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Ischaemia/reperfusion (I/R) injury is commonly seen in the field of intestine surgical interventions, shock, trauma, and many other clinical conditions. Simvastatin
is known to have antioxidant and anti-inflammatory properties. This study investigated the effect of simvastatin administration in a warm intestinal I/R model on
TNF-a, antioxidant enzymes and intestinal tissue morphology.
Thirty-six male wistar rats underwent laparotomy under general anaesthesia. Simvastatin was administered from four days before ischaemia induction. The
rats were divided in to three groups (n = 12): the sham goup, the I/R group, and
the I/R + simvastatin group. Intestinal ischaemia was induced by superior mesenteric artery ligation with microvascular clamps for 60 minutes, and after ischaemia, blood perfusion was released into the tissue and a reperfusion phase
was started, which lasted for 3 hours. After 3 hours, the animals were sacrificed
and serum and tissue obtained for biochemical and histological study.
In the simvastatin treated group, intestinal tissue injury, TNF-a level, and tissue
malondealdehyde levels were significantly lower than in the I/R group (p < 0.05).
Glutathion peroxidase and superoxide dismutase levels were significantly higher
in the simvastatin treated group than in the I/R group (p < 0.05).
Simvastatin pretreatment reduced intestinal I/R injury and was associated with down-regulation of serum TNF-a and tissue malondealdehyde level, and simvastatin
administration maintained cellular antioxidant enzyme contents compared to the
I/R group after 3 hours reperfusion time. (Folia Morphol 2009; 68, 3: 156–162)
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INTRODUCTION

tity with a mortality rate between 60% and 100%
that usually requires surgical resection of the necrotic
intestinal segment [4, 9].
It is a well-known phenomenon that reperfusion
is as dangerous for tissues as ischaemia, particularly

Ischaemia/reperfusion (I/R) injury in the intestine
occurs when the intestinal tissue is deprived of oxygen and other nutrients necessary to maintain cellular function. Mesenteric ischaemia is a clinical en-
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in the heart and the intestines. Intestinal ischaemia
is a result of systemic factors (hypovolaemia, hypotension, hypoxia, or sepsis) or local factors (cardiopulmonary by-pass, organ transplantations, abdominal
aortic aneurysm repair, embolectomy for acute mesenteric occlusion, or repair of traumatic vascular lacerations). It can lead to life-threatening complications
associated with remote organ injury [14, 51]. Restored
circulation results in the formation of free oxygen
radicals and other acute phase reactants. Cellular
death occurs via the lipid peroxidation of the cell wall
[14]. The consequences of mesenteric ischaemia are
devastating to patients and usually result in diarrhoea,
malabsorption, short bowel syndrome, and even
death [1]. In addition, I/R injury has been a key problem with respect to successful organ preservation in
small intestine transplantation [33].
The gastrointestinal tract is one of the most sensitive organs to ischaemia and reperfusion [30]. Thus,
there is great interest concerning methods to verify
protective mechanisms in extensive small intestine
lesions that can shorten the patient’s life. For effective transplantation treatment, we must identify and
protect small intestine morphological changes after I/R injury. In this regard, many authors have studied small intestine morphological aspects to determine what might correlate to the pathogenesis of
the resulting injury and protective mechanisms [11, 19].
Although there have been advancements in the
treatment of ischaemic injury, an ideal treatment
has not been defined, and new options should be
considered.
The mechanisms of intestinal mucosa injury after intestinal I/R are complex. Reactive oxygen species (ROS)-induced lipid peroxidation is known to
be one of the major factors causing intestinal I/R
injury, and the administration of free radical scavengers appears to prevent intestinal mucosa from
intestinal I/R injury [27, 42]. During reperfusion, reintroduction of molecular oxygen into the ischaemic tissue results in the production of ROS such as
superoxide anion, hydrogen peroxide, peroxinitrite,
and hydroxyl radicals [11], particularly, hydroxyl radicals typically cause biological damage by stimulating the free chain reaction known as lipid peroxidation [5, 44, 46].
Inflammatory pathways play an important role
in pathogenesis of intestinal I/R, through production of inflammatory cytokines, involvement of the
complement system, and neutrophil infiltration
[4, 9, 14, 30, 33, 42] at the site of damage [5, 18,
24, 28, 29, 41].

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, or statins, are a class of
drugs particularly beneficial in combating this risk factor. Therapeutic doses of statins potently reduce serum cholesterol levels in humans [40]. They have been
shown to have properties independent of their cholesterol-lowering ability, referred to as pleiotropic effects. It has been shown that pretreatment with statins decreases tumour necrosis factor alpha (TNF-a)
production [21, 38, 49] and enhances superoxide dismutase (SOD) levels [6, 54]. It is effective in preventing reperfusion injury after I/R in experimental models
of I/R in the liver [12], heart [43] and kidneys [52].
The current study was performed to clarify
whether simvastatin can prevent intestinal mucosa
I/R injury and tissue anti-oxidant enzyme content,
and to investigate its effects on TNF-a release during intestinal I/R in an in vivo rat model.

MATERIAL AND METHODS
Surgical procedure
The study was carried out with 36 male Wistar
rats (purchased from the central animal house of
Tabriz medical school, Tabriz, Iran) weighing between 220 and 260 g. The rats were kept at room
temperature and provided with free access to standard chow and tap water. This research was done
in accordance with university guidelines for the care
of laboratory animals.
Under ketamine (50 mg/kg) and xylazine (10 mg/kg)
anaesthesia, a median laparotomy was performed
and the blood supply to the intestine was interrupted for 60 minutes by occlusion of the superior mesenteric artery using a microvascular clamp. Intestinal ischaemia was confirmed by observing the loss
of pulsation of the mesenteric artery and its branches, as well as paleness of the jejunum and ileum.
Afterwards the intestines were returned to the abdomen, which was then closed with two small
clamps. At the end of 60 minutes of ischaemia, the
clamp was gently removed to allow reperfusion of
the blood flow for 3 hours, which was confirmed by
observing the pulsation of the artery and its branches
on the intestine [36].
Experimental design
The rats were divided into three groups of twelve
animals as follows:
— sham operation (sham) group (n = 12): animals
were subjected to laparotomy without vascular
occlusion;
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— ischaemia/reperfusion (I/R) group (n = 12): animals were subjected to 60 minutes of intestinal
ischaemia and sacrificed 3 hours after reperfusion;
— ischemia/reperfusion + simvastatin (I/R + simvastatin) group (n = 12): as in the I/R group, but also
treated with simvastatin (10 mg/kg/day) administered orally since 4 days before I/R induction.
At the time of sacrifice, under anaesthesia,
venous blood samples were obtained for serum TNF-a
level, then a laparotomy was performed and the intestine was removed. Intestinal tissue samples were
obtained and frozen at –70°C for measurement of
glutathione peroxidase (GPx), SOD, and malondialdehyde (MDA). Intestine samples were also fixed in
buffer formalin for histological analysis.

moderate lifting of the epithelial layer from the
lamina propria;
— grade 3 — massive epithelial lifting down the
side of the villi and a few tips may be denuded;
— grade 4 — denuded villi with lamina propria and
dilated capillaries exposed;
— grade 5 — digestion and disintegration of lamina propria, haemorrhage, and ulceration [17].

GPx assay

Data were analyzed using SPSS software 13. All
data are reported as mean ± SD. Statistical comparisons of the groups were performed by one-way
ANOVA analysis of variance followed by Tukey posttest. P < 0.05 was considered significant.

Elisa assay for TNF-a
a
Plasma levels of TNF-a were measured by an enzyme-linked immunoabsorbent assay (ELISA) using
a rat TNF-a immunoassay kit (Blender systems, Austria).
Statistical analysis

For tissue biochemical analysis, the intestinal tissue was homogenized in 1.15 KCL solution. GPx
measurements were performed as described by Paglia et al. [37]. GPx was catalyzed by the oxidation
of reduced glutathione in the presence of cumene
hydroxyperoxide. GPx activity was designated as unit
for mg/protein of intestinal tissue.

RESULTS
GPx and SOD
GPx and SOD levels in the intestinal I/R group
were lower in comparison to the sham group and
the intestinal I/R +simvastatin group, while the levels of these enzymes were significantly lower in the
I/R + simvastatin group compared to the sham
group (p < 0.05, Table 1).

SOD assay
SOD activity was determined as described by Sun
et al. [50]. This method depends on the inhibition
of nitroblue tetrazolium (NBT) reduction by xanthine-xanthine oxidase used as a superoxide generator.
SOD activity was expressed as the amount of enzyme that causes 50% inhibition of the rate of NBT
reduction. SOD activity was designated as unit for
mg/protein of intestinal tissue.

MDA
Intestinal I/R increased intestinal tissue MDA levels, and it was higher in the intestinal I/R group compared to the other groups, and the MDA levels in
the intestinal I/R + simvastatin group was significantly higher than in the sham group (p < 0.05,
Table 1).

Serum MDA measurement
Serum MDA levels were studied using thiobarbituric acid (TBA), as described previously [23, 55].
Histological assessment

TNF-a
a

Formalin-fixed and paraffin-embedded tissue
sections were cut at 5 mm and stained with haematoxylin and eosin for histological examination. Light
microscopy was used to assess the degree of intestinal tissue damage, which was performed by a pathologist who was blinded to the treatment given.
Tissue samples were scored by using the following
grading scale:
— grade 0 — normal mucosa;
— grade 1 — development of subepithelial space at
the apex of the villous and capillary congestion;
— grade 2 –– extension of subepithelial space with

At 3 hours post intestinal I/R, the serum TNF-a
level was significantly increased compared to the
sham group. Serum TNF-a level was significantly lower
in the intestinal I/R + simvastatin group compared
to the intestinal I/R group (p < 0.05, Table 1).
Histological assessment
One hour intestinal ischaemia followed by
3 hours reperfusion resulted in the development of
subepithelial space at the apex of the villous and
capillary congestion, extension of the subepithelial
space with moderate lifting of the epithelial layer
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Table 1. The effect of simvastatin on intestinal antioxidant enzyme content, MDA level and serum TNF-a in the rat
intestine after ischaemia and reperfusion
Sham

Intestinal I/R

Intestinal I/R + simvastatin

GPx [U/mg protein]

3.60 ± 0.45

1.93 ± 0.17

2.96 ± 0.24

SOD [U/mg protein]

2.56 ± 0.62

0.94 ± 0.37

1.78 ± 0.27

MDA [nmol/mL]

1.64 ± 0.34

3.90 ± 0.54

2.72 ± 0.28

TNF-a [pg/mL]

23 ± 5.05

95 ± 15.70

72.14 ± 16.02

The rat intestine was pretreated with simvastatin prior to ischaemia; intestine was subjected to 60 minutes ischaemia followed by 3 hours of reperfusion. The values are
shown as a mean ±SD for rats in each group and a difference of (p < 0.05) was considered significant; GPx — glutathione peroxidase, SOD — superoxide dismutase,
MDA — malondialdehyde, TNF-a — tumour necrosis factor alpha

Table 2. The effect of simvastatin on intestinal tissue injury index after ischaemia/reperfusion

Intestinal tissue injury index

Sham

Intestinal I/R

Intestinal I/R + simvastatin

0.66 ± 0.51

4.16 ± 0.75

3.14 ± 0.69

The rat intestine was pretreated with simvastatin prior to ischaemia; intestine was subjected to 60 minutes ischaemia followed by 3 hours of reperfusion. The values are
shown as a mean ±SD for rats in each group and a difference of (p < 0.05) was considered significant.

from the lamina propria, massive epithelial lifting
down the side of the villi, and denuded villi with
lamina propria and dilated capillaries exposed, digestion and disintegration of lamina propria, and
haemorrhage and ulceration in the intestinal tissue.
The grade of tissue injury in the intestinal I/R + simvastatin group was significantly lower than in the
intestinal I/R group (p < 0.05, Table 2).

lowing 3 hours of reperfusion was especially chosen to assess the changes in the early phase of reperfusion injury, which is in a clinically relevant time
frame. The alterations in intestinal motility caused
by I/R are directly related to the length of both ischaemia and reperfusion time [39]. The functional
alterations caused by I/R have been previously identified [31]. These changes consist of reversible alterations in smooth muscle contractility and intestinal
transit, as well as characteristic changes in electrical
activity during ischaemia [2, 25]. The structural damage caused by ischaemia is aggravated by the restitution of blood flow. The physiopathology of intestinal mucosal damage by I/R is not completely understood. Nevertheless, it is believed that cytotoxic
substances such as free radicals, nitric oxide, serotonin, and complement, as well as neutrophil infiltration and nuclear transcription factors, play important roles [7]. Macrophages have been also implicated in the initial damage caused by intestinal
I/R [10]. I/R has also been shown to induce apoptosis [35]. Bacterial translocation and mucosal barrier
dysfunction have been implicated in the damage
caused by I/R in the gut [4, 8, 20]. I/R injury causes
maldistribution of blood flow, damage to endothelium, coagulation abnormalities, and aggregation
of platelets and neutrophils. The activation of neutrophils leads to the release of ROS including superoxide anion (O2–) and H2O2. A growing amount of
circumstantial evidence implicates oxygen-derived
free radicals (especially O2– and H2O2) and high-

DISCUSSION
In the present study, we demonstrated that simvastatin suppressed pro-inflammatory cytokine TNF-a
levels in plasma of rats undergoing intestinal I/R.
The histological study revealed severe intestinal
mucosal damage, suppressed GPx and SOD levels,
and increased MDA levels in the I/R animals; however, these findings were significantly ameliorated
in the simvastatin treated animals. The small intestine is extremely sensitive to ischaemic insult, and in
some clinical circumstances gives rise to mesenteric
hypoperfusion followed by I/R injury. Despite the existence of evidence detailing the pathogenesis of the
intestinal I/R injury, the exact mechanism of this complex process is still unknown [44]. Intestinal I/R injury occurs in a biphasic manner characterized by different time frames and mechanisms: (1) an early
phase that immediately follows the transient ischaemia and lasts 2 to 3 hours; and (2) a late phase
which begins 12 to 24 hours from the transient ischaemia and lasts for about 3 to 4 days [29, 51]. In
our study, a period of 60 minutes of ischaemia fol-
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-energy oxidants (e.g., peroxynitrite, ONOO–) as mediators of I/R injury [57]. It has been shown that the
toxicity ascribed to the O2– is initially caused by the
superoxide’s direct or indirect interaction with biological targets such as lipids, catecholamines, and
DNA. Moreover, simultaneous generation of nitric
oxide (NO) and O2– favours the production of a toxic
reaction product, ONOO–, and this product may account for some of the deleterious effects associated
with NO production [26]. Therapeutic strategies
aimed at ameliorating I/R damage include antioxidant enzymes such as SOD and GPx, free radical scavengers such as mannitol and a-tocopherol, and
agents which prevent the generation of radicals such
as allopurinol and deferoxamine. Because of the significant role played by oxygen-derived free radicals
in the pathogenesis of I/R, studies on the application of free oxygen radical scavengers to limit the
damage to tissue and organs have been attempted
[32, 51]. What is more, in this study, we aimed to
investigate whether simvastatin can be effective in
preventing the reperfusion injury of intestinal damage after 60 minutes of warm superior mesenteric
ischaemia in rats. We examined organ GPx and SOD
levels as markers of antioxidative function. GPx and
SOD reduce oxidative stress resulting from gut I/R
and prevent tissue injury [3, 16]. However, in the
present study, simvastatin treatment improved small
intestinal GPx and SOD levels within our experimental time frame. Modulation of the inflammatory response following I/R injury is an important component of tissue defence, mostly because inflammation is the major component of cell death and motor
alteration in intestine subjected to intestinal injury.
Lipid peroxidation results from the reaction of
reactive oxygen metabolites, especially the hydroxyl
and hydroperoxyl radicals with the membrane bound
polyunsaturated fatty acids with a loss of a carbon
radical and its rearrangement for formation of
a conjugated diene. This conjugated form reacts immediately with oxygen to form peroxide radicals.
Peroxide radicals initiate a chain reaction by removing a hydrogen atom from the other fatty acids. The
product of this reaction is tissue MDA and hydroperoxide [34]; in this study simvastatin administration decreased intestinal tissue MDA in the simvastatin-treated group compared to the I/R group.
TNF-a is an inflammatory cytokine that may be
an important mediator in the development of reperfusion-induced tissue injury and lethality [47]. Grewal et al. [15] demonstrated that the treatment of
rats with anti-TNF antibodies could prevent neutro-

phil influx and tissue injury. It is well known that
the serum levels of TNF-a are elevated after intestinal reperfusion and that these pro-inflammatory
cytokine levels reflect mortality [22, 45, 48, 56]. The
biological properties of TNF-a are primarily released
from macrophages during the early phase of an inflammatory response, and they stimulate endothelial cells and macrophages to release IL-6 and IL-8
[13, 53]. In the present study, a significant reduction in the serum TNF-a level was observed 3 hours
after reperfusion in the simvastatin-treated animals.

CONCLUSIONS
The results showed that simvastatin administration attenuates intestinal I/R injury through inhibition of TNF-a and MDA production and maintaining intestinal tissue GPx and SOD levels. As simvastatin is a safe drug, it may be used as a protective
therapeutic in attenuating intestinal I/R injury, although more studies should be conducted to understand the mechanisms involved in this process.

ACKNOWLEDGEMENTS
This research is supported by a grant from the
Scientific Association of Islamic Azad University,
Tabriz Branch, Iran.

REFERENCES
1. Aldemir M, Gürel A, Büyükbayram H, Taçyildiz I (2003)
The effects of glucose-insulin-potassium solution and
BN 52021 in intestinal ischaemia-reperfusion injury.
Vasc Endovascular Surg, 37: 345–351.
2. Ballabeni V, Barocelli E, Bertoni S, Impicciatore M (2002)
Alterations of intestinal motor responsiveness in a model of mild mesenteric ischaemia/reperfusion in rats.
Life Sci, 71: 2025–2035.
3. Balogh N, Krausz F, Lévai P, Ribiczeyné PS, Vajdovich P,
Gaál T (2002) Effect of deferoxamine and L-arginine
treatment on lipid peroxidation in an intestinal ischaemia-reperfusion model in rats. Acta Vet Hung, 50:
343–356.
4. Camara CR, Guzman FJ, Barrera EA, Cabello AJ, Garcia A,
Fernandez NE, Caballero E, Ancer J (2008) Ketamine
anesthesia reduces intestinal ischaemia/reperfusion
injury in rats. World J Gastroenterol, 14: 5192–5196.
5. Carden DL, Granger DN (2000) Pathophysiology of ischaemia-reperfusion injury. J Pathol, 190: 255–266.
6. Carneado J, Alvarez de Sotomayor M, Perez-Guerrero C,
Jimenez L, Herrera MD, Pamies E, Martin-Sanz MD,
Stiefel P, Miranda M, Bravo L, Marhuenda E (2002) Simvastatin improves endothelial function in spontaneously
hypertensive rats through a superoxide dismutase mediated antioxidant effect. J Hypertens, 20: 429–437.
7. Cerqueira NF, Hussni CA, Yoshida WB (2005) Pathophysiology of mesenteric ischemia/reperfusion. Acta Cir
Bras, 20: 336–343.

160

B. Hajipour et al., Simvastatin attenuates intestinal ischaemia/reperfusion injury

8. Chang JX, Chen S, Ma LP, Jiang LY, Chen JW, Chang RM,
Wen LQ, Wu W, Jiang ZP, Huang ZT (2005) Functional
and morphological changes of the gut barrier during
the restitution process after hemorrhagic shock. World
J Gastroenterol, 11: 5485–5491.
9. Chang RW, Chang JB, Longo WE (2006) Update in management of mesenteric ischemia. World J Gastroenterol,
12: 3243–3247.

23. Kaya H, Sezik M, Ozkaya O, Dittrich R, Siebzehnrubl E,
Wildt L (2004) Lipid peroxidation at various estradiol
concentrations in human circulation during ovarian
stimulation with exogenous gonadotropins. Horm
Metab Res, 36: 693–695.
24. Khanna A, Rossman JE, Fung HL, Caty MG (2000)
Attenuated nitric oxide synthase activity and protein
expression accompany intestinal ischemia/reperfusion
injury in rats. Biochem Biophys Res Commun, 269:
160–164.
25. Ladipo JK, Seidel SA, Bradshaw LA, Halter S, Wikswo JP
Jr, Richards WO (2003) Histopathologic changes during mesenteric ischaemia and reperfusion. West Afr
J Med, 22: 59–62.
26. Liaw WJ, Chen TH, Lai ZZ, Chen SJ, Chen A, Tzao C,
Wu JY, Wu CC (2005) Effects of a membrane-permeable radical scavenger, Tempol, on intraperitoneal sepsis-induced organ injury in rats. Shock, 23: 88–96.
27. Liu KX, Rinne T, He W, Wang F, Xia Z (2007) Propofol
attenuates intestinal mucosa injury induced by intestinal ischemia-reperfusion in the rat. Can J Anaesth, 54:
366–374.
28. Lodato RF, Khan AR, Zembowicz MJ, Weisbrodt NW,
Pressley TA, Li YF, Lodato JA, Zembowicz A, Moody FG
(1999) Roles of IL-1 and TNF in the decreased ileal
muscle contractility induced by lipopolysaccharide.
Am J Physiol, 276: 1356–1362.
29. Mallick IH, Yang W, Winslet MC, Seifalian AM (2004)
Ischemia-reperfusion injury of the intestine and protective strategies against injury. Dig Dis Sci, 49: 1359–
–1377.
30. Mojís J, Hvisèová K, Germanová D, Bukovièová D,
Mirossay L (2001) Protective effect of quercetin on ischemia/
/reperfusion-induced gastric mucosal injury in rats.
Physiol Res, 50: 501–506.
31. Moore-Olufemi SD, Kozar RA, Moore FA, Sato N,
Hassoun HT, Cox CS Jr, Kone BC (2005) Ischemic preconditioning protects against gut dysfunction and
mucosal injury after ischemia/reperfusion injury. Shock,
23: 258–263.
32. Nagira M, Tomita M, Mizuno S, Kumata M, Ayabe T,
Hayashi M (2006) Ischemia/reperfusion injury in the
monolayers of human intestinal epithelial cell line caco-2
and its recovery by antioxidants. Drug Metab Pharmacokinet, 21: 230–237.
33. Nakao M, Hirata Y, Taguchi T, Yamada T, Rahman MS,
Suita S (1996) Energy metabolism and xanthine oxidase enzyme system during ischemia reperfusion in rat
small intestine. Transplant Proc, 28: 2614.
34. Nalini S, Mathan MM, Balasubramanian KA (1993)
Oxygen free radical induced damage during intestinal
ischemia/reperfusion in normal and xanthine oxidase
deficient rats. Mol Cell Biochem, 124: 59–66.
35. Noda T, Iwakiri R, Fujimoto K, Matsuo S, Aw TY (1998)
Programmed cell death induced by ischaemia-reperfusion in rat intestinal mucosa. Am J Physiol, 274: 270–
–276.
36. Ozacmak VH, Sayan H, Igdem AA, Cetin A, Ozacmak ID
(2007) Attenuation of contractile dysfunction by atorvastatin after intestinal ischemia reperfusion injury in
rats. Eur J Pharmacol, 562: 138–147.

10. Chen Y, Lui VC, Rooijen NV, Tam PK (2004) Depletion
of intestinal resident macrophages prevents ischaemia/
/reperfusion injury in gut. Gut, 53: 1772–1780.
11. Collard CD, Gelman S (2001) Pathophysiology, clinical
manifestations, and prevention of ischemia-reperfusion
injury. Anesthesiology, 94: 1133–1138.
12. Dibazar F, Hajipour B, Hosseinian MM, Hemmati MR,
Ghandiha A (2008) Simvastatin decreases hepatic ischaemia/reperfusion-induced liver and lung injury in
rats. Folia Morphol, 67: 231–235.
13. Dinarello CA (1991) Interleukin-1 and interleukin-1 antagonism. Blood, 77: 1627–1652.
14. Emre A, Bayram O, Salman B, Ercan S, Anadol Z, Akin O
(2008) Sodium nitroprusside as a nitric oxide donor in
a rat intestinal ischemia-reperfusion model. Clinics, 63:
91–96.
15. Grewal HP, Mohey el Din A, Gaber L, Kotb M, Gaber AO
(1994) Amelioration of the physiologic and biochemical changes of acute pancreatitis using an anti-TNF-alpha polyclonal antibody. Am J Surg, 167: 214–218.
16. Guven A, Tunc T, Topal T, Kul M, Korkmaz A, Gundogdu G,
Onguru O, Ozturk H (2008) Alpha-lipoic acid and ebselen prevent ischemia/reperfusion injury in the rat intestine. Surg Today, 38: 1029–1035.
17. Hassoun HT, Kozar RA, Kone BC, Safi HJ, Moore FA
(2002) Intraischemic hypothermia differentially modulates oxidative stress proteins during mesenteric ischemia/reperfusion. Surgery, 132: 369–376.
18. Hassoun HT, Weisbrodt NW, Mercer DW, Kozar RA,
Moody FG, Moore FA (2001) Inducible nitric oxide synthase mediates gut ischemia/reperfusion-induced ileus only after severe insults. J Surg Res, 97: 150–154.
19. Higa OH, Parra ER, Ab’Saber AM, Farhat C, Higa R,
Capelozzi VL (2007) Protective effects of ascorbic acid
pretreatment in a rat model of intestinal ischemia-reperfusion injury: a histomorphometric study. Clinics,
62: 315–320.
20. Higuchi S, Wu R, Zhou M, Marini CP, Ravikumar TS,
Wang P (2008) Gut hyperpermiability after ischemia
and reperfusion: attenuation with adrenomedullin and
its binding protein treatment. Int J Clin Exp Pathol, 1:
409–418.
21. Kagami S, Kanari H, Suto A, Fujiwara M, Ikeda K, Hirose K,
Watanabe N, Iwamoto I, Nakajima H (2008) HMG-CoA
reductase inhibitor simvastatin inhibits proinflammatory cytokine production from murine mast cells. Int
Arch Allergy Immunol, 1461: 61–66.
22. Kalia N, Brown NJ, Hopkinson K, Stephenson TJ, Wood RF,
Pockley AG (2002) FK409 inhibits both local and remote organ damage after intestinal ischaemia. J Pathol,
197: 595–602.

161

Folia Morphol., 2009, Vol. 68, No. 3

37. Paglia DE, Valentine WN (1967) Studies on the quantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J Lab Clin Med, 70: 158–169.
38. Park SY, Lee JS, Ko YJ, Kim AR, Choi MK, Kwak MK,
Choi HG, Yong CS, Kim JA (2008) Inhibitory effect of
simvastatin on the TNF-alpha- and angiotensin II-induced monocyte adhesion to endothelial cells is mediated through the suppression of geranylgeranyl isoprenoid-dependent ROS generation. Arch Pharm Res,
31: 195–204.
39. Pawlik WW, Thor P, Sendur R, Biernat J, Koziol R,
Wasowicz P (1998) Myoelectric bowel activity in ischemia/reperfusion damage. Role sensory neurons.
J Physiol Pharmacol, 49: 543–551.
40. Pedersen TR, Wilhelmsen L, Faergeman O, Strandberg TE,
Thorgeirsson G, Troedsson L, Kristianson J, Berg K, Cook TJ,
Haghfelt T, Kjekshus J, Miettinen T, Olsson AG, Pyörälä K,
Wedel H (2000) Follow-up study of patients randomized in the Scandinavian simvastatin survival study (4S)
of cholesterol lowering. Am J Cardiol, 86: 257–262.
41. Poussios D, Andreadou I, Papalois A, Rekka E, Gavalakis N, Aroni K, Kourounakis PN, Fotiadis C, Sechas MN
(2003) Protective effect of a novel antioxidant non-steroidal anti-inflammatory agent (compound IA) on intestinal viability after acute mesenteric ischemia and
reperfusion. Eur J Pharmacol, 465: 275–280.
42. Riaz AA, Wan MX, Schäfer T, Dawson P, Menger MD,
Jeppsson B, Thorlacius H (2002) Allopurinol and superoxide dismutase protect against leucocyte-endothelium interactions in a novel model of colonic ischaemia-reperfusion. Br J Surg, 89: 1572–1580.
43. Rossoni G, Manfredi B, Civelli M, Berti F, Razzetti R
(2008) Combined simvastatin-manidipine protect
against ischemia-reperfusion injury in isolated hearts
from normocholesterolemic rats. Eur J Pharmacol, 587:
224–230.
44. Sakrak O, Kerem M, Bedirli A, Pasaoglu H, Akyurek N,
Ofluoglu E, Gültekin FA (2008) Ergothioneine modulates proinflammatory cytokines and heat shock protein 70 in mesenteric ischemia and reperfusion injury.
J Surg Res, 144: 36–42.
45. Sample AK, Czuprynski CJ (1991) Priming and stimulation of bovine neutrophils by recombinant human interleukin-1 alpha and tumor necrosis factor alpha.
J Leukoc Biol, 49: 107–115.
46. Saugstad OD (1988) Hypoxanthine as an indicator of
hypoxia: Its role in health and disease through free radical production. Pediatr Res, 23: 143.

47. Souza DG, Soares AC, Pinho V, Torloni H, Reis LF,
Teixeira MM, Dias AA (2002) Increased mortality and
inflammation in tumor necrosis factor-stimulated gene-14 transgenic mice after ischemia and reperfusion injury. Am J Pathol, 160: 1755–1765.
48. Souza DG, Vieira AT, Pinho V, Sousa LP, Andrade AA,
Bonjardim CA, McMillan M, Kahn M, Teixeira MM (2005)
NF-kappaB plays a major role during the systemic and
local acute inflammatory response following intestinal
reperfusion injury. Br J Pharmacol, 145: 246.
49. Souza Neto JL, Araújo Filho I, Rego AC, Dominici VA,
Azevedo IM, Egito ES, Brandão-Neto J, Medeiros AC
(2006) Effects of simvastatin in abdominal sepsis in rats.
Acta Cir Bras, 21: 8–12.
50. Sun Y, Oberley LW, Li Y (1988) A simple method for
clinical assay of superoxide dismutase. Clin Chem, 34:
497–500.
51. Teke Z, Kabay B, Ozden A, Yenisey C, Bir F, Demirkan NC,
Bicakci T, Erdem E (2008) Effects of tempol, a membrane-permeable radical scavenger, on local and remote organ injuries caused by intestinal ischemia/reperfusion in rats. J Surg Res, 149: 259–271.
52. Todorovic Z, Nesic Z, Stojanović R, Basta-Jovanović G,
Radojevic-Skodrić S, Velicković R, Chatterjee PK,
Thiemermann C, Prostran M (2008) Acute protective
effects of simvastatin in the rat model of renal ischemia-reperfusion injury: it is never too late for the pretreatment. J Pharmacol Sci, 107: 465–470.
53. Tracey KJ, Fong Y, Hesse DG, Manogue KR, Lee AT,
Kuo GC, Lowry SF, Cerami A (1987) Anti-cachectin/TNF
monoclonal antibodies prevent septic shock during lethal bacteraemia, Nature, 330: 662–664.
54. Ungureanu D, Filip C, Artenie A, Artenie R (2003) Evaluation of simvastatin antioxidant effects. Rev Med Chir
Soc Med Nat Iasi, 107: 66–71.
55. Wasowicz W, Neve J, Peretz A (1993) Optimized steps
in fluorometric determination of thiobarbituric acid-reactive substances in serum: importance of extraction pH and influence of sample preservation and storage. Clin Chem, 39: 2522–2526.
56. Yamamoto S, Tanabe M, Wakabayashi G, Shimazu M,
Matsumoto K, Kitajima M (2001) The role of tumor
necrosis factor-alpha and interleukin-1beta in ischaemia-reperfusion injury of the rat small intestine.
J Surg Res, 99: 134–141.
57. Zhang H, Slutsky AS, Vincent JL (2000) Oxygen free radicals in ARDS, septic shock, and organ dysfunction.
Intensive Care Med, 26: 474–476.

162

