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Abstract

Acne vulgaris is a widespread chronic infl ammatory skin illness that is primarily caused by infl ammation, irregular skin cell turnover inside hair follicles, increased 
sebum production, and Propionibacterium acnes bacterial overgrowth. This comprehensive overview examines the intricate causes of acne vulgaris. The paper highlights 
the signifi cant role of genetic predisposition, hormonal fl uctuations, and environmental factors in acne development. Various in vivo and in vitro models, including mouse 
ear edema, rat models, and advanced techniques like 3D bioprinting and organ-on-a-chip systems, are discussed for their utility in studying acne pathogenesis and testing 
therapeutic interventions. The review underscores the importance of integrating diverse models to enhance understanding of acne mechanisms and improve treatment 
strategies, while also acknowledging the limitations of current models in replicating the complexity of human skin. Future research should focus on refi ning these models 
to better capture the multifactorial nature of acne and facilitate the development of effective, targeted therapies.
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Introduction

The microorganism named Propionibacterium acnes (P. 
acnes) and the glands that produce oils are the main causes of 
acne vulgaris, a chronic infl ammatory dermatological condition 
marked by infl amed regions, whiteheads, and blackheads. This 
dermatological condition is the ninth most prevalent illness 
in the entire world, affecting about 85% of people between 
the ages of 14 and 25. Some cases of this syndrome continue 
into adulthood. Acne is common, with epidemiological studies 
indicating that between 20% and 95% of people will get it 
at some point. Acne is a multifaceted infl ammatory disease 
that is impacted by several variables. Four main mechanisms 
are primarily responsible for the formation of acne lesions: 
infl ammation, altered follicular keratinization, increased sebum 
production, and P. acnes colonization of the pilosebaceous 
unit. Developing effi cient therapies and management plans 
for this prevalent condition requires an understanding of 
these mechanisms [1,2]. Staphylococcus epidermidis and 
Propionibacterium acnes, as well as Pseudomonas aeruginosa, 
are two Gram-positive and Gram-negative bacteria that are 

the primary cause of acne [3,4]. Acne is also infl uenced by 
other variables, including hormones, food, and heredity. When 
androgen hormones are released throughout puberty, they cause 
the sebaceous glands to generate more oil, which clogs pores 
and causes acne and blackheads [2,5]. To control SG activity, a 
variety of sex hormones are needed, including corticotropin-
releasing hormone, adrenocorticotropic hormone, estrogens, 
androgens, tyrosine kinase hormones, melanocortins, and 
glucosecoid [6,7]. In preclinical research, ear models implanted 
subcutaneously or intradermally in rabbits, rats, and mice are 
frequently used for pharmacodynamic screening associated 
with acne. The infl ammatory response and bacterial Colony-
Forming Units (CFU), which are important elements in the 
development of acne, can be evaluated by researchers using 
these models. These models are useful for studying the four 
main factors that contribute to acne pathology: infl ammation, 
bacterial colonization, aberrant follicular keratinization, and 
hyperseborrhea. Researchers can assess possible treatments 
and gain a better understanding of acne causes by looking into 
these characteristics [8,9].
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By the utilization of 3D printing technology, layers of 
bioink-which may include layers of tissues, growth factors, 
and other materials-are printed to produce live tissue 
frameworks, such as skin cells. 3D bioprinting is often 
used to generate individualized skin grafts or personalized 
skin models to assess novel acne treatment options.
Using biological cells of the skin and microfl uidic channels, an 
organ-on-a-chip device mimics the environment of human 
cells on a microchip. This technique can assist in studying how 
topical treatments or acne drugs affect skin cells, enabling 
researchers to see how the skin reacts to different treatments 
without using human subjects. Both strategies facilitate 
personalized and successful acne treatments [10,11].

Factors responsible for acne [12-14] (Figure 1)

in infl ammatory acne lesions. Pro-infl ammatory 
cytokines are released when bacteria activate Toll-
Like Receptors (TLRs), prolonging the infl ammatory 
response. Although the immune response aims to 
eradicate infections, it also worsens tissue damage and 
has a role in the clinical appearance of acne [21-23].

b. Cytokine release and infl ammation: Cytokines such as 
interleukins (IL) and the alpha form of tumor necrosis 
factor (TNF-) are important in the infl ammatory 
circumstances of acne. In reaction to bacterial 
components, the immune cells release IL-1, which 
intensifi es the infl ammatory response. TNF- facilitates 
the infl ux of immune cells and triggers the secretion of 
Matrix Metalloproteinases (MMPs), which ultimately 
results in tissue damage. Large acne formations develop 
as a result of the infl ammatory process that carries on 
next to the acne scar and damages the surrounding 
tissue. The development of nodules and cysts, which are 
indicative of many forms of acne and may leave scars, 
can be caused by infl ammation [24-26].

In vivo acne models (Figure 2)

1. Mouse-ear edema model

In this study, RDL’s impact on infl ammation caused by 
P. acnes was evaluated using ICR mice. Each mouse received 
an intradermal injection of acne-causing bacteria (6 × 10^7 
CFU in 20 μL Phosphate buffer saline) in its left ear. Twenty 
microliters of Phosphate buffer saline were injected into the 
identical mice’s right ear as a control. Following the bacterial 
injection, intradermal injections of RDL in different dosages 
(100, 300, and 1000 μg per 20 μL in PBS) were administered 
to the P. acnes-injected and PBS-injected sites. Additionally, 
an identical amount of phosphate buffer saline (20 μL) was 
injected into each ear as a control. The effects of RDL on 
infl ammation in the presence of P. acnes were assessed using 
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Figure 1: Factors infl uencing acne formation.

Pathogenesis of acne

1. Formation of comedones

a. Sebum production: Propionibacterium acnes thrives 
in an environment that is facilitated by an abundance 
of sebum and an aberrant keratinization process. The 
pathophysiology of acne lesions is further complicated by 
these bacteria, which are essential to the infl ammatory 
cascade. Sebum’s function goes beyond its amount. 
Changes in its makeup can affect the follicular plug’s 
consistency and accelerate the development of acne 
lesions [15-17].

b. Role of hyperkeratinization: The initial step of the 
formation of visible comedones, microcomedones, 
is caused by hyperkeratinization, a process in which 
follicular epithelial cells exhibit aberrant proliferation 
and differentiation. Genetic factors may play a role 
in this complex event by increasing susceptibility to 
hyperkeratinization., which in turn may affect the pace 
of follicular cell shedding and ultimately result in the 
formation of comedones [18-20].

2. Infl ammatory response

a. Activation of immune cells: Immune cells including 
neutrophils and macrophages infi ltrate the site 
of infl ammation, causing redness and swelling Figure 2: Different types of In vivo acne models.
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this experimental design in comparison to a control group that 
was not infected [27].

The animals were put unconscious after each treatment 
phase, and 24 hours after the injection, their ears were taken. On 
the day of sacrifi ce, the weight and thickness of each mouse’s 
ears were noted. By analyzing the weight of the left (injected 
with P. acnes) and right (injected with PBS) ear disks, the 
extent of edema was ascertained. The weight and thickness of 
the P. acnes-injected ear were also measured as a percentage of 
the PBS-injected control to gauge the infl ammatory response. 
This method produced valuable data regarding the impact of 
RDL therapy on infl ammation caused by P. acnes [28].

The ear was removed 24 hours following the P. acnes 
injection, and a sample was taken for bacterial quantifi cation 
using a 6 mm biopsy punch. A hand tissue grinder was then 
used to homogenize the biopsies in 200 μL of sterile PBS. 
Serial dilutions of the homogenate (from 1:10 to 1:108) were 
plated onto RCM agar plates to count the P. acnes colony-
forming units (CFUs) in the ear. To allow for colony formation, 
these plates were kept at 37 °C for 72 hours in an anaerobic 
environment. Following this, the colonies were counted. 
This method helped determine the effi cacy of the therapies 
by providing a quantitative assessment of P. acnes in the ear 
tissue. [29].

o Benefi ts: 

• Infl ammation mimicry: It is useful for testing anti-
infl ammatory acne treatments since it accurately 
simulates acute infl ammatory responses.

• Cost-effective: This model is reasonably priced because 
rats require less upkeep than larger animals. 

• Well-established: With established protocols, it is a 
popular and well-understood model in dermatology 
research. 

o Drawbacks: 

• Limited acne relevance: The form and distribution of 
sebaceous glands in rat skin differ greatly from those 
in human skin, making it diffi cult to directly apply to 
studies on acne. 

• Invasive: To create infl ammation, the model frequently 
calls for skin irritation or drug injections, which can be 
intrusive and upsetting. 

• Not always representative: It might not accurately 
refl ect the pathophysiology of human acne, especially 
the contribution played by bacteria or sebum production. 

2. Rat model

It is possible to successfully create acne on a rat model by 
continuously applying an oleic acid smear. Rats’ dorsal skin 
exhibits thickening and hardening of local tissue, as well 
as red papules that are created by hair follicle ridges, all of 
which are examples of animal model performance replication. 

Subjectively, after dermal application of the drug, the rat skin’s 
roughness and amount of acne use decreased signifi cantly. 
However, the distinctions between the six categories need to 
be shown more subjectively and intuitively, for example, via 
data and graphics. Thus, immunohistochemical pathology and 
HE staining were employed to observe.

In this investigation, Sprague Dawley rats of both genders 
of SPF grade, with an average weight of 180 g – 220 g, were 
used. The experimental circumstances, which included 
temperatures of 20 ± 2 °C, 60 ± 5% humidity, and a cycle of 
twelve hours of light and darkness, were given to the rats for a 
week to allow them to get used to them. To reduce the animals’ 
pain and suffering during the trial, all procedures were carried 
out under anesthesia using 10% chloral hydrate. The goal of the 
meticulous anesthetic and condition management was to give 
the experiments a controlled and compassionate setting [28].

In another study, mature male Sprague Dawley rats (SD 
rats) weighing 220 ± 20 g were given an acne model made with 
80% oleic acid. In controlled conditions, the rats were housed 
in conditions with a cycle of twelve hours of light and darkness, 
temperatures between 19 and 23 °C, and moisture levels around 
40 and 65%. Blinding was maintained throughout the testing 
and analysis of data phases, and the rats were split up into 
groups for experimentation using a randomly assigned block 
design.

The rats were randomly allocated to either the model 
group or the control group. The acne model was created by 
applying 2.0 mL of eighty percent oleic acid daily for 14 days to 
a 4 cm bald spot on the rats’ backs. Following the establishment 
of the acne model, the rats were further divided into the 
medication distribution group and the acne model group using 
a random number control table. Animals in the medicine group 
received each week a dose of 1.0 g of medication, while animals 
in the Control group and Model groups received no medication 
at all. This study aimed to evaluate the impact of the medicine 
on acne lesions caused by oleic acid [30,31].

o Benefi ts: 

• Sebum simulation: Since oleic acid is a crucial part 
of sebum, this model triggers a sebaceous reaction, 
which makes it applicable for evaluating acne-related 
medications.

• Infl ammation induction: It causes infl ammation, which 
is essential to the pathophysiology of acne, and makes it 
possible to assess anti-infl ammatory medications.

• Ease of induction: Oleic acid can be used topically or 
systemically to induce the model, making it easy to use 
for large-scale research. 

o Drawbacks:

• Inconsistent acne formation: The model is not entirely 
dependable for researching acne since not all rats 
exposed to oleic acid develop obvious lesions resembling 
acne. 
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• Minimal human signifi cance: Results may not be 
directly applicable to treating acne in humans since rat 
skin and glands that produce oil differ from those of 
humans. 

• Involves no bacterial factors: Infl ammation brought on 
by oleic acid ignores the bacterial component of acne, 
which is critical in human acne.

3. Murine model of acne

In this investigation, six male mouse strains BALB/c 
weighing around nineteenth and twenty-one g at 8 weeks of 
age were employed. Each mouse was housed in a separate cage 
that featured a 12-hour light/dark process, 22 ± 2 °C, and 50 
± 10% relative humidity. The mice were randomly assigned to 
either the P. bacterium. acnes + Synthetic Sebum Group (PA) 
or the No Treatment Group (NT). They can eat and drink 
everything they want.

Approximately 5 × 10^8 colony-forming units per ml of 
acne-causing bacteria in 50 μL of BHI medium was injected 
intradermally into the mice on the day after they were shaved 
beforehand. Following the injection, the skin was treated with 
20 μL of newly made synthetic sebum, which contained 13% 
squalene, 45% triolein, 25% jojoba oil, and 17% oleic acid. For 
three days, this application was made every day.

Every day, optical image detection was carried out to 
track the development of lesions, and lesions were aseptically 
removed for analysis at prearranged intervals. Anaerobic 
incubation was used to measure the colony-forming units 
(CFUs) on agar plates. The main reason for this study was to 
see how P. acnes and synthetic sebum affected the formation of 
acne lesions in a mouse model [32].

o Benefi ts: 

• Genetic similarity: Mice and humans have a lot in 
common genetically, which is advantageous when 
researching the genes and mechanisms underlying 
acne.

• Controlled studies: By precisely controlling genetic 
background, environmental factors, and treatment 
interventions, murine models improve experiment 
reproducibility. 

• Inclusion of multiple causes: Mice models can be 
modifi ed to investigate bacterial causes, infl ammation, 
and sebaceous gland activity, among other features of 
acne.

o Drawbacks: 

• Skin structure differences: Because mouse skin differs 
from human skin in terms of its glands that produce 
oils and hair follicles, it cannot be directly applied to 
acne treatments. 

• Limited relevance to human acne pathology: Mice 
generally require induction to develop acne, which may 
not accurately mimic human acne. 

• Ethical concerns: As with all animal testing, there 
are ethical considerations regarding the use of mice, 
particularly concerning the distress caused by the 
induction of acne.

4. Rabbit ear assay

Indeed, a popular model for assessing a compound’s 
comedogenicity is the rabbit ear assay (REA). It works well as 
a screening tool for both topical and follicular skin irritants, 
as you indicated. The REA’s sensitivity is one of its benefi ts; 
it can identify negative skin reactions including erythema, 
desquamation, and follicular keratosis quickly—typically 
within two weeks of daily use. This rapid assessment is 
particularly useful because many commercial products can 
take several months to produce similar effects on human 
skin. Furthermore, fi ndings from the REA tend to correspond 
well with human outcomes, making it a trustworthy indicator 
of possible comedogenicity in cosmetic and pharmaceutical 
formulations. This model helps researchers and formulators 
better understand the risks associated with different 
ingredients, leading to safer products for consumers [33].

Although the rabbit ear assay is a helpful tool for 
determining comedogenicity, it draws attention to important 
distinctions between animal and human skin that may affect 
how results are interpreted. One notable difference is that 
bacteria like Propionibacterium acnes, which are essential to 
the infl ammatory processes linked to human acne vulgaris, 
do not colonize the REA. Furthermore, because there is no 
follicular wall breach, the REA does not develop infl ammatory 
lesions, and its keratin structure is different, with the horn 
being less densely packed. Moreover, rabbits are easier than 
humans to mechanically expel comedones. These variations 
highlight the need for additional human studies to ensure 
safety and effi cacy, indicating that although the REA can 
successfully screen for comedogenicity, its results should be 
interpreted cautiously as they might not accurately predict 
human skin reactions [34,35].

o Benefi ts: 

• Large ear surface: Rabbits’ ears are comparatively 
large and accessible, which makes them useful for 
applying topical treatments and evaluating the effects 
of medications.

• Closer to human skin: Compared to rats, rabbits’ skin 
is more relevant to studies on acne since it resembles 
human skin in structure and contains sebaceous glands. 

• Visible lesions: Effectively inducing acne-like lesions 
enables a visible evaluation of the effectiveness of 
treatment. 

o Drawbacks: 

• Cost and size: Compared to rodents, rabbits require 
greater upkeep, which could raise the price of extensive 
research. 
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• Limited reproducibility: Results from different tests 
may differ due to variations in rabbit skin and acne 
production. 

• Ethical issues: Using rabbits in these kinds of 
experiments has ethical issues, particularly when it 
comes to the model’s invasiveness when it comes to 
causing and treating acne lesions. 

In vitro models for acne

1. Follicle model

P. acnes, keratinocytes, and sebocytes are evaluated about 
one another using the follicular model. P. acnes colonize PSU 
and superfi cial skin. To better understand how sebocytes 
and keratinocytes interact with Propionibacterium acnes, A 
permeable polyester membrane divided the two chambers 
in which the investigators co-cultured conserved sebocytes 
(SZ95) and keratin cells (HPV-KER). This allows ehaviour 
molecules to be exchanged while maintaining distinct cellular 
environments, and by studying this co-culture model, 
researchers hope to clarify how sebocytes affect keratinocyte 
ehaviour and vice versa, especially in the context of P. acnes 
colonization and its role in acne development. This allows for 
the examination of lipid production, infl ammatory responses, 
and microbial interactions, which can provide insights into the 
pathophysiology of acne and possible treatment targets. Soluble 
molecules don’t spread throughout the chambers thanks to the 
porous polyester membrane. P. acnes is restricted to the hair 
follicular cells in the healthy PSU [36,37].

2. Testosterone-Induced Acne Model (TIAM)

One steroidal hormone that causes various types 
of acne is testosterone. Through its follicular receptor, 
keratin is stimulated by the conversion of testosterone to 
dihydrotestosterone [38]. Because of the increased size 
and activity of SG, acne is caused by both testosterone and 
dihydrotestosterone. When assessing the effectiveness and 
biocompatibility of the various components, the TIAM is a 
valuable tool [39].

3. SG organ culture

By removing human skin (from cadavers, donors, and other 
sources) or by microdissection and shearing, these models are 
created in isolation from SG. Eagle’s medium is changed with 
Dulbecco and the isolated specimens are promptly placed in it. 
Following the isolation of the specimen, the remaining dermal 
sections are immediately inserted into the growth medium 
once the epidermal layers have been separated. To test the 
lipogenesis rate in acne-affected people and the impact of 
substrates on lipid rates, Dermal and epidermal components 
are either present or absent in intact SGs. It was possible to 
cultivate SG-derived cells by seeding the separated SGs over 
a 3T3-cell feeder level and complete culture media in Petri 
plates. It involved incubating the cultures. The basal and 
differentiated cell layers can have their proliferation and lipid 
production investigated concurrently [40].

For anti-acne research employing animal-isolated SG 
culture, the SG in situ model is appropriate. To calculate the 
effects of nerve growth factor, substance P, neuropeptide 
Y, vasoactive polypeptide which are found in the intestine, 
and calcitonin gene-related peptide, Toyoda and Morohashi 
conducted organ culture on SG obtained from mice. By 
increasing the rate of differentiation and proliferation, 
substance P treatment of SG caused the control glands to 
produce fewer lipids, suggesting that stress and acne cause 
acne and acne scarring [41].

4. 3D bioprinting in acnegenesis models 

3D bioprinting involves layering living cells, biomaterials, 
and growth factors to construct skin models that closely 
resemble natural tissue. These models can include various 
skin components, such as sebocytes (sebaceous gland cells), 
keratinocytes (epidermal cells), and immune cells, allowing for 
a comprehensive study of acne development [42,43].

5. Applications in acne research

Skin microenvironment: 3D bioprinted skin models can 
replicate the architecture of human skin, including hair follicles 
and sebaceous glands, providing an ideal environment to study 
the factors involved in acne formation, such as irritation, 
colonization of bacteria, and elevated oil production.

Testing therapeutics: These models can be used to check the 
effectiveness of topical and systemic acne treatments, allowing 
researchers to assess how well these therapies penetrate the 
skin and their effects on acne-related pathways.

Studying disease mechanisms: Researchers can manipulate 
various components within 3D bioprinted models to simulate 
acne triggers, such as hormonal changes or microbial 
infections, enabling a deeper understanding of the molecular 
mechanisms that lead to acne development.

Personalized medicine: 3D bioprinting offers the creation 
of patient-oriented skin models using cells derived from 
individuals with acne. This customization helps researchers 
evaluate how different patients may respond to treatments 
based on their unique skin biology. 

6. Organ-on-a-chip systems in acnegenesis models 

Organ-on-a-chip (OOC) systems are microfl uidic devices 
that integrate living cells in a way that mimics organ functions. 
For acne research, these systems can replicate the conditions 
of human skin and its sebaceous glands [44,45].

7. Applications in acne research (Table 1)

Dynamic study of sebaceous glands: OOC systems can 
simulate the function of sebaceous glands, allowing researchers 
to investigate how various factors, such as hormones (e.g., 
androgens) and bacteria (e.g., Propionibacterium acnes), 
infl uence sebum production and contribute to acne formation. 
Infl ammation Modeling: By incorporating immune cells and 
infl ammatory mediators into the OOC system, researchers 
can study the infl ammatory response associated with acne, 
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providing insights into how infl ammation exacerbates the 
condition.

Response testing: OOC systems allow for real-time 
monitoring of drug interactions with skin cells. Researchers can 
test the effi cacy of acne treatments and observe their impact on 
cellular behavior, including changes in sebum production and 
infl ammation.

Multiorgan interaction studies: OOC systems can be 
designed to study interactions between skin and other 
organs (e.g., the endocrine system) that may infl uence acne 
development. 

Conclusion

The study of acnegenesis models has signifi cantly advanced 
our understanding of the pathophysiological mechanisms 
underlying acne. Various in vitro, in vivo, and ex vivo models, 
including human sebaceous glands, 3D skins models, and 
animal models like rodents and rabbits, have provided 
critical insights into the complex interplay between factors 
such as sebum production, hormonal regulation, microbial 
involvement, and immune response. However, each model has 
inherent limitations in mimicking the complexity of human 
acne, particularly in terms of long-term studies and accurately 
representing the unique interactions within human skin.

The emergence of advanced technologies, such as 
3D bioprinting, organ-on-chip systems, and genetically 
modifi ed animal models, holds promise for more precise and 
personalized acne research. These innovations, combined 
with traditional methods, will likely pave the way for more 
effective therapeutic approaches. Future studies should focus 
on refi ning these models to better capture the multifactorial 
nature of acne, improving predictive value, and enhancing 
translatability to clinical outcomes.

Ultimately, while progress has been made, there remains 
a need for further refi nement in model development to fully 

unravel the intricacies of acnegenesis and to develop effective, 
targeted therapies. This comprehensive survey highlights the 
importance of integrating diverse acnegenesis models to create 
a robust framework for future acne research and treatment 
innovations.
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