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ABSTRACT
The purpose of this study was to determine the effect of 3′,4′-dihydroxyfl avonol (DiOHF) on oxidative damage 
and antioxidant system in experimental testicular torsion-detorsion.
The study included 60 male Wistar albino rats. Study groups were formed as follows: 1. Control; 2. Sham; 3. 
720° – 4 hours torsion; 4. 720° – 4 hours torsion + 4 hours detorsion; 5. 720° – 4 hours torsion + DiOHF; 6. 
720° – 4 hours torsion + DiOHF + 4 hours detorsion; 7. 720° – 4 hours torsion + 24 hours detorsion; 8. 720° – 
4 hours torsion + DiOHF + 24 hours detorsion. Testis were collected for the analysis of glutathione peroxidase 
(GPx), nitric oxide (NO), malondialdehyde (MDA), glutathione (GSH), and xanthine oxidase (XO).
GPx in the Group 8 were higher than the values in the other groups (p < 0.001). Concerning NO, the groups 3, 4, and 
7 were found to have higher values than other groups (p < 0.001). MDA levels were higher in the groups 3, 7, and 8, 
when compared to the levels in other groups (p < 0.001). When tissue GSH levels were examined, the Group 5 had the 
highest GSH values (p < 0.001).With regard to XO values, the groups 3, 4, and 7 had the highest XO values (p < 0.001). 
The results of the study indicated that intraperitoneal DiOHF inhibited increased lipid peroxidation in testis is-
chemia-reperfusion injury in rats (Tab. 5, Ref. 46). Text in PDF www.elis.sk.
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Introduction

Ischemia-reperfusion (IR) injury refers to the cellular damage 
infl icted after oxygen supply is restored to the organ that suffered 
hypoxia. The severity of the reperfusion injury depends on the re-
oxygenation after reperfusion, rather than the accumulated effects 
of the damage that occurred during ischemia. Oxidative stress 
created by free radicals is known as the cause of organ injury (1). 
Free radicals–superoxide, hydroxyl, peroxynitrite – were identi-
fi ed during ischemia and offer a partial explanation for the injury 
incurred after ischemia. However, the physiological signifi cance of 
both reactive oxygen species (ROS) and reactive nitrogen species 
(RNS) can be attributed to their ability to impact communication 
processes in post-hypoxic cells and the capacity of ROS to initi-
ate programmed cell death in both apoptosis and necrosis. There 
is a variety of ROS sources, which produces extremely reactive 
species during ischemia-reperfusion (2).

Paradoxically, reperfusion of the ischemic tissue causes more 
severe damage than that infl icted by ischemia alone (3). Several 
mechanisms, including free oxygen radical (FOR) derivatives that 
are rapidly produced upon the entry of molecular oxygen into the 

cell, are involved in the damage observed during reperfusion. The 
cellular structures that are most susceptible to reperfusion injury 
are membrane lipids, proteins, nucleic acids, and deoxyribonucleic 
acid molecules (4). Increased intracellular Ca2+ ion concentration is 
also cytotoxic for the cell (5). Several factors have been suggest-
ed to explain the physiopathology of ischemia-reperfusion (I/R) 
injury. An insuffi cient oxygen supply to meet metabolic needs, 
depletion of cellular energy reserves and accumulation of toxic 
metabolites during ischemia cause germ cell death (6). Both reac-
tive oxygen radicals (ROS) and reactive nitrogen derivatives like 
nitric oxide are signifi cantly elevated in the reperfusion stage (5, 7).

Free oxygen radicals (FOR) that are produced during ischemia 
and the following reperfusion are known to be involved in the testic-
ular damage after torsion. Causing lipid peroxidation in cell mem-
branes, free oxygen radicals denaturalize proteins and destroy the 
cell (8). This destruction is ameliorated by endogenous antioxidants 
such as superoxide dismutase, catalase, and glutathione peroxidase 
(9). Recent studies demonstrated that fl avonoids had a variety of 
biochemical and pharmacological activities (10). They were also re-
ported to exercise anti-infl ammatory and anti-microbial effects (11).

The present study aimed to determine the effect of 3′,4′-dihy-
droxyfl avonol (DiOHF), a synthetic fl avonoid, on tissue injury in 
experimental testicular torsion-detorsion. 

Material and methods

The present study included 60 Wistar Albino male rats supplied 
by the Experimental Medicine Research and Application Centre 
of Selcuk University and was conducted in this centre upon ap-
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proval of its ethics committee. The experimental animals weighed 
between 250 and 260 gr. The rats were randomized into the eight 
groups: two groups of six rats and six groups of eight rats. All the 
rats were kept in temperature- and light-controlled rooms and fed 
with appropriate feed and water. Surgical operations were per-
formed after the rats were anesthetized with intraperitoneal ket-
amine hydrochloride (60 mg/kg) and Xylasine (rompun) (5 mg/kg).
1. General control (n = 6): The group, in which unilateral orchi-

ectomy was performed under anaesthesia without any other 
procedure.

2. Sham control (n = 6): The animals in this underwent general 
anaesthesia (Ketamine + Rompun) and then their testicular area 
was surgically removed. Additionally, the animals were given 
an intraperitoneal DiOHF solution.

3. 720° – 4 hours torsion (n = 8): After the animals in this group 
underwent general anaesthesia, they received 720° torsion for 
4 hours on their right testis.

4. 720° – 4 hours torsion + 4 hours detorsion (n = 8): After the 
animals in this group underwent general anaesthesia, they re-
ceived 720° torsion for 4 hours on their right testis. This was 
followed by 4 hours of detorsion. 

5. 720° – 4 hours torsion + DiOHF (n = 8): The animals under-
went general anaesthesia. Then their testis were subjected to 
720° torsion for 4 hours. An i.p. DiOHF injection of 30 mg/kg 
was given on minute 30 of torsion. 

6. 720° – 4 hours torsion + DiOHF + 4 hours detorsion (n = 8): 
The animals in this group underwent general anaesthesia and 
their right testis was subjected to 720° torsion for 4 hours. Af-
ter the torsion period, they were given a 30 mg/kg i.p. DiOHF 
injection. This was followed by 4 hours of detorsion. 

7. 720° – 4 hours torsion + 24 hours detorsion (n = 8): After un-
dergoing general anaesthesia, the animals in this group received 
720° torsion for 4 hours on their right testis. The torsion period 
was followed by 24 hours of detorsion. 

8. 720° – 4 hours torsion + DiOHF + 24 hours detorsion (n = 8): 
The animals in this study group underwent general anaesthesia 
and then received 720° torsion for 4 hours on their right testis. 
After the torsion period ended, they were injected with 30 mg/
kg i.p. DiOHF and then received 24 hours of detorsion. 
Testis tissue samples collected from the animals at the end 

of the procedures were stored at -80°C until the day of analysis.

Dihydroxy fl avonoid injection
After being dissolved in 4 ml dimethyl sulfoxide, DiOHF 

(Indofi ne Chemical Co. USA) was added to polyethylene glycol 
and water to obtain a total volume of 200 ml. The solution was 
injected to the experimental animals at a dose of 30 mg/kg through 
the intraperitoneal route (12).

Tissue analyses
Glutathione peroxidase (GPx) analysis
Glutathione peroxidase was analyzed with the Cayman brand 

commercial kits (Catalogue no: 703102) according to colorimet-
ric method. 

Measurement of nitric oxide (NO) levels

NO levels were quantifi ed with the Cayman brand commercial 
kits (Catalogue no: 780001) according to colorimetric method. 

Measurement of tissue malondialdehyde (MDA) levels
Plasma MDA levels were determined according to the method 

suggested by Uchiyama and Mihara. The results were expressed 
as mg/g protein (13).

Tissue glutathione (GSH) analysis
Tissue GSH levels were measured using the Elman me-

thod. The values were presented as nmol/ gr protein (14).
Tissue xanthine oxidase analysis
In order to determine tissue xanthine oxidase values, testis 

samples taken from the animals were centrifuged and the sam-
ples were analyzed using xanthine oxidase activity assay kit (Bio 
Vision, catalogue no: K710-100) according to the colorimetric 
method in a spectrometer. 

Statistical evaluations
Statistical evaluation of the data was conducted using the 

SPSS statistics software. The results were presented as the mean 
± standard deviation. Kruskal-Wallis variance analysis was used 
in the comparisons between groups. Mann–Whitney U test was 
employed for p < 0.05 level. The level of statistical signifi cance 
was established at p < 0.05.

Results

Tissue glutathione peroxidase levels of the groups are pre-
sented in the Table 1. When testis tissue GPx values were exam-
ined, it was seen that this parameter was higher in the groups 5, 
7, and 8, in comparison to other groups, and that the Group 8 had 
the highest tissue GPx levels (p < 0.001). The Group 7 had higher 
tissue GPx values than the Group 5 (p < 0.001). 

The Table 2 shows tissue NO values in the study groups. It is 
seen that the groups 3, 4, and 7 had higher NO values and that NO 

Groups GPx (nmol/min/ml)
1–Control 7.07±1.86 d
2–Sham-Control 8.45±0.30 d
3–720°–4 hours torsion 6.47±1.15 d
4–720°–4 hours torsion+4 hours detorsion 8.23±1.10 d
5–720°–4 hours torsion+DiOHF 13.37±2.82 c
6–720°–4 hours torsion+DiOHF+4 hours detorsion 10.53±3.25 d
7–720°–4 hours torsion+24 hours detorsion 18.98±2.27 b
8–720°–4 hours torsion+DiOHF+24 hours detorsion 22.00±4.52 a
* Different letters are signifi cant as statistic, * p < 0.001 (a > b > c > d)

Tab. 1. Testes GPx Levels.

Groups NO (μM)
1–Control 7.18±1.50 c
2–Sham-Control 7.62±1.66 c
3–720°–4 hours torsion 11.81±3.76 b
4–720°–4 hours torsion+4 hours detorsion 15.95±3.52 a
5–720°–4 hours torsion+DiOHF 9.71±1.52 c
6–720°–4 hours torsion+DiOHF+4 hours detorsion 9.80±2.21 c
7–720°–4 hours torsion+24 hours detorsion 14.49±3.89 a
8–720°–4 hours torsion+DiOHF+24 hours detorsion 8.97±2.46 c
* Different letters are signifi cant as statistic, * p < 0.001 (a > b > c)

Tab. 2. Testes NO Levels.
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values in the groups 4 and 7 were higher than those in all other 
groups (p < 0.001). 

Tissue MDA levels of the groups are shown in the Table 3. 
Testis tissue MDA levels were higher in the groups 3, 7, and 8 (p 
< 0.001). MDA levels in the Group 8 were lower than the levels 
in the Group 6, but the difference was not statistically signifi cant.

The levels of GSH as a part of the antioxidant defense were 
also examined in the testis tissue. This examination revealed that 
the Group 5 had the highest tissue GSH levels (p < 0.001) (Tab. 
4). Tissue GSH levels in the groups 3, 4, and 8 were higher than 
the levels in other groups, but lower than those in the Group 5 (p 
< 0.001).

Xanthine oxidase (XO) values of the study groups are pre-
sented in the Table 5. A comparison of XO levels showed that the 
groups 3, 4, and 7 had the highest tissue XO levels (p < 0.001). 
Groups and 8 were found to have higher tissue XO levels than the 
groups 1, 2, and 5 (p < 0.001).

Discussion

Ischemia and reperfusion cause damage to the vessels and or-
gans of the ischemic area due to an inadequate vasodilation (15, 
16). In this study, we primarily aimed to induce unilateral testis 

ischemia in the experiment groups. To do that we fi rst gave the 
animals general anaesthesia. Then we rotated their right testis 720 
° clockwise and fi xed it to the scrotum tissue to induce ischemia. 
After that, using the same ischemia period, we administered the 
animals DiOHF, a synthetic fl avonoid, which was established to 
have a strong tissue protective effect in various ischemia-reperfu-
sion studies (12, 17, 18) to examine its effect on lipid peroxidation 
in the testis tissue with different torsion and reperfusion durations. 

As one of the most effective oxidants in the erythrocytes 
against stress, GPx serves important functions in phagocytic cells 
(19). The fi rst parameter studied in our research was glutathione 
peroxidase (GPx) levels in testis tissue. Ischemia and reperfusion 
studies showed that GPx was affected in different ways. In the 
study of unilateral testicular ischemia-reperfusion injury, glutathi-
one peroxidase levels were reported to increase with I/R (20). In 
the study by Guan et al., (21), on the other hand, right testis of the 
rats was subjected to 720° torsion for 2 hours followed by 4 hours 
of detorsion and, in line with our study, tissue GPx levels were 
found lower at the end of these procedures. Similar results were 
reported by Pekcetin et al (22) and Unal et al (23). In our study, 
GPx levels after 4 hours of testis ischemia were lower than the 
levels in the control group. The same decrease was evident when 
4 hours of torsion was followed by 4 hours of detorsion (group 4). 
However, DiOHF administration together with ischemia (I) and/
or ischemia + reperfusion (I/R) in the testis tissue elevated tissue 
glutathione peroxidase values only in comparison to the values in 
the groups, which received torsion only and the control groups. 
Previous studies demonstrated that fl avonoids were potent anti-
oxidants and had a tissue protective effect in different tissues (24, 
25, 26). In addition to their strong antioxidant effects, fl avonoids 
were shown to be capable of preventing oxidant production (27). 
Differently from previous studies, our study used the synthetic 
fl avonoid DiOHF in ischemia-reperfusion injury in the testis. The 
results we obtained with DiOHF in the testis tissue are supported 
by the results of other researchers.

In another part of our study, we examined how ischemia-
reperfusion and ischemia-reperfusion + DiOHF in testis tissue 
affected tissue nitric oxide levels. We found that this parameter 
increased signifi cantly, relative to the control group, after 4-hour 
ischemia. However, the group, which received 24 hours of detor-
sion after 4 hours of torsion (group 7), had even higher NO values. 
Administration of 30 mg/kg intraperitoneal DiOHF to ischemia 
and ischemia and reperfusion groups markedly reduced NO val-
ues, which were elevated by ischemia and reperfusion. In fact, it 
was suggested that nitric oxide had different effects in different 
I/R injuries (28). There are many studies about the changes in NO 
levels during testicular ischemia-reperfusion (29, 30, 31). Similar 
to our study, Yildiz et al (32) subjected experimental animals to 720 
° clockwise torsion for 2 hours and then to detorsion for another 
2 hours before sacrifi cing the animals. They found that tissue NO 
values signifi cantly increased in the testis, which received torsion. 
In another rat study, blood fl ow and NO secretion during testicular 
ischemia-reperfusion was examined using laser Doppler and nitric 
oxide-selective electrodes. It was shown that clamping of the testis 
artery markedly reduced the blood fl ow and that when the blood 

Groups MDA
(nmol/gr protein)

1–Control 7.56±1.18 d
2–Sham-Control 8.56±1.90 d
3–720°–4 hours torsion 16.83±3.00 b
4–720°–4 hours torsion+4 hours detorsion 9.50±2.40 d
5–720°–4 hours torsion+DiOHF 9.06±2.75 d
6–720°–4 hours torsion+DiOHF+4 hours detorsion 8.71±1.62 d
7–720°–4 hours torsion+24 hours detorsion 26.82±2.62 a
8–720°–4 hours torsion+DiOHF+24 hours detorsion 13.74±2.67 c
* Different letters are signifi cant as statistic, * p < 0.001 (a > b > c > d)

Tab. 3. Testes MDA Levels.

Groups GSH (mg/gr protein)
1–Control 10.72±3.02 c
2–Sham-Control 11.87±2.35 c
3–720°–4 hours torsion 17.71±6.32 b
4–720°–4 hours torsion+4 hours detorstion 18.11±4.62 b
5–720°–4 hours torsion+DiOHF 25.19±3.94 a
6–720°–4 hours torsion+DiOHF+4 hours detorsion 16.07±3.55 b
7–720°–4 hours torsion+24 hours detorsion 13.32±2.02 c
8–720°–4 hours torsion+DiOHF+24 hours detorsion 17.31±2.00 b
* Different letters are signifi cant as statistic, * p < 0.001 (a > b > c)

Tab. 4. Testes GSH Levels.

Groups  XO (nmol)
1–Control 1.05±0.41 c
2–Sham-Control 1.53±0.38 c
3–720°–4 hours torsion 2.37±0.62 a
4–720°–4 hours torsion+4 hours detorsion 2.67±0.94 a
5–720°o–4 hours torsion+DiOHF 1.64±0.51 c
6–720°–4 hours torsion+DiOHF+4 hours detorsion 2.14±0.24 b
7–720°–4 hours torsion+24 hours detorsion 2.97±0.30 a
8–720°–4 hours torsion+DiOHF+24 hours detorsion 2.09±0.76 b
* Different letters are signifi cant as statistic, * p < 0.001 (a > b > c)

Tab. 5. Testes XO Levels.
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fl ow was cut off, there was a signifi cant increase in NO levels, 
which were then restored to normal upon removing the clamp (33, 
34). Ozokutan et al (30) demonstrated that the suppression of NO 
synthesis in rats signifi cantly ameliorated the damage infl icted by 
I/R injury, while increased NO production due to L-arginine ex-
acerbated tissue damage resulting from I/R. In the present study, 
we found signifi cant increases in NO levels in both torsion and 
detorsion. Besides, NO values measured in detorsion were even 
higher than those measured during torsion. Increased NO levels, 
found due to torsion and detorsion in this study, are in parallel to 
the results of the studies, which reported an increase in NO due 
to ischemia. DiOHF used with both torsion and detorsion in this 
study brought about a marked decrease in plasma nitric oxide val-
ues. Thus, it can be asserted based on these fi ndings that DiOHF 
reduced the elevated NO values through its antioxidant effect.

MDA is another parameter addressed in our study. MDA is 
considered a reliable marker of lipid peroxidation (35). In their 
study, Hanci et al., (36) subjected rat testis to 720° torsion for one 
hour and detorsion for 4 hours and found a signifi cant increase in 
MDA levels during I/R. Elevated tissue MDA levels were reported 
to result from I/R in other studies as well (32, 37). In this study, 
720° torsion for 4 hours increased tissue MDA levels (the Group 
3). Increased malondialdehyde values measured during ischemia 
and reperfusion are consistent with the studies, which reported 
that this parameter increased during I/R.

Elevated MDA levels during I and/or I/R indicate that signifi -
cant oxidant damage occurs in the tissue not only during ischemia, 
but also during reperfusion. However, DiOHF administration to-
gether with torsion and detorsion (the groups 5 and 6) was seen to 
reduce tissue MDA levels signifi cantly, almost to the level of the 
control group values. In another study group, the animals received 
4 hours of torsion and 24 hours of detorsion, but also a single-dose 
30 mg/kg intraperitoneal DiOHF injection before detorsion (im-
mediately after torsion). Long-term (24-hour) detorsion following 
torsion, in particular, brought about a very signifi cant increase in 
tissue MDA values, which were almost 3.5 times higher than the 
values in the control groups. However, administration of DiOHF 
to this group immediately after torsion and before detorsion caused 
a marked decrease in MDA levels. Previous testicular ischemia-
reperfusion studies tested various fl avonoids like quercetin and 
baicalin and suggested that these drugs could be useful in I/R in-
jury (38, 39). Based on our literature knowledge, we can say that 
the effect of DiOHF on testicular ischemia-reperfusion injury has 
not been studied. The results of our study about MDA indicated 
that this parameter was elevated during and after I/R, but that ad-
ministration of DiOHF, a synthetic fl avonoid, could signifi cantly 
reduce MDA levels, thereby attenuating the tissue damage result-
ing from I/R in rats. 

Tissue levels of glutathione, an antioxidant system marker, 
were also investigated in this study. Glutathione is among the 
main intracellular antioxidant compounds that provide protection 
against oxidant damage and it is considered among the major 
elements of the organism’s antioxidant defense (40). However, 
although it is accepted as an antioxidant parameter of the orga-
nism, glutathione is seen to be affected in different ways during the 

antioxidant defense. GSH levels were determined as a marker of 
tissue antioxidant activity in previous testis ischemia-reperfusion 
studies (32). Likewise, Guimaraes et al (41) found that GSH levels 
in the testis dropped as the result of 2 hours of ischemia followed 
by 3 hours of reperfusion. However, Unal et a, (23) showed that 
2 hours of torsion increased tissue GSH levels in rats. In the same 
vein, Hekimoglu et al (20) found increased GSH values after testis 
ischemia-reperfusion. In our study, 4 hours of torsion signifi cantly 
elevated tissue GSH levels in the experimental animals, relative 
to the control group. An overall assessment of the study groups 
demonstrated an increased tissue GSH values in torsion and de-
torsion groups (the groups 3 and 4). This parameter was higher in 
the groups, which were administered DiOHF together with tor-
sion and detorsion. Increased GSH levels in ischemic groups can 
be attributed to the increased antioxidant response to lipid per-
oxidation in the tissue. Additionally, the further increase caused 
by DiOHF administration in GSH levels may be considered an 
indicator of the reinforced defense response to lipid peroxidation 
in the plasma and tissue. 

Another parameter explored in this study was XO in testis 
tissue. XO plays a critical role in different forms of ischemic and 
vascular diseases (42, 43). Xanthine oxidase is also a rich source 
of superoxide anion radicals in the blood after reperfusion. When 
XO part of the study was examined, it was seen that this parameter 
displayed a signifi cant increase during 4-hour torsion, 4-hour tor-
sion + reperfusion, and 4-hour torsion + 24-hour detorsion. These 
fi ndings are in parallel to study results, which showed increased 
XO levels in ischemia (44, 45). However, administration of DiOHF 
both together with torsion and with torsion + detorsion markedly 
offset the XO increases that were seen during both ischemia and 
ischemia-reperfusion. The decrease found in XO levels as the 
result of short-term reperfusion (the Group 6) was also evident 
after long-term reperfusion (the Group 8). Based on our litera-
ture review, we know that DiOHF was not used in previous testis 
ischemia-reperfusion and lipid peroxidation studies. However, 
both DiOHF and some fl avonoid-containing plants were used in 
previous ischemia-reperfusion studies of different organs (46). 
It was established that molecules, which had fl avonoids in their 
structure produced a protective effect against myocardial ischemia-
reperfusion injury by inhibiting XO formation (27, 46). The fact 
that the production of XO resulting from ischemia-reperfusion in-
jury in the testis tissue was prevented by DiOHF administration in 
our study showed that the ability of fl avonoids to inhibit xanthine 
oxidase in different tissues was evident in the testis tissue as well.

Conclusion

Our study aimed to induce ischemia-reperfusion injury in the 
testis tissue of rats. When the results of the study are assessed, 
the increase in oxidants and the suppression of the antioxidant 
system will attest to the full development of ischemia and reper-
fusion injury. In addition, DiOHF used in the study was seen to 
exercise a protective effect against lipid peroxidation in experi-
mental ischemia-reperfusion injury by both inhibiting oxidants 
and strengthening the action of antioxidants.



Duman A  et al. 3′,4′-dihydroxyfl avonol attenuates tissue damage in unilateral testis ischemia-reperfusion 

xx

739

References

1. Sasaki M, John T. Oxidative stress and ischemia-reperfusion injury in 
gastrointestinal tract and antioxidant, protective agents. J Clin Biochem 
Nutr 2007; 40: 1–12.

2. Halliwell B. Reactive Oxygen Species in Living Systems: Source, Bio-
chemistry and Role in Human Disease. Am J Med 1991; 91: 14–21.

3. Rabinowitz R, Hulbert WC. Acute scrotal swelling. Urol Clin North 
Am 1995; 22: 101–105.

4. Anderson JB, Williams RC. Fertility after torsi-on of spermatic cord. 
Br J Urol 1990; 65: 225–230.

5. Mogilner JG, Lurie M, Coran AG, Nativ O, Shiloni E, Sukhotnik I. 
Effect of diclofenac on germ cell apoptosis following testicular ischemia-
reperfusion injury in a rat. Pediatr Surg Int 2006; 22: 99–105.

6. Palmer JS, Crornie WJ, Plzak LF, Leff AR. A Platelet activating fac-
tor antagonist attenuates the effects of testicular ischemia. J Urol 1997; 
158: 1186–1190. 

7. Lysiak JJ, Nguyen QA, Turner TT. Peptide and nonpeptide reactive 
oxygen scavengers provide partial rescue of the testis after torsion. J An-
drol 2002; 23: 400–409.

8. Filho DW, Torres MA, Bordin AL, Crezcynski-Pasa TB, Boveris A. 
Spermatic cord torsion, reactive oxygen and nitrogen species and ischemia-
reperfusion injury. Mol Aspects Med 2004; 25: 199–210.

9. Akgül FM, Kılınç K, Tanyel FC, Büyükpamukçu N, Hiçsönmez 
A. Ipsilateral and contralateral testicular biochemical acute changes after 
unilateral testicular torsion and detorsion. Urology 1994; 44: 413–18.

10. Moroney MA, Alcaraz MJ, Forder RA, Carey F, Hoult JR. Selec-
tivity of neutrophil 5-lipoxygenase and cyclo-oxygenase inhibition by an 
anti-infl ammatory fl avonoid glycoside and related aglycone fl avonoids. J 
Pharm Pharmacol 1988; 40: 787–792.

11. Kato R, Nakadate T, Yamato S, Sugimura T. Inhibition of 12-O-
tetradecanoylphorbol-13-acetate-induced tumor promotion and ornithine 
decarboxylase activity by quercetin: possible involvement of lipoxygenase 
inhibition. Carciogenesis 1983; 4: 1301–1305.

12. Woodman OL, Chan ECH. Vascular and anti-oxidant actions of fl a-
vonols and fl avones. Clin Exp Pharmacol Physiol 2004; 31: 786–790.

13. Uchiyama M, Mihara M. Determination of malondyaldehyde precurs-
er in tissues by thiobarbituric acid test. Anal Biochem 1977; 86: 271–278.

14. Elman GL. Tissue sulfhydryl groups. Arch Biochem Biophys 1959; 
82: 70–77.

15. Hearse DJ, Maxwell L, Saldanha C, Gavin JB. The myocardial vas-
culature during ischemia and reperfusion: a target for injury and protection. 
J Mol Cell Cardiol 1993; 25: 759–800.

16. Sobey CG, Woodman OL. Myocardial ischaemia: what happens to 
the coronary arteries? Trends Pharmacol Sci 1993; 14: 448–453.

17. Challa SR, Akula A, Metla S, Gopal PN. Partial role of nitric ox-
ide in infarct size limiting effect of quercetin and rutin against ischemia-
reperfusion injury in normal and diabetic rats. Indian J Exp Biol 2011; 
49: 207–210. 

18. Chan EC, Drummond GR, Woodman OL. 3’,4’-dihydroxyfl avo-
nol enhances nitric oxide bioavailability and improves vascular function 
after ischemia and reperfusion injury in the rat. J Cardiovasc Pharmacol 
2003; 42: 727–735.

19. Lunec J, Blake D. Oxygen Free Radicals: Their Relevance to Dis-
ease Processes. In: Cohen R.D., Lewis B., Albert K.G.M.M. The Meta-
bolic and Molecular Basis of Acquired Disease. Balliere Tindall, London. 
1990. 189–212.

20. Hekimoglu A, Kurcer Z, Aral F, Baba F, Atessahin A, Sakin F. Ef-
fects of 3-aminobenzamide on unilateral testicular ischemia-reperfusion 
injury: what is the role of PARP inhibition? Can J Physiol Pharmacol 
2010; 88 (12): 1123–1129. 

21. Guan Y, Zheng XM, Yang ZW, Li SW. Protective effects of L-car-
nitine upon testicular ischemia-reperfusion damage in rats). Zhonghua Yi 
Xue Za Zhi 2009; 89: 1858–1861.

22. Pekcetin C, Ergur BU, Kiray M, Bagriyanik A, Tugyan K, Erbil 
G, Ozogul C. The protective effects of trimetazidine on testicular isch-
emia and reperfusion injury in rats. Pediatr Surg Int 2007; 23: 1113–1118.

23. Unal D, Karatas OF, Savas M, Yeni E, Keser BS, Verit A, Erel 
O, Bitiren M. Protective effects of trimetazidine on testicular ischemia-
reperfusion injury in rats. Urol Int 2007; 78: 356–362.

24. Aruna Devi R, Lata S, Bhadoria BK. Neuroprotective effect of 
5,7,3’,4’,5’-pentahydroxy dihydrofl avanol-3-O-(2’’-O-galloyl)-beta-D-
glucopyranoside, a polyphenolic compound in focal cerebral ischemia in 
rat. Eur J Pharmacol 2010; 626: 205–212.

25. Cao D, Li H, Yi J. Antioxidant properties of the mung bean fl avonoids 
on alleviating heat stress. PLoS One 2011; 6: e21071.

26. Wang CZ, Mehendale SR, Calway T, Yuan CS. Botanical fl avonoids 
on coronary heart disease. Am J Chin Med 2011; 39: 661–71.

27. Akhlaghi M, Bandy B. Mechanisms of fl avonoid protection against 
myocardial ischemia-reperfusion injury. J Mol Cell Cardiol 2009; 46: 
309–317.

28. Minutoli L, Antonuccio P, Squadrito F, Bitto A, Nicotina PA, Faz-
zari C, Polito F, Marini H, Bonvissuto G, Arena S, Morgia G, Romeo 
C, Caputi AP, Altavilla D. Effects of polydeoxyribonucleotide on the 
histological damage and the altered spermatogenesis induced by testicu-
lar ischaemia and reperfusion in rats. Int J Androl 2012; 35: 133–144.

29. Koltuksuz U, Irmak MK, Karaman A, Uz E, Var A, Ozyurt H, 
Akyol O. Testicular nitric oxide levels after unilateral testicular torsion/
detorsion in rats pretreated with caffeic acid phenethyl ester. Urol Res 
2000; 28: 360–363.

30. Ozokutan BH, Küçükaydin M, Muhtaroğlu S, Tekin Y. The role 
of nitric oxide in testicular ischemia-reperfusion injury. J Pediatr Surg 
2000; 35: 101–103.

31. Shiraishi K, Naito K, Yoshida K. Nitric oxide promotes germ cell 
necrosis in the delayed phase after experimental testicular torsion of rat. 
Biol Reprod 2001; 65: 514–521.

32. Yıldız H, Durmus AS, Simşek H, Yaman M. Dose-dependent protec-
tive effect of sildenafi l citrate on testicular injury after torsion/detorsion 
in rats. Andrologia 2012; 44: 300–306.

33. Kono T, Saito M, Kinoshita Y, Satoh I, Shinbori C, Satoh K. Real-
time monitoring of nitric oxide and blood fl ow during ischemia-reperfusion 
in the rat testis. Mol Cell Biochem 2006; 286: 139–145.

34. Tamamura M, Saito M, Kinoshita Y, Shimizu S, Satoh I, Shomori 
K, Dimitriadis F, Satoh K. Protective effect of edaravone, a free-radical 
scavenger, on ischaemia-reperfusion injury in the rat testis. BJU Int 2010; 
105: 870–876.



Bratisl Med J 2015; 116 (12)

735 – 740

740

35. Ozturk A, Baltaci AK, Mogulkoc R, Ozturk B. The effect of pro-
phylactic melatonin administration on reperfusion damage in experimental 
testis ischemia-reperfusion. Neuro Endocrinol Lett 2003; 24: 170–172.

36. Hanci V, Erol B, Bektaş S, Mungan G, Yurtlu S, Tokgöz H, Can 
M, Ozkoçak Turan I. Effect of dexmedetomidine on testicular torsion/
detorsion damage in rats. Urol Int 2010; 84: 105–111.

37. Erol B, Tokgoz H, Hanci V, Bektas S, Akduman B, Yencilek F, Mun-
gan G, Mungan A. Vardenafi l reduces testicular damage following isch-
emia/reperfusion injury in rats. Kaohsiung J Med Sci 2009; 25: 374–380.

38. Aktoz T, Kanter M, Aktas C. Protective effects of quercetin on tes-
ticular torsion/detorsion-induced ischaemia-reperfusion injury in rats. An-
drologia 2010; 42: 376–383.

39. Kim SJ, Moon YJ, Lee SM. Protective effects of baicalin against 
ischemia/reperfusion injury in rat liver. J Nat Prod 2010; 73: 2003–2008.

40. Ross D. Glutathione, free radicals and chemotherapeutic agents. Phar-
macol Ther 1988; 37: 231–249.

41. Guimaras SB, Kimura OS, Vasconcelos PR. Dimethylsulfoxide at-
tenuates ischemia-reperfusion injury in rat testis. Acta Cir Bras 2010; 
25: 357–361.

42. Portugal-Cohen M, Kohen R. Exposure of human keratinocytes to 
ischemia, hyperglycemia and their combination induces oxidative stress 
via the enzymes inducible nitric oxide synthase and xanthine oxidase. J 
Dermatol Sci 2009; 55: 82–90. 

43. Taibi G, Carruba G, Miceli V, Cocciadiferro L, Cucchiara A, 
Nicotra CM. Sildenafi l protects epithelial cell through the inhibition of 
xanthine oxidase and the impairment of ROS production. Free Radic Res 
2010; 44: 232–229.

44. Su JF, Guo CJ, Wei JY, Yang JJ, Jiang YG, Li YF. Protection against 
hepatic ischemia-reperfusion injury in rats by oral pretreatment with quer-
cetin. Biomed Environ Sci 2003; 16: 1–8.

45. Hascalik S, Celik O, Turkoz Y, Hascalik M, Cigremis Y, Mizrak 
B, Yologlu S. Resveratrol, a red wine constituent polyphenol, protects 
from ischemia-reperfusion damage of the ovaries. Gynecol Obstet Invest 
2004; 57: 218–223. 

46. Malakul W, Ingkaninan K, Sawasdee P, Woodman OL. The ethano-
lic extract of Kaempferia parvifl ora reduces ischaemic injury in rat isolated 
hearts. J Ethnopharmacol 2011; 137: 184–191.

Received December 31, 2014.
Accepted February 4, 2015.


