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Dear Editorial Board, 

 

On behalf of all co-authors, please find enclosed the manuscript titled “A ligated 

intestinal loop model in anesthetized specific pathogen free chickens to study Clostridium 

perfringens virulence”. The content is original and has not been submitted to another journal. We 

believe that the manuscript meets all guidelines described in the “Manuscript Instruction for 

Authors (rev. October 2013)” as found on your website.  

This work describes in detail the protocol, list of materials and representative results of an 

in vivo infection model called “intestinal ligated loop model” to study necrotic enteritis, caused 

by the bacterium Clostridium perfringens, in chickens. This technique has the advantage of using 

a small number of animals compared to other in vivo infection models commonly used to study 

necrotic enteritis in chickens. Moreover, chickens used in our experiments are anesthetized 

during the infection, in contrast with other infection models where pain is poorly managed and 

mortality can be high. We consider that this model reduces animal use and pain to a maximum 

when studying necrotic enteritis. The procedures involve high precision and technical skills and 

the sole description of the methods in a text format would most likely result in a poor 

reproducibility of the method by other researchers interested in replicating the intestinal ligated 

loop model. It is our wish to share this method and allow researchers from around the globe to 

have a unique and precious visual access to this animal model. This is what motivated us to 

submit this manuscript to the Journal of Visualized Experiments. We strongly believe that the 

uniqueness of JoVE format using both video and text descriptions is a must in order to detail the 

methodology used and avoid future potential problems in live animals caused by a poor 

execution.  

Drs. Boulianne and Parent developed the model. Drs. Boulianne and Parent performed 

the surgeries. Dr. Burns assisted in developing the anesthesia protocol. Dr. Parent edited the 

video and wrote the manuscript. Drs Burns, Desrochers and Boulianne edited the manuscript. 

We would like to thank Ms. Nandita Singh from the JoVE editorial team for providing 

assistance in the submission process. 
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SHORT ABSTRACT:  26 
Here we present a protocol to surgically create ‘intestinal ligated loops’ in chicken small 27 
intestines. This procedure allows for the comparison of multiple Clostridium perfringens strains’ 28 
virulence in situ in a single host. This method markedly decreases the number of chickens usually 29 
necessary for similar in vivo experiments. 30 
 31 
LONG ABSTRACT: 32 
Necrotic enteritis was studied in chickens using various in vivo infection models. Most of these 33 
use a combination of predisposing factors, such as coccidiosis and diet, with gavage or 34 
administration via the feed using Clostridium perfringens. In these models, the comparison of 35 
multiple C. perfringens strains for virulence studies requires a large number of hosts to obtain 36 
significant results. Mortality during the course of the study can be high depending on the 37 
experimental model, hence raising ethical concerns regarding animal welfare in research. The 38 
development of new infection models requiring fewer animals to study pathogenesis, yet 39 
providing statistically significant and valid results, is important in reducing animal use in research. 40 
Intestinal ligated loop models have been used to study clostridial infections in various species 41 
such as mice, rabbits and calves. Following surgical procedures to create ligated loop segments, 42 
C. perfringens strains are injected directly into the loops to establish a close contact between the 43 
bacteria and the intestinal mucosa. Samples of the small intestine and luminal contents are taken 44 
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at the termination of the procedures after a few hours. Multiple bacterial strains can be 45 
inoculated in each animal, hence reducing the number of required subjects in the experiments. 46 
Also, procedures are performed under general anesthesia to reduce animal pain. In chickens, this 47 
model would be more appropriate than oral administration to compare C. perfringens strain 48 
pathogenicity because fewer animals are needed, no predisposing factors are required to induce 49 
the disease, and pain is controlled by analgesics. The intestinal ligated loop model is poorly 50 
described in chickens and standardization is essential for its optimal use. This manuscript 51 
provides all the necessary steps to create numerous intestinal ligated loops in chickens and brings 52 
information on the critical points to obtain valid results. 53 
 54 
INTRODUCTION: 55 
The use of animal models to study infectious diseases affecting humans and animals is a central 56 
tool in assessing virulence factors regulating the pathogenesis of a specific condition as well as 57 
to elaborate strategies to prevent or cure diseases1. Despite numerous advantages of using 58 
animal models to study various diseases, ethical concerns regarding this practice are arising. 59 
Researchers need to minimize animal use while obtaining significant and valid results. The 60 
concept of the 3 Rs principles (Replace, Reduce and Refine) was elaborated to ensure that welfare 61 
issues were addressed in such trials. In chicken necrotic enteritis studies, in vivo chicken models 62 
are used to investigate the etiology, prevention, and treatments of this condition2-5. Pathogenic 63 
strains of C. perfringens carrying specific virulence factors, such as the NetB toxin6, are 64 
administered to cause necrotic enteritis in chickens7. The replacement principle is, therefore, 65 
difficult to achieve in such case as these virulence factors may not be as critical in other animal 66 
species. Most models for necrotic enteritis in chickens use a combination of risk factors, such as 67 
coccidiosis and altered diet to induce necrotic enteritis followed by gavage of broth culture 68 
containing large numbers of C. perfringens2. These models will induce the disease in a large 69 
number of chickens, and mortality can be important in such trials8, thus raising concerns about 70 
the reduction and refinement principles in animal research.  71 
 72 
Intestinal ligated loops models are a desirable alternative for the study of diseases induced by 73 
intestinal pathogens with respect to the principle reduction, and refinement. In these models, 74 
intestinal segments called ‘loops’ are created by placing ligatures along the intestinal tract to 75 
form independent and hermetic compartments where pathogens can be injected alone9 or with 76 
other molecules, such as vaccine candidates10,11. The pathogens of interest are placed in close 77 
contact with the intestinal cells and after a few hours of infection time, intestinal samples can be 78 
recovered for further analysis. This allows the use of multiple treatment and control groups in 79 
the same animal. Statistical analysis can be performed with repeated measures models, which 80 
increases the power of discrimination between groups and reduces the number of necessary 81 
chickens compared to oral gavage trials. Also, surgical procedures and subsequent infection times 82 
are performed under continuous general anesthesia and analgesia, hence minimizing the animal 83 
pain. Closed loop ligations are an ideal template for reducing host numbers and creating a more 84 
humane system in animal research.  85 
 86 
Intestinal ligated loops models are well described in various species, such as calves, rabbits and 87 
mice2,9, but poorly described in chickens7. For an optimal use of this surgical model, proper 88 



   

technique and execution are essential for the creation of ligated intestinal loops to avoid 89 
damages to the intestinal integrity. The goal of this manuscript is to describe a step by step 90 
method in the creation of multiple intestinal loops in a chicken model. This technique is limited 91 
by the surgeon’s skill and experience, as accurate procedures are essential for the success of the 92 
project. 93 
 94 
PROTOCOL: 95 
All procedures with live animal use were authorized by the Ethical Committee of the Faculty of 96 
Veterinary Medicine, Université de Montréal (CÉUA, ‘Comité d’éthique de l’utilisation des 97 
Animaux’). 98 
 99 
1. Considerations Before Surgery 100 
 101 
1.1. Select 10 weeks old specific pathogen free (SPF) leghorn chickens for the surgery.  102 
 103 
Note: Their weight must be between 1.0 and 1.2 kg.  104 
 105 
1.2. Withdraw the feed 12 h prior to the procedures to empty the intestinal tract. 106 
 107 
1.3. Prior to surgery, place the chickens under general anesthesia following a protocol verified by 108 
an anesthesiologist. Premedicate each chicken 15 min prior to the surgery with an intramuscular 109 
(IM) injection of midazolam 1 mg/kg and butorphanol 4 mg/kg. Repeat, every 4 h, the injection 110 
of butorphanol 4 mg/kg IM or when the breathing pattern changes and frequency increases 111 
during anesthesia. For the general anesthesia, during all procedures, administer isoflurane at a 112 
concentration between 1.5 and 2.5% with an intratracheal tube. 113 
 114 
Note: The use of premedication for sedation and analgesia is not mandatory, but will significantly 115 
improve the depth of anesthesia, reduce the quantity of anesthetics necessary during all 116 
procedures, as well as enable researchers to control pain levels.  117 
 118 
1.4. Monitor the anesthesia by recording body temperature, heart rate and electrocardiogram 119 
(ECG), respiratory rate and rhythm, oxygen saturation, expired carbon dioxide (CO2) and 120 
neurologic reflexes.  121 
 122 
Note: A person must be assigned to monitor these parameters throughout all the procedures. 123 
 124 
1.5. Follow sterility principles throughout the surgical procedures. Ensure that the surgeon and 125 
the assistant surgeon dress with sterile gowns, gloves, a mask and protective goggles according 126 
to institutional preoperative protocols. Ensure that the surgeon scrubs the hands with a 127 
chlorhexidine gluconate impregnated sterile brush up to the elbow with emphasis on fingernails 128 
and each finger surface.  129 
 130 
1.6. Sterilize the surgical instruments with a sterilizer. 131 
 132 



   

2. Surgical Site Preparation 133 
 134 
2.1. Firstly, manually remove the feathers from the abdomen with a gentle traction.  135 
 136 
2.2. Scrub the surgical site with a chlorhexidine gluconate detergent impregnated sterile brush. 137 
Gently scrub the skin from the center to the outside for a total contact time of 5 min without 138 
coming back to the center.  139 
 140 
2.3. Perform 3 alternative passages on the surgical site with a chlorhexidine gluconate solution 141 
and isopropyl alcohol using sterile gauzes.  142 
 143 
Note: The passage must start from the middle of the surgical site to the borders to avoid 144 
contamination from the non-disinfected areas to the surgical site. 145 
 146 
2.4. Place the sterile surgical drape on the chicken. 147 
 148 
3. Extraction of the Small Intestines from the Abdominal Cavity 149 
 150 
3.1. Incise the surgical drape with scissors to expose only the skin of the surgical site. 151 
 152 
3.2. Incise the skin by performing an ‘’L’’ shape low-midline incision with a scalpel blade #3. 153 
 154 
3.2.1. Start the first incision 1 cm caudal to the sternum and end it at 1 cm cranial to the cloaca.  155 
 156 
3.2.2. Perform the second incision perpendicular to the first incision. Start from the caudal end 157 
of the first incision and continue 5 cm to the left side of the abdomen by following the pelvis line. 158 
 159 
Note: This opening will create a flap that will allow an easier extraction of the intestines. 160 
 161 
3.3. With surgery scissors, cut the peritoneum and abdominal muscles with the same ‘’L’’ shape 162 
pattern to open the abdominal cavity.  163 
 164 
Note: This will expose the air sacs. Intestines are located underneath these structures. Air sacs 165 
must be humidified with gauzes saturated with sterile saline 0.85 % to avoid desiccation and 166 
possible rupture throughout the procedure. 167 
 168 
3.4. Insert a Snook spay hook in the abdominal cavity by following the left abdominal wall and 169 
work the way around the abdominal air sacs. 170 
 171 
3.5. Gently exteriorize the intestines and spread these out on the surgical field.  172 
 173 
Note: Keep intestines humidified by frequently spraying sterile saline 0.9% throughout the 174 
procedure. Also, gauzes humidified with sterile saline can be placed on the intestines to avoid 175 
desiccation. 176 



   

 177 
3.6. Grab the intestines using a dry sterile gauze and gently pull out the small intestines by manual 178 
traction to expose the jejunum. 179 
 180 
Note: Mesenteric vessels are fragile and excessive tension may rupture them which may lead to 181 
intestinal ischemic lesions and greatly compromise the outcome of the procedure. 182 
 183 
4. Fabrication of Intestinal Loops 184 
 185 
4.1. Creation of loop no. 1. 186 
 187 
4.1.1. Place a simple ligature with a polyglactin multifilament synthetic absorbable material in 188 
the proximal jejunum by avoiding the ligature of major mesenteric vessels. 189 
 190 
4.1.2. Place a distal ligature 2 cm away from the proximal ligature. 191 
 192 
Note: Simple ligatures made with multifilament suture material are placed along the intestinal 193 
tract to create hermetic segments. A schema (Figure 1) describes the location of all ligatures. The 194 
loops consist of a proximal and distal ligature separated by 2 cm.  195 
 196 
4.2. Creation of interloop no. 1. 197 
 198 
4.2.1. Place a simple ligature 0.5 cm aborally to the distal ligature of loop no.1. 199 
 200 
Note: Between successive loops, there are interloops of 1 cm, i.e. segments making a physical 201 
separation between the loops. To likely decrease the possible risk of cross-contamination from 202 
one loop to another, a simple ligature is placed in the middle of the interloop (0.5 cm from the 203 
distal and proximal ligature of 2 adjacent loops). This reduces the risk of a possible leaked 204 
contaminant from a loop to reach the ligature of an adjacent loop. These segments are not 205 
mandatory but will decrease the risk of cross-contamination. 206 
 207 
4.3. Creation of subsequent loops and interloops. 208 
 209 
4.3.1. Repeat steps 4.1 and 4.2 to obtain the number of desired loops. 210 
 211 
Note: In this experiment, 9 loops and 8 interloops were created. Total length amounted to 26 212 
cm. The number of loops can be adjusted depending on the study. 213 
 214 
5. Injection of Clostridium perfringens Strains Into the Loops 215 
 216 
5.1. Inject with a sterile syringe and needle 26 G the pathogen in loop no.1. Gently insert the 217 
needle on the antimesenteric side of the intestine at a 45° angle. 218 
 219 
Note: In this experiment, 0.2 mL of brain heart infusion (BHI) containing 1 x 106 CFU (colony 220 



   

forming units) of C. perfringens in the mid-log growth phase was injected in each loop. 5 different 221 
strains were injected in 5 different loops and the 4 remaining loops were injected with a negative 222 
control containing no bacteria (sterile BHI), alternating pathogens and sterile BHI loops. 223 
 224 
5.2. Repeat step 5.1 to inject all loops. 225 
 226 
5.3. Gently replace the intestinal tract in the dorsal area of the abdominal cavity, underneath the 227 
air sacs. 228 
 229 
6. Closure of the Abdominal Cavity 230 
 231 
6.1. The suture of the peritoneum and abdominal muscles. 232 
 233 
6.1.1. Suture the peritoneum and abdominal muscles along the pelvis (made in step 3.3) with a 234 
simple continuous suture pattern using a polyglactin multifilament synthetic absorbable 235 
material. 236 
 237 
6.1.2. Suture the peritoneum and abdominal muscles from the sternum to the cloaca (made in 238 
step 3.3. with a simple continuous suture pattern using a polyglactin multifilament synthetic 239 
absorbable material. 240 
 241 
6.2. The suture of the skin. 242 
 243 
6.2.1. Using a polyglactin multifilament synthetic material and a simple continuous suture 244 
pattern, close the incision of the skin along the pelvis made in step 3.2. 245 
 246 
6.2.2. Using the same multifilament ligature material and a simple continuous suture pattern, 247 
close the incision of the skin from the sternum to the cloaca made in step 3.2. 248 
 249 
7. Conclusion 250 
 251 
7.1. After the surgical procedures, keep the chicken under general anesthesia with proper use of 252 
analgesics to minimize animal pain during the infection time. Continue anesthetic monitoring to 253 
ensure an adequate anesthesia level. 254 
 255 
7.2. After the desired infection time, humanely euthanize the chicken by cervical dislocation 256 
under general anesthesia. 257 
 258 
Note: For these procedures, the required time to induce microscopic lesions with C. perfringens 259 
pathogenic strains was 7 h.  260 
 261 
7.3. With a scalpel blade #3, cut a 0.5 cm to 1 cm long loop section and place it in 10% formalin 262 
for fixation overnight and further histopathological analysis. 263 
 264 



   

7.4. With the same scalpel blade, cut the remaining loop section and place it in a sterile 265 
microcentrifuge tube for the isolation of the C. perfringens strains in each loop further 266 
bacteriologic analysis for their genetic characterization. 267 
 268 
7.5. Repeat steps 7.2 and 7.3 for all loops by changing the scalpel blade between every loop. 269 
 270 
REPRESENTATIVE RESULTS:  271 
A schematic of the 9 intestinal loops and 8 interloops is shown in Figure 1. In this model, a total 272 
of 9 loops and 8 interloops are created with simple ligatures. A loop consists of proximal and 273 
distal ligatures spaced by 2 cm measured from the proximal ligature. Two adjacent loops are 274 
separated by an interloop of 1 cm. To decrease the possible risk of cross-contamination between 275 
loops by leakage from a ligature, an interloop ligature is placed mid-way from the distal ligature 276 
and proximal ligature of 2 adjacent loops. The number of loops can be adjusted depending on 277 
the requirements of the study. 278 
 279 
[Place Figure 1 here].  280 
 281 
Figure 2A (HPS stain) shows the microscopic appearance of an intestinal loop injected with a 282 
control sterile medium. The mucosal brush border is intact and there is no necrosis present in 283 
the section. Mild congestion may be present in the intestinal layers (mucosa, submucosa, 284 
muscularis, and serosa) of the segments. Figure 2B (HPS stain) shows mucosal necrosis 7 hours 285 
following the injection of a pathogenic strain of Clostridium perfringens recovered from a clinical 286 
case of necrotic enteritis on a chicken farm. Villi tips are eroded with necrotic enterocytes 287 
surrounding the villi tips. In the necrotic material surrounding the villi, clusters of large rod-288 
shaped bacteria are observed (arrows). These bacteria were further identified as Gram-positive 289 
bacteria with a Twort’s stain (not shown). This finding, combined with the isolation by 290 
bacteriology of large numbers of Clostridium perfringens, indicates the lesions were caused by 291 
this bacterium. Figure 2C (HPS stain) shows histological lesions of an ischemic loop, where 292 
necrosis is not related to the injection of pathogenic C. perfringens strains but the result of poorly 293 
executed procedures. This magnification shows severe coagulation necrosis that could be 294 
misinterpreted as lesions caused by Clostridium perfringens. However, no bacteria are observed 295 
in this section. Also, the blood vessels in the muscular layer are severely dilated by the 296 
accumulation of large numbers of degenerating erythrocytes (arrows). This is indicative of 297 
vascular congestion and in this case, the congestion was caused by ligated mesenteric blood 298 
vessels. Ischemic loops can be easily identified macroscopically during the surgical procedures; 299 
following severe vascular congestion, the serosa will be dark blue instead of its normal pink-300 
reddish coloration. 301 
 302 
[Place Figure 2 here]. 303 
 304 
In this study, loops were injected with either a sterile control culture medium (BHI) or one of the 305 
five different strains of Clostridium perfringens recovered from various antibiotic free chicken 306 
flocks affected or not with necrotic enteritis12. Ten chickens were used in this study. Strains 307 
pathogenicity could be determined based on ability to repeatedly cause lesions compatible with 308 



   

necrotic enteritis to the mucosa. While strains recovered from clinical cases of necrotic enteritis 309 
showed the ability to cause mucosal necrosis 7 h post-infection, strains recovered from clinically 310 
healthy chicken farms did not induce mucosal necrosis and the mucosa was similar to the normal 311 
findings from the control loops injected with BHI12. By using numerous loops in the same animal, 312 
five C. perfringens strains and four control loops could be used in the same bird. 313 
 314 
FIGURE LEGENDS: 315 
Figure 1: Schematic representation of ligated intestinal loops.  316 
 317 
Figure 2: Histopathologic findings 7 h post-infection. (A) There are no necrotic lesions in the 318 
mucosa on histopathology following the injection of Brain Heart Infusion (BHI), a sterile culture 319 
medium. (B) In loops injected with a pathogenic strain of Clostridium perfringens, there is marked 320 
necrosis of the mucosa with numerous large Gram-positive rod-shaped bacteria covering the 321 
mucosa. (C) Ischemic lesions can resemble necrotic lesions caused by C. perfringens.  322 
 323 
DISCUSSION: 324 
Intestinal loops models have been described in numerous species to study host-pathogen 325 
interaction and pathogenesis of diseases caused by various intestinal pathogens, such as 326 
Clostridium perfringens, Clostridium difficile and Salmonella enterica 7,9,13-15. It has also been used 327 
to analyze the mucosal immune response16, the efficacy of antibodies to neutralize bacterial 328 
toxins excreted by intestinal pathogens11 and to evaluate vaccine candidates to prevent intestinal 329 
diseases10. However, this model using numerous ligated loops in a single individual animal is 330 
poorly described in chickens and standardization of this technique is mandatory to obtain valid 331 
results as inadequate manipulations may lead to false results and misinterpretations. This 332 
manuscript shows the creation of 9 successive ligated loops located in the jejunum and ileum of 333 
the chicken gastro-intestinal tract. This study used Specific Pathogen Free (SPF) leghorn male 334 
chickens weighing between 1.0 and 1.2 kg. The maximum number of loops allowed by this breed 335 
at this weight was 9, since 26 cm of small intestines could be easily exteriorized from the coelomic 336 
cavity. It is not excluded that by using another breed and/or a heavier leghorn male chicken, the 337 
total number of loops created may be different, even higher than 9. Intestinal loops length could 338 
also be modified, but the 2-cm length was considered optimal to allow sample collection for 339 
histopathology and bacteriology while using the maximum capacity of the available intestinal 340 
length.  341 
 342 
The intestinal ligated loop technique described in this article can be a valuable alternative to the 343 
current models available to study necrotic enteritis in chickens caused by Clostridium perfringens. 344 
According to the results described in a previous article12, the evaluation of 5 C. perfringens strains 345 
with 10 chickens was sufficient to differentiate highly virulent and commensal strains of C. 346 
perfringens. In comparison, other infection models using per os inoculation to reproduce necrotic 347 
enteritis with C. perfringens will require a large number of individuals to obtain the same results. 348 
In the literature, the number of birds needed to evaluate the virulence of C. perfringens strains 349 
ranges from 10 to 30 chickens per group17-19 to a hundred hosts per group20. In regard to the 350 
refinement principle for animal use in research, it would be advised to use the technique 351 
requiring the lowest number of hosts to obtain significant results. The intestinal ligated loop 352 



   

model described in this article is most likely the model requiring the lowest number of chickens 353 
to compare the virulence of C. perfringens strains. 354 
 355 
Since cross-contamination by leakage from a ligature could be evaluated only after C. perfringens 356 
culture and characterization by pulsed field gel electrophoresis (PFGE) many days after the 357 
procedures, it was of the utmost importance to minimize this risk by including 1 cm interloops 358 
containing an interloop ligature mid-way between 2 adjacent loops. By taking these precautions, 359 
it was possible to avoid a possible cross-contamination. Indeed, while pathogenic strains caused 360 
microscopic necrotic lesions concordant with necrotic enteritis, there were no significant 361 
microscopic lesions in adjacent loops injected with non-pathogenic C. perfringens strains or the 362 
BHI culture medium negative control. This was indicative that different strains could be safely 363 
injected in adjacent intestinal loops of the same chicken.  364 
 365 
One of the most challenging issues with this model was the exteriorization of the small intestines 366 
without compromising ventilation and intestinal vascularization. Birds have a different 367 
respiratory system than mammals. The diaphragm is absent, and ventilation is controlled by 368 
airsacs, thin-walled structures in the abdominal cavity. There are 7 of these in chickens and they 369 
are divided in the cervical (1), anterior thoracic (2), posterior thoracic (2) and abdominal (2) air 370 
sacs. These balloon-like structures are directly connected to the lungs and allow for the 371 
movement of air in the respiratory tract. Upon opening the abdominal cavity between the 372 
sternum and cloaca, abdominal airsacs are prominent and tend to be easily ruptured, especially 373 
if dry. For this reason, constant humidification with gauzes damped with sterile saline is 374 
important to ease proper ventilation and anesthesia during procedures. Also, it can be difficult 375 
to avoid small punctures in the abdominal airsacs while exteriorizing the intestines out of the 376 
abdominal cavity. It is important to monitor anesthetic parameters, such as respiratory rate and 377 
pattern, palpebral reflexes, heart rate and chicken’s movements, to make sure the chicken stays 378 
under an adequate plane of anesthesia. Small air leakage is less likely to affect the quality of 379 
anesthesia, but this leakage must be minimized. It is important to hermetically close the 380 
peritoneum after the procedures. This will reestablish the internal air pressure and ventilation 381 
will return to normal after this step. After the closure of this structure, there should be no air 382 
leakage from the abdomen. This can be verified by spraying a small amount of sterile saline on 383 
the sutures and look for bubble formation indicating air coming from the abdominal cavity. If this 384 
happens, additional simple skin sutures can be placed at the air leakage site. 385 
 386 
Another technically challenging aspect is related to the risk of ischemic lesions developing in the 387 
small intestine due to poorly executed surgical procedures. Ischemia happens when there is a 388 
restriction of blood supply to tissues, causing a shortage of oxygen and other molecules needed 389 
for cellular metabolism. In this case, the intestine will rapidly become macroscopically dark blue 390 
instead of pink-reddish and the intestinal mucosal cells will degenerate quickly. This will cause 391 
ischemic lesions unrelated to the injected pathogen and it will interfere with the 392 
histopathological interpretation. Two problematic situations can lead to ischemia. First, ligature 393 
of mesenteric vessels by inadvertence will cause this condition. For this reason, it is crucial to 394 
look carefully at the placement of the ligatures along the intestinal tract to avoid including the 395 
mesenteric vessels. Second, ischemia can happen if hemorrhages of the mesenteric vessels occur 396 



   

during the procedures. These structures are thin walled and fragile. Excessive tension can lead to 397 
their rupture and while manually exteriorizing the intestines, attention should be given to the 398 
tension on the mesenteric vessels to ensure their integrity during this step. Also, mesenteric 399 
vessels hemorrhage can occur if these are punctured with a surgical suture needle. The surgeon 400 
must look carefully at the location pierced through the mesentery with the needle. Bleeding can 401 
be stopped in both situations, but the coagulation process will stop or reduce significantly the 402 
blood flow to these intestinal segments, hence causing irreversible lesions and compromising the 403 
validity of the results. 404 
 405 
This model is useful for the study of host-pathogen interactions and pathogenesis of intestinal 406 
diseases caused by infectious agents. The model proposed can be adapted depending on the 407 
study by changing the number of loops created or by modifying the length of each loop. Before 408 
implementing such changes, it is recommended to standardize the method to ensure significant 409 
results. Limitations of this technique are skill-oriented and only properly trained personnel 410 
should perform this surgery on live animals. 411 
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