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Abstract
AIM: To describe colon anatomy with colonoscopy and computed tomography (CT) to develop a rat model for future studies of therapeutic colonoscopy.

METHODS: Eighteen male Sprague–Dawley rats on average 400-420 g underwent total colonoscopy, CT and histological examination. Colonoscopy was performed after bowel preparation with a baby upper gastrointestinal endoscopy with an outer diameter of 6.7 mm. CT obtained a 3D image of total colon after intrarectal enema with radiological contrast. Macroscopic and microscopic examination were examined with convetional technique (HE). Colonic wall thickness, length and diameter measurements were taken from anus, 3, 7, 14 and 20 cm from the anal margin. 

RESULTS: The median colonoscope depth was 24 cm (range, 20-28 cm). Endoscopic and tomographic study of colon morphology showed an easily access with tubular morphology in whole left colon (proximal left colon and rectum). Transverse colon was unapparent by colonoscopy. Right colon, proximal to splenic flexure, was the largest part of the colon, and assumes saccular morphology with tangential trabecula. Radiologic measurements of the colonic length and diameter substantiate a subdivision of the right colon into two parts, cecum and distal right colon. In addition, histological measurement of the colonic wall thickness confirmed a progressively decrease from rectum to cecum. The muscular layer was thinner in proximal left colon.
CONCLUSION: Combination of colonoscopy, tomography and histology lead to a better characterization of the entire colon. These data are important to decide where to perform endoscopic resections or were to induce perforations to apply endoscopic treatments.
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Core tip: There is a need for a solid colonoscopy animal model, complemented with digital radiology. Our subdivision of the rat colon constitutes a simplification of subdivisions presented by others, who have emphasized the theoretical anatomical data. Our proposed subdivision of the colon is practical and it is justified by the importance of endoscopic access and the thickness of various portions of the colon wall. This study identified that the muscular layer was thinner in the proximal left colon. These findings are important to decide where to perform endoscopic resections or where to induce perforations to apply endoscopic treatments.
Bartolí R, Boix J, Òdena G, De la Ossa ND, de Vega VM, Lorenzo-Zúñiga V. Colonoscopy in rats: an endoscopic, histologic and tomographic study 
Available from: 

DOI: 
INTRODUCTION

The rat is widely used as a laboratory animal for medical biological and molecular research. The anatomy and topography of the rat colon have been described on the basis of macroscopic and conventional radiologic observations on the whole animal[1]. Radiology is useful for studying normal arterial and mucosal anatomy of the explanted rat colon. In contrast, in clinical practice, endoscopy is one of the keystone diagnostic techniques allowing follow-up and management of gastrointestinal inflammation[2-9].  Interestingly, there are not detailed endoscopic descriptions of the gross anatomy of the colon by total colonoscopy (TC)[10-19]. Significant progress in endoscopic techniques has been made in the last years. There is a need for a solid colonoscopy animal model, complemented with digital radiology. The aim of the present study was to describe the colon anatomy with high-definition colonoscopy and computed tomography (CT) to develop a rat model for future studies of therapeutic colonoscopy.

MATERIALS AND METHODS

Rats

Eighteen male Sprague–Dawley on average 400-420 g were used in this study. Rats were acclimatized for a minimum of 7 d preoperatively. Rats were kept at constant room temperature (20-22ºC) with a relative humidity (27%–31%) with aeration under an alternating 12-h cycle of fluorescent light and darkness. The rats were housed individually in polycarbonate box cages with free access to water and food (Teklad Global 2014, Harlan Laboratories Models SL, Barcelona, Spain). Rats are the smallest and the lowest among the species suitable for TC. Rats suffered minimal pain and distress due to the use of anesthesia. The protocol was approved by the Institutional Animal Care and Use Committee of Hospital Universitari Germans Trias i Pujol.

Bowel preparation

The animals had free access to water, but food was withdrawn 8 h prior to the initiation of bowel preparation. A rectal enema with saline solution was performed immediately prior to TC[20].

Colonoscopic examination

Colonoscopy was performed with a baby upper gastrointestinal Olympus GIF-XP160 videoendoscope with an outer diameter of 6.7 mm and a 2.3 mm working channel (Olympus, Tokyo). After a 24 h fasting period with free access to drinking water, rats were anaesthetised by isofluorane inhalation (1.5% with 98% O2) and placed in a supine position. Remaining faeces were flushed away by injecting water through the anus. A drop of lubricating jelly (Aquagel(, Ecolab, Leeds, England) was applied on the anal sphincter to facilitate insertion of the scope. The endoscope was then gently passed through the anus and under endoscopic vision further introduced. Water was injected through the scope’s working channel to visualize the lumen of the colon. Occasionally the colon was inflated with air for better visualisation of the lumen. The tip of the endoscope could be introduced to the cecum, about 24 cm proximal from the anus. Pictures were captured in each procedure. Rats were placed under surveillance during recovery and were returned to their cages when regaining consciousness.

CT
In vivo X-ray Microtomograph (SkyScan 2002, Aartselaar, Belgium) was used in order to obtain a 3D image of total colon. Briefly, animals were anesthesized with isofluorane, 20 mL of radiological contrast (Plenigraf(, Juste, Madrid, Spain) were administered trough intrarectal enema and then the animals were placed in the scanning area. Acquisition images for 3D reconstruction of the whole colon lasted over 40 min with a resolution of 32 µm. 

Macroscopic examination

Rats were sacrificed 48 h after colonoscopy by anaesthetic overdose (60 mg pentobarbital, ip). After sacrifice, the colon was collected and rinsed with ice-cold Krebs solution. The colon was opened longitudinally and pinned out on a Petri dish to examine colonic mucosa. The mucosal surface of the distal colon was inspected with a binocular microscope (Harvard Apparatus, Panlab, Barcelona, Spain).

Microscopic examination

Full-thickness samples of approximately 1 cm were taken from anus, 3, 7, 14 and 20 cm from the anal margin. Segments were fixed in 4% formaldehyde for 24 h, embedded in paraffin and cross sections of 5 μm were stained with haematoxylin and eosin (HE). Histological sections were examined using a conventional microscope (Olympus, Shinjuku-ku, Tokyo, Japan).

RESULTS

Colonoscopic examination

Bowel preparation resulted in complete evacuation of stools in the left colon. In the right colon we found one solid stool and liquid feces that were flushed away. The median colonoscope depth was 24 cm (range, 20–28 cm). Confirmation of cecal intubation during colonoscopy was achieved by transillumination through the abdominal wall. Appendiceal orifice was not identified in any case.  The scope reached the splenic flexure easily, and the tube went straight up from the anus, so all the left colon (proximal left colon and rectum) assumed a tubular morphology. Transverse colon was unapparent by colonoscopy. Right colon, proximal to splenic flexure, including cecum, was the largest part of the colon, and assumes saccular morphology with tangential trabecula. Splenic and liver impronta were evident in both flexures. Mucosal and vascular pattern were similar in left and distal right colon. In cecum the mucosal surface of the insufflated colon presents folds (Figure 1).
CT
Radiologic measurements of the colonic length and diameter substantiate a subdivision of the right colon into two parts, cecum and distal right colon (Figure 2). The cecum of the rat is 54.6 ± 22.1 mm long, is the most prominent part of the colon and assumes a sack form with a major diameter measurement of 20.78 ± 1.88 mm. The cecum does not have a vermiform appendix. Straight down from the cecum the colon has a tubular morphology, curved in distal right colon and linear in left colon. Distal right colon is 89.3 ± 17.6 mm long with 8.49 ± 0.29 mm in diameter. The left colon in the rat is 95.4 ± 13.5 mm long, 9.28 ± 0.37 mm diameter in proximal part and 8.05 ± 0.39 mm diameter in distal part (Table 1).

Histological examination

Histological measurement of the colonic wall thickness and description of mucosal pattern substantiates a subdivision of the colon into 4 parts (cecum, distal right colon, proximal left colon and rectum). The wall thickness progressively decreases from rectum to cecum, whereas the muscular layer was thinner in proximal left colon (Table 1 and Figure 1).
DISCUSSION

The present study successfully described the rat colon anatomy to develop a rat model for future studies of therapeutic colonoscopy. Endoscopic and tomographic study of colony morphology showed an easy access with tubular morphology in whole left colon. Right colon does not assume a linear morphology, being the cecum the most prominent part. In addition, histological measurement of the colonic wall thickness confirmed a progressively decrease from rectum to cecum. The muscular layer was thinner in the proximal left colon. These findings are important to decide where to perform endoscopic resections or where to induce perforations to apply endoscopic treatments because of the effects of thermal injury and coagulation necrosis of the muscularis propria and serosa. Colonoscopic perforation is a potentially life-threatening complication with an incidence rate ranging from 0.07% to 0.1% in diagnostic and therapeutic colonoscopies, respectively[21,22]. 

Our anatomic description differs from that of others[23] because in colonoscopy the colonic inflexions are much less evident. Currently available animal models in rats for endoscopy research contain inherent flaws, fail to meet the criteria for extrapolation to humans, and therefore are unlikely to be valid. The description of the normal anatomy is an indispensable premise in experimental therapeutic endoscopy. Proposals have been made to distinguish subdivisions of the rat colon, resembling those used for human anatomy, with conventional radiology[1,24].  A solution was presented 15 years ago when Hull et al[10] showed that it was feasible to perform bowel preparation and TC on rats. The authors successfully performed TC with a pediatric bronchoscope. Colonoscopy limited to the splenic flexure in rats has been previously reported[10]. Confirmation that the cecum was reached was done by visualizing liquid stool, which was present only in the cecum in all rats[25,26].
Our subdivision of the rat colon constitutes a simplification of subdivisions presented by others[11], who have emphasized the theoretical anatomical data. Our proposed subdivision of the colon is practical and it is justified by the importance of endoscopic access and the thickness of various portions of the colon wall. 
In conclusion, a reproducible rat model has been achieved. These data are important to decide where to perform endoscopic resections or where to induce perforations to apply endoscopic treatments.

COMMENTS

Background

Significant progress in endoscopic techniques has been made in the last years. There is a need for a solid colonoscopy animal model, complemented with digital radiology.
Research frontiers

The present study successfully described the rat colon anatomy to develop a rat model for future studies of therapeutic colonoscopy.
Innovations and breakthroughs

The subdivision of the rat colon constitutes a simplification of subdivisions presented by others, who have emphasized the theoretical anatomical data. The proposed subdivision of the colon is practical and it is justified by the importance of endoscopic access and the thickness of various portions of the colon wall. This study identified that the muscular layer was thinner in the proximal left colon.
Applications 

These findings are important to decide where to perform endoscopic resections or where to induce perforations to apply endoscopic treatments.

Terminology

Colonoscopy is an invasive technique that permits a direct visualization of the colon mucosa. Computed tomography is a radiology technique that allows to obtain 3D images
Peer review

The authors described the rat colon anatomy to develop a rat model for future studies of therapeutic colonoscopy. Endoscopic and tomographic study of colony morphology showed an easy access with tubular morphology in whole left. Otherwise, the results identified that the muscular layer was thinner in the proximal left colon.
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Figure 1 Representative pictures of in vivo colonoscopy (A-D), photomicrograph of  histological study with HE stains of colon sections (E-H) in rats at 3 (A,E), 7 (B,F), 14 (C,G) and 20 cm (D, H) from the anal margin, Macroscopic picture of the entire colon (I).
Figure 2 Tomographic picture of rat colon with length and diameter measurements.

Table 1  Histological and radiological features of the rat colons
	Measurements
	Left colon 

(Distal to splenic flexure)
	Right colon

	
	Rectum
	Proximal 

left colon
	Distal 

right colon
	Cecum

	Distance to anal margin (mm)
	0-45.6±8.4
	45.6±8.4-95.4±13.5
	95.4±13.5-184.7±20.1
	184.7±20.1-244.3±25.8

	Length (mm)
	45.6±8.4
	49.8±10.5
	89.3±17.6
	54.6±22.1

	Macroscopic diameter (mm)
	7.79± 0.46
	8.18± 0.28
	8.01± 0.32
	20.11± 2.31

	Radiological diameter (mm)
	8.05± 0.39
	9.28± 0.37
	8.49± 0.29
	20.78± 1.88

	Full-thickness samples to anal margin (cm)
	3
	7
	14
	20

	Wall thickness (µm)
	658.3±50.7
	600.0±58.6
	562.5±21.6
	550,0±49.2

	Muscular thickness (µm)
	229±42.9
	118.8±11.3
	170.0±33.6
	140.0±24.3

	Mucosal thickness (µm)
	283.0±25.6
	289.0±23.4
	256.3±16.0
	260.0±22.8


