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1, Introduction

ABSTRACT

Objective: This investigation wes undertaken in the hope of delineating the effects of four different
trestments on male reprodoctive biology in & mt model. The effect of cryptorehidiam, gonadectomy,
phammaeological ablation of Leydig cell fimetion and androgen—treatment was examined; these
four treatments Mlustmate four different factom influencing and eontrolling mele sexnal function n
a reproducible animal model. Methods: Total body weight, androgen concentration, ponad weight
comelated to function, Resmlis: It was demonstrated that total body weight decreased for all treatment
opticns, The testicular—derived testosterone concentration for EDS—ireaied and castrated rais was
determined to be zem, although adrenal prodoction continues. Testis weight wes shown to decrense
follzwing testostercne administration a8 & consequence of feedback inhibition. Both the prostate and
seminnl vesicles are highly andmgen—sensitive, and as such both expenenced an ncrease In weight
following testosterone administration. Concinsloms: This experimental actup was soccessful n
weights of the testes and acceasory sex organs and androgen levels were intrinsically related to basal
androgen levels.

The prostate is dependent on a continucus supply of
androgens[ll. Caztration of an adult male rat will lead to

This study investigated the effects of four treaiments
on male reproductive function in a rat madel. The
effect of cryptorchidism, gonadectomy {castration) and
pharmacological ablation of Leydig cell function, as well
as an examination of the effects of physiolagical androgen)
agents, was delineated experimentally. Body weight
{), testosterone concentration {ngfml), testis weight (g),
epididymis weight (g), vas deferens weight (), seminal
vesicle weight () and prostate weight (g) were measured for
a control group, a casirated group, an ethane dimethane
sulphonate (EDS}-treated group, a cryptorchid group and a
testosterone—treated group.
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extensive tissue regression in asseciation with apopiosis
in the majority of ventral prostate epithelial cellslzl.
This study will examine the androgen dependence of
both the prostate and the seminal vesicles. Conversely,
tesiosterone adminisiration increases total serum androgen
concentration, leading to the hypertrophy of the prostate
and seminal vesiclesl.

Cryptorchidism results in a progressive decrease in teaticular
weight and the concomitant loss of germ cells associated with
incressing plasma levels of FSH and LH ML These findings
indicate that cryptorchidiam disrupta the seeretion of

inhibin and interferes with gemeral Sextoli cell functionks].
On the other hand, EDS has been shown to selectively
abliterate Leydig cells, thereby decreasing androgen
production in adult ratsf], Others have proposed that EDS,
which is & cytotoxic agent, leads to the degenemation and
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spontancous apoptosis of spermatogenic cells, especially
spermatocytes and spermatidas(7L

The aim of the experiment waa to elucidate the
physiclogical mechanisms invelved in male reproductive
function. As a result, the experiment atiempted to
quantitatively assess the characteristica of the male gonads
and acoessory sex organs, as well as total body weight and
androgen levels in relation to four different reatments, It
is hypothesised that total body weight will decrease for all
treatment options; that the testosterone concentration for the
castrated groups will be effectively zexo; that the testoaterone
concentration for the cryptorchid groups will be lower
than the control because of the higher core temperature
in the abdomen; that the testicular—derived testosterone
concentration for EDS—treated rats will also be effectively
zero; that testis weight will decrease following testasterone
administration because of interference of the feedback
mechaniam of the hypothalamic—pituitary—testicular axis;
that the prostate and seminal vesicles, as strongly androgen—
dependent organs, will experience an increase in total
weight following testosterone administration; and that the
prostate and seminal vesicles will both decrense in gize and
weight following castration and EDS administration.

2. Materinks and mwethods
2.1, Animals

A rat model was used in the experimental procedure. Male
Sprague—Dawley rals wore used in all treatment groups, The
ats were specifically bred for research purposes dollowing
ethies approval through the Department of Physiclogy,
Manash University) and were kept in pens in a controlled
environment. In the pens, the mis were supplied adequate
sustenance.

2.2, Experimental design

The experimental procedures attempted to clarify the
dependence and inieraction of the two functional regions
of the testis; the androgen—producing Leydig cella and the
sperm—producing Sextoli cells. The experiment consisted of
five groups of rats. There were four treatment group e and
one control rat. There were 18 groups, designated A through
o R. Each group received four treated rats and one control
rat. In total there were 72 treated rate and 18 control rats.
The groups were:

1, Control rats,

2. Those rats that have undergone sham surgery and been
made cryptorchid.

3. Those rats that have undergone surgical castration.
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4, Those rats that have been given a single injection of
ethane dimethane sulphonate (EDS)

5. Those rats that have received a number of testosterone
injections,

Data from the four treatment groups and the control for
each group, A though to R, was collected and analysed.
Mean values for body weight (g for the five groups was
determined, az was the standard deviation for that partieular
group. The average testosterone concentration (ng/mL)
and the standard deviation for the four treatment groups
and the control for each group, A though to R, was then
determined. Two—tailed +—teats for the different groupa were
then calculated signifying the level of significance between
the variables. If the calculated ¢ value is above the chosen
threshold for statistical significance, i.e., it gives a p value
> 0.05, the null hypothesis stating that the two treatment
groups are not different is rejected in preference for an
altemative hypothesis, which usually states that the groups
do differ. If the caleulated ¢ value is helow the threshold for
siatistical significance, L.e., it gives a P value < 0.05, the
hypothesia is supported and a significant difference exists
hetween the groups.,

2.3. Tremimenis

1. Control rats: These rats did not undergo any treatment
and should be considered a normal rat population.

2. Cryptorchid rats: These rats were made cryptorchid
before the beginning of the academic year at the university
because it takes approximately three weeks for the effects of
cryptorchidism to be fully demonstrable in the rat model,

3. Castrated rats: These rats were castraled before the
beginning of the academic year.

4, The EDS—treated rats were given a single intraperitoneal
injection of dose 75 mg/kg EDS one week before they were
examined.

5. The testosterone—treated mte were injected with a dose
of 5 000 mcg/kg testosterone propionate subcutaneously. The
firat of four doses was given two days apart.

2.4. Analysis

Total body weight for the five groups (control, castrated,
EDS—treated, cryptorchid and testosterone—treated)
was first determined following ecardiac puncture under
anaesthesia. Teatogterone concentration {ng/ml) for the five
groups was determined via a competitive protein—binding
ansay (radicimmunoassay) of collected plasma samples.
Uging thig technique, the antibody is immobilised to the
wall of the polypropylene tube. Radioactively labelled
testoaterome (using a radicaetive isotope of indine) competes
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with testosterone in the plasma sample for antibody sites,
By isolating the antibody—bound fraction of the labelled
androgen, the concentration of testosterome in each sample
was determined from the resulting standard curve.

3, Results

Results of the t—tests for the control compared to the
four treatment groups — Comtrol v, castrated: 9.72118E-10;
centrol v EDS—treated: 3.94633E-11; control . crypiorchid:
9.34938E-07; control s testosterone—treated: 3.09966E—05.
For the control 2 castrated groups, there was an increased
sigoificant difference between the numbers. For the
control vs. EDS—treated, there was an increased significant
difference between the groups. For the control v cryptorchid
there wae an increased significant difference, but it was
less than the castrated and EDS—treated groups. For the
control s, testosterane—trented group, there was a decreased
significant difference.

It can be seen from Figure 1 that the mean body weight (g
for the four treatment groups is lower than the control. The
castrated and EDS—ireated groups are both lower than the
cryptorchid and testosterone—treated groups.

Baaly weight (g}

Freatment

Figurs 1. Body weight us, treatment.

It can be seen from Figure 2 that the mean testosterone
concentration (ng/ml) for the four trestment groups shows
significant variability. The castrated and EDS—treated
groupe have a mean teatosterone concentration (ngfmly of
zetp, The mean testosterons concentration (ngfmly of the
cryptorchid group is lower than the control, whereas the
mean concentration for the testosterone—treated group is
higher than the control concentration.
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It can be gsen from Figure 3 that the mean testis weight
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@ Tor the castrated group is zero, Obvionzly there were no
testes in these animals. The other three groupe all showed a
decrease in mean testis weight (g). However, the decrease for
the testosterone—treated group was less significant than the

EDS—ireated and cryptorchid groups.
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Figmre 3, Tegtis weight o3, treatment,

It can be seen from Fig 4 that the mean epididymis weight
{g) for the castrated group is zero. There should be no
epididymides in these animals. The other three groupa all
showed a decrease in mean epididymis weight (@ However,
the decrease for the tesiosterone—treated group was less
significant than the EDS—treated and cryptorehid groups.
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Fignre 4, Epididymis weight vr, treatment,

It ean be acen from Figure 5 that the mean vas deferens
weight (g) for the castrated group is significantly lower
than the other groups. The EDS—treated group is also lower
than the contral. The mean vas deferens weight (g for the
testoaterome—treated group is the game as the control. On the

other hand, the eryptorchid group displays an above average

vas deferens weight (.
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It can be seen from Figure 6 that the mean seminal vegicle
weight (g) for the castrated group is significantly lower than
the other groups. The EDS—treated and cryptorchid groups
alzo display a below average seminal vesicle weight (. On
the viher hand, the mean peminal vesicle weight (g} is above
the mean for the: testosterone—treated group.
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Flgure 6. seminal vesicle weight ws. treaiment.

It can be seen from Figure 7 that the mean proetate weight
( for the castrated and EDf—treated groups is significantly
lower than the other groups The cryptorchid group also
displays a below average prostate weight (g}, On the other
hand, the mean prostate weight (g ia above the mean for the
testosteronc—treated group,

Prostate weight{g)
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4, Discussion

The aim of this experiment was to elucidate the
phyziological mechanisms involved in male reproduciive
function. Total body weight did decrease for all treatment
options as seen in Figure 1. This result supports the findings
of other groups and indicates that total body weight is
dependent on a dynamic interplay between hormonal
factorsB]. The testosterone concentration for the castrated
groups was zere as seen in Figure 2. Testicular—derived
androgens have been removed from the system, and for
the purpases of this experiment, can be considered zero.
Nevertheless, the conceniration of total andogens in the
blood is a small non—zero value becanae the zona reticularis
of the adrenal cortex remains an ongeing source of weak
androgensl161

The testosterone concentration for the cryptorchid

groups was lower than the control as seen in Figure 2,
Cryptorchidism, in which there is failure of the testes to
deacend from the abdemen to the acrotum, dees not provide
an environment conducive to spermatogenesialii2], The
by teaticular descent in early mammalian life, and this is
geen across gpecies. This condition exposes the testes to the
higher body temperuture, inhibiting normal spermatogenesis;
indeed, other groups provide a pathophysiologic mechaniam
and maintain that the anatomical location of the eryptorchid
testis iz unfavorable for spermatogenesis owing to the
gradual degeneration of the germinal epithelinm of the
intra—testicular spacefl213],

Cryptorchidiem results in a progressive decrease in
testicular weight and, as others have elucidated, the
concomitant logs of germ cells associated with increasing
plasma levele of FSH and LH; a consequence of the normal
feedback loopi4l These findings indicate that cryptorchidism
disrupts the secretion of inhibin and interferes with
general Serioli cell function(1?]. No sperm were found upon
microssopic examination, further supporting the conclusions
of the Courtens and Ploen groupl. In the control animals,
motile sperm were found in the tril of the epididymie rs
expected, and this sperm was deemed to be viable in form
and function,

The testicular—derived testosterone concentration for EDS—
treated rats was effectively zero. In the EDS treated rats the
Leydig cells have been destroyed[10-13]. As a regult of this
ebliteration, there 1s no testosierone produced by the testes
as seen in Figure 2. No sperm was found upon microacopic
examination, indicating the significance of testosterone in
initiating and maintaining spermatogenesis. The fertility
of the EDS treated rats will be affected, as testosterone
is needed for the production of sperm by the germinal
cells. The Libido of the rats will be affected as testosterone
regulates sexual drive. The effect of the EDS treatment was
geen within g week tive to gix days). One group propose that
EDS, which ie a cytoloxic agent, leads to the degeneration
and spontancous apoptosis of spermatogenic cells, especially
gpermatocytes and spermatids, and the evidence supports
this claiml7.14.19

Testia weight did decrease following testosterone
administration as see in Figure 3. However, the decreass
wasn't ae significant as expected. The time for the effects of
exogenous testosterone to become apparent in testis weight
(& is Jonger than this experiment could provide, Interference
of the feedback mechanism of the hypothalamic—pituitary—
testicular axia decreases testis weight. This system consiats
of thres components; the hypothalamus, the anterior
pituitary and ihe testia. If exogenous androgens are
provided, the Leydig cells no longer produce testosterome
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upon LH and FSH stimulation; the testes subsequently
atrophy(1¥. As a consequence, very few sperm were found in
the epididymides of these rats.

It was found that the prostate and seminal vesicles, as
sirongly androgen—dependent organs, both experienced an
inerease in total weight following testoaterone administration
ag seen in Figure & and 7. The prostate and seminal vesicles
will both decrease in size and weight following castration
and EDS administration. The prostate and seminal vesicles
are dependent upan a continuons supply of androgens{i-4],
Castration of an adult male rat will lead to extensive tissue
Tegression in association with apoptosia in the majority of
ventral prostate epithelial cells, According to the Hayek
group, acute vasoconstriction is a significant early event
associated with prostate regression in the rat. It appears
likely that this process pecurs in respanse to castration
and the concomiiant removal of androgens from the
circulation, thus eontributing to the regression of the tissue
in vive, Conversely, testosterone administration inereases
total androgen conceniration in the blood, leading o the
hypertrophy of the prostate and seminal vesiclesl®l.

This experimental setup was successful in clucidating the
physiological mechanisms involved in male reproductive
function. Body weight, the weights of the teates and
accessory sex organs and androgen levels were compared
for four different treatments. Minor procedural faults such
the loas of tissue prior to weighing did not markedly hinder
the experiment. However, future studies delineating testis
atrophy over a longer time period following testosterone
administration would be beneficial, as would studies
investigating Leydig cell regeneration following EDS
administration.
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