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ORIGINAL ARTICLE

Preventive role of magnesium sulphate on dexamethasone induced testicular

injury in albino rats

Hemant Kumar,! Inayatullah,2 Aisha Qamar3

Abstract

Objective: To evaluate the protection provided by magnesium sulphate on corticosteroid-induced testicular injury
in albino rats.

Methods: This experimental study was conducted at Jinnah Postgraduate Medical Centre, Karachi, from August 1 to
20, 2012, and comprised albino rats. About 90-120 days old and weighing 200-230 gm. They were divided into 3
groups. Group A comprised controls, Group B animals were administered dexamethasone 4mg/kg body weight per
day intra-peritoneally, and Group C animals were given magnesium sulphate 20mg/kg body weight per day
intramuscularly, with dexamethasone at same dose as in Group B. Rats were sacrifised at the end of study period
after recording their final weight. A midline abdominal incision was made and extended downward to the scrotum.
Both testes were removed. Sections from both testes were prepared and stained with periodic acid-Schiff -lron
Haematoxylin.

Results: Of the 30 rats, each group had 10(33.33%). The mean final body weight was 251.80+1.35gm in Group A,
204.60+1.88gm in Group B and 236.00+2.52gm in Group C. The mean diameter of seminiferous tubules was
268.40+7.30um in Group A, 177.00+£10.90um in Group B and 238.40+2.42um in Group C. The mean thickness of
germinal epithelium was 85.26+1.93um, 32.40+3.26um and 60.40+3.18um in the three groups, respectively.
Conclusion: The use of dexamethasone caused testicular injury, which ameliorated significantly by the concomitant
use of magnesium sulphate.
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Introduction

Infertility has become a major clinical problem and 50% of
cases are attributable to the male partner.!
Spermatogenesis is a complex process of germ cell
proliferation and differentiation which leads to the
production and release of spermatozoa from the testis.2 A
large number of environmental factors adversely affect
spermatogenesis. These testicular toxicants include heat,’
nano-particles such as titanium oxide2 and zinc oxide,3
obesity45 and dexamethasone.6

Glucocorticoids are widely used pharmacological
agents for a variety of allergic, autoimmune,
inflammatory and neoplastic disorders. In addition to
the beneficial effects, they also lead to numerous
changes in various biological systems, including the
reproductive system, producing many unwanted
effects, such as testicular degeneration, even when
given in therapeutic doses.”8
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Minerals account for 4% of the weight of the body and are
required for the normal growth and maintenance of the
body. The body contains about 22 known minerals, the
majority are believed to be essential for life, e.g. sodium,
potassium, magnesium, calcium, chloride, phosphorus,
zing, etc. Deficiency of these elements can lead to serious
disorders.? Magnesium is the second abundant
intracellular cation acting as a co-factor in more than 500
proteins participating in many biological reactions
needed for cell function.101! Deficiency of magnesium in
the body is associated with the development of diabetic
nephropathy’ and retinopathy in addition to other
effects.’3 Magnesium sulphate supplementation also
improves oxidative stress in sodium-metavanadate-
induced lipid peroxidation.4

In the pilot study, zinc had also been used to observe its
protective effects on dexamethasone-induced testicular
injury. Zinc with dexamethasone-treated animals showed
insignificant increase in body weight and protection on
testicular damage when compared with magnesium+
dexamethasone-treated animals. Moreover, zinc has
already been used twice earlier at the Basic Medical
Sciences Institute (BMSI), last being in 2008 in
azathioprine-induced testicular damage. Among
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minerals, magnesium has never been used as a protective
agent in research on testicular histology throughout the
world. That is why magnesium sulphate has been used in
this research.

Since glucocorticoids, such as dexamethasone, have been
prescribed so widely these days for their beneficial effects,
the present study was designed to evaluate the adverse
effect of dexamethasone on rat testicular tissue, and to
find a suitable agent for neutralising or minimising the
damaging effects of dexamethasone. Magnesium
sulphate was used to observe whether it ameliorates the
testicular damage caused by dexamethasone.

Materials and Methods

This experimental study was conducted at BMSI, Jinnah
Postgraduate Medical Centre (JPMC), Karachi, Pakistan,
from August 1 to 20, 2012, and comprised albino rats.
Ethical approval was obtained from the institutional
review board.

Young male albino rats aged about 90-120 days and
weighing 200-230gm were included. The rats were
divided into 3 groups according to the treatment given.
Group A was comprised controls, Group B animals were
administered dexamethasone at the dose of 4mg/kg
body weight per day intraperitoneally,8 whereas Group C
animals were given magnesium sulphate at the dose of
20mg/kg body weight per day intramuscularly,’> with
dexamethasone at the same dose as in Group B. The
animals were observed for one week before the
commencement of the study for the assessment of their
health status and food intake.

The rats were sacrificed at the end of the study period, i.e.
20 days after recording their final weight. A mid-line
incision was made, extended downward to the scrotum.
Both the testes were removed. The testes were fixed in
Bouin's fluid'e for 24 hours. After 24 hours, each testis was
cut longitudinally into two equal halves and again placed
in fresh Bouin's fluid for another 24 hours. The tissues
were kept in capsules and then washed in running tap
water for 3 to 4 hours to remove excess fixative. After
fixation, tissues were processed in ascending grades of
alcohol, infiltrated and embedded in paraffin. Then, 5um
thick longitudinal sections were cut on rotary microtome.
Sections of tissue were floated on hot water bath at 42°
Celsius and transferred on albumenised glass slides. The
slides were placed on hot plate at 37°C for 24 hours for
fixation of tissues and stained with periodic acid-Schiff
(PAS)-Iron Haematoxylin technique'® for the morphology,
and measurement of diameter and thickness of germinal
epithelium in seminiferous tubules. The statistical
significance of differences of quantitative changes
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between the experimental and control groups was
evaluated by the paired sample Student's t-test. P<0.05
was considered significant. SPSS 20 was used for data
analysis.

Results

Of the 30 rats included, there were 10(33.33%) in each
group. The mean final body weight was 251.80+1.35gm in
Group A, 204.60+1.88 gm in Group B and 236.00+2.52gm
in Group C (Figure-1).

PAS-Iron Haematoxylin-stained 5um thick testicular
sections in Group A animals showed that seminiferous
tubules had even diameters within the section, lined by
stratified germinal epithelium with intact basement
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Figure-1: Mean body weight (gm) of albino rats in different groups.

Figure-2: PAS-iron Haematoxylin stained, 5um thick section of testis of control Albino
rat, showing a part of seminiferous tubule with intact basement membrane (BM),
Spermatogonia (SG), Primary spermatocytes (PS), Spermatids (ST), Sertoli cells (SC),
Nucleus (N), Nucleoli (NU) and Chromatin network(C). Photomicrograph 100 X.
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Figure-3: a) Mean Diameter (.um) of Seminiferous Tubules of Albino Rats in Different
Groups. b) Mean Thickness (um) of Germinal Epithelium of Seminiferous Tubules of
Albino Rats in Different Groups.

Figure-4: PAS-iron Haematoxylin stained, 5pm thick section of testis of
dexamethasone treated albino rat, showing part of seminiferous tubule, scanty
germinal epithelium (GE), marked vacuolation (V), slough (S) and pyknotic nuclei (PK).
Photomicrograph 100 X.

membrane. Multilayer germinal epithelium was observed
with several types of spermatogenic cell (Figure-2). The
mean diameter of seminiferous tubules in Group A was
268.40+7.30um (Figure-3a), whereas the mean thickness
of germinal epithelium was 85.26+1.93um (Figure-3b).

Examination of PAS Iron Haematoxylin-stained testicular
sections of Group B animals showed damaged
seminiferous tubules with distorted shapes and reduced
diameter. There was thinning of germinal epithelium
along with marked vacuolation within the seminiferous
tubules. The tubules showed debris within the lumen
because of sloughing of germ cells as well as pyknotic
nuclei. The germinal epithelium was disorganised (Figure-
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Figure-5: PAS-iron Haematoxylin stained, 5pm thick section of testis of
dexamethasone with magnesium sulphate treated albino rat, showing all series of
germ cells i.e., spermatogonia (SG), primary spermatocyte (PS), spermatid (ST),
spermatozoa (SZ), vacuoles (V), and detached basement membrane (DBM).
Photomicrograph 100 X.

4). Seminiferous tubules had a mean diameter of
177.00£10.90um in Group B. The mean thickness of
germinal epithelium in Group B was 32.40+3.26pm.

PAS-Iron Haematoxylin-stained testicular sections in
Group C animals revealed highly restored seminiferous
tubules with slightly altered shape and detachment of
basement membrane (Figure-5). The thickness of
germinal epithelium was near to control but still showed
some vacuoles. The mean diameter of seminiferous
tubules in Group C was 238.40+2.42um, whereas the
mean thickness of germinal epithelium was
60.40+3.18um.

Discussion

Infertility has become a major problem in both men and
women. Normal spermatogenesis represents a precisely
regulated balance between continuous cell proliferation
and concomitant programmed cell death. The causes of
impaired spermatogenesis are multi-factorial, including
environmental, nutritional, behavioural, genetic and
hormonal factors, as well as drugs.’”

Glucocorticoids are the hormones secreted by the adrenal
cortex, and affect the activity of almost every cell in the
body. They modulate the expression of approximately
10% of our genes, and are essential for life. The use of
glucocorticoids has increased extensively these days
because of their efficacy as potent anti-inflammatory
drugs. However, with their increasingly known
therapeutic benefits, they are found to be involved in the
pathogenesis of many diseases and produce many
unwanted effects when given therapeutically.”.'8 It has
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been observed that dexamethasone also acts as testicular
toxicant leading to infertility.8

Magnesium is an essential nutrient that acts as a cofactor
in numerous enzymatic reactions including energy
metabolism, and proteins and nucleic acids biosynthesis."?

The body weight of dexamethasone-treated animals was
highly significantly decreased compared to the control.
This was most likely due to anorexia, decreased protein
synthesis and increased protein degradation. These
findings were similar to a study20 which observed that
dexamethasone reduces body weight due to its catabolic
effects on protein and collagen turnover. Another study?!
reported decreased body weight in agreement to the
present study, in dexamethasone-induced arthritic rats,
which caused suppression of protein synthesis and
decreased energy intake.

In the current study, there was improvement in body
weight in Group C animals when magnesium sulphate
was given along with dexamethasone, as compared to
dexamethasone only. This was most likely due to
increased intestinal absorption by magnesium, as well as
synthesis of nucleic acids as explained by Saris.22

In Group B animals, there was distorted shape of
seminiferous tubules, along with marked vacuolation and
sloughing of germ cells. Pyknotic nuclei were also visible.
The diameter of seminiferous tubules was also reduced
with decreased thickness of germinal epithelium. There
are many reasons for these changes. Glucocorticoid
receptors (GRs) of Sertoli cells are necessary to support
normal testicular functions. Dexamethasone decreases
the concentrations of these receptors as demonstrated in
a study,?3 in addition to luteinising hormone receptor, 24-
dehydrocholesterol reductase, glutathione S-transferase,
and aromatase in stallion testes after using
dexamethasone in a dose of 10mg/kg intraperitoneally
for 7 days. Animal models lacking GRs showed
morphological changes, including low number of Sertoli
cells, low number of spermatocytes and spermatids, and
decreased seminiferous tubule formation. In another
study,® dexamethasone-induced spermatogenesis
defects including epithelial vacuolisation, sloughing of
germ cells, reduction of seminiferous tubule diameter,
reduction in the number of sperm heads and significant
maturation arrest were in agreement with the present
study. However, another study?4 found that diameters of
seminiferous tubules were markedly increased with
atrophy of testes and absence of elongated spermatozoa
in mice after a single intraperitoneal injection of 3-methyl-
4-nitrophenol at 100 mg/kg body weight after one week,
which was in disagreement with our study.
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The testicular morphology was restored to a great extent
in magnesium sulphate with dexamethasone receiving
Group C animals, revealing slightly altered shape of
seminiferous tubules. The tubular diameter and epithelial
height were also increased as compared to
dexamethasone-treated group. The protective effect of
magnesium sulphate can be explained by its free radical
scavenging effects. It also modulates testicular-free
radical production. These findings are similar to a study2>
which observed significant improvement in morphology
of testes after ethanol-induced testicular damage, by
using Magnesium isoglycyrrhizinate (45 mg/kg/day
intraperitoneally) for 18 days, along with ethanol for the
same duration. They also observed that magnesium can
cross the blood-testis barrier and reach concentrations
that can exert an antioxidant effect.

Conclusion

Dexamethasone caused testicular damage when given for
20 days. Moreover, magnesium sulphate was found to be
effective in preventing this testicular damage. The use of
corticosteroids has increased greatly these days because
of their therapeutic efficacy in various diseases, so this
study may be expanded to human subjects to observe if
magnesium sulphate plays a beneficial role in patients
taking corticosteroids on a long-term basis, such as
asthma, autoimmune diseases, chronic inflammation, etc.
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