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Abstract

Background: Testicular torsion is an acute urologic emergency occurring in male newborns, children or adolescents.
Prolonged ischemia for more than six hours can lead to irreversible testicular damage. Surgical detorsion allows reper-
fusion and is the only treatment currently available. The aim of this study was to evaluate the antioxidant effect of api-
genin (APG) on the testicular ischemia-reperfusion (I/R) injury.

Methods: Forty-two Wistar rats were randomly divided into five groups. Sham group underwent operation of the left
testis. In the torsion-detorsion groups C,, and C,,, the left testis was rotated 1080° for three hours. The treatment groups
Ap,, and Ap,,, received the same surgical procedure as groups C,; and C,,, but APG was administered intravenously at
the same time of detorsion via the right femoral vein. Left orchiectomy was performed 15 min after detorsion at groups
C,;and Ap ,, and at 120 min at groups C,,, and Ap ,, for histopathologic and immunohistochemical evaluation.
Results: In I/R-untreated groups C , and C,,, there was a moderate to severe distortion of the tubules with lesions that
varied between grades III and IV according to histopathological finding. In APG-treated groups Ap,; and Ap,,,, most of
the lesions showed injuries of grades II and III with mild and moderate histopathological features. In Terminal deoxy-
nucleotide transferase dUTP Nick End Labeling (Tunel) assay, APG-treated animals showed a statistically significantly
decreased number of apoptotic cells compared to groups C,; and C .

Conclusion: Intravenous administration of APG seems to have a protective effect on testicular ischemia-reperfusion

injury after testicular torsion and detorsion. Hippokratia 2015; 19 (3): 225-230.
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Introduction

Testicular torsion is an acute and relatively rare con-
dition that occurs soon after birth or in childhood and
adolescence. The incidence of this clinical entity rep-
resents even nowadays a very interesting experimental
field aiming at the prevention of male reproductive organ
injuries.

Since prolonged ischemia of the testis of more than
six hours can cause irreversible damage, urgent surgi-
cal treatment is mandatory'?. The severity of testicular
damage is related to the degree and duration of torsion,
with testicular salvage rates of surgical detorsion ranging
between 42%-88%7%*. Whether or not spermatogenic tes-
ticular function is preserved remains unknown.

It seems that the main pathophysiology of testicular
torsion-detorsion is ischemia-reperfusion (I/R) injury of
the testes. In ischemia-reperfusion injury, overgenera-
tion of reactive oxygen species (ROS) is thought to play

a critical role in the loss of ipsilateral testicular sperma-
togenesis’. Reactive oxygen species are produced after
reperfusion, and the release of cytokines, such as inter-
leukin-1b and tumor necrosis factor-a (TNF-a), results
in recruitment of neutrophils and macrophages, causing
testicular atrophy, germ cell apoptosis and disruption
of spermatogenesis®®. ROS can cause tissue damage or
death through cell membrane lipid peroxidation, protein
denaturation, and DNA impairment!®'2.

Apigenin (APG) is a natural dietary plant-derived
compound that belongs to the group of flavones, the agly-
cone of several naturally occurring glycosides. Shown to
prevent lipid peroxidation and protect the antioxidant
system'®, APG also appears to inhibit proliferation and
induce apoptosis of NCI-H460 cells (human non-small
cell lung cancer cells line), possibly by the upregulation
of Bax expression and caspase-3, and the down-regula-
tion of Bcl-2 expression'®.
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The aim of this study was to evaluate the antioxidant
effect of APG on testicular ischemia-reperfusion injury.

Materials and methods
Animals and surgical procedure

Forty-two male Wistar rats were used in this study.
The rats aged between 14 and 16 weeks and weighed
250-300g. The animals were kept in groups of four in
special plastic cages under controlled lighting conditions
(12h light-dark cycle) and at a temperature of 23°C and
relative humidity. They were fed following a standard
laboratory diet, except for the night before surgery when
food was withheld. The experiment was conducted in
accordance with the animal research protocol approved
by the Ethical Committee of Democritus University of
Thrace (Agricultural Economy and Veterinary Authori-
ties of Thrace, Decision Number 8268 28/05/2012) and
the Veterinary Authorities of Greece in agreement with
Law 160/1991. The rats were anesthetized by using di-
ethyl ether and intraperitoneal ketamine injection (50 mg/
kg), and surgery was performed under sterile conditions.
In the sham group, the left testis was brought out through
a left-sided inguino-scrotal incision and was returned to
the scrotum; the incision was then closed. Testicular I/R
injury was induced by testicular torsion-detorsion. In the
torsion-detorsion groups C,; and C,,, the left testis was
exposed through a similar incision. The left testis was ro-
tated 1080 degrees in a counterclockwise direction and
was maintained in this torsion position by fixing the testis
to the scrotum with 6/0 prolene sutures; the trauma was
then closed. Even thought the bibliography suggests a 720-
degree rotation, this was not found adequate in our case;
thus, we decided to increase the degrees of the rotation to
1080 degrees, getting a satisfactory outcome. After three
hours of torsion, under general anesthesia, the scrotum
was reopened, and the testis was counter-rotated to the
natural position. The left testis was still viable for resto-
ration of blood flow and was reinserted into the scrotum.
The treatment groups Ap,; and Ap ,, underwent the same
surgical procedure as the torsion-detorsion groups, but at
the time of detorsion APG was injected intravenously (10
mg/kg) via the right femoral vein. APG (5mg), obtained
from Merck Millipore S.A., Hellas, was diluted in normal
saline solution of 0.3mL NaCl 0.9% and 0.2mL dime-

thyl sulfoxide solvent (DMSO). The rats were randomly
divided into five groups (Table 1). The animals were sac-
rificed under general anesthesia by isoflurane at the end
of the reperfusion time. Blood sampling of 5-7 mL was
taken from the vena cava, which corresponded to almost
the entire blood volume.

Histopathology and histopathologic evaluation

Specimens chosen for microscopic examination were
fixed immediately in 10% formaldehyde and then em-
bedded in paraffin wax, sectioned serially at 4pm, and
stained with hematoxylin and eosin (H&E). The sections
were examined by two blinded investigators using a light
microscope (Nikon eclipse 50i, Nikon Corporation, Ja-
pan) and assessed according to the Cosentino et al'* clas-
sification.

Immunohistochemistry

Tissue specimens were fixed in formalin and embed-
ded in paraffin blocks according to standard procedures.
Four-micron sections (4pum) of representative blocks
from each case were deparaffinized, rehydrated, and in-
cubated for 30 min at 37°C with trypsin. Endogenous per-
oxidase activity was quenched by 15-minute incubation
of slides with 0.3% H,0O,. The biotin-streptavidin method
was applied for immunohistochemistry (IHC), using the
Kit Chemicon THC Select-Immunoperoxidase secondary
detection system (Chemicon, USA). Phosphate buffer sa-
line (PBS) was used to wash slides for five minutes; the
blocking reagent was subsequently added for 10 minutes.
Slides were then incubated for 60 minutes in a humidified
atmosphere with one of the polyclonal antibodies, as fol-
lows: Anti-Interleukin-10 (IL-10; Abcam, USA) at 1:400
dilution, anti-Tumor Necrosis Factor (TNF-a; Acris, Ger-
many) at 1:200 dilution. Negative control slides were,
in parallel, incubated with 10% Normal Rabbit Serum/
Phosphate Buffer Saline (NRS/PBS). After washing with
PBS, the biotinylated secondary antibody was added for
10 minutes, followed by streptavidin horseradish peroxi-
dase (HRP) incubation for 10 minutes. Bound antibody
complexes were stained with 0.05% diaminobenzidine
chromogen (DAKO, USA) for 10 minutes. Finally, sec-
tions were briefly counterstained with Mayer’s haema-
toxylin, mounted and examined under a Nikon micro-

Table 1: Experimental groups in which 42 male Wistar rats were randomly divided, to evaluate the antioxidant effect of api-

genin on testicular ischemia-reperfusion injury.

Group Time of ischemia (h) Time of reperfusion Apigenin Number of rats
(min) administration
Sham - - No 6
C, 3 15 No 9
C 3 120 No 9
Ap,, 3 15 Yes 9
Ap,,, 3 120 Yes 9

Group Sham: left-sided inguino-scrotal incision; Groups C15 and C120: left testis was rotated for three hours, reperfusion followed at 15 and
120 min, respectively; Groups Apl5 and Ap120: same surgical procedure as groups C15 and C120, but apigenin was administered intrave-

nously at the time of detorsion.
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scope at x200 original magnification. A homogenous,
light brown staining of the cytoplasm revealed positive
cells.

Each slide was individually evaluated and scored in
a blinded fashion by two independent observers (M.L.
and N.P.). Sections with >10% stained cells were con-
sidered as being positive'. The average labeling index of
TNF-a and IL-10 was assessed according to the propor-
tion of positive cells, after scanning the entire section of
the specimen. The results of expression were graded as:
negative (0) for <10% of cells stained; low (I) >10% and
<30% of cells stained; moderate (IT) >30% and <70% of
cells stained; and high (IIT) for >70% of cells stained (0:
negative; I: low; II: moderate; and I1I: high expression).

Terminal deoxynucleotide transferase dUTP Nick End
Labeling (Tunel) assay

We performed the Tunel assay using the in situ Death
Detection kit (Roche, Mannheim, Germany) according to
the manufacturer’s instructions. Control slides were in-
cubated for the same period with 50 puLL Label solution
(negative control). Finally, slides were stained for 10 min
with 0.05% diaminobenzidine. Then, sections were brief-
ly counterstained with Mayer’s haematoxylin, mounted,
and examined under a Nikon Eclipse 50i microscope at
400x magnification. Positive cells were indicated by light
brown staining of the nucleus and cytoplasm. In order to
avoid an overestimation of apoptosis, positive cells were
considered only those that exhibited both morphologic
features of apoptosis on light microscope (cytoplasmic
fragmentation and nuclear condensation)!'”. Apoptotic
cells were counted in at least 30 circular seminiferous tu-
bular cross sections per testis, and their total number was
divided by the number of tubules to determine the ap-
optotic index. All slides were photographed with Nikon
Digital Sight SD-SI (Nikon Corporation, Japan).

Statistical analysis

We performed statistical analysis of the data using the
Statistical Package for the Social Sciences, version 19.0
(SPSS, IBM, NY, USA). The normality of quantitative
variables was determined by the Kolmogorov-Smirnov
test. Tunel, TNF-a, IL-10 and the total histological score
were expressed as mean + standard deviation (SD). With-
in groups, the differences of these indices were examined
by Mann-Whitney test. Between groups, differences were
assessed by Kruskal-Wallis test; post hoc analysis was
performed using the Mann-Whitney test, with adjusted
level of significance at a=0.017, according to Bonfer-
roni’s correction. All tests were two-tailed, and statistical
significance was considered as p values < 0.05.

Results

The rats in the sham group showed normal testicular
architecture with normal seminiferous tubule morphol-
ogy (Figure la). In I/R-untreated groups C, and C,,,
there was a moderate to severe distortion of the tubules
with lesions that varied between disordered sloughed ger-

minal cells with shrunken pyknotic nuclei and less dis-
tinct seminiferous tubule borders (grade III) and closely
packed seminiferous tubules with coagulative necrosis of
the germinal cells (grade IV) (Figure 1b). In APG-treated
groups Ap,; and Ap,,,, most of the lesions showed inju-
ries characterized by less orderly, non-cohesive germinal
cells and closely packed seminiferous tubules (grade IT)
and grade III, with mild and moderate histopathologi-
cal features (Figure 1c). No significant differences were
found between groups C , and C , "°.

Figure 1: Testis tissue section from control group (a: normal
testicular architecture); ischemia-reperfusion group (b: mod-
erate to severe distortion of the tubules); apigenin group (c:
mild and moderate histopathological features). Hematoxylin
& Eosin, original magnification x100.

Tissue sections from the testis of sham-operated ani-
mals stained by the Tunel technique showed very few
stained nuclei (Figure 2a). However, sections taken from
I/R-untreated groups C,, and C,, revealed an increased
number of apoptotic germ cells (Figure 2b). APG-treated
animals showed a decreased number of apoptotic cells
compared to groups C . and C,, that was statistically
significant (p=0.006) (Figure 2c). Animals with delayed
reperfusion time (Group Ap,, ) showed even less apop-
totic cells compared against those of group Ap,, but the
difference was statistically insignificant (p=0.545).

Tissue sections from the testis of sham-operated ani-
mals stained for TNF-a, and IL-10 were negative (Figure
3a, b). I/R untreated animals showed increased immuno-
positivity of grade III for TNF-a compared to grade II
for IL-10 (Figure 3c, d). On the contrary, tissue sections
from I/R APG-treated animals from groups Ap,, and
Ap,,, revealed increased positivity of grade II for IL-10
and decreased for TNF-a, with most rats showing grade I
positivity (Figure 3e, f).

The results of the two observers indicated very good
inter-observer reliability, with an interclass correlation
coefficient of 0.978 (p <0.001) for Tunel, and Cohen’s
kappa of 0.829 (p <0.001) for TNF-a, and 0.811 (p
<0.001) for IL-10.

The mean values of Tunel, TNF-a, IL-10, and the total
histological score in the three studied groups are shown in



228 SKONDRAS I

Bge,

@ A
Oav® -

2a

Figure 2: Expression of apoptotic cells’ marker Tunel in
control group (a: absence of apoptotic cells); ischemia-
reperfusion group (b: increased apoptotic germ cells, ar-
rows); apigenin group (c: less apoptotic cells than I-R group,
arrows). Immunostaining, original magnification x200.

Figure 3: Expression of TNF-a, and IL-10 in (a, d: low
expression) control group; (b, e: high expression) ischemia-
reperfusion group; (c, f: moderate expression) apigenin
group. Immunostaining, original magnification x200.

Table 2. The values of the above indices were compared
within each group according to the different time of reper-
fusion. Within the control group, it was observed that 120
min reperfusion was followed by statistically significant
higher values of Tunel (by 20.83%, p =0.006), TNF-a (by
43.82%, p=0.020) and total histological score (by 7.52%,
p =0.042) compared to 15 min reperfusion. On the con-
trary, within the APG group, the total histological score
was significantly lower (by -23.03%, p <0.001) after 120
min reperfusion compared to 15 min reperfusion; mean
values of Tunel, TNF-a, and IL-10 were similar after 15
min and 120 min reperfusion (p =0.545, p =0.317, and p
=0.072, respectively).

In the sequence, the Kruskal-Wallis test showed sta-
tistically significant differences among all the four indi-
ces studied herein, after 15 min or 120 min reperfusion,
between the three groups (all p <0.001; Table 2). Post hoc
analysis, with adjusted level of significance at a=0.017 for

pairwise comparisons according to Bonferroni’s correc-
tion, showed: 1) statistically significantly higher values of
all indices in the control group and APG group compared
to the sham group (all p <0.015; Table 2); ii) the APG
group displayed lower values of TNF-a (by -37.64%, p
=0.017) after 15 min reperfusion compared to the control
group; iii) the APG group exhibited lower values of Tunel
(by -22.41%, p =0.001), TNF-a (by -60.94%, p <0.001)
and total histological score (by -31.78%, p =0.001) after
120 min reperfusion compared to the control group; iv)
the APG group was associated with a tendency towards
lower values of Tunel (by -8.33%, p =0.080) and IL-10
(by -42.95%, p =0.062) after 15 min reperfusion com-
pared to the control group.

Discussion

Testiculartorsion-detorsionis anischemia-reperfusion
process of the testis. In the course of testicular ischemia-
reperfusion, ROS are overproduced®. Increased produc-
tion of ROS inflicts significant injury on ischemic tissue
through oxidation of cell membrane lipids, proteins, and
DNA!""! Testicular torsion-detorsion is thought to play
a critical role in the loss of ipsilateral testicular sperma-
togenesis’. As a response to the acute inflammation due
to I/R, release of pro-inflammatory cytokines, such as
interleukin-1b and TNF-a, accelerate the inflammatory
processes by inducing inflammatory molecules, thereby
triggering apoptosis'?.

Some published studies'®?> demonstrated that injuries
were attenuated in shorter ischemic time with the use of
various agents. However, bearing in mind that in clinical
practice the delivery time can differ among agents with
some taking longer than calculated in our experiment, we
prolonged the period of testicular ischemia to enable the
examination of deeper injuries not previously studied in
the literature. It became apparent from the published data
and observations made in our research that it was impor-
tant to have active substances that could minimize tes-
ticular damage in longer ischemic times. One such sub-
stance is APG which we chose for our experiment with
the aim of investigating its efficacy. Our results showed
reduced apoptosis.

Endogenous IL-10 is an important aspect of the natu-
ral anti-inflammatory response that limits the deleterious
effects of the pro-inflammatory cascade of ischemia-
reperfusion injury. IL-10 has been shown in vitro®2* and
in vivo®?¢ to be also capable of regulating and inhibit-
ing TNF-a production by neutrophils, macrophages, and
Thl-cells.

In our experiment, immunohistochemical studies
demonstrated increased positivity for TNF-a of grade I1I
and less intense positivity of grade II for IL-10 in the I/R-
untreated groups, whereas APG-treated groups showed
decreased immunoreactivity for TNF-a and more intense
for IL-10. In association with the significantly improved
histopathological picture in the respective groups, these
findings suggest that the synergistic action of APG and
endogenous IL-10 offers protection against inflammatory
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Table 2: Expression of antibodies and effect of apigenin on testicular ischemia-reperfusion injury.

Control Apigenin

Sham group p value SH vs C SH vs AP Cvs AP
group group
Tunel
15 min . c c C
reperfusion 0.29 (0.03) 0.48 (0.06) 0.44 (0.04) 0.001 0.001 0.001 0.080
rlez;?e?fllllrslion 0.29 (0.03)  0.58 (0.06) 0.45(0.04) <0.001* 0.001¢ 0.001¢ 0.001¢
p value - 0.006° 0.545°
TNF-a
15 min . c C C
reperfusion 0.00 (0.00) 1.78 (0.67)  1.11(0.33) <0.001 0.001 <0.001 0.017
120 min 0.00 (0.00) 2.56 (0.53 1.00 (0.00 <0.001° 0.001¢ <0.001¢ <0.001¢
reperfusion 00 (0.00)  2.56(0.53)  1.00(0.00) . . ) .
p value 0.020* 0.317°
IL-10
15 min . c c C
reperfusion 0.00 (0.00) 1.56(0.53) 0.89(0.78) 0.001 0.001 0.015 0.062
reperfusion 0.00(0.00) 189(033) 1.56(072)  <0.001"  <0.001° 0.0 0.248¢
p value 0.125° 0.072¢
Total
15 min )
reperfusion 1.00 (0.00)  3.19(0.18)  3.04(0.19) 0.001 0.001¢ 0.001¢ 0.215¢
3621?611‘?1111;011 1.00 (0.00) 3.43(0.13) 2.34(0.18) <0.001® 0.001° 0.001¢ 0.001¢
p value 0.042¢ <0.001*

SH: sham group, C: Control group (Torsion-detorsion without Apigenin), AP: Apigenin group. All indices were expressed as Mean (Standard
Deviation); “indicates statistical significance within each group (Mann-Whitney test); * indicates statistical significance between the three different
groups (Kruskal-Wallis test); © indicates statistical significance for pairwise comparisons (Mann-Whitney test with Bonferroni’s correction).

and apoptotic cascades that progressively lead to testicu-
lar cell injury.

APG is a natural product belonging to the group of
flavones family of the flavonoid compounds, which is
widely distributed in many vegetables and fruits, and has
the capacity for diverse pharmacological effects includ-
ing antioxidant and anti-carcinogenic potential?”’. The
antioxidant effect lies in the H* donating potential of its
aromatic OH-group®.

Results of its use in our experimental laboratory and
other institutions have been quite encouraging. In our ex-
periment, it was used for its antioxidant potential since
the results reported by Tsalkidou et al* and Lampropou-
los et al*” were also favourable. We found APG to have a
positive effect on reperfusion, indicating promise for its
use in clinical practice. In our experiment, although APG
clearance time for the dose of 10 mg/kg was about 12
hours, the duration of reperfusion time after the adminis-
tration of APG at the time of detorsion in treated groups
Ap,; and Ap,,, was that of T _ and T”, respectively®'.
Despite the short reperfusion time, we found that animals
treated with APG had a significant decrease in the stained
apoptotic germ cell number and showed less severe his-
tological findings compared to the I/R-untreated animals.

These results show that APG may prevent testicular in-
jury by its antioxidant potential.

In the present study, we did not investigate admin-
istering APG at different doses and different times or
at prolonged reperfusion time. Given that these factors
may influence the effect of APG, additional studies are
required to determine the optimal dose and administra-
tion time of APG. We also believe that an increase in the
reperfusion time could promote even better results for
APG efficiency.

Conclusion

This is the first study to demonstrate the protective effect
of APG on testicular ischemia-reperfusion injury, due to
its antioxidant properties. We propose that APG could be
clinically used in patients with testicular torsion.
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