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Comparison of Intraperitoneal and
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Prevention of Testicular Torsion/
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OBJECTIVE To compare the effects of intraepididymal quercetin (IE-QE) with those of intraperitoneal quer-
cetin (IP-QE) on testicular torsion/detorsion (TD)-induced ischemia/reperfusion (IR) injury of
the testes in an experimental rat model.

METHODS Twenty-four rats were divided into 4 groups: sham (S), TD, TD treated with IP-QE, and TD treated
with IE-QE. The IP-QE group received 20 mg/kg QE intraperitoneally, whereas the IE-QE group
received quercetin (QE) epididymally. After surgically induced TD, sera and testicular tissues were
obtained for the analysis of biochemical parameters including glutathione peroxidase (GPx),
malondialdehyde, total antioxidant status, total oxidant status, oxidative stress index, histologic
changes, and evaluation of germ cell apoptosis.

RESULTS The oxidative stress index and oxidants (malondialdehyde and total oxidant status) were in-
creased with a concomitant decrease in the antioxidants (GPx and total antioxidant status) in
the TD group. Severe histopathological damage, indicated by low Johnsen scores and high tes-
ticular injury grades, and germ cell apoptosis were found in the TD group compared with the
other groups. Rats treated with QE showed significantly less IR injury, with moderately altered
biochemical parameters, histopathological damage, and germinal cell apoptosis compared
with the TD group. Most importantly, we found no significant differences in the biochemical pa-
rameters, histopathological changes, and germinal cell apoptosis between the IP-QE and IE-QE
groups.

CONCLUSION IE-QE was comparable to IP-QE in the treatment of testicular TD. Local QE therapy should be con-
sidered as a new approach to treating testicular IR injury due to TD. UROLOGY 99: 106–111, 2017.
© 2016 Elsevier Inc.

Testicular torsion is one of the cases of urologic emer-
gency and causes testicular ischemia injury ini-
tially, and subsequently leads to reperfusion injury

after blood flow is reestablished, which ultimately results
in infertility or subfertility.1,2 After reperfusion, excessive
reactive oxygen species (ROS)3,4 are produced and

released, and cause cellular and tissue damage. Until now,
pathological mechanisms accounting for testicular ischemia/
reperfusion (IR) injury have not been completely clari-
fied. This injury is partially characterized by a state of
imbalance between ROS and cellular antioxidative
systems.5-7

Recent studies have shown the utility of plant-derived
antioxidants in protecting the testis against IR injury. Quer-
cetin (QE) has been investigated as one of the therapeu-
tic antioxidants with the potential to decrease testicular
injury after IR processes.8-11 Previous studies of IR injury
utilized intraperitoneal (IP) injection of QE almost exclu-
sively. Hence, the current study aimed to evaluate the ef-
ficacy of intraperitoneal vs intraepididymal administration
of QE in alleviating testicular torsion/detorsion (TD)
in animal models. This is the first study to introduce
intraepididymal quercetin (IE-QE) and compare the effects
of IE-QE with intraperitoneal quercetin (IP-QE) in an ex-
perimental testicular TD rat model.
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METHODS

Animals
Twenty-four male Wistar albino rats (3.0-3.5 months old)
weighing between 250 and 300 g were used in the study.
The rats were fed a standard diet and housed under stan-
dard laboratory conditions at a temperature of 22 ± 2°C,
relative humidity of 60%, and 12-hour light-dark cycle. The
rats were acclimatized for 1 week before the experiment.

The experimental protocol was reviewed by the Ethics
Committee of The First Affiliated Hospital of Henan Uni-
versity of Traditional Chinese Medicine, and the study was
conducted according to the national animal welfare guide-
lines. The rats were randomly divided into 4 groups of
6 rats each: sham (S), TD, TD with IP-QE treatment, and
TD with IE-QE treatment.

Surgical Procedures
Animals were anesthetized with an intramuscular injec-
tion of chloral hydrate (100 mg/kg) and xylazine (5 mg/
kg), and they breathed spontaneously throughout the
surgical procedures. The right testis was exposed through
an incision in the scrotum. Torsion of each testis was per-
formed by twisting the testicular cord 720° clockwise. The
testis was then fixed to the scrotum, and the scrotal inci-
sion was closed. The scrotum was reopened after 90 minutes
of testicular torsion and the right testicular cord was re-
stored to its anatomical position with the testis replaced
in its normal position. QE (20 mg/kg) (Sigma, St. Louis,
MO) was injected intraperitoneally after 60 minutes of
torsion in the IP-QE group. QE (20 mg/kg) was injected
epididymally after 60 minutes of torsion in the IE-QE group.
All rats were eventually sacrificed by exsanguination
24 hours after the surgical procedure, and testicular tissue
and blood samples were obtained for further analyses.

Biochemical Parameters
All procedures were performed at 4°C, and ice packs were
used to maintain the temperature during homogeniza-
tion. The testicular tissues were washed with cold saline
and cut into small pieces, followed by homogenization in
ice-cold 0.2 mmol/L Tris-HCl. The homogenates were cen-
trifuged for 8 minutes at 3000 g and the supernatants were
used for subsequent analyses.

Glutathione Peroxidase (GPx) Enzyme Activity
GPx enzymatic activity was measured by the addition of
H2O2 to the reaction mixture containing reduced gluta-
thione, nicotinamide adenine dinucleotide phosphate, and
GPx. The changes in absorbance at 340 nm were moni-
tored. The activity of the enzyme was expressed as unit
per milligram protein.

Tissue Malondialdehyde (MDA)
MDA levels in the tissue samples were determined ac-
cording to the method of Uchiyama and Mihara.12

Tetramethoxypropane was used as a standard and tissue
MDA levels were calculated as nanomole per gram of wet
tissue.

Total Antioxidant Status (TAS)
TAS was determined using an automated method devel-
oped by Erel.13 Serum TAS levels were calculated as mil-
limole Trolox equivalent per liter.

Total Oxidant Status (TOS)
TOS was also measured using an automated colorimetric
method developed by Erel.14 Serum TOS levels were cal-
culated as micromole H2O2 equivalent per liter.

Oxidative Stress Index (OSI)
The OSI was defined as the ratio between the TOS and
TAS. According to Aycicek et al,15 TAS levels (milli-
mole Trolox equivalent per liter) were converted to
micromole Trolox equivalent per liter to perform the
calculation. The OSI was calculated as follows:
OSI = [(TOS, μmol H2O2 equivalent/L)/(TAS, μmol Trolox
equivalent/L) × 100].

Histopathological Examination
The testicular tissue samples were fixed in Bouin solution
and embedded in paraffin. Five micrometer-thick sec-
tions were cut, stained with hematoxylin and eosin, and
examined with a light microscope (Olympus, Tokyo, Japan).
Histologic changes in the testes were scored according to
the testicular biopsy score count by Johnsen16 and the
grading system,17,18 respectively.

Evaluation of Germ Cell Apoptosis
Single-cell suspensions of testicular cells were prepared by
mechanical isolation and subsequent filtration. Germ cell
apoptosis was determined using the Annexin V-FITC and
PI apoptosis detection kit (Beyotime, Jiangsu, China). The
proportion of apoptotic cells was measured using a flow cy-
tometer (Becton Dickinson, Franklin Lakes).

Statistical Analysis
The Shapiro-Wilk test was used to assess the normal dis-
tribution of data, and the Levene test was used to assess
the homogeneity of variance. Analysis of variance with
Bonferroni correction was performed for comparisons among
groups. All statistical analyses were performed using the
SPSS version 17.0 software (SPSS, Chicago). The results
were considered statistically significant at P < .05.

RESULTS

Biochemical Parameters
The results from the biochemical analyses of all groups are
presented in Table 1. Testicular tissue MDA and serum TOS
and OSI were higher in the TD group compared with those
in the S group (P < .05). Testicular tissue GPx and Serum
TAS were higher in the S group compared with those in the
TD group (P < .05).We observed significant testicular damage
in the TD group compared with the other groups. Tissues
from theQE-treated groups showed significantly less IR injury,
with decreased levels of MDA, TOS, and OSI, respec-
tively, compared with those in the TD group (P < .05). No
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