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RESUMO.- [Estabelecimento de modelo experimental de 
indução da lesão de isquemia e reperfusão de intestino 
delgado em coelhos Nova Zelândia.] O presente estudo 
objetivou estabelecer uma metodologia capaz de causar lesões 
de isquemia e reperfusão intestinal, realizando clipagem de 
um ramo de artéria marginal peri-intestinal extramural em 
segmento jejunal. Para tal foram utilizados 37 coelhos da raça 
Nova Zelândia, machos, de 10 semanas de idade, alocados em 
seis grupos experimentais: grupo Sham, controle negativo, 
submetido apenas a celiotomia mediana; grupo I1H submetido 
à oclusão vascular por uma hora; grupo I2H submetido a 
oclusão vascular por duas horas; grupo I1H/R2H submetido 
a oclusão vascular por uma hora, seguida de reperfusão por 
duas horas; grupo I2H/R1H submetido a oclusão vascular 
por duas horas, seguida de reperfusão por uma hora e grupo 
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The present study aimed to establish a methodology capable to cause intestinal ischemia and 
reperfusion injuries, to perform clamping of the jejunal segment of the extramural peri-intestinal 
marginal artery branch. For this, 37, 10-week-old male New Zealand breed rabbits were used. 
One rabbit was used to establish the anatomic references for the procedure and was not part of 
the six experimental groups; the rest were allocated into six experimental groups: Sham group, 
negative control, subjected only to midline celiotomy; group I1H undergoing vascular occlusion 
for an hour; group I2H submitted to vascular occlusion for two hours; group I1H/R2H undergoing 
vascular occlusion for one hour followed by two hours of reperfusion; group I2H/R1H undergoing 
vascular occlusion for two hours, followed by reperfusion for one hour, and group I2H/R5H 
undergoing vascular occlusion for two hours followed by reperfusion for five hours. The rabbits 
were evaluated for the macroscopic aspects (color and peristalsis) of the jejunal segment, as 
well as the histological aspect, checking for presence or absence of mucosal destruction, edema, 
hemorrhaging, lymphatic vessel dilatation, and the presence of polymorphonuclear cells. It was 
observed that the macroscopic and histopathological lesions accentuated in larger employed 
ischemia and reperfusion times. Rabbits subjected to ischemia for two hours followed by reperfusion 
for five hours (I2H/R5H) made up the experimental group which was easily reproducible and 
showed moderate intestinal injury, different from the other groups.
INDEX TERMS: Experimental model, intestinal ischemia, reperfusion, injuries, New Zealand, rabbits, 
extramural peri-intestinal marginal artery, vascular clip, intestinal mucosa, intestinal submucosa, heterophil.
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I2H/R5H submetido a oclusão vascular por duas horas seguida 
de reperfusão por cincos horas. Os animais foram avaliados 
quanto o aspecto macroscópico (coloração e peristaltismo) 
do segmento jejunal e quanto ao aspecto histopatológico, 
verificando presença ou ausência de destruição de mucosa, 
edema, hemorragia, dilatação de vasos linfáticos e presença de 
polimorfonucleares. Observou-se que as lesões macroscópicas 
e histopatológicas se acentuaram nos maiores tempos de 
isquemia e reperfusão empregados. Os animais submetidos 
à isquemia durante duas horas, seguida de reperfusão por 
cinco horas (I2H/R5H) compuseram o grupo experimental 
de fácil reprodução e foram os que apresentaram uma lesão 
intestinal moderada, diferentes dos demais grupos.

TERMOS DE INDEXAÇÃO: Modelo experimental, indução, lesão, 
isquemia, reperfusão, intestino delgado, coelhos, Nova Zelândia, 
artéria marginal peri-intestinal extramural, clipe vascular, mucosa 
intestinal, submucosa intestinal, heterófilo, jejuno.

INTRODUCTION
Intestinal ischemia occurs due to decrease or interruption 
of arterial and/or venous intestinal blood flow (hypoxia), 
causing damage to the mucosa. This event may occur due to 
acute or chronic obstruction of arteries and/or veins such as 
the celiac trunk, cranial mesenteric artery (CMA), the caudal 
mesenteric artery and/or corresponding vein, responsible for 
their irrigation (Carden & Granger 2000, Ribeiro & Yoshida 
2005, Gonçalves et al. 2011).

Generally, after removal of the ischemic insult, a physiological 
process of intestinal reperfusion will occur, marked by a 
number of factors which will potentiate the ischemic injuries, 
increasing the initial inflammatory response, and may also 
cause a systemic reaction and multiple organ failure (Carden 
& Granger 2000, Gao et al. 2006, Medeiros et al. 2013).

Due to the high mortality rate (60-80%) caused by ischemia 
and reperfusion injuries (I/R) (Ritz et al. 2005, Boybeyi et al. 
2014), several experimental studies are conducted in order 
to clarify the related pathophysiology and propose therapies 
for the correlated injuries, particularly with reperfusion.

Among the described experimental models, there are 
studies performed on rats, rabbits, dogs, cats, pigs and 
horses (Camargo et al. 2003, Kostopanagiotou et al. 2007, 
Avgerinos et al. 2010, Yurdakan et al. 2012, Freitas et al. 2017). 
According to Ribeiro & Yoshida (2005), the most experimentally 
used test subjects are rodents, represented by about 73% of 
the studies, mainly for their ease to work with, adequateness 
to protocols, availability and low cost, as well as their anatomy 
being similar to humans. Still, among the most important 
species used are pigs (9%), canines (8%) and felines (6%). 
In addition to animal species, other variability of the proposed 
models are time of ischemia, reperfusion time, intestinal 
segment submitted to injury, parameters used for evaluation, 
and idealized treatments (Zhao et al. 2003, Ribeiro & Yoshida 
2005, Gonzalez et al. 2015).

Experimental studies on I/R injuries can be defined by two 
dissimilar phases: the ischemic phase, in which there is a vessel 
occlusion, or occlusion of the feeding vessels, or decreased 
circulating blood flow, such as in controlled hypovolemic shock; 
and a phase called reperfusion, characterized by unblocking 
of the previously occluded vessel, or shock correction, in a 
way that the tissue perfusion becomes proper again (Carden 
& Granger 2000, Camargo et al. 2003, Ribeiro & Yoshida 2005, 
Freitas et al. 2017).

Among the existing methods of ischemic induction arterial 
obstruction by vascular clamping can be highlighted as the 
most used followed by vascular stenosis vascular or extrinsic 
vascular compression; surgical tape with controlled blood flow 
release and induction of hypovolemic shock and hypothermia. 
This obstruction involves occlusion of the cranial mesenteric 
artery (CMA) (Ritz et al. 2005, Gao et al. 2006, Santos et al. 
2008, Jiang et al. 2011, Ben et al. 2012, Boybeyi et al. 2014) or 
the CMA and cranial mesenteric vein (Guimarães et al. 2002, 
Tang et al. 2010) or the extramural peri-intestinal marginal 
artery (PIMA) (Guan et al. 2009). Some authors report that 
vascular clamping is the best method of ischemic applicability 
due to promoting the same occlusive situation in all animals 
and because of the similarity in clinical situations (Ribeiro & 
Yoshida 2005, Freitas et al. 2009a, 2009b).

The objective of this study was to establish a methodology 
capable of causing ischemic and reperfusion injuries, by 
performing clamping of the extramural peri-intestinal 
marginal artery branch, and compare, through macroscopic 
and histological evaluations, structural abnormalities found 
in different ischemic and/or reperfusion times in intestinal 
segments, to establish an experimental model easily 
reproducible and which allows to infer a time of ischemia 
and reperfusion that entails a mild injury, yet compatible 
with the patient’s life and with repair potential, in order to 
test future therapeutic protocols.

MATERIALS AND METHODS
Ethics statement. The study was conducted according to the 

standards of the Brazilian College of Animal Experimentation (COBEA) 
and was approved by the Ethics Committee, Bioethics and Animal 
Welfare (CEUA) of the University Vila Velha (UVV), process 294/2014.

Experimental animals. For the study 37 New Zealand breed 
male rabbits were used, with ages of approximately 10 weeks, and 
average weight of 3.0kg, allocated in a modified container of 12 
meters in length, lined with PVC and thermal insulation, with air 
conditioning and exhaust to control the temperature and electric 
timer keeping a photoperiod of 12/12 hours light and dark.

The animals were kept in individual cages, randomly distributed, 
and receiving water ad libtum and 100 grams/day of commercial 
rodent chow (Ração do Sítio Coelhão - Guabi Nutrição Animal, 
Anápolis/GO).

Determination of the vascular segment to be clamped. 
To perform this step, one animal was used, which was submitted to 
premedication with Xylazine (2.5mg/kg) associated with Ketamine 
(25.0mg/kg) intramuscularly.

After sedation, the lateral auricular vein was catheterized, allowing 
administration of the anesthetic induction and euthanasia, using an 
anesthetic overdose of Thiopental sodium (50mg/kg/IV). Then, the 
jugular vein and carotid artery were dissected to allow bleeding and 
injection of white natural latex along with a blue liquid dye.

After finding the blue pigment in the abdominal and auricular 
region, the animal underwent extensive abdominal trichotomy, 
followed by pre-retro-umbilical medline celiotomy.

Was the location of the segment in an oral to aboral direction 
controlled, most proximal to the incision was identified, were the 
segments located in the same segment of bowel when considering 
distal jejunum, exteriorized from the cavity and observed for vascular 
organization originating from the cranial mesenteric artery and vein. 
After identification of the mesenteric artery and vein, a corresponding 
branch belonging to the extramural peri-intestinal marginal artery/vein 
irrigating an intestinal segment of approximately 8.0cm was determined 
in order to standardize the clamping location (Fig.1).
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After standardization, the surgical experimental phase was 
initiated.

Anesthetic procedures. The rabbits were kept on feed 
withdrawal for 8 hours. Prior to the surgery, pre-anesthetic drugs 

were administered associating Xylazine (2.5mg/kg/IM) and Ketamine 
(25mg/kg/IM). The marginal auricular vein was cannulated for the 
establishment of fluid therapy and implementation of analgesia with 
Tramadol hydrochloride (1.0mg/kg/IV). After the loss of both eyelid 
and laryngotracheal reflexes, tracheal intubation was performed to 
allow the maintenance of anesthesia by dose effective inhalation of 
isoflurane. The central auricular artery was catheterized.

The patient was placed in a supine position, propped up on surgical 
chute and submitted to a broad trichotomy of the abdominal region.

Surgical procedure. The surgical field was prepared by performing 
antisepsis with 70% alcohol and 2% topical chlorhexidine topical, 
and the surgical drapes were positioned. Pre-retro-umbilical midline 
celiotomy was performed measuring approximately 6.0cm in a 
cranial-caudal direction. Was the location of the segment in an oral 
to aboral direction controlled, most proximal to the incision was 
identified, were the segments located in the same segment of bowel 
when considering distal jejunum and the intestinal segment of the 
jejunum, most proximal to the incision, was identified and exteriorized 
from the cavity and the extramural peri-intestinal marginal artery/vein 
branch and occlusion performed using a vascular clip (Fig.2).

The occlusion time varied according to the experimental 
group. During the occlusion time interval, the animals remained 
anesthetized and had their abdominal cavity sutured by separate 
stitches, to prevent loss of abdominal fluid, and contamination. 
No mensuration which allowed proof of absence and return of blood 
flow was performed. Still collateral blood flow was maintained. 
After removal of the vascular clip, muscle fascia was approximated 
with the Sultan suture (X) using Nylon 1, the subcutaneous tissue 
with simple continuous suture using Vicryl 0, and the skin was 
approximated by intradermal suturing using Nylon 0.

Experimental groups. The animals were numbered from 1 to 36, 
and were distributed randomly into the experimental groups 
containing six animals (Table 1). The order of the surgeries obeyed 
the pre-established numbers. The ischemia and/or reperfusion 
duration was established and adapted from models proposed by 
Gao et al. (2006), Jiang et al. (2011), and Barriga et al. (2013). During 
the entire ischemia and/or reperfusion duration, the intestinal 
segment was maintained within the abdominal cavity.

Sham group (Sham): Patients underwent pre-retro-umbilical 
midline celiotomy and manipulation of the jejunum segment, without 
performing occlusion of vessels. The animals remained anesthetized 
for two hours, after this time period intestinal fragments were 
collected for performance of exams, and euthanasia of the animals 
by anesthetic overdose was performed.

Fig.1. Evaluation of mesenteric irrigation in rabbit jejunum after 
completion of an injection technique using white natural latex 
together with a blue liquid dye. (A) Irrigation identification of 
the cranial mesenteric artery and vein (arrow) from the small 
intestine (jejunum) and the extramural peri-intestinal marginal 
artery/vein branch (circle), highlighting the dark blue color 
for the arterial branch and light blue for the venous branch. 
(B) Measurement of the irrigated area by the identified segment. 
(C) Clamping of the extramural peri-intestinal marginal artery 
and vein using a vascular clip.

Fig.2. Vascular clips used during pre-retro-umbilical midline celiotomy 
in New Zealand rabbits, to promote extramural peri-intestinal 
marginal blood flow obstruction. (Scale=1cm).
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One-hour ischemia (I) group (I1H): Patients underwent 
pre-retro-umbilical midline celiotomy and manipulation of the 
jejunum segment, followed by realization of vessel occlusion for 
1 hour. The animals remained anesthetized for an hour, after this 
time period intestinal fragments were collected for performance 
of exams, and euthanasia of the animals by anesthetic overdose 
was performed.

Two-hour ischemia (I) group (I2H): Patients underwent 
pre-retro-umbilical midline celiotomy and manipulation of the jejunum 
segment, followed by realization of vessel occlusion for 2 hours. 
The animals remained anesthetized for two hours, after this time 
period intestinal fragments were collected for performance of exams, 
and euthanasia of the animals by anesthetic overdose was performed.

One-hour ischemia/two-hour reperfusion group (I1H/R2H): 
Patients underwent pre-retro-umbilical midline celiotomy and 
manipulation of the jejunum segment, followed by realization of 
vessel occlusion for 1 hour. The animals remained anesthetized 
for one hour and after this time the vascular clip was removed, and 
suture in the mesentery near the clamping site was performed using 
a 4-0 blue polypropylene suture. Anesthesia was ceased, and the 
patient was taken to the anesthetic recovery location, remaining 
alive for two hours. After that time, they were anesthetized and 
operated on once again, intestinal fragments were collected for 
performance of exams, and euthanasia of the animals by anesthetic 
overdose was performed.

Two-hour ischemia/one-hour reperfusion group (I2H/R1H): 
Patients underwent pre-retro-umbilical midline celiotomy and 
manipulation of the jejunum segment, followed by realization of 
vessel occlusion for 2 hours. The animals remained anesthetized 
for two hours and after this time the vascular clip was removed, 
and suture in the mesentery near the clamping site was performed 
using a 4-0 blue polypropylene suture. Anesthesia was ceased, and 
the patient was taken to the anesthetic recovery location, remaining 
alive for one hour. After that time, they were anesthetized and 
operated on once again, intestinal fragments were collected for 
performance of exams, and euthanasia of the animals by anesthetic 
overdose was performed.

Two-hour ischemia/five-hour reperfusion group (I2H/R5H): 
Patients underwent pre-retro-umbilical midline celiotomy and 
manipulation of the jejunum segment, followed by realization of 
vessel occlusion for 2 hours. The animals remained anesthetized 
for two hours and after this time the vascular clip was removed, 
and suture in the mesentery near the clamping site was performed 
using a 4-0 blue polypropylene suture. Anesthesia was ceased, and 
the patient was taken to the anesthetic recovery location, remaining 
alive for five hours. After that time, they were anesthetized and 
operated on once again, intestinal fragments were collected for 
performance of exams, and euthanasia of the animals by anesthetic 
overdose was performed.

Trans-surgical macroscopic evaluation. Before and after 
clamping of the extramural peri-intestinal marginal artery/vein, 
the macroscopic aspect of the segment irrigated by the occluded 

branch and adjacent segments was evaluated regarding color, and 
peristalsis (“pinch test”). Macroscopic findings were compared 
between animals of the same group, as well as between groups.

Histopathological examination. Intestinal fragments of the 
jejunum were collected, of approximately 0.5cm in extension, tubular 
shaped and wrapped in gauze, from the central region affected 
by the previously marked ischemic injury through a suture stitch 
using 4-0 polypropylene. Samples were collected with aid of a scalpel 
blade, and with every animal the blade was exchanged for a new 
one. After the collection, the animals were euthanized.

All the extracted fragments were fixed in 10% formalin and 
embedded in paraffin. Tissues were sectioned in cuts at approximately 
4-5µm for confection of histological slides, and stained with 
hematoxylin and eosin.

Histologically, at least six randomly chosen fields based on 
Jiang et al. (2011), were evaluated per slide for each animal as well 
as for each segment, and the median of the events considered in 
order to classify the injuries into scores. The evaluator was unaware 
of the evaluated groups. The evaluations were conducted with 
10x and 40x objectives.

The histopathological classification of the injuries from the 
ischemic fragment was established according to an adaptation of the 
score proposed by Chiu et al. (1970) (0- Unaltered mucosa; 1- Villi 
preserved without cell lysis, without inflammatory process (IP), 
and with subepithelial spaces (SE); 2- Cell lysis, with SE, increased 
spacing between the villi; 3- Villi denudation with inflammatory 
cells (IC), dilated capillaries; 4- Structural destruction of the villi, 
with IC, basal glandular necrosis and ulceration; 5- Total destruction 
of the mucosa), as well as an adaptation of Pagliosa et al. (2009) 
for edema, hemorrhage, presence of polymorphonuclear cells 
(0- Absent; 1- Incipient; 2- Light; 3- Moderate; 4- Intense) and 
lymphatic dilatation (0- Absent; 1- Moderate; 2- Intense). To evaluate 
the presence of a mononuclear inflammatory process, a score 
was established (0- Absent; 1- Incipient; 2- Light; 3- Moderate; 
4- Intense). Descriptive analysis of the lesions found in each group 
was also conducted.

Statistical analysis. The Kolmogorov-Smirnov test was used to 
test the normality of the histopathological data classified in scores. 
Then, the data was evaluated using the nonparametric Kruskal-Wallis 
test, followed by Dunn’s post-test, and considered significant when 
p<0.05. Data was analyzed using the GraphPadPrism5 program, 
to evaluate inflammation in the proposed time for each group on 
the histopathological characteristics of the intestinal fragments.

RESULTS
The anesthetic induction procedure was performed in 
order not to cause excitement of the animals so that the 
hemodynamic and respiratory functions remain stable until 
the time of the procedure. In some animals, intubation could 
not be performed, so these were kept with the aid of a mask. 
No anesthetic complications were observed.

Table 1. Summary/proposed design for preparation of the experimental groups

Group Number of animals Ischemia/Reperfusion duration Euthanasia (moment/time)
Sham 6 - 1h after beginning celiotomy
I1H 6 1 hour Following procedure conclusion
I2H 6 2 hours Following procedure conclusion

I1H/R2H 6 1 hour / 2 hours Animal awake, anesthetized once again, after 2 hours of reperfusion
I2H/R1H 6 2 hours / 1 hour Animal awake, anesthetized once again, after 1 hour of reperfusion
I2H/R5H 6 2 hours / 5 hours Animal awake, anesthetized once again, after 5 hours of reperfusion
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In animals placed in the Sham group, only undergoing 
celiotomy, it was observed after one hour of anesthesia that all the 
animals had pink colored intestinal serous, without alterations, 

occurring only a little hemorrhaging at the moment of the 
intestinal fragment collection, which was considered normal.

The clamping of the extramural peri-intestinal marginal 
artery/vein, allowed occlusion of blood flow to a segment 
of approximately 8cm in length, providing after two 
hours, discoloration of the intestinal serosa, and therefore 
suggesting congestion and hypomotility. The adjacent regions 
(10cm cranial and 10cm caudal) to the irrigated portion, 
presented slightly changed. The I2H group showed a more 
reddish serous with blood vessel more apparent, congested 
and hyperemic than observed in the I1H group (Fig.3).

In the groups submitted to reperfusion, macroscopic 
alterations after removal of the vascular clip was similar to 
that observed in the I1H and I2H groups.

However, in the I1H/R2H group, minutes after clearing the 
obstruction, it was observed that the hyperemia had reduced, 
returning to an almost normal aspect.

When celiotomy was performed again after reperfusion, there 
was decreased response to the “pinch” test, suggesting intestinal 
hypomotility, and excessive bleeding at the time of fragment 
collection. In the I2H/R 5H group a paler serous, with increased 
thickness and shiny aspect was noted, suggesting edema (Fig.4). 
The regions adjacent to the injury site had a redder serosal aspect 
and presence of blood vessels a little more apparent.

Fig.3. Jejunum segment subjected to occlusion of the extramural 
peri-intestinal marginal artery/vein belonging to a rabbit 
allocated in the group submitted to two hours of ischemia (I2H). 
Highlighting the intestinal region irrigated by the occluded 
vascular branch, redder serous, with hyperemic blood vessels.

Fig.4. Jejunum segment of a rabbit allocated in the group submitted to two hours of ischemia and five hours of reperfusion (I2H/R5H). 
(A) Normal intestinal aspect, with pink serosa immediately before the occlusion of the extramural peri-intestinal marginal artery/vein 
using a vascular clip (arrow). (B) Intestine with ischemic serosa, congested extramural vessels immediately after removal of vascular 
clip, and mesentery suturing using a blue non-absorbable wire to mark the ischemic site (arrow). (C) Intestine displaying a paler serous, 
with increased thickness and shiny aspect as well as hyperemic extramural vessels, suggesting edema, five hours after reperfusion. 
Highlighting (arrow) the mesentery suture indicating blood vessel occlusion site.
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Histologically, considering the intestinal mucosal injuries, 
it was observed that the longer the reperfusion time, the more 
frequent presence of villus denudation with inflammatory 
cells (IC), dilated capillaries (score 3), however, in none of 
the experimental groups was complete destruction of the 
mucosa noted.

Statistically, the groups I1H/R2H, I2H/R1H, and I2H/R5H 
showed significant difference compared to the Sham group 
(Fig.5); and groups I2H/R1H and I2H/R5H (Fig.6) showed a 
significant difference to the I1H group. The other alterations 
are presented in Table 2.

Regarding the mucosa erosion, majority of the samples 
observed showed absence of erosion (score 0) and with some 
animals from the groups submitted to reperfusion showing 
separation between the epithelium and lamina propria in 
the villus tip (score 1).

For the variable mucosal edema evaluated, the IH1/R2H, 
I2H/R1H and I2H/R5H groups showed mild classification 
standard (score 2) and were significantly different compared 
to the Sham group. Still, the I2H/R5H group also showed 
difference compared to the I1H group. The alterations are 
shown in Table 3.

Considering the variable hemorrhage in mucosa, most 
observations were graded a score of 0, that is, absent, with 
rare incipient hemorrhage findings (score 1). There was no 
statistical difference between the groups. The findings are 
shown in Table 4.

As for the presence of polymorphonuclear infiltrate, most 
often mild (score 2) to moderate (score 3) degrees were 
observed, especially in groups that underwent reperfusion. 
There was statistical difference in I1H/R2H, I2H/R1H, and 
I2H/R5H groups compared to the Sham group. There was 
also difference in the I2H/R5H group compared to the 
I1H group (p<0.05). Other alterations are presented in Table 5.

For the variable mucosa lymphatic dilatation, in the 
reperfusion groups intense dilation was observed (score 2) 
(Fig.7), especially when compared with absent (score 0) and 
moderate degrees (score 1) present in the animals of the Sham 

and I1H group. The I2H group was significantly different from 
the Sham group (p<0.01). The groups I2H/R1H and I2H/R5H 
had significant difference from the Sham group. The other 
alterations are presented in Table 6.

Presence of mononuclear inflammatory process was not 
observed in any histological section. In addition to the variables 
evaluated, during histological evaluation I1H/R2H, I2H/R1H, 
and I2H/R5H groups showed the presence of shortened villi 
size compared to the Sham group.

Submucosa histopathological showed edema present in 
moderate (score 3) to intense levels (score 4) consequent 
to the increase of ischemia and/or reperfusion duration. 
The I1H/R2H, I2H/R1H, and I2H/R5H groups were significantly 
different compared to the Sham group. There were also 
differences between the groups I2H/R1H and I2H/R5H 
compared to the I1H group (p<0.05, p<0.01). The other 
alterations are presented in Table 7.

For submucosal hemorrhage the I2H/R5H group was 
significantly different from the other study groups (p<0.05), 
for it was the only one in which incipient hemorrhage was 
observed (score 1). In the other groups, hemorrhage in the 
submucosa was absent.

The presence of polymorphonuclear cell infiltration 
(PMN) in the submucosa was similar to the data evidenced 
in the mucosa, where longer ischemia and reperfusion 
times resulted in moderate degrees (score 3) of PMN. There 
was a significant difference between the groups I1H/R2H, 
I2H/R1H, and I2H/R5H compared to the Sham group. 
There were also significant differences between the groups 
I2H/R1H and I2H/R5H compared to the group I1H. The other 
alterations are presented in Table 8.

Regarding dilatation of lymphatic vessels in submucosa it 
was also evidenced that the longer ischemia and reperfusion 
times implicated in minor degrees (score 2) of dilation 
(Fig.8). There was a significant difference between the groups 
I1H/R2H, I2H/R1H, and I2H/R5H compared to the Sham 
group. The other alterations are presented in Table 9.

Fig.5. Photomicrography of a rabbit allocated in the Sham group 
exhibiting normal histopathological aspects of mucosa (circle), 
submucosa (arrow), and muscle (triangle) layers of the intestinal 
segment. HE, 40x.

Fig.6. Photomicrography of a rabbit allocated in the I2H/R5H group 
exhibiting formation of sub epithelial space in the apical region 
of the intestinal segment’s mucosa. HE, 20x.
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Table 2. Results, in score, of the histological analysis for injury in jejunum mucosa belonging to New Zealand rabbits submitted 
to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for mucosa injury

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 1 1 2 2 3
2 0 1 1 2 2 3
3 0 1 1 2 2 3
4 0 1 1 1 2 3
5 0 1 1 2 2 3
6 0 1 1 1 2 3

Median 0a 1a 1abc 2bc 2b 3b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups. Chiu et al. (1970), adapted.

Table 3. Results, in score, of the histological analysis of mucosa edema in the jejunum mucosa belonging to New Zealand 
rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for edema in mucosa

SHAM I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 0 2 2 2 2
2 0 0 1 2 2 2
3 0 1 0 2 2 2
4 0 1 1 1 2 2
5 0 0 2 2 1 2
6 0 1 1 2 2 2

Median 0a 0,5ac 1abc 2bc 2bc 2b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.

Table 4. Results, in score, of the histological analysis of mucosa hemorrhage in the jejunum mucosa belonging to New Zealand 
rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for hemorrhage in mucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 0 0 0 1 1
2 0 0 0 1 1 2
3 0 0 0 0 0 0
4 0 0 0 0 0 1
5 0 0 0 1 0 1
6 0 0 0 0 1 0

Median 0a 0a 0a 0a 0a 0a

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.

Table 5. Results, in score, of the histological analysis for presence of polymorphonuclear cell infiltration (PMN) in the jejunum 
mucosa belonging to New Zealand rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal 

marginal artery/vein

Rabbits
Score for presence of pmn in mucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 1 4 3 3 3
2 0 2 2 3 3 3
3 0 1 2 2 3 3
4 1 1 2 2 3 4
5 0 2 2 3 2 4
6 1 1 2 3 3 3

Median 0a 1ac 2abc 3bc 3bc 3b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.
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Fig.7. Photomicrography of a rabbit allocated in the I2H/R1H group 
displaying mild/moderate lymphatic dilation in intestinal mucosa 
(circle), classified as score 2. HE, 20x.

Fig.8. Photomicrography of a rabbit allocated in the I2H/R5H group 
displaying intense lymphatic vessel dilatation (triangle) in 
intestinal submucosa, classified as score 2. . HE, 10x.

Table 6. Results, in score, of the histological analysis for lymphatic dilatation in the jejunum mucosa belonging to New Zealand 
rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for lymphatic dilatation in mucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 2 2 1 2 2
2 0 1 1 1 2 2
3 0 1 1 2 2 2
4 0 1 2 1 2 2
5 0 1 2 2 1 1
6 0 1 2 1 1 2

Median 0a 1abc 2c 1abc 2bc 2bc

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.

Table 7. Results, in score, of the histological analysis of submucosa edema in the jejunum submucosa belonging to New Zealand 
rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for edema in submucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 0 2 3 3 4
2 0 0 1 3 3 3
3 0 1 1 2 3 4
4 0 1 2 3 3 4
5 0 0 2 3 3 4
6 0 1 2 3 3 3

Median 0a 0,5ac 2abc 3bc 3b 4b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.

Table 8. Results, in score, of the histological analysis of presence of polymorphonuclear cell infiltration (PMN) in the 
jejunum submucosa belonging to New Zealand rabbits subjected to ischemia and reperfusion by clamping of the extramural 

peri-intestinal marginal artery/vein

Rabbits
Score for presence of pmn in submucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 0 2 3 2 3
2 0 0 1 3 2 3
3 0 0 0 2 2 3
4 0 1 2 2 3 3
5 0 1 1 2 2 2
6 1 0 1 3 3 2

Median 0a 0ac 1abc 2,5b 2bc 3b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.
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DISCUSSION
There are experimental studies described in literature for 
comprehension of the pathophysiology and the establishment of 
therapies for ischemia and reperfusion injuries (Yassin et al. 1997, 
Camargo et al. 2003, Chang et al. 2005, Ribeiro & Yoshida 
2005, Gonzalez  et  al. 2015, Freitas  et  al. 2017). However, 
when the pilot study of the present project was initiated, we 
found a discrepancy in results obtained from those described 
by authors using a similar methodology to the one employed. 
This difficulty in reproducing the data led to this study, in order 
to obtain an experimental model of easy reproduction, with 
well elucidated histopathological findings in which allows 
time inference for ischemia and reperfusion that entails a 
mild injury, yet compatible with the patient’s life and with 
repair potential.

Several studies conducted in order to elucidate the I/R injuries, 
proposes the methodology of ischemic induction by occlusion 
of the cranial mesenteric artery (Guimarães  et  al. 2002, 
Gao et al. 2006, Jiang et al. 2011, Boybeyi et al. 2014) which 
leads to a generalized intestinal injury. However, when 
considering events occurring in the organism, it appears 
that some bowel diseases, primary or secondary, lead to the 
development of segmented intestinal lesions, which may or 
may not take a systemic character. Intestinal manipulation 
performed for model execution described by these authors 
cited above proved to be inefficient, often occurring handling 
injuries due to the organ’s delicacy.

Considering these reasons, the occlusion of only one 
vascular branch of the extramural peri-intestinal marginal 
artery/vein was opted on and it was found that this proposed 
model was capable of causing intestinal lesions in mucosa and 
submucosa in rabbits, while avoiding excess bowel manipulation. 
Guan et al. (2009), in an experimental study of I/R intestinal 
injuries in mice also performed occlusion of the extramural 
peri-intestinal marginal artery for 15 and 50 minutes, but 
associated this occlusion with obstruction of the blood supply 
collateral to the segment. Even though using less ischemia 
time than that used in the present study the histopathological 
alterations that the authors observed were more severe, 
possibly due to lack of collateral vasculature.

Intestinal ischemia insult tolerance can also vary according 
to the different species. Experimental studies in rats and mice 
showed histopathological alterations in ischemic situations 
lasting for 30 minutes (Guimarães et al. 2002, Freitas et al. 2009a, 
2009b); 45 minutes (Jiang et al. 2011.); 15 and 50 minutes 

(Guan et al. 2009) and 60 minutes (Boybeyi et al. 2014) whereas 
for dogs the ischemic time was 60 minutes (Chiu et al. 1970), 
for rabbits starting at 60 minutes (Gao  et  al. 2006) and 
horses starting at 70 minutes (Dabareiner et al. 2001) and 
120 minutes (Pagliosa et al. 2009).

Macroscopically, a reddish aspect in serous, and well 
evident congested and hyperemic blood vessels well evident 
were noticed in group I2H group, similar to what was found 
by Pagliosa et al. (2009), in horses, two hours after ischemia. 
In the I2H/R5H group it was observed, at the end of the 
reperfusion time, increase in serous thickness suggesting 
edema. This fact may be related to increased hydrostatic 
pressure (Vasconcelos 2002).

Histologically, the intestinal injuries that were found by 
histological evaluation of the mucosa were consistent with 
the classification proposed by Chiu et al. (1970). Applying the 
proposed classification, we noted that the I1H/R2H group 
had an injury score between 1 and 2 (median value of 2), 
while Gao et al. (2006) viewed massive villi destruction and 
exposure of mucosa’s lamina propria (score 5) after clamping 
of the cranial mesenteric artery for one hour followed by 
reperfusion for two hours.

In the present study presence of significant mucosa 
erosion was not detected. Only in groups I1H/R2H, I2H/R1H, 
and I2H/R5H was it possible to see some erosion sites, but 
considered to be incipient by the evaluator. In a study by 
Pagliosa et al. (2009) with equine, these same lesions were 
described in a more evident manner, and because of this the 
authors stated that the lesions started during ischemia and 
maintained during the reperfusion.

Furthermore, in the study by Pagliosa et al. (2009) with 
equine, the group in which venous occlusion was held to cause 
I/R damage in the jejunum, showed hemorrhage alterations 
and edema of mucosa and submucosa in abundance, diverging 
from the I1H/R2H and I2H/R1H groups which presented 
hemorrhage in mucosa with score 0-1, and the group 
I2H/R5H with a score of 0 to 2 for mucosa and score 1 for 
submucosa. The occurrence of hemorrhaging can be related 
to increases in vascular permeability in hypoxic situations 
that will cause damage to the endothelial cells, either in 
the ischemic or reperfusion phase (Dabareiner et al. 2001, 
Nosál’ová et al. 2007). It is worth noting that although they are 
different animals, horses and rabbits underwent procedure 
for the same purpose, to induce intestinal injury.

Table 9. Results, in score, of the histological analysis of presence of lymphatic dilatation in the jejunum submucosa belonging to 
New Zealand rabbits subjected to ischemia and reperfusion by clamping of the extramural peri-intestinal marginal artery/vein

Rabbits
Score for lymphatic dilatation in submucosa

Sham I1H I2H I1H/R2H I2H/R1H I2H/R5H
1 0 1 1 1 2 2
2 0 1 1 1 2 2
3 0 2 1 2 2 2
4 0 1 1 2 1 2
5 0 1 1 1 1 2
6 0 1 2 1 2 1

Median 0a 1a 1a 1b 2b 2b

In the same line, identical letters represent statistical equivalence and different letters represent differences between the groups.
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The presence of edema and lymphatic dilatation in mucosa 
and submucosa were more evident in groups I1H/R2H, I2H/R1H, 
and I2H/R5H. These results suggest that reperfusion injuries 
increase the damage initially caused by ischemic insult and 
that existing vascular injuries may be exacerbated by increased 
capillary hydrostatic pressure and may also contribute to 
edema formation (Yassin et al. 1997, Carden & Granger 2000, 
Camargo et al. 2003, Chang et al. 2005).

Because it is an acute injury, the presence of polymorphonuclear 
infiltration was observed in all groups except the Sham group. 
The cell type observed was the heterophil, a round cell, with 
a multilobulated nucleus, of acidophilus coloring and with an 
inflammatory function similar to the neutrophil, but presents 
this nomenclature particularly for rabbits. The presence of 
PMNs can be attributed to the fact that there is production 
of oxygen free radicals (OFR) during reperfusion, resulting 
in lipid peroxidation and cell damage which culminate 
with increased inflammatory response at the site of injury 
(Moore et al. 1995, Zhao et al. 2003, Gao et al. 2006, Jiang et al. 
2011, Guzel et al. 2012). However, the incipient presence of 
mononuclear inflammatory process can be justified by injury’s 
acute pattern, being insufficient time for their formation.

In no experimental group was destruction of mucosa and 
villi associated with strong degrees of edema, hemorrhage 
and presence of polymorphonuclear heterophils observed, 
but the I2H/R5H group had a higher injury rate, generally 
classified as moderate. Facts that allow us to infer that despite 
the injuries presented in the present study being compatible 
with ischemia and reperfusion injuries, the body still preserves 
repairing potential.

CONCLUSIONS
The proposed experimental model provided mucosa and 

submucosal injuries in intestinal segment, where the blood 
flow was occluded by clamping of the extramural peri-intestinal 
marginal artery/vein.

Histopathological alterations included the observation of villi 
denudation, edema, hemorrhage, lymphatic vessels dilatation, 
and the presence of inflammatory infiltrate that accentuated 
the longer employment of ischemia and reperfusion times.

Rabbits subjected to ischemia for two hours followed by 
reperfusion for five hours (I2H/R5H) made up the experimental 
group which was easily reproducible and showed a moderate 
intestinal injury, however, compatible with the patient’s life 
and with repair potential, to be employed in the next stage 
of the study.
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