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Objective: To establish an animal model of Incontinence-Associated Dermatitis (IAD) and investigate inflammatory factor changes to 
determine the time frame for IAD onset.
Methods: Twenty-eight male SPF mice were randomly assigned to four groups. Gauze soaked in synthetic fecal solution was applied 
to the dorsal and ear skin. Based on exposure duration, the groups were designated as the normal, 0.5h, 2h, and 4h groups. At the end 
of the experiment, IAD severity was assessed, and ear edge thickness was measured. Blood was collected via the eyeball, and IL-1α, 
IL-6, and TNF-α levels were measured using enzyme-linked immunosorbent assay. Hematoxylin and eosin staining of dorsal skin 
samples was performed to analyze early pathological changes.
Results: No moderate to severe IAD was observed in any group. However, ear edge thickness increased significantly after 0.5h. Mild 
inflammatory cell infiltration was noted in the 0.5h group, with more severe infiltration in the 2h and 4h groups. Inflammatory factor 
levels were higher in the 0.5h, 2h, and 4h groups than in the normal group.
Conclusion: The IAD model established using synthetic fecal exposure effectively facilitates mechanistic research. Skin tissue 
became loose and edematous, with a significant increase in inflammatory factors within 0.5h. These findings suggest that fecal 
contamination should be removed within 0.5h to prevent skin damage. Additionally, IL-1α, IL-6, and TNF-α are promising biomarkers 
for IAD-associated skin injury.
Keywords: animal model, Incontinence-associated dermatitis, synthetic feces, inflammatory cytokines

Introduction
Incontinence-Associated Dermatitis (IAD) is a major concern in hospitals, particularly in intensive care units (ICUs). The 
incidence of IAD in ICUs is as high as 64%,1–4 with a prevalence of up to 54%.5,6 It commonly affects the buttocks, 
perineum, perigenital region, groin, and inner thighs.7 IAD is characterized by maceration and erythema, causing 
discomfort such as itching and pain, which can prolong hospital stays and increase overall healthcare costs.8

IAD is associated with impaired skin barrier function.9 As a protective interface between the body and the external 
environment, the skin consists of the epidermis, dermis, and subcutis.10 The outermost layer of the epidermis, the stratum 
corneum (SC), plays a crucial role in barrier function. The SC, composed of corneocytes and a highly organized lipid 
matrix, forms a nearly impermeable barrier, except to water molecules.11 Skin maceration is the initial step in IAD 
development.12 Excessive moisture exposure causes overhydration, disrupts SC structure, increases permeability, and 
heightens sensitivity to irritants.13 Additionally, the role of digestive enzymes has to be considered. Digestive enzymes in 
feces, including lipases and proteases, penetrate the skin and compromise its barrier function.14 These enzymes also 
trigger cytokine release, further exacerbating skin damage and leading to erosion and denudation.15
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In the current ICD-11 classification, IAD is recognized as a common form of irritant contact dermatitis (ICD) caused by 
prolonged skin exposure to urine or feces.16–18 However, histopathological findings suggest that IAD may not fully align 
with the characteristics of irritant dermatitis.12 Among the cytokines involved in inflammation, interleukin-1α (IL-1α),19 

interleukin-6 (IL-6),20 and tumor necrosis factor-α (TNF-α)21 have been associated with ICD. Recent studies indicate that 
the release of IL-1α may be the initial trigger of the inflammatory cascade in ICD.22 IL-1α and TNF-α serve as primary 
alarm signals, further inducing the release of pro-inflammatory mediators.23,24 Additionally, IL-1α has been reported to 
upregulate IL-6 expression via MAPK and NF-κB signaling pathways.25–28 IL-6, produced by various immune and non- 
immune cells such as keratinocytes and fibroblasts, promotes keratinocyte proliferation and migration while enhancing 
fibroblast proliferation, playing a protective role in ICD development.29 Based on these findings, this study hypothesized 
that IL-1α, TNF-α, and IL-6 contribute to the pathogenesis of IAD.

Although pancreatin solution has been used to establish IAD animal models,30 limitations include the absence of 
hematoxylin-eosin staining at experimental sites, prolonged exposure times, and discrepancies between pancreatin 
solution and actual fecal composition, potentially affecting results. Thus, a feasible and reliable animal model remains 
lacking, complicating the identification of pathogenic factors and therapeutic targets.

Mice are the most commonly used animal experimental model, especially in studies of physiology, biochemistry31–34 and 
immunology.35 Moreover, there are the same layers of cells in the epidermis and dermis between human and murine skin.36

In this study, synthetic feces were used to induce IAD in an animal model. By assessing changes in IL-1α, TNF-α, 
and IL-6 levels, we aimed to determine the time threshold for IAD development.

Materials and Methods
Preparation of Synthetic Feces
To simulate the effects of fecal incontinence, synthetic feces (pH 9.0) were prepared based on previous studies.15,31 The 
formulation included digestive enzymes such as trypsin, chymotrypsin, lipase, and bile salts in phosphate-buffered saline 
(PBS). The chemical composition of the synthetic feces is summarized in Table 1.

Ethics
All experimental procedures complied with the 8th edition of the US National Research Council’s Guide for the Care and 
Use of Laboratory Animals and were approved by the Ethics Committee of the Second Hospital of Shanxi Medical 
University (Approval Number: 2021017).

Animal
A total of 28 male SPF mice, approximately 7 weeks old, were selected and housed individually in the local animal 
facility for at least 7 days for acclimatization. The dorsal skin of all mice was intact, without erythema or edema. Animals 
were maintained under standardized 12-hour light-dark cycles at room temperature (23°C ± 2°C, 50% ± 10% humidity) 
with free access to food and water.

Construction of an IAD Model Animal Treatment
To construct the IAD model, the 28 mice were randomly assigned to one of four groups (n=7 in each) based on the 
duration of synthetic fecal exposure: (1) Normal group: No exposure to synthetic feces; only hair removal was 

Table 1 Chemical Composition and Concentration of the 
Constituents for Synthetic Feces

Chemical compositions Weight (g) Concentration (w/v)

Trypsin 0.3 0. 25%

Chymotrypsin 0.12 0.1%
Lipase 0.096 0.08%

Bile salts 12 10%
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performed. (2) 0.5h group: Exposed to synthetic feces for 30 minutes. (3) 2h group: Exposed to synthetic feces for 
2 hours. (4) 4h group: Exposed to synthetic feces for 4 hours. Mice were anesthetized with an intraperitoneal injection of 
urethane solution (0.1 mL/10 g). Hair was removed from a 3×3 cm area of the dorsal skin, located 2 cm from the head. 
The skin was cleansed with sodium chloride solution and allowed to dry. Gauze blocks (3 × 3 cm) soaked with an equal 
volume of synthetic fecal solution were applied to the back skin. Additionally, a 1×1 cm gauze patch containing the same 
solution was placed on the ear skin to assess edema severity.

Assessment of the IAD Model
According to expert consensus, IAD classification is assessed based on the degree and severity of skin damage using the 
following criteria: Level 0 (No IAD): Intact skin without erythema. Level 1 (Mild IAD): Intact skin with erythema or 
edema. Level 2 (Moderate to Severe IAD): Skin exhibiting redness, swelling, damage, edema, blisters, erosion, or 
infection. Photographs of the affected skin were submitted to dermatologists for assessment and classification.

In this study, ear rim thickness was measured using a vernier caliper to evaluate the degree of skin edema in mice. 
Measurements were taken before and after treatment by laboratory personnel blinded to the experimental conditions. 
Three repeated measurements were recorded at the same anatomical location.

Enzyme Linked Immunosorbent Assay (ELISA)
Whole blood samples (0.8–1 mL) were collected from each mouse via enucleation of the eyeball. The samples were left 
to stand at 4°C for 40 minutes, then centrifuged to separate the supernatant, which was stored at −80°C for further 
analysis. ELISA was performed to quantify the expression of L-1α, IL-6, and TNF-α. Antibody kits were obtained from 
Boster Biological Technology (USA). Measurements were conducted using a microplate reader at a wavelength of 450 
nm, with repeated detection for accuracy.

Histopathology Analysis
Mice were immediately euthanized by cervical dislocation in conjunction following blood collection. The skin tissue of 
the back of mice was taken for pathological observation at the same time. Tissues was fixed in 4% paraformaldehyde 
solution (BL539A, Biosharp, China) and maintained for 24 hours. Subsequently, the specimen was dehydrated, under-
went paraffin embedding and sectioning. The sections were stained with hematoxylin and eosin (H&E) and sealed with 
neutral gum. Histomorphological changes were examined under a microscope, and the staining results were reviewed by 
professional pathologists for diagnosis.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 25.0 (IBM Corp). The normality of the data was assessed 
using the Shapiro–Wilk test. Data were expressed as mean ± standard error of the mean (SE). Paired t-tests were used to 
compare ear thickness before and after the experiment. One-way analysis of variance (ANOVA) was conducted to 
compare multiple groups, followed by post hoc multiple comparison tests. A P-value of <0.05 was considered 
statistically significant.

Results
Visual Observation Results
The study results indicated that in the 0.5h group, the skin at the exposed site remained intact, with no visible erythema, 
suggesting that IAD did not occur. In contrast, in the 2h and 4h groups, the skin remained intact but exhibited marked 
redness, indicating the presence of mild IAD. These findings are illustrated in Figure 1.

Pathological Results
Pathological changes in skin tissue were compared across different time points. The results revealed significant 
differences among the groups. In the 0.5h group, the interstitial tissue appeared noticeably loose and edematous, with 
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scattered infiltration of a small number of inflammatory cells. In the 2h and 4h groups, the inflammatory response was 
more pronounced in the dermis, and interstitial edema persisted. The predominant inflammatory cells were lymphocytes 
and plasma cells. These findings are shown in Figure 2.

Figure 1 Changes in Skin Appearance. Normal group: No stimulation, only hair removal treatment. 0.5h group: Exposed to synthetic feces for 30 minutes. 2h group: 
Exposed to synthetic feces for 2 hours. 4h group: Exposed to synthetic feces for 4 hours.

Figure 2 Representative Images of Hematoxylin-Eosin Stained Histological Sections. (magnification: ×10).
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Comparison of the Degree of Skin Edema
In this study, the degree of edema in the exposed skin was indirectly assessed by measuring changes in the ear margin 
thickness of the mice. Paired t-test results showed a significant difference in ear margin thickness before and after the 
experiment, with thickness significantly higher post-experiment. (t left ear=−6.872, P<0.05; t right ear=−6.224, p<0.05). This 
indicates that the skin of the mice showed significant edema after stimulation.

ANOVA results revealed significant differences among the four groups (P < 0.05). After exposure, ear thickness 
increased and remained relatively stable after 2 hours, as shown in Table 2. Further analysis indicated a significant 
difference between baseline and 0.5-hour exposure (P < 0.05), but no significant differences between 0.5-hour and 2-hour 
exposure (P > 0.05) (Figure 3).

Change Trend of Inflammatory Factors
To investigate the involvement of inflammatory factors in the process of IAD and their changing trends, IL-1α, IL-6, and 
TNF-α levels were measured in both normal and synthetic feces-irritated mice. Analysis of variance revealed significant 
differences in the levels of IL-1α, IL-6, and TNF-α between groups (Table 3). Inflammatory factor levels were compared 
at each time point. IL-1α, IL-6, and TNF-α levels significantly increased at both the half-hour and baseline time points 
(p<0.05). The trends of IL-1α, IL-6, and TNF-α over time differed after half an hour of intervention. IL-1α levels began 
to decrease after half an hour and remained significantly higher than baseline after 2 hours (P<0.05). IL-6 levels showed 
a downward trend after half an hour, while TNF-α levels began to decline after two hours. No statistically significant 
difference was observed in TNF-α and IL-6 levels between the four-hour and baseline time points (Figure 4).

Table 2 Change Trend of Ear Rim Thickness After the Experiment (Mm)

Groups Normal Group 0.5h 2h 4h

Thickness of left ear edge 0.24±0.03 0.28±0.02 0.30±0.02 0.31±0.02
Thickness of right ear edge 0.24±0.01 0.28±0.03 0.30±0.02 0.30±0.03

Notes: Fleft ear within group=18.222, P <0.05; right ear within group=13.527, P <0.05;

Figure 3 Quantification of thickness of the ear edge. n=7(Normal group, 0.5h group, 2h group and 4h group). Data are represented as mean ± standard error of the mean 
(SE). *P values <0.05, **P values <0.01, ***P values <0.001.
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Discussion
In this study, synthetic feces were used to stimulate the back skin of mice, resulting in skin redness, edema, inflammatory 
cell infiltration, and the release of inflammatory factors, which are pathophysiological characteristics of IAD.32

The “Incontinence-Associated Dermatitis: Moving Prevention Forward” report, formed by the global IAD expert 
panel, clearly highlights the need for further research into the pathophysiological mechanisms of IAD.33 Therefore, 
constructing a suitable IAD animal model is essential for exploring skin damage and the inflammatory response, as well 
as determining the onset of IAD, which will provide a basis for understanding its pathogenesis and prevention.34

Building on previous studies,15,30,37–39 this research determined that trypsin, lipase, chymotrypsin, and bile salts were 
the main stimulants used to construct the IAD animal model after several pre-experiments. It has been reported that 
trypsin and lipase are risk factors for skin erythema and barrier damage.35 Notably, trypsin facilitates the dissolution of 
the stratum corneum and enhances the transdermal penetration of macromolecules, leading to internal tissue damage.36,37 

On the other hand, lipids are crucial for maintaining skin barrier function.40 However, lipids can be digested by lipase, 
resulting in skin barrier impairment and exacerbating skin maceration.14,31 Additionally, bile salts further promote 
protease-induced skin irritation.31 Simultaneously, the pH of the solution was adjusted to 9. The alkaline nature of this 
irritant can disrupt the skin’s natural acidity, impairing barrier homeostasis and making the skin more susceptible to 
injury from external substances and mechanical forces.41,42 Likewise, digestive enzymes can damage the skin’s acid 
mantle, further compromising its integrity.12,38 Thus, the skin barrier is severely disrupted by the combined effects of 
alkaline enzyme solutions.31

Disruption of the skin barrier function may lead to increased penetration of other chemicals exposed to the skin, 
which can further cause skin edema.39 Therefore, edema is a common manifestation of IAD. The study evaluated the 
degree of skin edema in mice by measuring ear thickness. Increased skin thickness is typically indicative of edema 
formation and swelling within the dermis, often serving as the first hallmark of local inflammation.43 The results showed 
that the skin of mice stimulated by synthetic feces exhibited edema, with the degree of edema worsening as the 
stimulation time increased.

Although mild IAD was observed at two hours, inflammatory cell infiltration and tissue edema occurred after just half 
an hour. Based on these findings, it is recommended that nursing staff initiate treatment promptly to prevent further 
progression of IAD. This interpretation also provides a foundation for future research into the pathophysiological 
mechanisms of IAD.

Studies have shown that the pathological mechanism of IAD is related to the release of cytokines.30 However, 
changes in inflammatory factor levels over time have not been fully accounted for. Traditionally, IL-1 family cytokines 
mediate inflammation.44 IL-1α and TNF-α act synergistically,23 and their release triggers further proinflammatory 
cytokine production.24 It has also been reported that IL-1α regulates the release of IL-6.25–28 Cytokines, in turn, activate 
resident skin cells, which recruit neutrophils and lymphocytes to aggregate at the site of tissue damage,45,46 leading to 
inflammation, including redness, edema, and infiltration of inflammatory cells. Neutrophils also release proinflammatory 
cytokines IL-1α, IL-6, and TNF-α, which perpetuate this cycle and exacerbate the occurrence of IAD. Results from blood 
samples showed a significant increase in inflammatory factor levels compared to baseline values after exposure to 
synthetic feces for half an hour. However, a downward trend was observed after this time. This supports the time 
correlation between the onset of IAD and inflammatory factor levels. At 4 hours, mean levels of IL-1αand TNF- 
αremained above baseline levels, indicating that these inflammatory factors persisted for 4 hours. This finding is of 
clinical importance and highlights that interventions minimizing prolonged skin exposure to incontinence are critical for 

Table 3 Change Trend of IL-1α,IL-6 and TNF-α (pg/Ml)

Groups Normal group 0.5h 2h 4h

IL-1α 15.02±4.20 31.63±4.99 25.59±7.00 26.05±7.03
IL-6 55.55±13.27 88.23±11.60 75.48±13.22 59.88±11.46

TNF-α 302.01±82.89 468.93±51.70 459.87±93.40 368.59±70.67

Notes: FIL-1α=9.558, P <0.05; FIL-6=10.187, P <0.05; FTNF-α=7.593, F=0.001.
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preventing IAD. In contrast, the mean levels of IL-6 continued to decrease after 2 hours of exposure and were not 
statistically different from baseline levels at 4 hours. The study by Sofoklis Koudounas15 showed that IL-6 levels began 
to decrease after 90 minutes, which is consistent with our findings.

Figure 4 Quantification of IL-1α,IL-6 and TNF-α. n=7(Normal group, 0.5h group, 2h group and 4h group). Data are represented as mean ± standard error of the mean (SE). 
*P values <0.05, **P values <0.01, ***P values <0.001.
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Interestingly, the levels of IL-1α, IL-6, and TNF-α were significantly higher, yet pathological images showed only a small 
amount of inflammatory cell infiltration in the tissue after half an hour of fecal stimulation. This suggests that the body may 
inevitably experience immune dysregulation when skin tissue encounters feces. Activation of the immune system, including 
the epidermal barrier, immune cells, and cytokines, is thought to occur primarily. The innate immune system serves as the first 
line of defense against tissue injury.47 Immune factors and cells are rapidly activated and released upon encountering 
a stimulus.48,49 Additionally, the skin, as an immune organ, contains a complex network of immune cells within its 
tissue.50 The skin’s function is to initiate an inflammatory response following injury by utilizing epidermal and dermal 
components. This response includes the release of inflammatory cytokines and the recruitment of inflammatory cells.19,51 This 
raises an important clinical question: IL-1α, IL-6, and TNF-α may be predictors of IAD development.

Based on the above results, inflammatory cell infiltration and a significant increase in inflammatory factor release 
occurred at half an hour. However, mild IAD was observed on the skin only after 2 hours.

Limitations and Perspectives for Future Research
This study did not observe severe IAD in the skin of mice, but only noticeable redness and edema. Moreover, the picture 
was not clear enough. Inflammatory factors in the skin tissue of mice were not verified. Future experimental designs 
should focus on exploring cellular pathways involved in IAD, using cells as a breakthrough point. This approach may 
provide more accurate and scientific references for the clinical development of IAD prevention measures.

Conclusion
In summary, we developed a reproducible animal model for IAD induced by synthetic feces. This model can be used to 
study the pathogenesis of IAD and guide the development of novel interventions and nursing products. The study 
suggests that feces should be cleaned within half an hour to prevent IAD. Delayed cleaning beyond half an hour increases 
the risk of IAD, highlighting the importance of early detection by clinical nursing staff to reduce inflammatory responses 
and IAD incidence. Additionally, the study indicates that the occurrence of IAD is associated with the release of IL-1α, 
IL-6, and TNF-α, which may serve as promising biomarkers for identifying skin damage and understanding the 
pathogenesis of IAD, warranting further investigation. Furthermore, the destruction of the skin barrier is implicated in 
the development of IAD, providing new insights for its prevention.
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