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ABSTRACT

BACKGROUND: The present study aims to observe the effects of ischemia-reperfusion (IR) on small intestines at a molecular level 
and to prospectively assess the potential preventive role of adalimumab (ADA) and antioxidants.

METHODS: A total of 24 male Sprague–Dawley rats were randomly divided into three groups–a control group, an IR group and an 
IR+ADA group. 

RESULTS: Although there was no change in SOD levels in the small bowel tissue of the IR group, we observed increased malondi-
aldehyde (MDA) levels and increased numerical density of caspase-3 and TNF-α positive enterocytes p=0.00 and p=0.00, respectively). 
We also observed that IR caused the degeneration of villus crypt structures.

CONCLUSION: We found that ADA treatment reduced MDA levels and decreased the numerical density of caspase-3 and TNF-α 
positive enterocytes compared to the IR group (p=0.00; p=0.011; p=0.00, respectively). We conclude that ADA can be beneficial in 
preventing intestinal injury that arises from IR.
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ing, for example, reactive oxygen species (ROS), neutrophil 
infiltration, and the release of inflammatory mediators when 
reperfusion is achieved.[5,6] ROS cause cellular damage by neg-
atively affecting antioxidant defense mechanisms by reducing 
Superoxide dismutase (SOD) levels and increasing malondi-
aldehyde (MDA) levels.[7] The most important mediator that 
initiates the inflammatory process in IR injury is thought to 
be tumor necrosis factor-alpha (TNF-α).[8] The effects of TNF 
on IR injury have not been fully explained, but it has been 
shown that TNF is the most important factor in apoptosis.
[8,9] In addition, recent studies have shown that ROS cause 
DNA damage and lead to caspase-dependent apoptosis.[10,11] 
In recent studies, intestinal IR has been reported to increase 

  EXPERIMENTAL STUDY

INTRODUCTION

Intestinal ischemia-reperfusion (IR) injury, seen after various 
surgical and clinical situations, such as thoracoabdominal 
aortic surgery, liver transplantation, intestinal transplanta-
tion, strangulated hernias, acute mesenteric ischemia, shock, 
trauma, and neonatal necrotizing enterocolitis, is an impor-
tant clinical problem that causes approximately 50–80% of all 
deaths in surgical intensive care units after major traumas.[1,2] 
The small intestine is one of the most ischemia-sensitive or-
gans.[3,4] Occlusion of the infrarenal abdominal aorta may also 
cause ischemic injury, and cell and tissue damage may also 
occur in remote organs due to complex mechanisms involv-
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caspase-3 activation, an irreversible terminal event in the ac-
tivation of apoptosis. However, some studies have reported 
that TNF-α blockers suppress inflammation that arises from 
TNF-α and eliminate free oxygen radicals (scavengers).[12,13] 
Other studies have found that anti-TNF-a, when given pro-
phylactically has a protective, effect that reduces IR injury.
[14,15] After the TNF inhibitors infliximab and etanercept, adali-
mumab (ADA)—approved by the Food and Drug Administra-
tion for clinical use in treating rheumatoid arthritis, psoriatic 
arthritis, ankylosing spondylitis, Crohn’s disease, moderate to 
severe chronic psoriasis, and juvenile idiopathic arthritis—is 
the first anti-TNF-α monoclonal antibody obtained from hu-
mans.[16,17]

In light of this information, we studied the effects of infrarenal 
aortic IR on the small intestine at the molecular level. Follow-
ing, we discuss the possible prophylactic potential of ADA 
and antioxidants

MATERIALS AND METHODS

Animals
Twenty-four Sprague-Dawley male rats (250±50g and 3–5 
months old) were used in the present study. All animals were 
fed and maintained at 55–60% humidity and 22±2 °C room 
temperature in laboratory animal unit, which is lightened for 
12 hours and darkened for 12 hours at University’s Faculty of 
Medicine Basic Medical Sciences Experimental Animals Appli-
cation Unit. All animals received humane care according to 
the criteria outlined in the ‘Guide for the Care and Use of 
Laboratory Animals’ prepared by the National Academy of 
Sciences and published by the National Institutes of Health. 
This study was approved by the University Animal Ethical 
Committee (ID: 2015/19).

Experimental Groups
A total of 24 male Sprague-Dawley rats were randomly divided 
into three groups. Control group (n=8), IR (n=8) and IR+ADA 
(n=8). ADA (Humira; Abbott, Abbott Park III, 40 mg/0.8 mL) 
was intraperitoneally administered as 50mg/kg (single dose) 
after being diluted with saline five days before I/R.

The Technique of Intestinal I/R
Before ischemia-reperfusion, animals were given only water 
for the last 12 hours. For anesthesia, 50 mg/kg intraperi-
toneal (i.p.) Ketamine hydrochloride (Ketalar®, Parke-Davis), 
and 10 mg/kg i.p. xylazine HCl (Alfaz®, Alfasan International 
B.V., Woerden, The Netherlands) were administered. The 
rats were placed in the supine position under a heating lamp. 
The abdominal skin was shaved, washed with an antiseptic 
solution, and a midline cross-section was performed. The in-
testines were carefully pulled to the left to reveal the abdom-
inal aorta. The atraumatic microvascular clamp was placed in 
the abdominal aorta under the level of the renal artery. After 
making sure that there was no pulsation in the distal aorta, 

the skin was closed to prevent heat and fluid loss. The skin 
area was approximated with a suture following the adminis-
tration of warm saline to peritoneal cavity to prevent loss of 
abdominal fluid after the clamp procedure. To perform arte-
rial pressure monitoring, the right carotid artery was con-
nected to the monitor with a transducer set and the invasive 
pressure monitoring was continued during the experiment. 
One hour after the ischemia, the clamp was opened and the 
pulse was controlled at distal aorta and reperfusion was al-
lowed for 1 hour.[18–20] An only midline laparotomy was per-
formed on the animals in the control group. Blood samples 
were taken with Median sternotomy for biochemical analysis 
from the right ventricle of all animals. For histopathological 
examination, ileal segments were excised and stored under 
appropriate conditions. 

Biochemical Investigations 
Preparation of Homogenates
The small intestine tissue samples were cold phosphate buf-
fer was added 2 times the volume tissue weight and homog-
enized for 30 min. Homogenized intestinal tissues samples 
were centrifuged at 3000 g for 15 minutes.

SOD Analysis
The activity of SOD was measured using colorimetric assay 
kit (Cayman Chemical Company, Michigan, USA). The proce-
dure for the assay method was according to the instructions 
provided by the manufacturer. Absorbance was measured at 
a wavelength of 450 ηm using plate reader. The activity of 
SOD is presented as U/ml. The intra-assay and inter-assay 
coefficient of variation were 3.2% and 3.7%, respectively. The 
dynamic range for the SOD assay kit was 0.025–0.25 U/ml. 

The MDA Analysis
MDA levels were measured by the double heating method of 
Draper and Hadley.* The principle of the method is the spec-
trophotometric measurement of the color generated by the 
reaction of thiobarbituric acid (TBA) with MDA. The MDA 
levels are presented as micromol/L.[21]

Histopathological Analysis Procedure
 The small intestine tissue removed from the rats in all groups 
was washed with phosphate buffer (pH: 7.4; Sigma-Aldrich, 
Germany) and then fixed in 10% phosphate-buffered formalin 
for 36 hours. After fixation, the specimens of the small bowel 
tissue were implanted in paraffin (Merck Darmstadt, Ger-
many) blocks after routine histological follow-up. Samples of 
the small intestine were sectioned with a microtome device 
(Leica RM2525, Lecia, Germany) with a thickness of 3–4 μm. 
Sections were stained with Harris hematoxylin and Eosin G 
(H & E; Merck, Darmstadt, Germany). Sections under a light 
microscope (Olympus BX51, Olympus Corp. Japan) were an-
alyzed. The findings observed in the photos were taken with 
the digital camera (Olympus DP20, Olympus Corp. Japan).
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Immunohistochemistry (IHC) Analysis Procedure
Following steps were performed for Caspase 3 and TNF-α 
staining: the sections were deparaffinized and treated with 
proteinase K solution (20 μg/mL in PBS), washed in distilled 
water and immersed in 3% hydrogen peroxide. After several 
washes with PBS, the sections were immersed in an equi-
libration buffer. Sections were incubated with primary anti-
body (Caspase 3,1:200, Abcam Rabbit polyclonal to active 
Caspase-3, UK) and TNF-α (Caspase 3,1:200, Abcam Rabbit 
polyclonal to active Rabbit polyclonal to TNF-α, UK). After 
several washes, all sections were incubated in anti-digoxigen-
in-peroxidase then incubated with 0.06% 3,3-diaminoben-
zidine tetrahydrochloride (DAB, Sigma Chemical, St. Louis, 
MO) in PBS. Eventually, sections were counter-stained with 
Harris hematoxylin (Merck, Darmstadt, Germany).[22]

The Semi-quantitative Analysis 
In this study, intestinal damage grade scores Chiu et al.[23] 

methods were calculated using the Olympus DP2-BSW 
(Ver.2.1 to Ver.2.2, Build 6212, Tokyo, Japan) software system 
was used. H&E stained sections were put on the microscope 
tray, and their sectional boundaries were determined using 
this program. After determining the area, frames separated 
from each other were determined by histopathologist ran-
dom (Table 1).

Stereological Analysis 
The mean IHC positive cell numerical density was calculated 
using the fractional method, of the Stereo Investigator (Mi-
croBrightField 9.0, Colchester, VT, CA, USA) software sys-
tem was used. IHC stained (Caspase-3 and TNF-α) sections 
were put on the microscope tray, and their sectional bound-
aries were determined using this program. After determining 
the area, frames separated from each other were determined 

by systematic random sampling of the sections, according to 
the rules of space fragmentation with the step interval of 
the x and y-axis. Then, in 40 different selected areas, of all 
groups were measured following the method described by 
Mercantepe.[24]

Statistical Analysis 
Statistical analysis of the SOD and MDA of all groups was 
performed using SPSS (IBM SPSS Statistics 18.0, IBM Corpo-
ration, Somers, NY, USA). Differences between the groups 
were tested using one-way analysis of variance (ANOVA) 
followed by a Tukey HSD test; the numerical data of groups 
were analyzed (P-value <0.05 was selected as significant). The 
values were determined as means±standard deviation.

RESULTS

Biochemical Results

The effects of adalimumab on intestinal SOD and the MDA 
levels are shown in Table 3. There were statistically non-sig-
nificant (p>0.05) decreases in the SOD level in the group 
treated with I/R as compared with the control and I/R+Ada 
groups. I/R significantly increased the MDA level when com-
pared with the control group (p<0.05). Adalimumab adminis-
tration significantly decreased the MDA level when compared 
with the I/R group (p<0.05). There were statistically non-
significant (p<0.05) in the MDA level in the group treated 

Table 1. Grading score of the mucosal damage (Chiu et al.)

Grade The sequence of morphological changes

0 Normal mucosal villi.

1 Development of subepithelial Gruenhagen’s space,  

 usually at the apex of the villus; often with capillary  

 congestion.

2 Extension of the subepithelial space with moderate  

 lifting of epithelial layer from the lamina propria.

3 Massive epithelial lifting down the sides of villi.

 A few tips may be denuded.

4 Denuded villi with lamina propria and dilated

 capillaries exposed. Increased cellularity of the lamina 

 propria may be noted.

5 Digestion and disintegration of lamina propria;

 hemorrhage and ulceration.

Table 2. Biochemical analysis results

Groups MDA level (micromol/L) SOD level (U/ml)

 (Mean±SD) (Mean±SD)

Control (n=8) 3.65±0.54 30.22±5.27

I/R (n=8) 5.07±0.66a 29.09±4.64

I/R+ADA (n=8) 3.89±0.50b 28.06±3.40

aP=0.00 versus control group; bP=0.00 versus I/R group.
SD: Standard deviation; IR: Ischemia-reperfusion; ADA: Adalimumab; MDA: 
Malondialdehyde; SOD: Superoxide dismutase.

Table 3. The mucosal changes following a period of the 
ischemia/reperfusion are graded

Group Damage grade score  

 (Median±SD)

Control (n=8) 0.00±0.13

I/R (n=8) 5.00±0.00b

I/+ADA Group-treated group (n=8) 2.00±00.35b,c

bP<0.05 versus to Control group. cP<0.05 versus to Ischemia/ Reperfusion 
group. Based on the Kruskal-Wallis test. SD: Standard deviation; IR: Ischemia-
reperfusion; ADA: Adalimumab.
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with adalimumab as compared with the control. In brief, the 
group treated with Adalimumab, the SOD activity statistically 
nonsignificant increased than I/R group, and the MDA level 
activity decreased than I/R group (Table 2).

Light Microscopy Results

Light microscopic sections obtained from the intestinal tissue 
of the control group showed normal histological structural 

features. The level of damage for samples taken from the 
control group was evaluated as 0 (normal mucosa, according 
to Chiu et al.) (Figs. 1a; Table 4). The intestinal tissue of the 
ischemia group was widely loss in epithelial cells and ulcera-
tion. In addition, ischemia group samples showed the disinte-
gration of the lamina propria with hemorrhage and Crypts of 
Lieberkuhn degeneration. The degree of structural damage 
in the ischemia group intestinal tissue samples is five (dis-
integration of lamina propria, hemorrhage, and ulceration) 

Pergel et al. The protective effects of ADA on intestinal injury induced with infrarenal aortic occlusion

Table 4. Caspase-3 positive numerical density measurement (mm3) data

Group Caspase-3 positive nume rical density TNF-α positive numerical density

 (Mean±SD) (Mean±SD)

Control (n=8) 4.00±2.27 6.75±3.85

I/R (n=8) 39.00±13.06a 64.87±18.33a

I/R+ADA Group-treated group (n=8) 17.63±6.48b 14.50±7.3c

aP=0.00 versus to Control group; bP=0.011 versus to I/R group; cP=0.00 versus to I/R group. Tukey HSD test.
SD: Standard deviation; IR: Ischemia-reperfusion; ADA: Adalimumab; TNF-α: Tumor necrosis factor alpha.

(a)

(c)

(b)

(d)

Figure 1. Histology of the small intestine in ischemia damage. H&E. (a) Control group: damage grade score 0; Healthy morphological 
and intact structures of the mucous membrane (arrow). Crypts of Lieberkuhn (Lb). Lamina propria (Lp). Tunica muscularis (Tm). 
(x20). (b) Ischemia Group: damage grade score 5; Ischemia group samples showed the disintegration of the lamina propria (spiral ar-
row), hemorrhage (asterisk) and ulceration (arrow). Crypts of Lieberkuhn degeneration (tailed arrow). (x20). (c) Ischemia+Ada Group: 
damage grade score 1; Intact structures of the mucous membrane (arrow). Crypts of Lieberkuhn (Lb). Lamina propria (Lp). (x20). (d) 
Ischemia+Ada Group; Mucous membrane (arrow). Development of subepithelial (Gruenhagen) spaces near the tips of the villi. (x40).
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(Figs. 1b; Table 4). In the ischemia/reperfusion + adalimumab 
group-treated group, intact structures of the mucous mem-
brane were regularly. However, the development extension 
of the subepithelial space with moderate epithelial lifting 
from the lamina propria. The degree of structural damage 
in the I/R+ADA Group-treated group’s small intestine varies 
between 2 (2, an extension of the subepithelial space with 
moderate epithelial lifting from the lamina propria) (Figs. 1c, 
d) (Table 3).

Immunohistochemical (IHC) Results
We found that the I/R administration significantly increased 
the numerical density of caspase-3 and TNF-α positive intesti-
nal epithelial cells compared to the control group (p=0.00, 
p=0.00; respectively). However, we found that the numerical 
density of Caspase-3 and TNF-α positive intestinal epithelial 
cells in the ADA treatment group was significantly lower than 
that of the I/R group (p=0.011, p=0.00; respectively) (Table 
4; Figs. 2, 3). 

The Semi-quantitative Analysis 
The results also revealed a high level of damage score for sam-
ple measurement of the ischemia/reperfusion group (Score: 
5) compared to the control group (score: 0) (p=0.00). The 
I/R+ ADA Group-treated group showed a decreased level 
of damage score (Score: 2) for sample measurement than 
the ischemia/reperfusion group (Score: 5) (p=0.00) (Table 
3; Fig. 1). 

DISCUSSION
There are many studies on the arteries that directly feed the 
small intestines, particularly the mesenteric arteries, and IR 
studies have shown that IR results in a weakened intestinal 
villus structure, leukocyte infiltration, and hemorrhage of the 
subepithelial connective tissue. In addition, various studies 
investigating the indirect effects of IR on the small intestine 
using abdominal aortic clamping have found that IR is the re-
sult of the loss of villus epithelia.[25,26] In the present study, 
we observed intestinal ulceration due to intestinal epithelial 
loss. We also observed hemorrhage and the degeneration of 
intestinal crypts in subepithelial connective tissue.

The research has not fully explained the mechanism involved 
in IR damage to tissue; however, IR has been reported to 
increase the amount of ROS, resulting in lipid peroxidation.
[18,19] Ohkawa et al.[27] reported that MDA levels in intestinal 
tissues are an index of lipid peroxidation. Cuzzocrea et al.[28] 
found that IR increased intestinal MDA levels. Zhan et al.[29] 

found that IR decreased superoxide dismutase (SOD) levels. 
Although we observed that IR increased SOD levels in our 
study, we did not observe a statistically significant difference. 
In this context, we found that infrarenal IR increased the level 
of intestinal oxidants but did not observe any effects of IR on 
the antioxidant enzyme SOD.

Various studies have reported that abdominal and intesti-
nal IR induces apoptosis in intestinal cells in addition to in-
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(a) (b) (c)

Figure 2. Immunohistochemical staining with the immunoperoxidase method and histopathologic examination of the small intestine under the light 
microscope. (a) Control group. x40. (b) Ischemia group. x20. (c) Ischemia+Ada treated group, immunoperoxidase staining with the anti-caspase-3 an-
tibody. x20.

Figure 3. TNF-α Immunohistochemical staining with the immunoperoxidase method and histopathologic examination of the small intestine under the 
light microscope. (a) Control group. x40. (a) Ischemia group. x40. (c) Ischemia+Ada treated group.

(a) (b) (c)
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creasing ROS. Sun et al.[30] found that intestinal IR induces 
multiple organ failure, causing apoptosis and oxidative stress. 
The activation of caspase-3 is considered to be both an irre-
versible terminal stage of apoptosis and a marker of apopto-
sis. Gordeeva et al.[31] reported that IR increased caspase-3 
levels in their study. In our study, we found that IR caused the 
apoptosis of enterocytes.

The pro-inflammatory cytokine TNF-α has been found to 
induce oxidative stress in recent studies.[32,33] Neirynck et 
al.[32] reported that it increased the production of free oxy-
gen radicals. Another study investigated the suppressive 
effects of TNF-α inhibitors on the pro-inflammatory and 
pro-oxidative effects of TNF-α and on IR.[18] The present 
study demonstrated that adalimumab inhibited IR-induced 
inflammation by decreasing TNF-alpha expression. In addi-
tion, Cure et al.[20] employed the abdominal aorta clamp-
ing method in investigating why ADA decreased oxidative 
stress in their study of IR. Kurt et al. employed the infrarenal 
abdominal aorta clamping method in their study of IR and 
found that ADA lowered MDA levels.[19] Shen et al.[34] found 
that ADA reduced apoptosis in their study. Ossendorff et 
al.[35] reported that ADA reduced caspase-3 expression. Sim-
ilarly, we found that ADA reduced the IR-induced apoptosis 
of enterocytes.

There are some limitations to our study. Regarding oxida-
tive stress, it should be evaluated in conjunction with other 
oxidants and antioxidant enzymes and molecules in relation. 
In addition, the level of intracellular calcium and free oxygen 
radicals must be assessed vis-à-vis apoptosis.

The results of this study indicate that oxidative stress is 
caused by lipid peroxidation induced by infrarenal abdomi-
nal IR. We observed ulceration due to the apoptosis of en-
terocytes and enterocyte loss in villi. However, we did not 
observe any effects on SOD, an IR antioxidant enzyme. We 
found that ADA reduces lipid peroxidation and apoptosis, 
thus reducing IR damage to the small intestine. This study 
could be useful in future research on the involvement of an-
tioxidant enzymes other than ROS in IR injury and to better 
understand other molecular effects associated with the dam-
age that arises from IR.
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İnfrarenal aort oklüzyonu ile oluşan intestinal hasarında adalimumab’ın koruyucu etkisi
Dr. Ahmet Pergel,1 Dr. Levent Tumkaya,2 Dr. Gökhan Demiral,1 Dr. Muhammet Kadri Çolakoğlu,1

Dr. Süleyman Kalcan,1 Dr. Ali Özdemir,1 Dr. Tolga Mercantepe,2 Dr. Başar Erdivanlı,3 Dr. Adnan Yılmaz4

1Recep Tayyip Erdoğan Üniversitesi Tıp Fakültesi, Genel Cerrahi Anabilim Dalı, Rize
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AMAÇ: Çeşitli cerrahi ve organ transpalantasyonu, strangüle herniasyonlar ve neonatal nekrotizan enterokolit gibi klinik durumlarda ortaya çıkan 
intestinal iskemi reperfüzyon (I/R) hasarı cerrahi yoğun bakım ünitelerindeki ölümlerin en başlıca sebebini oluşturur. İskemi-reperfüzyon (IR) neden 
olduğu bağırsak hasarında oksidatif  stresin rol oynadığı bildirilmesine rağmen kalıcı bir çözüm bulunamamıştır. Bu çalışmada I/R neden olduğu ince 
bağırsak üzerindeki etkilerini moleküler düzeyde inceyerek, adalimumab (ADA) ve antioksidanların olası koruyucu potansiyelini geleceğe dönük ele 
aldık.
GEREÇ VE YÖNTEM: Toplam 24 erkek Sprague-Dawley sıçanlar rasgele olarak kontrol, iskemi/reperfüsion (I/R) ve I/R+ADA uygulama grubu 
olmak üzere üç gruba ayrıldı.
BULGULAR: I/R grubunda ince bağırsak dokusunda GSH seviyesinde bir değişiklik gözlemlenmemekle beraber MDA seviyesini ve kaspaz-3 pozitif  
enterositlerin sayısal yoğunluğunu artırdığını gözledik (sırasıyla, p=0.00; p=0.00). Bunun yanında villus kripta yapılarında dejenerasyona neden ol-
duğunu saptatık. ADA tedavisinin I/R grubuna kıyasla MDA seviyesini ve kaspaz-3 pozitif  enterositlerin sayısal yoğunluğunu azalttığını gözlemledik 
(sırasıyla, p=0.00; p=0.011). 
TARTIŞMA: Adalimumab, I/R neden olduğu intestinal hasarın önlenmesinde yararlı olabilir.
Anahtar sözcükler: Adalimumab; iskemi; intestinal hasar; oksidatif  stress; reperfüzyon; sıçan.
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