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Abstract

Objective: This study was performed to determine the healing effects of pentoxifylline on
molecular responses and protection against severe ischemic damage in the small intestine.
Methods: Thirty-six Wistar albino rats were divided into six groups. The superior mesenteric
artery was clamped for 120 minutes, and reperfusion was performed for 60 minutes. Saline
(0.4 mL), pentoxifylline (I mg/kg), and pentoxifylline (10 mg/kg) were intraperitoneally adminis-
tered to the rats in the C|, P, and P5 groups, respectively, 60 minutes before ischemia and to the
rats in the C,, P,, and P, groups, respectively, during reperfusion onset. Malondialdehyde, mye-
loperoxidase, tumor necrosis factor alpha, interleukin-1 beta, and interleukin-6 in serum and
tissue were measured by enzyme-linked immunosorbent assay. Intestinal ischemic injury was
histopathologically evaluated by the Chiu score and immunohistochemical staining.

Results: All serum and tissue molecular responses were significantly blunted in the
pentoxifylline-treated groups compared with the controls. Significant improvement in ischemic
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damage was demonstrated in the pentoxifylline-treated groups by histological grading and immu-

nohistochemical scoring.

Conclusions: The protective effects of pentoxifylline were confirmed by molecular responses

and histopathological examination.
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Introduction

Ischemia—reperfusion (I/R) is a pathological
process that gives rise to severe ischemic
damage in the small intestine. Restoration
of blood flow to ischemic tissue may prevent
tissue necrosis and facilitate restoration of
organ function.'? Several molecular markers
associated with I/R have been identified.’
Pentoxifylline (PTF), a methylxanthine
derivative, has a hemorheological effect
that increases the elasticity of red blood
cells and reduces blood viscosity.
Decreased blood viscosity results in
increased blood flow to the microcircula-
tion and increased tissue oxygenation. The
increased elasticity of the red corpuscles
causes deformities in these structures. PTF
has been used to treat intermittent claudi-
cation disorders in Europe since 1972.° PTF
has also been shown to induce vasodilata-
tion and inhibit neutrophil adhesion; these
effects have stimulated interest in PTF as a
potentially useful compound for treating
various I/R-related conditions. In 1995,
PTF was used for the first time as an anti-
ischemic drug in a small bowel ischemia
model in rats.” The discovery that PTF
had an anti-tumor necrosis factor «
(TNFo) effect resulted in its use in the treat-
ment of organ ischemia.® PTF primarily
inhibits phosphodiesterase enzymes, which

increase the amount of cyclic adenosine
monophosphate in polymorphonuclear leu-
kocytes while decreasing free oxygen radical
production.” Recent studies have shown
that PTF inhibits xanthine oxidase, thus
reducing superoxide and hydroxyl radicals
and restoring capillary circulation and
tissue oxygenation. Because PTF inhibits
free oxygen radicals and phospholipase
A2, prostacyclin release is increased.'”

In this study, we aimed to determine
the influence of PTF on tissue healing by
examining the molecular responses to and
protective effects of PTF in a rat model of
severe intestinal I/R. The role of PTF in
severe small bowel ischemia was investigat-
ed by evaluating the molecular and patho-
logical parameters in this experimental
context. The timing and dose of PTF
administration were studied to determine
the effect of this molecule under different
conditions. Our specific hypothesis was
that PTF has a protective effect on small
intestinal damage after I/R.

Methods

This study was approved by the Animal
Experiments Local Ethics Committee of
Istanbul University (process number 2015/
80). The experiments were performed in
adherence with the international guidelines
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for the care and use of laboratory animals at
the Laboratory of Surgical Physiopathology.

Thirty-six male Wistar rats (250-350 g)
were purchased from the Institute of
Experimental  Medicine at  Istanbul
University. Male rats were used because
the menstrual cycle may affect blood test
results. All rats were housed in metal
cages and maintained in a 12-hour dark/
light cycle at a controlled temperature of
22°C (£1°C). All rats were given food con-
taining 21% protein and allowed free access
to fresh tap water. All cages were cleaned
daily. Each cage housed four rats, and rats
that were in the same experimental group
were housed together.

The rats were randomly assigned to one
of six study groups. They were fasted during
the night before the surgery. On the day of
surgery, the rats were anesthetized with
ketamine hydrochloride (50mg/mL) and
xylazine hydrochloride (20 mg/mL) admin-
istered by intraperitoneal (IP) injection at a
dose of 0.1 mL per 100 g. The rats were then
placed in the supine position on a regularly
disinfected and surgically draped operating
table. Anesthesia and skin sterilization were
performed under laboratory conditions for
all animals. The animals were not mechan-
ically ventilated. Next, a 4-cm median lap-
arotomy was performed. The small intestine
was examined, and the superior mesenteric
artery (SMA) was identified and dissected.
The SMA was then carefully isolated and
clamped while keeping the superior mesen-
teric vein intact. The small intestine was
repositioned into the abdominal cavity.
The SMA was clamped for 120 minutes,
and reperfusion was initiated by removing
the clamp at the end of 120 minutes.
Reperfusion was performed for 1 hour
before collecting blood to measure the fol-
lowing inflammatory markers: lactic acid
dehydrogenase (LDH), which is an indica-
tor of small intestinal damage; tissue
malondialdehyde (MDA), which is an indi-
cator of lipid peroxidation and, later, of

ischemic damage (it is also indicative of oxi-
dative stress, which can lead to cellular
damage after a shift to the pro-oxidant
side of the pro-oxidant—anti-oxidant bal-
ance); and myeloperoxidase (MPO), which
is a quantitative indicator of the presence of
neutrophils in the small intestine (it is found
in the granules of mammalian neutrophils
and plays an important role in the killing
abilities of phagocytes). Small bowel speci-
mens were also obtained during blood col-
lection for histological studies.

The rats were divided into the following
SiX groups:

C; control group (n=6): 0.4mL of
normal saline (NS) was administered by
IP injection 60 minutes before intesti-
nal ischemia.

C, control group (n=6): 0.4 mL of NS
was administered by IP injection during
reperfusion onset.

P; treatment group (n = 6): 0.4 mL of NS
and 1 mg/kg of PTF were administered by
IP injection 60 minutes before intesti-
nal ischemia.

P, treatment group (n = 6): 0.4 mL of NS
and 1 mg/kg of PTF were administered by
IP injection during reperfusion onset.

P; treatment group (n = 6): 0.4 mL of NS
and 10 mg/kg of PTF were administered by
IP injection 60 minutes before intesti-
nal ischemia.

P4 treatment group (n = 6): 0.4 mL of NS
and 10 mg/kg of PTF were administered by
IP injection during reperfusion onset.

Next, 6 mL of blood from each rat’s
heart cavity was collected to quantify the

levels of serum LDH, MDA, MPO,
TNFo, interleukin-1 beta (IL-1f), and
interleukin-6 (IL-6). The inflammatory

cytokines TNFao, IL-1f, and IL-6 are indic-
ative of an acute inflammatory response to
bacteria and other infectious agents. Small
intestine specimens were obtained for histo-
logical studies and to determine the concen-
trations of TNFa, IL-14, IL-6, MDA, and
MPO in wet tissue. Blood and tissue
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samples were taken at the end of reperfu-
sion in all groups. The rats were killed
immediately after collection of the blood
and tissue samples. Tissue samples were
fixed in 10% neutral formaldehyde.

All tissues were washed in phosphate-
buffered saline (PBS) at 4°C, placed in a
cryogenic tube, and stored at —80°C until
analysis. Blood samples were taken from
the heart apex while the heart was beating.
Samples were then centrifuged at 3,000 to
35,000 rpm for 15 minutes. All serum sam-
ples obtained from each animal were placed
into three separate Eppendorf tubes and
stored at —80°C until analysis.

Preparation of tissue homogenates

Tissue samples were homogenized in PBS
and formed a 10% (w/v) homogenate.
Homogenization was performed with a
tissue grinder fitted with a Teflon pestle at
a speed of 1000 rpm for 10 minutes.

Serum and intestinal tissue tests

The serum LDH level was determined using
a cobas 8000 ¢602 modular automatic ana-
lyzer (Roche Diagnostics, Mannheim,
Germany). Serum and intestinal tissue
levels of TNFa were measured using
enzyme-linked  immunosorbent  assay
(ELISA) kits (bms622, bms622TWO, and
bms622TEN; Affymetrix eBioscience, San
Diego, CA, USA). Serum and tissue levels
of 1L-6 were determined using ELISA kits
(bms625, bms625TWO, and bms625TEN;
Affymetrix eBioscience). Serum and tissue
levels of IL-18 were determined using
ELISA kits (bms630 and bms630TEN;
Affymetrix eBioscience). Serum and tissue
levels of MPO were determined using
ELISA  kits  (201-11-0575;  Shanghai
Sunred Biological Technology Co., Ltd.,
Shanghai, China). Serum and tissue levels
of MDA were determined using ELISA

kits  (201-11-0157;  Shanghai
Biological Technology Co., Ltd.).

Sunred

Histopathological analyses

Cross-sections (4-pum-thick) of small bowel
tissue were stained with hematoxylin and
eosin after paraffin embedding. The samples
were examined and photographed under a
light microscope. Histopathological changes
were evaluated in a double-blind manner
(blinded assessment of outcomes by two
independent assessors). Each section of
ischemic intestinal tissue was scored on a
6-point scale as described by Chiu et al.'!

Immunohistochemical studies

Intestinal tissues were dissected, fixed in
10% neutral buffered formalin, embedded
in paraffin wax, and then cut into
4-pm-thick sections. The sections were
placed onto adhesive slides, deparaffinized
in xylene, and rehydrated in a graded alco-
hol series. Immunoperoxidase staining was
performed with an UltraVision Large
Volume Detection System: Anti-Polyvalent,
HRP (Cat. No. TP-125-HL; Thermo
Fisher Scientific, Waltham, MA, USA).
Endogenous peroxidase activity was inacti-
vated by incubation in 3% hydrogen perox-
ide for 10 minutes. The sections were
incubated with blocking solution for 5
minutes at room temperature. Next, they
were incubated with anti-IL-6 antibody
(dilution 1:100; BIOZOL Diagnostica
Vertriecb GmbH, Eching, Germany), anti-
TNFa antibody (dilution 1:100; BIOZOL),
anti-MPO  antibody  (dilution  1:100;
BIOZOL), and anti-IL-1§ antibody (dilution
1:100; BIOZOL) overnight at 4°C and
washed with PBS the next day. Antibody
detection was performed using a biotinylated
universal secondary antibody, horseradish
peroxidase  streptavidin-complex,  and
amino-ethyl-carbazole as the chromogen.
The sections were then counterstained with
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Table I. TNF-o, IL-6, IL-1 3, MPO, MDA, and LDH values in blood

TNF-o IL-6 IL-15 MPO MDA LDH
(pg/mL) (pg/mL) (pg/mL) (ng/mL) (nmol/mL) (IU/L)

Group blood blood blood blood blood blood
(of Mean 99.9501 690.8814 109.2458 16.9432 17.0571 3626.67

Minimum 88.49 500.58 60.15 11.69 12.88 3349

Maximum 109.52 886.01 174.66 19.93 19.50 4111

SD 9.4557 171.24906 37.43625 4.04432 3.03633 271.684
P, Mean 29.2631 556.5951 73.4754 10.7911 14.7067 3626.67

Minimum 23.00 42431 54.64 10.07 13.90 3349

Maximum 33.12 691.57 105.94 11.29 15.73 4111

SD 496537 101.08608 18.27147 0.46663 0.70075 271.684
P5 Mean 26.2691 364.2576 39.5744 11.4578 9.9469 2534.17

Minimum 18.41 332.51 31.12 9.18 543 2152

Maximum 31.36 402.44 53.64 16.16 12.79 2891

SD 436399 23.18632 8.22995 2.56333 3.04749 276.102
C, Mean 97.88134 799.3718 111.2711 23.5673 17.7935 3907.50

Minimum 88.4| 583.61 97.26 20.50 13.34 3331

Maximum 108.57 981.71 127.79 29.03 19.88 4590

SD 8.44526 142.82602 11.94735 3.50721 2.45320 526.293
P, Mean 33.1058 483.6291 52.3319 10.4436 13.7249 1393.17

Minimum 22.73 436.58 39.86 7.38 10.45 1068

Maximum 41.45 543.88 58.39 12.33 17.40 1893

SD 7.32043 4490886 7.27652 1.78950 3.13287 285.337
P4 Mean 29.0237 397.7390 26.3123 10.6765 13.3382 1466.83

Minimum 18.41 364.07 19.08 7.06 9.59 1060

Maximum 38.57 451.18 36.16 13.30 15.69 1735

SD 7.72548 34.05056 6.68781 2.13700 2.10447 269.027

TNF-¢, tumor necrosis factor alpha; IL-6, interleukin-6; IL-1f, interleukin-1 beta; MPO, myeloperoxidase; MDA, malon-
dialdehyde; LDH, lactic acid dehydrogenase; SD, standard deviation.

Mayer’s hematoxylin. Normal rabbit IgG
(Cat. No. sc-2027, Santa Cruz
Biotechnology, Dallas, TX, USA) was used
for the negative control.

Histological score analysis

A Leica DM2500 light microscope was
used for histological score analysis, and
the samples were photographed with a
Leica DFC280 digital camera system
(Leica Microsystems, Wetzlar, Germany).
The total tissue area of each slide was exam-
ined under 400x magnification by two
researchers in a blinded manner. The inten-
sity of immunostaining was semiquantita-
tively evaluated using the following scores:

0 (no staining), 1+ (weak but detectable
staining), 2+ (moderate staining), 3+ (dis-
tinct staining), and 4+ (intense staining).

Statistical analyses

The Kolmogorov—Smirnov test was used for
normally distributed data. The K-sample
Kruskal-Wallis test, chi-square test, and
analysis of variance were performed to com-
pare the results. Differences were considered
statistically significant at a P value of < 0.05.
Statistical analyses were performed using
SPSS software, version 23.0.1 (IBM Corp.,
Armonk, NY, USA).
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Table 2. TNF-g, IL-6, IL-1, MPO, and MDA values in small bowel tissue
TNF-o (pg/g IL-6 (pg/g IL-18 (pg/g MPO (ng/g MDA (nmol/g

Group wet tissue) wet tissue) wet tissue) wet tissue) wet tissue)
C Mean 258.4168 2157.2629 1706.0784 43.6394 40.8602

Minimum 220.04 1723.86 1546.94 40.53 30.00

Maximum 306.75 2515.67 1933.20 49.96 62.89

SD 39.05984 364.86257 164.48855 2.72847 11.91143
P, Mean 164.2916 1506.5400 1125.5215 34.2044 29.1258

Minimum 102.74 1199.58 824.02 27.96 22.48

Maximum 232.76 1722.60 1551.69 46.88 35.25

SD 44.88309 176.88434 284.99781 7.3757 5.46783
P3 Mean 170.8501 1390.7490 943.8458 29.3180 24.1189

Minimum 103.71 1206.60 254.72 22.46 21.28

Maximum 206.70 1619.89 1427.62 35.71 27.39

SD 36.40936 168.22016 426.84843 4.68998 2.47575
G Mean 277.1872 2264.1876 1670.3207 41.1914 454317

Minimum 254.50 1757.95 1324.02 38.43 3341

Maximum 306.75 2638.20 1922.45 49.35 61.70

SD 22.35718 381.66622 214.82360 4.13752 11.69174
P, Mean 122.9695 1313.5731 998.0197 27.3962 27.2323

Minimum 63.87 1185.20 517.50 17.93 15.89

Maximum 193.68 1538.77 1262.80 35.28 31.36

SD 52.10958 15831216 278.61866 7.91353 5.83058
P4 Mean 79.8809 1145.6868 818.7325 26.3588 18.4982

Minimum 37.99 111216 348.37 20.76 7.69

Maximum 133.02 1187.17 1239.58 32.05 21.84

SD 40.33132 24.35077 391.26796 4.60748 5.46513

TNF-¢, tumor necrosis factor alpha; IL-6, interleukin-6; IL- 1, interleukin-1 beta; MPO, myeloperoxidase; MDA, malon-
dialdehyde; SD, standard deviation.

Table 3. Significant improvement in molecular markers between control and pentoxifylline treat-

ment groups

TNF-o IL-6 IL-15 MPO MDA LDH

(pg/mL) (pg/mL) (pg/mL) (ng/mL) (nmol/mL) (IU/L)
Groups Wet Wet Wet Wet Wet
(P values) Blood tissue Blood tissue Blood tissue Blood tissue Blood tissue Blood
C,-P,-P;* 0.003 0006 0002 0.003 0.0l 0.004 0.0I 0.010 0.003 0.006 0.003
Ci-P® 0.004 0.009 0.200 0.002 0.055 0.004 0.004 0.041 0337 0.041 1.000
C,-Ps° 0.002 0.002 0.002 0002 0.002 0002 0.026 0.002 0.002 0.002 0.002
P,-Ps° 0310 0699 0.002 0394 0.002 0485 0818 0394 0.002 0.132 0.002
C,-P-P, 0.003 0002 0.001 0.001 0.00I 0.003 0.003 0003 0.030 0.001 0.003
C,-P,° 0.002 0.002 0.002 0.002 0.002 0.002 0.041 0.002 0.041 0.002 0.002
C,-P° 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0I5 0.002 0.002
Py-Ps° 0310 0.180 0.009 0004 0.002 0310 0937 058 0818 0.041 0.699

TNF-o, tumor necrosis factor alpha; IL-6, interleukin-6; IL-1f3, interleukin-1 beta; MPO, myeloperoxidase; MDA,
dialdehyde; LDH, lactic acid dehydrogenase.

Kruskal-Wallis test, "Mann-Whitney U test.

malon-
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Results

Biochemical results of blood and small
bowel tissue analysis

The TNFa, I1L-6, IL-1, MPO, MDA, and
LDH levels measured in blood are shown in
Table 1. The TNFa«, IL-6, IL-1/, MPO, and
MDA levels measured in small bowel tissue
are shown in Table 2. Significant differences
in serum and tissue molecular responses
were found between the Py and C; groups
and between the P; and C; groups (both the
P, and P; groups were treated with PTF 1
hour prior to ischemia) (P <0.05 for all)

(Table 3). Similarly, significant differences
in serum and tissue molecular responses
were observed between the P, and C,
groups and between the P, and C, groups
(both the P, and P, groups were treated
with PTF at the beginning of reperfusion)
(P <0.05 for all) (Table 3). These significant
differences were the result of elevated
molecular responses in the control groups.
However, some significant differences
were also found between the groups treated
with PTF. The blood IL-6 levels were
significantly different between the P, and
P; groups (P=0.002) and between the P,
and P, groups (P=0.009) (Figure 1).

Groups
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Figure |. Mean IL-6 (pg/mL) levels in blood (statistically significant differences between the groups are

given in Table 3). IL-6, interleukin-6.
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Figure 2. Mean IL-1/ (pg/mL) levels in blood (statistically significant differences between the groups are

given in Table 3). IL-1p, interleukin-I beta.

Furthermore, the blood IL-1f levels were
significantly different between the P, and
P; groups (P=0.002) and between the P,
and P; groups (P=0.002) (Figure 2).
The blood MDA and LDH Ilevels were sig-
nificantly different between the P; and
P; groups (P=0.002 for both) (Figures 3
and 4). The tissue IL-6 and MDA levels
were significantly different between the P,
and P4 groups (P=0.004 and P=041,
respectively) (Figures 5 and 6).

Histopathological results

Ischemic damage was significantly reduced
in the groups treated with PTF as

demonstrated by histological staging.
Statistically significant differences were
found between the C; group and the P—
P; groups as well as between the C, group
and the P,—P4 groups (P = 0.004 and P =
0.002, respectively). There were significant
differences between the P; and C; groups
and between the P; and C; groups
(P=0.002 and P =0.026, respectively), but
not between the P; and Ps; groups.
Similarly, there were statistically significant
differences between the P, and C, groups
and between the P, and C, groups
(P=0.002 for both), but not between the
P, and P4 groups. The results of the histo-
logical staging of I/R injury according to
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Figure 3. Mean MDA (nmol/mL) levels in blood (statistically significant differences between the groups are

given in Table 3). MDA, malondialdehyde.

Chiu et al.'' are presented in detail in
Table 6.

Immunohistochemistry results

The immunohistochemical scores of all
groups are shown in Table 4. Significant
reductions in ischemic damage were
observed in the PTF-treated groups as
shown by the immunohistochemical scoring
(P <0.009 for all) (Table 5). The I/R groups
were compared separately. When the IL-1p,
IL-6, TNFa, and MPO immunohistochemi-
cal scores were evaluated, we also detected

significant  differences  between
(P <0.009 for all).

A high degree of damage was detected in
the immunohistochemical images of sam-
ples from the C; group (Figure 7). The
number of goblet cells and amount of secre-
tion they produced were substantially
increased. The morphology of the goblet
cells had deteriorated, and the expression
of cell type-specific markers was elevated,
especially in the lamina propria. Cell
damage was more intense in the C, than
C; group (Figure 8). Severe breakage and
deletions were observed in the intestinal
villi. Increased IL-1f expression was

groups
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Figure 4. Mean LDH (IU/L) levels in blood (statistically significant differences between the groups are given

in Table 3). LDH, lactic acid dehydrogenase.

observed between damaged cells. Abnormal
morphology and expression in the lamina
propria were also increased. Tissue samples
from the P, and P, groups were preserved
without deterioration of the tissue integrity
and with minimal immunoreactivity
(Figures 7 and 8). The expression intensity
was fairly low. Images showing normal
small intestinal morphology were obtained.
Although expression of goblet cell markers
was somewhat evident in the P; and
P, groups, tissue damage was prevented
in a similar manner in the P; and P,
groups (Figure 8). However, partial tissue
damage was sustained in the P4 group.

The morphology of the lamina propria
was impaired, and the expression intensity
from the lamina propria cells was increased.

Discussion

Recent studies have shown that PTF reduces
superoxide and hydroxyl radicals by inhibit-
ing xanthine oxidase in patients in the clini-
cal setting; PTF can result in increased tissue
oxygenation and improved capillary filling in
cases of strangulation by small bowel closed
loop obstruction, ischemic colitis, or intesti-
nal I/R injury."*'* In the present study, our
aim was to determine the effects of
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pentoxifylline on free oxygen radicals and
oxidative damage in an I/R model in rats.
Our study had three components. First, we
collected blood samples to quantify the
serum levels of LDH, MDA, MPO, TNF«,
IL-1p, and IL-6. We also collected tissue
samples from the small bowel to quantify
the tissue levels of MDA, MPO, TNFu,
IL-1p, and IL-6. Second, we performed his-
topathological injury scoring for the small
bowel. Third, we performed immunohisto-
chemical injury scoring and acquired immu-
nohistochemical images of the small bowel.

A similar experimental study performed
by Lloris-Carsi et al.'> in 2013 suggested

that PTF protected the small intestine
after severe I/R. TNFo, IL-1f5, IL-6,
MDA, and MPO in both blood and intes-
tinal tissue were investigated in our study,
but TNF«, IL-1f, and IL-6 in blood and
MDA and MPO in intestinal tissue were
investigated in the study by Lloris-Carsi
et al.'> Moreover, we added immunohisto-
chemical analyses to the present study to
enrich the results of previous studies.

Prior to 2013, the PTF dose range applied
in intestinal I/R rat models was approxi-
mately 20 to 300mg/kg body weight.
However, in the study performed by Lloris-
Carsi et al.,'> PTF doses of 1 and 10 mg/kg
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Figure 6. Mean MDA (nmol/g wet tissue) levels in wet tissue (statistically significant differences between
the groups are given in Table 3). MDA, malondialdehyde.

were administered. PTF resulted in signifi-
cant protection against severe ischemic
small intestinal damage, even when used
during reperfusion onset and at levels not
previously reported (10 mg/kg). These effects
were evidenced by an improved biochemical
and histologic profile. Lower doses of PTF
(1 mg/kg) also demonstrated a significant
protective effect against inflammation and
tissue markers of I/R damage.'” Because
PTF doses of 1 and 10 mg/kg had a signif-
icant protective effect on severe ischemic
small intestinal damage as well as on inflam-
mation and tissue markers of I/R damage,
we also used low doses in our study.

Both tissue and blood levels of TNF«,
IL-6, and IL-1§ (which are indicative of
inflammation) improved in all groups
treated with PTF before ischemia and at
the onset of reperfusion. These results sug-
gest that PTF protects against inflammato-
ry processes in the small bowel. Both tissue
and blood levels of MPO, which is a marker
of oxidative stress, improved in all groups
treated with PTF before ischemia and at the
onset of reperfusion. MDA is an indicator
of lipid peroxidation levels, and MDA
levels are always elevated following tissue
damage.'® In an isolated canine gracilis
muscle model of I/R, PTF inhibited
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Table 4. Immunohistochemical scores in all groups

Immune Immune Immune Immune
Groups score (IL-15) score (IL-6) score (MPO) score (TNF-u)
C, Mean 3.4800 3.4400 3.6300 3.8340
Minimum 3.20 3.20 3.50 3.72
Maximum 3.80 3.60 3.80 4.00
SD 0.23875 0.15166 0.13964 0.11524
P, Mean 1.0800 1.9500 0.9400 0.7500
Minimum 0.80 1.75 0.70 0.45
Maximum 1.40 2.20 1.20 1.00
SD 0.23875 0.18028 0.19494 0.20000
Ps Mean 3.8100 3.4600 3.7000 3.8700
Minimum 3.60 3.30 3.60 3.75
Maximum 4.00 3.60 3.80 4.00
SD 0.15166 0.11402 0.09354 0.12042
C, Mean 3.8100 3.8300 3.6900 3.9600
Minimum 3.60 3.70 3.40 3.90
Maximum 4.00 4.00 3.90 4.00
SD 0.15166 0.12042 0.19494 0.05477
P, Mean 1.2400 0.8900 0.5200 0.1700
Minimum 1.00 0.50 0.40 0.10
Maximum 1.80 1.20 0.75 0.25
SD 0.32094 0.27019 0.13509 0.06708
P4 Mean 3.8800 3.9300 3.6800 3.9500
Minimum 3.70 3.85 3.40 3.85
Maximum 4.00 4.00 3.90 4.00
SD 0.13038 0.06708 0.21966 0.07071
Total Mean 2.8833 29717 3.0433 2.7557
Minimum 0.80 0.50 0.40 0.10
Maximum 4.00 4.00 3.90 4.00
SD 1.26241 1.17823 1.26891 1.66371

TNF-o, tumor necrosis factor alpha; IL-6, interleukin-6; IL-1 $, interleukin- | beta; MPO, myeloperoxidase; SD, standard deviation.

Table 5. A, B Immunohistochemical score of IL-1f, IL-6, MPO, and TNF-« expression in control and
pentoxifylline treatment groups

Immune score Immune score Immune score Immune score
Groups (IL-15) (IL-6) (MPO) (TNF-2)
A
(o 348 +0.24 344 +0.15 3.63+0.14 3.83+£0.12
P, 1.08 +0.24% 1.95+0.18% 0.94+0.19° 0.75+0.20%
Ps 3.81 £0.15 346 £0.11 3.70£0.09 3.87+0.12
P value 0.004 0.008 0.007 0.008
B
C, 3.81 £0.15 3.83+0.12 3.69+0.19 3.96 +0.05
P, 1.24+0.322 0.89 +0.27° 0.52+0.14° 0.17 £0.072
P4 3.88+0.13 3.93+0.07 3.68+0.22 3.95+0.07
P value 0.008 0.006 0.009 0.006

Values are presented as mean =+ standard deviation; All of italic entries emphasize that the value of P is statistically
significant. °P = 0.008 versus C, and P4 groups. TNF-, tumor necrosis factor alpha; IL-6, interleukin-6; IL- 1 f3, interleukin- |
beta; MPO, myeloperoxidase.
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platelet-activating factor and thus had pro-
tective effects.'” In the present study, both
the tissue and blood levels of MDA
improved in all groups treated with PTF
before ischemia and at the onset of reperfu-
sion. The blood levels of LDH, which
is indicative of cell damage, improved
in all groups treated with PTF before ische-
mia and at the onset of reperfusion.

Table 6. Results of histological staging of ische-
mia—reperfusion injury according to Chiu et al."’

Chiu grade C| P| P3 C2 P2 P4

Median 5 | 4 5 2 3
Minimum 4 | 4 4 | 2
Maximum 5 4 5 5 4 4

Cumulatively, these results indicate that
PTF protects against cell damage.

The histopathological injury scores
for the small bowel in all groups treated
with PTF were significantly lower than
those in the control group. These results
suggest that PTF has a significant role in
the prevention of oxidative stress, inflam-
matory processes, and cell damage in the
small bowel.

When we examined the immunohisto-
chemical staining results, we found that
tissue integrity with low immunoreactivity
was preserved in the P; and P, groups
(treated with 1 mg/kg of PTF before ische-
mia and at the beginning of reperfusion).
The immunohistochemical images were
similar to the normal small intestinal mor-
phology, indicating that tissue damage was

Group P3

Figure 7. Immunostaining detection images for the C|, P, and P; groups. Decreased immunopositivity of
IL-1, IL-6, MPO, and TNF-u expression was observed in both the P; and C; groups but was lower in the P3
group. Although the immunopositivity was decreased in the P; group, the damage continued at the tissue
level. Streptavidin—biotin peroxidase method. Counterstain: Mayer’s hematoxylin. Magnification is x 10 for
all photographs. IL-1 3, interleukin- | beta; IL-6, interleukin-6; MPO, myeloperoxidase; TNF-u, tumor necrosis

factor alpha.
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Figure 8. Immunostaining detection images for the C,, P,, and P4 groups. Decreased immunopositivity of
IL-18, IL-6, MPO, and TNF-o expression was observed in both the P4 and C, groups but was lower in the P4
group. Although the immunopositivity was decreased in the P4 group, the damage continued at the tissue
level. Streptavidin—biotin peroxidase method. Counterstain: Mayer’s hematoxylin. Magnification is x 10 for
all photographs. IL-1 3, interleukin-| beta; IL-6, interleukin-6; MPO, myeloperoxidase; TNF-c, tumor necrosis

factor alpha.

prevented in these groups. We found that
tissue damage was partly prevented in the
P; group (treated with 10mg/kg of PTF
before ischemia). However, tissue damage
was more extensive in the P4 group (treated
with 10 mg/kg of PTF at the onset of reper-
fusion), suggesting that a high dose of PTF
was not protective against tissue damage.
A PTF dose of 10 mg/kg during reperfusion
onset produced worse outcomes than a dose
of 1 mg/kg. Thus, 10 mg/kg may not pro-
vide an adequate blood current or tissue
oxygenation in the microcirculation of
the small intestine compared with 1 mg/kg.
We found that tissue damage was more
intense in the C, than C; group, although
the same intensity of tissue damage was
expected in both control groups. In the C;
group, 0.4mL of NS administered by IP
injection 3 hours before the same treatment

in the C, group may have induced less tissue
damage because of the increased microvascu-
lar current in the small intestinal wall. Given
our findings of the differences between the P,
and P, groups and between the C; and C,
groups, we believe that larger sample sizes
are necessary to draw a clear conclusion.
This is the first study to use immunohis-
tochemical analyses in a rat model of intes-
tinal I/R for evaluation of the systemic and
local expression of inflammatory cytokines
and oxidative stress markers of ischemic
small bowel injury.”'>'® 2% Few studies
reported in the literature have addressed
the role of PTX in small intestinal
I/R.715:18°23 The present study on the mech-
anisms underlying the protective effect of
PTF in small intestinal ischemia specifically
suggests that the anti-inflammatory action
of PTF is very important. This study
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indicates that PTX reduces the levels of
TNFa, IL-1f, and 1L-6 after severe organ
ischemia in rats, which may have important
implications for ischemia outcomes because
these three proinflammatory cytokines are
regulators of the inflammatory response in
human and animal ischemic cells. Our find-
ings are similar to those of other studies
that investigated the effects of PTF on
ischemic small bowel injury.’-!>18 22

The present findings regarding tissue
MPO as a marker of neutrophil infiltration
and organ responses to PTF are similar to
the findings from the previous study per-
formed by Lloris-Carsi et al.'> However,
we also examined blood MPO levels and
found statistically significant differences.
Our findings regarding other markers that
were examined to evaluate ischemic
damage, such as MDA and LDH, are also
similar to the findings from their study.'®
Furthermore, we examined MDA in blood
and found statistically significant differences.

The main limitation of our research
approach was the small number of animals
in each group (n=06), which was suggested
by the ethics committee. We believe that as
the sample size increases, the statistics will
prove to be more significant.

In conclusion, our biochemical, histo-
pathological, and immunohistochemical
findings suggest that a low dose of PTF
may effectively improve ischemic damage
in experimental I/R in rats. We plan to con-
firm the findings of this study using larger
sample sizes in the future.

Declaration of conflicting interest

The authors declare that there is no conflict
of interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Seracettin Egin (® http://orcid.org/0000-0002-
4090-5205

References

1. Gerstle JT, Bech FR, Walsh DB, et al.
The effect of glucose infusion on survival
after acute mesenteric ischemia/reperfusion.
J Invest Surg 1990; 3: 33-37.

2. Medeiros AC, Chacon DA, Sales VS, et al.
Glucan and glutamine reduce bacterial
translocation in rats subjected to intestinal
ischemia-reperfusion. J Invest Surg 2000;
19: 39-46.

3. Nesek-Adam V, Vnuk D, Rasi¢ Z, et al.
Comparison of the effects of low intra-
abdominal pressure and pentoxifylline on
oxidative stress during CO2 pneumoperito-
neum in rabbits. Eur Surg Res 2009;
43: 330-337.

4. Demir T, Ulas F, Ozercan I, et al. Protective
effects of pentoxifylline in retinal ischemia/
reperfusion injury. Ophthalmologica 2003;
217: 337-341.

5. El-Ghoneimi A, Cursio R, Schmid-Alliana
A, et al. Inhibition of tumor necrosis factor
alpha gene transcription by pentoxifylline
reduces normothermic liver ischemia-
reperfusion injury in rats. Transplant Proc
2007; 39: 1761-1764.

6. Wiernsperger N and  Rapin JR.
Microvascular diseases: is a new era
coming? Cardiovasc Hematol Agents Med
Chem 2012; 10: 167-183.

7. Mustafa NA, Yandi M, Albayrak L, et al.
Effect of pentoxifylline on the ischemia-
reperfusion injury of the intestine. Int Surg
1995; 80: 152—155.

8. Sullivan GW, Carper HT, Novick WJ Jr,
et al. Inhibition of the inflammatory action
of interleukin-1 and tumor necrosis factor
(alpha) on neutrophil function by pentoxi-
fylline. Infect Immun 1988; 56: 1722-1729.

9. Foster ME, Laylcock JRD and Silver TA.
Hypovolemia and healing in colonic anasto-
moses. Br J Surg 1985; 72: 831.

10. Stoop MJ, Dirksen R and Hendriks T.
Advanced age alone does not suppress anas-
tomotic healing in intestine. Surgery 1996;
119: 15.


http://orcid.org/0000-0002-4090-5205

4156

Journal of International Medical Research 46(10)

11.

12.

13.

14.

15.

16.

17.

Chiu CJ, McArdle AH, Brown R, et al.
Intestinal mucosal lesion in low-flow states.
A morphological, hemodynamic and meta-
bolic reappraisal.  Arch. Surg 1970;
101: 478-483.

Rasslan R, Utiyama EM, Marques GM,
et al. Inflammatory activity modulation by
hypertonic saline and pentoxifylline in a rat
model of strangulated closed loop small
bowel obstruction. Int J Surg 2014
12: 594-600.

Reyhan E, Irkorucu O, Surmelioglu A, et al.
Efficacy of pentoxifylline and tadalafil in rat
model of ischemic colitis. J Invest Surg 2014;
27: 349-353.

Marques GM, Rasslan R, Belon AR, et al.
Pentoxifylline associated to hypertonic
saline solution attenuates inflammatory pro-
cess and apoptosis after intestinal ischemia/
reperfusion in rats. Acta Cir Bras 2014;
29: 735-741.

Lloris-Carsi JM, Cejalvo Lapena D, Toledo
AH, et al. Pentoxifylline protects the small
intestine after severe ischemia and reperfu-
sion. Exp Clin Transplant 2013; 11: 250-258.
Gomella LG, Flanigan RC, Hagihara PF,
et al. The influence of uremia and immuno-
suppression on an animal model for ische-
mic colitis. Dis Colon Rectum 1986;
29: 724-7217.

Adams JG Jr, Dhar A, Shukla SD, et al.
Effect of pentoxifylline on tissue injury and

19.

20.

21.

22.

23.

platelet-activating factor production during
ischemia-reperfusion injury. J Vasc Surg
1995; 21: 742-748.

. Sakio H, Tanaka Y, Ueno K, et al. How

should we treat intestinal ischemia?-II:
Effects of pentoxifylline, glucagon and pros-
taglandin El. Masui 1995; 44: 227-232
[in Japanese, English Abstract].

Udassin R, Vromen A, Seror D, et al.
Pentoxifylline attenuates ischemia/reperfu-
sion injury to the small intestine in the rat.
Pediatr Surg Int 1996; 11: 329-333.

Savas C, Aras T, Cakmak M, et al.
Pentoxifylline inhibits overflow and reduces
intestinal reperfusion injury. J Pediatr Surg
1997; 32: 905-910.

Hammerman C, Goldschmidt D, Caplan
MS, et al. Amelioration of ischemia-
reperfusion injury in rat intestine by
pentoxifylline-mediated inhibition of xan-
thine oxidase. J Pediatr Gastroenterol Nutr
1999; 29: 69-74.

Sener G, Akgiin U, Satiroglu H, et al
The effect of pentoxifylline on intestinal
ischemia/reperfusion injury. Fundam Clin
Pharmacol 2001; 15: 19-22.

Flynn WJ, Cryer HG and Garrison RN.
Pentoxifylline restores intestinal microvascu-
lar blood flow during resuscitated hemor-
rhagic shock. Surgery 1991; 110: 350-356.



	table-fn1-0300060518786904
	table-fn2-0300060518786904
	table-fn3-0300060518786904
	table-fn4-0300060518786904
	table-fn5-0300060518786904
	table-fn6-0300060518786904

