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Abstract. The aim of the present study was to construct 
incontinence‑associated dermatitis (IAD) rat models and 
observe the therapeutic effects of zinc oxide, painless skin 
protective film and silicone dressing on IAD. A total of 54 
rats were randomly divided into nine groups: i)  Control 
group; ii) trypsin model group; iii) model + zinc oxide group; 
iv) model + painless skin protective film group; v) model + 
silicon dressing group; vi)  synthetic urine combined with 
trypsin model group (joint model group); vii) joint model + 
zinc oxide group; viii) joint model + painless skin protective 
film group; and ix) joint model + silicone dressing group. A 
total of 4 days after applying the zinc oxide, protective film 
or silicon dressing intervention, IAD scores and pH values in 
skin tissues were examined. Skin tissues and blood samples 
were collected. Hematoxylin and eosin staining, immuno‑
histochemical staining of major histocompatibility complex 
class  II (MHC‑II) and western blot analysis of MHC‑II, 
NF‑κB/p65, phosphorylated (p)‑NF‑κB/p65, STAT1 and 
p‑STAT1 were carried out in skin tissue. Serum IFN‑γ, IL‑1β, 
IL‑2 and TNF‑α levels were determined using ELISA. The 
results demonstrated that IAD scores and pH values were 
both higher in the model groups than the control, which 
were significantly ameliorated by silicone dressing. The skin 

tissue structure of IAD rats both in trypsin model group and 
joint model group was severely damaged, the wounds were 
not covered by epidermis, and numerous inflammatory cell 
infiltrations were observed. After treatment, dermatitis was 
improved. Skin tissue from the trypsin and joint IAD models 
had higher MHC‑II, NF‑κB p65, p‑NF‑κB p65, STAT1 and 
p‑STAT1 expression than controls, which was decreased 
by protective film and silicon dressing. Zinc oxide reduced 
NF‑κB p65, p‑NF‑κB p65, STAT1 and p‑STAT1 expres‑
sion. However, no significant differences were observed in 
NF‑κB/p‑NF‑κB ratio and STAT1/p‑STAT1 ratio among 
groups. Furthermore, serum IFN‑γ, IL‑1β, IL‑2 and TNF‑α 
levels were significantly elevated in trypsin and joint IAD 
rats. The upregulation of these cytokines was significantly 
inhibited after all three treatments. Among the three treat‑
ment methods, silicone dressing had the best therapeutic 
effect. Thus, these findings revealed that zinc oxide, painless 
skin protective film and silicone dressing could ameliorate 
the severity of IAD rat models, and that silicone dressing 
possessed the best therapeutic effect.

Introduction

Incontinence‑associated dermatitis (IAD) is inflammation 
of the skin caused by long‑term exposure of the perineum or 
other skin to urine or feces (1). It is clinically manifested as 
erythema, with or without erosion or secondary infection (2). It 
widely occurs in bedridden patients, the elderly and critically 
ill patients (3,4). Risk factors for IAD include incontinence 
chemical irritants (such as proteases and lipases that digest 
intestinal enzymes), changes in skin surface pH and associ‑
ated micro‑organisms (such as fungal infections caused by 
Candida albicans), repeated skin cleansing activities, and 
occluded perineal environment (such as the use of airtight 
nursing pads) and mechanical factors such as friction  (5). 
IAD is recognized as a risk factor for pressure ulcers, causing 
serious inconvenience and pain to patients (6). Therefore, the 
development of preventive and therapeutic methods for IAD is 
urgently needed.
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Currently, the prevention and treatment of IAD include: 
i)  Correcting the causes of diarrhea and incontinence; 
ii) reducing urine and stool irritation; iii) correct cleaning, 
moisturizing and skin care; iv) maintaining the skin pH; and 
v) regular observation and evaluation (7‑9). Since the presence 
of high moisture and corrosive enzymes in the intestinal juice 
can cause destructive damage to the skin, leading to peeling 
and erosion of the cortex, barrier products such as petrolatum, 
polydimethylsiloxane and zinc oxide ointment are necessary to 
protect patients with IAD (10). Although several studies on the 
prevention and treatment of IAD have been conducted, there 
is significant heterogeneity and low comparability between 
results  (11‑13). It is difficult for clinical medical staff to 
determine the relative performance of these barrier materials. 
Indeed, due to deficiencies in knowledge and clinical evidence, 
product selection is still a challenge faced by clinical medical 
staff when preventing and managing IAD. The aim of the 
present study was to identify a simple and easy‑to‑replicate rat 
model of IAD, and to study the effect of zinc oxide, painless 
skin protective film and silicone dressing on the healing of 
IAD and to provide experimental evidence for the treatment 
of IAD. 

Materials and methods

Animals. 63 male Sprague‑Dawley rats (weight, 150‑220 g) 
aged 7‑8  weeks were provided by The Jinhua Center of 
Laboratory Animals (Zhejiang, China). Animal experiments 
were carried out in The Jinhua Food and Drug Inspection 
and Testing Research Institute (Zhejiang, China). Before the 
experiment, all rats were adaptively fed for one week. All 
procedures were performed following the recommendations 
of the Guide for the Care and Use of Laboratory Animals of 
the National Institutes of Health. This study was approved by 
The Ethics Committee of The School of Medicine, Jinhua 
Polytechnic (approval no. 2019018).

Construction of an IAD model. In an initial experiment, 9 rats 
were randomly divided into three groups according to a random 
number table: i) Control group; ii) trypsin‑induced IAD (model) 
group; and iii) synthetic urine combined with trypsin‑induced 
IAD (joint model) group. The artificial urine was generated 
as follows: i) 25 g urea (purity >99%); ii) 9 g sodium chloride 
(>99%); iii) 3 g ammonium chloride (>99.9%); iv) 3 g sodium 
sulfite (>98%); v) 2.5 g anhydrous disodium hydrogen ortho‑
phosphate (>99%); and vi) 2 g creatinine (>99%). These were 
dissolved in 1,000 ml Ultrapure water prepared using a Direct 
Q5 purification system (EMD Millipore). Subsequently, 25% 
ammonium hydroxide solution was added into 25 ml of the 
above mixture, thus resulting in synthetic urine solution with 
1% ammonium hydroxide. Sodium hydroxide was added into 
4 g/100 ml trypsin liquid or synthetic urine combined with 
trypsin, thus adjusting pH to 7.5‑8.5. 

The selected area on the back of the rat was covered with 
a cotton ball containing the trypsin solution or the synthetic 
urine with trypsin and adhesive tape (3M company) and fixed 
with an elastic bandage. The cotton ball was maintained 
for 4 days. Once a day in the morning and afternoon, 5 ml 
corresponding solution was added to the cotton ball of the rat 
to keep the cotton ball moist and continuously covered the 

back of the rat. IAD scores and skin pH values were exam‑
ined every day. After 4 days, the bandage was removed and 
the severity of IAD was observed, including the size of the 
dermatitis occurrence area and the IAD score of severity. The 
rats were anesthetized using an intraperitoneal injection of 
sodium pentobarbital. All procedures were strictly in line with 
The Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The control group was treated 
with cotton balls soaked in saline.

Assessment of the IAD model. According to the IAD severity 
assessment tool scale described by Borchert et al (14), the rats 
were observed and evaluated once a day before and after the 
intervention for 4 days. Furthermore, the degree of recovery 
from dermatitis was also evaluated after the intervention 
according to the severity of the rash and missing skin. IAD was 
evaluated based on the degree of skin redness in the back, skin 
loss and rash. The scoring criteria were as follows: i) None, 
0 point; ii) erythema, 1 point; iii) edema, 2 points; iv) papule, 
3 points; and v) erosion and superficial ulcer, 4 points.

Animal groups. After successful modeling, 54 rats were 
randomly divided into 9 groups according to the random 
number table (n=6 in each group): i) Control group; ii) trypsin 
model group; iii) model + zinc oxide group; iv) model + pain‑
less skin protective film group; v) model + silicon dressing 
group; vi) synthetic urine combined with trypsin model group 
(joint model group); vii) joint model + zinc oxide (Guangzhou 
Baiyunshan Pharmaceutical Co., Ltd.) group; viii) joint 
model + painless skin protective film (3M company) group; 
and ix) joint model + silicone dressing (Jiangsu Youchuang 
Biomedical Technology Co., Ltd.) group. 

For rats in the zinc oxide group, zinc oxide ointment was 
evenly applied >1 cm away from the urine‑ and feces‑contam‑
inated skin, twice a day. For rats in the painless skin 
protective film group, the skin protective film was sprayed 
twice a day. The distance was 10‑15 cm from the urine‑ and 
stool‑contaminated skin and l cm beyond the urine and stool 
contaminated skin. The painless skin protective film was 
applied on the affected skin. For rats in the silicone dressing 
group, the silicone dressing was applied twice a day to the 
affected skin.

IAD severity assessment and skin pH test were performed 
for each group every 4 days after applying the zinc oxide, 
protective film or silicon dressing intervention. After the rats 
had been anesthetized by intraperitoneal injection of pentobar‑
bital sodium (60 mg/kg), blood samples were collected from 
the eyeball. All rats were then sacrificed by intraperitoneal 
injection of an overdose of pentobarbital sodium (200 mg/kg). 
Skin tissue samples were then collected.

Hematoxylin and eosin (H&E) staining. Fresh skin tissue 
samples were fixed in 4% paraformaldehyde (Wuhan Google 
Biotechnology Co., Ltd.) for 24 h at 4˚C. After dehydration and 
paraffin embedding, tissue sections were cut to 4‑µm thickness. 
After the paraffin sections were deparaffinized, H & E staining 
was performed. The sections were stained with hematoxylin 
(cat. no. B600020; ProteinTech Group) at 37˚C for 5 min and 
0.5% eosin solution (Sigma‑Aldrich; Merck KGaA) at 37˚C 
for 2 min. After dehydration, the sections were mounted with 
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neutral gum and placed under a light microscope (BX53; 
Olympus Corporation) for observation.

Immunohistochemistry. The skin tissue sections were fixed with 
4% paraformaldehyde overnight at 4˚C and paraffin‑embedded. 
The tissue sections were cut to 4 µm thick and blocked with 
goat serum (Beyotime Institute of Biotechnology) for 30 min 
at room temperature. The sections were incubated with 
anti‑major histocompatibility complex class  II (MHC‑II) 
antibody (1:200; cat. no. ab23990; Abcam) overnight at 4˚C, 
then with HRP‑conjugated goat anti‑mouse secondary anti‑
body (1:200; cat. no. K5007; Dako; Agilent Technologies) for 
30 min at room temperature. After the sections were stained 
with DAB for 5‑10 min and the nuclei were counterstained by 
hematoxylin for 3‑5 min. After dehydration and transparency, 
the sections were mounted with neutral gum (cat. no. G1403; 
Sangon Biotech Co., Ltd.). Finally, images were acquired and 
analyzed under an light microscope (Olympus Corporation). 
The Image‑Pro Plus  6.0 (Media Cybernetics, Inc.) image 
processing system was used to measure the optical density of 
MHC‑Ⅱ protein in each group.

Western blot analysis. The tissue specimens were extracted with 
200 µl RIPA lysis buffer (Beyotime Institute of Biotechnology) 
at 4˚C for 30 min. After centrifugation at 12,000 x g for 10 min 
at 4˚C, the supernatant was collected and stored at ‑80˚C. The 
BCA quantification kit was utilized for evaluating the protein 
concentration. A total of 30 µg protein was loaded per lane 
and the samples were separated by 12% polyacrylamide gel 
electrophoresis, then transferred to a PVDF membrane. The 
membrane was blocked with 5% skimmed milk powder 
for 2 h at room temperature. The membrane was then incu‑
bated with primary antibodies against MHC‑II (1:1,000; 
cat. no. ab23990; Abcam), β‑actin (1:1,000; cat. no. ab179467; 
Abcam), NF‑κB/p65 (Ser727; 1:1,000; cat. no. 10745‑1‑AP; 
ProteinTech group), phosphorylated (p)‑NF‑κB p65 (Ser536; 
1:1,000; cat.  no.  3033T; Cell Signaling Technology, Inc.), 
p‑STAT1 (1:1,000; cat.  no.  ab126598; Abcam), STAT1 
(1:1,000; cat. no. 10144‑2‑AP; ProteinTech group) and GAPDH 
(1:1,000; cat. no. 60004‑1‑Ig; ProteinTech group) overnight 
at 4˚C, then incubated with HRP‑conjugated goat anti‑mouse 
secondary antibody (1:5,000; cat. no. SA00001‑1; ProteinTech 
group) at room temperature for 1.5 h. ECL Plus Luminescence 
Kit (Beyotime Institute of Biotechnology) was used to visu‑
alize protein bands. ImageJ software (version 1.48; National 
Institutes of Health) was used to quantify protein expression 
levels.

ELISA. The blood samples from rat eyeball were allowed 
to stand for 30 min at room temperature. After centrifuga‑
tion at 3,500 x g for 15 min at 4˚C, the serum samples were 
obtained. IFN‑γ (cat. no. RK00199), IL‑1β (cat. no. RK00009), 
IL‑2 (cat. no. RK00010) and TNF‑α (cat. no. RK00029) ELISA 
kits (all from ABclonal Biotech Co., Ltd.) were separately used 
to quantify IFN‑γ, IL‑1β, IL‑2 and TNF‑α levels in serum. 

Statistical analysis. SPSS 18.0 software was used for statis‑
tical analysis. The data were expressed as the mean ± standard 
deviation. For IAD severity, Kruskal‑Wallis followed by Dunn's 
post hoc test was performed. For all other variables, one‑way 

ANOVA followed by Tukey's post hoc test was used. P<0.05 
was used to indicate a statistically significant difference.

Results

Construction of IAD models. In the present study, 
trypsin‑induced IAD and synthetic urine combined with 
trypsin‑induced IAD models were constructed. H&E staining 
results showed that the skin structure of rats in the control 
group was complete and clear. The skin tissue structure of 
the rats in the trypsin‑induced model group and the synthetic 
urine combined with the trypsin model (joint model) group 
was severely damaged (Fig. 1).

Zinc oxide, painless skin protective film and silicone dressing 
decrease IAD score and pH of IAD rats. A total of 54 rats 
were randomly divided into nine groups, as described in 
Materials and methods. All rats were carefully observed each 
day (Fig. 2). The present study found that there was signifi‑
cant dermatitis in IAD rats compared to rats in the control 
group. However, after treatment with zinc oxide, painless skin 
protective film or silicone dressing, the dermatitis of IAD rats 
was significantly ameliorated. Following treatment for 4 days, 
the IAD scores and pH values of the rats were obtained. As 
shown in Fig. 3A, compared with rats in the control group 
(average IAD score=0.333), the severity of dermatitis in 
IAD rats induced by trypsin (model group; average IAD 
score=3; P<0.01) or artificial urine combined with trypsin 
(joint model group; average IAD score=3.333; P<0.001) was 
significantly increased. Compared with the model group, 
dermatitis significantly improved after 4 days of treatment 
with silicone dressing (average IAD score; P<0.05). However, 
zinc oxide (average IAD score=2; P>0.05) and painless skin 
protective film (average IAD score=1.667; P>0.05) did not 
reduce the severity of dermatitis. Compared with the joint 
model group, dermatitis significantly improved after 4 days 
of treatment with painless skin protective film (the average 
value of IAD=0.833; P<0.05) or silicone dressing (average 
IAD score=0.667; P<0.01), but not with zinc oxide (average 
IAD score=1.667; P>0.05). The therapeutic effect of silicon 
dressing was the largest of the three interventions. 

Furthermore, the pH of rat skin was also tested (Fig. 3B). 
In model and joint model groups, the pH value of rat skin 
was significantly higher than that of the control group, and 
the difference was statistically significant (both P<0.0001). 
Treatment with zinc oxide, painless skin protective film or 
silicone dressing significantly reduced the pH value of the skin 
in both models (all P<0.0001).

Zinc oxide, painless skin protective film and silicone dressing 
improve dermatitis in IAD rat models. After treatment with 
zinc oxide, painless skin protective film or silicone dressing for 
4 days, skin tissue samples were taken for observation. H&E 
staining was used to detect the pathological changes associated 
with dermatitis. As shown in Fig. 4, compared with rats in the 
control group, the skin tissue structure in both model groups 
was severely damaged. After 4 days of treatment with zinc 
oxide, painless skin protective film or silicone dressing, the 
skin tissues showed distinct epidermal and dermal structures; 
however, each group still had different degrees of hair follicle 
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damage and edema. Among them, rats in the silicone dressing 
treatment group displayed the best recovery.

Zinc oxide, painless skin protective film and silicone 
dressing lower expression of MHC‑II in IAD rat models. 
Immunohistochemistry and western blot experiments were 
utilized to detect the expression of MHC‑Ⅱ in rat skin tissues. 
In Fig. 5A‑C, there was almost no expression of MHC‑II in 
the skin tissues of rats in the control group. The expression of 
MHC‑Ⅱ in the skin tissues of the trypsin model group and the 
artificial urine combined with trypsin model group were signif‑
icantly increased compared to the control group. Furthermore, 
the expression of MHC‑Ⅱ in the combined model group was 
slightly higher than that of the trypsin model group. Compared 
with the model group, the expression of MHC‑Ⅱ in the zinc 
oxide, painless skin protective film, and silicone treatment 
groups all decreased to varying degrees, and the decrease was 
the most significant in the silicone dressing treatment group.

Zinc oxide, painless skin protective film and silicone dressing 
do not decrease the NF‑κB/p‑NF‑κB and STAT1/p‑STAT1 
ratios in IAD rat models. Western blotting was used to detect 
the expression of NF‑κB (p65), p‑NF‑κB, STAT1 and p‑STAT1 
in rat skin tissue (Fig. 6A). Compared with the control group, 
the expression levels of NF‑κB (P<0.0001; Fig. 6B), p‑NF‑κB 
(P<0.0001; Fig. 6C), STAT1 (P<0.0001; Fig. 6D) and p‑STAT1 
(P<0.0001; Fig. 6E) were higher in the skin tissues of the 
trypsin model group and the artificial urine combined with the 
trypsin model group. However, compared to the control group, 
no significant differences in NF‑κB/p‑NF‑κB ratio (Fig. 6F) 
or STAT1/p‑STAT1 ratio (Fig.  6G) were observed in the 
trypsin model group or the artificial urine combined with the 
trypsin model group, suggesting that phosphorylation levels of 

NF‑κB and STAT1 were not affected in the two IAD models. 
After treatment with painless skin protective film (P<0.001 or 
P<0.01) or silicone dressing (both P<0.0001), the expression of 
NF‑κB significantly decreased in the skin tissues of the trypsin 
model and the artificial urine combined with the trypsin model 
(Fig. 6B). However, zinc oxide did not change NF‑κB expres‑
sion in the skin tissues of the IAD models. p‑NF‑κB levels 
in the skin tissues of the trypsin model and the combined 
model was significantly lowered by painless skin protective 
film (both P<0.001) and silicone dressing (both P<0.0001). 
Moreover, zinc oxide decreased the expression of p‑NF‑κB 
in the skin tissues of the trypsin model (P<0.05), but not the 
combined model (Fig. 6C). STAT1 and p‑STAT1 expression 
in the skin tissues of IAD rats was significantly reduced by 
zinc oxide, painless skin protective film and silicone dressing 
(Fig. 6D and E). Among them, the reduction levels of NF‑κB, 
p‑NF‑κB, STAT1 and p‑STAT1 were the most significant in 
the silicon dressing treatment group. However, no significant 
differences were found in p‑NF‑κB/NF‑κB ratio (Fig. 6F) or 
p‑STAT1/STAT1 ratio (Fig. 6G) in any group, suggesting that 
zinc oxide, painless skin protective film and silicone dressing 
did not affect the phosphorylation levels of NF‑κB and STAT1 
in IAD rat models.

Zinc oxide, painless skin protective film and silicone dressing 
decrease IFN‑γ, IL‑1β, IL‑2 and TNF‑α levels in serum samples 
of IAD rats. ELISA was performed to examine the serum levels 
of IFN‑γ, IL‑1β, IL‑2 and TNF‑α. Compared with the control 
group, serum IL‑1β (Fig. 7A), IL‑2 (Fig. 7B), IFN‑γ (Fig. 7C) 
and TNF‑α (Fig. 7D) levels were significantly elevated in both 
model groups (all P<0.0001). After treatment with zinc oxide, 
painless skin protective film and silicone dressing, their serum 
levels were significantly reduced in IAD models.

Figure 1. Construction of IAD rat models. Hematoxylin and eosin staining was used to assess the pathological changes in skin tissue samples from the control, 
trypsin‑induced IAD model and synthetic urine combined with trypsin‑induced IAD model groups. Magnification, x40. IAD, incontinence‑associated dermatitis.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1058,  2021 5

Discussion

IAD has a high incidence in the community, nursing homes and 
long‑term care institutions, as well as in the clinical departments 
and intensive care units of hospitals. It has severely reduced the 

patients' quality of life and increased the economic burden of 
patients  (15). Therefore, the development of preventive and 
therapeutic methods for IAD is urgently needed. In the present 
study, rat models of IAD were established using two methods 
(trypsin model and synthetic urine combined with trypsin 

Figure 2. Photographs of the nine experimental groups on day 1, 2, 3 and 4 after treatment. There was significant dermatitis in trypsin‑induced and synthetic 
urine combined with trypsin‑induced IAD rats compared to rats in the control group. Following treatment with zinc oxide, painless skin protective film or 
silicone dressing for 1, 2, 3 and 4 days, the dermatitis of IAD rats was significantly ameliorated. IAD, incontinence‑associated dermatitis. 
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model). The effects of zinc oxide, painless skin protective film 
and silicone dressing on these IAD models were then examined.

There are still very few animal models of IAD. As early 
as 2011, Minematsu et al  (16) used agar gel to soak the 

soles of the feet of aged rats, which provides a potential 
method to construct IAD animal models. Been et al (17) 
established an IAD model by immersion and fixation 
of 1% pancreatin on the back of rats. Mugita  et  al  (18) 

Figure 4. Hematoxylin and eosin staining for the effects of zinc oxide, painless skin protective film and silicone dressing on dermatitis of IAD rats. 
Magnification, x40. IAD, incontinence‑associated dermatitis.

Figure 3. Effects of zinc oxide, painless skin protective film and silicone dressing on the IAD score and skin pH of IAD rats induced by trypsin or 
synthetic urine combined with trypsin. (A) Assessment of IAD scores in each group. (B) Determination of pH values in each group. **P<0.01, ***P<0.001, 
****P<0.0001 vs. control group; #P<0.05, ####P<0.0001 vs. model group; &P<0.05, &&P<0.01, &&&&P<0.0001 vs. joint model group. IAD, incontinence‑associated 
dermatitis; ns, not significant.
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applied protease‑containing agarose gel to the back skin 
of male SD rats for 4  h, followed by inoculation with 
Pseudomonas aeruginosa for 30 min. Wen et al (19) estab‑
lished an IAD model on the back of guinea pigs by using 
different concentrations of pancreatin solution, confirming 

that increased pancreatic juice concentration may lead 
to more severe skin reactions and higher IAD scores. In 
addition, Biçer et al (20) performed an ileostomy in rats to 
establish an ileostomy‑related dermatitis model and used 
ozone to treat the resulting dermatitis. 

Figure 5. Evaluation of MHC‑II expression in the skin tissue of rats in the control, trypsin‑induced IAD model and synthetic urine combined with trypsin‑induced 
IAD model groups. (A and B) Immunohistochemical detection of MHC‑II expression in skin tissue samples from each group. Magnification, x200. MHC‑II 
expression is indicated by the arrows. (C) Western blot analysis of MHC‑II expression in the skin tissue from each group. ***P<0.001, ****P<0.0001 vs. control 
group; ##P<0.01, ####P<0.0001 vs. model group; &P<0.05, &&P<0.01, &&&&P<0.0001 vs. joint model group. MHC‑II, major histocompatibility complex class II; 
IAD, incontinence‑associated dermatitis.

https://www.spandidos-publications.com/10.3892/etm.2021.10492


CHEN et al:  ESTABLISHMENT AND TREATMENT OF IAD MODELS8

The search for a simple and easy‑to‑replicate IAD animal 
model requires continual exploration. The skin is the body's 
protective layer that provides an important anatomical barrier 
to pathogens, irritants, moisture loss and environmental 

threats. Incontinence can damage the integrity of the epidermis 
due to excessive water, high pH and the presence of enzymes 
in the stool, leading to inflammation and pain and increasing 
the risk of infection (21). The cortex is affected by the external 

Figure 6. Western blot analysis of the expression of NF‑κB/p65, p‑NF‑κB/p65, STAT1 and p‑STAT1 in the skin tissue of rats from the control, 
trypsin‑induced IAD model and synthetic urine combined with trypsin‑induced IAD model groups. (A) Representative images of western blots of each 
group. (B) NF‑κB p65, (C) p‑NF‑κB p65, (D) STAT1 and (E) p‑STAT1 expression levels were quantified according to their gray values. (F) p‑NF‑κB/p65 to 
NF‑κB/p65 ratio. (G) p‑STAT1/STAT1 ratio. ****P<0.0001 vs. control group; #P<0.05, ###P<0.001, ####P<0.0001 vs. model group; &P<0.05, &&P<0.01, &&&P<0.001, 
&&&&P<0.0001 vs. joint model group. IAD, incontinence‑associated dermatitis; ns, not significant; p‑, phosphorylated.
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environment, causing the cells to actively release related 
inflammatory mediators  (10,22). The keratinocytes in the 
cortex become increasingly less elastic, the cells shrink and 
the barrier function of the cortex is also weakened (23). Skin 
related damages such as loss, erosion, exudation and blisters 
appear in the cortex, which can be accompanied by bacterial 
or fungal infections (24). In addition, long‑term skin contact 
with urine or feces causes excessive moisture on the cortex to 
overwhelm the stratum corneum cortex structure, and exhibit 
excessive hydration or maceration (25). When the digestive 
enzymes present in the feces encounter the urea present in the 
urine, they are used to produce repeated cycles of chemical 
stimulation, leading to inflammation and decomposition of 
the cortex (9,26). In the present study, two methods were used 
to construct the IAD rat model. H&E staining confirmed the 

establishment of dermatitis in both models. These two IAD 
models are simple to implement and are worth studying 
further.

IAD is one of the most common problems in clinical 
nursing. There is no uniform treatment standard for IAD, but 
choosing the right skin care program is key to identifying one. 
In the present study, after 4 days of treatment with zinc oxide, 
painless skin protective film or silicone dressing, dermatitis 
was significantly relieved and skin pH was significantly 
reduced. H&E staining results indicated that the skin tissues 
significantly recovered following treatment. Park (27) found 
that silicone dressings can effectively reduce the incidence 
of pressure ulcers in patients with IAD and improve the 
symptoms of dermatitis. In the present study, silicone dressing 
had the most visible therapeutic effect on IAD. MHC‑Ⅱ plays 

Figure 7. ELISA of the serum levels of IFN‑γ, IL‑1β, IL‑2 and TNF‑α in the control, trypsin‑induced IAD model and synthetic urine combined with 
trypsin‑induced IAD model groups. (A) IL‑1β, (B) IL‑2, (C) IFN‑γ and (D) TNF‑α levels were examined in each group using ELISA. ****P<0.0001 vs. control 
group, ##P<0.01, ####P<0.0001 vs. model group; &&&&P<0.0001 vs. joint model group. IAD, incontinence‑associated dermatitis.
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an important role in the pathogenesis of dermatitis (27‑29). 
Inhibiting the expression of NF‑κB p65, p‑NF‑κB p65, STAT1 
and p‑STAT1 can effectively reduce the severity of derma‑
titis (30‑32). Compared with the control group, the expression 
of MHC‑Ⅱ, NF‑κB p65, p‑NF‑κB p65, STAT1 and p‑STAT1 
in the skin tissues of the model groups increased significantly. 
After treatment, the expression of the above proteins was 
significantly reduced. The reduction in the silicone dressing 
group was the most apparent. These results indicated that 
zinc oxide, painless skin protective film and silicone dress‑
ings can effectively inhibit inflammation‑related pathways in 
IAD, thereby improving the symptoms of dermatitis. Further 
studies are needed to examine the molecular mechanisms of 
zinc oxide, painless skin protective film or silicone dressings 
in the treatment of IAD.

In conclusion, zinc oxide, painless skin protective film 
and silicone dressings significantly ameliorated dermatitis in 
rats with IAD. Among these treatment modalities, silicone 
dressings exhibited the best therapeutic effects. Thus, these 
intervention methods warrant further validation.
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