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ABSTRACT
PURPOSE: To evaluate intestinal inflammatory and apoptotic processes after intestinal ischemia/reperfusion injury, modulated by 
pentoxifylline and hypertonic saline. 
METHODS: It was allocated into four groups (n=6), 24 male Wistar rats (200 to 250g) and submitted to intestinal ischemia for 40 min and 
reperfusion for 80 min: IR (did not receive any treatment); HS group (Hypertonic Saline, 4ml/kg-IV); PTX group (Pentoxifylline, 30mg/
kg-IV); HS+PTX group (Hypertonic Saline and Pentoxifylline).  All animals were heparinized (100U/kg). At the end of reperfusion, 
ileal fragments were removed and stained on hematoxylin-eosin and histochemical studies for COX-2, Bcl-2 and cleaved caspase-3. 
RESULTS: The values of sO2 were higher on treated groups at 40 minutes of reperfusion (p=0.0081) and 80 minutes of reperfusion 
(p=0.0072). Serum lactate values were lower on treated groups after 40 minutes of reperfusion (p=0.0003) and 80 minutes of reperfusion 
(p=0.0098). Morphologic tissue injuries showed higher grades on IR group versus other groups: HS (p=0.0006), PTX (p=0.0433) and 
HS+PTX (p=0.0040). The histochemical study showed lesser expression of COX-2 (p=0.0015) and Bcl-2 (p=0.0012) on HS+PTX 
group. A lower expression of cleaved caspase-3 was demonstrated in PTX (p=0.0090; PTXvsIR). 
CONCLUSION: The combined use of pentoxifylline and hypertonic saline offers best results on inflammatory and apoptotic inhibitory 
aspects after intestinal ischemia/reperfusion.
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Introduction

There is recent evidence suggesting that the choice 
of resuscitation strategy can also modulate the inflammatory 
response. Therefore, in terms of the inflammation, the type of fluid 
used to restore perfusion may be just as important as restoring 
perfusion itself. The protection of tissues subjected to I/R, as well 
as those who suffer the remote consequences, has been widely 
investigated. Some experimental protocols have shown benefits in 
using hypertonic saline (HS) associated to the anti-inflammatory 
properties of the nonspecific phosphodiesterase inhibitor 
pentoxifylline (PTX) on animals subjected to shock1,2. 

Both substances, HS and PTX, present the property 
to decrease the TNF-α production and thereby inhibit the 
inflammatory cascade and COX-2 synthesis from arachidonic 
acid, softening the systemic inflammatory response that leads to 
multiple organ failure3,4. The expression of cleaved caspase-3 and 
Bcl-2 are dynamically related to the phenomenon of apoptosis5. It 
has been demonstrated that the attenuation of TNF-α level induces 
higher expression of antiapoptotic protein Bcl-2 and reduces the 
expression of cleaved caspase-3, a proapoptotic protein5,6. 

Bearing in mind the results obtained by researchers in 
the association of HS and PTX in hemorhagic shock and sepsis, 
we hypothesized that HS and PTX association could protect 
intestine from mesenteric I/R by increasing antiapoptotic protein 
and reducing apoptosis deflagration and inflammatory process by 
reducing cytoplasmic expression of COX-2.

Methods

The research project was approved by the local Ethics 
Committee of the University of Sao Paulo Medical School (Process 
number: 120/2010). It was used 24 Wistar rats (Rattus norvegicus) 
weighing between 200 and 250g. The anesthesia was induced 
with intraperitoneal injection of ketamine (50mg/kg) associated to 
xylazine (10mg/kg) in the same syringe. 

A right crural incision was made to dissect the femoral 
vessels. The femoral vein was canulated with a heparinized 
catheter (percutaneous 24-gauge catheter) for blood sampling and 
solutions infusion. Through a median laparotomy, the anterior or 
cranial mesenteric vessels were dissected and isolated. By this time, 
the animals received an intravenous injection of heparin (100U/
kg). Intestinal ischemia was achieved by clamping the mesenteric 
vessels for 40 minutes. The clamp was removed and the animals 
were kept under observation for 80-minutes reperfusion.

Animals from IR group received 4ml/kg of 0.9% NaCl 

solution at the end of ischemia, HS Group received 4ml/kg of 7.5% 
NaCl solution. PTX group received 30mg/kg of pentoxifylline 
diluted in 4ml/kg 0.9% NaCl. HS+PTX group received 30mg/kg 
pentoxifylline diluted in 4ml/kg hypertonic saline.

Blood samples for gas analysis were collected at I40 (end 
of ischemic period), R40 (intermediate time of the reperfusion 
period) and R80 (the end of the reperfusion period). At the end of 
the experiment, the animals were euthanized by lethal injection of 
19.1% KCl and the tissue samples were collected from the ileum of 
all animals for histology and immunohistochemistry. Tissue samples 
were dehydrated, embedded in paraffin, and cut into a series of 
4µm-thick slices. They were submitted either to hematoxylin and 
eosin (HE) or to imunohistochemistry staining for COX-2 (Cox-
2 (m-19), sc-1747, Santa Cruz, G2205, Monoclonal goat), cleaved 
caspase-3 (AP-1027 Anti cleaved caspase 3 (Asp 175),  Calbiochem, 
D29363, Rabbit pAb) or Bcl-2 (Bcl-2 (C-2), sc-7382,  Santa Cruz, 
J0203, Monoclonal mouse).   The scoring system to intestinal tissue 
damage followed Chiu’s7 criteria for intestinal mucosal injury. A 
immunohistochemistry score system was applied by combining the 
estimated percentage of immunoreactive cells (semi quantitative) 
with an intensity of staining estimate (qualitative)8. The results were 
ranked in four positions for statistical analysis.

Laboratory data were assessed using ANOVA and 
the differences were established by Bonferroni’s post hoc test. 
Comparisons of data on histological scores were performed using 
the nonparametric Kruskal-Wallis test, followed by Student-
Newman-Keuls post hoc test. The significance level was set at 
p≤.05. All data are presented as mean ± SEM.

Results

The oxygen saturation in the blood sample at the end of 
intestinal ischemia was similar among the four groups. After 40 
minutes of reperfusion, the amount of sO2 in the IR group was much 
lower than other groups but with a significant difference only with 
HS and HS+PTX groups. Higher levels of sO2 at R40 on HS and 
HS+PTX groups set statistically significant differences compared to 
IR. This same pattern of differences remained until R80. 

The values of serum lactate were lower on treated groups. 
In the first 40 minutes of reperfusion, the values of serum lactate 
had similar behavior, with a slight increase compared to the initial 
value in the three treated groups, establishing significant difference 
compared to the IR group. At the end of the observation time, the 
PTX group differed from the other groups treated with elevation 
of serum lactate value, resembling the IR group and maintaining 
significant difference versus the HS and HS+PTX groups (Table 1).
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The degree of tissue damage, according to Chiu’s 
criteria, was lower in the intestinal tissue of treated animals. IR 
group, which presented the highest degree of tissue damage, set 
statistically significant differences versus HS (p=0.0200), PTX 
(p=0.0200) and HS+PTX (p=0.0412) in intestinal tissue samples 
(Figure 1A, B and C). 

The inflammatory process, studied through 
immunohistochemical COX-2 staining, resulted in similar 
cytoplasmic labeling for IR, HS and PTX groups. Only the 
HS + PTX group established statistically significance versus 

IR, highlighting the decrease of inflammatory process with 
combination therapy (p=0.0015) (Figure 2A, B and C). 

For immunohistochemical study of apoptosis, Caspase-3 
showed that HS group had the lowest cytoplasmic expression 
and it was the only one to establish a significant difference 
versus IR (p=0.0145) (Figure 3A, B and C). In contrast, in the 
immunohistochemical staining for Bcl-2, although the groups HS 
and PTX present almost two fold cytoplasmic expression than IR 
group, only the HS+PTX group was able to establish a significant 
difference (p=0.0047) (Figure 4A, B and C).

Moment Parameters IR HS PTX HS+PTX P value
I40 sO2 96.6±1.1 97.4±1.2 97.3±1.0 97.4±0.3 0.1887

Lactate 6.8±2.1 5.3±1.8 4.3±1.0 6.2±1.2 0.1370
R40 sO2 94.8±3.7 98.7±1.0* 97.2±1.0* 98.9±1.3* 0.0099

Lactate 25.7±9.9 7.3±2.4* 12.5±6.5* 9.8±3.7* 0.0069
R80 sO2 95.8±2.1 98.7±1.0* 96.7±0.6* 98.2±1.5* 0.0074

Lactate 34.3±18.8 10.17±3.4* 29.8±19.3 14.0±7.4* 0.0098

TABLE 1 – Values of serum Lactate (mg/dl) and arterial blood sO2 (%), both expressed as median±SE, at the different moments 
of the study in each group.

Analysis of variance (ANOVA) and Bonferroni’s post hoc Test (*=p<0.05 vs IR)

FIGURE 1 - Ileal photomicrographs, HE staining, x200. A. HS Group, normal architecture. B. HS+PTX Group, moderate mucosal 
injury. C. IR Group, Intense mucosal injury. 

FIGURE 2 - COX-2 immunostaining, x200. A. HS+PTX Group, mild cytoplasmic staining. B. PTX Group, moderate cytoplasmic 
staining. C. IR Group, intense cytoplasmic staining. 

FIGURE 3 - Caspase-3 immunostaining, x200. A. HS Group, mild cytoplasmic staining. B. HS Group, moderate cytoplasmic staining. 
C. IR Group, Intense cytoplasmic staining. 
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Discussion

Several experimental models were described to study 
ischemia and reperfusion. Rats are the most commonly used 
experimental animal, since its splanchnic circulation has similarities 
to the human being’s. Some extrapolation of information from 
one species to another may be considered10. While comparing the 
types of vascular occlusion, mesenteric artery, mesenteric vein and 
the occlusion of both mesenteric vessels, higher mortality of rats 
was reported on exclusively arterial occlusion. Moreover, greater 
degree of intestinal mucosa damage in isolated venous occlusion 
has been seen versus arterial occlusion. Similar insults, local or 
remote, result from the occlusion of both mesenteric vessels11,12. 
The occlusion of both mesenteric artery and vein can cause 
significant injury in the intestine and remote organs and may 
develop into multiple organ dysfunction syndrome (MODS)13.

Several substances have been used to try to reduce the 
degree of tissue damage caused by reperfusion. With different 
mechanisms of action, the aim is to eliminate or to reduce the 
production of ROS, interleukins, tumor necrosis factor alpha 
(TNF-α), platelet activating factor and adhesion molecules14,15. 
HS applied to animals subjected to I/R by shock presented more 
advantages over normal saline16. The main sources of expansion 
of the plasma after HS infusion are the endothelial cells and 
erythrocytes that may lose approximately 8% of their volume 
into the intravascular compartment. This volume transition would 
result in important hemorheological effects for microcirculation 
since the reduction of both, red blood cells and endothelium 
swelling, decrease blood viscosity and microcirculation hydraulic 
resistance17. HS shows rheological effect by increasing the 
deformability of red blood cells and reducing blood shear force as 
a result of viscosity improvement18. 

In mesenteric I/R, pentoxifylline induces reduction of 
malondialdehyde in tissue, the final product of lipid peroxidation, 
and overexpression of glutathione, an antioxidant agent14. It 
maintains endothelial cell function during sepsis and reduces 

plasma concentration of cytokines. Since the pentoxifylline is also 
capable of improving hemorheology by restoring red blood cells 
deformability, it has been used in clinical and experimental I/R 
studies and results on improvement of circulatory parameters and 
oxygen delivery to tissue19,20. The recovery of hemorheological 
properties (increased deformation capacity of red blood cells and 
decreased blood viscosity) restores blood flow more quickly and 
improves oxygen delivery to tissue. The amount of blood that 
contains a fraction of red blood cells with reduced flexibility 
comes from the arterioles with significantly less oxygen than 
blood with 100% normal red blood cells at the same hemoglobin 
concentration. This phenomenon suggests that hardened red cells 
get less oxygen on its passage through the lung characterizing that 
the diffusing capacity of oxygen is directly related to red blood 
cells deformability21,22.

Considering the hemorheological properties described 
above, pentoxifylline was not able to improve oxygen uptake in 
pulmonary arterioles by improving red blood cells deformability. 
However, when two hemorheological parameters were improved 
(deformability and viscosity), as previously described in the joint use 
of HS and PTX, red cells begun to acquire greater amount of oxygen 
in the pulmonary arterioles in accordance to the obtained results.

Serum lactate, compared to BE, BIC and pH, is more 
effective in the evaluation of metabolic acidosis. This could be 
attributed to the large amount of physiological compensatory 
mechanisms to maintain the values of BE, BIC and pH within the 
normal range23.The lactate levels are directly and clearly related to 
the degree of splanchnic hypoperfusion24,25.

HS infusion can be considered as a resuscitation 
factor by promoting  intravascular compartment expansion and 
consequent microcirculatory parameters improvement, as already 
stated before17. Tissues react with decreased lactate production and 
serum lactate levels are reduced as liver metabolism is restored24. 
In the PTX group the “resuscitation factors” cited above has not 
been implemented and it justifies increased serum lactate levels at 
the end of reperfusion period. Pentoxifylline property of inhibiting 

FIGURE 4 - Bcl-2 immunostaining, x200. A. HS+PTX Group, intense cytoplasmic staining. B. PTX Group, moderate cytoplasmic 
staining. C. IR Group, mild cytoplasmic staining.
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TNF-α has been demonstrated15. In experimental NEC model in 
rats, authors found that pentoxifylline was able to significantly 
attenuate the degree of injury to the intestinal mucosa. Chiu’s 
criteria9 for intestinal lesion caused by I/R was used in this study 
and showed that the IR group developed a higher degree of 
intestinal mucosa damage, in accordance with existing literature.

The anti-inflammatory action of hypertonic saline has 
been demonstrated by its experimental use in some diseases and 
after mesenteric I/R3. HS in experimental acute pancreatitis in rats 
decreases the expression of COX-2 and serum levels of TNF-α 
by sandwich ELISA from tissue homogenates in treated animals 
compared to untreated ones or the animals that received isotonic 
saline3. Both substances, HS and PTX, present the property to 
decrease TNF-α production and thereby inhibit the inflammatory 
cascade and COX-2 synthesis from arachidonic acid, softening 
the systemic inflammatory response that leads to multiple organ 
failure syndrome3,26. Blocking the production of TNF-α by 
pentoxifylline takes place by activation of adenyl cyclase and 
increased levels of intracellular c-AMP. This in turn decreases 
the amount of arachidonic acid that undergoes peroxidation. The 
overall effect is a decrease in systemic and local concentrations of 
inflammatory agents such as cyclooxygenase4,27. The addition of 
anti-inflammatory effects of the solutions in the HS+PTX group 
was sufficient to reduce inflammation, and it did not occur in the 
groups in which solutions were used separately (HS and PTX).

As TNF-α is an inducer of the inflammatory cascade, it 
also acts as trigger to the extrinsic pathway of apoptosis28,29. On cell 
death after I/R injury, apoptosis and necrosis coexist. In necrosis, 
cell membrane loses its integrity and intracellular contents 
generally overflow, causing inflammation of the surrounding 
tissue. In apoptosis, the cell membrane remains intact and the 
cell is rapidly phagocytosed without leakage of its contents and 
without triggering an inflammatory reaction30. Inhibition of tissue 
damage and consequent cell death in ischemic bowel syndrome 
may not only reduce the amount of the intestine to be resected but 
also affect the severity of the inflammatory response31.

The use of caspase inhibitors have little effect on cells 
damaged to necrosis. However, they can allow recovery of a cell 
population that were moderately damaged and that would undergo 
apoptosis. The rescue of damaged cells may have significance in 
terms of organ function and systemic effects of tissue injury31. 
Evaluation of cytoplasmic expression of cleaved caspase-3 in 
intestinal tissue of animals subjected to I/R revealed that there was 
less apoptotic deflagration in SH group. The expression of cleaved 
caspase-3 is sometimes misinterpreted since the occurrence of severe 
tissue damage leads to cell death by necrosis and thus, apoptosis 

would be less pronounced32. Furthermore, apoptosis is a cell death 
mechanism that depends on ATP. Depletion of this energy source 
would lead pro apoptotic proteins underexpression. The recovery of 
energy supply can promote tissue recovery and thereby apoptosis, as 
a mechanism of regeneration, could be overestimated1.

The expression of cleaved caspase-3 and Bcl-2 are 
dynamically related to the phenomenon of apoptosis5. Bcl-2 
acts as anti-apoptotic regulator to prevent or delay the release of 
cytochrome c, perhaps by its ability to affect the establishment 
or maintenance of mitochondrial membrane channels function33. 
Interventions to elevate the levels of Bcl-2 or to improve its 
function would be useful to reduce damage caused not only by I/R 
but also for other apoptosis inducing factors such as γ irradiation. 
In this study, the three treated groups showed higher expression 
of Bcl-2 in immunohistochemical analysis of intestinal tissue. 
Although the degree of expression in HS and PTX groups were 
about two fold higher than the IR group, only the HS+PTX group 
showed a statistically significant difference versus IR group.

The evaluation of the anti-apoptotic protein (Bcl-2) 
showed a protection that treatment could provide to tissues. It was 
observed a synergistic effect between HS and PTX, which probably 
resulted from the improvement in splanchnic circulation and 
restoration of intestinal microcirculation, with further reduction 
in erythrocytes and entotelial cells edema, increased mucosal 
oxygenation and reduced production of cytokines, particularly 
TNF-α, and ROS.  Hemorrheological factors could be involved 
in the preservation of the intestinal wall, increasing expression of  
Bcl-2 by determining the blockade on the the outbreak of apoptosis 
as a mecanism of more intense aggression by the mesenteric I/R, 
such as, restored erythrocytes deformation capacity, reduction on 
blood viscosity and thus blood shear force15,18,34.

Despite recent clinical and laboratory studies on intestinal 
I/R with pentoxifylline and hypertonic saline, and the regular 
use of these substances in hospitals, mechanisms of action and 
association with drugs and procedures must be studied carefully 
to better understand the consequences of interventions in ischemia 
and reperfusion in mesenteric territory. The prevention of remote 
organ damage remains a challenge to be overcome.

Conclusion

The use of pentoxifylline associated to hypertonic 
saline (7.5%) on intestinal ischemia/reperfusion offered the best 
protection to tissues in intestinal tissue by attenuating metabolic 
aspects, diminishing tissue injury scores, decreasing inflammatory 
response and apoptosis.
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