
Abstract. Background/Aim: Oral mucositis, which occurs
frequently in the treatment of cancer, is a major problem. In
this study, we aimed to develop a rat model of oral mucositis
induced by cancer chemotherapy for quantitative
measurement. Materials and Methods: A model animal of
oral mucositis was prepared by injecting an acetic acid
aqueous solution into the buccal mucosa of rats to which a
5-FU solution had been previously administered. The doses
of 5-FU and acetic acid were examined, and a treatment
experiment using Kenalog® was performed. Results: The
optimal dose of the 5-FU solution and the optimal
concentration of the acetic acid aqueous solution were 40
mg/kg and 25%, respectively. Treatment with Kenalog®
confirmed that this model mimics immunocompromised oral
mucositis. Conclusion: Compared with a mouse model, oral
mucositis can be easily observed in this model and provides
a large amount of oral mucosal tissue.

Chemotherapy and radiation therapy play important roles in
cancer treatment. However, they affect highly proliferating
tissues and need to be considered for side effects. Oral
mucositis, one of the most common side effects of these
treatments, is a serious problem to be solved, because it
reduces the patients’ quality of life and also affects the
compliance with anticancer therapies (1-3). Many model
animals of oral mucositis have been studied to overcome oral
mucositis (4, 5).

In our previous study, we reported a mouse model of oral
mucositis induced by cancer chemotherapy. In this model,
oral mucositis with good reproducibility could be produced
by combining the administration of anticancer drugs and the

production of mucosal injury. Moreover, the oral mucositis
persisted for two weeks and the therapeutic effect could be
easily evaluated by observing the changes in the area
because the range of the ulcer was clearly identified (6). We
reported experiments on the treatment of oral mucositis using
this model. Therapeutic efficacy of rebamipide-loaded
poly(DL-lactide-co-glycolide) nanoparticles coated with
chitosan hydroxypropyltrimonium chloride and GGsTop, a
newly developed selective gamma-glutamyl transpeptidase
(GGT) inhibitor, was evaluated (7, 8). Since rebamipide has
pharmacological effects such as promotion of prostaglandin
(PGE2) synthesis (9), induction of mucus secretion (10), and
free radical scavenging action (11), it is expected to be
applied for the prevention and treatment of oral mucositis
(12). GGsTop is one of the promising oral mucositis
treatment substances that suppress reactive oxygen species
by GGT inhibition, induces expression of collagen and
elastin synthesis, heat shock protein 47, and keratinocyte
induction of human skin fibroblasts (8, 13-15). However,
since the amount of oral mucosal tissue obtained from the
model mouse was insufficient for quantitative measurement,
the evaluation of the therapeutic effect was limited to
observation of tissue sections and measurement of changes
in the ulcer area.

In this study, we planned to develop an animal model of
oral mucositis induced by cancer chemotherapy using rats.
Since rats are larger than mice, it was expected that a
sufficient amount of tissue could be obtained for quantitative
measurement. In addition, it was considered that the ease of
injecting acetic acid into the buccal mucosa and observing
the ulcer in the oral cavity was also important for the use of
this simple animal model using a combination of an
anticancer drug and mucosal injury. To establish a rat model
of oral mucositis, optimal dosages of anticancer drugs and
acetic acid were studied. The evaluation of the
immunosuppressive state by the anticancer agent and the
produced oral mucositis was performed by measuring the
white blood cell count and the ulcer area, respectively. As in
the previous report, 5-fluorouracil (5-FU) was used as the
anticancer drug (6).
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Materials and Methods

Materials. 5-FU (C4H3FN2O2, purity >98.5%) was purchased from
Fujifilm Wako Pure Chemical Corp. (Osaka, Japan). Isoflurane for
the animal was purchased from Mylan Inc. (Pittsburgh, PA, USA).
Medetomidine hydrochloride (Domitol®), which is an alpha 2
adrenoceptor agonist, was purchased from Nippon Zenyaku Kogyo
Co., Ltd. (Koriyama, Japan). Midazolam, which is a benzodiazepine
derivative, was purchased from Teva Takeda Pharma Ltd. (Nagoya,
Japan). Butorphanol tartrate (Vetorphale®) was purchased from
Meiji Seika Pharma Co., Ltd. (Tokyo, Japan). Triamcinolone
acetonide (Kenalog®) was obtained from Bristol-Myers Squibb
(New York, NY, USA). Other chemicals were of the highest reagent
grade commercially available.

5-FU and acetic acid dosages for the preparation of a model rat
with oral mucositis. Nine-week-old male Wistar rats were purchased
from Japan SLC Inc. (Tokyo Japan). All animal care was conducted
under the Guidelines for Animal Experimentation of Tokyo
University of Science, which are based on the Guidelines for
Animal Experimentation of the Japanese Association for Laboratory
Animal Science. Rats were housed in stainless-steel cages under
standard environmental conditions (23±1˚C, 55%±5% humidity and
a 12/12 h light/dark cycle) and maintained with free access to water
and a standard laboratory diet (carbohydrates 30%; proteins 22%;
lipids 12%; vitamins 3%) ad libitum (Nihon Nosan Kogyo Co.,
Yokohama, Japan).

To replicate the immunosuppression induced by the anticancer
drug, rats were administered an intraperitoneal injection of 5-FU
(6). The 5-FU solution (8.0 mg/ml) was prepared by dissolving 360
mg of 5-FU in 45 ml of physiological saline. On days -5, -3, and -
1 of the experiment, rats were administered the 5-FU solution at a
dose of 20, 30, 40, or 50 mg/kg body weight. The control group
received 1.0 ml of physiological saline instead of the 5-FU solution.
The optimal 5-FU dose was determined by examining changes in
body weight and white blood cell (WBC) count. We also determined
the optimal acetic acid concentration for the production of oral
mucositis in rats. Rats were administered the 5-FU solution on days
-5, -3, and -1 of the experiment. On day 0, they were anesthetized
by intraperitoneal administration of a combination of anesthetics,
which was prepared with 0.3 mg/kg of medetomidine hydrochloride,
4.0 mg/kg of midazolam, and 5.0 mg/kg of butorphanol, under
isoflurane anesthesia (16), and then 25.0 μl of the acetic acid
aqueous solution was injected into the mucous membrane of the
right cheek. The concentration of the acetic acid aqueous solution
was 20, 25, or 30%. The effect of the acetic acid concentration in
the aqueous solution on the rat was confirmed by examining
changes in the oral ulcer area. Moreover, to confirm the effect of 5-
FU on the ulcer area of oral mucositis, the changes in the ulcer area
produced by acetic acid were compared between rats administered
5-FU on days -5, -3, and -1 of the experiment and rats not
administered 5-FU. All ulcer area measurements were performed
using an image analysis software (Image J, National Institutes of
Health, Bethesda, MD, USA) (6-8).

Histological evaluation. Histological evaluation of oral mucosal
tissues was performed to confirm the effect of the combined use of
a 5-FU solution and an acetic acid aqueous solution in the
preparation of oral mucositis model rats. On day 3, the tissue
sections were produced using control rats, 5-FU solution-

administered rats, acetic acid aqueous solution-administered rats,
and 5-FU solution- and acetic acid aqueous solution-administered
rats. Preparation of frozen tissue sections was performed based on
the method of Kawamoto (17); the obtained tissue sections were
compared after hematoxylin-eosin staining (8).

Evaluation of a model rat with oral mucositis after treatment with
Kenalog®. The prepared model rats with oral mucositis were
divided into two groups: a no-treatment group and a treatment group
using Kenalog® once daily after the acetic acid injections. The
treatment group was anesthetized by intraperitoneal administration
of the combination anesthetic, and then 2 mg of Kenalog® was
applied directly to the ulcer part of the oral cavity. After the
treatment, the rats were allowed to sleep for several hours until the
effects of anesthesia ceased. Then, changes in WBC counts and
ulcer area were measured.

Results

The effect of 5-FU administration on rats is shown in Figure
1. As shown in Figure 1A, the administration of 5-FU
decreased the bodyweight of rats. On day 0, the body weight
was decreased to approximately 95-98% of that on day 5 of
the experiment. This weight loss was dose-dependent. Figure
1B shows the change in WBC counts in the rat blood. Similar
to body weight, the reduction in WBC counts was confirmed
to be dose-dependent. In the 50 mg/kg 5-FU solution
administration group, 40% of rats died within a few days after
5-FU injection. Figure 2 shows changes in ulcer area when
an acetic acid aqueous solution was administered to the
buccal mucosa of rats. In the 20, 25, and 30% acetic acid
aqueous solution administration groups, the maximum ulcer
area was 14.4, 19.8, and 23.5 mm2, respectively, and the
period required for spontaneous healing was 13, 16, and 19
days, respectively. In the 30% acetic acid aqueous solution
administration group, 33% of rats died within a few days after
acetic acid injection. As shown in Figure 3, the ulcer area and
the period required for spontaneous healing were significantly
increased in the group administered with the 5-FU solution
and acetic acid aqueous solution as compared with the group
administered with acetic acid aqueous solution alone. In the
acetic acid aqueous solution administration group and the 5-
FU solution and acetic acid aqueous solution combination
administration group, the maximum ulcer area was 14.4 and
20.1 mm2, respectively, and the period required for
spontaneous healing was 13 and 16 days, respectively.

Figure 4 shows images of the hematoxylin-eosin-stained
oral mucosal tissue section. It was confirmed that the tissue
was hollowed out by the administration of the 5-FU solution.
In addition, it was shown that the administration of the acetic
acid aqueous solution destroyed the surface layer and
excessive proliferation of cells.

Figure 5 shows the results of the treatment of a model rat
with oral mucositis using Kenalog®. As shown in Figure 5A,
in the no-treatment group and the treatment group, the
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maximum ulcer area was 19.3 and 20.8 mm2, respectively.
From day 3 to day 13, the ulcer area was significantly
decreased in the treatment group compared to the no-
treatment group. Kenalog® decreased the time required to
cure oral mucositis by three days compared to the no-
treatment group. As shown in Figure 5B, WBC counts
sharply increased on day 1, which was the day after
administration of the acetic acid aqueous solution. In the no-
treatment group, WBC counts approached normal with
spontaneous healing of oral mucositis. In the treatment
group, WBC count after day 7 was significantly decreased
as compared to the no-treatment group.

Discussion

The 5-FU solution-administrated groups lost weight
(Figure 1A), whereas the control group gained weight due
to food intake. 5-FU is known to induce intestinal
mucositis with severe diarrhea (18, 19). It causes anorexia,
dehydration, and various systemic toxicities to cause
weight loss (20). We considered that this weight loss was
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Figure 1. Changes in body weight (A) and white blood cell (WBC) count
(B) when 5-FU solution was administered to rats (mean±S.D., n=5).
The doses of 5-FU were 20, 30, 40, and 50 mg/kg of body weight.

Figure 2. Changes in the ulcer area after injection of acetic acid
aqueous solution into the buccal mucosa of rats on day 0 (mean±S.D.,
n=5). Acetic acid concentrations in the aqueous solution were 20, 25
and 30%.

Figure 3. Changes in the ulcer area when 25% acetic acid aqueous
solution and 5-FU were administered in combination (white circle)
(mean±S.D., n=5, *p<0.05, t-test). 



due to the side effects of 5-FU. Administration of the 5-
FU solution also decreased WBC counts, which is the
result of myelosuppression caused by 5-FU (Figure 1B).
To reproduce the effects of cancer chemotherapy, it is
desirable that a model rat with oral mucositis is
immunosuppressed. Thus, the decrease in WBC counts
indicates the usefulness of the model rat produced in this
study. In the 50 mg/kg 5-FU solution administration group,
which had the highest 5-FU dose, the rat mortality was
high. Therefore, a dose of 40 mg/kg was appropriate.
Similarly, in the acetic acid aqueous solution
administration test, the mortality of rats was high in the
group where the highest concentration was administered.
Oral mucositis due to anticancer drugs begins around 7-10
days after the start of treatment and lasts for 2 weeks (21,
22). The period required for spontaneous healing was 13
days and 16 days in the 20% acetic acid aqueous solution
administration group and the 25% acetic acid aqueous
solution administration group, respectively (Figure 2).
Therefore, we determined that an acetic acid concentration
of 25% is appropriate. In addition to being able to
reproduce an immunosuppressive state, it was shown that
the administration of 5-FU was useful for producing ulcers
with a large area and of appropriate duration for
conducting therapeutic studies (Figure 3). Furthermore, it
was shown that the administration of acetic acid aqueous
solution was necessary for the destruction of the surface
layer of the oral mucosa (Figure 4). From these results, it
was revealed that the combined use of 5-FU and acetic

acid was effective in producing a useful rat model of oral
mucositis induced by cancer chemotherapy.

The shortening of the treatment period and the decrease in
the WBC count shown in the treatment study using
Kenalog® confirmed that this model mimics oral mucositis
in immunocompromised states. This model would be useful
in the screening of drugs that are not recommended for use
under immunosuppression.

ANTICANCER RESEARCH 40: 2701-2706 (2020)

2704

Figure 4. Hematoxylin-eosin-stained oral mucosal tissue section of rats.
(A) Normal healthy rat. (B) Rats administrated 40 mg/kg of 5-FU on
days -5, -3, and -1 of the experiment. (C) Rats administrated 25% acetic
acid aqueous solution on day 0 of the experiment. (D) Rats
administrated 40 mg/kg of 5-FU on days -5, -3, and -1 and 25% acetic
acid aqueous solution on day 0 of the experiment.

Figure 5. Changes in ulcer area (A) and white blood cell (WBC) count
(B) (mean±S.D., n=5, *p<0.05, t-test). The group using Kenalog® once
daily after acetic acid injection is represented by white circles.



Conclusion

In this study, we succeeded in developing a rat model of oral
mucositis with the use of cancer chemotherapy (5-FU) and
acetic acid in combination. Since this model had a sufficient
ulcer area that lasted for a relatively long period, it is
possible to easily evaluate the therapeutic effect of drugs on
oral mucositis. Compared to the mouse model, this model
allows for an easier observation of oral mucositis and
provides a large amount of oral mucosal tissue. It will
contribute to the development of quantitative studies of oral
mucositis induced by cancer chemotherapy.

Conflicts of Interest

The Authors declare that they have no potential conflicts of interest
regarding this study.

Authors’ Contributions

Takeuchi and R. Kawamata designed the study, and wrote the
initial draft of the manuscript. K. Makino contributed to analysis
and interpretation of data, and assisted in the preparation of the
manuscript. All Authors approved the final version of the
manuscript, and agreed to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

Acknowledgements
The Authors are grateful for the suggestions given by Dr. Y.
Shimamura from Tokyo University of Science. 

References

1 Harris DJ: Cancer treatment-induced mucositis pain: strategies
for assessment and management. Ther Clin Risk Manag 2: 251-
258, 2006. PMID: 18360600. DOI: 10.2147/tcrm.2006.2.3.251

2 Al-Ansari S, Zecha JAE, Barasch A, de Lange J, Rozema FR
and Raber-Durlacher JE: Oral mucositis induced by anticancer
therapies. Curr Oral Health Rep 2: 202-211, 2015. PMID:
26523246. DOI: 10.1007/s40496-015-0069-4

3 Cinausero M, Aprile G, Ermacora P, Basile D, Vitale MG,
Fanotto V, Parisi G, Calvetti L and Sonis ST: New frontiers in
the pathobiology and treatment of cancer regimen-related
mucosal injury. Front Pharmacol 8: 354, 2017. PMID:
28642709. DOI: 10.3389/fphar.2017.00354

4 Takuma D, Guangchen S, Yokota J, Hamada A, Onogawa M,
Yoshioka S, Kusunose M, Miyamura M, Kyotani S and Niahiok
Y: Effect of Eriobotrya japonica seed extract on 5-fluorouracil-
induced mucositis in hamsters. Biol Pharm Bull 31: 250-254,
2008. PMID: 18239282. DOI: 10.1248/bpb.31.250

5 Hurria A, Browner IS, Cohen HJ, Denlinger CS, deShazo M,
Extermann M, Ganti AK, Holland JC, Holmes HM, Karlekar
MB, Keating NL, McKoy J, Medeiros BC, Mrozek E, O’Connor
T, Petersdorf SH, Rugo HS, Silliman RA, Tew WP, Walter LC,

Weir AB 3rd and Wildes T: Senior adult oncology. J Natl Compr
Canc Netw 10: 162-209, 2012. PMID: 22308515. DOI: 10.6004/
jnccn.2012.0019

6 Shimamura Y, Takeuchi I, Terada H and Makino K: A mouse
model for oral mucositis induced by cancer chemotherapy.
Anticancer Res 38: 307-312, 2018. PMID: 29277788. DOI:
10.21873/anticanres.12223

7 Takeuchi I, Kamiki Y and Makino K: Therapeutic efficacy of
rebamipide-loaded PLGA nanoparticles coated with chitosan in
a mouse model for oral mucositis induced by cancer
chemotherapy. Colloids Surf B 167: 468-473, 2018. PMID:
29723818. DOI: 10.1016/j.colsurfb.2018.04.047

8 Shimamura Y, Takeuchi I, Terada H and Makino K: Therapeutic
effect of GGsTop, selective gamma-glutamyl transpeptidase
inhibitor, on a mouse model of 5-fluorouracil-induced oral
mucositis. Anticancer Res 39: 3201-206, 2019. PMID:
30591459. DOI: 10.21873/anticanres.13098

9 Sun WH, Tsuji S, Tsuji M, Gunawan ES, Kawai N, Kimura A,
Kakiuchi Y, Yasumaru M, Iijima H, Okuda Y, Sakai Y, Hori M
and Kawano S: Induction of cyclooxygenase-2 in rat gastric
mucosa by rebamipide, a mucoprotective agent. J Pharmacol
295: 447-452, 2018. PMID: 11046075.

10 Ishihara K, Komuro Y, Nishiyama N, Yamasaki K and Hotta K:
Effect of rebamipide on mucus secretion by endogenous
prostaglandin-independent mechanism in rat gastric mucosa.
Arzneim-Forsch 42: 1462-1466, 1992. PMID: 1337697.

11 Yoshikawa T, Naito Y, Tanigawa T and Kondo M: Free radical
scavenging activity of the novel anti-ulcer agent rebamipide
studied by electron spin resonance. Arzneim-Forsch 43: 363-366,
1993. PMID: 8387788.

12 Takeuchi I, Togo C and Makino K: Rebamipide-containing film
using chitosan and HPMC for oral mucositis induced by cancer
chemotherapy. Anticancer Res 39: 6531-6536, 2019. PMID:
31810918. DOI: 10.21873/anticanres.13868

13 Sverdrup FM, Yates MP, Vickery LE, Klover JA, Song LR,
Anglin CP and Misko TP: Protein geranylgeranylation controls
collagenase expression in osteoarthritic cartilage. Osteoarthritis
Cartilage 18: 948-955, 2010. PMID: 20417291. DOI: 10.1016/
j.joca.2010.03.015

14 Kojima-Yuasa A, Hayashi R, Han L, Watanabe B, Hiratake J and
Matsui-Yuasa I: A γ-glutamyl transpeptidase (GGT) inhibitor
enhances collagen and elastin synthesis. J Jpn Cosmet Sci Soc
36: 93-100, 2012.

15 Watanabe B, Morikita T, Tabuchi Y, Kobayashi R, Li C,
Yamamoto M, Koeduka T and Hiratake J: An improved
synthesis of the potent and selective γ-glutamyl transpeptidase
inhibitor GGsTop together with an inhibitory activity evaluation
of its potential hydrolysis products. Tetrahedron Lett 58: 3700-
3703, 2017. DOI: 10.1016/j.tetlet.2017.08.019

16 Kawai S, Takagi Y, Kaneko S and Kurosawa T: Effect of three
types of mixed anesthetic agents alternate to ketamine in mice.
Exp Anim 60: 481-487, 2011. PMID: 22041285. DOI:
10.1538/expanim.60.481

17 Kawamoto T: Use of a new adhesive film for the preparation of
multi-purpose fresh-frozen sections from hard tissues, whole-
animals, insects and plants. Arch Histol Cytol 66: 123-143,
2003. PMID: 12846553. DOI: 10.1679/aohc.66.123

18 Wadler S, Benson AB 3rd, Engelking C, Catalano R, Field M,
Kornblau SM, Mitchell E, Rubin J, Trotta P and Vokes E:
Recommended guidelines for the treatment of chemotherapy-

Takeuchi et al: A Rat Model of Oral Mucositis for Quantitative Experiments

2705



induced diarrhea. J Clin Oncol 16: 3169-3178, 1998. PMID:
9738589. DOI: 10.1200/JCO.1998.16.9.3169

19 Benson AB 3rd, Ajani JA, Catalano RB, Engelking C, Kornblau
SM, Martenson JA Jr., McCallum R, Mitchell EP, O’Dorisio TM,
Vokes EE and Wadler S: Recommended guidelines for the treatment
of cancer treatment-induced diarrhea. J Clin Oncol 22: 2918-2926,
2004. PMID: 15254061. DOI: 10.1200/JCO.2004.04.132

20 Sano T, Utsumi D, Amagase K, Matsumoto K, Tominaga M,
Higuchi K, Takeuchi T and Kato S: Lafutidine, a histamine H2
receptor antagonist with mucosal protective properties,
attenuates 5-fluorouracil-induced intestinal mucositis in mice
through activation of extrinsic primary afferent neurons. J
Physiol Pharmacol 68: 79-90, 2017. PMID: 28456772.

21 Pico JL, Avila-Garavito A and Naccache P: Mucositis: Its
occurrence, consequences, and treatment in the oncology setting.
Oncologist 3: 446-451, 1998. PMID: 10388137.

22 Javadzadeh Bolouri A, Pakfetrat A, Tonkaboni A, Aledavood SA,
Fathi Najafi M, Delavarian Z, Shakeri MT and Mohtashami A:
Preventing and therapeutic effect of propolis in radiotherapy
induced mucositis of head and neck cancers: A triple-blind,
randomized, placebo-controlled trial. Iran J Cancer Prev 8:
e4019, 2015. PMID: 26634113. DOI: 10.17795/ijcp-4019 

Received March 30, 2020
Revised April 5, 2020
Accepted April 6, 2020

ANTICANCER RESEARCH 40: 2701-2706 (2020)

2706


