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Abstract: Objective: The purpose of this study was to demonstrate the effects of dexketoprofen on experimental 
ischemia/reperfusion injury induced in rat testicles.
Methods: Twenty-four male Wistar albino-type rats were randomly separated into three groups. To develop testicular 
torsion, the right testicle was rotated 720° clockwise. After fi ve hours of rotation, reperfusion was applied for 24 hours. 
The control group rats (Group C) had no procedures or treatments; basal numbers were used. Intraperitoneal 25 mg/kg 
dexketoprofen (1 cc) (Group D) or the same volume of serum physiologic (Group SP) were given to the Group D and Group 
SP rats 40 minutes before and 12 hours after detorsion. Twenty-four hours after detorsion, histopathological evaluation 
was performed by bilateral orchiectomy. Malondialdehyde (MDA) levels were detected in testicular tissue and in serum.
Results: Histopathologic changes in the spermatic cells of torsioned testicles in Group D were signifi cantly less than 
those of Group SP (p < 0.05). MDA levels in both testicles in Group D were similar to those of the control group. 
Although they were lower than Group SP, the difference was not statistically signifi cant. Serum MDA levels were 
lower in Group D compared to the other groups (p < 0.05). 
Conclusion: We detected that dexketoprofen decreases I/R injury in both the torsion-formed testicle and the contra-
lateral testicle. Thus, in patients who have urgent surgery for testicular detorsion, dexketoprofen can be preferred 
as an analgesic to reduce I/R injury. Further study is warranted to demonstrate this effect of dexketoprofen (Tab. 
3, Fig. 1, Ref. 30). Text in PDF www.elis.sk.
Key words: testicle, ischemia-reperfusion injury, dexketoprofen.

1Ondokuz Mayis University, Faculty of Medicine, Department of Anes-
thesiology, Samsun, Turkey, 2Ondokuz Mayis University, Faculty of Vet-
erinary Medicine, Department of Pharmacology, Samsun, Turkey, 3On-
dokuz Mayis University, Faculty of Veterinary Medicine, Department of 
Pathology, Samsun, Turkey, and 4Ondokuz Mayis University, Faculty of 
Medicine, Department of Biochemistry, Samsun, Turkey
Address for correspondence: D. Karakaya, MD, Ondokuz Mayis Univer-
sity, Faculty of Medicine, Department of Anesthesiology, Samsun, Turkey.
Phone: +905337343444, Fax: +903624576041
Acknowledgement: This research was fi nancially supported by Ondokuz 
Mayis University Scientifi c Researches Projects (PYO. TIP. 1904.10.030). 
We thank Prof. Dr. Yüksel Bek for his statistical assistance of this manuscript.

Ischemia is the decrease of organ or tissue perfusion due to 
arterial or venous blood fl ow insuffi ciency. As a result, because 
tissues and organs become oxygen defi cient, energy stores in 
cells empty, and following the accumulation of toxic materials, 
cell death occurs. Reperfusion is the return of blood supply and 
oxygenation of ischemic tissue. Reperfusion of ischemic tissue 
paradoxically causes much more severe damage in the tissue 
compared to ischemic injury only, a condition called ischemia/
reperfusion (I/R) injury (1). In particular, reactive oxygen species 
(ROS), which forms rapidly upon molecular oxygen entrance into 
the cell, and many other factors, such as arachidonic acid metabo-
lites, nitric oxide, endothelin, complements, cytokines, and adhe-
sion molecules, are responsible for I/R injury (2). 

Testicular torsion is seen especially in newborns, children, and 
adolescents, and it requires urgent surgery. I/R injury following 
testicular torsion may cause infertility by affecting spermatic germ 
cells (3). Various antioxidants have been used to prevent I/R injury in 

the testicle (4–6). Non-steroidal anti-infl ammatory drugs (NSAID) 
have also been shown to have antioxidant effects by reducing ROS 
and/or reactive nitrogen species (RNS) (7). Dexketoprofen is an 
active enantiomer of ketoprofen, which is a racemic mixture from 
the arylpropionic acid family of NSAIDs. However, the effects of 
dexketoprofen on testicular I/R injury is not known. Therefore, 
the purpose of this study was to show the effects of dexketopro-
fen on I/R injury in rats following developed testicular torsion. 

Materials and methods
 

This study was conducted on 24 Wistar albino-type, male rats, 
12–16 weeks old, 250–300 g, following Ethical Board approval 
(2010/32) of Ondokuz Mayis University School of Medicine 
Medical and Surgical Research Center. During the study, all the 
rats were kept in different cages, in a natural environment, in light 
for 12 hours and in the dark for 12 hours, in 21 ± 2 °C tempera-
ture and 50–60 % humidity. The rats were fed standard pellet bait 
and city tap water until the day of the experiment. This study was 
supported in the context of Ondokuz Mayis University Scientifi c 
Researches Projects (PYO. TIP. 1904. 10.030). 

The dexketoprofen ampule contains ethanol, sodium chloride, 
sodium hydroxide, and water for injection. Because the preserva-
tive materials in the drug may affect cell injury in the I/ R model, 
the active ingredient in dexketoprofen was supplied as pure pow-
der from Menarini Ricerchere S.P.A. Sede e Laboratory (Pomezia, 
Rome). Powder dexketoprofen trometamol was fi rst dissolved in 
ultrasonic bath and prepared 25 mg/cc aliquots. 
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Surgical procedure
All the rats, except the control group, were anesthetized with 

intraperitoneal 5–10 mg/kg xylazine and 50–70 mg/kg ketamine 
hydrochloride, and taken to the experiment bench. After washing 
the scrotum with 10% povidone iodine solution, a vertical dermal 
and subdermal, 2 cm in length cut was made in the midline. In the 
scrotal space, the right testicle, tunica vaginalis and spermatic cord 
were evacuated and separated from the gubernaculum via blunt 
dissection. The right testicle, with cord components, was rotated 
720° clockwise, and an experimental extravaginal testicular torsion 
model was made. The torsioned testicle was stabilized to the inner 
surface of the scrotum with 6/0 propylene stitches, and the scrotum 
was sutured. Five hours after torsion, the scrotum was reopened 
and the testicle was detorsioned and replaced into the scrotum.

Groups
The 24 rats were separated into three groups of eight rats each. 

The control group (Group C) had no surgical intervention, and it 
was used for basal values. Intraperitoneal 25 mg/kg dexketopro-
fen (1 cc) (Group D) or the same volume of serum physiologic 
(Group SP) was given to the other groups 40 minutes before and 
12 hours after detorsion.

Twenty-four hours after detorsion, bilateral orchiectomy was 
performed, 5 cc intracardiac blood was drawn, and the rats were 
euthanized via cervical dislocation. 

Preparation of testicular tissues and serum
The testicular tissue obtained via orchiectomy was cut into 

two pieces with a knife. The fi rst piece was stabilized by being 
kept in Bouin solution for 24–48 hours for histologic assessment. 
The second piece was saved for biochemical investigation. The 
tissue samples (0.10–0.20 g) were washed several times in serum 
physiologic solution, dried with drying paper, placed in Eppendorf 

tubes, and stored at –80 °C until the day of biochemical investiga-
tion. The 5 cc of blood drawn from the rats was centrifuged, and 
the serum and plasma were separated. The sera were put into two 
Eppendorf tubes and stored at –80 °C.

Histopathologic investigation
The tissue samples were washed under a water stream for a day, 

then alcohol and xylol series were applied, and the samples were 
blocked in paraffi n. Cross-sections 3–5 μm thick were taken with a 
Microtome (Leica RM2125RT) and were stained with hematoxy-
lin-eosin (HE) for routine histopathologic evaluation. Histopatho-
logic evaluations were conducted separately for every parameter (0: 
none, 1: mild, 2: moderate, 3: severe) (8), as shown in Table 1, via 
Nikon Eclipse E600W light microscope, by the same pathologist. 

Biochemical evaluation
For biochemical evaluation, levels of malondialdehyde (MDA), 

which is a lipid peroxidation product, were measured in the se-
rum and testicular tissue. When all sampling was completed, the 
tissues were homogenized in an automatic tissue homogenizator 
and thawed. MDA levels in the testicular tissue were calculated as 
μmol/gr protein unit via the high-performance liquid chromatogra-
phy (HPLC) (Agilent 1100 series DE14904147 instrument) meth-
od. Serum MDA levels were also measured with the same method.

Statistical analysis 
The statistical analysis was performed using Statistical Pack-

age for SPSS Version 15 for Windows. All results were expressed 
as mean±SD. Differences between groups were compared by 
Kruskal–Wallis and Mann–Whitney U tests. Ipsilateral and con-
tralateral data within groups were compared by Wilcoxon test. A 
value of p < 0.05 was considered signifi cant.

Results

During the time of torsion, edema and color changes due to 
venous stasis were observed in all operated testicles as the mac-
roscopic view of ischemia. Degeneration, necrosis, disorganiza-
tion, and desquamation were not seen in the spermatogenic cells 
in the Group C testicles. 

The mean histopathologic evaluation scores of the testicular 
tissues obtained from all groups are shown in Table 2. Spermato-
genic cells in the torsioned testicles of Group SP demonstrated 

Histopathologic parameters
Degeneration and necrosis in spermatogenic cells 
Disorganization in spermatogenic cells 
Desquamation in spermatogenic cells 
Tubule collapse and shrinkage 
Tubular atrophy 
Cellular infi ltration in intertubular space
Liquid exudation in intertubular space
Fibrosis

Tab. 1. Histopathologic assessment parameters (8).

Group SP Group D
Torsioned testicle Contralateral testicle Torsioned testicle Contralateral testicle

Degeneration and necrosis in spermatogenic cells 2.62±0.74* 0.00±0.00 1.12±1.24*,# 0.25±0.70
Disorganization in spermatogenic cells 2.50±0.92* 0.00±0.00 1.12±1.24*,# 0.25±0.70
Desquamation in spermatogenic cells 2.50±0.92* 0.00±0.00 1.12±1.24*,# 0.25±0.70
Tubule collapse and shrinkage 1.12±1.12* 0.00±0.00 0.50±1.06 0.00±0.00
Tubular atrophy 0.75±0.88 0.00±0.00 0.50±1.06 0.00±0.00
Cellular infi ltration in intertubular space 1.37±1.30* 0.00±0.00 0.87±1.12 1.12±0.35
Liquid exudation in intertubular space 1.12±1.12 0.62±0.51 0.87±0.99 0.25±0.46
Fibrosis 0.37±0.74 0.00±0.00 1.12±0.35 0.00±0.00
* p < 0.05, compared to contralateral testicle in the same group, # p < 0.05, compared to torsioned testicle in Group SP

Tab.  2. Testicular histopathologic evaluation (mean ± SD).
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mild to severe degeneration, necrosis, disorganization, and des-
quamation (Fig. 1). Injury in the spermatogenic cells in both the 
Group SP and Group D torsioned testicles was greater than in the 
normal testicles (p <0 .05). However, degeneration, necrosis, dis-
organization, and desquamation in the Group D spermatic cells 
were signifi cantly lower than in Group SP (p < 0.05).

In Group SP, MDA levels in both the torsioned and contralat-
eral testicles were higher than in the other groups (Tab. 3). MDA 
levels in both testicular tissues in Group D were similar to the con-
trol group. Although they were lower than Group SP, the difference 
was not statistically signifi cant. However, the serum MDA levels in 
Group D were statistically lower than in the other groups (p < 0.05). 

Discussion

Testicular torsion is a urological emergency that requires urgent 
diagnosis and treatment. For testicular ischemia to be eliminated, 
surgical detorsion should be performed as early as possible. Per-
sistence of testicular tissue vitality without atrophy is related to the 
duration of the ischemia (9). However, detorsion does not prevent 
injury completely. Following detorsion, free oxygen radicals are 
generated as a result of ischemic tissue reperfusion. Those free 
oxygen radicals produce a two-phase effect. The fi rst phase occurs 
shortly after the reperfusion and lasts for several hours. During this 
phase, production of ROS increases in the mitochondria, and they 
react with the lipids in cell membranes and initiate lipid peroxida-
tion (10). The second phase lasts for hours and even days, and it 
is characterized by neutrophil infi ltration and infl ammation (11). 
All these events are responsible for I/R injury. Testicles are very 
sensitive to injury from free oxygen radicals (3). 

The main purpose of surgical detorsion in the treatment of 
testicular torsion is to reduce the effects of I/R injury. One of the 
effective agents is antioxidants (6). The effects of NSAIDs, which 
inhibit cyclooxygenase (COX), are thought to be partially related 
to ROS/RNS decline and neutrophil release prevention (7). Various 
studies have been conducted on the preventive effects of NSAIDs 
against I/R injury. Dokmeci et al (12) showed that ibuprofen de-
creases mitochondrial degeneration in Sertoli and spermatic cells 
and reduces MDA levels. It has been shown that the use of anti-
oxidant (L-carnitine) and COX-2 inhibitor (meloxicam) together 
reduces the cellular injury that occurs after testicular torsion (13). 
Ketoprofen has been shown to decrease the infarct area in focal 
cerebral ischemia (14). Besides its anti-infl ammatory and antioxi-
dant features, ketoprofen also inhibits neutrophil aggregation and 
degranulation. Dexketoprofen is an NSAID that is more lipophilic 
than ketoprofen and has a higher solubility due to additional tro-
metamol on its molecule, and it is an active enantiomer of keto-
profen. Its effect starts more quickly, and it has fewer gastroin-

testinal side effects (15). However, there have been no studies on 
the effects of dexketoprofen on I/R injury. 

Vascular permeability increases in tissue and cells exposed to 
hypoxia; intra- and extracellular edema occur, leading to cell apop-
tosis and death. Free oxygen radicals that form during this period 
may also cause infertility via important physiopathologic changes 
in the spermatogenic cells. Mogilner et al (16) showed that testicu-
lar ischemia in rats caused histological injury. Moreover, testicular 
ischemia has been shown to cause an increase in germ cell apop-
tosis in the contralateral testicle. Dokucu et al (17) also detected 
an increase in histological injury and edema in testicular torsion, 
except in the Leydig cells in the ruptured tubules. Similarly, we also 
found histopathologic changes in the spermatogenic cells as a re-
sult of I/R caused by testicular torsion. However, we did not detect 
any signifi cant change in the tubules. In the group that was given 
dexketoprofen, spermatogenic cell injury markedly declined. In the 
pathogenesis of testicular I/R injury, three isoforms of nitrite oxide 
synthase (NOS) are shown to be responsible (18). The source of 
NOS is interstitial cells and macrophages that infi ltrate around the 
injured tubules. In addition to free oxygen radicals and NOS, acti-
vated neutrophils, infl ammatory cytokines, and adhesion molecules 
are also responsible for testicular I/R injury (19). Dexketoprofen 
might also decrease spermatogenic cell injury via its anti-infl am-
matory features. The histological changes that appeared are related 
to both the duration of ischemia and the time of reperfusion (20). To 
prevent possible effects on the experimental I/R injury from the pre-
servative substances (ethanol, sodium chloride, and sodium hydrox-
ide) in the dexketoprofen ampule, we used a pure active ingredient. 

There are different opinions about the effects of testicular tor-
sion on the contralateral testicle. It has been suggested that ipsi-
lateral testicular torsion may cause oxidative stress and injury in 
the contralateral testicle. Several mechanisms, such as an increase 
in biomarkers that cause DNA changes (21), apoptosis (22), free 
oxygen radical secretion from the testicle (23), refl ex decrease in 
contralateral testicle blood fl ow (24), and autoimmunization by the 
destroyed blood–testicle barrier (25), have been described. How-
ever, other studies were unable to show injury in the contralateral 
testicle (26, 27). In the current study, we did not detect any his-
topathologic changes in the contralateral testicle following I/R in 
the ipsilateral testicle. However, an increase in the level of MDA, 
which is a lipid peroxidation product, in the contralateral testicle 
in Group SP might indicate some degree of biochemical I/R injury.

Torsioned testicle Contralateral testicle Serum 
Group C 0.53±0.57 0.69±0.56 0.54±0.24
Group SP 1.77±2.46 1.56±1.27 0.48±0.10
Group D 0.42±0.27 0.65±0.40 0.25±0.06*, **
* p = 0.02, compared to Group C, ** p = 0.01, compared to Group SP

Tab.  3. MDA levels in testicular tissue (μmol/gr protein) and serum 
(g/L) (mean±SD).

Fig. 1. Degeneration, necrosis in tubules, and intertubular edema (left); 
necrosis in tubules and interstitial neutrophil infi ltration (right).
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Oxidative stress biomarkers form before physiologic and mor-
phologic changes do (28). Malondialdehyde is an I/R injury prod-
uct that forms during lipid peroxidation and is proportional to the 
degree of lipid peroxidation (29). Raju et al (30) demonstrated that 
MDA reached its maximum degree in testicles following 4-hour 
ischemia and 4-hour reperfusion. We applied 24-hour reperfu-
sion, followed by a 5-hour ischemia period. In this study, MDA 
levels in both the torsioned and contralateral testicles in the group 
taking dexketoprofen were less than those of Group SP, but that 
result was not statistically signifi cant. In addition, the signifi cant 
decrease in serum MDA level in the group taking dexketoprofen 
shows that it decreases I/R injury. With these fi ndings, we dem-
onstrated that dexketoprofen is effective in decreasing I/R injury 
in the contralateral testicle. The reason there was no statistically 
signifi cant difference in MDA levels in the testicular tissues may 
be the small number of rats.

In this study, we investigated the effects of two-dose dexketo-
profen on I/R injury in testicles, and we discovered that it decreases 
pathologic changes in the spermatogenic cells and serum MDA 
levels in testicular torsion. We believe that administering dexke-
toprofen to patients who will be operated on to correct testicular 
torsion might decrease I/R injury. Further study is warranted to 
prove this effect of dexketoprofen.
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