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ABSTRACT
PURPOSE: To investigate the small intestinal tissue alterations in rats submitted to ischemia and tissue reperfusion using pentoxyfilline 
or prostaglandin E1. 
METHODS: Thirty five Wistar rats were used, distributed into group control (A) n=10 were submitted to intestinal ischemia and 
reperfusion during 60 minutes and no one drug have been utilized. In the group pentoxyfilline (B) n=10 have been utilized during tissue 
ischemia and reperfusion as well as prostaglandin E1 (C) n=10, but separately. In the group sham (D) n=5, the animals were submitted to 
surgical. After euthanasia of the animals, a segment of the small intestine was cut, stained by hematoxilin-eosin and histological analysis 
according to Chiu criteria. 
RESULTS: Histological results showed that using pentoxyflline or prostaglandin E1 the results during tissue reperfusion were better, 
since the levels of criteria from Chiu that predominated were level 2 and 3, indicating less tissue damage in comparison to the control 
group (group A) that showed levels 4 and 5, what means more severe histological tissue alterations. 
CONCLUSION: Use of pentoxyfilline or prostaglandin E1 promoted a beneficial effect during intestinal reperfusion, demonstrated by 
less severe histological lesions in the small intestine mucosa of rats submitted to ischemia and tissue reperfusion when helped by the 
drugs. 
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Introduction

The subtle interruption of the arterial blood supply at any 
region of the human body promotes a tissue ischemia, which gives 
initiation of many metabolic alterations in the referred area, causing 
even a tissue necrosis. To repair this special area it is mandatory a 
tissue reperfusion. If this subtle interruption occurs partially or in 
the whole small intestine, with a high intensity, many times it is not 
possible to maintain even the basal metabolism and, consequently, 
there is cell death and tissue necrosis1-4. The intestinal mucosa in 
the small intestine, it is the first area to be severely affected in 
cases of ischemia. An ischemia with more than one hour duration 
could produce edema at submucosa, followed by loosening of the 
superficial mucosa and it could produce ulcers and/or bleeding 
in the intestinal villous3-5. When the intestinal barrier is lost, its 
content could go to the blood flow, with synthesis of inflammatory 
local factors, aggravating the lesions and mobilization of defense 
cells, beside to the risk of bacterial translocation. The maintenance 
of ischemia increases the inflammatory edema, causing 
derangement of the tissue microenvironment and facilitating 
the lesions dissemination to a more extensive area of intestinal 
mucosa. The involvement of the muscular layer will disturb the 
peristaltic movements with consequent stagnation of the intestinal 
content and increase of the local pressure4-9 .

It is well known that ischemia could cause tissue necrosis 
but if a reperfusion is done the blood flow could be reestablished, 
as well as recovery of tissue oxygenation in the area, bringing 
indispensable nutrients to tissue repair. However and paradoxally 
the liberation of free radicals could increase the local lesions 
and provoke lesions far away from the ischemic area. Therefore, 
the histopathological tissue alterations consequent to blood 
flow deprivation would be detected microscopically, by light 
microscopy or by imunohistochemical techniques, showing tissue 
alterations in the area submitted to ischemia and reperfusion3,4. 

At those areas the integrity of cell membrane could suffer with 
hypoxia and the cell itself could miss the ideal amount of energy 
production as well as accumulate, direct or indirectly, metabolites 
and inflammatory mediators causing cellular dysfunction9-15.

To minimize the ischemic effects on cells many 
types of drugs have been used during intestinal reperfusion as 
pentoxyflline16 (PTX) and prostaglandin E1 (PGE1)17, in the 
ischemic-reperfusion process (I/R). PTX has antioxidant action 
inhibiting directly the anion superoxide, which indirectly blocks 
the action of the enzyme xanthine-oxidase. Beside to that, it 
seems to diminish the intensity of inflammatory response, reduce 
migration of neutrophils to the area, difficult the liberation of 

citokynes, the tumoral necrosis factor, platellet activating factors 
and endothelin, a potent vasoconstrictor substance, among other 
factors1,13,14,16. 

The PGE1 is known by its intense vasodilator effect 
and as a substance with intense biological activity that has been 
used for such a longtime in the treatment of chronic occlusive 
arterial disease. This substance also has capacity to avoid platellet 
aggregation. PGE1 has a role in the activation of fibrinolysis and/
or fibrogenesis, in the modulation of cellular proliferation, in 
the hemorreologic activity of erithocytes, in the inhibition and 
activation of neutrophils capacities and also in the utilization of 
oxygen and glucose by the tissues. Beside to those effects there is 
evidence that PGE1 stimulates angiogenesis in cases of myocardic 
ischemia17-19.

Considering all theorical support presented above, it is 
our purpose to test the action of PTX and PGE1 in the appearance 
of histological lesions at small intestine mucosa in rats, in the 
process of ischemia and tissue reperfusion (I/R). 

Methods
The experiments were approved and registered by 

Research Ethical Committee, Medical School, UFMS (protocol 
number 308).

Thirty five animals were utilized (Rattus norvegicus) 
Wistar lineage, albinic, male, adults, with approximately 260g 
body weight. The animals were maintained in boxes with five 
animals in each box, allocated in the shelves with ventilation and 
at animal room temperature and humidity was controlled. The 
light cycle was controlled with 12h lightness and 12h darkness. 

The animals were distributed (Figure 1) in A, B, C 
groups with ten animals each (n=10)  and group D with five 
animals. The animals of the experimental groups were submitted 
to 60 minutes of ischemia followed by 60 minutes of tissue 
reperfusion. At group B the drug utilized was PTX, 40 mg.kg-1, 
with 20 mg.kg -1 distributed during three minutes before the initial 
period of ischemia and 20 mg.kg-1 during three minutes before the 
initial period of tissue reperfusion. PGE1 5 µg.Kg-1 was distributed 
with 2,5 µg.Kg-1 during three minutes before the initial period of 

ischemia and 2,5 µg.Kg-1 during three minutes before the initial 
period of tissue reperfusion. The control group did not receive any 
drugs for reperfusion (group A). The group D, the Sham group, all 
animals were submitted to analgesy, anesthesia and laparotomy 
without mesenteric artery occlusion (no ischemia) and no one drug 
have been used for reperfusion.
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FIGURE 1 - Schematic representation of the distribution of groups.

Procedures

The animals have been isolated in the boxes and located 
at one special room during three hours, with the aim to diminish 
the pre-operative stress an at that time they were weighted.

Dissociative anesthesia 
Realized with a solution of 2:1 ketamine hydrochloride 

(50.mg/ml-1) and xylazine (20mg/ml-1) which dose was 0,1ml/100g-1 
body weight was administered by intraperitoneal way. 

Analgesy
Utilized nalbuphine (Nubain®) administered on a dose of 

2mg/Kg-1 by subcutaneous way, to reduce pain during time that 
animals were still awaked for ischemia and reperfusion procedures 
and after anesthetic recovery that occurs approximately 20 minutes 
after the initial anesthesia.

Preoperative procedure
The animals were tricotomized in the inferior third of 

abdomen, the antissepsy has been done with soft brush and topical 
iodopirrolidin 2% and washed with saline solution 0,9%.

Surgery - (Figure 2)

FIGURE 2 – Photos showing the steps of surgical procedures. A – 
Median laparotomy; B – Isolation of cranial mesenteric artery; C – Cranial 
mesenteric artery occlusion by vascular clamp application; D – Sutures of 
abdomen wall.

The animal was positioned with the abdomen in frontal 
position to facilitate the incision and antissepsy was done with 
alcohol plus 2% iodine. The sterilized protections have been used 
to isolate the surgical field.

A longitudinal median incision has been done in the 
abdomen (median laparotomy) with 30 mm of length, sectioning 
the cellular subcutaneous tissue, the white line, using the blade nº 
15 to expose the whole abdominal cavity and for exteriorization 
of the small intestine, identification and isolation of the superior 
mesenteric artery. This artery was occluded with an atraumatic 
vascular clamp during 60 minutes (ischemic phase). After this phase 
the intestine has been repositioned internally into the abdominal 
cavity by continuous sutures (with nylon monofilamentar 3-0 
(mononylon®) and closed the incision.

Tissue reperfusion procedure
The animal was again anesthetized and submitted to the 

same anesthesia already described above, and in dorsal position 
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the antissepsy of the skin was realized similarly. The abdomen 
has been opened after cutting the nylon monofilamentar 3-0 
(mononylon®) sutures, the small intestine was exposed again and 
the vascular clamp was identified and removed. The small intestine 
was repositioned. The reperfusion procedures were done and a 
new anesthesia allowed the collection of material for histological 
analysis. The animals were than sacrificed by exanguination of 
aorta section but still under effect of anesthesia.   

Material collection for histological study
After the end of the tissue reperfusion the animals of all 

groups were anesthetized again to remove the sutures and to ressect 
the fragment of approximately 2 cm at ileum, 5 cm proximal to 
ileocecal transition, that was washed by saline solution plus 10% 
formalin and fixed in 10% formalin solution. 

Histological procedures
The standard histological technique has been done and 

the sections were stained with hematoxylin-eosin (H&E). The 
sections were analyzed by the pathologist using a light microscope 
(Microscope Nikon E 600 de x100). The professional did not have 
previous knowledgement about the source of each section. The 
tissue lesions were analyzed according Chiu et al.20 criteria and 
received scores as following:

Chiu et al.20 criteria for histological analysis (Figure 3):
• Level 0: mucosa without any histological alteration.
• Level 1: intestinal villous well constituted, no cellular 

lysis, no inflammatory process but presence of subepitelial 
Grunhagen space.

• Level 2: presence of cellular lysis, presence of 
subepitelial Grunhagen space, distance among intestinal villous 
have been increased.

• Level 3: destruction of free portion of villous, dilated 
capillaries and presence of inflammatory cells. 

• Level 4: structural destruction of intestinal villous, 
presence of inflammatory cells and necrotic material, hemorrhagic 
areas and loosening of the tip superficial intestinal mucosa villous.

• Level 5: destruction of the whole intestinal mucosa, 
no glandular structures were observed anymore and amorphous 
substance at submucosa region.

FIGURE 3 - Photomicrographies showing the intestinal mucosal lesions 
in rats submitted to ischemia and intestinal reperfusion according Chiu et 
al.20 criteria. Light microscopy. x100. H&E staining. A – level zero; B – 
level 1; C – level 2; D – level 3; E – level 4, F – level 5. Source: Santos 
et al.10.

Histological statistical analysis.

The data were analyzed by the Software Excel 2010 and 
statistically analyzed by Software BioEstat 5.0 and GraphPad 
Prism 4.0.

The tested hypothesis was about the differences of Chiu et 
al.20 classification for levels of intestinal mucosa lesions for people 
submitted to ischemia and small intestine reperfusion process 
for the control, PTX, PGE1 and Sham groups. The groups were 
compared by ANOVA and by Tukey as post-test. The significance 
level established was p≤0.05. 

Results

The values from above classification were statistically 
higher for control group (4.0±1.1) in comparison to PTX (2.5±0.7), 
PGE1 (2.1±0.7) and Sham group (0.4±0.5), p=0.0001. Between 
PTX and PGE1 groups no statistical difference was observed 
(p>0.05) according to the following Figures 4 and 5.
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TABLE 1 – Histological criteria from Chiu et al.20 
classifi cation for levels of intestinal mucosa lesions for people 
submitted to ischemia and reperfusion at small intestine.

.N Control PTX PGE1 Sham

1 4 3 1 0

2 5 1 3 1

3 3 3 2 0

4 5 3 2 1

5 4 3 3 0

6 2 3 2

7 3 2 2

8 4 3 3

9 5 2 2

10 5 2 1

Media±dp 4.0±1.1 2.5±0.7 2.1±0.7 0.4±0.5

FIGURE 4 – Chiu et al.20 classifi cation levels of intestinal mucosa lesions 
for people submitted to the ischemia and reperfusion at small intestine for 
control, PTX, PGE1 and Sham groups. The values are expressed as media 
and standard deviation (**) p<0.05.

FIGURE 5 - Difference of medias at ANOVA analysis of variance and 
by Tukey as post-test. The signifi cance level established was p≤0.05. (1) 
Control; (2) PTX; (3) PGE1; (4) Sham.

According to Table 1 it was possible to observe that 
without drugs PTX and PGE1 in the process of ischemia/
reperfusion the media of control group were higher and the levels 
of lesions that predominated were 4 and 5 (Figure 6) according 
Chiu et al.20 criteria, indicating more severe tissue alterations. At 
groups PTX and PGE1 there was predominance of levels 2 and 
3 (Figure 7) showing a less severe alterations during ischemia 
and reperfusion intestinal process (Figures 4 and 5). Sham group 
always showed level zero and 1, demonstrating that there was no 
effect from analgesy and laparotomy in those rats (Figure 8).

FIGURE 6 - Photomicrography (x100) showing the mucosa intestinal 
lesions in the rats submitted to ischemia reperfusion levels 4 and 5 de 
Chiu et al. criteria20.

FIGURE 7 - Photomicrography (x100) showing intestinal mucosa 
lesions in rats submitted to ischemia and intestinal reperfusion; levels 2 
and 3 according Chiu et al.20 criteria. 

FIGURE 8 - Photomicrography (x100) showing intestinal mucosa 
lesions in the rats submitted to ischemia and reperfusion process (levels 
zero and 1).

Discussion

After histological analysis according Chiu et al.20 it was 
demonstrated that without PTX1,13,14,16 and PGE117-20, in the control 
group, there was predominance of more severe lesions (levels 4 
and 5) (Figure 8) showing villous structural destruction, presence 
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of inflammatory cells, presence of necrotic material, hemorrhagic  
areas and an amorphous substance at submucosa region. However 
in the experimental groups, the drug utilization for reperfusion 
protected the intestinal mucosa and the levels of lesions that 
predominated were 2 and 3 de according (Chiu et al.20) criteria 

(Figure 7), indicating less severe lesions.
The histological features that predominated with the 

use of drug PTX were: presence of cellular lysis, formation 
of subepithelial Grunhagen space, and the villous were more 
separated from each other with some destruction at their tips, 
presence of dilated capillaries and inflammatory cells. Using PGE1 

the histological results were similar. Those histological features 
in comparison to the ones observed at control group were less 
severe indicating that drugs probably protected the small intestinal 
mucosa and our results corroborate the data of many other authors 
in the literature1,13,14,16-19 that also used the same drugs, that really 
seems to reduce the tissue lesions in the process of ischemia and 
reperfusion at small intestine.

The PGE117-19, is known by its intense vasodilator 
effect, for being a substance with intense biological activity that 
has been used for such a longtime to treat.  the chronic arterial 
occlusive disease, since beside to vasodilation capacity it also 
inhibit platelets aggregation. PGE1 has a role at fibrinolysis and/or 
fibrinogenesis, as well as in cellular proliferation and modulation, 
in the hemorreologic activity of erythrocytes, in the activation and 
inhibition of neutrophils and facilitating utilization of oxygen and 
glucose by the tissues. There is also strong evidence that PGE1 

stimulate angiogenesis in cases of em myocardic ischemia17-19,.
A PTX1,13,14,16 has an antioxidant action directly inhibiting 

the anion superoxide that also indirectly block xanthine-oxidase 
enzyme activity. Therefore, it seems to decrease intensity of 
inflammatory response reducing neutrophils migration to the local 
area, decreasing liberation of cytokines, of tumoral necrosis factor, 
platelet activator factor and endothelin among other factors.

The histological and statistical results obtained in this 
study, showed that PTX or PGE1 could reduce the lesions of small 
intestine mucosa in rats submitted to ischemia/reperfusion process. 

Conclusions

In the experimental groups with pentoxyflline or 
prostaglandin E1 it was observed the reduction of small intestine 
mucosal lesions in rats submitted to ischemia and tissue reperfusion 
procedures. The histological alterations were less severe in the 
groups which the drugs pentoxyflline or prostaglandin E1 were 
used during reperfusion in comparison to the control group, 

showing a positive effects of the drugs. 
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