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ABSTRACT

PURPOSE: To investigate the effects of human chorionic gonadotropin (hCG) on the testicular tissue of young male rats.
METHODS: Male Wistar rats were assigned to groups (10 rats/group).Control Group received subcutaneous saline solution; Group 1
received hCG 50UI/K g/dose; and Group 2 received hCG 100UI/Kg/dose, daily for 15 days. Half was submitted to bilateral orchiectomy on
the 16" day and the other half 45 days after the beginning of the hormone application. Testicles were weighed, measured and has their
volumes determined. The diameter of the tubules and the thickness of the seminiferous epithelium were measured.

RESULTS: Control Group presented the highest values of testicles volume and weight. Rats in the Control presented normal histology.
In G1 and G2 atrophy of the seminiferous tubules, apoptosis of germ cells and multinucleated giant cells were observed. Comparing
groups, in the first operation Control rats had higher diameter values. In the second operation, the Control was only different from G1.
As for thickness, Control had higher values in both operations. Comparing the time of operation, the diameter values were higher in G1
and G2 in the second operation. For all groups, the thickness of the epithelium was higher in the second operation.

CONCLUSIONS: Human chorionic gonadotropin is gonadotoxic in rats. This effect was temporary and can affect reproductive
potential. The total recovery of testicular damage in the studied range could not be proved, and the effects were not dose-dependent.
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Introduction

Cryptorchidism is characterized by the incomplete
embryological migration of testicles through its normal descent
path to the scrotum. It is one of the most common congenital
anomalies in males. It affects approximately one-third of premature
infants and 3-4% of full-term live births, whose prevalence
decreases to 0.8% at one year of age. It is an important risk factor
for testicle tumor and an important cause of infertility. More than
half of unilateral cases and 75% of bilateral cases are associated
with any fertility problems. Efforts to improve the rates of fertility
are directed towards early surgical intervention and, more recently,
hormonal therapy'.

Hormonal therapy was introduced in 1930 and the first
hormone to be used was the human chorionic gonadotropin (hCG)*
4. Hormonal therapy is used to induce the descent of the testicles
and/or to locate impalpable testicles. The use of hCG stimulates the
Leydig cells of testicles to produce testosterone. The gonadotropin-
releasing hormone (GnRH) stimulates the pituitary gland to secrete
LH which, in its turn, stimulates the Leydig cells to produce
testosterone and start the descent of the testicles'®. Currently,
hormonal therapy is also used to stimulate the proliferation and
maturation of germ cells, contributing to improve fertility®.

The results of hormone therapy vary greatly and depend
on many factors, among those: doses, treatment intervals and age
of the boys studied*’. Success rates concerning testicular descent
vary from 10% to 99%, and the majority of cases reach about 20%
of success®>¢. The most commonly used hormone for treating
undescended testis is the hCG, exclusively or in association with
other hormones (LHRH/GnRH).

There is still controversy concerning the safety and
efficacy of hormonal therapy. Several studies justify its use, before
and/or after surgery or even as monotherapy, with beneficial
effects on fertility rates (increase in number and maturation of
spermatogonia)'’!%. Other studies, however, show deleterious
effects after the use of hormones, with changes in the histology
of cryptic or contralateral testicles, such as an increase in the
apoptosis rate and smaller number of germ cells**'2, Or, also,
with degeneration and hypocellularity of the germinal epithelium,
margination of chromatin organization of round spermatids and
formation of multinucleated giant cells'*'*. There are, still, doubts
involving the long-term effects of hCG on the testicles'>.

The adverse effect of hCG on germinal cells would
be probably due to the effect of androgens withdrawal. The
administration of hCG (acute and in high doses) stimulates the

production of androgens by the Leydig cells, which is normally

absent in pre-pubescent testicles. Later, with the suspension of the
hCG injections and consequently no further stimulus to the Leydig
cells, the production of androgens stops and results in a sudden
drop in androgens levels, which was previously proved to results
in increased apoptosis of germ cells®!%!516,

Some experimental studies in rats have shown few
benefits in the hormonal treatment of cryptorchidism and even
deleterious effects'”'8.

Human testicle is an organ susceptible to toxic
environmental  or that

through different

therapeutic  agents compromise

spermatogenesis mechanisms, such as
changes in spermiogenesis, induction of apoptosis in germ
cells, azoospermia and even infertility. In the assessment of
possible toxic effects of different substances or of dysfunctions
in spermatogenesis, the histopathological analysis of the testicle
is considered one of most traditional strategies to analyze
morphological (qualitative aspect of seminiferous epithelium) and
morphometric parameters (quantitative aspect of seminiferous
epithelium) of seminiferous tubules in pathological conditions or
different treatments in comparison with normal individuals'.

This study uses an experimental model, in rats, to study
testicular histology, as testicular development is similar in rats
and humans. Rats proved to be a reliable model in several studies,
and can be used in studies which purpose is to decode cellular,
molecular and biochemical events that occur in the testicles.

This study aims to investigate the effects of human
chorionic gonadotropin (hCG) in the testicular tissue of normal
immature young male rats, without cryptorchidism, through the

histological assessment of the testicles.
Methods

This study was approved by the Ethics Committee for
Animal Studies, UFMG (protocol n® 297/2012) and by the Ethics
Committee for Animal Studies of the College of Sciences of the
Holy House of Mercy, EMESCAM (protocol n° 005/2012).

Thirty male Wistar rats aged 30 to 45 days were used,
provided by the EMESCAM vivarium. The rats were divided
into three groups of ten rats each, randomly. Control Group
received saline solution subcutaneously (SC) for 15 days; Group
1 received a daily dose of hCG (Chorulon® 50001U) as 50UI/Kg/
dose SC for 15 days; and Group 2 received a daily dose of hCG as
100UI/Kg/dose SC for 15 days. Half the animals in each group
(five animals) were submitted to bilateral orchiectomy under
anesthesia, and were euthanized (by intraperitoneal pentobarbital

overdose and intracardiac potassium chloride) on the 16" day after
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the initial application of hormone. The other half was euthanized
45 days after the initial application of hormone.

The animals were kept in cages with up to four animals,
separated according to each group, and kept at room temperature
with controlled lighting. They were given ad libitum water and
food adequate for the species. They were weighed at the start of
the project, after 15 days of hormone applications and on the day
of surgery.

After being anesthetized with sodium pentobarbital 3%
(Hypnol 3%) at a 60mg/Kg dose, the testicles were collected,
separated from the epididymidis, measured with the aid of a
pachymeter (length, width and thickness) and weighed on a
precision digital scale (Adventure OHAUS scale, model AR
3130). Subsequently, the testes were fixed in 10% buffered
The

were euthanized with pentobarbital sodium 3% at a dose of 150mg/

formalin for later histological evaluation. animals
Kg and intracardiac potassium chloride (100mg/Kg).

The testicular fragments obtained in the extremities and
center areas were used for the preparation of slides for histology.
Afterwards, dehydrated

in ascending alcohol series, diaphonized in xylol and included in

They were fixed in formalin 10%.

paraffin. Spm sections were obtained. The sections were stained
with hematoxylin and eosin (HE) as per the usual techniques of
the Laboratory of Morphology of the Department of Pathology
of the Espirito Santo University Hospital - Cassiano Antdnio de
Moraes - HUCAM (UFES) and examined in optical microscope
(Olympus BX-50).

The quantitative histological analyses were conducted as
follows. For the estimation of the Diameter of seminiferous tubules
(DST), 30 transverse sections of tubules were measured, in each
testicle, chosen randomly and with the roundest possible contour,
in a total 60 tubules/animal. For that, the measurements were
made by optical microscopy, using an Olympus x10 micrometer
eyepiece coupled with a x4 object glass. The software Images Plus
2.0 ML was used for the analysis of images. Two diametrically
opposite measurements were made, and the average between them

was calculated (Figure 1).

FIGURE 1 - Seminiferous tubule. D: diameter of the seminiferous
tubule. E: thickness of the seminiferous epithelium (x100, H&E stain).
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The same sections used to measure the diameter of
the seminiferous tubules were used for the measurement of the
thickness of the seminiferous epithelium (TSE), which was taken
from the proper tunic until the tubular lumen. The value found
for the thickness of the seminiferous epithelium in each tubule
represented the average of four measurements taken in the four
quadrants of the tubule (90°, 180°, 270° and 360°) (Figure 1).

Results

All rats were treated with hCG, but two groups
received different doses. The testicles were evaluated at two
different moments to study the possible histological effects of
the hormone and its relation with the dose and surgery timing.
The groups were compared against each other and with a
control group. The results are presented as median, mean and
standard deviation.

No statistically significant differences were found
between groups in both operations, tor the variable Initial
Weight of the rat.

The Weight of the testicles ranged between 0,559g and
2.02g. Statistically significant difference was found between the
groups in both operations, and the Control group showed the
highest values.

Testicular Volume ranged from 0.5 cm?® to
1.72 cm?. Statistically significant differences were found between
the groups in two operations. The Control group presented higher
volume values.

All the rats in the Control Group, regardless of the time
of the surgery, presented normal testicular histology: seminiferous
tubules with appropriate sizes and seminiferous epithelium full of
germ cells, with preserved architecture. However, in Groups 1 and
2, in some animals, it was observed atrophy of the seminiferous
tubules with degeneration of germ cells and decrease in their
number (apoptosis). Loss of the architecture of the epithelium
with desquamation of germ cells in the lumen was also observed,
as well as the abnormal presence of multinucleated giant cells in
the epithelium and vacuolization of Sertoli cells. These changes
were observed in the majority of rats in the first surgery, both in
Group 1 and 2, and in a few rats in the second surgery, in Group 1
(Figures 2 and 3).

The diameter of the seminiferous tubules and the

thickness of the seminiferous epithelium were measured.
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FIGURE 2 - Testicular tissue. Control group (A and B). Group 1 (C and
D). Group 2 (E and F) (x40, H&E stain).

FIGURE 3 - Seminiferous tubule. Presence of multinucleated giant cells
(arrows). Group 1 (G1) (x100, H&E stain).

Diameter in the Control group ranged from 151.25 pm to
398.95 um in the first surgery and from 161.50 pm to 382.40 um in
the second. In Group 1, from 106.1 pm to 366.6 um in the first and
from 114.2 pm to 410.45 um in the second surgery. And in group
2, from 140.5 pm to 323.15 um in the first and from 146.45 pm to
391.35 um in the second surgery.

The thickness of the epithelium in the Control
group ranged from 32.8 um to 117.1 pm in the first operation
and from 37.3 pm to 120 pm in the second. In Group 1, from
11.8 pm to 95.2 um in the first and from 11.2 pm to 118.2 um in
the second surgery. And in group 2, from 12.3 pm to 93.4 um in
the first and from 34 pm to 121.5 um in the second surgery.

Statistically significant difference was observed between
the groups in both operations, and in the first operation the Control
group had higher diameter values than G1 and G2, which were
similar between themselves; in the second operation the Control
group was different from and had higher values only when
compared to G1. G2 had no difference from Control or from G1,

as shown in Table 1.

TABLE 1 - Descriptive statistics of the seminiferous tubule
diameter per group and surgery, and results of the Kruskal-Wallis test.

Results of the
Diameter (um) Kruskal-Wallis
Operation  Group test
Median Avg. S_D__ M,id P
Deviation Points  value
Control ~ 303.00  293.93 46.93 651.61
First Gl 238.13  235.87 54.54 366.93  0.000
G2 230.13 23347 38.27 332.97
Control ~ 306.75  299.57 42.33 480.73
Second Gl 299.53 28554 57.23 417.83  0.012
G2 302.38  297.19 41.55 452.95

With respect to thickness, a statistically significant
difference between the groups in both surgeries was observed:
the Control group had higher values than G1 and G2, which were

similar between themselves (Table 2).

TABLE 2 - Descriptive statistics of the epithelium thickness per
group and surgery and the result of the Kruskal-Wallis test.

Results of the

Epithelium Thickness (um) Kruskal-Wallis

Operation  Group test
Median  Avg. S_D-. M‘id P-value
Deviation  Points
Control ~ 76.65 73.34 18.62 640.61
First Gl 41.40 46.87 23.23 341.91 0.000
G2 48.20 49.74 17.17 368.98
Control ~ 81.00 79.12 17.38 485.11
Second Gl 78.70 71.36 25.65 42438 0.013
G2 78.10 77.15 14.35 442.01
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Comparing operation timing in each of the
groups, significant statistical difference was found for diameter
in groups G1 and G2, while in the second surgery the diameter
values were higher. And a statistically significant difference was
found for thickness in all groups, while in the second surgery the

thickness values were higher (Tables 3 and 4).

TABLE 3 - Descriptive statistics of diameter per group
and surgery and results of the Mann-Whitney test.

Results of the

Diameter (nm) Mann-Whitney

Groups Operation test
SD. Mid P-
Median Avg.
Deviation Points  value
First 303.00 293.93 46.93 288.13
Control 0.081
Second 306.75  299.57 42.33 312.87
First 238.13  235.87 54.54 230.43
Gl 0.00
Second 299.53  285.54 57.23 370.57
First 230.13 23347 38.27 186.16
G2 0.000
Second 302.38  297.19 41.55 414.85

TABLE 4 - Descriptive statistics of thickness per group and
surgery and results of the Mann-Whitney test.

Results of the
Mann-Whitney

Thickness (um)

Groups  Operation test
Median Avg. SD. Mid P-
Deviation  Points value
Control First 76.65 73.34 18.62 27322 0.000
Second 81.00 79.12 17.38 327.78
Gl First 41.40 46.87 23.23 221.36 0.000
Second 78.70 71.36 25.65 379.64
G2 First 48.20 49.74 17.17 185.27  0.000
Second 78.10 77.15 14.35 415.73
Discussion

The testicle of mammals is an organ susceptible to
toxic environmental or therapeutic agents that compromise
The

(morphological and morphometric parameters) is a simple strategy

spermatogenesis. analysis of seminiferous tubules

to assess changes in this process'.
the

process can be reduced by disrupting the pattern of stem cells

According to Russell et al?, spermatogenic

division, of degeneration and phagocytosis of germ cells, delay in

spermatogenesis and desquamation of germ cells, which may occur
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separately or in association in testicular parenchyma by hormonal
deprivation or resulted from the toxic effects of chemical substances.
In this experiment, qualitative histopathological findings of testicular
parenchyma corroborate the quantitative data found.

Concerning the testicular Weight and Volume, rats
in the Control group had the highest values, with no difference
between G1 and G2. This suggests the hormone may affect, in a
negative way, the size and weight of testicles and, consequently,
the production or sperm. In this study, the dose was not decisive.

The measurement of the diameter tubular is an
approach classically used as indicator of spermatogenic activity
in investigations involving testicular function. The thickness
of the seminiferous epithelium is also an effective feature for
assessment of sperm production, since it follows the variations of
the seminiferous epithelium cycle and of myoid cells?..

In this study, comparing the groups, it was observed that
in the first surgery the seminiferous tubules Diameter was higher in
the Control group, in relation to G1 and G2, and G1 and G2 were
similar between themselves. This evidences that the groups treated
with hormone had significant changes in their testicles, presenting
averages below the Control group, but the hormone dose did not
cause a statistical difference between G1 and G2 in this parameter.

In the second operation, the values of the Control group
were higher than those of G1, and G2 did not present difference
from the Control or from G1.

In relation to the Thickness of the seminiferous
epithelium, both in the first and the second operation the values
of the Control group were higher than G1 and G2, which are
similar among themselves. This suggests again that there was
a detrimental effect of the hormone, but that the dose did not
influence these results, either.

Within each group, with respect to the time the surgery
was performed, a statistically significant difference was found in
groups G1 and G2, in which in the second operation both Diameter
and Thickness values were higher, perhaps suggesting that there
was a recovery of these parameters in the second surgery, which
was performed 30 days after the hormone applications were
suspended, 45 days after the beginning of the work. That can be
justified by the duration of the cycle of the seminiferous epithelium,
which is 40 to 60 days in rats, considering a new cycle started at
the time of the second operation®.

The qualitative changes observed in the testicles
histology of some animals in Groups 1 and 2, such as atrophy
of the seminiferous tubules with degeneration and decrease in
the number of germ cells (apoptosis), loss of the architecture of

the epithelium with desquamation of germ cells in the lumen,
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abnormal presence of multinucleated giant cells in the epithelium
and vacuolization of Sertoli cells, are also described in other
studies involving drug effects in the testicles of rats'*. Probably
caused by the effect of hormonal withdrawal, with the low dose of
intratesticular testosterone as the main cause.

These changes were observed in the majority of rats in
the first surgery, both in Group | and 2, and in a few rats in the
second surgery, in Group 1. Once again, there is a suggestion of
recovery, at least partially, of the normal testicular histology with
the passing of time, without exposure to the hormone, as happened
in the second surgery.

It has already been observed that both gonadotropins
and testosterone play an essential role in preventing apoptosis in
testicular cells. As the fluctuations in the gonadotropins levels are
negligible, the drop in the intratesticular testosterone rates seems
to be the main responsible for the occurrence of cell death both in
the form of necrosis and apoptosis in cryptic testicles'®.

The formation of multinucleated giant cells is observed
as being one of the typical features in the seminiferous epithelium
of cryptic testicles, being responsible for the removal of damaged
cells. The occurrence of these cells is a non-specific response
against induced stress as a result of several conditions that disrupt
spermatogenesis, such as increased local temperature, oxidative
stress and drop in the intratesticular levels of testosterone'®.

The aim of the current treatment of cryptorchidism,
including orchidopexy and hormonal treatment, is to improve the
potential of fertility by improving the maturation and the number
of germ cells in pre-pubescent boys. Treatment timing has been
based on the knowledge that delay and defect in the pre-pubertal
maturation of germ cells is associated with a reduction in the
number of germ cells in cryptorchidism?. Pre-pubertal treatment
with hormones could, theoretically, achieve a normal maturation
and proliferation of germ cells by increasing the total number of
these cells and improving the fertility rates™.

Hormonal therapy with hCG with or without GnRH
analogues is used in some centers to induce the descent of the
testicles, previously to surgical treatment. But there are studies that
suggest an additional indication for hormone therapy, using GnRH
analogues subsequently to orchidopexy, in order to stimulate the
maturation and proliferation of germ cells and increase the fertility
rates, with positive results!7-10-4,

However, adverse effects of the hCG on testicular
histology have been studied and demonstrated in many other
clinical and experimental studies, some evidencing little
benefit in the hormonal treatment of cryptorchidism and even
deleterious effects®!!-13:17.18:25.26

The evaluation of the safety of hormonal treatment
is compromised, as the studies differ considerably as to the
methodology used. They differ in the type and dose of hormone
used, in addition to the duration of treatment and the time for
histological evaluation of testicles after hormonal therapy (acute
or chronic). Further research, both clinical and experimental,
are required to provide grounds for the use of hormonal therapy
in the treatment of cryptorchidism, aiming at more reliable and

satisfactory results, mainly concerning fertility in adult life.

Conclusions

Human chorionic gonadotropin is gonadotoxic in
rats. This effect was temporary and can affect reproductive
potential. The total recovery of testicular damage in the studied

range could not be proved, and the effects were not dose-dependent.
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