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Background/aims: Mesenteric ischemia | reperfusion injury induces a systemic response and releases harmful substances that may
affect distant organs such as the lung, liver and kidney. We designed this study to determine if curcumin has protective effects aga-
inst mesenteric ischemia/reperfusion injury and mesenteric ischemia/reperfusion-induced intestinal and distant organ injury.
Methods: Forty Wistar-Albino rats were divided into four groups as: sham, control, ischemia [ reperfusion, and ischemia /reperfu-
ston+curcumin. The ischemia / reperfusion and ischemia /reperfusion+curcumin groups were subjected to mesenteric arterial ische-
mia for 30 minutes and reperfusion for 1 hour. The control and ischemia /reperfusion+curcumin groups were administered curcu-
min (200 mg/ kg, single dose) via oral gavage 15 min before the injury insult. Blood and pulmonary, hepatic and kidney tissue spe-
cimens were obtained to measure serum malondialdehyde and total antioxidant capacity, tissue levels of total antioxidant capacity,
total oxidative status, and oxidative stress index. In addition, intestine, pulmonary, hepatic, and kidney tissue specimens were 0b-
tained for the evaluation of histopathological changes. Results: The histopathological injury scores of the intestine and distant or-
gans were significantly higher in the ischemia [ reperfusion group; these injuries were prevented by curcumin in the ischemia /reper-
fusion+curcumin group. In the ischemia /reperfusion group, a significant increase in serum malondialdehyde levels was determi-
ned, which was prevented with curcumin pretreatment in the ischemia / reperfusion+curcumin group. Total antioxidant capacity le-
vels were significantly supported by curcumin pretreatment in the control and ischemia /reperfusion+curcumin groups. Conclusi-
ons: This study demonstrated that curcumin ameliorates histopathological damage in the intestine and distant organs against me-
senteric ischemia [ reperfusion injury.
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Mezenterik iskemi/reperfiizyon hasarinda incebarsak ve
uzak organlar iizerine curcuminin koruyucu etkileri

Amag: Mezenter iskemi [ reperfiizyon hasari; sistemik yanitt uyarir ve akciger, karaciger ve bobrek gibi uzak organlart da etkileyen
zararli maddelerin agiga gtkmasina neden olur. Bu ¢alismada curcuminin mezenter iskemi/reperfiizyon hasart ve iligkili intestinal
ve uzak organ hasari iizerine koruwyucu etkilerinin aragtirilmast amaglanmigtir. Metod: Kirk adet Wistar-Albino rat dort gruba ay-
rildi: sham, kontrol, iskemi [ reperfiizyon ve iskemi/reperfiizyon + curcumin. Iskemi/reperfiizyon ve iskemi/reperfiizyon + curcumin
gruplarinda 30 dakika mezenter arter iskemisi ve takiben 1 saat reperfiizyon wygulandi. Kontrol ve iskemi/reperfiizyon + curcumin
gruplarina hasar olusturulmadan 15 dakika énce oral gavaj yoluyla curcumin (200 mg/ kg, tek doz) verildi. Serum malondialdehid
ve total antioksidan kapasitenin degerlendirilesi icin kan, doku total oksidatif kapasite, total antioksidan kapasite ve oksidatif stress
indeksinin degerlendirilmesi icin akciger, karaciger ve bobrek, histopatolojik degisikliklerin degerlendirilmesi icin incebarsak, akci-
ger, karaciger ve bobrek doku érnekleri alindi. Bulgular: Incebarsak ve uzak organlarin histopatolojik hasar skorlart iskemi [ reper-
fiizyon grubunda anlamli olarak daha yiiksekti; bu hasarin olusmast iskemi/reperfiizyon + curcumin grubunda curcumin tarafin-
dan engellendi. Iskemi /reperfiizyon grubunda serum malondialdehid seviyeleri anlamli olarak daha yiiksek saptanirken, curcumin
tedavisi iskemi/reperfiizyon + curcumin grubunda bu artisi énlendi. Kontrol ve iskemi/reperfiizyon + curcumin grubunda total an-
tioksidan kapasite curcumin tedavisiyle anlamli olarak desteklendi. Sonuc¢: Bu ¢alismada, mezenter iskemi/reperfiizyon hasarina
bagli incebarsak ve uzak organ hasarlarinda curcuminin histopatolojik degisiklikler iizerine olumlu etkileri goriildii.

Anahtar kelimeler: Mezenterik iskemi/reperflizyon hasari, curcumin, total antioksidan kapasite, total oksidatif kapasite, malon-
dialdehid
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INTRODUCTION

Acute mesenteric ischemia is a life-threatening
clinical complication that may occur during extra-
vascular events like intussusception, volvulus,
strangulated hernia, and adhesive obstruction (1).

The restoration of blood supply to organs after an
ischemic period that results in parenchymal da-
mage is defined as ischemia/reperfusion (I/R) in-
jury. The critical ischemic period is dependent on
the organ, and is about 15-20 minutes (min) in the
liver and kidney (2). Reperfusion of the superior
mesenteric artery (SMA) causes activation of reac-
tive oxygen species (ROS) and reactive nitrogen
species (RNS), and a large amount of nitric oxide,
proinflammatory and inflammatory cytokines and
transcription factors are activated after mesente-
ric I/R injury and circulate via both the venous
and lymphatic system, inducing remote organ in-
jury (3,4) including the lungs, kidneys and liver
(4,5). ROS formation results in injury via various
biomolecules found in tissues, including membra-
ne lipids, nucleic acids, enzymes, and receptors.
ROS can easily attach membrane-associated pol-
yunsaturated fatty acids in a process that results
in the peroxidation (3).

Curcumin (CR (1,7-bis(4-hydroxy-3-methoxy-
phenyl)-1,6-heptadiene-3, 5 dione)), a yellow-oran-
ge dye extracted from the Indian spice tumeric,
has been reported to possess pleiotropic effects as
antioxidant, and anticarcinogenic, antibacterial,
antifungal, antiviral, antiinflammatory, antiproli-
ferative, and pro-apoptotic effects (6). CR adminis-
tration ameliorated I/R injury in the rat intestine,
liver, kidney, and nervous tissue (7,8).

In this study, we aimed to investigate whether CR
has antioxidant effects against the intestine and re-
mote organ injury induced by mesenteric I/R injury.

MATERIALS AND METHODS

All experimental procedures were performed ac-
cording to the guidelines for the ethical treatment
of experimental animals and approved by Dicle
University School of Medicine, Animal Care and
Use Local Ethics Committee.

Forty female Wistar-Albino rats (200-250 g) were
housed in an air-conditioned room with 12 hour
(h) light and dark cycles, with constant tempera-
ture (22+2°C). The rats were housed in cages, and
allowed free access to standard rat chow and wa-
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ter before the experiments. The animals were fas-
ted overnight before the experiments but they had
free access to water. Rats were anesthetized with
50 mg/kg ketamine hydrochloride (Ketalar®, Par-
ke Davis, Eczacibasi, Istanbul, Turkey) and 10 mg
kg xylazine (Rompun®, Bayer AG, Leverkusen,
Germany), given intramuscularly before the surgi-
cal procedures.

The curcuminoid mixture purchased from Sigma
(C77217, St. Louis, MO) was dissolved in DMSO (1
mg/ml) in brown glass vials for storage at 4°C.

Animals were divided into four groups (n=10) ran-
domly. Sham group (S): laparotomy, Control (C):
laparotomy and administration of 200 mg/kg CR,
I/R: 30 min of ischemia and 60 min reperfusion pe-
riod, I/R+CR: 30 min of ischemia and 60 min re-
perfusion period and administration of 200 mg/kg
CR (9).

After the abdomen was shaved and disinfected, a
midline incision was performed and rats under-
went either sham surgery or I/R. Ischemia was in-
duced by clamping the SMA and collateral vessels
by an atraumatic vascular clamp at its origin for
30 min. Mesenteric ischemia was confirmed by the
loss of mesenteric pulsations and blanching of the
intestine. The ischemic intestines of the I/R and
I/R+CR groups were reperfused 30 min later by re-
moving the clamp for 60 min. Reperfusion was
confirmed by the restoration of pulsation and color
prior to closing the incision. The C and I/R+CR
groups were given 200 mg/kg CR (tmax: 45 min)
orally 15 min before the experiment. Animals we-
re sacrificed by taking blood from the heart at the
end of the experiment. Blood and tissue samples
from the intestine, liver, lung, and kidney were ob-
tained. Serum and tissue samples for biochemical
analyses were stored at -80°C; tissue samples for
histopathological examinations were stored in
10% formaldehyde solution until examination.

Blood samples were centrifuged at 3000 rpm for
10 min to obtain serum. Serum samples were used
for determination of malondialdehyde (MDA) and
total antioxidant capacity (TAC) levels. Tissues
were weighed and cut into small pieces. Tissues
were homogenized in 10 volumes of ice-cold phosp-
hate buffer solution (50 mM/L, pH 7.0) using a ho-
mogenizer (Ultra-Turrax T8 dispersing homogeni-
zer, Staufen, Germany). The homogenate was cen-
trifuged at 15,000 rpm for 10 min at 4°C to obtain



supernatant. Supernatant samples were used for
the determination of total oxidative status (TOS)
and TAC levels.

Malondialdehyde (MDA) levels were estimated by
the double heating method of Draper and Hadley
(10). The principle of the method is spectrophoto-
metric measurement of the color generated by the
reaction of thiobarbituric acid with MDA. For this
purpose, 2.5 ml of trichloroacetic acid solution
(10%) was added to 0.5 ml serum in each centrifu-
ge tube, and the tubes were placed in a boiling wa-
ter bath for 15 min. After cooling in tap water, the
tubes were centrifuged at 1000 g for 10 min, and 2
ml of the supernatant was added to 1 ml of thi-
obarbituric acid solution (6.7 g/L) in a test tube,
and the tube was placed in a boiling water bath for
15 min. The solution was then cooled in tap water
and its absorbance was measured using a spec-
trophotometer (Shimadzu UV-1208, Japan) at 532
nm. The concentration of MDA was calculated by
the absorbance coefficient of the MDA—thiobarbi-
turic acid complex (absorbance coefficient of
1.56x105 cm™® M1). Serum MDA levels were ex-
pressed as umol/L.

Measurement of Total Oxidative Status

Total oxidative status (TOS) was determined
using a novel automated measurement method,
developed by Erel (11). Oxidants present in the
sample oxidized the ferrous ion-o-dianisidine
complex to ferric ion. The oxidation reaction is en-
hanced by glycerol molecules, which are abun-
dantly present 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 spectrophotometrically, is rela-
ted to the total amount of oxidant molecules of the
sample. The assay is calibrated with hydrogen pe-
roxide and the results are expressed in terms of
nmol H,0, Equiv./mg protein.

Measurement of the Total Antioxidant Capacity

Total antioxidant capacity (TAC) of the samples
was determined using a novel automated measu-
rement method developed by Erel (12). In the as-
say, ferrous ion solution, which is present in Rea-
gent 1, is mixed with hydrogen peroxide, which is
present in Reagent 2. The sequential produced ra-
dicals such as brown-colored dianisidinyl radical
cation, produced by the hydroxyl radical, are also
potent radicals. Antioxidant activity of the sample
against the potent-free radical reactions, which is
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initiated by the produced hydroxyl radical, was
measured. The results are expressed as nmol Tro-
lox Equiv./mg protein.

Oxidative stress index (OSI) is an indicator para-
meter of oxidative stress and its formulation is as
follows: OSI = (TOS (nmol H,0, Equiv./mg) / TAC
(nmol Trolox Equiv./mg)) (13).

Tissue specimens were fixed in 10% formalin for
48 h, then embedded in paraffin and cut into 5 pm
sections. Slides were stained with hematoxylin-eo-
sin and examined under a light microscope. A pat-
hologist evaluated the slides in a blinded manner.

Intestinal injury was classified into a five-tiered
scale as follows: grade 0 = no diagnostic change;
grade 1 = subepithelial layer lifting from the lami-
na propria, usually at the apex of the villus; grade
2 = moderate epithelial cell layer lifting from the
lamina propria; grade 3 = loss of a few villi with
massive epithelial lifting from the lamina propria
with a few denuded villi; and grade 4 = disintegra-
tion of the lamina propria with ulceration and he-
morrhage (14).

Hepatic injury was evaluated for severity of hepa-
tic injury using an ordinal scale as follows: grade
0 = minimal or no evidence of injury; grade 1 =
mild injury with cytoplasmic vacuolation and focal
nuclear pyknosis; grade 2 = moderate to severe in-
jury with enlarged nuclear pyknosis, cytoplasmic
hypereosinophilia and loss of intercellular bor-
ders; grade 3 = severe necrosis with disintegration
of hepatic cords, hemorrhage and neutrophil infil-
tration (4).

Renal injury was graded as follows: grade 0 = no
diagnostic change; grade 1 = tubular cell swelling,
brush border loss and nuclear condensation, with
up to 1/3 of tubular profile showing nuclear loss;
grade 2 is as grade 1, but greater than 1/3 and less
than 2/3 of tubular profile showing nuclear loss;
and grade 3 = greater than 2/3 of tubular profile
showing nuclear loss (15).

Lung injury was evaluated using an ordinal scale
as follows: grade 0 = no change; grade 1 = mild ne-
utrophil leukocyte infiltration and mild to modera-
te interstitial congestion; grade 2 = moderate ne-
utrophil leukocyte infiltration, perivascular ede-
ma formation and disintegration of the structure;
and grade 3 = dense neutrophil leukocyte infiltra-
tion and destruction of pulmonary structure (16).
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Statistical Analysis

The Statistical Package for the Social Sciences for
Windows 11.5 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. All values were given
as mean + standard deviation. Kruskal-Wallis test
was used for variance analyses. Mann-Whitney U
test with Bonferroni correction was used for dual
comparisons between groups. For the correlation
analyses, Spearman test was used. Statistical sig-
nificance was accepted as p<0.05.

RESULTS

All animals survived throughout the experimental
procedures. The histological grading of intestinal,
pulmonary, hepatic, and renal injury is summari-
zed in Table 1. Histopathological scores of intesti-
ne (p<0.001), kidney (p<0.001), liver (p<0.001),
and lung (p<0.001) were significantly higher in
the I/R group than the S group, suggesting I/R in-
jury. The injury scores of the tissues were lower in
the I/R+CR group than the I/R group, but differen-
ces were not statistically significant except in the
lung tissues (p<0.001) (Figure 1).

Serum levels of biochemical parameters are shown
in Table 2. Serum MDA and TAC levels were sig-

nificantly changed among groups (Figure 2). MDA
content, as an index of lipid peroxidation, was sig-
nificantly increased after reperfusion in the I/R
group (p=0.006) and I/R+CR group (p<0.003) com-
pared to the S group. Pretreatment with CR signi-
ficantly prevented the increase in MDA content in
the I/R+CR group compared to the I/R group
(p=0.005). TAC levels were significantly higher in
the C group versus the S group (p=0.017) and also
higher in the I/R+CR group versus the I/R group.

The TAC levels were significantly increased in the
I/R groups compared to the S groups of liver
(p<0.001) and lung (p<0.001) tissues, but CR pret-
reatment did not affect these increases. The TOS
levels and OSI values, the oxidative stress para-
meters of tissues, increased after I/R injury and
decreased with CR pretreatment, but differences
were not statistically significant in kidney, liver
and lung tissues.

Table 3 shows the significant correlations between
intestine-histopathological score and the other
histopathological and biochemical results. Intesti-
nal I/R injury scores were significantly correlated
with serum TAC and MDA levels. They were also
positively correlated with histopathological scores
of the kidney, liver and lung.

Table 1. Histopathologic evaluation of intestine, kidney, liver and lung for each group

GROUPS
S C /R I/R+CR
(n=10) (n=10) (n=10) (n=10)
INTESTINE - HP 0.61+0.66 0.23+0.42 4.50+0.47* 4.16+1.00"
KIDNEY - HP 0.23+0.42 0+0 1.11+0.57 ® 0.89+0.74 "
LIVER - HP 0.61+0.66 0.34+0.47 2.39+0.66 * 1.78+0.63"
LUNG - HP 0.78+0.63 0.11+0.31 1.78+0.42 * 0.66+0.47 ©

Data are given as mean+SD. HP: Histopathological score. S: Sham. C: Control. I/R: Ischemia/Reperfusion. CR: Curcumin. *Significantly different
from S group (p<0.01), "Significantly different from S group (p<0.05), “Significantly different from I/R group (p<0.001).

o >

Figure 1. Lung, Sham group (A) Mild PNL infiltration and moderate interstitial congestion in the lung tissue;

goup )

Interstitial inflammation, perivascular edema and hemorrhage with disintegration of the parenchymal lung architecture; I/R + CR (C)
Mild to moderate PNL infiltration and interstitial congestion in the lung tissue (H&E stain, x200).
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Table 2. The biochemical results of serum, kidney, liver and lung tissue

S C IR IR+CR
(Mean = SD) (Mean = SD) (Mean = SD) (Mean = SD)
TAC (serum) (umol Trolox Equiv./L) 2.14+0.32 2.54+0.32 * 2.90+0.54" 2.95+0.41¢
MDA (serum) (uM/L) 0.47+0.14 0.44+0.10 0.78+0.22° 0.57+0.05*"
KIDNEY-TAC (nmol Trolox Equiv./mg) 2.20+0.90 2.25+0.11 ° 2.29+0.19 2.31+0.11°
KIDNEY-TOS (nmol H202 Equiv./mg) 119.32+14.37 108.49+10.72 149.38+30.56° 134.76+17.92
KIDNEY - OSI 54.30+5.99 48.52+6.36 * 64.85+9.40¢ 58.20+6.80
LIVER-TAC (nmol Trolox Equiv./mg) 3.46+0.22 3.88+0.18 4.02+0.27" 4.06+0.17°
LIVER-TOS (nmol H202 Equiv./mg) 78.06+10.45 71.07+10.85 81.62+11.83" 73.10+10.87
LIVER - OSI 22.76+4.21 18.31+2.69 * 20.34+3.11 18.00+2.64*
LUNG-TAC (nmol Trolox Equiv./mg) 3.77+0.17 3.95+0.24 ° 4.11+0.13 4.10+0.14¢
LUNG-TOS (nmol H202 Equiv./mg) 148.75+18.74 121.73+31.19 * 151.10+25.71 127.57+30.84
LUNG - OSI 39.44+4.86 30.52+7.20 ° 36.78+6.60 31.15+7.48°

Data are given as mean+SD. TAC: Total antioxidant capacity. MDA: Malondialdehyde. TOS: Total oxidative status. OSI: Oxidative stress index.
S: Sham. C: Control. I/R: Ischemia/Reperfusion. CR: Curcumin. “Significantly different from S group (p<0.05), *Significantly different from S gro-
up (p<0.01), “Significantly different from S group (p<0.05), ‘Significantly different from S group (p<0.01), “Significantly different from S group

(p<0.05), ‘Significantly different from I/R group (p=0.005).

DISCUSSION

Curcumin (CR) ameliorated the histopathological
findings of intestine and remote organ tissues, es-
pecially significantly in pulmonary tissue, in this
experimental mesenteric I/R injury model; howe-
ver, there was no significant effect on TAC, TOS
levels and OSI values of kidney, liver and lung tis-
sues.

Mesenteric I/R is considered to be a triggering
event in the development of local and distant or-
gan dysfunction. Many studies have demonstrated
that the major component of the adverse effects in
I/R injury is not initiated by hypoxia, but rather by
the return of the oxygenated blood to ischemic tis-
sue (17). Several endogenous substances, inclu-
ding free oxygen radicals, platelet activating fac-
tor, arachidonic acid metabolites, and bacterial
endotoxins have been implicated in the pathoge-
nesis of gastrointestinal and other tissue reperfu-
sion injuries (18). The amount of ROS produced is
under the control exerted by antioxidant defense
mechanisms (19). An increase in MDA levels, as a
marker of lipid peroxidation, was observed after
60 min reperfusion in rats with the SMA occluded
for 60 or 45 min (5,20). In this study, MDA levels
of serum increased after 60 min reperfusion in
rats with the SMA occluded for 30 min, supporting
the oxidative stress. Also, CR pretreatment en-
hanced TAC of serum in the C and I/R+CR groups.

The lung appears to be one of the primary organs
susceptible to systemic inflammatory responses.
Mesenteric I/R injury has been reported to induce
acute lung injury characterized by increased neut-

EBTAC
O MDA

2,5 1

2

L5 A

14

0,5

0
S C IR IR+CR

Figure 2. Serum TAC and MDA levels of groups.

Table 3. Significant correlations among intestinal-
histopathological (HP) score and the other histopat-
hological and biochemical results

Intestine-HP

TAC (serum) (umol Trolox Equiv./L) 0.533
MDA (serum) (uM/L) 0.600
KIDNEY-TOS (nmol H202 Equiv./mg) 0.613
KIDNEY-OSI 0.580
KIDNEY-HP 0.475
LIVER-TAC (nmol Trolox Equiv./mg) 0.445
LIVER-HP 0.787
LUNG-TAC (nmol Trolox Equiv./mg) 0.424
LUNG-HP 0.462

Data are presented as correlation coefficients (r).

TAC: Total antioxidant capacity. MDA: Malondialdehyde. TOS:
Total oxidative status. OSI: Oxidative stress index.
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rophil and cytokine activation and also accumula-
tion of inflammatory infiltrates, alveolar capillary
endothelial cell injury, increased microvascular
permeability, and pulmonary edema (21). In this
study, supporting the previous studies, histopat-
hological scores of lung tissues showed correlation
with intestinal injury. Although TAC levels were
increased significantly in the I/R group, pretreat-
ment with CR ameliorated especially histopatho-
logical findings of lung tissue significantly.

Intestinal injury score mostly correlated with liver
injury score, with r=787 (p<0.001), and TOS and
TAC levels and OSI values of liver tissues were in-
creased after I/R injury. Total occlusion of the
SMA may cause intestinal ischemia, stagnation
and damage to the intestinal barriers, leading to
release of endotoxin into the portal vein and an in-
creased level of endotoxin in liver tissues, which
could also result in hepatic injury (3,22). Intestine-
and/or liver-derived mediators, such as ROS, in-
terleukin (IL)-6 and tumor necrosis factor-a, have
been suggested as participants in the I/R-induced,
leukocyte-mediated liver responses (23).

Renal injuries induced by mesenteric I/R injury
have also been reported (24), but the kidney was
the less-affected organ in this study and had the
lowest score of histopathological damage.

Previous studies have shown that CR could in-
crease antioxidant enzyme expression and activity
in tissue, inhibit neutrophil infiltration, and pro-
tect cell function under different stress conditions
(25). Further, CR has been reported to be an effec-
tive scavenger for ROS and RNS in vitro. These ef-
fects are mediated through the regulation of vario-
us transcription factors, growth factors, inflamma-
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