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Purpose. To investigate the protective effects of lipoxin A4 (LXA4) in rat testis injury following testicular torsion/detorsion. Methods.
A rat testicular torsion model has been established as described. Rats were randomly divided into 6 groups: sham group, torsion
group, torsion/detorsion (T/D) group, and T/D plus LXA4-pretreated groups (3 subgroups). Rats in LXA4-pretreated groups
received LXA4 injection (0.1, 1.0, and 10 ug/kg body weight in LXA4-pretreated subgroups 1-3, resp.) at a single dose 1h before
detorsion. Biochemical analysis, apoptosis assessment, and morphologic evaluation were carried out after orchiectomies. Results.
GPx and SOD levels significantly increased and MDA levels significantly reduced in LXA4-pretreated groups compared to T/D
group. LXA4 also reverted IL-2 and TNF-« to basal levels and improved the expression of IL-4 and IL-10 in LXA4-pretreated
groups. Moreover, the expression of NF-xB was downregulated in LXA4-pretreated groups. LXA4 treatment also showed an
improved testicular morphology and decreased apoptosis in testes. Conclusion. Lipoxin A4 protects rats against testes injury after

torsion/detorsion via modulation of cytokines, oxidative stress, and NF-xB activity.

1. Introduction

Testicular torsion occurs at a frequency of 1in 4000 in men
who are younger than 25 years old [1]. It is a common
urologic emergency that leads to testicular necrosis and
results in decreased fertility [2]. The primary pathophysi-
ologic event in testicular torsion is ischemia followed by
reperfusion; thus, testicular torsion/detorsion is considered
as an ischemia/reperfusion injury (IRI) to the testis [3].
Numerous drugs have been applied to prevent testis against
IRI following testicular torsion in animal models [4-7].
Those previous studies suggested that treatment against IRI
following testicular torsion/detorsion may result in decreased
oxidative stress, reduced inflammation, and improved testic-
ular morphology to testis.

Lipoxins are lipoxygenase derived lipid mediators with
both anti-inflammatory and proresolution properties that
have been demonstrated in vivo and in vitro [8]. Lipoxin
A4 (LXA4) is the major physiological lipoxin during inflam-
mation in mammalian systems [9]. The protective effects of

lipoxins against IRI have been confirmed in many organs
including brain, heart, kidney, and stomach [10-13]. However,
to our knowledge, the effect of LXA4 on IRI following
testicular torsion/detorsion has not yet been reported. In the
present study, a rat model was used to investigate the roles of
LXA4 in testicular torsion/detorsion.

2. Materials and Methods

2.1. Animals and Reagents. All experiments were conducted
in accordance with the guidelines of Animal Use and Care
Committee of Wuhan University. 60~90-day-old specific
pathogen-free (SPF) Sprague Dawley (SD) rats weighing
180~200g were obtained from the Center for Animal
Experiment/Animal Biosafety Level III laboratory (ABSL-
III lab) of Wuhan University in China. Rats were housed
individually in cages on a 12h dark: 12h light cycle at 23 +
2°C under standard environmental conditions and had free
access to pellet diet and tap water.
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2.2. Animal Model and Study Design. Rats were randomly
divided into 6 groups: (1) sham group (n = 10): rats
received sham operations with no additional interventions;
(2) torsion group (n = 10); (3) torsion/detorsion (T/D)
group (n = 10) and (4) T/D + LXA4-pretreated groups
(n = 10 in each subgroup, 3 subgroups in total). The
torsion and detorsion protocols lasted for 6 hours. Bilateral
orchiectomies were performed at the end of protocol. In
detail, bilateral orchiectomies were performed 6 h after sham
operation in the sham group; rats in the torsion group
received bilateral orchiectomies after 6h torsion without
detorsion; rats in the T/D group and T/D + LXA4 groups
received a 2h torsion followed by a 4h detorsion. Torsion,
detorsion, and sham operations were performed on the left
testis through a midscrotal vertical incision as previously
described [14]. LXA4 ([5S-, 6R-, 15S-trihydroxy-7E, 9E, 11Z,
13E-eicosatetraenoic acid]; Cayman Chemical, Ann Arbor,
USA) was intraperitoneally injected 1h before detorsion in
the T/D + LXA4 groups as a single dose (0.1, 1.0, and
10 ug/kg body weight in subgroup 1-3, resp.). Rats were
anesthetized with intraperitoneal injection of pentobarbital
sodium (50 mg/kg body weight; Amresco, Cleveland, USA).
Tissue samples were collected for biochemical analysis and
morphological evaluation at the end of study protocol. Half
of each fresh testis was washed with ice-cold phosphate-
buffered saline (PBS) (pH = 7.4) and then kept at —=70°C for
measurement of cytokines levels, MDA level, tissue SOD, and
GPx activity. The remaning half of testis was divided into two
parts and fixed in 10% formalin or 2.5% glutaraldehyde for
light microscopy and electron microscopy, respectively.

2.3. Expression of Cytokines in Testes. Cytokines IL4, IL-10,
IL-2, and TNF-a were detected using commercial ELISA
kits according to the manufacturers’ protocols (Beyotime
Institute of Biotechnology, Jiangsu, China). Each well of
the plate was coated with 100 uL of capture antibody and
incubated overnight at 4°C. Plates were blocked with assay
diluent for 1h after washes. Testicular tissue homogenate
(100 uL) in PBS supplemented with protease inhibitors was
added to each well of the plate before incubation. Working
detector (100 uL) was loaded into each well, and the plate was
incubated for 1h before the addition of substrate solution.
The reaction was stopped by adding 50 uL stop solution.
Calculation of the concentrations was performed in a log-log
linear regression.

2.4. Expressions of Malondialdehyde and Activities of Super-
oxide Dismutase and Glutathione Peroxidase in Testes. Fresh
testicular tissue was placed into a 1.5 mL centrifuge tube. Add
250 uL of RIPA buffer with protease inhibitors. Homogenate
was then centrifuged at 11000 xg for 10 min at 4°C. The
supernatant was used for the determination of malondialde-
hyde (MDA) using a commercial kit (Cayman, Ann Arbor,
MI) and the detection of testicular superoxide dismutase
(SOD) and glutathione peroxidase (GPx) activities. Testicular
SOD activity was measured with an SOD-525TM reagent
kit (OXIS International, Foster, CA); the final result was
expressed as U/mg protein; tissue GPx activity was measured
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as described [15]. GPx catalyzes the oxidation of glutathione
(GSH) by H,0, in a reaction coupled with the conversion
of nicotinamide adenine dinucleotide phosphate (NADPH)
(reduced form) to NADPH+ (oxidized form), and the change
in absorbance at 340 nm is used for detecting GPx activity.

2.5. Western-Blot Assay for NF-kB p65. The fresh testicular
tissue has been collected and then was homogenized in
ice-cold tissue protein extraction reagent, containing 1%
protease and 1% phosphatase inhibitors. After centrifugation
at 10,000 g for 5min at 4°C, the supernatants were collected.
Protein concentrations in supernatants were determined by a
bicinchoninic acid protein assay kit (Boster, Wuhan, China).
Western blot assay was carried out in duplicates as described
[16]. Anti-NF-kappa B p65 antibody was purchased from
Abcam (MA, USA). Protein bands were normalized with
GAPDH, and all blots were quantified with Software Quantity
One (Bio Rad).

2.6. Assessment of Apoptosis in Testes. Apoptotic activity on
paraffin sections of the testis was analyzed by a TUNEL
method with a commercial kit (Boster, Wuhan, China). The
number of TUNEL-positive nuclei per tubule was counted.
Apoptotic cells were identified by a brown stain over the
nuclei. Approximately, 200 cells were counted per field; five
fields were examined per slide. Apoptotic index (AI) was
calculated as follows: Al = (number of apoptotic cells/the
total number of counted cells) x 100%. Caspase-3 is activated
in the apoptotic cell both by extrinsic (death ligand) and
intrinsic (mitochondrial) pathways. We also measured the
caspase-3 protease activity using a caspase-3 colorimetric
assay kit according to the manufacturer’s instructions (Boster,
Wauhan, China). Briefly, the homogenates of testicular tissues
were centrifuged for 1 min at 10,000 g, and 100 ug of protein
was incubated with reaction buffer and Asp-Glu-Val-Asp-p-
nitroanilide for 90 min at 37°C. Absorbance was measured at
405 nm as caspase-3 activity.

2.7. Morphological Evaluation. Testis tissues were collected
for morphological evaluation. The specimens were fixed in
10% formalin, embedded in paraffin, cut into sections 4
microns in thickness, and stained with hematoxylin and eosin
(H&E). A pathologist blindly evaluated the testicular tissues
in a random order under light microscope. Testicular injury
and spermatogenesis were graded with Johnsen score [17]. All
tubular sections in each observed area of testicular tissue are
evaluated systematically and each is given a score from 1 to 10.
Complete spermatogenesis with many spermatozoa present is
evaluated as score 10. Additionally, electron microscopy was
also carried out. Briefly, testicular tissue was fixed in 2.5%
glutaraldehyde at 4°C for 24 h then washed in phosphate-
buffered saline, embedded in epoxy resin, and immersed
in Epon812. Sections collected with a LKB-V microtome
(BROMMA, Sweden) were stained with uranium acetate and
folic acid lead and captured with a transmission electron
microscope (H-600, Hitachi, Japan).



Mediators of Inflammation

3 -
T #

_ T "
3 . 1 71 =
2 T
&) *
Eln T
S
w14
Z
H

0 T T T " " .

Sham  Torsion  T/D 0.1 1.0 10
T/D + LXA4 (ug/kg)
(a)

2.5

2.0 A _#lf
.g ##
2 15 ## T
S, T
o0
o
S 1.0 T
¥ T
= * %

054 L

0.0 T T T - " .

Sham Torsion T/D 0.1 1.0 10
T/D + LXA4 (ug/kg)

()

2.5 4
o T T
g T
2 ##
g 151 I T
2 T
oo
S 1.0 A
QN
=
0.5
0.0 T T T T T
Sham Torsion T/D 0.1 1.0 10
T/D + LXA4 (ug/kg)
(b)
2.5 1
##
£ 20 wo |
§ ## T
2,
20 1.5 1 T
oo
=
=] 2 1T L
dl 1.0 —|—
0.5 1
0.0 : : : : : :
Sham Torsion T/D 0.1 1.0 10
T/D + LXA4 (ug/kg)
(d)

FIGURE 1: Changes of cytokines in testicular tissue. LXA4 treatment inhibits the increase of proinflammatory cytokines (IL-2 and TNF-«)
and promotes the expression of anti-inflammatory cytokines (IL-4 and IL-10) in testes after testicular torsion. Compared with other groups,
*P < 0.05and **P < 0.01. Compared with torsion or torsion/detorsion (T/D) group, *P < 0.05and P < 0.01.

2.8. Statistical Analysis. Data are expressed as mean + SD. The
data was processed by the statistical analysis software SPSS
version 16.0 (SPSS Inc., Chicago, IL). Comparison of several
means was performed using one-way and repeated measure
two-way analysis of variance followed by the Tukey-Kramer
test to identify significant difference between groups. All P
values were two-tailed and a P value of less than 0.05 was
considered significant.

3. Results

3.1. Changes of Cytokines, MDA, SOD, and GPx in Testis.
Changes of cytokines, MDA, SOD, and GPx were summa-
rized in Figures 1 and 2. Compared to the sham group, the
levels of proinflammatory cytokines (IL-2 and TNF-«) and
MDA were significantly increased in testes after testicular
torsion, while the levels of SOD and GPx were decreased
(resp., P < 0.05). The treatment with LXA4 reverted
those parameters to basal levels. Compared to the torsion
and torsion/detorsion group, the MDA and IL-2 and TNF-
a levels were significantly lower in the LXA4-pretreated
groups (resp., P < 0.05). In addition, the anti-inflammatory

cytokines (IL-4 and IL-10), SOD, and GPx levels were signif-
icantly increased in the LXA4-pretreated groups than those
in the torsion and torsion/detorsion groups (resp., P < 0.05).

3.2. NF-kB p65 Expression in Testis. Western-blot assay
showed that the NF-xB p65 expression level was increased
after testicular torsion. However, the NF-«B p65 expres-
sion has been inhibited by LXA4 treatment. As seen in
Figure 3, the NF-«B p65 expressions in LXA4-treated groups
were significantly lower than those in the torsion and tor-
sion/detorsion groups (resp., P < 0.05).

3.3. Analysis of Apoptosis in Testis. The analysis of apoptosis
was performed by TUNEL method and caspase-3 activity.
TUNEL staining sections were shown in Figure 4. The per-
centage of TUNEL positive apoptotic cells was denoted as Al
The Al values of LXA4-pretreated groups were significantly
lower than those in the torsion and torsion/detorsion groups
(resp., P < 0.05, Table 1). In addition, compared to torsion
and torsion/detorsion groups, the caspase-3 activity in testes
was significantly decreased in the LXA4-pretreated groups
(resp., P < 0.05, Table 1).
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FIGURE 2: Changes of MDA, SOD, and GPx in testicular tissue. The levels of MDA were increased in testes after testicular torsion, while the
levels of SOD and GPx were decreased. The treatment with LXA4 reverted those parameters to basal levels. Compared with Sham groups,
*P < 0.05and **P < 0.01. Compared with torsion or torsion/detorsion (T/D) group, P < 0.05and *Pp < 0.01.
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FIGURE 3: Western-blot for NF-«xB p65 expression in testicular tissue. NF-xB p65 expression was increased after testicular torsion in both

torsion and torsion/detorsion (T/D) groups. However, the NF-«B p65

expression has been inhibited by LXA4 treatments. Compared with

other groups, *P < 0.05. Compared with T/D group, “P < 0.05and **P < 0.01.

3.4. Morphological Evaluation of Testis. The findings of the
light microscopy for each group are shown in Figure 5.
The presence of normal testicular structure and uniform
seminiferous tubular morphology was seen in the sham
group. In the torsion and T/D groups, there were significant
reductions in the seminiferous tubular diameter and severe
distortion of tubules. Administration of LXA4 preserved
the intact seminiferous tubular morphology in testes after

torsion/detorsion. Furthermore, the histologic scores were
significantly higher in the LXA4-treated groups compared
with the torsion and torsion/detorsion groups (resp., P <
0.05, Table 1). Swollen mitochondria with degenerated cristae
and enlarged intercellular spaces were observed under elec-
tron microscopy in both torsion and T/D groups. However,
LXA4 pretreatment was effective in preventing mitochondria
degeneration and dilation of intracellular spaces (Figure 6).
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FIGURE 4: TUNEL staining of testicular tissue (x200). (a) Sham group: only a few TUNEL-positive cells were observed. (b) Torsion group and
(¢) torsion/detorsion (T/D) group: TUNEL-positive cells were mainly observed in germ cells of testis. (d), (e), and (f): T/D + LXA4 subgroup
1-3, respectively. Apoptotic cells were rarely observed in the seminiferous epithelium.
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FIGURE 5: Light microscope observations of H&E stained sections (x200). (a) Sham group: normal testicular architecture was seen. (b) Torsion
group and (c) torsion/detorsion (T/D) group: severe damage to testis was noted. (d), (e), and (f): T/D + LXA4 subgroup 1-3, respectively.

4. Discussion

In this study, we used a rat testicular torsion model to
investigate the protective effects of lipoxin A4 on testic-
ular ischemia/reperfusion injury. Various parameters such
as MDA, SOD, GPx, proinflammatory cytokines, anti-
inflammatory cytokines, and NF-«xB have been detected.
Morphologic evaluation has been also carried out after
orchiectomies. Our results demonstrated that lipoxin A4

significantly reduced the inflammatory reactions, oxidative
stress, and histologic damage in testes after testicular torsion.

The ischemia of the testes followed by reperfusion is
the primary pathophysiological event in testicular torsion
(TT) [18]. Thus, TT can be generally considered as an
ischemia/reperfusion injury (IRI) to testis. Numerous studies
focused on the treatment against IRI following testicular
torsion and detorsion have brought beneficial effects in
animal model [14, 19, 20]. The protective effects of lipoxins
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FIGURE 6: Electron microscopy of testicular tissue in different groups (x2000), N: nuclei, and M: mitochondria. (a) Sham group: normal
testicular structure was seen in sham group. (b) Torsion group and (c) torsion/detorsion (T/D) group: swollen mitochondria with degenerated
cristae and enlarged intercellular spaces were observed under electron microscopy. (d), (e), and (f): T/D + LXA4 subgroup 1-3, respectively:
LXA4 pretreatment was effective in preventing mitochondria degeneration and dilation of intracellular spaces.

TABLE 1: Apoptotic index, Johnsen scores, and caspase-3 activities in different groups (mean + SD).

Caspase-3 activity

. )
Apoptotic index (%) Johnsen scores (absorbance 405/100 g protein)

Sham 8.50 +4.10** 7.50 + 0.80* 0.10 £ 0.00**

Torsion 32.40 + 7.10 522+ 1.21 0.62 £0.10

T/D 30.52 +10.20 5.50 + 1.00 0.55 + 0.05

T/D + LXA4 (0.1 ug/kg) 24.60 + 7.70% 5.80 + 1.00" 0.42 +0.12%

T/D + LXA4 (1.0 pg/kg) 18.50 + 8.12* 6.22 + 1.40* 0.35 + 0.08"

T/D + LXA4 (10 pg/kg) 14.30 + 6.75" 7.15 + 1.50* 0.22 +0.05"

T/D: torsion/detorsion; LXA4: lipoxin A4. Testicular injury and spermatogenesis were graded with Johnsen score. All tubular sections in each observed area
of testicular tissue are evaluated systematically and each is given a score from 1 to 10. Complete spermatogenesis with many spermatozoa present is evaluated

as score 10. Compared with other groups, *P < 0.05and **P < 0.01. Compared with torsion or torsion/detorsion (T/D) group, *P < 0.05 and **P < 0.01.

against IRI have been confirmed in many organs including
brain, heart, kidney, and stomach [10-13]. In this study, LXA4
also showed its protective effects in the testicular IRI due to
its ability of modulation of oxidative stress and inflammation.

IRI to testis is associated with the overgeneration of
reactive oxygen species (ROS) and mammalian testes are
highly susceptible to oxidative stress [19, 20]. MDA has
been widely used as an indicator of oxidative stress in many
physiopathological events including IRI [21]. Many studies
proved that MDA level in testis tissue increase after testicular
torsion [22]. Besides, the ability of antioxidants including
SOD and GPx to prevent testis against IRI following testicular
torsion has been investigated [23, 24]. In this study, treatment
with LXA4 attenuated the oxidative stress in damaged testes
via reducing the expression of MDA and elevating the

expression of SOD and GPx. Those results showed that LXA4
might exert an antioxidative effect in testicular detorsion.
Inflammation has been established to contribute sub-
stantially to the pathogenesis of IRI. The proinflammatory
cytokines such as tumor necrosis factor-a (TNF-«) and
interleukin-1p (IL-1f3) increase in IRI following testicular
torsion [16]. LXA4 has been considered as a “break signal”
of inflammation, and the role for LXA4 as anti-inflammatory
molecules is well defined [25]. In this study, LXA4-treated
rats showed lower proinflammatory cytokine levels compared
to the torsion/detorsion group. Our results also suggested
that the expression of NF-xB in damaged testes has been
downregulated by the LXA4 pretreatment. Nuclear factor B
(NF-xB) is a primary regulator of gene expression for a large
number of cytokines and is activated during IRI of testis



[26], and LXA4 have been proposed to directly stimulate
gene expression of endogenous anti-inflammatory factors
by regulating NF-«B activation [11]. It is suggested that the
protective effect of LXA4 in testicular torsion followed IRI
was partially due to its anti-inflammatory properties.

Experimental studies have shown that bilateral testicular
damage and reduced fertility may result from unilateral
torsion [27]. The proposed mechanism of this injury is
probably due to the immune response after testicular torsion.
In addition, animal experiments suggested that humoral
and cellular immune mediated testicular cell damage is an
important pathologic alternation in testicular torsion [28].
A few recent studies have demonstrated that lipoxins sup-
press antigen-presenting cell functions and regulate cytokine-
driven immune reactions toward Th2 responses [29-31].
The Thl subset mainly secretes IL-2, IFN-y, and TNF-a. In
contrast, Th2 cells mainly produce IL-4 and IL-10. In this
study, we observed that the anti-inflammatory cytokines IL-4
and IL-10 were significantly increased in the LXA4-pretreated
groups, while IL-2 and TNF-« were decreased. These findings
suggested that LXA4 attenuates the IRI following testicular
torsion and is also associated with its ability of regulating
Th1/Th2 balance.

5. Conclusion

Our results suggest that LXA4 may exert an anti-inflamm-
atory effect and reduce the histological damage in rat tes-
ticular torsion/detorsion due to its ability to regulate the
production of cytokines and the NF-«B activity and to cause
MDA, SOD, and GPx to revert to control levels. Thus, LXA4
may have a protective effect against IRI injury following
testicular torsion/detorsion via modulation of cytokines,
oxidative stress, and NF-«B activity.
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