endometrium
in all phases of the cycle. Myometrium metabolizes
66 + 1-2% of the [*H]-estradiol-178 to estrone and
3-8 + 0-6% to water soluble metabolites.

Figure 4 shows the results of a time course exper-
iment in which [*H]-estradiol-178 was incubated

o

14

= 00—

Q

S

5 (3)

E @) A

@ e .

£ ,/3 5 Mo

3 F L7 (12)

= 504 / ? \\

$ /) \

—_— 5 e A/ \

F3 ot /é

5 ~/ $

e / e )

g /

o | o—=-d 1 | Il

2 Early Mid Late  Early  Mid Late
Proliferative Secretory Decidual

Fig. 3. Metabolism of H3estradiol-17f by endometrium

obtained at different times during the human menstrual

cycle. The vertical bars show the standard error of the

mean. @&——@ @ Estrone; O—-——-0 O Watersoluble meta-

bolites: A- - /A B Total metabolites. Numbers of ex-
periments are given in parentheses.

ISR Vol 6 N 11H12-C

1491

with a secretory endometrium and the level of estrone
and water soluble metabolites was measured at 30
min intervals. In the first 30 min 54-3%, of the [*H]-
estradiol-178 has been metabolized, mainly to water
soluble metabolites (34:6%) and the estrone level is
only 19:7%. The percentage of total [*H]J-estradiol-
178 metabolism continues to increase to 87-9% at 90
min then it flattens off. The continuing rise in total
metabolite level is predominantly due to the forma-
tion of water soluble metabolites since estrone levels
never rise above the initial value of 19-7%; (Fig. 4).

More detailed information regarding the distribu-
tion of metabolites in the incubation medium and in
the tissue with time is given in Table 1. At 30 min
the level of total metabolites in the medium (37-8%)
is more than twice that in the tissue (16:5%). The
total amount of metabolites in the tissue remains con-
stant after 30 min. The percentage of estrone in the
medium remains almost constant after the first 30
min, but the content of water soluble metabolites in-
creases rapidly to 63-4% at 90 min then flattens off.
It can be seen from these two sets of results that
the secretory endometrium is geared towards rapid
production and excretion of water soluble metabo-
lites.

In comparison Fig. 5 and Table 2 demonstrate the
same process in a late proliferative tissue where water
soluble metabolites are of little significance. While
water soluble metabolites remain at a low level
throughout the incubation, estrone increases linearly
with time. Estrone concentration in the tissue and
medium increases at a constant rate over the time
course. The level of estrone in the medium increases
at a slightly higher rate than in the tissue and the
T/M (% Total metabolism in tissue/%, Total metabol-
ism in medium) ratio only varies 0-09 from 0-59 at
30 min to 0-50 at 120 min (Table 2). In contrast the
T/M ratio in a secretory endometrium varies by 0-26
from 0-44 at 30 min to 0-18 at 120 min (Table 1).
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Table 1. Distribution of metabolites of estradiol-178 from

a secretory endometrium. Figures expressed as the percent-

age of [*Hl-estradiol-178 metabolized. E, = Estrone:
WS = Watersoluble metabolites

; TIME HEDIUM TISSUE Tissue/
i fminutes) E, wS Total | B, ¥s Total Medium
30 15,4 | 22,4 | 37.8 | 4.3 [ 12,2 | 16,5 0,44
80 12,8 | 46,0 | 58.8 | 2.3 | 16,1 | 18,4 0.3
toa0 9.7 | 6.0 | 73 | 2.7 | 12w | w7 0.20
FEES 2.5 1 62,8 72,3 | 2.5 10,3 | 2.8 0,18

Various pathological and endocrine disorders have
been investigated to give a further insight into the
factors controlling estradiol-17§ metabolism. Table 3
demonstrates the results in patients with endometrial
adenocarcinoma, endometrial cystic hyperplasia and
anovulatory hyperplasia. There are four adenocar-
cinomatous tissues having poorly to well differen-
tiated tumours. In all cases the amount of estrone
produced (19-0%-28-9%) falls within the range for
proliferative endometrium. The production of water
soluble metabolites was negligible except in one case.
Case Kin (28-9% water soluble metabolites) had been
treated with 200 mg/day of “Provera” or medroxy
progesterone acetate, a potent progestational agent.

Endometrial cystic hyperplasia and endometrium
from patients with anovulatory hyperplasia metabo-
lize estradiol-178 at the same rate as proliferative tis-
Sue.

DISCUSSION

The metabolism of estradiol-178 in human endo-
metrium has a biphasic pattern which parallels the
hormonal and morphological changes that occur in
the menstrual cycle. In the proliferative phase estra-
diol-178 is oxidized to estrone by estradiol-178
dehydrogenase. The metabolic fate of estradiol-178,
in the secretory phase is different from that in the
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Fig. 5. Metabolism of H3estradiol-178 with time in a proli-
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Table 2. Distribution of metabolites of estradiol-178 from

a proliferative endometrium. Figures expressed as the per-

centage of [*HJ-estradiol-178 metabolized. E; = Estrone:
WS = Watersoluble metabolites

TivE MEDIUM TISSUR resse/ |
{minutes} E, s Total E, wS Total Mediue

30 2.7 | 141 5.8 | 19 o3 | o2z 0,59

50 Poas s s | o3a | o2 | 3 0.56

30 a8 | 1,71 115 | 57 Loz | s 0.5

120 9.9 1 2.0 [ 1.9 | 6.6 | 03 | 6.3 0,50

proliferative phase. Although estradiol-178 is still oxi-
dized to estrone, conjugating enzymes further meta-
bolize estradiol-17 and estrone to form water soluble
metabolites. Seventy to eighty five per cent of the
water soluble metabolites are derived from estrone,
that is oxidation should occur before conjugation.
Tseng and Gurpide[7] measured the activity of estra-
diol-17f dehydrogenase in 800 g supernatants during
the menstrual cycle and the enzymic pattern was simi-
lar to the pattern observed when total metabolites
were measured (Fig. 3).

The increase in metabolism and the appearance of
water soluble metabolites correspond to the increase
in progesterone secretion. The effect of progesterone
on endometrium cannot be detected, histochemically,
for at least 36-48 h after its secretion [9]. However,
progesterone can be detected before this by the
changes it induces in estradiol-178 metabolism. In-
itially there is an increase im both estradiol-178
dehydrogenase and conjugating enzymes and the
metabolic pattern shows an increase in both estrone
and water soluble metabolites. After a certain period
of time the increase in conjugating enzymes is suffi-
cient to metabolize the majority of estrone produced.
Consequently there is a crossover point when water
soluble metabolites take over, from estrone, as the
major metabolites.

At the end of the menstrual cycle the activity of
estradiol-17§ dehydrogenase remains constant while
the activity of the conjugating enzymes decreases. The

Table 3. Estradiol-178 metabolism by endometrium

with adenocarninoma, cystic hyperplasia or anovula-

tory hyperplasia. Figures expressed as percentage of
[*H]-estradiol metabolized

DISORDER STAGE ESTRONE | WATEHSOIUBLE | TOTAL
Adenccaroinoma:

WD, quite poorly diffsrentiated 10,0 2.2 12,2
[3A moderately well differentiated 22,4 3.5 26.0
LAT, well differentiated 20,3 2,9 23,2
KI¥¢ * moderately well diffsrentiatad 28,9 28,9 57.8
CON. Cystic 21.9 2.3 30,2
WAT, Oystic 5.9 2.2 8,1
GIR, Cyavic 12.5 2.2 H.T
BAL, Cystic 27,0 2.8 29,8
MAR. Anovulatory 13,2 2.0 15,2
BUR. Anovulatory 18.8 2,6 21.4

* Treated with 200 mg/day with medroxyprogesterone
acetate.
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metabolic pattern is again altered and estrone
becomes the major metabolite (Fig. 3). The high acti-
vity of estradiol-178 dehydrogenase and the presence
of conjugating enzymes are not observed in the next
menstrual cycle because all the endometrium, except
the basalis layer, is expelled during menstruation [9].
The enzyme levels in the next cycle are those which
exist in all non-progesterone treated endometria.

If conception occurs, progesterone and estradiol-
17f8 concentrations increase above normal instead of
decreasing at the end of the cycle. It is interesting
to note that the water soluble metabolites in the deci-
dual endometrium are very low, while estradiol-178
dehydrogenase activity is the same as it was in the
late secretory phase. This may indicate that the conju-
gating enzymes are a “once-a-cycle” phenomenon,
that is progesterone induces the production of a cer-
tain quantity of enzymes which only remains active
till the end of the cycle.

Estradiol-17p is the primary growth-stimulating
factor for endometrium [13]. The endometrium has
a two phase cycle:— (1) The proliferative phase or
the growing period where plasma estradiol-17f con-
centration increases, reaching a maximum before ovu-
lation and (2) The secretory phase—the secreting or
functional period where plasma estradiol-17f con-
centration is half the peak concentration but still rela-
tively high. For a tissue to have a non-growing period
when the growth factor is in high concentration, it
must have the capacity to regulate, either the con-
centration of estradiol-17f directly, or the influence
which estradiol-178 has on the genetic material. A
combination of these two systems seems to occur to
limit the influence of estradiol-178 on the endome-
trium. Tseng and Gurpide[7] have also suggested that
the function of estradiol-17 metabolism is to limit
the duration of estrogen action on the human uterus.
A similar suggestion has been made by Jellinck and
Lyttle[10] working with the rat uterus.

In the proliferative phase the endometrium has
only a slight control over intracellular estradiol-17§
levels since estradiol-17f is oxidized to estrone by low
levels of estradiol-178 dehydrogenase. The remaining
unmetabolized estradiol-178 is available to a high
concentration of estradiol-178 receptors, for growth
processes [14]. Consequently the inability of prolifer-
ative tissue to metabolize estradiol-17f is reflected in
the abundant growth of the tissue.

Tseng and Gurpide[7] showed that estradiol-178
dehydrogenase and estradiol-178 receptor con-
centration change in opposite directions during the
menstrual cycle. In the secretory phase metabolism is
at its greatest while receptor levels are tending towards
a minimum [14]. The small quantity of unmetabo-
lized estradiol-17§ has only a low concentration of
receptors to bind. This limits the effect of estradiol-
17fon the genetic material in the secretory phase.
Therefore the concentration of estradiol-17f available
to the tissue is only sufficient to maintain the cells
and not for growth.
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The water soluble metabolites produced in the sec-
retory phase have properties which make them ideal
products for limiting the action of estradiol-178, since
they are produced and excreted rapidly (Fig, 4,
Tablel). As sulphates of estrone and estradiol-178
they possess a low affinity for the estradiol-17p recep-
tor and would only be bound if present at high con-
centrations [11]. The concentration of water soluble
metabolites in secretory tissue is kept at a minimum
due to their favourable excretion rate. So it can be
seen from rates of metabolism and receptor con-
centrations that secretory tissue in contrast to proli-
ferative tissue has a greater influence over limiting
intracellular estradiol-178 concentrations and thus
growth.

There are several pathological disorders where the
inability of the tissue to control intracellular estra-
diol-178 levels results in abnormal growth. Excessive
estrogen production or persistent stimulation by low
levels of unopposed (by progesterone) estradiol-178
is regarded as a causative factor or cofactor for endo-
metrial cystic hyperplasia and endometrial carcinoma
[12]. In both these disorders metabolism of estradiol-
178 occurs at the same rate as in proliferative tissue.
In these cases progesterone is not present to stimu-
late estradiol-17f dehydrogenase and the conjugating
enzymes and thus limit estradiol-178 influence over
growth. Both pathological disorders can be treated
with progestational agents [12]. Hormones, such as
medroxyprogesterone acetate and 17x-hydroxypro-
gesterone caproate, are thought to act by limiting the
synthesis of nucleic acids and altering the intra-cellu-
lar metabolism or by depressing other potentially
tumour-stimulating compounds [12]. It is suggested
here that they act by increasing the metabolism of
estradiol-178 which limits the effect of the hormone
on nucleic acid synthesis.
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ADDENDUM
After the submission of this paper for publication. Gabb
and Stone[ 17] published similar results for the cyclic meta-
bolism of estradiol in the human uterus. Pack and
Brook[ 18] also found cyclic metabolism of estradiol in the
gilt uterus.



