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Abstract
Purpose Intestinal mucositis is an important adverse effect of antineoplastic therapy, which remains without adequate treat-
ment. The present study aimed to carry out a complete evaluation of the histopathological changes during irinotecan-induced 
intestinal mucositis, using the protocol most found in the pharmacological reports nowadays to better understand irinotecan 
toxicity and support future studies on drug discovery.
Methods Intestinal mucositis was induced by treating swiss mice for 4 days with irinotecan (75 mg/kg, i.p.). After 72 h post 
irinotecan, the mice were sacrificed and the small intestine and colon were excised to performed histological analysis by 
stained tissue with hematoxylin/eosin (H&E).
Results Histoarchitecture loss, villus/crypt ratio reduction, atrophy of the muscular layer, hypertrophy in the submucosal 
and mucous layers, ruptures in the epithelium, as well as extent cellular infiltrate and presence of micro abscesses and the 
fusion of the crypts were observed in the histological analysis. Moreover, duodenum and colon had increased intraepithelial 
lymphocytes and mitotic figures. However, submucosal ganglia were decreased in the duodenum and increased in the colon.
Conclusions The data obtained in the present study provides new evidence that irinotecan-induced intestinal mucositis highly 
affects small intestine and colon, further contributing to establish criteria in light of the histopathological changes induced 
by irinotecan during intestinal mucositis and facilitating inter-study comparisons.
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Introduction

Intestinal mucositis is defined as damage to mucous mem-
branes of the intestine resulting from direct damage to the 
division of epithelial cells and loss of renewal capacity 
induced by both anticancer chemotherapy and radiation 

therapy. Moreover, this condition is associated with a com-
plex process involving all cells of the mucosa and systemic 
inflammatory response that culminates in structural, func-
tional, and immunological changes in the gastrointestinal 
tract [1].

Among the drugs associated with the appearance of intes-
tinal mucositis, irinotecan is of great clinical importance. 
This topoisomerase I inhibitor is used for the treatment of 
several solid tumors [2]. Since it was approved for the treat-
ment of metastatic colorectal cancer and included in combi-
nation regimens with other drugs, it significantly increased 
the survival rate of patients [3]. Nevertheless, irinotecan is 
also among the main agents that cause intestinal mucositis 
and, therefore, associated with morbidity, increased hospi-
talization costs, palliative care, and frequent infections [4]. 
Common symptoms experienced by patients are nausea, 
vomiting, abdominal pain, bloating, and diarrhea [5].

In fact, irinotecan-induced diarrhea occurs in 60–80% of 
patients [6], often resulting in chemotherapy-dose reductions 
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and treatment delays or failures [7]. Once oral rehydration 
and pharmacological agents to decrease intestinal motility 
are the few treatments employed in clinical practice [8], 
many studies have seeking new therapeutic strategies for 
treatment, or even to prevent, the development of intestinal 
mucositis using animal models [9–13]. Indeed, histologi-
cal changes, such as apoptosis, hypoproliferation of small 
and large intestines, and changes in goblet cells have been 
described [14, 15] after 2 days of irinotecan application at 
doses of 200 mg/kg (i.p). Thus, the present study aimed 
to carry out a complete evaluation of the histopathologi-
cal changes during irinotecan-induced intestinal mucositis, 
using the protocol most found in the pharmacological reports 
(75 mg/kg, i.p. daily, for 4 days), to evaluate the tissue mor-
phometry, but also the changes on the enteric ganglia, mito-
sis, and intraepithelial lymphocytes. A better understanding 
of irinotecan-induced toxicity may support the comprehen-
sion of new ways to improve preventive, diagnostic, or thera-
peutic strategies for the treatment of mucositis.

Materials and methods

Animals

Swiss female mice (25-30 g) were supplied by the animal 
facilities of the Universidade do Vale do Itajaí (UNIVALI), 
after approval by the institutional animal ethics committee 
(number 021/16p). The mice were housed under standard 
laboratory conditions (12-h light/dark cycle, temperature 
of 22 ± 2 ºC). All animal care and experimental procedures 
complied with international standards, following all the ethi-
cal guidelines on animal welfare.

Irinotecan‑induced intestinal mucositis

The mice were divided into two groups of 6 animals each 
that received vehicle (VEH: Saline, 10 ml/kg, i.p.) or iri-
notecan (IRI, 75 mg/kg, i.p.) for 4 days to induce intestinal 
mucositis [16]. Mice were sacrificed 72 h after the last appli-
cation of irinotecan or saline, in the  CO2/O2 chamber. The 
small intestine and colon were excised, cleaned, and fixed 
in Alfac (85% ethanol 80%; 10% formaldehyde and 5% ace-
tic acid) for 24 h. They were subsequently dehydrated with 
alcohol and xylene, embedded in paraffin wax, sectioned at 
5 μm and stained with hematoxylin/eosin (H&E) for histo-
pathological and morphometric analysis.

Histopathological analysis

Histopathological analysis was analyzed under a photonic 
microscope following the criteria described in previous stud-
ies [17, 18] with a few modifications.

The mucosal histoarchitecture loss score was con-
sidered as (0) normal histological findings; (1) slight 
focal or diffuse inflammation in the lamina propria, but 
with normal epithelium and mild edema and congestion; 
(2) moderate focal or diffuse inflammation, rupture of 
the epithelium, moderate edema and congestion in the 
mucosa and extremities of villi; and, (3) intense focal 
or diffuse inflammation, intense destruction of the epi-
thelium, severe edema and moderate congestion, abscess 
formation in villi (if any) or crypts.

The extension of the cellular infiltrate score was con-
sidered as (0) no cellular infiltration; (1) discrete infiltrate 
present only in the mucosa; (2) moderate infiltrate present 
in the mucosa and submucosa; and, (3) severe infiltrate that 
involves mucosa, submucosa and muscle.

The epithelitis score was considered as (0) absent; (1) 
rare; (2) frequent and (3) very common leukocytes between 
epithelial cells.

To evaluate the villus/crypt ratio in the duodenum, the 
villus height (from villus tip to villus–crypt junction) and 
crypt depths (defined as invagination depth between adjacent 
villi) were measured.

The cryptitis score in the colon was considered as (0) 
absence; (1) discrete; (2) moderate and (3) intense inflam-
matory infiltrate in the crypts.

Morphometric analysis

Images captured with a digital camera  (Olympus® 
SC30, 3.0 Megapixel) coupled to an optical microscope 
 (Olympus® BX43F—Minato-Ku, Japan) were used for the 
measurements.

The thickness (µm) of the muscle, submucosa, mucosa, 
height, and width of villi (in the duodenum) and width and 
depth of the crypts were evaluated under 20 × magnification. 
The villus width was obtained from the average of three 
measurements taken at the base, middle third, and at the 
apex. Sixty-four measurements of each parameter were per-
formed, with 16 measurements per quadrant of the duode-
num and colon of all mice.

Images captured under 100 × magnification were used to 
measure the height and width (at three points) and the larg-
est and smallest diameter of the nucleus of 80 enterocytes in 
the duodenum and colon of each mice. Measurements were 
performed using Image-Pro Plus 4.5.0.29 (Media Cybernet-
ics Silver Spring, MD, USA).

Quantification of mitotic figures

Quantification of mitotic figures were performed in sixty-
four crypts of each mouse, being 16 per quadrant were evalu-
ated. The results were presented by an average of mitoses 
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per crypt. Quantification was performed directly under 
the photonic microscope (model CX31 Olympus) under 
40 × magnification.

Quantification of intraepithelial lymphocytes (IELs)

Quantification of intraepithelial lymphocytes was performed 
in the tissue samples stained with H&E. The IELs of 2560 
epithelial cells of the duodenum and the colon from each 
mouse were counted. The number of IELs/100 epithelial 
cells was calculated. Quantification was performed directly 
under the photonic microscope (model CX31 Olympus) 
under 40 × magnification.

Evaluation of the enteric nervous system (ENS)

The area (µm2) of the myenteric plexus and submucosal 
plexus ganglia were evaluated under 40 × magnification. 
ten ganglia per mice from each plexus were measured in the 
duodenum and colon.

Data and statistical analysis

The data were expressed as mean ± standard deviation (SD) 
and t test was applied to evaluated differences between 
the groups. The non-parametric data were expressed 
as the median with interquartile range and analyzed by 
Mann–Whitney test to compare differences between the 
groups. Statistical analysis was performed using the soft-
ware GraphPad Prism version 7.00 (GraphPad Software, La 
Jolla, CA, USA). Statistical significance was accepted when 
p < 0.05. The data were analyzed by an investigator blinded 
to the experimental conditions.

Results

Histopathological analysis of irinotecan‑induced 
intestinal mucositis in mice

As shown in Fig. 1e, the duodenum of mice exposed to iri-
notecan suffered extensive damage when compared to the 
vehicle. Changes such as histoarchitecture loss and flattening 
of the mucosa, villus and crypts, severe extension of the cel-
lular infiltrate, and vacuolar degeneration in the cytoplasm 
of enterocytes can be observed, suggesting hydropic degen-
eration and abscess formation.

Indeed, the score for the histoarchitecture loss of the duo-
denum was 2.0-folds higher than vehicle group (Fig. 1a). 
The villus/crypt ratio of the tissue decreased 79.3% com-
pared to vehicle (3.6 ± 1.1 μm) (Fig. 1b) and the score of 
inflammatory infiltrate (Fig. 1c) was significative increased 

(3-folds), while the epithelitis remained similar between the 
groups (Fig. 1d).

The colonic tissue was also significantly disturbed by 
irinotecan, as shown in Fig. 2d. Changes such as histoarchi-
tecture loss, atrophy of the muscular layer, hypertrophy in 
the submucosal and mucous layers, and ruptures in the epi-
thelium are observed, as well as extent cellular infiltrate and 
presence of micro abscesses and the fusion of the crypts.

The score for the histoarchitecture of the colon was 2.5-
folds higher than vehicle group (Fig. 2a). Cryptitis score 
increased 3.3-folds (Fig. 2b) and inflammatory infiltrate 2.4-
folds compared to the vehicle (Fig. 2c).

The measurement of the strata of the gut is shown in 
Table 1. In the duodenum, the thickness of the mucosa 
decreased significative (53.7%) in the mice exposed to 
irinotecan compared to the vehicle, while submucosa and 
mucosa layers increased thickness by 76.5 and 155.7%, 
respectively. The villus height decreased 50.2%, while 
the width increased 53.9%. The crypt’s depth and width 
increased by 105.8% and 85.1%, respectively, while the 
enterocytes size did not change, as well as the diameter of 
their nuclei.

Unlike the duodenum, the muscle layer in the colon of 
animals exposed to irinotecan showed no difference from 
animals in the vehicle group, but similar to duodenum, 
submucosa and mucosa thickness increased by 73.1% and 
113.4%, respectively. On the other hand, crypts depth and 
width of irinotecan-group did not show a difference in com-
parison to the vehicle, but enterocytes showed decreased 
height (37.9%) and decreased width (34.1%) without differ-
ences in the diameter of their nuclei.

Intraepithelial lymphocytes number of mice 
under irinotecan‑induced intestinal mucositis

The number of intraepithelial lymphocytes increased signifi-
cantly in both, duodenum (75.9%) and colon (39.1%) of mice 
exposed to irinotecan compared to their respective vehicles 
(7.5 ± 1.5 and 6.9 ± 0.4 IELs/100 epithelial cells) (Fig. 3).

Mitotic figures number of mice 
under irinotecan‑induced intestinal mucositis

As visualized in Fig. 4, the number of mitotic figures also 
increased significantly in both duodenum (70.2%) and colon 
(25.2%) of mice exposed to irinotecan compared to their 
respective vehicles (2.1 ± 0.8 and 3.1 ± 0.4 mitoses/crypt).

Morphometry of ENS from mice 
under irinotecan‑induced intestinal mucositis

As shown in Fig. 5, the myenteric ganglia of duodenum 
and colon have similar profiles in animals exposed or not 
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to irinotecan. However, submucosal ganglia of duodenum 
decreased by 42.5% in the irinotecan group compared to the 
vehicle (888.9 ± 125.3 μm), while in the colon this parameter 
increased in 43.5% (vehicle = 843.7 ± 189.3 μm).

Discussion

The classical signs of mucositis, including body weight 
loss and diarrhea, were observed after 72 h of the last intra-
peritoneal application of irinotecan (75 mg/kg, 4 days—
data not shown). Chemotherapy-induced diarrhea appears 
to be a multifactorial process, including loss of intestinal 

Fig. 1  Histopathology of 
duodenum. The mice received 
vehicle (VEH: Saline, 10 ml/
kg, i.p.) or irinotecan (IRI, 
75 mg/kg, i.p.) daily for 4 days 
to induce intestinal mucositis 
and were sacrificed 72 h after 
the last application of irinotecan 
or saline. a Histoarchitecture 
loss; b Villus/crypt ratio; c 
Inflammatory infiltrate; d 
Epithelitis. b The data were 
expressed as mean ± standard 
deviation (SD) and t test was 
applied to evaluated differ-
ences between the groups. The 
non-parametric data (scores) 
were expressed as the median 
with interquartile range and 
analyzed by Mann–Whitney test 
to compare differences between 
the groups. *p < 0.05 compared 
to VEH. e Photomicrographs 
of the duodenum wall stained 
by H&E. a’ and c’ Scale bar 
50 μm; b’ and d’ Scale bar 
20 μm. a’ Villus height and 
crypts depth; (b’) Crypts width; 
(c’) Histoarchitecture loss and 
flattening of the mucosa (arrow) 
and severe extension of the cel-
lular infiltrate (*). d’ Vacuolar 
degeneration in the cytoplasm 
of enterocytes suggesting 
hydropic degeneration (arrows) 
and abscess formation



331Cancer Chemotherapy and Pharmacology (2021) 87:327–336 

1 3

epithelium, superficial necrosis, and inflammation of the 
bowel wall [19]. In fact, morphometric changes in the duo-
denum, such as histoarchitecture loss and flattening of the 
mucosa, vacuolar degeneration in the cytoplasm of entero-
cytes suggesting hydropic degeneration and severe extension 
of the cellular infiltrate were observed. Ikuno et al. [16] also 
found marked shortening of the villi and epithelial vacuola-
tion after 200 mg/kg of irinotecan-treatment (2 days), but 

mild infiltration of inflammatory cells. It is important to note 
that in the present study, cellular infiltrate was quantified 
by a score considering cellular infiltration in the mucosa, 
submucosa, and muscle layers, thus, even using a lower 
dose of irinotecan than the mentioned study, we have seen 
a more severe inflammatory cellular infiltrate. Besides, the 
chemotherapeutic did not induce epithelitis, which refers to 
the leukocytes between epithelial cells, demonstrating that 

Fig. 2  Histopathology of colon. 
The mice received vehicle 
(VEH: Saline, 10 ml/kg, i.p.) 
or irinotecan (IRI, 75 mg/kg, 
i.p.) daily for 4 days to induce 
intestinal mucositis and were 
sacrificed 72 h after the last 
application of irinotecan or 
saline. a Histoarchitecture loss; 
(b) Cryptitis; (c) Inflamma-
tory infiltrate. The data were 
expressed as the median with 
interquartile range and analyzed 
by Mann–Whitney test to 
compare differences between 
the groups. *p < 0.05 compared 
to VEH. d Photomicrographs of 
the colon wall stained by H&E. 
a’ and c’ Scale bar 100 μm; b’ 
and d’ Scale bar 50 μm. a’ and 
b’ Normal colonic tissue; c’ 
and d’ Histoarchitecture loss, 
atrophy in the muscular layer, 
hypertrophy in the submucosal 
and mucous layers and ruptures 
in the epithelium (arrows); 
extent of the cellular infiltrate 
(*); and presence of micro 
abscesses and the fusion of the 
crypts (#)
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irinotecan-induced inflammation in mostly in the lamina 
propria and submucosa.

On the other hand, Ikuno et al. [16] have described mor-
phologic changes in the colonic mucosa as minimal. In con-
trast, we have seen distinct histoarchitecture loss, atrophy 
of the muscular layer, hypertrophy in the submucosal and 
mucous layers and ruptures in the epithelium, as well as 
extent cellular infiltrate, and presence of micro abscesses 
and the fusion of the crypts in this tissue. In fact, colonic 
tissue presented a diffuse cellular infiltrate also in the crypts, 
as showed by cryptitis score. Thus, we provide histological 
evidence of the gravity of intestinal mucositis beyond small 
intestine, a data also supported by the biochemical findings 
of some studies, which have shown increased neutrophilic 
infiltration marker (MPO) and pro-inflammatory mediators 
such as TNF-α, IL-1β and IL-6 in the colonic tissue [9].

Another important novelty presented in this study was 
the increased number of intestinal intraepithelial lympho-
cytes (IELs) in the duodenum and colon of mice exposed 
to irinotecan. IELs comprise one of the most abundant T 
cell populations (belonging to both the T cell receptor-γδ 
(TCRγδ) + and TCRαβ + lineages) and potentially provide 

the first line of immune defense [20]. Tightly regulated of 
IEL function is crucial for the maintenance of the epithelial 
cell barrier and gut physiological inflammation [21]. Indeed, 
Fang et al. [22] showed that IL-10-producing CD4 + T cells 
were significantly suppressed in intestinal lamina propria 
of mice with mucositis, while Fernandes et al. [23] have 
shown that a higher frequency of Tregs was found, which 
was correlated with disease severity and diarrhea. Thus, the 
histological IEL overexpression observed in our data may 
have correlation with Treg enhance, despite this evidence, 
a limitation of our study is the lack of evaluation of the cell 
subtype.

Cytotoxic drugs are known to act by inducing apoptosis 
in cancer cells, but also adversely in intestinal crypts. This 
apoptotic process was reflected by the atrophy of the vil-
lus in the small intestine and by the damaged enterocytes 
in the colon, as well as by the increase in the number of 
mitotic cells observed in the crypts of both tissues at early 
time point (72 h after irinotecan), representing the begin-
ning of the repair process after the damage induced by 
chemotherapy. Increased mitotic activity in female Dark 
Agouti rats was also observed at late time points, (96 h 

Table 1  Measurement of 
the strata of the wall of the 
duodenum and colon of mice 
exposed to irinotecan

The mice received vehicle (VEH: Saline, 10 ml/kg, i.p.) or irinotecan (IRI, 75 mg/kg, i.p.) daily for 4 days 
to induce intestinal mucositis and were sacrificed 72 h after the last application of irinotecan or saline. The 
data were expressed as mean ± standard deviation (SD) and t test was applied to verify differences between 
the groups
*p < 0.05 compared to VEH

Parameters (µm) Duodenum

VEH IRI

Muscular 70.85 ± 16.27 32.80 ± 8.29*
Submucosa Thickness 28.81 ± 2.90 50.86 ± 15.94*
Mucosa 102.73 ± 36.31 262.75 ± 37.02*
Crypts Depth 95.20 ± 27.15 196.00 ± 54.60*

Width 33.69 ± 7.75 62.36 ± 15.57*
Villi Height 324.90 ± 40.58 161.71 ± 12.64*

Width 86.68 ± 14.79 133.42 ± 24.38*
Enterocytes Height 33.08 ± 3.84 34.53 ± 9.03

Width 6.28 ± 1.08 5.27 ± 1.60
Nuclei of the enterocytes Largest-diameter 8.90 ± 1.06 10.19 ± 2.23

Smallest-diameter 4.43 ± 1.35 4.48 ± 0.57
Parameters (µm) Colon
Muscular 62.40 ± 0.79 56.68 ± 14.19
Submucosa Thickness 21.91 ± 7.08 37.93 ± 6.59*
Mucosa 189.51 ± 44.17 404.52 ± 60.48*
Crypts Depth 127.87 ± 22.99 183.26 ± 61.13

Width 41.76 ± 7.60 46.84 ± 7.55
Enterocytes Height 30.57 ± 2.03 18.98 ± 1.14*

Width 6.30 ± 0.84 8.45 ± 1.61*
Nuclei of the enterocytes Largest-diameter 9.27 ± 1.63 8.98 ± 1.75

Smallest-diameter 4.20 ± 0.84 5.06 ± 1.61
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in the jejunum and 96–120 h in the colon) after damage 
induced by a single dose of irinotecan (200 mg/kg) [24].

A part of epithelial damage, the symptoms of intesti-
nal mucositis are a consequence of a dynamic series of 
biological events involving different tissue compartments 
and mucosal cells [25]. The measurement of the strata of 
the wall of the duodenum and colon of mice exposed to 
irinotecan also confirm the extension of the damage at 
both sites. Although mucosa and submucosa layers had 
increased thickness, the muscular layer decreased in the 
duodenum. Boeing et al. [9] described that mice treated 
with irinotecan have decreased digestive motility rate 
probably in response to secretory diarrhea caused by the 
chemotherapeutic. By the data obtained herein, it is pos-
sible to suppose that loss of the muscle layer of the intes-
tine wall can also be involved in this process, once gastric 

motility is regulated by the neural circuits that affect the 
activity of the smooth muscles [26].

Moreover, the enteric nervous system (ENS) is involved 
in regulating gut motility and secretion [27], in this way, 
we next evaluated the area of myenteric and submucosal 
plexus ganglia. Interestingly, irinotecan did not alter the 
myenteric ganglia of both duodenum and colon. Ikuno 
et al. [16] did not observe differences in the myenteric 
plexus of mice treated with irinotecan either, while Thorpe 
et al. [27] described a reduction of S-100 positive cells 
in the myenteric plexus of both tissues. On the other 
hand, the study developed by Thorpe et al. [27] detected 
a reduction in the number of S-100 positive cells in the 
submucosal plexus of the colon, while we found that sub-
mucosal ganglia profile was decreased in the duodenum 
but augmented in the colon of animals under intestinal 

Fig. 3  Quantification of intraep-
ithelial lymphocytes (IELs). The 
mice received vehicle (VEH: 
Saline, 10 ml/kg, i.p.) or irinote-
can (IRI, 75 mg/kg, i.p.) daily 
for 4 days to induce intestinal 
mucositis and were sacrificed 
72 h after the last application 
of irinotecan or saline. a IELs 
in the duodenum; b IELs in the 
colon. The data were expressed 
as mean ± standard deviation 
(SD) and t test was applied to 
evaluated differences between 
the groups. *p < 0.05 compared 
to VEH. c Photomicrographs 
of the tissues stained by H&E. 
Scale bar 10 μm. Distribution of 
IELs (*) in the epithelium. Note 
(#) the presence of leukocytes 
in the lamina propria of the IRI 
group
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mucositis which may contribute to some of the symptoms 
of mucositis relating to secretion. It is important to note 
that the mentioned study was carried out on Dark Agouti 
rats with a different protocol of intestinal mucositis induc-
tion, and the S100 antibody has previously been shown to 
detect other cells (e.g., neurons, glial cells, and Schwann 
cells), which may be responsible for the conflicting results.

Comparing intestinal histomorphology as assessed from 
H&E stained tissue sections from the same model in the 

hands of different researchers requires consistent criteria 
[18] thus, the data obtained in the present study, in addi-
tion to providing new evidence that irinotecan-induced 
intestinal mucositis highly affects the small intestine and 
colon, it establishes some histopathological changes that 
can be adopted as criteria to be evaluated in future studies, 
allowing to better explore new strategies for the treatment 
of mucositis.

Fig. 4  Quantification of mitotic 
figures. The mice received 
vehicle (VEH: Saline, 10 ml/
kg, i.p.) or irinotecan (IRI, 
75 mg/kg, i.p.) daily for 4 days 
to induce intestinal mucositis 
and were sacrificed 72 h after 
the last application of irinotecan 
or saline. a Mitosis/crypt in 
the duodenum; b Mitosis/crypt 
in the colon. The data were 
expressed as mean ± standard 
deviation (SD) and t test was 
applied to evaluated differences 
between the groups. *p < 0.05 
compared to VEH. c Photomi-
crographs of the tissues stained 
by H&E. Scale bar 10 μm. 
Mitotic figures (arrows) in the 
epithelium of intestinal crypts
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