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Abstract. – OBJECTIVE: In this study, we in-
vestigated whether the administration of calcium
dobesilate (CD) affects oxidative stress markers
and histopathological outcomes in a rat model of
intestinal ischemia-reperfusion (IR) injury.

MATERIALS AND METHODS: This study was
conducted with 30 male Wistar rats. The rats
were randomly assigned to three groups as fol-
lows: a sham group (n = 10), an IR group (n =
10), and an IR + CD group (n = 10). In the sham
group, superior mesenteric artery (SMA) dis-
section alone was performed during laparoto-
my. In the IR group, the procedure included
SMA occlusion for 60 min, followed by reperfu-
sion for 60 min. In the IR + CD group, CD (100
mg/kg/day) was additionally given for two days
before laparotomy by intragastric lavage. In all
the rats, 2 ml of blood were drawn, and an ileal
segment (approximately 2 cm in size) was re-
moved to evaluate oxidative stress markers.
The ileal segment removed was divided into
two pieces, and one piece was reserved for
histopathological evaluation.

RESULTS: Compared to the other groups,
both serum and tissue oxidative stress indices
were lower in the IR + CD group. The decrease
was due to CD increasing the total antioxidant
capacity. Moreover, the histological analysis
showed that CD reduced tissue injury.

CONCLUSIONS: CD may exert a protective
effect against intestinal IR injury by increasing
antioxidant capacity.

Key Words:
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Introduction

Acute mesenteric ischemia (AMI) is a devas-
tating clinical condition characterized by reduced
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blood flow caused by an arterial thrombus in the
superior mesenteric artery (SMA), inferior
mesenteric artery or truncus coeliacus1. AMI
comprises approximately 2% of gastrointestinal
diseases requiring immediate surgical interven-
tion1,2. The mortality remains at 60-80%, despite
advances in diagnosis and management3.
Intestinal ischemia-reperfusion injury (IRI) is

defined as cellular injury secondary to ischemia
and reperfusion of the intestine, and it plays a ma-
jor role in mortality of AMI1. Ischemia is defined
as a marked reduction in the blood flow required
by tissues and organs, and reperfusion is defined
as restoration of blood flow to tissues4. But during
this period, proinflammatory cytokine release and
reactive oxygen species (ROS) production, which
is cause to tissue injury are increased5,6.
Oxidative stability is defined as the equilibri-

um between ROS production and elimination7.
Oxidative stress is defined as an imbalance be-
tween ROS and antioxidant production involved
in ROS inactivation8. The elevated level of oxida-
tive stress causes injury to cellular lipids, pro-
teins and deoxyribonucleic acid (DNA), leading
to the development of numerous diseases8,9. ROS
may lead to an inflammatory response, including
complement activation, cytokine release and
leukocyte activation7.
Calcium dobesilate (CD) is a pharmacological

agent used in the treatment of many diseases be-
cause of its vasoprotective and antioxidant fea-
tures10. The antioxidant properties of CD are at-
tributed to reduced lipid peroxidation caused by
ROS and decreased release of inflammatory cy-
tokines, such as platelet activating factor (PAF)11.
In the present study, we aimed to investigate

whether the antioxidant properties of CD influ-
ence the release of serum and tissue oxidative
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mogenised in ice-cold potassium chloride (150
mmol/L). The homogenates were centrifuged at
12,500 rpm, and the supernatant obtained was
stored at –80° C until the assays. Blood samples
drawn were centrifuged for 10 min at 3000 rpm,
and the supernatant obtained was stored at -80° C
until analysis of oxidative stress parameters. As
the study was comparative in nature, no protective
material was added to the samples.

Biochemical Analysis

Total antioxidant level (TAS)
The total antioxidant level (TAS) was mea-

sured in samples using commercial kits (Rel As-
say). The measurement method relies on the pro-
portion of the coloured radicals that undergo de-
colourisation relative to the total concentration of
antioxidant molecules as a result of the reduction
of coloured ABTS cationic radicals by overall
antioxidant molecules. The results were ex-
pressed as mmol Trolox equivalent/L for serum
TAS and mmol Trolox equivalent/gram protein
for tissue TAS12.

Total oxidant level (TOS)
The total oxidant level (TOS) was measured in

samples using commercial kits (Rel Assay). The
measurement technique is a colorimetric method,
which relies on the cumulative oxidation of fer-
rous ion of oxidant molecules to ferric ion.
Serum TOS was expressed as µmol H2O2 equiva-
lent/L, and tissue TOS was expressed as µmol
H2O2 equivalent/gram protein13.

Oxidative Stress Index (OSI)
The OSI was defined as the ratio of TOS to

TAS levels14.

Histopathological Evaluation
After fixation in a solution of 10% formalde-

hyde, randomised samples were taken from the
intestinal tissue specimens. The samples were
embedded in paraffin blocks, and 5 µm thick
sections were obtained. The samples were then
stained by haematoxylin eosin for microscopic
evaluation. Histopathological changes in the in-
testinal tissues were assessed according to the
staging system proposed by Chiu et al15.

Statistical Analysis
All statistical analyses were performed with

SPSS for Windows version 11.5 (SPSS Inc.,
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markers and confer protection against tissue
damage in IRI induced in rats.

Materials and Methods

Animals
The study protocol was approved by the Local

Ethics Committee on Animal Studies of Dicle
University (protocol no: 12.02.2013/04-9). The
care of the rats and all surgical procedures were
conducted in accordance with the “Guide for the
Care and Use of Laboratory Animals”.
Thirty male Wistar rats (weighing 180-240 g)

were supplied by the Animal Experiment Labora-
tory of Dicle University (Diyarbakir, Turkey).
The rats were housed in stainless steel cages in a
hygienic, well-ventilated room. They were fed
standard rat pellets and water.

Surgical Procedures
The rats were randomized into three groups as

follows: a sham group, an ischemia-reperfusion
(IR) group, and an IR + CD group. In the IR + CD
group, CD (Doxium; Abdi Ibrahim, Istanbul,
Turkey) (100 mg/kg/day) was given to the rats for
two days before laparotomy by intragastric lavage.
After fasting for 12 h, the rats were anesthetized
by 75 mg/kg of Ketamine (Ketalar; Parke Davis,
Eczacibasi, Istanbul, Turkey) and 10 mg/kg of xy-
lazine (Rompun; Bayer AG, Leverkusen, Ger-
many), administered intraperitoneally. Laparoto-
my was then performed using a midline incision
after placing the rats in the appropriate position. In
the sham group, the SMA was exposed. It was dis-
sected but not occluded. In the IR and the IR + CD
groups, the SMA was exposed. It was then
clamped at the level of origin from the aorta using
a microvascular bulldog clamp. The clamp was re-
moved after 60 min of ischemia, allowing reperfu-
sion for 60 min. After the reperfusion period, 2 ml
of blood were drawn from the vena cava inferior
to measure oxidative stress markers. Moreover, an
intestinal segment (2 cm in size) was resected
from the ileum for histopathological evaluation
and assessment of oxidative markers. All the rats
were sacrificed under general anaesthesia.
For histopathological evaluation, approximately

half of the intestinal tissue (approximately 1 cm in
size) was removed and placed in a solution of 10%
formaldehyde and transferred to the pathology
laboratory. To determine the oxidative stress mark-
ers in the intestinal tissue, the remaining ileal seg-
ment (approximately 1 cm in size) was ho-
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Figure 1. The relationship between serum-tissue the total
antioxidant capacity and oxidative stress in the ischemia-
reperfusion + calcium dobesilate group (r = –0.287, p =
0.421; r = –0.522, p = 0.122 respectively).

Chicago, IL, USA). Continuous variables were
expressed as mean ± standard deviation (SD) and
categorical variables as figure and percent. The
Kolmogorov-Smirnov test was used to assess the
normal distribution of the data. The Levene test
was used to assess homogeneity of variables. The
Student’s t test was used to compare parameters.
A one-way analysis of variance (ANOVA) was
used to compare the sham, IR and IR + CD
groups. Bonferroni, Tukey and Sheffé tests were
used for posthoc analysis. Fisher’s exact test was
used to compare categorical variables among the
groups. For correlation, the Pearson correlation
test was used. A two-tailed p value < 0.05 was
considered significant.

Results

In the comparison of the serum and tissue ox-
idative stress parameters between the IR + CD
and the IR groups, the OSI level was significantly
lower (p < 0.001) and the TAS was significantly
higher (p < 0.001) in the IR + CD group. Both
serum and tissue TOS levels were lower in the IR
+ CD group when compared to the IR group, but
the difference did not reach statistical significance
(p = 0.390 and p = 0.445, respectively).
In the comparison between the IR + CD and

the sham groups, the serum OSI level was lower
in the IR + CD group, but the difference did not
reach statistical significance (p = 0.176). Howev-
er, the tissue OSI level was significantly lower in
the IR + CD group when compared to the sham
group (p < 0.001). The decrease in the serum and
tissue OSI level was due to an increase in the
TAS level (r = –0.287, p = 0.421; r = –0.522, p =
0.122 respectively) (Table I and Figure 1).
Table II presents the distribution of the sub-

jects within groups according to the staging sys-
tem of Chiu et al15, and Figure 2 presents the
histopathological appearance of the IRI samples.
The number of subjects with stage 3 and 4 tissue
injury was higher in the IR group when com-
pared to the IR + CD group. Fisher’s exact test
was performed to detect whether there was a dif-
ference between the groups regarding the distrib-
ution of cases with histopathological stage 1-2
and 3-4. No significant difference was detected
(p = 0.708 and p = 0.667, respectively).

Discussion

In this study, we aimed to investigate
whether the antioxidant properties of CD con-
fers protection against IRI caused by AMI, giv-

Sham IR IR + CD p*

Serum TAS (mmol Trolox equivalent/L) 0.95 ± 0.17 0.93 ± 0.11 1.91 ± 0.31 <0.001
Serum TOS (µmol H2O2 equivalent/L) 46.93 ± 16.73 80.83 ± 13.54 69.14 ± 26.30 0.002
Serum OSI 4.98 ± 1.74 8.79 ± 1.57 3.69 ± 1.41 <0.001
Tissue TAS (mmol Trolox equivalent/L) 0.16 ± 0.06 0.15 ± 0.05 0.48 ± 0.11 <0.001
Tissue TOS (µmol H2O2 equivalent/L) 5.33 ± 1.36 10.03 ± 2.00 8.94 ± 2.43 <0.001
Tissue OSI 4.03 ± 2.06 7.00 ± 2.23 1.93 ± 0.54 <0.001

Table I. Tissue and serum oxidative stress parameters of the subjects within groups.

All the data were expressed as the mean ± standard deviation, *One-way analysis of variance (ANOVA)
Abbreviations: IR: ischemia-reperfusion, IR+CD: ischemia-reperfusion + calcium dobesilate, TAS: total antioxidant level,
TOS: total oxidant level, OSI: oxidative stress index
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en that AMI is associated with high mortality
and that oxidative stress is implied in its patho-
physiology. The primary findings of this study
can be summarized as follows: (I) When com-
pared to the IR group, both serum and tissue
OSI were lower in the IR + CD group, (II)
pathological injury was lower in the IR + CD
group, (III) the tissue OSI in the IR + CD group
was lower than that in the sham group, and (IV)
the decrease in the OSI was related to increased
tissue levels of TAS.

IRI is a devastating clinical condition that may
result from several pathological events, such as
haemorrhage, AMI, trauma and septic shock16.
Research has suggested that ROS and endoge-
nous cytokines, such as PAF, are involved in the
development of intestinal IRI17. One study
demonstrated that oxygen supplied during the
reperfusion period increased ROS formation5.
Another study proposed that there is increased
PAF release from macrophages, mast cells and
endothelial cells, which, in turn, exert a chemo-

Figure 2. Histopathological appearance of ischemia-reperfusion injury according to the staging system of Chiu et al15

(haematoxylin eosin × 200). A, Mild enlargement of subepithelial area within villi and capillary congestion in villi (stage 1).
B,Moderate resolution of epithelial cells lining the villi from lamina propria (stage 2). C, Epithelial cell layer lining the villi of
the lamina propria, extending to basal layer (stage 3). D, Complete strip of epithelial cell layer lining the villi and capillary
vascular dilatation (stage 4).

A B

C D
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tactic effect on leukocytes thought to mediate
reperfusion injury18.
Dobesilate is a synthetic derivative of benzene

sulphonate. It exhibits antioxidant and vasopro-
tective activity and is widely used in the treat-
ment of diabetic retinopathy, chronic venous fail-
ure and haemorrhoidal disease10,19. The antioxi-
dant properties of dobesilate, when used in com-
bination with calcium and magnesium ions in
clinical practice, have been attributed to neutrali-
sation of ROS and decreased release of PAF from
platelets20. In this study, we aimed to investigate
whether the neutralising of ROS and the decrease
in PAF associated with CD ameliorate injury
caused by intestinal IRI.
Research has suggested that hypoperfusion in

the gastrointestinal system plays a role in the de-
velopment of pathological conditions, such as
small intestine dysmotility and mucosal barrier
dysfunction21. In experimental models of SMA
occlusion and reperfusion, it is shown that severe
injury developed at the intestinal mucosa and
wall5,21. The injury was attributed to increased
ROS after reperfusion5,6. In our study, no
histopathological injury was detected in the sham
group, whereas histological injury was detected in
all the rats in the other groups according to the
staging system of Chiu15 (Table II). There was
less histopathological injury in the IR + CD group
when compared to the IR group.
Reperfusion following tissue ischemia increas-

es the oxygen concentration in the tissue. The in-
creased oxygen reacts with hypoxanthine and
xanthine oxidase in ischemic tissue. As a result,
ROS formation is triggered5. Oxidative stress
causing tissue and cell injury occurs if ROS is not
inactivated by antioxidant metabolism. As a pre-
vious study showed a significant correlation be-
tween TOS and the OSI in the body8, we used the
OSI level to estimate the level of oxidative stress
in both serum and tissue. The OSI level was lower
in the IR + CD group when compared to the other
two groups. The decrease in the OSI level result-

ed from the CD-induced increase in the antioxi-
dant capacity of both the serum and tissue.

Conclusions

This study demonstrated that CD reduces both
the level of oxidative stress and histological in-
jury in AMI, which requires acute surgical inter-
vention and is associated with high mortality.
Thus, CD use in AMI could be beneficial to re-
duce mortality in the future.
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