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Background: The differential diagnosis of acute and chronic colitis remains a common clinical problem. 
Optical coherence tomography (OCT) is a non-invasive, high-resolution imaging technique that can be used 
to measure morphological changes in the intestinal wall and estimate intestinal inflammation. We aimed to 
conduct an ex vivo experiment on a mouse model investigate the value of OCT as a tool for the differential 
diagnosis of acute and chronic colitis.
Methods: Mice were administered dextran sulfate sodium salt (DSS) to construct acute and chronic colitis 
models. Acutely- and chronically-affected intestinal walls were scanned by OCT, and then the scanned 
colonic tissue samples were stained with hematoxylin and eosin (HE). Structural and morphological changes 
indicating inflammation in the intestinal wall were evaluated in the HE sections and OCT images using 
different parameters. The parameters were used in one-way analysis of variance (ANOVA) to screen for a 
differential diagnosis of acute or chronic colitis.
Results: For the HE sections, the angle of the mucosal folds, length of the basilar part, and submucosal 
height and area were statistically significant parameters in the comparisons between the mice with acute 
colitis and the control-group mice (P<0.05). In the comparisons between chronic colitis mice and control-
group mice, the angle of the mucosal folds, length of the basilar part, submucosal height and area, muscularis 
thickness, submucosal height + muscularis thickness, and mucosal thickness were statistically significant 
parameters (P<0.05). Finally, in the comparisons between acute colitis mice and those with chronic colitis, 
the angle of the mucosal folds, submucosal height and area, muscularis thickness, submucosal height + 
muscularis thickness, and mucosal thickness were statistically significant parameters (P<0.05). For the OCT 
images, only the length of the basilar part and submucosal height + muscularis thickness were statistically 
significant parameters between the acute colitis mice and control-group mice (P<0.05). The length of the 
basilar part and submucosal height + muscularis thickness were statistically significant between chronic colitis 
mice and control-group mice (P<0.05). In the comparisons between acute colitis mice and those with chronic 
colitis, only submucosal height + muscularis thickness was a statistically significant parameter (P<0.05).
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Introduction

Acute colitis is usually the acute response of the intestinal 
mucosa to pathogenic factors,  such as pathogenic 
microorganisms, and physical or chemical stimuli. Acute 
erosions often heal quickly with an appropriate immune 
response or medication (1). Chronic colitis is not self-
limiting and is caused by a variety of persistent pathogenic 
factors. Affected people must take long-term or even 
lifelong medication, such as in ulcerative colitis (2). 
Differential diagnosis is necessary to distinguish acute colitis 
from chronic colitis or acute relapse of chronic colitis (3).  
Pathological changes of acute inflammation in the intestinal 
wall are characterized by mucosal and submucosal edema 
with neutrophilic infiltration (4), while the changes in 
chronic colitis are characterized by excessive deposition 
of collagen fibers and extracellular matrix in the intestinal 
wall (5). The differential diagnosis of acute versus chronic 
colitis remains a clinical quandary (6). Colonoscopy with 
routine biopsy is the gold standard for the diagnosis of 
inflammatory bowel disease (7); however, colonoscopy 
cannot accurately provide evidence of excessive deposition 
of collagen fibers and extracellular matrix in the intestinal 
wall in real-time (6,8,9). Therefore, patients presenting 
with acute inflammation are often treated empirically and 
must wait for a prognosis to be determined during follow-
up. Non-invasive, high-resolution imaging technology is 
necessary to differentiate acute from chronic colitis and 
acute from acute relapsing chronic colitis, is also useful for 
assessing histological healing or endoscopic healing.

Optical coherence tomography (OCT) is a recent, rapidly 
developing, high-definition light imaging technique (10)  
which can provide orthotropic images by measuring 
tissue backscattered light to obtain high-resolution cross-
sectional tomography images of the microstructure inside 
biological tissues. It is characterized by its biopsy ability, 
non-invasiveness, and real-time detection (11,12). The 

axial resolution of OCT can reach more than 10 times that 
of endoscopic ultrasound, reaching the micron level (13). 
It has been used in many fields, including ophthalmology, 
oncology, cardiovascular medicine, and dermatology, 
and is emerging as a promising diagnostic modality for 
gastrointestinal diseases (14-16). From 2004, colonoscopic 
OCT was reported to be feasible and accurate in detecting 
disruptions in the layered structure of the colon wall to 
distinguish ulcerative colitis from Crohn’s disease ex vivo 
and in vivo (17-20). However, the resolution of the OCT 
images in these studies required further improvement and 
lacked relevant parameters for the quantitative analysis 
of OCT images. In another study, OCT was utilized 
to quantitatively evaluate the structural changes in the 
esophagi of rodents with eosinophilic esophagitis (EoE)-
like disease (21). Combined with quantitative diagnostic 
parameters, OCT imaging technology—a non-invasive 
imaging tool—can be used to improve diagnostic accuracy 
in gastrointestinal diseases. In our previous work, we 
confirmed that OCT could be used to detect acute colitis 
and evaluate the degree of inflammation in colitis using 
specific parameters (22), providing an excellent positive 
detection rate and diagnostic accuracy for differentiating 
between early colorectal dysplasia and cancer (23). In 
the present study, OCT was evaluated as a tool in the 
differential diagnosis of acute and chronic colitis ex vivo. We 
present the following article in accordance with the Animal 
Research: Reporting of In Vivo Experiments (ARRIVE) 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-21-1062/rc).

Methods

Animals and materials

Healthy female BALB/c mice (6–8 weeks old; 18–22 g) were 
purchased from Wu’s Experimental Animal Center (Minhou 
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County, Fuzhou, China). The animals were housed in cages, 
with 6 mice per cage, at 25 ℃ with a relative humidity of 
60%±10% and a 12-h light/dark cycle. All experiments 
were performed under a project license granted by the 
Institutional Animal Care and Use Committee (IACUC) of 
Fujian Medical University (No. FJMU IACUC 2019-0069), 
in compliance with IACUC institutional guidelines for the 
care and use of animals.

Models of acute and chronic dextran sulfate sodium salt 
(DSS)-induced colitis

Mice were randomly divided into a control group (10 mice), 
an acute colitis group (12 mice), and a chronic colitis group 
(12 mice). Mice in the acute colitis group were fed with 
freshly prepared 3.0% chronic DSS ad libitum for 7 days.  
Mice in the chronic colitis group were exposed to 3 cycles of 
DSS. In each cycle, the mice were fed with freshly prepared 
DSS ad libitum for 7 days, then distilled water for 14 days.

Weight loss and intestinal bleeding were observed and 
recorded for all mice at least 3 times per week (24).

Disease activity index (DAI)

The DAI is a standard scoring system comprising degrees 
of weight loss and intestinal bleeding (25). The DAI scores 
range from 0 to 12 (total score). The specific content of the 
scoring criteria is shown in Table 1.

Histological analysis

Intestinal sections were scanned by OCT, and then the 
scanned colonic tissue samples were stained with hematoxylin 
and eosin (HE). Histopathological changes in the intestinal 
mucosa were measured using a double-blind method. The 
inflammatory histological injury score criteria for evaluating 
the degree of colorectal inflammation and the specific 
content of the scoring criteria are shown in Table 2 (26).

OCT image acquisition and data processing

OCT scanning
Mice with DSS-induced colitis were fasted for 12 h for solid 
food and 6 h for water before being sacrificed by isoflurane 

Table 1 DAI (25)

Weight loss rate (%) Stool consistency Stool bleeding Scoring

0 Normal Normal 0

0–5 – – 1

5–10 Loose Occult blood positive 2

10–15 – – 3

>15 Diarrhea Hematochezia 4

Normal stool: formed stool, normal color; loose stool: pasty and semi-formed stool that does not adhere to the anus; diarrhea stool: 
unformed, very watery stool that can adhere to the anus. DAI, disease activity index.

Table 2 Histological scoring criteria for inflammatory intestinal injury (26)

Neutrophil grade Lesion depth Crypt destruction Lesion area Scoring

None None None 0 0

<10 cells/high magnification lens Mucosal layer Basal 1/3 crypt 1–25% 1

10–50 cells/high magnification lens Submucosa Basal 2/3 crypt 26–50% 2

>50 cells/high magnification lens Muscularis Only intact surface epithelium 51–75% 3

Obvious acute inflammation with ulcer formation Serosa layer All crypts and epithelium destroyed 76–100% 4

0–3 indicates normal without inflammation; 4–6 indicates mild inflammation; 7–10 indicates moderate inflammation; and 11–14 indicates 
severe inflammation.
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inhalational anesthesia. Their colons were removed, and 
colorectal tissues 2 cm from the anal margin with a length 
of 0.5 cm were removed, cut open lengthwise, rinsed with 
saline, and, after drying on filter paper, placed on glass 
slides. Samples were then placed in the scanning window 
for OCT evaluation.

A GAN220 spectral-domain OCT (SD-OCT) system 
(Thorlabs, Newton, NJ, USA) was used for scanning (central 
wavelength: 930 nm; axial resolution: 2.85 µm; lateral 
resolution: 2.82 µm; axial scan line frequency: 5.5–36 kHz). 
The three-dimensional (3D) OCT images were obtained 
by instantaneous uniaxial imaging using the probe light 
and X-Y two-dimensional (2D) scanning of the biaxial 
galvanometer. The Z-axis resolution and imaging depth 
of the OCT system were fixed at 2.85 µm and 2.9 mm  
(847 pixels), respectively. The range and resolution of the 
X-Y plane were determined by the scanning amplitude and 
scanning speed of the galvanometer. In this experiment, the 
imaging range and resolution of the X-axis were 4.52 mm 
(512 pixels) and 8.8 μm, respectively, and the imaging range 
and resolution of the Y-axis were 4.08 mm (67 pixels) and 
60.9 μm, respectively. The working distance of the probe 
was fixed so that when the sample was correctly placed 
under the probe, a 3D OCT image could be obtained. As 
samples of different materials have different back-reflected 
light intensities, better image quality was obtained by 
adjusting the light intensity of the reference arm. Optimum 
intensity for the reference light was adjusted by opening or 
closing the variable aperture of the OCT.

Data processing procedures
All OCT image analyses were performed using custom 
routines written in MATLAB (Mathworks, Inc., Natick, 
MA, USA). The HE-stained pathological sections were 
analyzed using a light microscope (Olympus CX41; 
Olympus Corp., Tokyo, Japan), and quantitative data were 
analyzed using Image-Pro Plus 6.0.0260 (Media Cybernetics 
Inc., Silver Spring, MD, USA).

Data analysis

Colorectal tissues 2 cm away from the anal margin were 
selected, and a length of 0.5 cm was scanned by the OCT 
image system to obtain multiple OCT images. One OCT 
image was randomly selected along with the matched 
HE-stained section for statistical analysis. The mucosal 
morphological diagnostic parameters of both the OCT 
images and HE-stained pathology images were measured 

by 3 double-blinded investigators, and the average of the 3 
measurements for each image was calculated. The mucosal 
morphological changes in the mice with acute and chronic 
colitis were assessed by these parameter indices. The 
difference in the mean values between groups was compared 
to determine statistical significance. Measurement data 
were represented as the mean ± standard deviation (SD), 
and one-way analysis of variance (ANOVA) was used to 
compare between groups. The least significance difference 
(LSD) method was used when assuming homogeneity of 
variance. If the homogeneity of variance was not satisfied, 
the Games-Howell method (applicable to non-assumed 
homogeneity of variance) was used. A P value <0.05 was 
considered statistically significant.

Results

The construction of colitis mouse model

Acute colitis mouse model
The mice in the acute colitis group gradually developed 
lethargy, loose stools, occasional diarrhea, and loss of body 
weight from the third day of 3% DSS administration. 
Symptoms gradually progressed to listlessness, arched 
backs, decreased appetite, and a sharp decrease in body mass 
index (BMI), with manifestations of intestinal inflammation, 
such as diarrhea and gross bloody stools. The DAI peaked 
on day 7 (Figure 1).

Chronic colitis mouse model
Inflammation in the chronic colitis group peaked on day 
7 of modeling in the first cycle. When the mice were fed 
distilled water, their mental status and symptoms gradually 
improved. The DAI decreased, and body weight returned 
gradually in the 7 days after DSS withdrawal, and the 
disease activity disappeared after 14 days. In the last 2 
cycles, diarrhea and gross bloody stools appeared earlier 
than during the first cycle, and soft stools or diarrhea 
persisted even after drug withdrawal (Figure 2).

OCT images of the intestinal wall

The different intestinal wall layers were identified with 
OCT, displayed as differences in the backscattered reflection 
intensity that presented in a faint stripe-like pattern. 
The intestinal mucosal epithelium was the first bright 
layer, consisting of epithelial cells with high scattering 
(Figure 3). From the mucosa to the lamina propria and 
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Figure 1 Changes in body weight and DAI in the acute colitis group, as compared with the control group (P<0.05). DAI, disease activity 
index.

Figure 2 Changes in body weight and DAI in the chronic colitis group, as compared with the control group (P<0.05). DAI, disease activity 
index.

Figure 3 The layers of normal colon tissue presented in different images. (A) OCT image of normal colonic tissue. The different layers 
are distinguished by relative differences in the intensity of the backscattering. (B) The corresponding histological image (stained with HE). 
OCT, optical coherence tomography; HE, hematoxylin and eosin.
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muscularis mucosa, the reflection intensity became weaker 
until reaching the boundary of the muscularis mucosa. 
The boundary between the muscularis mucosa and the 
submucosa was a low-brightness reflective streak with weak 
scattering. The submucosa and muscularis could not be 
distinguished by OCT. The serosa was the deepest layer 
of the intestinal lumen and appeared as a low-brightness 
reflective streak.

Parameters for evaluating colitis in the HE-stained 
pathological sections and OCT images

According to the changes in the morphological structure 
of the intestinal wall, 6 diagnostic parameters based on 
the HE pathological sections and 2 diagnostic parameters 
based on the OCT images were evaluated according to 
their ability to indicate the degree of inflammation. The 
specific parameters can be seen in Figure 4, and specific 
details regarding the measurement of these parameters can 
be found in our prior research (22). We observed 2D and 
3D OCT images of mice with acute and chronic colitis to 
evaluate the morphological structural changes in acute and 
chronic colitis (Figure 5).

Statistical analysis

For the HE sections, the angle of the mucosal folds, length 
of the basilar part, and submucosal height and area were 
statistically significant parameters in the comparisons 
between the acute colitis and control groups (P<0.05). 
In the comparisons between the chronic colitis and 

control groups, the angle of the mucosal folds, length of 
the basilar part, submucosal height and area, muscularis 
thickness, submucosal height + muscularis thickness, and 
muscularis mucosa thickness were statistically significant 
parameters (P<0.05), and in the comparisons between the 
acute and chronic colitis groups, the angle of the mucosal 
folds, submucosal height and area, muscularis thickness, 
submucosal height + muscularis thickness, and muscularis 
mucosa thickness were statistically significant parameters 
(P<0.05). The parameters for the HE-stained sections are 
shown in more detail in Table 3.

For the OCT images, the length of the basilar part and 
submucosal height + muscularis thickness were statistically 
significant parameters in the comparisons between the 
acute colitis and control groups (P<0.05). In comparisons 
between the chronic colitis and control groups, the length 
of the basilar part and submucosal height + muscularis 
thickness were statistically significant parameters (P<0.05). 
Finally, only submucosal height + muscularis thickness was 
statistically significant in the comparisons between the acute 
and chronic colitis groups (P<0.05). The parameters for the 
OCT images are shown in more detail in Table 4.

Discussion

In acute colitis, mucosal edema occurs with marked 
neutrophilic infiltration and inflammatory cytokine 
secretion, causing vascular endothelial dilatation and 
the accumulation of a large amount of exudate in the 
submucosa, followed by morphological and structural 
changes in the mucosa and submucosa (27). Mucosal edema 

Figure 4 The parameters for the indices of chronic colitis in HE-stained pathological sections from (a) to (f) (left image): (a) angle of the 
mucosal folds (°); (b) length of the basilar part (µm); (c) submucosal height (µm); (d) submucosal area (µm2); (e) muscularis thickness (µm); 
and (f) muscularis mucosa thickness (µm). (c,e): submucosal height + muscularis thickness (µm). The OCT image on the right indicates the 
parameters for the indices of chronic colitis; (g) length of the basilar part (µm); (h) submucosal height + muscularis thickness (µm). HE, 
hematoxylin and eosin; OCT, optical coherence tomography.
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related to acute inflammation is often limited to the mucosa 
and submucosa, with the muscularis rarely involved (28).  
However, the intestinal wall in chronic inflammation 
undergoes recurrence and remission of inflammation, and 
chronic hyperplasia-like changes appear in the intestinal 
wall (29). In chronic inflammation, the structure of the 

mucosal crypts is destroyed and deformed, the glands 
atrophy, and lymphocyte infiltration is accompanied by a 
large amount of extracellular matrix deposition and fibrous 
tissue hyperplasia (30). The proliferation of intestinal tissue 
eventually leads to thickening of the intestinal wall and 
narrowing of the intestinal lumen (31).

Figure 5 2D and 3D OCT images of acute and chronic colitis. HE-stained pathological section images were matched to the OCT 
morphological and structural characteristics. 2D, two-dimensional; 3D, three-dimensional; OCT, optical coherence tomography; HE, 
hematoxylin and eosin.
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Table 4 Parameters for the OCT images

Dependent variable Type of inflammation OCT image (sheets) Mean ± SD
P value

Acute Chronic

Length of basilar part (µm) Normal 10 233.46 ±37.92 0.000 0.000

Acute 12 562.02±106.39 0.265

Chronic 12 635.56±114.92

Submucosal height + muscularis 
thickness (µm)

Normal 10 192.19±53.06 0.036 0.000

Acute 12 138.78±31.97 0.000

Chronic 12 505.38±45.53

Differences in the mean values between groups were compared to determine statistical significance. Measurement data are represented as 
the mean ± SD, and one-way ANOVA was used to compare between groups. The significance level was set at α=0.05, and the differences 
were considered significant when P<0.05. OCT, optical coherence tomography; SD, standard deviation; ANOVA, analysis of variance.

Table 3 Parameters for the HE-stained sections

Dependent variable Type of inflammation HE picture (sheets) Mean ± SD
P value

Acute Chronic

Angle of mucosal folds (°) Normal 10 9.35±3.31 0.000 0.000

Acute 12 123.39±20.18 0.000

Chronic 12 58.60±12.87

Length of basilar part (µm) Normal 10 65.56±13.50 0.000 0.000

Acute 12 380.65±85.42 0.071

Chronic 12 467.78±96.37

Submucosal height (µm) Normal 10 22.10±4.29 0.004 0.002

Acute 12 48.95±8.47 0.009

Chronic 12 126.06±26.89

Submucosal area (µm2) Normal 10 7,792.78±3,076.65 0.004 0.000

Acute 12 28,117.70±16,645.02 0.011

Chronic 12 117,814.20±84,031.19

Muscularis thickness (µm) Normal 10 129.72±24.86 0.387 0.000

Acute 12 115.52±24.25 0.000

Chronic 12 272.87±25.07

Submucosal height + muscularis 
thickness (µm)

Normal 10 151.82±25.10 0.538 0.000

Acute 12 164.47±29.91 0.000

Chronic 12 398.93±43.24

Muscularis mucosa thickness Normal 10 12.52±2.08 0.653 0.000

Acute 12 13.51±3.10 0.000

Chronic 12 46.97±7.18

Differences in the mean values between groups were compared to determine statistical significance. Measurement data are represented 
as the mean ± SD, and one-way ANOVA was used to compare between groups. The significance level was set at α=0.05, and differences 
were considered significant when P<0.05. HE, hematoxylin and eosin; SD, standard deviation; ANOVA, analysis of variance.
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In this study, we successfully constructed mouse models 
of acute and chronic colitis and evaluated the pathological 
changes in the intestinal wall morphology using HE sections 
and OCT images. We then performed the diagnosis and 
differential diagnosis of acute and chronic inflammation 
of the intestine. For the HE sections, 4 parameters (the 
angle of the mucosal folds, length of the basilar part, and 
submucosal height and area) increased significantly in 
the acute colitis group relative to changes in the control 
group. These results were consistent with our previous 
study (22). Pathological morphological changes are the 
result of acute mucosal edema and neutrophilic infiltration. 
In the chronic colitis group, 7 parameters (the angle of 
the mucosal folds, length of the basilar part, submucosal 
height and area, muscularis thickness, submucosal height 
+ muscularis thickness, and muscularis mucosa thickness) 
increased statistically, relative to changes in the control 
group. The differences were due to matrix deposition and 
fibrous hyperplasia in the intestinal wall during continuous 
recurrence and remission of inflammation. These 
pathological changes dominated the differences between 
acute and chronic colitis. Among these 7 parameters, 
submucosal height, length of the basilar part, submucosal 
area, muscularis thickness, submucosal thickness + 
muscularis thickness, and muscularis mucosa thickness 
changed significantly in the chronic colitis group, relative to 
changes in the acute colitis group, due to more severe and 
recurrent inflammation. However, interestingly, the angle 
of the mucosal folds decreased significantly in the chronic 
colitis group, which may be due to acute inflammation 
recovery and mucosal dehydration.

The parameters for the HE-stained sections provided 
the basis for evaluating the OCT images. Because the 
submucosa and the mucosa of the intestinal wall were dark 
layers, and the boundary between the 2 layers was unclear, 
we were unable to observe morphological structural changes 
of the submucosa in the OCT images. Therefore, we had 
previously established only 2 diagnostic parameters for OCT 
scanning—length of the basilar part and submucosal height 
+ muscularis thickness—to evaluate acute inflammation 
in the intestinal wall (22). In the current study, these 2 
parameters also significantly increased in the chronic colitis 
group, relative to changes in the control group. However, 
the most meaningful result was that submucosal height + 
muscularis thickness increased significantly in the chronic 
colitis group, relative to changes in the acute colitis group. 
This confirmed that these parameters can be used in OCT 
scanning for the differential diagnosis of acute and chronic 

colitis. The increased parameter values in the chronic colitis 
group can be explained by the increased thickness of both 
the submucosa and muscularis with long-term and recurrent 
inflammation owing to matrix deposition and fibrous 
hyperplasia. Although OCT cannot distinguish an exact 
boundary between the 2 layers or determine which layer 
dominates the increased thickness, the results of the HE 
section analysis, as supplementary evidence, showed that 
both submucosal and muscularis layer thickness increased 
in the chronic colitis group, relative to changes in the acute 
colitis group. Therefore, submucosal height + muscularis 
thickness can be measured as a single layer to differentiate 
between acute and chronic inflammation.

Conclusions

In summary, OCT imaging, as a non-invasive, high-
resolution imaging technique, provides a new method 
for the differential diagnosis of acute and chronic colitis 
by scanning in situ tissue images of intestinal lesions. It 
can conduct wide-range scanning and evaluate structural 
changes in the colon wall in a short period. Because of 
the advantages of high-resolution, biopsy ability, non-
invasiveness, and real-time detection, using OCT 
parameters helps differentiate between acute and chronic 
colitis, acute or acute relapse of chronic colitis, and 
histological or endoscopic healing much more conveniently. 
The OCT can be integrated into a wide range of imaging 
transmission systems and imaging probes and applied in 
combination with endoscopy and laparoscopy for in vivo 
detection of gastrointestinal diseases. With advances in 
endoscopic technology and the miniaturization of OCT 
imaging devices, this imaging modality will likely become 
useful in detecting gastrointestinal diseases. Therefore, 
OCT imaging technology can be utilized to construct 
a new diagnosis system for intestinal diseases and, more 
specifically, for inflammatory bowel diseases.
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