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Abstract

Objective: To examine the effect of silymarin (SM), a mixture
of flavonoids and polyphenols extracted from Silybum mari-
anum, on mesenteric ischemia-reperfusion (I-R) injury in a rat
model. Materials and Methods: Fifty rats were randomly di-
vided into 5 groups (n = 10). Group 1 was sham operated,
while groups 2-5 were subjected to mesenteric I-R lasting
1 h. Group 2 received isotonic sodium chloride, group 3 re-
ceived SM (100 mg/kg/day) for 7 days before I-R, group 4
received SM for 7 days after I-R, and group 5 received SM for
7 days both before and after I-R. The rats were sacrificed by
exsanguination in groups 1-3 at the 24th hour and groups 4
and 5 were sacrificed on the 7th day of reperfusion. Blood
and intestinal specimens were taken for biochemical and
pathological evaluations. Results: Serum superoxide dis-
mutase (SOD) and heat shock protein 70 levels were signifi-
cantly higherin group 2 (5.24+ 1.76 U/l and 261.4 + 16.8 ng/
ml) compared to the sham group (2.08 + 1.76 U/land 189.9 +
28.7 ng/ml) (p < 0.001 and p < 0.0001, respectively). How-
ever, SOD activity and the extent and severity of the histo-
pathological lesions were significantly less in groups 3 [3.11
+ 1.18 U/I, 1.0 (range 0.0-2.0)], 4 [2.15 + 0.87 U/I, 1.0 (range
1.0-3.0)], and 5[1.80 £ 0.61 U/I, 0.5 (range 0.0-2.0)], treated

with SM, than in group 2 [5.24 + 1.76 U/I, 2.0 (range 2.0-3.0)]
(p=0.002,p<0.001,and p=0.0001; p <0.001, p=0.007,and
p =0.0001, respectively). Also, TNF-a levels were lower in the
SM-supplemented groups compared to group 2. Serum
thiobarbituric acid-reactive substance concentrations were
low in the pre-/posttreatment groups treated with SM com-
pared to group 2. No statistical difference was observed for
protein carbonyls between the groups. Conclusion: Our
findings suggest that SM therapy may attenuate the oxida-
tive and intestinal damage induced by I-R injuries.

© 2013 S. Karger AG, Basel

Introduction

Acute mesenteric vascular occlusion associated with
ischemia-reperfusion (I-R), which can damage intestinal
tissue if not treated at the earliest clinical course, can be a
life-threatening surgical emergency [1]. Approximately 1
out of 1,000 patients admitted to emergency services is
associated with acute mesenteric ischemia (AMI) [2]. De-
spite developments in diagnosis, treatment, and surgical
methods in recent years, AMI continues to have a very
high mortality rate that varies from 32 to 69% [2, 3]. The
most common underlying pathophysiological mecha-
nisms of I-R injury are superior mesenteric artery (SMA)
embolism, superior artery thrombosis complicated by
chronic atherosclerosis and nonocclusive mesenteric
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ischemia [3], abdominal aortic aneurysm surgery, cardio-
pulmonary bypass, strangulated hernias, neonatal necro-
tizing enterocolitis, intestinal transplantation, and hem-
orrhagic-hypovolemic shocks [4, 5].

Blockage of the blood supply results in ischemic injury
that causes very quick deterioration of tissue metabolism
and damages highly vascularized tissues. Though reestab-
lishment of blood flow to the ischemic tissue is essential to
prevent irreversible tissue injury, reperfusion may increase
tissue injury in addition to ischemic injury. Also, AMI fol-
lowed by reperfusion induces severe injury of the intestinal
mucosa or cells due to hypoperfusion, accompanied by
various pathological, molecular, and biochemical changes
that sometimes cause morbidity/mortality of the patient,
particularly with late or incorrect interventions [4-6].
While ischemic tissue injury is mainly due to oxygen de-
privation and energy depletion in relation to cell death,
reperfusion also produces a wide array of inflammatory
responses that both heighten oxidant stress/local damage
and may lead to systemic inflammation or injuries [7, 8].

Silymarin (SM), a mixture of flavonoids and polyphe-
nols extracted from Silybum marianum (milk thistle),
possesses a variety of pharmacological activities includ-
ing antioxidant and anti-inflammatory/immunomodula-
tory, hepatoprotective, neuroprotective, renal-protective
(against I-R injury), gastroprotective, antibacterial, anti-
viral, antithrombotic, and vasodilatory properties [9-13].
While information is not available about its effect on mes-
enteric injury induced by I-R, SM has been shown to have
an anti-ischemic effect on focal ischemia/reperfusion due
to its better antioxidant profile [14]. Hence, the aim of
this study was to evaluate whether SM can prevent or di-
minish the mesenteric damage induced by I-R in a rat
model using biochemical and pathological findings.

Materials and Methods

This study was approved by the Ethics Committee for Animal
Welfare Regulation and was carried out in the Experimental Re-
search Center of Ondokuz Mayis University (Samsun, Turkey). A
total of 50 Sprague-Dawley male rats (250-300 g) were allowed to
acclimate to the local environment for 1 week before use. The rats
were maintained under standard conditions of controlled temper-
ature and humidity. The animals were fed standard rat chow and
water ad libitum and given only water for 12 h before surgery.

Experimental Groups and Design

The animals were fasted overnight and divided into 5 groups
(n = 10), and they were anesthetized with an intramuscular injec-
tion of 80 mg/kg ketamine HCI (Ketalar®; Pfizer, Istanbul, Turkey)
and 3 mg/kg xylazine HCI (Rompun®; Bayer, Istanbul, Turkey).
Using sterile techniques, a midline laparotomy was performed.

SM and Mesenteric Injury

The intestine was dissected and the SMA was isolated in group 1
(sham operated). The SMA was not clamped, and the abdomen
was closed in 2 layers with a 2.0 polypropylene suture, followed by
a 24-hour reperfusion period. In groups 2-5, after the abdominal
midline laparotomy, the SMA was isolated and ischemia was in-
duced by occlusion using a nontraumatic microvascular clamp for
1 h. In group 2, the clamp was carefully removed after 1 h, followed
by a 24-hour reperfusion period using isotonic saline; in group 3,
SM (Dr. Quick’s Milk Thistle Standardized capsule, 100 mg/kg/
day, dissolved in saline) solution was given intragastrically via a
feeding tube for 7 days prior to I-R; in group 4, the rats received
SM for 7 days after I-R while in group 5 the animals were treated
with SM for 7 days before and after I-R. All animals received an
intramuscular injection of cefuroxime (20 mg/kg/day) after the
initial surgical procedures. The body temperature of the rats was
maintained close to 37.5°C with a heat lamp throughout the ex-
periment. At the end of the experimental study periods, the rats
were anesthetized using ketamine and xylazine; then, blood was
drawn from the heart using an injector and collected in microcen-
trifuge tubes. Serum was separated using a centrifugal device at
3,000 g for biochemical analyses. The abdomen was reopened for
collection of the intestinal specimens (6-8 cm long from the ter-
minal ileum). The intestinal samples were washed with cold saline
and fixed in 10% neutral formaldehyde solution. All rats were sac-
rificed by exsanguination.

Biochemical Assays

Circulating heat shock protein (Hsp)-70, superoxide dismutase
(SOD) activity, and TNF-a levels were measured in a clinical chem-
istry laboratory using ELISA kits (EKS-715, Stressgen; E0596r,
EIAab Science Co., and ER3TNFA, Thermo Scientific, respective-
ly). Markers of oxidative stress in this study included protein car-
bonyls (PC; a marker of protein oxidation) and thiobarbituric acid-
reactive substance (TBARS; a marker of lipid peroxidation). Serum
lipid peroxidation was estimated spectrophotometrically using the
TBARS method with slight modifications and expressed as micro-
moles per liter [15]. Measurements of PC in the serum samples
were made according to the method of Evans et al. [16] with slight
modifications. Carbonyl values were calculated as follows: carbon-
yl concentration (nmol/mg of protein) = carbonyl groups (nmol/
ml)/protein concentrations (mg/ml). All chemicals used for the as-
says were of analytical grade and purchased from Sigma-Aldrich
Co. LLC (USA).

Histopathological Examinations

The terminal ileum tissues were embedded in paraffin wax, cut
into 4- to 5-um sections, and stained with hematoxylin and eosin
(H&E). The histological sections were evaluated with an Olympus
BX51 optical microscope (Olympus Optical Co., Osaka, Japan) by
a pathologist blinded to the experimental procedures, and photo-
graphed. The intestinal lesions were graded according to 5 levels
of I-R injury using the scoring system adapted by Quaedackers et
al. [17] as follows: grade 0 = normal villus and mucosa; grade 1 =
development of a subepithelial space at the villus tip and villous
edema and congestion; grade 2 = development of a subepithelial
space at the villus tip, hemorrhage and disintegration at the end
portion of the villi; grade 3 =loss and disintegration at the end por-
tion of the villi; grade 4 = villi completely separated from the lam-
ina propria; grade 5 = necrosis on the whole wall and disintegra-
tion at the lamina propria.
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Table 1. Changes in serum biochemical parameters in the sham group, group 2, and groups 3-5 treated with SM

with regard to mesenteric I-R

Groups Parameters

(n =10) Hsp-70, ng/ml TNF-a, ng/ml SOD, U/l TBARS, umol/l PC, nmol/mg protein
Sham 189.9+28.7 0.649+0.05 2.08+1.76 0.3406+0.05 244.6+68.8

I-R 261.4+16.8 0.673%0.09 5.24+1.76 0.3485+0.03 257.9+66.7
SM+I-R 244.5+26.4 0.625+0.01 3.11+1.18 0.3380+0.03 262.7+29.8
I-R+SM 280.5+28.4 0.665+0.02 2.15+0.87 0.3380+0.02 245.3+46.1

SM before/after I-R 268.6+27.9 0.651+0.01 1.80+0.61 0.3327+0.02 253.6+36.5

Statistical Analysis

Statistical analyses were performed using SPSS version 15.0
software for Windows (SPSS Inc., Chicago, IIl., USA). Data were
tested for the normality assumption analyzed by one-way analysis
of variance, and pairwise comparisons were made using the Tukey
multiple comparisons test. To evaluate the severity of the histo-
pathological lesions, the Kruskal-Wallis analysis of variance was
used to determine the statistical significance of differences in the
groups. Then, the Mann-Whitney U test with Bonferroni’s correc-
tion was used for comparisons between groups. p < 0.05 was con-
sidered statistically significant.

Results

Biochemical Results

The serum Hsp-70, TNF-a, SOD, TBARS and PC lev-
els of all groups are given in table 1. The markers of oxi-
dative stress (TBARS and PC) were higher in group 2 af-
ter I-R than in sham-operated rats; however, no signifi-
cant difference (p > 0.05) was observed for either
parameter between the SM-supplemented groups. Hsp-
70 levels were higher in response to I-R injury in rats
treated with or without SM compared to the sham group,
and the difference was statistically significant (p <0.0001).
However, its value was significantly lower in rats given
SM for 7 days prior to I-R (244.5 + 26.4 ng/ml) compared
to I-R group 2 (261.4 £ 16.8 ng/ml) (p = 0.002). In con-
trast, the level of Hsp-70 was higher in rats that received
SM for 7 days after I-R compared to I-R group 2 (p <
0.001). The TNF-a level in mesenteric I-R injury was low-
er in rats treated with SM prior to I-R (0.625 + 0.01 ng/
ml) compared to I-R group 2 (0.673 £ 0.09 ng/ml) (p =
0.014). Also, its level was elevated in I-R group 2 com-
pared to the sham group; however, a significant statistical
difference was not found compared to the other groups.
The SOD activity associated with oxidant stress was sig-
nificantly higher in mesenteric I-R group 2 (5.24 + 1.76
U/1) compared to the sham group (2.08 + 1.76 U/]) (p <
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0.001). This elevation was significantly reduced by the SM
therapy in rats treated with SM after I-R injury (group 3)
compared to I-R group 2 (p =0.002). A lower level of SOD
activity was observed in rats treated with SM before/after
I-R (groups 4 and 5) compared to group 2.

Histopathological Findings

Intestinal specimens from rats after 1 h of ischemia
and 24 h of reperfusion exhibited significantly greater
damage in the I-R group compared to the sham group as
shown in figures 1 and 2 (p < 0.001). However, the extent
of the mesenteric histopathological lesions was signifi-
cantly lower in rats treated with SM in groups 3-5 than in
rats in the I-R group (p < 0.001, p = 0.007, and p = 0.0001,
respectively) (fig. 1).

Discussion

The present study demonstrates that pre-/posttreat-
ment with SM may reduce mesenteric I-R injury in a rat
model. The intestinal damage induced by I-R is associ-
ated with biochemical findings, e.g. that the serum levels
of Hsp-70, TNF-a, SOD, and TBARS decline in connec-
tion with pretreatment with SM, and histopathological
alterations which are seen to be well ameliorated with the
pretreatment and pre-/posttreatment with SM.

Mesenteric I-R injury is a serious clinical problem in
patients with AMI, and I-R is a distressful condition for
cells or tissues. In cells deprived of oxygen after vascular
occlusion, cellular oxidative respiration slows down, with
irreversible damage occurring quickly within minutes in
sensitive tissues such as brain, myocardium, and intes-
tine. Adverse multiple cellular metabolic and ultrastruc-
tural changes result in the course of ischemia. In addition,
restoration of blood flow to the ischemic tissue initiates a
series of adverse events which may lead to additional cell
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or tissue damage [5-8]. Intestinal I-R injuries are charac-
terized by altered microvascular and epithelial permea-
bility and villus damage [18]. Our findings on the histo-
pathological changes in the intestinal wall caused by ile-
um I-Rinjury are shown in figures 1 and 2. These findings
are almost in line with previous reports [4, 18, 19]. The
extent and severity of the pathological lesions was ob-
served to be higher in the I-R group compared to the
sham group. However, pathological lesions were signifi-
cantly reduced in rats treated with SM before/after I-R
injury at the end of 24 h and 1 week. Raza et al. [11] also
reported that SM exerts gastroprotective effects against
ethanol-induced gastritis. Based on these findings, treat-
ment with SM seems to reduce the pathological lesions on
the intestinal wall caused by I-R injury.

In the present study, the serum TNF-a level was high-
er in group 2 rats compared to sham rats. However, it de-
creased in group 3 in a statistically significant manner,
and its level was lower by an average of 1.2 and 3.3% in
groups 4 and 5 (treated with SM) compared to group 2.
In this condition, pretreatment with SM for 7 days prior
to I-R led to suppression of the release of TNF-a to a
smaller degree during reperfusion. Manna et al. [20] also
reported that SM suppresses the TNF-induced activation
of NF-«xB which is an obvious target for anti-inflammato-
ry treatment; SM may be mediated through downregula-
tion of the NF-«xB pathway. SM protected rats against ce-
rebral I-R-induced stroke injury through amelioration of
the oxidative stresses and inflammation-mediated tissue
injury by impeding the activation of the proinflammatory
transcription factors (NF-kB and STAT-1) in the upregu-
lation of proinflammatory proteins and cytokines in
stroke-damaged sites [21]. Hsp protect cells against stress/
apoptosis in response to the different cellular insults.
Their expression is upregulated upon exposure to stress-
ful conditions such as I-R, inflammation, oxidant stress,
and sepsis [22]. From these proteins, Hsp-70 is rapidly
released into the circulation in particularly high stressful
courses. In our study, Hsp-70 levels were observed to be
high in response to I-R injury in groups 2-5 as compared
to the sham group. However, this value was low in rats
treated with SM for 7 days prior to I-R compared to group
2. SM in intestinal tissues is likely to exhibit anti-inflam-
matory and antioxidant effects because TNF-a and
Hsp-70 levels were decreased by a 24-hour reperfusion
period in rats treated with SM for 7 days prior to I-R.
Many published articles have reported that I-R induces
inflammation and tissue injury through the endogenous
production of toxic oxygen radicals and proinflammatory
cytokines like TNF-a, IL-1, and IL-6 [6, 8, 18, 23, 24]. The

SM and Mesenteric Injury

w
o
|

N
o]
1

N
=
|

=
v
1

=
o
|

o
w1
1

4

o

*

Extent of the histopathological lesions

T T T T
Sham I-R SM +I-R I-R + SM SM before/
after I-R

Experimental groups

Fig. 1. Effects of SM before (group 3), after (group 4), and before
and after treatment (group 5) on changes in the production of his-
topathological lesions 24 h and 7 days after mesenteric I-R injury
in rats. ** = This observation belongs to sample 4 which is an out-
lier.

Fig. 2. Microphotographs present the histopathological findings.
Representative photo of the terminal ileum. a Normal intestinal
mucosa but presence of edema and vascular congestion within the
villous tissue in the sham-operated group. H&E. Scale bar = 20 pum.
b Wide disintegration and hemorrhage of the villous tissue at 24 h
of reperfusion after 1 h of ischemia in the I-R group. H&E. Scale
bar = 50 pum. ¢ Slight edema and vascular congestion in the villous
tissue treated with SM prior to I-R. H&E. Scale bar = 50 um. d Rats
that were treated with SM before/after I-R had the lowest degree
of edema/inflammatory infiltrates in the villous tissue. H&E. Scale
bar = 50 pm.
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levels of these cytokines were found to be significantly
increased by a 4-hour intestinal I-R period [18]. That tox-
ic oxygen free radicals play an important role in the
pathogenesis of I-R is supported by a large body of evi-
dence that SOD (a widely specific scavenger of superox-
ide radicals) prevents gastrointestinal damage induced by
I-R [7, 8]. In our study, SOD activity was significantly
increased in group 2 compared to the sham group; how-
ever, its level was gradually decreased in SM-adminis-
tered groups compared to group 2 as shown in table 1.
TBARS that indicate lipid damage induced by oxidant
stress were declined in the serum samples treated with SM
before/after I-R compared to group 2 as well. The results
of TNF-a, Hsp-70, SOD, and TBARS may suggest that
SM has a noteworthy antioxidant effect and a moderate
anti-inflammatory effect on the mesenteric damage

Conclusion

Our study found that the histopathological changes on
the intestinal wall caused by ileum I-R injury were allevi-
ated by SM therapy. The levels of inflammation and oxi-
dant stress markers were attenuated by the administra-
tion of SM before/after mesenteric I-R injury. SM partic-
ipates in the course of tissue restitution as an antioxidant.
The protective effect of SM can be associated with its an-
tioxidant properties; therefore, it most likely acts as an
oxygen radical scavenger for protection against the dam-
ages induced by I-R.
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