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Abstract: Objective: To investigate the anti-inflammatory and antioxidant effect of curcumin on lung lesion induced
by intestinal ischemia reperfusion injury (lIR). Methods: Rats were divided into four groups: sham, intestinal lIR (lIR),
1 mg/kg of curcumin treatment group (1 mg/kg), and 5 mg/kg of curcumin treatment group (5 mg/kg). Curcumin
was given respectively (1 mg/kg and 5 mg/kg) following the above doses. IR was produced by 1 h of intestinal isch-
emia followed by 2 h of reperfusion. Rats were sacrificed at the end of reperfusion and lung tissues were collected
for biochemical and histopathological examination in 4 groups. Lung tissues histology and bronchoalveolar lavage
fluid (BALF) protein were assayed. Serum IL-6, lung superoxide dismutase (SOD) and myeloperoxidase (MPO) were
measured. The expression level of NF-kB and ICAM-1 (including immunohistochemical analysis and western blot
analysis) were also measured. Results: Lung tissue injury induced by IR was obviously observed through pathology
and BALF protein. MPO activity, IL-6 level and ICAM-1 expression were significantly increased with the elevation of
NF-kB, simultaneously, SOD activity was decreased. With Treatment of curcumin, pathology and BALF protein of lung
tissue were improved clearly. Inflammatory indexes (MPO activity, IL.-6 level and ICAM-1) were improved and anti-
oxidant index (SOD activity) was enhanced paralleled with NF-kB. Conclusion: Using curcumin effectively prevented
IIR-induced lung injury. Anti-inflammatory and antioxidant effects of curcumin could be observed by inhibiting the
pathway of NF-kB.
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Introduction above were released into circulation so that
multiple organ failure including acute lung injury
Intestinal ischemia reperfusion (IIR) often is a (ALI) and acute respiratory distress syndrome
fatal clinical problem, which could occur in the (ARDS) happens [1]. Our previous study has
setting of various clinical situations, including demonstrated NF-kB pathway involved in the
necrotizing enterocolitis, midgut volvulus, intus- pathogenesis of lung injury induced by IIR and
susception, mesenteric ischemia, hemorrhag- Many anti-oxidants has been proved to elimi-
ic, abdominal aortic aneurysm, small bowel nate lung lesion from IIR such as carnosol, lac-
transplantation and septic shock [1, 2]. tacystin and PDTC [5-7].
IR could lead to severe intestine damage, and Curcumin is a dietary antioxidant derived from
could induce subsequent destruction of remote turmeric and the antiinflammatory, antimicrobi-
organs including liver, lung, and kidney as well al, antiviral, antifungal, antioxidant, chemosen-
[3]. In the process of IIR, intestine barrier dys- sitizing, radiosensitizing effects and wound
function and bacterial translocation, resulting healing activities have been proved [2, 8, 9].
in inflammatory cytokine release, reactive oxy-
gen species (ROS) overproduction, and even There have been three articles reporting the

apoptosis [4]. Numerous mediators such as the protective function of curcumin on acute lung
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lesion induced by IIR [2, 8, 10]. However, none
of them illuminates role of inhibiting the path-
way of NF-kB about curcmin. In the present
study, we have further illuminated mechanism
of curcumin in IIR.

Materials and methods
Animals and surgical procedure

Male Wistar rats (from the Animal Center of
Dalian Medical University, Dalian, China) weigh-
ing 200-240 g were selected for this study. All
procedures were carried out according to the
Institutional Animal Care and Use Committee
guidelines and approved by the Institutional
Ethics Committee. Twenty six male rats were
housed at a constant temperature (22+2°C)
and with 12 hour (h) light and dark cycles. All
animals were housed in cages with food and
water libitum. All rats were randomly divided
into four groups: sham, Intestine ischemia
reperfusion (lIR), 1 mg/kg of curcumin treat-
ment groups (1 mg/kg), and 5 mg/kg of cur-
cumin treatment groups (1 mg/kg) (n=6 in each
group).

Model of rats IIR was established according to
the standardized methods [11].

(1) Sham group, with surgical preparation and
superior mesenteric artery (SMA) without oc-
clusion.

(2) IR group: 1 h intestinal ischemia and 2 h
reperfusion.

(3) 1 mg/kg group: 1 h intestinal ischemia and
2 h reperfusion with 1 mg/kg of curcumin
treatment.

(4) 5 mg/kg group: 1 h intestinal ischemia and
2 h reperfusion with 5 mg/kg of curcumin
treatment.

The 1 mg/kg and 5 mg/kg group’s rats under-
went surgery with let femoral vein administra-
tion of curcumin (Shanghai Usea Biotech Com-
pany, China) after occlusion for 50 min. The
dosages of curcumin were based on previous
study [3]. The sham group and IIR group ani-
mals were followed the same procedure with an
equal volume of normal saline solution. All rats
were sacrificed after 2 h of reperfusion. Blood
samples and lung tissues were obtained for
respectively analysis.

3452

Lung histology

The right middle lobe of the lung was harvested
and was fixed in 40 g/L formaldehyde. After 4
um sections had been embedded in paraffin,
they were stained with hematoxylin and eosin
for light microscopy. Pathological injury score
was evaluated blindly according to Mikawa’s
method [12].

Pathological scores (lung damage) were evalu-
ated by (a) alveolar congestion; (b) hemorrhage;
(c) neutrophilic infiltration and (d) thickness of
the alveolar wall and hyaline membrane forma-
tion. Each item was graded on a 5-point scale
(0, minimal damage; 1, mild damage; 2, moder-
ate damage; 3, severe damage; 4, maximal da-
mage) [13].

Bronchia alveolus lung fluid (BALF) assay

BALF was gathered according to the process of
Cox [14]. After being centrifuged at 1000 rpm/
min for 10 min, the protein from the tissues
was measured using assay kit (Nanjing Jincheng
Corp., China) following the manufacturer’s in-
structions and expressed as g/L.

Serum IL-6 assay

The serum level of IL-6 was determined using
commercially available enzyme-linked immuno-
sorbent assay (ELISA) kits (BOSTER Bio-Engi-
neering Limited Company, Wuhan, China).

Lung SOD and MPO assay

The right base lobe of lung tissues was harvest-
ed and immediately homogenized on ice-sur-
face in 5 volumes of normal saline. The homog-
enates were centrifuged at 1200 rpm/min for
10 min. The superoxide dismutase (SOD) and
myeloperoxidase (MPO) content in the superna-
tants were respectively measured using (SOD)
and MPO assay kit (Nanjing Jincheng Corp.,
China).

Lung ICAM-1 and NF-kB immunohistochemical
analysis

Lung tissues were stained by streptavidin/per-
oxidase immunohistochemistry technique for
intercellular adhesion molecule-1 (ICAM-1) and
after formalin-fixed and paraffin-embedded.
The immunohistochemical tests were per-
formed following the manufacturer’s instruc-
tions. 4-micrometer sections were treated with
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0.3% H,0, in methanol to block endogenous
peroxide activity and then incubated with the
polyclonal rabbit anti-rat ICAM-1 antibody (Wu-
han Boster Biological Technology Co., Ltd,
Wuhan, China, both 1:500 dilution). Then Bio-
tinylated anti-rabbit immunoglobulin was added
as a secondary antibody. The horseradish per-
oxidase labeled streptomycin avidin complex
was used to detect the second antibody. Ulti-
mately, color development was carried out by 3,
3’-diaminobenzidine and hematoxylin was used
for counter staining. The brown or dark brown
stained cells were considered as positive. The
index was evaluated semi-quantitatively accor-
ding to former experiments [6].

NF-kB immunohistochemical was followed the
similar procedure and the difference was poly-
clonal rabbit anti-rat NF-kB antibody (Wuhan
Boster Biological Technology Co., Ltd, Wuhan,
China, both 1:500 dilution).

Western blot analysis of NF-kB

Nuclear protein was extraction from frozen lung
tissues using a protein extraction kit reagent
(Beyotime, Shanghai, China) and each 15 pg
aliquot of them was separated by 10% SDS-
PAGE gel electrophoresis. The protein extract-
ed from lung was electroblotted onto NC mem-
branes (Millipore, Bedford, MA, USA) at 9 V for
30 min.

The transferred membranes were then incubat-
ed overnight at 4°C with rabbit polyclonal anti-
body NF-kB (Santa Cruz Biotechnology, CA,
USA) and Histone H3.1 (Santa Cruz Bio-
technology) against rat in TBS-T (10 mmol/L
Tris-HC1, pH 7.5, 150 mmol/L NaC1, 0.1%
Tween-20) containing 5% skim milk powder.
After washing three times in TBS-T, the mem-
branes were incubated for 1 h at 37°C with an
anti-rabbit 1gG conjugated with horseradish
peroxidase. The results were visualized using
the DAB assay kit (ZSGB-biology Company, Bei-
jing, China) and documented with a gel imaging
system (UVP Bioimaging System). The signals
were quantitated with the Gel-Pro Analyzer
Version 4.0 (Media Cybernetics, Rockville, MD,
USA).

Statistical analysis

All data were expressed as mean = SD. The
data was processed by the statistical analysis
software SPSS version 16.0 (SPSS Inc. Chicago,
IL, USA). One-way analysis of variance (ANOVA)
was used to examine significant differences
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between the groups. Statistical analysis for
every measurement is described within the fig-
ures and table legends. P < 0.05 was consid-
ered statistically significant.

Results

Histopathologic damages of lung were im-
proved by curcumin

The lung architectural structure was normal in
sham group. The tissues of lung were observed
obvious damage with hemorrhage, edema and
inflammatory cell infiltration in IIR group. Sta-
tistical analysis was performed by one way
analysis of variance and all pairwise multiple
comparisons were via L-S-D method. There was
a significant difference between IIR and sham
group in pathological score (P < 0.01) and BALF
content (P < 0.01).

After the administration of curcumin (1 mg/kg,
5 mg/kg), the pathological score of lung injury
markedly improved P < 0.01, P < 0.01. There
was no difference between group 1 mg/kg and
group 5 mg/kg (Figure 1).

BALF content of lung were decreased by cur-
cumin

With the treatment of curcumin, BALF content
was signally improved compared to IR group P
< 0.01, P < 0.01. There was no difference be-
tween group 1 mg/kg and group 5 mg/kg
(Figure 2). Statistical analysis was performed
by one way analysis of variance and all pairwise
multiple comparisons were via L-S-D method.

SOD level was restored by curcumin

SOD Level is an index meaning antioxidant
effect. Compared with Sham group, SOD level
in IR group reduced signally (P < 0.01). In 1
mg/kg group, Compared with IIR group, SOD
level were increased significantly (P < 0.01). In
5 mg/kg group, Compared with IIR group, SOD
level were increased significantly (P < 0.05)
(Figure 3). There was no obvious difference
between group 1 mg/kg and group 5 mg/kg.
Statistical analysis was performed by one way
analysis of variance and all pairwise multiple
comparisons were via L-S-D method.

MPO level of lung was decreased by curcumin

MPO content shows the ability of neutrophil
recruitment. Compared with Sham group, MPO
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Figure 2. Lung BALF content in Sham group, IIR Figure 3. SOD level in Sham group, IIR group, 1 mg/
group, 1 mg/kg group and 5 mg/kg group. Com- kg group and 5 mg/kg group. Compared with Sham,
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Figure 4. MPO level in Sham group, IIR group, 1 mg/
kg group and 5 mg/kg group. Compared with Sham,
*P < 0.01; Compared with the IIR group, #P < 0.01.
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Figure 5. IL-6 Level in Sham group, IIR group, 1 mg/
kg group and 5 mg/kg group. Compared with Sham,
*P < 0.01; Compared with the IIR group, #P < 0.01.
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level in IR group increased signally (P < 0.01). In 1
mg/kg group, Compared with IIR group, MPO level
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Figure 6. Expression of NF-kB p65 in lung tissue of
Sham group, IIR group, 1 mg/kg group and 5 mg/kg
group. Compared with Sham, *P < 0.01; Compared
with the IIR group, #P < 0.01.

were decreased significantly (P < 0.01). In 5
mg/kg group, Compared with IIR group, MPO
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level were decreased significantly (P < 0.05)
(Figure 4). There was no obvious difference
between group 1 mg/kg and group 5 mg/kg.
Statistical analysis was performed by one way
analysis of variance and all pairwise multiple
comparisons were via L-S-D method.

Curcumin decreased serum il-6 level in lung
after I/R

In the present study, the IL-6 cytokine increased
significantly after IIR compared with the sham
group (P < 0.01). IL-6 levels dramatically
reduced in 1 mg/kg group and 5 mg/kg group
(P <0.01, P<0.01; Figure 5). Statistical analy-
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Figure 7. Expression of ICAM-1 in lung tissue of Sham
group, IR group, 1 mg/kg group and 5 mg/kg group.
Compared with Sham, *P < 0.01; Compared with the
IIR group, #P < 0.01.

sis was performed by one way analysis of vari-
ance and all pairwise multiple comparisons
were via L-S-D method.

Expression of NF-kB p65 in lung tissue was
decreased by curcumin

In Sham group, no staining in the nuclei; in lIR
group (P < 0.01), positive expressions; in 1 mg/
kg group (P < 0.01) and 5 mg/kg group (P <
0.01), the positive rates decreased obviously
compared to IIR group (Figure 6). Statistical
analysis was performed by one way analysis of
variance and all pairwise multiple comparisons
were via L-S-D method.
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matory cytokines [1, 15]. Those
endogenous substances, such as
free oxygen radicals, platelet acti-
vating factor and bacterial endo-

toxins have been released to gas-
trointestinal and other tissue for
example lung injury [16].

Our previous studies have demon-

strated NF-kB pathway involved in
the lung lesion induced by IIR and
several antioxidants could im-
prove the damage [5-7]. NF-kB is
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Figure 8. Lung NF-kB protein signals in lung tissue of Sham group, IIR
group, 1 mg/kg group and 5 mg/kg group. Compared with Sham, *P <

0.01; Compared with the IIR group, #P < 0.01.

Expression of ICAM-1 in lung tissue was de-
creased by curcumin

In Sham group, no staining in the cytoplasm; in
IIR group (P < 0.01), positive expressions; in 1
mg/kg group (P < 0.01) and 5 mg/kg group (P <
0.01), the positive rates decreased obviously
compared to IIR group (Figure 7). Statistical
analysis was performed by one way analysis of
variance and all pairwise multiple comparisons
were via L-S-D method.

Western blot signal of NF-kB in lung tissue was
weakened by curcumin

Western blot showed weak NF-kB p65 protein
positive signal in the lung of sham group. In
contrast, significant increase of NF-kB p65
expression was found in IIR group (P < 0.01).
Compared to IIR group, in 1 mg/kg group (P <
0.01) and 5 mg/kg group (P < 0.01), the signals
weakened obviously respectively (Figure 8).
Statistical analysis was performed by one way
analysis of variance and all pairwise multiple
comparisons were via L-S-D method.

Discussion

Intestine ischemia reperfusion (I/R) is a fre-
quent event in clinic process, inducing distant
organ dysfunction especially acute pulmonary
tissues injure which is the most important com-
ponent of the MODS. The injury of intestinal
mucosa induced by IIR could lead to recruit-
ment of neutrophils and release of proinflam-
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a rapid response nuclei transcrip-
tion factor and two subunits of 50
and 65 ku were included in NF-kB.
NF-kB is located in the cytoplasm
and is combined to the inhibitory
unit inhibitory kB (IkB). When kB
is activated (phosphorylated) by
its kinase |IkB kinase (IKK), NF-kB could translo-
cate into nucleus to adjust gene transcription,
including regulating|L-6 and ICAM-1 [17].

Curcumin is a yellow colored polyphenolic com-
pound derived from Curcuma longa and its
chemical formula is 1, 7-bis (4-hydroxy-3-me-
thoxyphenyl)-1, 6-hepta-diene-3, 5-Dione. In
South and Southeast of Asia, it is used widely.
More and more research proves that curcumin
could be used to treat cancer, cardiovascular
disease, and inflammatory conditions [18].

There have been three articles reporting of the
effects of curcumin on acute lunginjury induced
by intestinal ischaemia reperfusion, however,
none of them illustrates the mechanism during
the process. NF-kB pathway have been demon-
strated by our previous experiments and in the
present article, we look forward to the anti-
inflammatory and antioxidant effects of cur-
cumin through suppression NF-kB pathway in
lung lesion from IIR. The experiment demon-
strates that curcumin: I). improved lung histol-
ogy changes, Il). Lessened BALF content, Ill).
Reduced lung MPO but increased SOD levels,
and IV). These changes were parallel to the
increased levels of lung NF-kB p65, which
adjusted the expression of ICAM-1, serum IL-6
[1, 5, 6].

In the research, the model was established by
clipped SAM for 1 h and then released SAM for
2 h. Intestinal injury happened and this result-
ed in intestine epithelial barrier dysfunction.
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Bacteria and endotoxin were subsequently
release into circulation, which resulted in acti-
vation of proinflammatory cytokines and leuko-
cytes recruitment [2]. Distant organs were
affected through the proinflammatory cyto-
kines and leukocytes recruitment especially
lung tissues. Activated neutrophils generate
MPO and MPO could catalytically produce
hypochlorous acid and chloride anions. MPO
activity is parallel with neutrophil activation
and MPO level is a marker of neutrophil recruit-
ment and damage to lung tissues, which reflect
the degree of lung lesion [8, 19]. Therefore,
lung tissues injury was observed through histol-
ogy, BALF content and MPO. Antioxidant enzy-
mes for example SOD were consumed and
depleted by ROS during lIR [8, 20], so SOD level
was measured to evaluate lung tissue from
antioxidant aspect [5]. IL-6 is also an important
proinflammatory mediator estimating lung inju-
ry because neutrophil lung recruitment/ infiltra-
tion are correlated with IL-6 expression in IIR
[24].

Previous studies showed that ICAM-1 expres-
sion could be regulated through NF-kB pathway
[6, 7]. In the present experiment, ICAM-1 ex-
pression was measured to assess NF-kB
activity.

In our study, In IIR group, lung tissue were
severe damaged in histology and BALF content
was increased signally because of neutrophil
recruitment/infiltration, which also induced
rise of MPO level and decline of SOD. NF-kB
was activated and NF-kB level was evaluated
through Western blot. Compared with sham
group, NF-kB protein increased memorably. IL-6
and ICAM-1 were regulated by NF-kB, so these
indexes were also examined and significances
could be easily observed. After treatment with
curcumin at doses of 1 and 5 mg/kg, morpho-
logical injury and neutrophil infiltration in the
lung tissue were improved observably; BALF
content was decreased significantly; MPO level
of Lung was decreased markedly and SOD level
of Lung increased significantly. The level of IL-6,
and ICAM-1 changed paralleling with NF-kB.
These results showed that neutrophil recruit-
ment/infiltration were lessened and antioxi-
dant ability was promoted by treatment of cur-
cumin through restraining NF-kB pathway. How-
ever, a dose-dependent manner was not found
between low and high doses.

In conclusion, the present study demonstrated
that curcumin treatment against IIR could
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attenuate lung lesion in rats and curcumin play
an antiinflammatory and antioxidant role by
inhibiting NF-kB pathway. MicroRNAs (miRNASs)
have emerged as key posttranscriptional regu-
lators of gene expression in the past decade,
and they have been shown to be involved in a
number of diverse physiological and pathologi-
cal processes. In the future experiment, we will
focus on the relation between NF-kB and mi-
RNAs.
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