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Oestrogen is considered to be the 'female' hormone, whereas
testosterone is considered the 'male' hormone.However, both
hormones are present in both sexes. Thus sexual distinctions
are not qualitative differences, but rather result from
quantitative divergence in hormone concentrations and
differential expressions of steroid hormone receptors. In
males, oestrogen is present in low concentrations in blood, but
can be extraordinarily high in semen, and as high as 250 pg
ml-1 in rete testis fluids [1,2], which is higher than serum
oestradiol in the female [3]. It is well known that male
reproductive tissues express oestrogen receptors [4-7], but the
role of oestrogen in male reproduction has remained unclear.
Here we provide evidence of a physiological role for oestrogen
in male reproductive organs. We show that oestrogen
regulates the reabsorption of luminal fluid in the head of the

epididymis. Disruption of this essential function causes
sperm to enter the epididymis diluted, rather than
concentrated, resulting in infertility. This finding raises
further concern over the potential direct effects of
environmental oestrogens on male reproduction and
reported declines in human sperm counts [8,9].
      Classic cellular responses to the hormone oestrogen are
mediated through nuclear oestrogen receptors (ER), which
function as ligand-dependent transcription factors. Efferent
ductules of the testis are known to express high amounts of ER-
alpha [10,11], higher even than uterine tissue, and both the
alpha and beta forms of ER are present in efferent ductules and
the epididymis [10]. These ductules form a series of small
tubules that transport sperm from the testis to the epididymis
[12]. In humans, one third of the epididymal head consists of
efferent ductules [13]. In addition to ciliated cells that stir the
luminal fluid, their epithelia contain non-ciliated cells that
resemble proximal tubule cells in the kidney. The non-ciliated
cells have a reabsorptive function that results in the uptake of
water, ions and proteins from the ductal lumen [12,14]. Ductules
in the rat reabsorb nearly 90% of the rete testis fluid, coupling
water and active ion transport in an electroneutral environment,
in which Na sup + and water are reabsorbed at equal rates,
thereby increasing the concentration of sperm as they enter the
epididymis [15,16]. This method of concentrating sperm
improves their survival and maturation during epididymal
storage and ensures that a large number of sperm are released
upon ejaculation, increasing the randomness of fertilization and
providing genetic variation [14]. These data and the observation
that efferent ductules contain the highest concentrations of ER
in the male led us to hypothesize that oestrogen participates in
the regulation of fluid reabsorption in the male reproductive
tract.
    To test this hypothesis, we used the ER-alpha gene knockout
mouse (ERKO) [17,18]. The ERKO male is infertile [18], but its
testes appear normal until puberty, when they begin to
degenerate as early as 20-40 days of age. By 150 days, the testes
are atrophic [19]. Sperm from the ERKO male are abnormal and
sperm concentrations are significantly reduced in the
epididmysis [19]. The reproductive tract in ERKO males
contains a dilated rete protruding into the testis (Figure 1a,
Figure 1b). Downstream from the rete, the efferent ductules are
also swollen (Figure 1c, Figure 1d), with luminal areas more
than twice the size of those of wild-type males at 90 days of age.
From these observations, it appears that luminal fluid is not
being removed by the ductal epithelium or that there is an
excess of fluid secreted by the testis, causing fluids to
accumulate in seminiferous tubules, rete and efferent ductules.
Epithelial cells of the wild-type (Figure 1e) contain endocytotic
vesicles and large PAS+ lysosomal granules, organelles
common to cells active in the uptake of luminal fluids.
However, these structures are greatly reduced or missing in the
epithelium of ERKO (Figure 1f), which is decreased in height
by 45%. Based on these data, we hypothesized that an increase
in testis weight would occur as testicular secretions accumulated
in the lumen of the seminiferous tubule. As postulated, a
transient increase in testis weight in ERKO males is seen
between 32 and 81 days of age and a decrease by 185 days
(Figure 2), suggesting that long-term atrophy of testes from
ERKO is caused by back-pressure of the luminal fluids [20,21]
    We further reasoned that if the efferent ductules in ERKO
mice were dysfunctional, then occlusion of the initial segment
epididymis, immediately distal to the ductules, would cause
fluid to accumulate more rapidly in their testes than in the wild
type. Therefore, we surgically cauterized the initial segment of
the epididymis, occluding the terminal end of the efferent
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Figure 2. Testicular mass between 32 and 185 days of age (mean +/-
s.em.). ERKO mass increases at 32-45 and 70-80 days. By 185 days, the
ERKO testes are atrophic. Differences were determined by the unpaired
Student's t-test (P < 0.05); N = 5-8 for wild-type mice (WT) and N = 7-10
for ERKO.

 

Figure 1. Seminiferous tubules, rete testis and efferent ductules in
ERKO and wild-type mice. a, Wild-type seminiferous tubules exhibit
normal spermatogenesis and a small rete testis (RT). b, ERKO rete
testis and seminiferous tubules (ST) are dilated. Spermatogenesis
appears abnormal in several tubules. c, Wild-type efferent ductules
(DE) have narrow lumen. d, ERKO efferent ductules have dilated
lumen. e, Wild-type efferent-ductule epithelium contains endocytotic
vesicles (EV) and numerous PAS+ lysosomes (L). f, ERKO efferent-
ductule epithelium is reduced in height and non-ciliated cells (N)
contain fewer lysosomes and endocytotic vesicles; C, cilia. Scale bars:
a, b, 100 µm; c, d, 50 µm; e, f, 10 µm.

Figure 3. Change in testis mass 48h after occlusion of the initial-
segment epididymis. Values shown are mean (+/- s.e.m.) percentage
difference between the occluded and sham-operated side. Differences
between wild-type (WT) and ERKO means were determined by the
unpaired Student's t-test (P < 0.05).

Figure 4. Ligated efferent ductules in vitro. a, Wild-type ductule lumen
(between arrows) collapse by 3h. b, ERKO ductule lumen (between
arrows) is wider than wild type and appears to increase in diameter
after incubation. c, Wild-type ductule treated with an anti-oestrogen
(ICI 182,780) initially has a normal lumen but has a slight reduction in
diameter after incubation. Scale bars, 100 µm.
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ductules. The contralateral side served as the control. Testes were
removed 48 h after surgery and the difference in weight between
the occluded and sham-operated side represented the build-up of
luminal fluid caused by a lack of reabsorption in the efferent
ductules. After ductal occlusion, testes of ERKO weigh 30% more
than testes of wild-type mice (Figure 3).  However, these data do
not remove the possibility that the increase in weight results from
an abnormal rate of fluid secretion by the seminiferous epithelium
in the testis of ERKO. Therefore, we also unilaterally occluded the
rete testis in a group of ERKO and wild-type males and compared
differences in testicular weight changes at 24 h. Instead of showing
increases in fluid secretion, the testis in ERKO secretes
significantly less fluid (P < 0.05) in 24 h than does the wild-type:
22.4 +/- 3.0% increase versus 37.9 +/- 5.3%, respectively. In the
ERKO male, efferent ductules do not appear capable of
reabsorbing luminal fluids received from the testis. Thus the
ERKO mouse provides evidence that oestrogens may be
responsible for the regulation of fluid transport, which increases
the concentration of sperm before entering the epididymis.
     To assess the function of oestrogen in adult tissues without
developmental influence, we treated wild-type mice for 3 days
with an anti-oestrogen compound and used in vitro methods of
analysis to determine fluid reabsorption. ICI 182,780 (ICI
Pharmaceuticals) is a pure anti-oestrogen that inhibits increases in
uterine weight stimulated by 17 beta-oestradiol and binds both ER-
alpha and ER-beta [22,23]. Small segments of adult efferent
ductules were isolated for organ culture and the tubular ends were
ligated with fine suture, preventing the inflow of culture medium.
Using this in vitro model, we compared the function of ductules in
wild-type, ERKO and ICI-treated males over a 24-h period. In
ductules from wild-type mice, the epithelium is capable of rapidly
removing luminal fluid, which results in the collapse of the ductule
walls (Figure 4). After 24 h of ligation, the luminal area of ductules
from wild-type decreased 82% (Figure 5). In contrast, the luminal
area of ductules from ERKO increased 46%, and ductules from
wild-type mice treated with ICI showed only a slight decrease of
14%. Thus efferent ductules from ERKO are incapable of
reabsorbing luminal fluid, while wild-type ductules remove most
of the fluid within 3 h. Blockage of ER function, by treating
ductules from wild-type with an anti-oestrogen, significantly
inhibits fluid reabsorption.
    Thus ER-alpha is important both for normal growth of the male
reproductive tract and for adult function of the efferent ductules.
However, because wild-type ICI-treated ductules in vitro did not
swell like the tissues from ERKO mice, the mechanisms of
oestrogen action are not fully understood. For example, it is not
known whether the role of ER-beta is the same as that of ER-alpha
in efferent ductules. Recent data in HeLa cells have shown that
anti-oestrogens and 17 beta-oestradiol produce opposite effects on
ER-beta, depending upon the type of response element complex

Figure 5 The effects of in vitro ligation on changes in luminal area of efferent
ductule segments 24h after ligation. Mean (± s.e.m.) percentage difference between
0h and 24 h in luminal areas for isolated ductules from wild-type controls, ERKO
and ICI-treated mice.

formed [24]. Thus ER-beta function in ductules of ERKO males
could account for the in vitro observations. Regardless of the
precise mechanisms, developmental disruption of ER-alpha in
mice causes a total loss of net fluid reabsorption. In the human,
mutational dysfunction in ER-alpha and P450 aromatase (the
enzyme that converts androgens to oestrogens) decreases sperm
counts and results in poor sperm viability [25-27]. Our data
suggest that oestrogen deficiency or oestrogen insensitivity in
man might also result in the accumulation of fluid in efferent
ductules and subsequent atrophy of the testis. Tamoxifen, which
is commonly known to be a mixed oestrogen agonist/antagonist
in different tissues, has been used to increase sperm counts in
oligospermic men [28]. In conclusion, our data describe a
physiological endpoint of oestrogen action in the male
reproductive system. This finding is important given recent
concerns over reported declines in human sperm counts and
speculation that exposure to environmental oestrogens may be a
cause of this [8,9,29]. The extensive presence of ER (both alpha
and beta) at other sites in the male reproductive system and
throughout the body [10,11,23] makes it possible that new and
unexpected functions may be found for the 'female' hormone in
men.    
……………………………………………………………………

Methods
Histology and morphometry. Testis and mid-proximal efferent ductules
were fixed and processed for light microscopy [30]. Luminal area, ductal
circumference and epithelial height were taken in 5 areas per ductule cross-
section in 5 ductules per mouse.
Initial-segment epididymal occlusions and rete testis ligation. Under
surgical anaesthesia, initial-segment epididymidis was occluded by cauterization
or rete testis was ligated with 0000 suture. The contralateral testis was sham
operated. The animals were allowed to recover and testes were taken at either 48
h (initial-segment occlusions) or 24 h (rete ligation) and weighed. For the initial
segment occlusions, N = 7 for both wild-type and ERKO. For rete testis
occlusions, N = 14 for wild-type mice and N = 12 for ERKO.
In vitro ligation of efferent ductules. One group of wild-type mice was
given single daily injections of ICI 182,780 (1 mg per kg) for 3 days before
removal of the ductules. Efferent ductules were microdissected into 1.5-mm
lengths and incubated for 24 h in M199 culture medium containing
dihydrotestosterone (4 x 10-7 M), 17 beta-oestradiol (1 x 10-9 M), bovine
lipoprotein (0.16 mg ml-1) or all components plus ICI 182,780 (1 x 10-6 M) at
34°C in humidified 95% air/5% CO2. After 24 h, segments were ligated on both
ends to prevent entry and exit of fluids. Digital images of the ductules were
analysed at 0, 3 or 12 and 24 h after ligation (Figure 4, Figure 5). Ductal
segments damaged by microdissection or stretching were discarded. Only
segments with rapid ciliary beat and clear lumens were ligated. N = 3 mice for
each treatment group, and 3-12 ductal segments per animal were analysed.
Differences between means were determined by a one-way analysis of variance
(P < 0.0001) followed by Bonferroni multiple comparisons test (P < 0.001).
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