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Abstract 
Background: Minocycline is a widely used bacteriostatic antibiotic with various functions. The aim of this study was 
to investigate impact of apoptotic genes in ovary of the torsion/detorsion treated rat model by minocycline. 

Materials and Methods: This experimental study was performed in 32 female Wistar rats classified in four groups, 
including: i. sham, ii. TD: torsion/detorsion group received normal saline, iii. TDM: torsion/detorsion group treated 
with 40 mg/kg Minocycline, and iv. MC: healthy group received 40 mg/kg Minocycline. After treatment period (7 
days), histoplogical parameters, oxidative stress markers and hormone profile of serum as well as the expression of 
Bax and Bcl-2 genes were measured in the ovary of rats. 

Results: Levels of superoxide dismutase (SOD), glutathione peroxidase (GPX) and estrogen were decreased in the 
TD group and significantly increased in the treated groups (P=0.001). Levels of malondialdehyde (MDA) and testos-
terone were increased in the TD group and decreased in the treated groups (P=0.001). Expression level of Bax was 
elevated in the TD group, while it was attenuated in the treated groups (P=0.001). Expression level of Bcl-2 was 
significantly increased in treated groups (P=0.001).

Conclusion: Minocycline can repair oxidative damage in ovarian tissue and regulate apoptotic-related gene expressions.
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Introduction
Torsion or twisting of ovary around its ligament include 

3% of gynecological emergency. Ischemia, caused by tor-
sion, is occurred via blockage of blood flow. After this, 
tissue oxygen is reduced (1, 2). This condition also results 
in some ovarian tissue damages, such as necrosis and gan-
grene and follicles degenerations as well as destruction 
in improving of follicles (3, 4). All of this disorders may 
result in female infertility. After the first recognition of 
torsion, reinstatement of blood flow (detorsion) was done 
to prevent tissue necrosis (5, 6). 

It was reported that detorsion led to overproduction of 
reactive oxygen species (ROS) and free radicals in ovar-
ian tissue (7, 8). The imbalance condition between ROS 

production and antioxidant defense system is named oxi-
dative stress. Massive production of ROS through oxida-
tive stress could individually damage mitochondrial mem-
brane and lead to release of cytochrome c. Bcl-2 family 
proteins are classified in two groups: anti-apoptotic (in-
cluding Bcl-2 and Bcl-x) and pro-apoptotic (consisting of 
bax and bad). They regulate releasing of cytochrome c 
from inner membrane of mitochondria. In details, anti-ap-
optotic proteins prevent releasing of cytochrome c, in the 
following incidence of apoptosis. In contrast with anti-ap-
optotic proteins, pro-apoptotic proteins act as inducer of 
apoptosis via stimulation of pro-caspase 9. After this, pro-
caspase 9 turns into the activated caspase 9, subsequently 
activating caspase 3. This ultimately leads to DNA dam-
age and apoptosis. The weakness of antioxidant defense 
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system could be improved by antioxidant components 
and prevent the potential subsequent damages (8-10).

Nowadays, exogenous antioxidant compounds are 
more than ever utilized to treat different diseases asso-
ciated with oxidative stress-induced tissue damages. Mi-
nocycline, as a tetracycline derivative, is a widely used 
bacteriostatic antibiotic with various functions, including 
suppression of pro-inflammatory cytokines, inhibition of 
apoptosis pathways and antioxidant activity (11). In this 
regard, Naderi et al. (12) indicated that minocycline has 
protective effect against brain ischemia, due to its anti-
oxidant properties. In addition, other investigations dem-
onstrated that antioxidant properties of minocycline can 
protect diabetic rats from nephropathy (11, 13).

Since oxidative stress and apoptosis are considered 
as responsible of Torsion/Detorsion pathogenesis, the 
current experimental study was designed to assess the 
impact(s) of administration of minocycline (as poten-
tially an anti-apoptotic and antioxidant agent) on Torsion/
Detorsion-induced damages in ovary and oxidative stress 
in adult female rats.

Materials and Methods
Present research work was accepted by “Ethical Com-

mittee of Gonabad University of Medical Sciences, Gon-
abad, Iran” (IR.GMU.REC.1398.117). Thirty two adult 
female Wistar rat with average weight of 200-250 g and 
average old of eight weeks were utilized in the experi-
mental study (14). The sample size was decided based on 
our pervious study. All animals were randomly selected 
from the animal house of “Gonabad University of Medi-
cal Sciences” and they kept in the standard condition of 
animal house. During this experiment, food and water 
were free for all animals. 

All of the rats were randomly classified into four groups.
Group 1: Sham group or control group; in the lower me-

dian part of the abdomen, a 2.5 cm longitudinal cutting 
was created, then sutured with 6/0 nylon (n=8).

Group 2: firstly ovarian torsion was performed and after 
3 hours, detorsion was carried out. Thirty minutes before 
detorsion, subjects were treated with normal saline (TD; 
n=8).

Group 3: ovarian torsion was initially performed and 
after 3 hours, detorsion was carried out. All rats were 
treated with 40 mg/kg minocycline by intraperitoneal in-
jection 30 minutes before detorsion (TDO30; n=8) (15). 

Group 4: or minocycline group with no TD operation, 
only received 40 mg/kg minocycline by intraperitoneal 
injection (n=8).

Surgical method of ovarian torsion induction
According to the previous studies, induction of ovar-

ian torsion was performed (5, 7). Initially, anesthesia 
for all rats was done with ketamine/xylazine (10 mg/kg 
xylazine and 50 mg/kg ketamine intraperitoneally) (7). 

Next, hairs of the abdominal region were shaved, in the 
midline of abdomen a 2/5 cm cutting was created. Af-
terward, uterine tube and ovary were exposed and ovary 
with adnexa was rotated 720 degree around its ligament. 
Then, to stabilize this situation, the rotated ovary was 
fixed to abdominal wall with 6/0 nylon suture. This con-
dition was maintained for 3 hours. Half an hour before 
detorsion, the first dose of minocycline was injected. 
Then detorsion was accomplished and reperfusion was 
performed for 7 days. During this period, treated groups 
were induced to different doses of minocycline. After 
receiving the last dose of drug, all treated groups were 
anesthetized and ovarian tissues were extracted for his-
topathological assessment as well as evaluation of oxi-
dative stress and gene expression (7).

Histopathological examination of ovarian tissue
After removing the ovarian tissue, samples were placed 

in 10% formalin for 72 hours, followed by dehydration. 
Paraffin-embedded tissues were sectioned by a microtome 
at a thickness of 5 µm. At the end of this process, samples 
were stained with Hematoxylin and Eosin method and ex-
amined for histopathological assessment.

For this aim, tissue slides were prepared and samples 
were appraised with a light microscope spirally from the 
cortex to the medulla. In the whole field of slides, number 
of “pre-antral,” “antral Graafian follicles,” and “atretic 
bodies” were counted and compared among the experi-
mental groups. In addition, tendency of hemorrhage, tis-
sue bleeding and disruption were assessed (5).

Evaluation of biochemical parameters 
For measurement of malondialdehyde (MDA) level, 0.2 

ml plasma was added to a tube containing mixture of 3 
ml glacial acetic acid, 3 ml thiobarbituric acid and 2% 
NaOH. The resulting mixture was placed in a shaker and 
kept in boiling water for 15 minutes to create the pink-
colored solution. After cooling down the samples, absorb-
ance was read at a wavelength of 532 nm (16).

Activity of superoxide dismutase and glutathione per-
oxidase 

Plasma levels of superoxide dismutase (SOD) and 
glutathione peroxidase (GPX) were determined by 
the commercial kits according to the manufacturers' 
instructions (Randox and Ransod, UK) using ELISA 
method.

Method of SOD assay based on Ransod kit: This 
method employs xanthine and xanthine oxidase 
(XOD) to generate superoxide radicals, reacting with 
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazoli-
um chloride (I.N.T.) to form a red formazan dye. SOD 
activity is then measured by the degree of inhibition of 
this reaction. 

Method of GPX assay based on Randox kit: GPX cata-
lyzes oxidation of glutathione (GSH) by Cumene of hy-
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dro peroxide. In the presence of glutathione reductase and 
NADPH, the oxidased glutathione (GSSG) is immedi-
ately converted to the reduced form with a concomitant 
oxidation of NADPH to NADP. 

cDNA synthesis and quantitative reverse transcription 
polymerase chain reaction

The left ovaries were utilized for assessment of Bax 
and Bcl-2 gene expressions. Total RNA was isolated 
using TRIzol Reagent (Invitrogen, UK) and concentra-
tion was measured by spectrophotometer. Afterwards, 
they were carefully set to a concentration of 0.5 µg/ml. 
Finally, cDNA was reverse-transcribed in a final vol-
ume of 20 μl from 5 µg total extracted RNA using the 
commercial kit (Thermo Scientific, USA). Sequences 
of the utilized primer to analyze gene expressions are 
as following: 

Bcl-2-
F: 5'-CTTTGCAGAGATGTCCAGTCAG-3'
R: 5'-GAACTCAAAGAAGGCCACAATC-3'
Bax-
F: 5'-GGCGAATTGGAGATGAACTG-3'
R: 5'-TTCTTCCAGATGGTGAGCGA-3'
Gapdh-
F: 5'-GCAGCTCCTTCGTTGCCGGT-3'
R: 5'- CCCGCCCATGGTGTCCGTTC-3'
Gapdh gene was used as the internal control. The quan-

titative reverse transcription polymerase chain reaction 
(qRT-PCR) reactions were conducted in a 48-well plate 
with a volumes of 20 µl containing 1 µl cDNA, 2 µl of 
the mixed forward and reverse primers, 7 µl deionized 
water and 10 μl SYBR Green PCR master mix. Two-
step qRT-PCR was conducted in the Applied Biosystems 
7500 Fast Real-Time PCR System (Applied Biosystems 
Germany GmbH). PCR cycling condition are described 
as following: one cycle at 95°C for 10 minutes, followed 
by 40 cycles at 95°C for 15 seconds, 58°C for 30 sec-
onds and 72°C for 30 seconds, and one cycle of final 
extension step (melt curve step) at 95°C for 15 seconds, 
60°C for 60 seconds and 95°C for 15 seconds. Finally, 
quantitative analysis was calculated by the Pfaffl meth-
od, shown as ratios (2–ΔCT target: 2–ΔCT reference) (7, 9).

Evaluation of apoptosis in ovarian tissue by TUNEL 
method 

Apoptosis rate in ovary tissue follicles was measured 
by terminal deoxynucleotidyl transferase-mediated 
nick end labeling (TUNEL) assay using the In Situ 
Cell Death Detection Kit (Boehringer Mannheim, Ger-
many). All process was implemented in accordance 
with the protocols provided by the commercial kit as 
follows: i. Sections of the ovary were deparaffinized 
and then hydrated in descending gradient of ethanol. 
ii. Section samples were incubated in humid room tem-
perature with 20 mg/ml proteinase K for 20 minutes. 
iii. Endogenous peroxidase activity was blocked by in-

cubation with 3% hydrogen peroxide in methanol for 
10 minutes. iv. Sections of the ovary were incubated 
with the TUNEL solution including deoxy-nucleotide 
mixture and terminal deoxynucleotidyl transferase en-
zyme at 4˚C overnight. v. The tissue slid specimens 
were incubated with the anti-fluorescein antibody per-
oxidase solution at 25˚C for 30 minutes. vi. The tissue 
sections were ultimately treated with diaminobenzidine 
for 15 minutes. 

All of the indicated steps were conducted separately 
by rinsing the samples in phosphate buffered saline 
(PBS) after each stage. Next, tissue slids were stained 
with hematoxylin for 1 minute. Afterwards, tissue 
specimens were dehydrated, cleared and mounted 
with Entellan (Merck, Germany). Apoptotic cells ap-
peared in dark brown and were homogeneous (7). For 
calculation of apoptosis index in the ovary tissue sec-
tion, number of TUNEL-positive cells were counted, 
dividing into the total number of granulosa cells and 
expressed as the percentage. Next, the mean apoptotic 
index of each group was calculated and analyzed by 
the ImageJ software (version 1.44, NIH, Bethesda, 
MD, USA).

Plasma levels of testosterone and estrogen 
Plasma levels of testosterone and estrogen were analyzed 

by the enzyme-linked immunosorbent assay (ELISA) kit 
(Demeditec Diagnostics, Germany). Optical density of the 
samples was determined at a wavelength of 405 nm.

Statistical analysis
For the statistical analysis, the SPSS software version 20 
was used (IBM, USA). Data were examined by the Kol-
mogorov-Smirnov test for checking the normality distri-
bution of the samples. All results were presented as means 
± standard errors. To compare the histopathological pa-
rameters and oxidative stress values, one-way ANOVA 
was used, followed by Tukey’s post hoc test. The statisti-
cal significance was set at P<0.05.

Results
Histopathological changes

Number of pre-antral, antral and graafian follicles 
showed a marked reduction in the TD groups compared 
to the sham group. Number of the atretic bodies was 
notably higher in the TD group than the sham group 
(P=0.001). In the experimental groups treated with 
minocycline, the number of pre-antral, antral and 
graafian follicles was significantly higher than the 
TD group (P=0.001). Frequency of atretic bodies 
in therapeutic groups was remarkably lowered, in 
comparison with the TD group (P=0.001, Table 1, 
Fig.1). Hemorrhage, tissue bleeding, and disruption 
of ovarian tissue was observed in TD group Compared 
to the sham group. On the other hand, treatment with 
minocycline replaced this damages.
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Fig.1: Histological findings and apoptosis in the study groups. A. TD 
ovarian torsion for 3 hours (T3h), B. Sham (cutting the abdominal wall 
without applying torsion), C. TD+Myno ovarian torsion for 3 hours 
(T3h), receiving minocycline, and D. MYNO Healthy group receiving 
minocycline. Black arrows show hemorrhage, Blue arrows show antral 
follicles, green arrow shows tissue disruption, yellow arrows show 
preantral follicles. In the histopathological examination of ovarian tissue 
in TD group, degeneration, hemorrhage and tissue disruption were 
observed. In the sham and healthy treated groups, normal follicular 
development, normal histological assessment and normal morphology 
of follicles were visualized. In tissue sections of the sham group, no 
hemorrhage and tissue degeneration was observed. In the treated 
group, all of the tissue damage and degeneration were replaced with 
administration of minocycline.

Table 1: Histopathological findings

Groups Primary 
follicles ± SD

Pre-antral 
follicles ± SD

Antral 
follicles ± SD

Yellow
 body ± SD

Sham 18.4 ± 1.14 27.8 ± 1.92 16.2 ± 1.30 9.4 ± 1.83

TD 7.4 ± 1.14* 7.2 ± 1.30* 3.8 ± 1.14* 1.8 ± 0.89*

TD+MYNO 13.8 ± 1.30† 18 ± 1.58† 12 ± 1.58† 6.8 ± 0.83†

MYNO 18.2 ± 2.38† 25.8 ± 2.48† 14.6 ± 2.07† 7.5 ± 1.89†

*; Significant difference compared to the sham group, †; Significant difference compared 
to the TD group, TD; Ovarian torsion/detorsion, and MYNO; Minocycline.

Apoptotic markers
Effectiveness of minocycline on programmed cell death 

(apoptosis) in different groups under treatment, sham and 
TD group expressed as follow. As shown in Figure 1, count 
of TUNEL positive cells in the TD group compared to the 
sham group were significantly higher. Apoptosis index in 
pre-antral, antral and grafian follicles were enhanced, in 
comparison with the sham group. Evaluation of apoptosis 
index in ovarian tissue cells and follicles of the treated 
groups with various dosages of minocycline were not ably 
distinguished in comparison with the TD group (Figs.1, 2).

Fig.2: Apoptosis index in study groups. Data are presented as mean ± 
SD. *; Significant difference compared to the sham group, +; Significant 
difference compared to the TD group, TD; Ovarian torsion/detorsion, and 
MYNO; Minocycline.

Bax gene expression was increased in the TD group 
than the sham group as well as the expression of this 
gene was notably distinguished in treated groups with 
Minocycline (i.e TD+MYNO and MYNO, P<0.05). 
On the other hand, findings showed that Bcl-2 gene 

expression was remarkably reduced in the TD group than 
sham (P<0.05). In the treated groups, expression of Bcl-2 
was significantly enhanced in comparison with the TD 
group (P<0.05, Table 2).

Table 2: The oxidative stress markers in the study groups

Group SOD (U/ml)
± SD

GPX (ng/ml)
± SD

MDA (nm/ml)
± SD

Sham 1.77 ± 0.04 22.04 ± 0.77 0.57 ± 0.03

TD 0.82 ± 0.12* 9.11 ± 0.63* 1.58 ± 0.07*

TD+MYNO 0.95 ± 0.24 16.42 ± 0.89 0.97 ± 0.05

MYNO 1.63 ± 0.24+ 21.81 ± 0.31† 0.65 ± 0.01†

*; Significant difference compared to the sham group, †; Significant difference compared 
to the TD group, TD; Ovarian torsion/detorsion, MYNO; Minocycline, SOD; Superoxide 
dismutase, GPX; Glutathione peroxidase, MDA; Malondialdehyde, and SD; Standard 
deviation.

Serum antioxidant enzymes
A significant decrease was found in the serum level of 

SOD and GPx in the TD group as compared with the sham 
group (P=0.001). Additionally, comparison of therapeutic 
groups with TD group indicated higher levels of serum 
GPx in minocycline-treated groups (P<0.05) but the 
level of SOD was not significantly higher than TD group 
(P>0.05). Serum level of MDA was elevated in the TD 
group, compared to the sham group. In addition, treatment 
with minocycline reversed the increased concentration of 
MDA to the baseline values (P<0.05, Table 3).

Table 3: Comparison of Bax and Bcl-2 gene expressions in the study groups

Group Bax ± SD Bcl-2 ± SD

Sham 0.32 ± 0.022 1.38±  0.034†

TD 1.48±  0.032* 0.41±  0.038*

TD+MYNO 0.89±  0.04† 0.94±  0.014†

MYNO 0.35 ± 0.014† 1.43±  0.028†

*; Significant difference compared to the sham group, †; Significant difference compared 
to the TD group, TD; Ovarian torsion/detorsion, MYNO; Minocycline, and SD; Standard 
deviation.

Hormonal profile
In the TD groups, estrogen level was significantly 

lower than the sham group (P=0.001). Additionally, in the 
minocycline-treated groups, estrogen level was significantly 
enhanced compared to the TD group (P=0.001, Table 4).

Table 4: Estrogen and testosterone levels in serum

Groups Testosterone (ng/ml) Estrogen (pg/ml)

Sham 0.48 ± 0.050 52.25 ± 1.75

TD 2.94 ± 0.078* 33.50 ± 1.19*

TD+MYNO 1.59 ± 0.064+ 44.75 ± 1.31+

MYNO 0.49 ± 0.030+ 56.25 ± 0.85+

Data are presented as mean ± SD. *; Significant difference compared to the sham group, 
†; Significant difference compared to the TD group, TD; Ovarian torsion/detorsion, and 
MYNO; Minocycline.

The serum level of testosterone was significantly 
increased in the TD group in comparison with the sham 
group (P=0.001). A significant reduction was detected in 
the other experimental groups treated with minocycline 
when compared to the TD group (P=0.001, Table 4).
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Discussion
Induction of torsion/detorsion causes histological damage 

in TD group. These damages are observed as disruption and 
hemorrhage in ovary tissue sections. Additionally, this was 
observed in follicles evaluation and follicles morphology, as 
a degenerative damage. In this context many studies have 
presented similar results (17, 18). Tissue degeneration maybe 
due to ovarian torsion followed by tissue hypoxia and ischemia 
caused by disturbance in circulation temporary cut off blood 
flow. This disorder carries out tissue to hypoxia, necrosis and 
gangrene. In turn, reperfusion, which is done for prevention of 
ischemia, leads to microvascular endothelial damage, rupture 
and hemorrhage. When the massive volume of blood suddenly 
entire ovary cause tissue disruption and hemorrhage in ovarian 
tissue (19). In line with our results, studies demonstrated that 
torsion/detorsion of ovary led to tissue damages consisting 
of follicles degeneration, tissue hemorrhage and tissue 
disruption. In addition, studies done by Shokoohi et al. (7) 
indicated that 3 hours ischemia of ovary tissue followed by 10 
days reperfusion cause tissue damage in TD group.

Assessment of oxidative stress markers in the current 
study represented that activity of antioxidant enzymes (SOD 
and GPx) were declined in the TD group. In this group, 
Level of lipid peroxidation was markedly increased. This 
enhancement was observed in tissue MDA level as end 
product of lipid peroxidation. Lipid peroxidation due to 
torsion/detorsion of ovary occurred as free radicals such as 
hydroxyl, and peroxyl activity. Increased free radical activity 
causes reduction in endogenous antioxidant enzymes 
activity, such as SOD and GPx. Thereby torsion/detorsion of 
ovary occasion imbalance between SOD and GPx activity, 
in addition to production of free radicals and ROS lead to 
increasing MDA production (3, 9). This increase shows the 
weakness in antioxidant defense system of body. In the result 
of this happen ovarian tissue cells and follicles become to 
DNA damage and followed by apoptosis (7, 19). In this 
context, Ashok Agarwal et al. showed that antioxidants can 
protect the ovarian tissue damage against oxidative stress by 
prevention of free radicals and ROS activation (20). 

In addition, apoptosis in ovarian tissue cells can be 
controlled through intracellular apoptosis pathway, affected 
by pathways activation. Accumulation of intracellular 
ROS can release cytochrome c from internal membrane 
of mitochondria. This leads to forming a protein complex 
called apoptosome, which activates pro-caspase 9. It can 
also active caspase-3 and caspase-7 (effector caspase). 
This process causes apoptosis induction. Internal apoptotic 
pathway is directly controlled by two groups of protein, 
consisting of pro-apoptotic proteins, such as Bax, Bid, Bad 
and nitric oxide molecules (9, 21). These molecules and 
genes activate the cytochrome c releasing pathway from 
internal membrane of mitochondria. Another controlling 
protein of intracellular apoptotic pathway includes Bcl-
2 and Bcl-XL which is known as anti-apoptotic group 
and preventive of cytochrome c releasing (9, 22). In 
this research, expression of Bax and Bcl-2 was detected. 
Findings showed elevation of ROS level and weakness of 
antioxidant defense. In addition, expression levels of Bax 

and Caspase-3 were increased, while Bcl-2 gene expression 
level was declined in the TD group. These complications 
represent induction of apoptosis in ovarian tissue.

In the present study, evaluation with TUNEL method 
displayed increase in the count of TUNEL positive cells, 
due to apoptosis in the TD group. This results could be the 
reason of confirming high expression of Bax gene in the 
TD group that shows activation of apoptosis pathway (7). 
Increase in the number of TUNEL positive cells in the TD 
group confirmed enhancement of apoptosis. This process 
can be the result of accumulation of ROS, activation of 
free radical and weakness of antioxidant defense system 
(23). In this context several studies showed that torsion/
detorsion led to ovarian tissue damage and cell apoptosis. 
Many researches also presented that torsion/detorsion of 
ovary increased apoptotic related genes, such as Bax and 
Caspase-3 in the TD group. Studies also showed decrease 
in Bcl-2 gene expression in the TD group (7, 24). 

On the other hand, ovarian torsion/detorsion impairs 
imbalance of serum hormonal levels. As a case, in the 
present research increased level of testosterone and reduced 
level of estrogen were observed in serum of rats. This may 
stem from degeneration of normal follicles and granulosa 
cells, leading to inability of testosterone (DHEA) to 
convert into estrogen. This would result in increased level 
of testosterone and decreased level of estrogen (25, 26). 

Result of the current study indicated use of minocycline, as 
an antioxidant substance, preserving ovarian tissue against 
injuries of ROS accumulation and activity of free radicals. 
So that, few tissue damages and follicles degenerations were 
observed in the treated group with minocycline but it was 
not significant. Evaluation of oxidative stress marker levels 
also showed the important reduction in the level of lipid 
peroxidation in groups that treated with Minocycline (27). 
Activity of antioxidant enzymes were clearly elevated in 
this group, resulting in deactivation of ROS and reduction in 
injuries, due to oxidative stress by this antioxidant property. 
In this regard, several studies exhibited minocycline, as an 
antioxidant agent which can prevent lipid peroxidation, 
increase SOD and GPx levels (28, 29).

Administration of minocycline in the treated group of 
current study caused reduction of apoptotic index, gene and 
protein expressions related to apoptosis in ovarian tissue 
of rat. This led to reduction of testosterone and increase of 
estrogen levels in serum. In this regard, Barghi et al. (26) 
showed that ovarian torsion led to reduction of estrogen 
and increase of testosterone levels in serum. Additionally, 
treatment with antioxidant can increase level of estrogen and 
reduce testosterone levels in serum.  Antioxidant properties 
of minocycline can diminish injuries, due to increasing ROS 
and consequently elevation of antioxidant defense system 
of body (30). Minocycline, by preventing accumulation of 
extracellular ROS, can hamper activation of caspase-8 and 
extracellular apoptotic pathway. This antioxidant combine 
also prevents releasing cytochrome c by inhibiting free 
radicals and intracellular ROS activation, thereby excluded 
activation of intracellular apoptotic pathway. Also with an 
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enhancement of the antioxidant defense system increase the 
expression of the anti-apoptotic proteins and genes such as 
Bcl-2. The elevation of these genes lead to the prevention 
of releasing of cytochrome c and activation of the apoptotic 
pathway. Evaluation of ovarian tissue by TUNEL assay 
showed reducing amount of TUNEL positive cells and 
apoptosis index in the treated group. In this context, many 
researches demonstrated that minocycline, as an antioxidant 
agent, decreased apoptotic related gene and proteins, while it 
elevated expression level of Bcl-2.

Conclusion
It seems that minocycline attenuates torsion/detorsion-
induced ovarian damage, while it is considered as one of 
the causes of infertility in females. Our study exhibited 
that minocycline, as an antioxidant component, enhanced 
antioxidant enzyme activity while diminished expression 
of Bax, as well as the rate of programmed cell death in 
ovarian tissue of rats with ovarian torsion. 
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