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SUMMARY

The aim of the present study (Modz! study } was to identify the effects of
Estradiol and Tamoxifen (Selcctive Estrogen Receptor Modulators,
SERMS) on the serum and semen steroid hormones profile, integrity of
the epididymal structure and semen quality in normal Balady bucks that
might be mimicked or antagonized by environmental SERMS with
estrogenic and/or anti-estrogenic properties. There was a significant (P <
0.01) increase in the serum and seminal plasma csirogen level in both
Estradiol and Tamoxifen treated bucks. Regarding the testosteronc
concentration, 1l was noted that while there was 2 significant increase in
the lestosierone concentration in seminal plasma of both Estradiol and
Tamoxifen treated groups as well as in the serwm of Estradiol treated
group, therc was non-significant variation in serum testosterone
concentration of Tamoxifen treated group. Histological cxamination of
epididymal tissues from Estradiol treated bucks revealed an increase in
the height of epithelial cells and length of their cilia. Also, there was an
increase in the number of the nuclei indicating active division of the cells
with consequent increase in the number of cilia, Conversely; in
Tamoxifen treated group there was marked reduction in the number and
length of the cilia and height of the cclis. The semen quality was
adversely affected in the Estradiol treated group as indicated by
significant (P < 0.01) decrcase in cjaculate volume, sperm metility and
conceniration as well as significant (P < 0.01) increase in the percentages
of sperm abnormalities, dead sperms and sperms with protoplasmic
droplets during treatment and post-treatment periods. However, the
effeet of Tamoxifen on the semen quality was comparatively mild and
restricted to significant increase in the dead sperm percentage and
decrease in the gjaculate volume. Tt could be concluded that whatever the
cause ol disturbed estrogen/testosterone ratio in both serum and seminal
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plasma, it would disturb the integrity of epididvmal structure with
consequent reduction in the semen quality of bucks.

Keywords: Estradiol, tamoxicen, Serum, semen, testosterone, bucks

INTRODUCTION

Estrogen and functional alpha estrogen receptors (ERe) are
required for normal fertility in males of all mammalian specics (Olivera
et gl, 2001). Goyal er ¢l (1997) and Zhou et al. (2001) reported that
estrogen may be important for maintenance of structural and functional
integrity of specific segments of the male reproductive tract, Estrogen is
present in high concentration in the rete testis and seminal fluid of
several species and targels estrogen receptors along the male
reproductive tract (Hess er af, 2001). Estrogen is formed from the
conversion of androgens to estrogen under the effect of aromatasce
enzyme produced by both germ cells and spermatozoa (Kwon et al,
1995 and Janulis ez o/, 1998).

Estrogen receptors (ER) mainly alpha type (FRa) are present in
high concentration in the testis and non-ciliated cells of efferent ductules
of goats (Goyal er @i, 1997). Also, ERa. were detected in the epididmyis
of rat (Pelletier er al, 2000), Mousc (Igushi ef af, 1991) and human
(Ergun et al,, 1997), Estrogen stimulates reabsorption of testicular Muid
from the efferent ductules under normal physiological conditions
(Clulow et al, 1998). but treatment with steroid hormone creates
complications owing to interference with feedback regulation of
gonadotrophin release (Hess er al, 2001). Estrogen treatment produces
harmful effects on the epididmyis and reduces the fertilizing ability of
epidimyal sperms (Lubicz-Nawrocki, 1974), alters the function of the
seminal vesicle and the endocrine system and reduces the epididymal
sperm reserve (Gray et al, 1989).

SERMSs are diverse group of compounds that bind with specific
high affinity to estrogen receptors (ER) and can act as either an ER
agonist or antagonist depending on the tissue (Thieband and Scerest,
2001). They added that clinically available SERMs include clomphence,
Tamoxifen and Toremifene which are Triphenylethylenes  and
Raloxifene (benzothiophene). Hansen et af. (1997) found that Tamoxifen
stimutated the greatest stimulation of fluid reabsorption in the effercnt
ductules of treated rats. Olivera et af (2001) attributed the infertility
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produced by chemical blockage of ER in rats to functional and structural
alteration in the function of the male genital tract mainly in the efferent
ductules and cpididymis rather than in the spermatogencsis or direct
effect on the testis. The aim of the present work (a model study) was to
identify the important cffects of estrogen (Estradiol) and Tamoxifen
(SERMSs) on the serum and semen steroid hormone profile, integrity of
the epididmyis structure and semen quality of normal Balady bucks that
might be mimicked or antagonized by environmental (SERMs) with
estrogenic or anti-estrogenic propertics.

MATERIALS and METHODS

Animals management and treatments:

Nine Balady bucks (12 to 15 months in age and 22 10 28 kg in
weight) were purchased from local markets in Kafy El-Sheikh. They
were kept under the natural conditions of temperature and day-light.
They were led on commercial caked diet and berseem and allowed froe
access to lap water during Lhe whole experimental period extending from
March to June, After an accommodation period of 3 weeks, the bucks
were allocated into 3 groups (3 bucks each):

1. Estradiol treated group:

Each buck in this group was injected with slowly released
Estradiol at a dosc of 1 mg/10 kgm B.W. weekly for 3 wecks. Estradiol
was supplied by Schering Plough Company in a commercial preparation
called Premogen® Depot. It is available in ampoules of 1 m! capacity that
contains 10 mg of Estradiol, The effect of this treatment may represent a
model for the probable effects of environmental estrogen on the male
fertility.

2. Tamoxifen treated group:

Each buck in this group was injected by Tamoxifen at a dose of 4
mg/l kg B.W. daily for 21 days. Tamoxifen was supplicd by Amrya
company for pharmaceutical industries in the form of Tablets. each
contains 40mg Tamoxifen. The determined dose for the 3 bucks was
dissolved in 3 ml of absolute cthyl alcohol and then completed to 9 ml
by normal saline. Each buck was injected by 1 ml i.m and 2 mi s/c.

3. Control group:

The bucks in this group were lefi untreated control. obtained
seminal plasma were stored at -20°C till both estrogen and testosterone
hormones were assayed,
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Hormones assay:

Blood samples were collected by Jugular vein punclure once
weekly (3 weeks pre-, 3 weeks during and 7 weeks after treatments). The
samples were centrifugated at 3000 mpm for 10 minutes. After
completion of all evaluation processes, the remainder of the ejaculates
were centrifugated at 3000 rpm for 13 minutes to obtain seminal plasma.
The obtained sera and seminal plasma were stored at -20°C tifl both
estrogen and testostcrone hormones were assayed. Testosterone(ng/ml)
concentration of both scrum and seminal plasma was measured by RIA
according to Adam er al (1994) using active kits RIA DSL 4000
supplied by Diagnostic System Laboratories Inc. Corporatc Head
quarters 445 Medical Centre Blvd, Webster, Texas 77598-4217 USA.
Estrogen concentration (pg/ml) of both serum and seminal plasma was
measured by Enzyme-linked immuno-assay kits (ELISA).

Semen evaluation:

By means of Electro-gjaculator; semen was collected from each
buck of the 3 experimental groups at the rate of 2 ¢jaculales per week for
15 weeks (3 pre-, 3 during and 9 posi-treatments). Bach ciaculate was
directly transferred to water bath at 35°C while various evaluation
examinations were made. The volume of the ejaculatc was recorded
directly after collection by the graduated collecting tubes. Mass motility
(0-3), individual motility percentage and sperm zbnormalitics were
determine according to Salisbury ef al. (1978). Sperm cells concentration
and total sperm count per ejaculate were determined using Neubauer
heamocytometer. The percentage of alive sperms was determined in
Eosin-Nigrosin stained films according to Swanson and Bearden (1951).
Histological examination:

At the end of the experiment, both control and treated bucks were
castrated 1o obtain epididymal tissues. Tissue specimens from the corpus
were fixed in Boune's solution and transverse sections were prepared and
stained with heamtoxylin-eosin to study the effect of Estradiol and
Tamoxifen on epididymal histology.

Stiatistical analyses:

The means + SD were calculated for the concentrations of
testosterone and estrogen in both serum and seminal plasma and as well
as for some semen parameters in the 3 experimental groups pre, during
and post-treatment periods. The obtained means were compared using
ANOVA.
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RESULTS

Effect of Estradiol and Tamoxifen injection on the serum estrogen
concentration in treated Balady bucks:

The overall means of the serum estrogen concentration showed
highly significant (P < 0.01) increase in Tamoxifen treated group during
freatment period as well as in Estradiol treated  group during post-
treatment period and significant (P = 0.05) increase in Estradiol treated
group during treatment period as well as i Tamoxifen treated group
during post-treatment period compared with control group (Table 1),

The weekly serum estrogen concentration showed significant (P
< 0.05) increase during the 3 weeks of treatment as well as during 1% 5"
and 6" post-treatment weeks: highly significant (P = 0.01) increase
during 2™ and 4% post-treatment wecks and non-significant variation
during 3% ang 7" post-treatment weeks in Estradiol treated group
compared with control group (Table, 1).

In Tamoxifen treated group, the serum estrogen concentration
showed highly significant (P < 0.01) increase during treatment periods,
significant (P = 0.05) increase during 1st, 2™ and 4t non-significant
variation during 3™ and 7" and significant (P< (.05) decrease during 5
and 6% post-treatment weeks compared with control group (Table, 1).

Effect of Kstradiol and Tamoxifen injection on the serum
concentration of estrogen hormone in seminal plasma of treated
Balady bucks:

The overall means of seminal plasma cstrogen concentration
showed significant (P < 0.05) increase in both Estradiol and Tamoxifen
treated groups during treatment periods as well as in Estradiol treated
group during post-treatment period and highly significant (P < 0.01)
increase in Tamoxifen treated group during post-freatment period
compared with the control group {Table, 2);

With the exception of the 1% and 2% weeks of the treatment
period and 1" and 2™ post-treatment weeks where there was significant
(P = 0.05) increase in the concentration of seminal plasma estrogen there
was non-significant variation in the remainder weeks (Table 2).

In Tamoxifen treated group, the seminal plasma estrogen
concentration showed significant (P < 0.05) increase in the 3 weeks of
treatment, 1%, 3% 4 51, 7t post-treatment weeks, highly significant
(P 0.01) increase during 2™ post-treatment week and non-significant
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variation during 6 post-treatment week compared with control group
(Table, 2).

Effect of FEstradiol and Tamoxifen injection on the serum
testosterone concentration in Balady bucks:

The overall mean of serum testosterone concentration showed
significant (P < 0.05) increasc in Estradiol treated group and non-
significant variation in Tamoxifen treated group compared with the
control group (Table, 3). The serum testosterone concentration showed
significant (P < (0.05) increase during all of the 3 treatment weeks as
well as duwing the first 3 post-treatment weeks but showed non-
significant variations during 4", 5%, 6" and 7 post-treatment weeks in
Estradiol treated group compared with control one.

With the exception of 1% post-treatment weck where there was
significant (P < 0.05) decrease and 7 post-treatment week where there
was significant (P = 0.05) increase in the serum testosterone
concentration, there was non-significant variation in all of the treatment
and post-treatment weeks of serum lestosteronc concentration in
Tamoxifen treated group compared with the control group.

Effect of Estradiol and Tamoxifen injection on the Tstosterone
concentration in the seminal plasma of Balady buck:

The overall means of semina! plasma testosterone concentration
showed highly significant (P < 0.01) increase in Estradiol treated group
and significant (P < 0,03} increase in Tamoxifen treated group comparcd
with control group during treatment and post-treatment periods (Table,
4).

In Estradiol trcated group, the weekly seminal plasma
festosterone concentration showed significant increase at P = 0.01 during
all of the 3 weeks of treatment as well as 1* and 2™ post-treatment
weeks and at P < 0.05 during 3™ and 4™ post-treatment weeks but
afterwards it showed non-significant variation during 5", 6" and 7
post-treatment weeks compared with control group (Table, 4),

In Tamoxifen, treated group, the weekly seminal plasma
lestosterone concentration showed significant (P < 0.05) increase during
all of the treatment and post-treatment periads with the exception of the
5% post-treatment week where there was non-significant variation
compared with the control group (Table, 4).
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Histological findings of the epididmyis:

Compared with the control bucks: Fstradiol injection resulted in
an increase in the height of the epithelial cells, an increase in the number
of the nuclei indicating division of cells with subsequent increase in the
number of cilia protruding in the lumen of the epididmyis and their
length as well (Fig. 1b). The nuclei of the cells were distributed at more
than one Jevel in contrast to the control where the nuclei wee arranged at
the mid level of cells,

In the Tamoxifen treated bucks, there was a deerease in the height
of the epithelial cells and reduction in both number and length of the
cilia protruding into the lumen as well as the nuclei became elongated in
shape compared with both control and Estradiol treated bucks (Fig. 1¢).

Effect of Wstradiol and Tamoxifen injection on the semen
characteristics of normal Balady bueks:
L. Effect of Estradiol injection on the semen characteristics:

Estradiol injection resulted in significant (P < 0.01) increase in
cjaculate volume and percentages of dead sperms, sperm abnormalitics
and protoplasmic droplets and decrease in the percentage of hoth mass
and individual motility as well as in the spertm celis concentration in
treated group compared with non-treated control group during-and post-
injection periods (Table, 3).

2. Bffect of Tamoxifen injection on the semen characteristics:

There were  non-significant variations in all of the studied
semen. characteristics with the exception of sperm cell concentration
where there was a significant (P =< 0.01) increase compared with the
control group during injection periods (Table, 3). During the post-
injection period, therc were significant (P < 0.01) decrease in the
cjaculate volume and percentage of abnormal sperms: inerease in the
percentage of dead sperms and non-significant variation in the sperm cell
concentralion and the percentage of both individual motility and
protoplasmic draplet compared with control group.

DISCUSSION

The caprine model may be useful for studies designed to
determine mechanisms through which androgen and estrogen regulate
development and function of the testes and exocurrent ducts (Goval er
al., 1997). Screening the results of the current study revealed that the
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lestosterone concentrations were lower while the estradiol concentrations
were higher in the seminal plasma than in the serum of non-treated
contro! bucks, a finding which coincided with those of Luboshitzky er ai.
(2002) in normal men. They added that blood and seminal plasma
hormone levels are not correlated  and the higher seminal plasma
estradiol fevels compared with blood levels suggest local production of
estradiol in normal men. They also added that the balance between
estrogen and androgen in the seminal plasma is important for normal
ferdlity, Gray ef al (1989) stated that chemicals having hormonal
activity such as testosteronc cyrproterone acetate. tamoxifen, cstradiol
and diethylstlbestrol disturb the synchrony of the endocrine events in
male.

The significant inerease in the serum and seminal plasma
estrogen concentrations in Estradiol treated bucks may be considered as
logical result for the injection of slowly released Estradiol preparation.
Welf er al. (1992) recorded lincar significant increase in the serum
estradiol level in male bovines as the number of estradiol implants was
increased.

The increased both serum and seminal plasma estrogen
concentration in Taroxifen treated bucks compared with the control
ones may be attributed 1o the competition of Tamoxifen {estrogen
agonist) with estrogen for its recoptors displacing it from its receptors in
certajn tissues leading to an increase in both serum and seminal plasma
levels. However, this cxplanation may be supported by Clulow et ai.
(1998) who rccorded comparable results with the anti-androgen
flutamide that caused an increase in the systemic androgen concentration
in rats. Also. Hampl er /. (1988) found that Tamoxifen weatment in
men resulted in sigrificant increase in the serum estradiol level and
added that adrenal steroidogensis was positively influenced by this
anticstrogen.

Regarding the effect of Estradiol injection on the testosterone
concentration: in both serum and seminal plasma. the results of the
present study revealed that there was a significant increase in the serum
and seminal plasma testosteronce concentration during treatment as well
as during first 3 and 4 post-treatment weeks respectively. The elevated
serum lestosterone concentration may be explained in the light of the
findings of Dechaud er aif. (1999) who found that xenoestrogens displace
endogenous lestosterone and cstradiol from human plasma sex hormone
binding globulins (hsHBG) binding sites resulting in a dose dependent
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increase in the concentration of hsHBG unbound testosterone and/or
estradiol and cventually distupt the estrogen to androgen balance,
Moreover, since the major portion of circulating estradiol in males arises
from peripheral conversion of androgens (Cupps, 1991) in non-glandular
tissues such as adipose tissues, muscles and brain (McDonald ef af,
1971). the increased serum cstradiol Jeve! recorded in the present study
may interfere with such conversion process by means of negative
feedback effect leading to clevated testosterone level. Similarly the
ncreased seminal plasma estrogen concentration as has been frecorded in
the present study may reduce the conversion of seminal plasma androgen
mto estrogen by means of negative feedback cffect since the conversion
of seminal plasma androgen into estrogen under the cffect of aromatase
enzyme produced by sperms remains the primary source of estragen in
the male reproductive tract (Hess et al., 2001). Carreaus ef al. (1999)
reported that the aromatase enzyme produced by both germ and sperm
cells represents 62% of the total testicular aromatase activity.

The non-significant variations in the serum  testosterone
concentration in the Tamoxifen treated bucks compared with control
ones may come in accordance with the {indings of Gill-Sharma er i
(2003) whe found that testosterone concentration remained unchanged
throughout the 90 days of Tamoxifen trcatment in monkeys, The
significant increase in the seminal plasma testosterone concentration in
Tamoxifen treaied bucks compared with non-treated ones as well as with
the serum festosterone concentration of Tamoxifen treated and non-
treated bucks suggest local intra-testicular testosterone  production
induced by Tamoxifen, Carppo et af (2003) attributed the increase in the
seminal plasma lestosterone concentration in Tamoxifen treated human
male 1o the concurrent increase in the seminal plasma hCG concentration
that thought to have a paracrine cffect on the intratesticular regulation of
lestosterone  secrction, Shore ef ol (2003) detected a fise in the
testosterone  concentration of seminal plasma in ram one day after i.m
injection of 500 i.u. of hCG,

Regarding the histological finding observed in the Estradiol
treated bucks, the increase in the number and height of the epithelial
cells lining the epididmyis and their microvilli as well may be attributed
to the mitogenic effect of estradiol. Cooke et af (2001) stated that
estradiol stimulates epithelium proliferation in the male and female
reproductive tract and attributed such activity to the paracrine cffect of
estradiol on its stromal hormone receplors, Szego ef af. (1988) showed
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that the endometrial epithelium cells in female quickly responded to
estrogen treatment by increasing number and height of the microvilii.
The histological finding shown in Tamoxifen treated bucks in the current
study may be comparable with the finding of Olivera ef a/. (2001) who
noted a decrease in both the height of the epithelium and microvilli of
the efferent ductules of ICI (antiestrogen) treated mice.

The adverse effects of FEstradiol injection on the semen
characteristics of normal bucks during treatment and post-treatment
periods are believed to be duc 10 the disturbances in the function of the
epididmyis rather than the testes. Gray er ol (1989) found that
administzation of estrogen alters the function of endocrine system,
seminal vesicle and epididmyis while the tosticular measures are
relatively unchanged. This belicf may be supported firstly by the earlier
appearance of the adverse effccts in the semen characteristics during
treatment i.e. before clapse of complete spermatogenic cycle and
secondly by the marked histological changes in the epithelial lining of
the cpididmyis that were certainly accompanied by functional
disturbancces (fig. 1b). Sakai e al. (1998) found that structural changes in
the microvilli of the epididymal epithelium can alter [Tuid reabsorption.
Hess er ol (1997) found that estrogen regulates the reabsorption of
luminal fluid in the head of the epididmyis and a disturbance of such
function causes sperms to enter the epididmyis diluted rather than
concentrated with subsequent increase in the ejaculate volume and
decrease in the sperm cell concentration as has been recorded in the
present study. Cooper (1998) found that dysfunction of epididymal cells
lead to abnormal concentration of ions and accumulation of cytoplasmic
droplet material which cventually disturb motility and live sperm
percentage. Also Eddy er al. (1996) speculate that spenm abnormalities
shown in the cauda epididmyis may be attributed 1o the dysfunction of
the narrow, apical and clear cell. The comparatively higher percentage of
protoplasmic droplets may be explained in the light of results of Hess ef
al. (2001) who concluded that estrogen ireatment in rats decrease the
sperm transit time through the epididmyis and eventually the passage of
immature sperms.

The non-significant variations in all of thc semen paramcters
except sperm cell concentration in Tamoxifen treated bucks during
treatment period may come in accordance with Gill-Sharma et af, (2003)
who observed that oral administration of Tamoxifen has no effect on
semen parameters vz. Velume, count, morphoiogy and motility in human

325



Assint Ver. Med. J Vol 50 NO_102 July 2004

and non-human primates, However, during the post-treatment period, the
significant decrease in the cjaculate volume may be explained in the
light of the results of Hess and Nakai (2000) who found that Tamoxifen
showed the greatest stimulation of fluid reabsorption with subsequent
decrease in the ejaculate volume, It could be concluded that whatever,
the cause of disturbed estrogenftestosterone ratio in both serum and
seminal plasma. it would disturb the integrity of epididymal structure
with consequent reduction in the semen quality of bucks.
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Fig.(1a): Vpidimyis(eorpus)
uf control Dbucks (x 400)
-showing normal structure of
the epithelial linning as well
as novmal distribution of the
cilia.

Vig(thy:Epidimyis {corpus)

of estradiol treated bucks (x

400}  showing  incressed

nomber and height of the
cpithelial cells Hnning of the
epididmyis Also there is an

inerease in the number and

tength of the cilia.

Fig(1e): Epidimyisicorpus)
of Tamoxifen treated bucks
(x 400) showing decrease in
the Reight of epitholial cefls
a5 well as in the number and
length of their eitia.




