
fect can be traced to the male1. Apoptosis plays
an important role in testicular germ cell devel-
opment, and appears to be the shared responsi-
ble mechanism for male infertility caused by
testicular exposure to elevated temperature,
toxicants, radiation, chemotherapy and hor-
monal depletion2-6.
It is well known that glucocorticoids (GCs) in-

duce apoptosis in testis by decreasing the testos-
terone levels7,8. In therapeutic concentrations,
GCs are strongly immunosuppressive and anti-
inflammatory, which has made them one of the
most frequently prescribed drugs worldwide9.
Since GCs such as Dexamethasone (Dex) affect
testis homeostasis by decreasing of testosterone
level, and its high rate prescriptions, it seems es-
sential to find a suitable medication for neutraliz-
ing or decreasing GCs negative side effects.
Minocycline is a semisynthetic second-genera-

tion tetracycline with proven safety, which is
used in humans for the treatment of acne and ure-
thritis. It may also be considered for the treat-
ment of severe chronic inflammatory diseases,
such as rheumatoid arthritis, as it exerts anti-in-
flammatory effects that are completely separate
and distinct from its antimicrobial action10,11.
Minocycline crosses the blood-brain barrier and
protects the neurons from a wide variety of neu-
rodegenerative diseases12. Minocycline delays the
progression of amyotrophic lateral sclerosis
(ALS) and Huntington’s disease in humans and
animal models13-15 and prevents the neuronal
apoptosis induced by ionizing radiation, gluta-
mate excitotoxicity and nitric oxide16.
Although there are the extensive reports of the

neuroprotection of minocycline, less attention
has paied on its protective effects on other tis-
sues. In addition, since the testes also have a bar-
rier (similar to brain) that prevents the perme-
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Abstract. – Background: Apoptosis in-
volves in testicular germ cell loss in animals and
humans, and plays an important role in male fer-
tility. Previous studies have reported neuropro-
tective and antiapoptotic effects of minocycline.

Aim: In this study the protective effect of
Minocycline on testicular germ cell apoptosis aris-
ing from dexamethasone (Dex) has been evaluat-
ed. Dex is a widely used as a glucocorticoid (GC)
agent that its apoptotic effect has been shown.

Materials and Methods: Experimental groups
of 8 male mice received one of the following treat-
ments daily for 7 days: 100 mg/kg Minocycline, 7
mg/kg Dex and 7 mg/kg Dex +100 mg/kg Minocy-
cline. Control group was treated with 0.5 ml saline
given orally for a week. Then the mice were sacri-
ficed, and their testes processed for assessment
of germ cell apoptosis (TUNEL method), the quali-
ty of spermatogenesis (Johnsen score system)
and testicular sperm counts.

Results: Germ cell apoptosis were significant-
ly increased in Dex treated mice compared with
control (P<0.01). Spermatogenesis and the num-
ber of sperms head were significantly reduced in
Dex treated mice compared with those of the
control group (P<0.01). Treatment with Dex and
Minocycline resulted in an inhibition effect on
germ cell apoptosis and a significant increase in
the Johnsen score and the number of head
sperm compared with Dex treated mice (P<0.05).

Conclusion: The application of Minocycline
may serve as a beneficial medication to protect
germ cells against apoptosis.
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Introduction

Infertility affects an estimated 10% of cou-
ples, and in roughly half of these cases the de-

European Review for Medical and Pharmacological Sciences 2009; 13: 1-5

Corresponding Author: Khorsandi Layasadat, MD; e-mail: layasadat@yahoo.com

Protective effect of minocycline on
dexamethasone induced testicular germ
cell apoptosis in mice

M. ORAZIZADEH, M. HASHEMITABAR, L. KHORSANDI

Department of Anatomical Sciences, Faculty of Medicine, Ahwaz Jundi-Shapour University of
Medical Sciences, Ahwaz (Iran)



2

ation of many medications, we examined
minocycline as a possible agent for suppressing
germ cell apoptosis.

Materials and Methods

This study was conducted according to the
principles and procedures of the National Insti-
tutes of Health Guidelines for the Care and Use
of Laboratory Animals. Briefly, NMRI male
mice weighing 25-30 g were kept in individual
stainless steel cages under standardized condi-
tions (constant temperature and humidity, 12-
hour light-dark cycle).

Experimental Design
Thirty-two male mice were divided randomly

into 4 groups of 8 mice each. Group M, received
100 mg/kg minocycline (Daru Pakhsh, Iran) dai-
ly by p.o. (gavage method) at 10.00 h for 7 days;
group D, treated with 7 mg/kg Dex (Daru
Pakhsh, Iran) by i.p. injection at 10.00 h for 7
days for 7 days; group D+M, treated with Dex (7
mg/kg) and Minocycline (100 mg/kg) at the same
time; group C, treated with saline given daily by
p.o. at 10.00 h for a week. One day after the final
injection, the mice were sacrificed, and right
testis from each animal was fixed in 10% forma-
lin. The testis cut vertically into two pieces and
embedded in paraffin and sectioned (5 µm). In
each of the two tissue blocks from each testis,
five sections were used to histological assess-
ment of spermatogenesis (hematoxylin and eosin
[H&E] staining) and one section was used for de-
oxy-UTP-digoxigenin nick end labeling
(TUNEL). The left testis was homogenized for
assessment of testicular sperm head counts.

Histologic Examination of Spermatogenesis
Thirty round tubular cross-sections (with H&E

staining) were studied per section with regard to
the quality of the seminiferous epithelium. The
Johnsen method17,18 was used to assess the quali-
ty of seminiferous epithelium. Johnsen’s method
applies a score of 1 to 10 for each tubule crossec-
tion, according to the following criteria: 10, com-
plete spermatogenesis and perfect tubules; 9,
many spermatozoa present and disorganized
spermatogenesis; 8, only a few spermatozoa pre-
sent; 7, no spermatozoa but many spermatids
present; 6, only a few spermatids present; 5, no
spermatozoa or spermatids but many spermato-

cytes present; 4, only a few spermatocytes pre-
sent; 3, only spermatogonia present; 2, no germ
cells but only Sertoli cells present; and 1, no
germ cells and no Sertoli cells present. The
Johnsen score per tubule was expressed as Mean
± SEM for each group.

Testicular Sperm Counts
Testicular sperm head numbers were assessed

by the procedure of Blazak19 to evaluate the num-
bers of mature elongate spermatids in the testis.
Briefly, testes were homogenized in an 8-ml solu-
tion of 0.9% NaCl and 0.05% Triton X-100, and
sperm heads were counted using a hemocytometer.
Each sample was counted four times and averaged.
To minimize error, the count was repeated at least
five times for each mouse by 2 or 3 workers.

Measurement of Apoptosis
The deoxyuridine nick-end labeling (TUNEL)

assay for apoptotic cell detection was performed
with the In-Situ Cell Death Detection kit (POD
kit, Roche, Germany). Briefly, dewaxed tissue
sections were predigested with 20 µg/ml pro-
teinase K for 20 min and incubated in phosphate
buffered saline solution (PBS) containing 3%
H2O2 for 10 min to block the endogeous peroxi-
dase activity. After incubating in 0.1% triton x-
100 in 0.1% sodium citrate for two min on ice
(4°C), the sections were incubated with the
TUNEL reaction mixture, fluorescin-dUTP for
60 min at 37°C. The slides were then rinsed three
times with PBS and incubated with secondary
antifluorescine-POD-conjugate for 30 min. After
washing three times in PBS, diaminobenzidine-
H2O2 (DAB Santa Cruz, USA) chromogenic re-
action was added to sections and counterstained
with hematoxyline. As a control for method
specificity, the step using the TUNEL reaction
mixture omitted in negative control serial sec-
tions, and nucleotide mixture in reaction buffer
was used instead. A cell was considered
TUNEL-positive when the nuclear staining was
brown and homogenous. Thirty seminiferous
tubules on circular cross sections in each testis
were evaluated. The number of TUNEL-positive
nuclei per tubule was counted and expressed as
Mean ± SEM for each group.

Statistical Analysis
Statistical analysis was performed using the

nonparametric Kruskal-Wallis analysis of vari-
ance test, with P<0.05 considered statistically
significant.
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Results

Histological Assessments
The results of the Johnsen scoring are reported

in Table I. In C group, normal spermatogenesis
was observed and the mean Johnsen score was
9.1±0.2 M group demonstrated a normal archi-
tecture of the seminiferous tubules and intact ger-
minal epithelium. There was no difference in the
mean Johnsen score of C and M groups
(P>0.01). In D group, all sections of testes con-
tain several tubules in which spermatogenesis
were abnormal. The mean Johnsen score was
significantly decreased (P<0.01). In D+M
group, most sections of testes contain a few
tubules with poor spermatogenesis. The mean
Johnsen score was slightly less than control
group (P>0.01).

Testicular Sperm Counts
The results of the number of testicular sperm

heads per gram of testis are reported in Table I.
The number of sperms head were significantly
decreased in D group (P<0.01). The sperm head
numbers were significantly increased in D+M
animals compared with the D group (P<0.01).
The difference between D+M and C groups was
no significant (P>0.01).

Assessment of Germ Cell Apoptosis
The results of the number of TUNEL-positive

germ cells/tubule are reported in Figure 1. No de-
tectable change was observed in the frequency of
germ cell apoptosis between C and M group.
Compared with C or M group, a marked increase
in germ cell apoptosis was seen in D group
(P<0.01). The mumber of apoptotic germ cells in
D+M group were significantly reduced in com-
parison to D group (P<0.05). However, a signifi-

cant difference in the frequency of TUNEL-posi-
tive germ cells was found between D+M and C
animals (P<0.05). The decrease seen in the fre-
quency of TUNEL-positive germ cells in D+M
treated mice corroborates the results obtained
from the histologic analysis. Figure 2 is the rep-
resentative photomicrograph of testicular sec-
tions from mice processed for TUNEL staining.
Spermatogonia and primary spermatocytes were
rarely seen to undergo apoptosis in some semi-
niferous tubules of C group (Figure 2-A). In M
group, a few numbers of seminiferous tubules
were TUNEL-positive. In these tubules, TUNEL
reactivity was observed only in a few numbers of
spermatogonia (Figure 2-B). The majority of
seminiferous tubules and all types of germ cells
showed TUNEL-positive reaction in D group
(Figure 2-C). In D+M group, TUNEL-reactivity
was considerably lesser than D group. Primary
spermatocytes showed the most reactivity. Stain-
ing pattern of spermatogonia was similar to C
group (Figure 2-D).

Discussion

Glucocorticoids are extraordinary hormones
that influence the activity of almost every cell in
the body. They modulate the expression of ap-
proximately 10% of our genes, and are essential
for life. They are also increasingly implicated in
the pathogenesis of disease and produce many
unwanted effects when given therapeutically20.
This study demonstrated that Dex induces de-

generation of germ cells and spermatogenesis de-
fect. The Johnsen score and testicular sperm head
numbers decreased significantly in the testis of
Dex treated mice. The measurement of apoptosis
demonstrated an increase in germ cell apoptosis
after Dex treatment. The present data demon-
strated that Dex induced testicular germ cell
apoptosis in rats21. Histological assessments and
the measurement of apoptosis in our study
demonstrate beneficial effects of Minocycline on
spermatogenesis through decreases in germ cell
apoptosis.
Mark et al22 showed that Minocycline signifi-

cantly prevented GnRH-A-induced germ cell
apoptosis. They reported that Minocycline-medi-
ated protection occurred at the mitochondria, in-
volving the restoration of the BCL-2 levels and,
in turn, suppression of cytochrome- c release
from mitochondria.
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Table I. Comparison of the number of testicular sperm
head per gram of testis and Johnsen score between control
and experimental groups.

Values are expressed as Mean ± SEM for 8 mice, P < 0.01.

Sperm head/testis Johnsen
Goups (x106) score

C 22.71 ± 0.78 9.1 ± 0.2
M 23.32 ± 0.69 9.2 ± 0.3
D 9.43 ± 0.75 4.5 ± 0.3
D+M 20.98 ± 0.73 8.6 ± 0.1
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Minocycline protected kidney epithelial cells
against apoptosis induced by hypoxia, azide, cis-
platin, and staurosporine. The protection oc-
curred at mitochondria, involving the suppression
of Bax (an important proapoptotic protein) accu-
mulation, outer membrane damage, and cy-
tochrome-c release23. The reason responsible for
the protective effect of Minocycline on apoptosis
induced by Dex in testicular germ cells, which
revealed in this study, is not known. Possibility
mechanisms are that Minocycline induces the ex-
pression of Bcl-2, an important antiapoptotic
protein in testicular germ cells and suppresses of
cytochrome-c release from mitochondria and Bax
expression.
In conclusion, our findings demonstrated that

Minocycline may have protective and modulating
effect against Dex induced apoptosis and sper-
matogenic defects in mice. Further experiments
are needed to clarify the mechanisms of the ef-
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Figure 2. TUNEL stained testicular cross sections from control and experimental animals. A, C group (20 ×): only a few
TUNEL-positive germ cells were observed. B, M (25 ×): TUNEL reactivity was rarely observed in spermatogonia. D group
(25 ×): massive TUNEL-positive reaction in all types of germ cells was seen. D, D+M group (25 ×): TUNEL-positive germ
cells were considerably decreased in comparison to D group.

Figure 1. The number of TUNEL-positive germ
cells/tubule in the testes cross sections of control and exper-
imental groups. Values are expressed as Mean ± SEM for 8
mice, *P < 0.05; **P < 0.01.
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fect of Minocycline on different germ cell apop-
tosis signaling pathways. Extrapolation of these
data to the human situation is not appropriate.
However, this information does provide a stimu-
lus for true clinical investigations.
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