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Abstract. Ischemia-reperfusion injury is a significant problem 
following reperfusion treatment for ovarian torsion. It is 
generally caused by reactive oxygen species-induced damage. 
Antioxidant agents, such as curcumin, may protect ovaries 
from this adverse effect. The aim of the present randomized, 
controlled study was to evaluate the short-term protective 
effect of curcumin on a rat model of ovarian ischemia-reperfu-
sion injury. A total of 30 female Wistar albino rats, weighing 
160-230 g, were divided into 2 groups depending upon the time 
of unilateral, left ovary ischemia/reperfusion (group 1, 2 h 
ischemia/2 h reperfusion and group 2, 4 h ischemia/4 h reper-
fusion). These groups were subdivided into 3 subgroups (sham, 
control and curcumin). The sham subgroups were not subjected 
to ischemia/reperfusion. Control and curcumin subgroups 
were performed under ischemia for 2 h plus 2 h reperfusion 
or 4 h ischemia plus 4 h reperfusion. Curcumin, 200 mg/kg, 
was intraperitoneally administered simultaneously with reper-
fusion to the curcumin subgroups. Serum nitric oxide (NO), 
NO synthase (NOS), xanthine oxidase (XO), total antioxidant 
status (TAS), total oxidant status (TOS) and histological 
scores were measured and compared between subgroups. For 
group 1, no significant differences were observed between NO, 
NOS, XO, TAS or TOS. The left ovary histological grade was 
significantly higher in the control and curcumin subgroups 
compared with the sham subgroup (P=0.036). For group 2, 
TOS was significantly higher in the control group compared 
with the sham and curcumin groups (P=0.023). However, TAS 
was also significantly higher in the control subgroup compared 

with the other 2 subgroups (P=0.005). Left ovary histological 
grade was significantly higher in the control and curcumin 
subgroups compared with the sham subgroup (P=0.038). No 
significant differences were observed between NO, NOS or 
XO between the group 2 subgroups. The results showed that 
curcumin exerted no major significant protective effect on 
ischemia-reperfusion injury in the rat ovary.

Introduction

Ovarian torsion, often termed adnexal torsion, is the fifth most 
common gynecological emergency condition in women (1). It 
is initially associated with reduced venous ovarian blood flow, 
and it can progress to restricted arterial blood flow and isch-
emia and infarction (2,3). However, the diagnosis and treatment 
is often delayed due to the non-specificity of the symptoms (2). 
The aim of ischemia treatment is not only to achieve blood 
flow but also to restore tissue reperfusion. However, reperfu-
sion injury, referring to the microvascular and parenchymal 
cell dysfunction of ischemic organs, can occur during the 
restoration of tissue reperfusion following ischemia (4-7). 
This reperfusion injury is mediated by reactive oxygen species 
(ROS) generated via lipid peroxidation, promoting the release 
of inflammatory agents (7,8). Thus, if the impact of these detri-
mental ROS could be limited, ischemia-reperfusion injury 
could be avoided or reduced.

Used as a pigment, spice and additive in the majority of 
Asian countries, curcumin is extracted from a perennial 
herbaceous plant known as Curcuma Longa (9). A number 
of studies have revealed that, similar to the other flavonoids, 
curcumin has significant antioxidant and anti-inflammatory 
properties (10-12). Curcumin scavenges ROS, reducing free 
radical injury to the tissues (9,13).

Curcumin has recently been implicated in the reduction of 
tissue damage caused by reperfusion injury in multiple organs 
in rat models. These include cardiac dysfunction caused by 
renal ischemia and reperfusion (14), lung, renal and cardiac 
damage in an abdominal aorta ischemia-reperfusion injury 
model (15) and neuroprotection in a cerebral ischemia-reperfu-
sion injury model (16). These studies cite the ROS-scavenging 
and anti-inflammatory properties of curcumin as key to its 
protective effects. One recent study has also shown a protec-
tive effect of curcumin against ovarian reperfusion injury in 
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rats (17). This is consistent with other rat studies indicating 
a protective effect of ROS-scavenging and anti-inflammatory 
agents in ovarian reperfusion injury, such as etoricoxib (18) 
and hesperidin (19). Additionally, another flavonoid, quercetin, 
has also been shown to have protective effects against apop-
tosis and ischemia-modified albumin levels in a rat model of 
ovarian ischemia-reperfusion injury, thus protecting against 
tissue injury (20).

Taken together, there is evidence of a role for curcumin 
in the protection against tissue damage in multiple organs in 
rats and evidence supporting a role for ROS-scavenging and 
anti-inflammatory agents, including the flavonoids curcumin 
and quercetin in ovarian reperfusion injury. However, as only 
one single study supporting the protective effect of curcumin 
against ovarian reperfusion injury in rats is available (17), 
there is a necessity to further explore the effect of curcumin 
on rats ovaries prior to, for example, the consideration of any 
future human applications.

Materials and methods

Characteristics of rat treatment groups and surgical proce-
dures. A total of 30 female Wistar albino rats, weighing 
160-230 g, were used in the study. The study protocol was 
approved by the Gazi University Ethics Committee for Animal 
Research (GÜADEK; Ankara, Turkey). The rats were kept for 
≥7 days under appropriate conditions of temperature/humidity 
and a 12-h light cycle while being provided sufficient water 
and feed. The rats were randomly divided into 2 main groups, 
groups 1 and 2, based on the duration of ischemia/perfusion 
(2 or 4 h each) with 15 rats in each and 6 subgroups, I-VI, 
based on the presence or absence of curcumin during perfu-
sion (Table I). A curcumin dosage of 200 mg/kg was consistent 
in order of magnitude with other studies of ischemia/perfu-
sion (17,21).

Each rat was weighed and anesthetized with 50 mg/kg 
intramuscular ketamine hydrochloride (Ketalar, Eczacibasi, 
Istanbul, Turkey) and 10 mg/kg xylazine hydrochloride 
(Rompun, Bayer Türk Ilaç Ltd., Istanbul, Turkey). Following 
preoperative sterilization, a longitudinal incision of 2.5 cm was 
performed in the midline area of the lower abdomen. Treatment 
and surgical procedures were carried out as in Table I. Rats 
were subsequently sacrificed by intracardiac blood-letting. 
Blood samples were centrifuged for 10 min at 2,862 x g and 
sera was stored in a freezer at -20˚C for biochemical analysis. 
The ovarian tissues were maintained in 10% formaldehyde 
solution for histopathological examination. The investigators 
carrying out the biochemical and histological analyses were 
blinded to the randomization until the end of the study.

Histological evaluation. Paraffin-embedded ovarian tissue 
samples were stained with hematoxylin and eosin (H&E). 
For quantitative measurements, sections were analyzed and 
photographed by a light photomicroscope (Nikon Eclipse 80i; 
Nikon, Tokyo, Japan) in a minimum of 5 microscopic fields. 
The histological sections were assessed for interstitial edema, 
vascular congestion, hemorrhage and polymorphonuclear 
leukocyte (PMN) infiltration; the assessor was blinded to 
the treatment protocol. Each specimen was scored on a scale 
ranging from 1 to 4 (1, none; 2, mild; 3, moderate; 4, severe) 

as follows (21,22): Grade 1, mild edema/mild vascular 
congestion/no hemorrhage/no PMN; grade 2, moderate 
edema/moderate vascular congestion/no hemorrhage/no PMN; 
grade 3, severe edema/severe vascular congestion/minimal 
hemorrhage/minimal PMN; and grade 4, severe edema/severe 
vascular congestion/severe hemorrhage/severe PMN.

Biochemical analyses. The following biochemical analyses 
were carried out: Nitric oxide (NO) levels and NO synthase 
(NOS) and xanthine oxidase (XO) enzyme activities were 
measured in serum by spectrophotometry (UV-1700; 
Shimadzu Corporation, Kyoto, Japan). 

Total antioxidant status (TAS) levels in urine were 
measured using an automated measurement method, as 
described previously (23). A colored 2,2'-azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid) radical cation substrate was 
employed, which was decolorized by antioxidants according 
to their concentrations and antioxidant capacities. This change 
in color was measured as a change in absorbance at 660 nm. 
This process is applied to an automated analyzer (Cobas Mira 
Plus; Roche Diagnostics GmbH, Mannheim, Germany) and 
the assay was calibrated with Trolox. The results are expressed 
as millimoles of Trolox equivalent/liter (24).

TOS levels in urine samples were determined using an 
automated colorimetric measurement method as described 
previously (25). The assay was based on the oxidation of 
ferrous ion to ferric ion in the presence of oxidant species in 
the acidic medium and the measurement of the ferric ion by 
xylenol orange. This change in color was measured as a change 
in absorbance at 660 nm. The oxidation reaction of the assay 
was enhanced and precipitation of proteins was prevented. The 
method was applied to an automated analyzer (Cobas Mira 
Plus; Roche Diagnostics GmbH), which was calibrated with 
hydrogen peroxide (H2O2) and the analytical performance 
characteristics of the assay were determined. The results are 
expressed as millimoles H2O2 equivalent per liter (24).

The oxidative stress index (OSI) was calculated as the 
percentage ratio of total oxidant status (TOS) level to total 
antioxidant capacity (TAC) level according to the following 
formula: OSI (arbitrary unit) = TOS (micromolar H2O2 equiva-
lent/liter)/TAC (micromolar trolox equivalent/liter) (11).

NO and NOS were measured by the method based on the 
diazotization of sulfanilic acid by NO at acid pH and subse-
quent coupling to N-(1-naphthyl)ethylenediamine) (Griess 
reaction) as described previously (26). As the nitrate anion 
does not give a diazotization reaction with sulfanilic acid, 
the samples were treated with cadmium (a reducing agent) to 
reduce nitrate anions into nitrite anions prior to the NO estima-
tion (27). The results are expressed as µmol/mg protein. The 
total NOS activity (IU/ml) method was based on the Griess 
reaction (26).

XO enzyme activity was determined by measuring the 
optical density of uric acid, which is formed from xanthine 
by xanthine oxidase, at 293 nm as described previously (28).

Statistical analysis. Using the SPSS program (SPSS 16.0 for 
windows; SPSS, Inc., Chicago, IL, USA), the distribution of 
data was checked graphically and by the Shapiro-Wilk test. In 
the representation of continual data, mean ± standard deviation 
was used in the normally distributed quantitative parameter. 
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Medians (minimum-maximum) are provided in non-normally 
distributed quantitative parameters and number and percentage 
are used to describe the categorical data. One-way analysis of 
variance with Bonferoni was used to compare the normally 
distributed data of 3 independent groups. Kruskal-Wallis 
test was used in the case of non-normally distributed data. 
Bonferoni revision Mann-Whitney U test was applied to 
dual comparisons on data that were established as significant 
by a result of the Kruskal-Wallis test. Correlation between 
parameters was measured by the Spearman correlation test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Microscopic and macroscopic examination. Macroscopically, 
ischemic ovaries had a cherry-red color. Microscopic exami-
nation of H&E-stained ovarian tissue samples in the control 
subgroups of groups 1 (2 h ischemia/2 h reperfusion) and 2 
(4 h ischemia/4 h reperfusion) showed severe interstitial 
edema, severe vascular congestion, severe hemorrhage and 
acute infiltration by PMNs (Fig. 1). The curcumin subgroups 
(ischemia/reperfusion plus curcumin) also showed severe 
interstitial edema and severe vascular congestion, although 
with milder hemorrhage and PMN infiltration (Fig. 1). The 
sham subgroups (no ischemia/reperfusion) showed no evidence 
of tissue damage by any of the histological indicators (Fig. 1).

Biochemical analyses. Distribution of data from groups 1 
and 2 are shown in Tables I and II, respectively. When any 
2 different subgroups in group 1 were compared with each 
other by pairwise comparison, no statistically significant 
difference was established for NO, NOS, XO, TAS and 
TOS values (Table II). However, it was established that the 
left ovary (ischemic ovary; Table I) histological grade of 
the control and curcumin groups was significantly higher 
compared with the sham group (P=0.024 and P=0.024, 
respectively; P=0.036 for comparison of the 3 subgroups, 
Table II). There was no statistically significant difference 
between the control and curcumin groups. There were also 
no significant differences established in terms of right ovary 
indicators (Table II).

When the group 2 subgroups were examined, it was shown 
that the TAS levels in the control group were significantly 
higher compared with those in the sham and curcumin groups 
(P=0.036 and P=0.004, respectively; P=0.005 for comparison 
of the 3 groups, Table III). The lowest level was observed 
in the curcumin group (Table III). It was established that 
the TOS levels in the control group were also significantly 
higher compared with those in the sham and curcumin groups 
(P=0.048 and P=0.009, respectively; P=0.023 for comparison 
of the 3 groups, Table III). The lowest level was again observed 
in the curcumin group (Table III). No statistically significant 
difference was identified between the subgroups in terms of 
NO, NOS and XO values (Table III).

Table I. Summary of treatment groups and surgical procedures.

Treatment groups Surgical procedures

Group 1 (2 h ischemia+2 h reperfusion)
  Subgroup I, n=3 Sham (abdominal incision with no ischemia/perfusion). Following laparotomy, the
 abdominal incision was covered with surgical gauze sluiced with sterile saline
 solution for 4 h. The two ovaries were surgically removed. Bilateral oophorectomy
 was subsequently performed on all the rats
  Subgroup II, n=6 Control (abdominal incision with ischemia/perfusion). Following laparotomy, the
 uterus and left ovary were visualised and a unilateral (left) complete ovarian ischemia
 model was obtained by locking the left ovarian vessels using a top knot style, with
 a two-sided atraumatic 1 silk suture for 2 h to create ischemic conditions
 The ischemia silk sutures were subsequently opened and reperfusion occurred for
 another 2 h. The abdominal incision was not closed by suturing, instead it was
 covered with surgical gauze sluiced with sterile saline solution during the procedure.
 Bilateral oophorectomy was subsequently performed on all the rats
  Subgroup III, n=6 Curcumin (abdominal incision with ischemia/perfusion and curcumin at 200 mg/kg).
 As for subgroup II, except 200 mg/kg of intraperitoneal curcumin was administered
 simultaneously with perfusion based on the previous study that was proven in ischemia
 and perfusion (17). Bilateral oophorectomy was subsequently performed on all the rats
Group 2 (4 h ischemia+4 h reperfusion)
  Subgroup IV, n=3 Sham (abdominal incision with no ischemia/perfusion). As for subgroup I, except the
 abdominal incision was covered with surgical gauze sluiced with sterile saline
 solution for 8 h
  Subgroup V, n=6 Control (abdominal incision with ischemia/perfusion). Same as for subgroup II, except
 ischemia and perfusion were maintained for 4 h each
  Subgroup VI, n=6 Curcumin (abdominal incision with ischemia/perfusion and curcumin at 200 mg/kg). 
 As for subgroup III, except ischemia and perfusion were maintained for 4 h each
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Table III. Distribution of the data for the group 2 subgroups.

Variables Sham Control Curcumin P-value

Rat, kg 219.7±6.5 217.8±16.2 223.7±23.8 0.874
LO grade 1 (1-2) 4 (0-4) 4 (3-4)  0.038a

RO grade 1 (1-1) 1.5 (0-2) 2 (1-2) 0.254
NO, µmol/mg protein 19.2 (16.2-69.7) 49.7 (15.5-90.7) 42.1 (17.5-86.7) 0.765
NOS, IU/ml 3.4 (3.3-7.0) 4.5 (3.3-14.5) 10.3 (3.7-15.3) 0.163
XO, IU/ml 0.8±0.2 1.1±0.2 0.8±0.3 0.140
TAS, µmol Trolox equivalent/l 0.9 (0.7-0.9) 1.0 (0.9-1.1) 0.6 (0.5-0.8)  0.005a

TOS, µmol H2O2 equivalent/l 3.6 (1.5-4.3) 6.6 (3.9-8.2) 2.9 (1.5-5.0)  0.023a

Data are mean ± standard deviation or median (minimum-maximum). aStatistically significant. LO, left ovary; RO, right ovary; NO, nitric 
oxide; NOS, NO synthase; XO, xanthine oxidase; TAS, total antioxidant status; TOS, total oxidant status.

Table II. Distribution of the data for the group 1 subgroups.

Variables Sham Control Curcumin P-value

Rat, kg 198.7±18.6 192.0±29.9 199.2±15.4 0.848
LO grade 1 (1-2) 3 (2-4) 3.5 (2-4)  0.036a

RO grade 1 (1-2) 1 (1-1) 1.5 (1-2) 0.160
NO, µmol/mg protein 58.7 (9.8-80.7) 48.6 (9.8-95.0) 36.6 (22.0-84.7) 0.964
NOS, IU/ml 3.5 (3.3-6.6) 3.2 (2.4-9.9) 5.6 (2.8-9.8) 0.269
XO, IU/ml 0.9±0.1 0.8±0.1 0.8±0.3 0.754
TAS, µmol Trolox equivalent/l 0.7 (0.3-0.6) 0.7 (0.3-0.8) 0.7 (0.4-1.7) 0.441
TOS, µmol H2O2 equivalent/l 1.8 (1.8-2.8) 3.5 (1.5-6.3) 2.9 (2.0-4.7) 0.283

Data are mean ± standard deviation or median (minimum-maximum). aStatistically significant. LO, left ovary; RO, right ovary; NO, nitric 
oxide; NOS, NO synthase; XO, xanthine oxidase; TAS, total antioxidant status; TOS, total oxidant status.

Figure 1. Histological evaluation of the rat ovary samples. Sham 1 and 2 are no ischemia/reperfusion samples; normal ovarian tissue structure [hematoxylin 
and eosin (H&E, x100 magnification)]. Control 1 and 2 are ischemia/reperfusion only samples (2 and 4 h, respectively); ovarian sections containing severe 
edema, severe vascular congestion, severe haemorrhage and severe polymorphonuclear leukocyte (PMN) infiltration in ischemic rats (H&E, x100 magnifica-
tion). Curcumin 1 and 2 are ischemia/reperfusion (2 and 4 h, respectively) and curcumin-treated samples; ovarian sections containing severe edema, severe 
vascular congestion, mild haemorrhage and mild PMN infiltration in ischemic rats (H&E, x100 magnification).
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Left ovary histological grade was also significantly higher 
in the curcumin subgroup compared with the sham subgroup 
(P=0.024) and was not significantly different from the control 
subgroup (Table III). There were no significant differences 
between subgroups in terms of any right ovary indicators 
(Table III).

When the 2 groups were compared, no statistically 
significant differences were observed between the curcumin 
subgroups of group 1 (2 h ischemia/2 h reperfusion) versus 
group 2 (4 h ischemia/4 h reperfusion) in terms of NO, NOS, 
XO, TAS, TOS and histological grades (Table IV).

Discussion

A recent study indicated a protective effect of curcumin in a rat 
model of bilateral ovarian ischemia/reperfusion injury (17). 
In general, the results of the present study do not endorse 
these findings. The results showed that histological grading 
of ovarian tissue damage in a rat model of unilateral ovarian 
ischemia/reperfusion injury was not significantly different if 
curcumin was intraperitoneally administered in either a 2 h 
ischemia/2 h reperfusion or a 4 h ischemia/4 h reperfusion 
regimen. In fact, left ovary histological grade was significantly 
higher in the control ischemia/reperfusion subgroups (2 or 
4 h) and ischemia/reperfusion plus curcumin subgroups (2 or 
4 h) compared with the relevant sham subgroups, in which 
no ischemia/reperfusion was applied. In group 2 (4 h isch-
emia/4 h reperfusion), TAS values were significantly higher in 
the control ischemia/reperfusion subgroup compared with the 
sham and curcumin subgroups. However, there was certain 
agreement with the recently published study (17), which was 
observed when the TOS values were examined; for group 2, 
TOS values were significantly higher in the control subgroup 
compared with the sham and curcumin subgroups. The results 
indicate that although curcumin was effective in reduction of 
TOS in a 4 h ischemia/4 h reperfusion rat model, it had no 
impact on TAS status or on reduction of tissue damage as 
assessed by histological grading. There was also no evidence 
of an effect of curcumin on the NO, NOS or XO serum values.

There are various differences in the methodology of the 
present study compared to the study of Sak et al (17), which 
could have contributed to the differences in the results obtained. 

One major difference is that the present study describes a unilat-
eral model of ovarian torsion whereas the study by Sak et al (17) 
used a bilateral model. However, in humans the ovarian torsion is 
more commonly unilateral (2), making the present study a poten-
tially more representative rat model. Serum was also measured 
rather than the tissue levels of the mediators, which could have 
affected the findings. NO levels and activity of NOS and XO, 
as well as TOS, TAS and histological score were measured to 
provide a comprehensive suite of oxidative status indicators 
and markers of reperfusion injury. This was a wider group of 
indicators compared with Sak et al (17), in which only TOS, OSI 
and histological score were considered. Thus, the present study 
could be considered to give a more complete overview of the 
effects of curcumin in an ischemia/reperfusion injury model. 
Furthermore, 2 different time periods were examined, namely 
2 h ischemia/2 h reperfusion and 4 h ischemia/4 h reperfusion 
as opposed to 3 h ischemia/3 h reperfusion only (17), in order 
to show if curcumin was more effective at different time points. 
This revealed a curcumin-induced decrease in TOS levels in the 
4 h ischemia/4 h reperfusion group that was not observed in the 
2 h ischemia/2 h reperfusion group.

One potential limitation of the present study was the rela-
tively small number of animals in each subgroup. Furthermore, 
only one dose of curcumin, 200 mg/kg, was considered; 
different doses of curcumin may induce different effects.

A protective role for curcumin in the reduction of isch-
emia/reperfusion injury has been demonstrated for multiple 
other organs in rat models (14-16). For example, it has been shown 
that curcumin had a protective antioxidant effect against injury 
of epithelial cells of renal tubules, thus preventing progression 
of renal disease (14). However, the literature is not unanimous 
on the protective and antioxidant effects of curcumin in isch-
emia/reperfusion injury. For example, in another rat study it 
was reported that curcumin administration has no protective 
effect on acute renal injury (29). The findings of a rat study 
on mesenteric ischemia/reperfusion injury suggested that while 
curcumin treatment protected the intestine and other organs in 
terms of histopathological findings, it had no significant effect 
on TAC, OSI and TOS (21). That study suggested that curcumin 
protects multiple organs by mechanisms beyond antioxidant 
properties, for example through multiple pathways mediating 
inflammatory cytokines, transcription factors and other 

Table IV. Comparison of the group 1 and 2 parameters.

Variables 2 h curcumin 4 h curcumin P-value

Rat, kg 199.2±15.4 223.7±23.8 0.060
LO grade 3.5 (2-4) 4 (3-4) 0.310
RO grade 1.5 (1-2) 2 (1-2) 0.699
NO, µmol/mg protein 36.6 (22.0-84.7) 42.1 (17.5-86.7) 0.818
NOS, IU/ml 5.6 (2.8-9.8) 10.3 (3.7-15.3) 0.065
XO, IU/ml 0.8±0.3 0.8±0.3 0.735
TAS µmol Trolox equivalent/l 0.7 (0.4-1.7) 0.6 (0.5-0.8) 0.589
TOS, µmol H2O2 equivalent/l 2.9 (2.0-4.7) 2.9 (1.5-5.0) 0.818

Data are mean ± standard deviation or median (minimum-maximum). LO, left ovary; RO, right ovary; NO, nitric oxide; NOS, NO synthase; 
XO, xanthine oxidase; TAS, total antioxidant status; TOS, total oxidant status.



ESER et al:  PROTECTIVE EFFECT OF CURCUMIN ON OVARIAN ISCHEMIA-REPERFUSION INJURY812

enzymes (21). While the present study did not concur with the 
histological findings of Onder et al (21), it similarly indicated 
no significant protective effect in terms of NOS, XO, TAS and 
TOS values. In the present study, the TAS levels were found 
to be higher in the ischemia/reperfusion control subgroup of 
group 2 (4 h ischemia/4 h reperfusion) compared with the sham 
or curcumin subgroups. This suggests that curcumin did not 
enhance the TAS status in the ischemia-reperfusion ovaries. 
However, contrary to TAS status, TOS was reduced in the 
curcumin subgroup, suggesting that curcumin may have a more 
minor modulatory role on oxidative status.

Future studies should address other potential modulatory 
pathways that may be influenced by curcumin treatment, such 
as anti-inflammatory or anti-apoptotic mediator changes. 
For example, in a study on liver warm ischemia and reper-
fusion-induced combined restrictive and obstructive lung 
disease, a protective effect of curcumin was mediated via 
reduction in lung inflammation and matrix metalloprotease-9 
activity (30). Other rat studies have shown a protective effect 
of the agents with ROS-scavenging and anti-inflammatory 
capacity in ovarian reperfusion injury, for example, etori-
coxib (18) and hesperidin (19). Another flavonoid, quercetin, 
has been shown to have anti-apoptotic effects in a rat model of 
ovarian ischemia-reperfusion injury (20).

In conclusion, irrespective of previous studies, the present 
study does not suggest that curcumin has a significant protec-
tive role in terms of reperfusion injury in rat ovaries. However, 
the observation that curcumin was effective in the reduction of 
TOS levels in a 4 h ischemia/4 h reperfusion model suggests 
that it may have certain minor effects that could be worthy of 
further consideration. Further extended qualitative and quanti-
tative studies, involving greater numbers of animals, different 
dosages and timing of curcumin intervention, and measurement 
of mediators of other potentially relevant pathways, are required 
to further address the controversy of whether curcumin has any 
protective effect in ovarian ischemia/reperfusion injury.
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