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Background: Previous studies have demonstrated that curcumin (CUR) has protective effects against
ischemia reperfusion injury to various organs. We aimed to determine whether CUR has favorable effects
on tissues and oxidative stress in abdominal aorta ischemia-reperfusion injury.
Materials and methods: Thirty rats were divided into three groups as sham, control and treatment (CUR)
group. Control and CUR groups underwent abdominal aorta ischemia for 60 min followed by a 120 min
period of reperfusion. In the CUR group, CUR was given 5 min before reperfusion at a dose of 200 mg/kg
via an intraperitoneal route. Total antioxidant capacity (TAC), total oxidative status (TOS), and oxidative
stress index (OSI) in blood serum were measured, and lung, renal and heart tissue histopathology were
evaluated with light microscopy.
Results: TOS and OSI activity in blood samples were statistically decreased in sham and CUR groups
compared to the control group (p < 0.001 for TOS and OSI). Renal, lung, heart injury scores of sham and
CUR groups were statistically decreased compared to control group (p < 0.001 for all comparisons).
Histopathological examination revealed less severe lesions in CUR group than in the control group.
Conclusion: CUR administered intraperitoneally was effective in reducing oxidative stress and histo-
pathologic injury in an acute abdominal aorta I/R rat model.

© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.

Keywords:
Abdominal aorta
Ischemia reperfusion
Curcumin

Oxidative status

1. Background

It has been accepted that multiple organ dysfunction is a major
cause of morbidity and mortality after abdominal aortic aneurysm
surgery [1]. Aortic cross-clamping during open abdominal aortic
surgery may cause ischemia—reperfusion (I/R) injury, leading to
translocation of bacteria and endotoxiemia, with the systemic
release of reactive oxygen species (ROS) and inflammatory cyto-
kines. This may result in end organ injury, including heart, renal,
and lung damage [2—4].
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Curcumin (CUR), undoubtedly one of the natural bioactive
molecules [5,6], is a polyphenolic compound that is mainly present
in the dried rhizomes of Curcuma longa L. (commonly known as
turmeric). It has been reported that CUR has several pharmaco-
logical properties, including antioxidant, anti-inflammatory [7],
antiviral [8], antimicrobial [9], antifungal [10] and anticancer [11]
activities. It has also been reported that CUR attenuated several
types of organ injury (lung, renal, hepatic, heart, ovary and intes-
tine) in different I/R models [12—17].

Techniques focusing on diminishing I/R injury via different
mechanism might affect morbidity and mortality in abdominal
aortic surgery and we think that CUR as a hopeful natural bioactive
molecule might play a protective role in several organ injuries
while in aortic I/R with its’ unique pharmacological properties. The
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aim of this study was to determine the efficacy of CUR in prevention
of injury to vital organs (lung, heart and renal) in an acute
abdominal aorta ischemia-reperfusion model in rats.

2. Materials and methods

A total of 30 three-month-old Wistar-Albino rats weighing
200—250 g were included in the study and divided into three
groups. All animals were maintained under standard conditions
and treated in compliance with National Institutes of Health
guidelines. They were housed on a 12-h dark/light cycle schedule
with lights on at 06.00 h. Rats were deprived of food, though not
water, for 12 h before surgery. Experiments were done in the
Harran University Experimental Research Center.

2.1. Ischemia reperfusion injury model

The rats were randomly assigned to three experimental groups:
sham, control (I/R; non-treated), and CUR groups (CUR-treated I/R).
Rats were anesthetized using ketamine hydrochloride 50 mg/kg i.p.
ketamine and additional 25 mg/kg i.p. was applied when needed in
all experiments. Total study time was equal for all groups. The
abdomen was explored through a midline incision after shaving
and disinfection. In the sham group only laparotomy was per-
formed. In the control group, I/R injury was induced by clamping
the aorta under both renal vascular pedicles for 60 min, followed by
2 h of reperfusion. In the CUR group, I/R injury was also induced by
clamping the aorta under both renal vascular pedicles for 60 min
and CUR was given 5 min before reperfusion at a dose of 200 mg/kg
via the intraperitoneal route [18], and again reperfusion was
established for 2 h. At the end of the procedures, the rats were
sacrificed after blood sampling and then renal, lung, and heart
tissues were obtained from all of the rats.

CUR was dissolved in 1% dimethyl sulfoxide for intraperitoneal
injection. CUR was purchased from Sigma Aldrich (Saint Louis, MO,
United States).

2.2. Histopathological evaluation

The renal, lung and heart of each animal were obtained for
histological evaluation. Samples of these organs were placed in
formalin and embedded in wax according to standard protocols.
They were subsequently sectioned at 5 um slice thickness and
stained with hematoxylin and eosin. Magnification of x20 was
used (Olympus BX51 TF, USA). Samples were then graded histo-
logically according to the severity of injury using a predetermined
scoring system [19]. The predetermined scoring system by Solez
et al. included tubular necrosis, interstitial edema, loss of brush
border, and cast formation [19](19), in which the score was 0 for
absent, 1 for mild to moderate, and 2 for marked renal involvement.
The histological parameters for lung evaluation were alveolar
congestion, intra-alveolar hemorrhage and interstitial-perivascular
infiltration of neutrophils, in which the score was 0 for absent, 1 for
mild focal, 2 for moderate focal and 3 for severe marked lung
involvement. Interstitial edema, inflammatory cell infiltration and
coagulation necrosis were assessed for heart examination, in which
the score was 0 for absent, 1 for mild focal, 2 for moderate focal and
3 for severe marked heart involvement. Histological analysis was
performed by a blinded expert.

2.3. Biochemical analyses
2.3.1. Measurement of the total antioxidant capacity

TAC of supernatant fractions was determined using a novel
automated measurement method developed by Erel [20]. Hydroxyl

radicals, the most potent biological radicals, are produced with this
method. In the assay, a ferrous ion solution present in Reagent 1 is
mixed with hydrogen peroxide, which is present in Reagent 2. The
subsequently produced radicals, such as brown-colored dia-
nisidinyl radical cations produced by the hydroxyl radicals, are also
potent radicals. Using this method, the antioxidative effect of the
sample was measured against the potent-free radical reactions
initiated by the hydroxyl radicals produced. The assay has excellent
precision values lower than 3%. The results were expressed as nmol
Trolox Equiv./mg protein.

2.3.2. Measurement of total oxidant status

TOS of supernatant fractions was determined using a novel
automated measurement method developed by Erel [21]. Oxidants
present in the sample oxidize the ferrous ion—o-dianisidine com-
plex to ferric ion. The oxidation reaction is enhanced by glycerol
molecules, which are abundant in the reaction medium. The ferric
ion makes a colored complex with xylenol orange in an acidic
medium. The color intensity, which can be measured spectropho-
tometrically, is related to the total amount of oxidant molecules
present in the sample. The assay was calibrated with hydrogen
peroxide, and the results were expressed in terms of nmol H,0;
Equiv/mg protein.

2.3.3. Oxidative stress index

The percent ratio of TOS level to TAC level was accepted as OSL
OSI values were calculated according to the following formula [21]:
OSI (arbitrary unit) = TOS (nmol H,0, Equiv/mg protein.)/TAC
(nmolTroloxEquiv/mg protein).

2.3.4. Statistical analysis

Statistical analyses were performed using SPSS 11.5 (SPSS for
Windows 11.5, Chicago, IL). Continuous data are expressed as
mean + SD whereas categorical variables are presented as number
(count) and percentage. Distribution of continuous variables was
assessed with one-sample Kolmogorov—Smirnov test and indicated
that all variables were abnormally distributed. Therefore,
nonparametric independent group comparisons were made: for
multiple comparisons, the Kruskal-Wallis test was used, and for
comparisons between groups, the Mann—Whitney test was used if
any statistical significance was found. A two-sided p value of <0.05
was considered statistically significant.

3. Results

All animals survived the experimental protocol. Sham, Control
and CUR group TAC, TOS and OSI concentrations are summarized in
Table 1. TAC activity in blood samples was significantly higher in the
sham group than in the CUR and control groups (p < 0.001) but
there were no statistically significant differences between the CUR
group and control group for TAC activity (p > 0.05). TOS and OSI
activity in blood samples were statistically decreased in sham and
CUR groups compared to the control group (p < 0.001 for TOS and
OSI) (Fig. 1).

Histopathologic injury scores of renal, lung and heart tissues are
also summarized in Table 2. Renal, lung, heart injury scores of sham
and CUR groups were statistically decreased compared to control
group (p < 0.001 for all comparisons). Upon histopathological
evaluation, renal, lung and heart tissues were found to be normal
with no pathological changes in the sham group. Histopathological
examination of the tissues in the control group revealed neutrophil
and leukocyte infiltration with alveolar congestion in the lung.
Histopathological examination of the tissues in the control group
revealed severe lesions, such as tubular damage characterized by
cast formation, the loss of brush border and interstitial edema in
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Table 1
Oxidative and antioxidative parameters in Sham, Control and Curcumin rats.

Sham (n = 10) Control (n = 10) Curcumin (n = 10) P Kruskal—Wallis
TAC (nmol Trolox Eqv./mg protein) 1.29 + 0.16* 0.45 + 0.13 0.48 + 0.14 p < 0.001
TOS (nmol H,0, Eqv./mg protein) 263 +24 431+ 79" 298 +3.2 p < 0.001
OSI (arbitrary units) 2 +044 8.35 + 1.23* 546 +£ 1.3 p < 0.001
p < 0.05 was considered as statistically significant.
*: p < 0.001 compared to control and Curcumin groups.
+: p < 0.001 compared to sham and Curcumin groups.
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Fig. 1. Serum TAC, TOS and OSI levels of Sham, Control and CUR Groups.

the renal. Histopathological examination of the tissues in the con-
trol group revealed interstitial edema in the heart. In rats receiving
CUR intraperitoneally, these lesions were less severe than in the
control group in lung, renal and heart tissues. Lung and renal tis-
sues of sham, control and CUR groups are shown in Figs. 2—4.

4. Discussion

In our experimental study, we hypothesized that abdominal
aorta ischemia for 60 min followed by reperfusion for 2 h would
cause renal and lung pathology which would —possibly- be pre-
vented with CUR and we have shown that (i) abdominal aorta
ischemia for 60 min followed by reperfusion for 2 h caused sig-
nificant pathology in lung, renal and heart, (ii) TOS and OSI levels
were statistically decreased in sham and CUR groups compared to
the control group (iii) histopathological injury scores (in lung, renal
and heart) were statistically decreased in the sham and CUR groups.

Abdominal aortic surgery may cause ischemia reperfusion due
to clamping of the aorta and might cause mortality and morbidity.
One of the main reasons could be the systemic inflammatory
response and multiple organ dysfunctions occurring during the
reperfusion phase. Reperfusion of the acutely ischemic aorta
against long odds may lead to systemic complications, morbidity
and mortality [17]. In previous studies, reperfusion of the acutely
ischemic aorta was shown to increase reactive oxygen species (ROS)

Table 2
Histopathological evaluation in Sham, Control and Curcumin rats.

Sham Control Curcumin P Kruskal-Wallis
(n=10) (n=10) (n=10)
Renal pathology 1.6 + 1.15 3.9 + 0.65" 2+156 p<0.001
score
Lung pathology 1.8+ 115 41+£051" 27+125 p<0.001
score
Heart pathology 04 +0.52 1.1 +045" 0.5+044 p<0.001

score

p < 0.05 was considered as statistically significant.
+: p < 0.001 compared to sham and Curcumin groups.

and proinflammatory molecules, and the subsequent inflammatory
response is thought to be one of the most essential underlying
mechanisms of damage [22], especially in lungs and vital organs
such as renal and heart [23,24].

The polyphenol, curcumin, is the active component of turmeric,
a common Indian spice, derived from the rhizome of the C. longa
plant [25]. Clinical studies with curcumin (500 mg) have shown a
decrease of lipid peroxides and total serum cholesterol, and an
increase in serum HDL levels. It has also been reported to reduce
LDL and to increase HDL levels in acute coronary syndrome [26,27].
Several studies focused on the antioxidant effects of curcumin
against lipid peroxidation showed that curcumin considerably
inhibited formation of thiobarbituric acid reactive substances in the
liver tissues of diabetic rats [28]. Curcumin was also found to
attenuate lipid peroxidation in cisplatin-treated rats [29], and in
another study it was reported to be an effective inducer of detox-
ifying enzymes in toxicity induced by chemical carcinogens [30]. In
our study, significant oxidative stress in the control group
compared to sham and CUR groups also emphasized that the
antioxidant properties of CUR might be the probable protective
mechanism in lung, renal and heart tissues in an acute abdominal
aorta ischemia-reperfusion model in rats.

Several studies demonstrated the protective effects of curcumin
in the lung by different mechanisms. The protective effect in
restrictive lung disease is reported to be associated with decreased
hydroxyl radicals, lipid peroxidation, and inflammation in the lungs
[13]. In intestinal I/R injury models, CUR was shown to reduce both
intestinal and lung injury in rats [16,31,32]. In contrast, some
studies did not report positive results [17].

The renal protective effects of CUR have also been evaluated in
several studies focusing on preservation of antioxidant enzymes
and prevention of oxidative stress, as well as inhibition of mito-
chondrial dysfunction and attenuation of inflammatory response
[33—35]. A limited number of studies showed that CUR pretreat-
ment enhanced cardiac contractility and prevented myocardial
injury with inhibition of lipid peroxidation and augmentation of
endogenous antioxidants, and was found to improve myocardial
metabolism [12,36—38]. Similar to the mentioned studies, the
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Fig. 2. A-Renal tissue samples of the sham group and there were no pathological changes. B-Renal tissues samples of control group and tubular damage characterized by cast
formation, the loss of brush border and interstitial edema were observed. C-Renal tissue sample of CUR group and there were less severe lesions than in the control group.

Fig. 3. A-Lung tissue samples of the sham group and there were no pathological changes. B-Lung tissues samples of control group and neutrophil and leukocyte infiltration with
alveolar congestion were observed. C-Lung tissue sample of CUR group and there were less severe lesions than in the control group.

Fig. 4. A-Heart tissue samples of the sham group and there were no pathological changes. B-Heart tissues samples of control group and interstitial edema were observed. C-Heart

tissue sample of CUR group and there were less severe lesions than in the control group.

current data showed the protective effects of CUR in lung, renal and
heart and antioxidant properties of CUR might be the main pro-
tective mechanism.

Several limitations of this study should be considered. One of
the potential limitations is the absence of oral administration of
CUR versus an intraperitoneal route. Another limitation is the
absence of biochemical analysis of different lung, renal and heart
biochemical parameters. Further studies focusing on IR injury of
other end organs such as intestine, brain and medulla spinalis
injury are needed.

In conclusion, CUR administered intraperitoneally was effective
in reducing oxidative stress and histopathological injury of lung,
renal and heart in an acute abdominal aorta I/R rat model. Oxidative
stress indices and tissue injuries might be modified with CUR

treatment in different clinical settings though further large scale
studies are needed to verify/exclude the possible favorable effects
of CUR in clinical settings.
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