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INTRODUCTION

ABSTRACT Present study aimed to investigate the effect of curcumin-pretreatment
on intestinal I/R injury and on intestinal mucosa barrier. Thirty Wistar rats were
randomly divided into: sham, I/R, and curcumin groups (n=10). Animals in curcumin
group were pretreated with curcumin by gastric gavage (200 mg/kg) for 2 days
before I/R. Small intestine tissues were prepared for Haematoxylin & Eosin (H&E)
staining. Serum diamine oxidase (DAO) and tumor necrosis factor (TNF)-¢. levels were
measured. Expression of intestinal TNF-o and tight junction protein (ZO-1) proteins
was detected by Western blot and/or immunohistochemistry. Serum DAO level and
serum and intestinal TNF-o. leves were significantly increased after I/R, and the values
were markedly reduced by curcumin pretreatment although still higher than that
of sham group (p<0.05 or p<0.001). H&E staining showed the significant injury to
intestinal mucosa following I/R, and curcumin pretreatment significantly improved
the histological structure of intestinal mucosa. I/R insult also induced significantly
down-regulated expression of ZO-1, and the effect was dramatically attenuated by
curcumin-pretreatment. Curcumin may protect the intestine from I/R injury through
restoration of the epithelial structure, promotion of the recovery of intestinal
permeability, as well as enhancement of ZO-1 protein expression, and this effect may
be partly attributed to the TNF-q, related pathway.

cellular polarity and homeostasis and regulating the permeability
of paracellular spaces in the epithelium [4]. The altered

Intestinal ischemia-reperfusion (I/R) is a potentially life-
threatening complication of the digestive organ transplantation
and other abdominal surgeries that delays the recovery of patient
and leads to multiple organ failure [1,2]. Intestinal I/R can cause
the histological evidence of mucosal injury and gut dysfunction
characterized by increased intestinal epithelial permeability and
impaired motility [3].

As the principal structures responsible for restricting the
paracellular movement of compounds across the intestinal
mucosa, tight junctions (TJs) compose of a cluster of cytoplasmic
proteins and function as occluding barriers by maintaining

distribution of T] proteins that associated with functional T]
deficiencies was demonstrated after intestinal I/R injury in an
animal model [5]. Zonula occludens protein-1 (ZO-1), a member
of the membrane-associated guanylate kinase family of proteins,
is the first characterized TJ protein that acts as a scaffold for
organization of transmembrane T] proteins and recruits various
signaling molecules to TJs [6]. The impaired intestinal barrier
function often results from the changes in T] protein expression,
therefore such a mechanism may also be assumed for I/R injury.
Recent study by Shen et al. indicated that I/R insult resulted in
the disruption of TJs and an increase in intestinal permeability,
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along with the downregulated expression of ZO-1 protein [7]. The
loss of ZO-1 and increased permeability may in turn precede the
development of significant intestinal inflammation [8].
Curcumin (diferuloylmethane, 1,7-Bis (4-hydroxy-3-
methoxyphenyl)-1,6 heptadiene- 3, 5-di-one, C21H2006),
commonly known as turmeric, is the yellow bioactive ingredient
derived from the powdered dry rhizomes of Curcuma longa Linn
(Family Zingiberaceae). It has been extensively evaluated as a
therapeutic molecule for a broad range of common ailments, such
as cancer, diabetes, cardiovascular disorders, and against various
infectious diseases [9-11]. A number of studies have reported
protective effects of this polyphenol in intestinal I/R injury [12-
14]. Although several molecular mechanisms have been proposed
for curcumin benefits against ischemic injury [15], the potential
mechanism is still unclear. None of the previous studies, to our
knowledge, have evaluated the effects of curcumin on intestinal
permeability and ZO-1 protein expression following I/R insult.
The present study was designed to investigate the protective effect
of curcumin on intestinal I/R injury, with an emphasis on the
mechanisms of intestinal permeability and ZO-1 expression.

METHODS
Animals

Male specific pathogen-free (SPF) Wistar rats, weighing
between 180 and 200 g, were purchased from people’s liberation
army military academy of medical sciences animal experiment
center, China. Thirty rats were randomly divided into 3 groups:
group I (sham group; n=10), rats underwent laparotomy; group
IT (I/R group; n=10), occlusion of the superior mesenteric artery
(SMA) for 45 minutes followed by 24 h of reperfusion; and
group III, (curcumin group; n=10), animals were pretreated with
curcumin (Sigma, St Louis, MO, USA) by gastric gavage (200
mg/kg) 2 days before I/R insult. All protocols were approved by
the Institutional Animal Care and Use Committee and were
in compliance with the Guidelines for the Care and Use of
Laboratory Animals.

Surgical procedure

After overnight fasting, all animals were anesthetized by
intraperitoneal injection of 5% chloral hydrate and subjected
to surgical procedures as described previously [12]. Briefly,
after abdomen opened through a midline incision under sterile
conditions, the superior mesenteric artery (SMA) was exposed
and occluded using a small atraumatic clamp. Subsequent to the
ischemic period of 45 min, the microvascular clamp was removed
and reperfusion started for 24 h. At the end of the experiments,
animals were sacrificed for hematologic and biochemical
analyses.
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Enzyme-linked immunosorbent assay (ELISA)

From each rat, portal venous blood was collected and analyzed
for serum diamine oxidase (DAO) and TNF-a levels using an
ELISA kit (R&D Systems, Minneapolis, MN), according to the
manufacturer's instructions.

Immunohistochemistry assay

Ileal tissue was obtained for determinations of tissue ZO-1
levels and for histopathologic examination. Ileal segment was
fixed in 10% formaldehyde for histopathologic examination,
and de-paraffinized sections (3 um in thickness) were stained
with hematoxylin and eosin (H&E) and examined using
light microscopy to confirm intestinal damage after I/R. The
degree of intestinal tissue injury was evaluated as described
previously [16]. The serial sections to those above were used for
immunohistochemistry, and rehydrated before immunostaining.
After blocking, the sections were incubated with rabbit anti-rat
Z0-1 antibody (Invitrogen, Eugene, OR, USA). Negative controls
were performed by exchange of primary antibody for PBS.

Western blot analysis

Western blot was further performed to determine the protein
expressions of ZO-1 and TNF-q, as previously described [8].
Protein extracts from ileums were analyzed by Western blot with
rabbit anti-rat ZO-1 antibody (Invitrogen, Eugene, OR, USA) and
anti-TNF-o antibody (Abcam, Cambridge, UK), respectively.
Equal loading was confirmed with an anti-B-actin antibody.

Statistical analysis

All data were expressed as meantstandard deviations (SD).
Comparisons between the groups were performed by one-way
analyses of variance (ANOVA) using SPSS version 17.0 (SPSS
Inc. Chicago, Illinois, USA). p<0.05 were considered statistically
significant.

RESULTS

Effect of curcumin pretreatment on intestinal
histopathology after intestinal I/R

H&E staining showed normal histomorphology of the small
intestine with no epithelial disruption in the sham operated rats
(Fig. 1A), and intestinal I/R insult resulted in significant injury
to intestinal mucosa. The typical histologic features occurred
in I/R group were characterized by massive destruction of the
villi, multiple erosions, inflammatory cell infiltration, necrosis
and hemorrhage of the intestinal wall (Fig. 1B). Curcumin
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Fig. 1. Effect of curcumin pretreatment on the intestinal I/R injury. Histopathological findings of H&E staining shows normal histopathology of
the sham group (A), Intestinal I/R insult results in the denuded villi and architectural disintegration (B), Curcumin pretreatment partly ameliorates this
I/R-induced damage to the intestinal tissue (C). I/R, ischemia reperfusion; H&E, Haematoxylin & Eosin.

Table 1. Curcumin pretreatment reduces serum DAO and TNF-q, level following intestinal I/R

Sham group I/R group Curcumin group
DAO (IU/ml) 2.13+0.79 9.45+1.03*** 4.56+0.65**
TNF-q. (pg/ml) 74.65+1.28 247.18+1.47%** 176.44%1.05%#+
Intestinal injury (score) 0 4 5

DAO, Diamine oxidase; TNF-¢, Tumor necrosis factor ¢; I/R, Ischemia reperfusion; ***p<0.001 vs the sham group, “**p<0.001 vs the I/R

group.

Sham I/R  Curcumin

TNF-Q | c— e o

B-actin | cmmmm c— —

Fig. 2. Effect of curcumin pretreatment on intestinal expression of
TNF-¢. protein after I/R as determined by Western blot assay. I/R,
ischemia reperfusion; TNF-a, Tumor Necrosis Factor-q.

pretreatment significantly improved the histological structure
of the intestinal mucosa (Fig. 1C). The scores of intestinal tissue
injury were 4 in I/R group and 1 in curcumin group (Table 1).

Effect of curcumin pretreatment on serum DAO level,
serum and intestinal TNF-q levels after intestinal I/R

The serum levels of DAO were significantly increased in I/
R and curcumin-pretreated I/R injury rats, when compared
with the Sham operated ones. These confirmed that I/R injury
increased intestinal permeability. Meanwhile, compared to I/
R group, pretreatment with curcumin significantly reduced the
serum DAO levels of I/R injury rats (Table 1; p<0.001).

Compared to the sham group, the serum TNF-q level
increased significantly in I/R injury group. Whereas, the serum
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level of TNF-q in curcumin group was markedly down-regulated
by curcumin administration, but the value remained higher
than that in the Sham group (Table 1; p<0.001). The consistent
results obtained by Western blot analysis showed the significantly
enhanced expression of intestinal TNF-g, following the I/R insult
(p<0.001, Fig. 2), this effect was partially reversed by curcumin
pretreatment (p<0.05), although the intestinal TNF-q level was
still significantly higher in curcumin group than in the shamp
group (p<0.001).

Effect of pretreatment with curcumin on ZO-1
expression after intestinal I/R

Immunohistochemistry analysis showed obvious changes
in the localization and expression of ZO-1 protein following
intestinal I/R on ischemic intestinal tissue. In general, loss of
continuity in the distribution and attenuation of ZO-1 expression
was found following I/R (Fig. 3). There was a significant decrease
in the mean optical density values of ZO-1 in I/R group when
compared with sham group (p<0.01). I/R induced attenuation
in immunoreactivity for ZO-1 was significantly reversed by
pretreatment I/R insulted rats with curcumin, although the value
was still significantly higher than that in the sham operated rats.

To confirm the effect of focal I/R on ZO-1, we detected the
protein expression levels of ZO-1 by Western blot. As shown
in Fig. 4, Western blot results were consistent with the findings
obtained by immunohistochemistry analysis. Accordingly, the
expressions of ZO-1 was significantly attenuated by I/R insult

Korean J Physiol Pharmacol 2016;20(2):147-152



150

Tian S et al

Fig. 3. Effect of curcumin pretreatment on intestinal expression of ZO-1 protein after I/R as determined by immunohistochemical assay.
Z0-1 expressions in intestinal tissues of the sham operated group (A), I/R injury group (B), and curcumin-pretreated I/R injury one (C). I/R, ischemia
reperfusion; ZO-1, Zonula occludens protein-1.

IIR Curcumin Sham

Fig. 4. Effect of curcumin pretreatment on intestinal expression
of ZO-1 protein after I/R as determined by Western blot assay. I/R,
ischemia reperfusion; ZO-1, Zonula occludens protein-1.

(p<0.01), and this effect was compromised to some extent by
curcumin administration (p<0.01).

DISCUSSION

Small intestine is composed of labile cells that make it
particularly sensitive to I/R insult, and I/R injury to the gut is a
common event in a variety of clinical conditions [17]. Intestinal I/
R can cause damage to epithelial cells, disrupt mucosal integrity
and small intestine function, followed by the increased mucosal
and vascular permeability, systemic inflammation, as well as
multiple organ dysfunction and even death [18]. No effective
treatment is available for intestinal I/R injury up to now. A
protective effect of curcumin against intestinal I/R injury has
been demonstrated by the mechanism related to its well-known
antioxidant and other protective properties [12-15]. However,
studies of the effect of curcumin pretreatment on the intestinal
barrier function are scarce. In the present study, the therapeutic
potential of curcumin was evaluated in an experimental rat
model of intestinal I/R injury. Our study indicated that intestinal
I/R resulted in the histopathological damage and increased
intestinal permeability in response to SMA occlusion. Down-
regulated tissue expression of ZO-1 protein observed further
supports the hypothesis that intestinal I/R resulted in intestinal
barrier dysfunction with pronounced TJs disruption. Our data
were consistent with these findings [7]. This study also revealed
that pretreatment with curcumin can effectively ameliorate the
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intestinal permeability and pathological damage associated with
I/R injury, demonstrating a protective effect against intestinal
damage resulted from intestinal I/R. This is the first report to
show that curcumin can prevent an intestinal barrier dysfunction
induced by I/R.

The intestinal epithelial barrier is an essential defense
mechanism against intestinal penetration of luminal bacteria
and antigens, and the integrity of the structure is generally
maintained by TJs [19]. Defective intestinal epithelial T] barrier is
generally characterized by an increase in intestinal permeability,
an important pathogenic factor contributing to the development
of intestinal inflammation [20]. The activity of mucosal enzyme
DAO is a sensitive marker of intestinal permeability, and serum
DAO level is also found to serve as a useful indicator of the
severity of mucosal injury [21]. Our study here showed the
significantly elevated serum level of DAO following intestinal
I/R insult, along with the severe intestinal mucosal damage,
corroborating with the results of previous studies [7,22].
Pretreatment with curcumin markedly attenuated serum DAO
level and improved morphological alterations to the intestinal
mucosa, indicating that curcumin can ameliorate intestinal
permeability or injury after I/R.

The TJ scaffolding protein ZO-1 has been well documented
to play an important role in maintenance of intestinal mucosal
barrier integrity, and disruption of the intestinal mucosa and
the consequent increase in permeability after I/R injury may be
due to reduced levels of ZO-1. Our immunohistochemical and
western blot results showed that ZO-1 expression in the intestinal
tissue significantly decreased after I/R injury. This finding is
consistent with that of previous studies showing that intestinal
I/R insult may result in the lower ZO-1 level that contributing
to TJ disruption and possibly increase gut permeability
[7]. On the other hand, pretreatment of I/R insult rats with
curcumin significantly reversed I/R induced downregulation
of ZO-1 protein. Intestinal reperfusion-induced tissue injury
led to a perturbation in the antioxidant defense mechanism
of the intestine [12]. The expression of ZO-1 was found to be
downregulated in response to proinflammatory cytokines and
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redistributed away from the TJ during the increased permeability
[8,23]. These inflammatory changes to the epithelial TJs have
been shown to be partially mediated by TNF-a [7,24]. As an
essential mediator of inflammation in the gut, TNF-q plays a
central role in the physiological regulation of intestinal barrier
function [25,26]. Intestinal epithelium integrity is regulated by
TNF-q concentration in the extracellular media [27]. Anti-TNF-q
therapy can dramatically reduce gut inflammation and largely
restore the intestinal barrier [28]. TNF-q is known to inhibit the
expression of ZO-1 [29]. Evidence has been recently provided
that TNF-o can induce an increase in T] permeability and ZO-1
protein down-regulation [30], and bone-marrow mesenchymal
stem cells may reduce rat intestinal I/R injury, ZO-1 down-
regulation and TJ disruption via a TNF-q regulated mechanism
[7]. The precise mechanisms involved in TNF-q, regulation of
Z0O-1 expression have not been well-established. Ma et al. have
indicated that TNF-q, may cause an increased intestinal epithelial
TJ permeability through activation of nuclear factor-kB (NF-xB),
resulting in the downregulated expression of ZO-1 protein and
altered junctional localization, and several possible scenarios have
been proposed to clarify the TNF-q-regulated NF-«B activation
and ZO-1 downregulation [30]. Research has indicated that
curcumin can inhibit the generation of TNF-q in I/R intestinal
tissue [12], and therefore we hypothesized that curcumin may
repair intestinal I/R injury by inhibiting the release of TNF-q..
In this study, serum TNF-q level was significantly higher in I/R
group as determined by ELISA analysis. Our data were consistent
with those of the previous studies, which indicated the markedly
elevated serum TNF-q level during the increasing time of I/
R injury [31,32]. Curcumin addition in group III significantly
reduced serum TNF-q level and increased the ZO-1 expression of
intestinal tissues when compared with group II I/R subjected rats,
along with the reduced histopathologic changes of I/R-induced
intestinal mucosal injury. However, one thing worth noting
was that unlike the results of our study and those of others,
serum level of TNF-q was found not significantly changed after
45 min SMA ligation followed by 24 h reperfusion, and oral
gavage of curcumin to I/R subjected rats for 20 days resulted in
no significant change in serum TNEF-q level [13]. The potential
reason for these conflicting results is still unclear, and this effect
can be partly explained by the animals used, the time and dose of
curcumin administrated. Additionally, the way curcumin given
and the details of surgical procedures may differently affect the
results obtained.

In summary, our study showed evidence suggested that I/R
insult by occlusion of the SMA resulted in a significant increase
in intestinal permeability, the upregulated serum level of TNF-q,
and the reduced expression of the TJ-associated protein, ZO-
1. The present study showed evidence suggested that curcumin
pretreatment may restore the epithelial structure, promote
the recovery of intestinal permeability, increase ZO-1 protein
expression, and protect against intestinal I/R injury partly
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through TNF-q related mechanism.
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