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Abstract 
 

Background: Ulceration caused by chemical agents used in dental practice for in-office or home-used is a common event, 

resulting in discomfort and pain. Treatments for such conditions are still being developed, requiring extensive experiments 

both in vitro and in vivo studies. At present, a standardized experimental mouse model for mucosal ulceration caused by 

a chemical inducer to study the pathogenesis of ulceration and to develop medications for treatment of ulceration is still 

not available. The aim of this study was to create a chemically induced model of ulceration of the buccal mucosa of mice. 

Methods: An in vivo study model of ulceration using a total of 9 mice (Swiss Webster) was performed. All mice received 

70% acetic acid application on the left buccal mucosa, while the right buccal mucosa received only saline. Clinical and 

histological observations of ulcer formation and healing were performed, including the presence of redness and swelling, 

ulcer diameter, bodyweight as well as epithelial disintegration, dilation of blood vessels, and infiltration of inflammatory 

cells. Results: Buccal mucosa application of 70% acetic acid generated ulcers on day 2, reached its peak on day 3 and 

recovered by day 14. The histological features of inflammation were also seen in the ulcer model, and the degree of 

inflammation was consistent with the day of ulcers. Conclusion: Chemical trauma by the administration of 70% acetic 

acid effectively induce ulceration on buccal mucosa in mice, and this method can be considered as a novel, reproducible, 

and clinically relevant model to study pathogenesis and therapeutic approach for treating oral mucosal ulceration. 
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Introduction 
 

An oral ulcer is defined as the breakdown and 

disintegration of the mucous membrane or skin with the 

loss of the epithelial tissue. Oral ulcers can be caused by 

mechanical, iatrogenic, chemical, or thermal trauma. 

Furthermore, trauma-induced ulcers in the oral cavity are 

relatively common and usually result from mechanical 

injury to the surface of non-keratinized tissue, such as the 

cheek mucosa, tip of the tongue, gingiva, hard palate, and 

soft palate.1 Recent studies have reported that oral ulcers 

are typically not severe.2 However, symptoms of pain 

during eating, swallowing, and speaking can adversely 

affect the patient’s daily activities and quality of life. 

Moreover, oral ulcers can also impact nutritional intake 

and oral hygiene and promote secondary infections.3 

Therefore, experimental studies, both in vitro and in vivo 

to produce standardized and reproducible oral ulcer 

model are needed, as the number of studies to develop 

drugs and treatment regimens to speed up the healing 

process of oral lesions are increasing.3–5 

 

In an in vivo study of drug efficacy, animal models of 

disease and pathological conditions in the human mouth 

are needed. In a previous study a New Zealand white 

rabbit model of oral ulceration was reported with the use 

of 15 µL of 50% acetic acid applied to the maxillary 

labial mucosa, which resulted in the formation of uniform 

circular ulcers.3 Acetic acid was shown to produce 

ulceration by both histopathological and clinical 

analyses. The ulcer area reached a maximum size one day 

after exposure to acetic acid and then gradually decreased 

in size until day 14.4 

 

Besides the use of chemical agents, ulcer models can also 

be produced by mechanical trauma or by thermally-

induced trauma.6,7 For example, De Barros Silva, et al. 

created a model of a mechanical trauma-induced ulcer in 

a Wistar-type mouse using a no.15 scalpel knife to form 

an 8 mm-wide ulcer to the buccal mucosa.8 Shortcomings 

of previous studies include the procedures for the 

formation of non-standardized ulcers as well as the 
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choice and use of tools, the use of chemicals, and the 

means of exposure of the experimental animals.8,9 Thus, 

at present, there are no models that can be used as 

references in terms of procedures and methods for ulcer 

formation.5,10 

 

Mice are generally used as animal models owing to 

several beneficial properties, such as a short gestational 

period, relatively smaller body size than other types of 

experimental animals, ability to maintain large numbers 

of animals, simple observation of anatomical and 

physiological characteristics, and long reproductive 

periods (2−14 months).11 Although acetic acid is often 

used to induce ulceration, acidic agents can cause 

coagulation necrosis by protein denaturation and 

coagulum formation.12 This study aimed to create a 

standard and uniform in vivo ulcer model of ulcer in the 

oral mucosa that is chemically induced using of 70% 

acetic acid. 

 

Methods 
 

In this split-mouth study, a total of 9 male outbred strain 

Swiss Webster mice (bodyweight, 2−35 gr; 8−12 weeks) 

were used, and all mice were assigned to receive a single 

application of 70% acetic acid and saline on their left and 

right oral buccal mucosa, respectively. Three mice were 

used for clinical observation on the onset and progress of 

the ulceration, and six mice were used for histology 

examination of oral buccal mucosa on day 2, day 3, and 

day 14 (consisted of 2 mice each designated day) after 

the initiation day (day 0). 

 

Mice were anesthetized intraperitoneally by the injection 

of 10% ketamine and 2% xylazine (2:1) at 0.12 mL/100 

gr of bodyweight. The administration of 70% acetic acid 

for 60s on the dry oral mucosa was performed using an 

applicator (microbrush® regular size 2.0 mm, 

Microbrush International, Wisconsin, USA) soaked in 

70% acetic acid for 3−5s. On the control site, saline was 

applied on the right buccal mucosa using the same 

procedure (Figure 1). The study protocol was approved 

by the Ethics Review Committee of the Faculty of 

Medicine, Universitas Indonesia (approval no.17-06-

0546). All mice were treated by following the procedures 

and guidelines according to the institutional and national 

guideline for the care and use of animals. 

 

Clinical examination. The examination was performed 

every day from day 0 to day 14. All mice underwent 

observations and measurements, including bodyweight, 

presence of redness and swelling on the oral mucosa, and 

ulcer size. 

 

Histological examination. On days 2, 3, and 14, tissue 

specimens of the buccal mucosa were excised, fixed with 

10% formalin, sectioned, and stained with hematoxylin 

and eosin. The epithelial disintegration, blood vessel 

dilation, and infiltration of inflammatory cells were 

observed under a light microscope. 

 

Results 
 

In the clinical observation of the left buccal mucosa after 

application of acetic acid, two of three mice experienced 

redness from day 0 up to day 14, with one mouse showed 

no redness by day 12.  All six mice showed swelling in 

the first seven days, and on day 14, no swelling was 

observed in all mice. In all mice, swelling reached its 

peak on day three and retained its condition until day 4–

5. On day 7, the redness and swelling were significantly 

reduced compared to the previous day. On the control 

side (right buccal mucosa) after saline administration, no 

sign of inflammation (including redness and swelling), 

was observed from day 0 in all mice (Figure 1). 

 

All treated mice experienced bodyweight loss compared 

to the untreated mice. Reduced bodyweight reached its 

peak around day 3−4. On day 7, the bodyweight started 

to increase, and on day 14, the body weight from all 

treated mice was comparable to the untreated mice 

(Figure 2). 

 

Clinical examination on the buccal oral mucosa treated 

with saline and 70% acetic acid, is presented in Figure 3. 

The area treated with saline remained intact and showed 

a normal healthy mucosa (Figure 3A). 

 

Immediate observation on the buccal mucosa post-

treatment with 70% acetic acid showed a slightly red area 

with an intact epithelial layer (Figure 3B). The buccal 

mucosa treated with 70% acetic-acid exhibited ulceration 

limited to the treated area starting on day two and reached 

its maximum size on day three post-treatment (Figure 3C, 

3D). By day 7, the ulceration was still present, with 

reduced size and sign of inflammation compared to the 

previous days post-treatment (Figure 3E). 

 

As shown in Table 1, the size of the ulcer in the acetic 

acid group ranged 2−3 mm in diameter, starting from day 

2 to day 3. On day 7, the ulcer started to shrink and the 

size progressively decreased. By day 14, the ulcer was 

diminished, and the appearance of the previously 

inflamed area was similar to the surrounding tissue 

(Figure 3F). 

 

Histological examination from buccal oral mucosa 

treated with saline showed normal tissue appearance 

(Figure 4), while 70% acetic acid-treated mucosa on day 

2, day 3, and day 14 post-treatment, showed different 

degrees of inflammation and ulceration. 

 

On day 2, the epithelial disintegration was observed with 

blood vessel dilation (Figure 5). The epithelial layer 

appeared desquamated on day 3 after acetic acid 

treatment, along with profound dilation of blood vessels 
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in the surrounding area (Figure 6). By day 14, the 

epithelial layer was restored to the normal condition, with 

a minor blood vessel dilation in the submucosal area 

(Figure 7). 

 

 
Figure 1. (A) Microbrush® applicators used to apply the 70% acetic acid on the oral mucosa (courtesy of Microbrush® International); 

(B) Application of 70% acetic acid on the oral mucosa 

 

 
 

Figure 2. Bodyweight measurement of the mice treated with 70% acetic acid in comparison to the untreated ones. The measurement 

performed on day 0 prior to the treatment, day 3, day 7, and day 14 post-treatment (sacrifice day) 

 

 
 

Figure 3. Clinical images of buccal mucosa from (A) healthy buccal mucosa and, (B-F) 70% acetic acid-treated buccal mucosa on (B) 

day 0/immediate post-treatment, (C) day 2, (D) day 3, (E) day 7, and (F) day 14 post-treatment 
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Figure 4. Histological sections of buccal mucosa from control group stained with hematoxylin and eosin, presents a piece of soft tissue 

covered by normal non-keratinized stratified squamous epithelium 

 

 
 

Figure 5. 70% acetic acid-treated buccal mucosa on day 2 after application stained with hematoxylin and eosin, presents detachment 

and disintegration of the overlying epithelium from the underlying connective tissue with prominent submucosal vasodilation. 

(A) black arrow: disintegrated epithelium; (B) white arrow: capillary dilation 

 

 
 

Figure 6. 70% acetic acid-treated buccal mucosa on day 3 after application stained with hematoxylin and eosin, presents the highest 

degree of tissue destruction as shown by the epithelial desquamation along with capillary dilation. (A) Disintegrated epithelium; (B) A 

mixed inflammatory cell infiltration in the underlying connective tissue, especially in the perivascular area (black arrow); and (C) 

around the desquamated epithelial cells 
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Figure 7. 70% acetic acid-treated buccal mucosa on day 14 after application stained with hematoxylin and eosin, presents the almost 

fully recovered buccal mucosa with intact epithelial layer, vasodilation and a mild inflammatory infiltrate. (A) Intact epithelial layer 

(Black arrow); (B) white arrow: Dilation of blood vessels. (C) A mixed inflammatory cell infiltration in the underlying muscular layer 

 

 

Table 1. Observation of buccal mucosa ulcer size treated with saline and acetic acid on five different days. 

Group 
Ulcer diameter (mm) 

Day 2 Day 3 Day 7 Day 11 Day 14 

Saline 0 0 0 0 0 

70% Acetic acid 

2 3 2 1 0 

3 3 1.5 0 0 

2 3 2 1 0 

 
 

Discussion 
 

Our study successfully developed an animal model to 

produce a uniform and reproducible ulcer formation to 

mimic condition of chemical exposure to the human oral 

cavity that could lead to the formation of ulcer. The 

model would allow its further usage to study the effects 

of many prospectus therapeutic agents/substances to 

promote the healing of oral ulcer. The model would be 

useful for initial study of the substances which are being 

developed to treat oral ulcers before they are commercially 

available. 

 

The acetic acid model has been previously used in peptic 

ulcer model.9 Acetic acid is a common chemical agent 

used to induce inflammation/ulcers of various tissues and 

organs with different concentrations and methods being 

introduced from previous reports.3,4,13,14 This study using 

the application of 70% acetic acid to induce inflammation 

offers a practical and straightforward method to create 

ulceration. While many studies had tested the 

effectiveness of many substances to treat oral ulcers, an 

established standardized experimental model of oral 

ulcer was still lacking.5,9 This study has proven that by 

applying acetic acid at a specific duration using a 

standardized tool (microbrush®) provides reproducible 

results. 

 

In our study, 70% of acetic acid was applied with 

microbrush® for 60s to ensure that the acetic acid would 

not be over-applied and spread to the undesired area. 

Hence, uniform ulceration would be more achievable 

using microbrush®. A 70% concentration of acetic acid 

was selected from our previous pilot study that observes 

the effect of acetic acid application by different 

concentration techniques. The result found in this pilot 

study showed that the use of 70% acetic acid for 60s 

could create ulceration. Furthermore, the ulceration 

A 
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C 
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created by this method could persist for approximately 14 

days, as has been found in humans. 

 

We observed the degree of inflammation on day one post-

acetic acid treatment shown by redness and swelling, due 

to the ability of acetic acid to induce the inflammation on 

the underneath tissue. As the inflammation progressed, 

the ulceration was clearly observed on day two and 

reached its peak on day three post-treatment (Figure 3). 

 

Ulceration on oral mucosa would propel pain and 

discomfort. This condition would lead to loss of weight 

in all treated mice in the first three days after 70% acetic 

acid application, as observed in this study. All mice 

started to gain weight on day seven as the healing process 

progressed (Figure 2). Same results were also found from 

the previous studies related to oral mucosa ulceration.6,7 

 

Ulcer on the oral mucosa can be observed as the lesions 

with the disintegration and loss of the epithelial tissue.15 

These parameters were also applied in observing the 

ulceration in our study, besides clinical sign of 

inflammation (redness and swelling). 

 

In the acetic acid-treated group, there were variations in 

ulcer diameter and healing time (Table 1). The ulcers in 

mice 1 and 3 had healed within 14 days, while those in 

mice 2 had recovered within 11 days. These results are 

consistent with those of previous studies, which found 

that oral mucous ulcers had healed within 10−14 days.16 

Moreover, this variation is thought to be caused by 

several factors that influence the healing process. The 

ulcer recovery is defined as complete wound healing and 

the return of normal anatomical structure and 

function.17,18 Successful healing of wounds is dependent 

on time, an optimal healing process, cell type, molecular 

mediators, and elemental structures. 

 

The wound healing process can also be influenced by the 

type, depth, and location of the wound. In general, the 

factors that influence wound healing are classified as 

either local or systematic.18,19 Local factors directly affect 

the wound itself, while systemic factors include the 

virulence of the organism, which can affect wound 

healing.20 Local factors include bacterial infection, 

mechanical pressure, necrosis, the presence of foreign 

objects around the wound, and vascular supply. Systemic 

factors include metabolism, hormone production, and the 

presence of a chronic disease, such as malabsorption 

syndrome.18,19 Since there were no differences in the 

systemic conditions or sex of the experimental animals, 

the variations in the healing times among the groups were 

most likely caused by local factors, especially wound 

depth and variations in wound healing ability. 

 

There were differences in the histopathological features 

between the acetic acid-treated and control mice (Figure 

4−7). Based on histological appearance, the ulceration 

was initially evident on day two after exposure of 70% 

acetic acid and had recovered by day 14, although there 

was still vasodilation of the arteries and infiltration of 

inflammatory cells. According to the clinical and 

histological observations, it can be concluded that the 

ulceration peaked on day three and recovered by day 14. 

These results are generally in line with those of previous 

studies that found the ulcers had healed, and the tissue 

had returned to normal by day 14. However, there were 

some differences from the previous studies. For example, 

the ulceration size was maximum on day one after the 

administration of acetic acid, which is a useful 

information to determine the best time to test the efficacy 

of anti-ulcer drugs.4 

 

Conclusion 
 

In conclusion, a model of ulceration of mice oral buccal 

mucosa was successfully created with the use of 70% 

acetic acid. The method used in this experiment is 

efficient and easily repeatable. The timing of ulcer 

formation and recovery can be determined by clinical and 

histological examinations. The model developed in the 

present study is expected to be used as a standard to 

induce ulcer formation of the oral mucosa to test the 

efficacy of anti-ulcer drugs in subsequent studies. 
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