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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 C15 and C120, 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 Ap15 and Ap120 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 (5 mg), obtained 
from Merck Millipore S.A., Hellas, was diluted in normal 
saline solution of 0.3 mL NaCl 0.9% and 0.2 mL 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 4μm, 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 al15 clas-
sification.

Immunohistochemistry
Tissue specimens were fixed in formalin and embed-

ded in paraffin blocks according to standard procedures. 
Four-micron sections (4µm) of representative blocks 
from each case were deparaffinized, rehydrated, and in-
cubated for 30 min at 37oC with trypsin. Endogenous per-
oxidase activity was quenched by 15-minute incubation 
of slides with 0.3% H2O2. The biotin-streptavidin method 
was applied for immunohistochemistry (IHC), using the 
Kit Chemicon IHC 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-α; 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-

Group Time of ischemia (h) Time of reperfusion 
(min)

Apigenin 
administration

Number of rats

Sham - - No 6
C15 3 15 No 9
C120 3 120 No 9
Ap15 3 15 Yes 9
Ap120 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 Ap15 and Ap120: same surgical procedure as groups C15 and C120, but apigenin was administered intrave-
nously at the time of detorsion.

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.


