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Keywords: ABSTRACT: Acne vulgaris is a prevalent skin condition that affects
millions globally, with significant physical, emotional, and social
impacts. In spite of the accessibility of various therapeutic options,
treatment efficacy remains limited due to issues such as drug resistance,
side effects, and poor skin penetration. Recent advancements in
nanotechnology have led to the development of innovative drug delivery
systems, including nanoemulgel formulations, which offer enhanced

therapeutic outcomes for Acne vulgaris. Nanoemulgels combine the
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benefits of both nanoemulsions and gel-based systems, providing
improved skin penetration, sustained drug release, and targeted delivery
to the affected areas. This review explores the mechanisms of Acne
vulgaris, its pathophysiology, and the current therapeutic strategies, with
a particular focus on nanoparticle-based treatments. The use of
nanoparticles for drug delivery, especially in the form of nanoemulgels,
offers promising solutions to the limitations of conventional treatments.
This paper also discusses the sociological implications of acne, the
challenges in patient compliance, and the future scope of nanoemulgel
formulations in acne therapy. Finally, it highlights the potential of these
advanced delivery systems in transforming the future of acne treatment,
emphasizing their safety, efficacy, and prospects for clinical application
in the years to come.
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INTRODUCTION: Acne vulgaris is a chronic
inflammatory skin disorder that affects millions of
individuals worldwide, particularly adolescents and
young adults. It is characterized by the presence of
comedones, papules, pustules, nodules, and, in
severe cases, cystic lesions.
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The condition primarily develops due to an
interplay of multiple factors, including increased
sebum production, abnormal follicular
keratinization, proliferation of Cutibacterium acnes
(formerly Propionibacterium acnes), and an
inflammatory immune response *.

While acne is not a life-threatening condition, it
significantly impacts an individual’s quality of life,
often leading to psychological distress, reduced
self-esteem, and social withdrawal % The severity
of acne can range from mild comedonal forms to
severe inflammatory and scarring types,
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necessitating timely and effective intervention to
prevent long-term complications °.

Overview of Acne vulgaris: Acne vulgaris is one
of the most common dermatological disorders, with
a multifactorial pathogenesis involving genetic,
hormonal, microbial, and environmental influences.
It primarily affects the pilosebaceous unit, where
excess sebum  production and  follicular
hyperkeratinization contribute to clogged pores,
creating an ideal environment for bacterial
proliferation (Layton, 2016). The presence of C.
acnes triggers an immune response, leading to
inflammation and the formation of acne lesions *.
Various factors, including diet, stress, and lifestyle
choices, have also been implicated in acne
exacerbation °. While traditionally considered a
condition of adolescence, acne can persist into
adulthood, with adult-onset acne becoming
increasingly recognized, especially in women °.
Given its chronic nature and potential for
recurrence, long-term management strategies are
crucial for effective control.

Epidemiology and Impact on Quality of Life:
Acne affects nearly 85% of individuals between the
ages of 12 and 24, making it one of the most
prevalent skin conditions worldwide ’. Although it
is most commonly observed during puberty due to
hormonal fluctuations, a significant proportion of
adults also experience persistent or late-onset acne
8 Studies indicate that acne prevalence is higher in
industrialized countries, possibly due to dietary
habits, environmental pollution, and stress-related
factors °.

Beyond its physical manifestations, acne has
profound psychological and social implications.
Research has shown that individuals with moderate
to severe acne are at an increased risk of
developing anxiety, depression, and social phobia
19 The visible nature of acne lesions often leads to
self-consciousness, decreased confidence, and
avoidance of social interactions **. Adolescents and
young adults, in particular, may experience
bullying or social stigma due to their skin
condition, further exacerbating emotional distress.
Given these impacts, effective acne management is
not only a dermatological concern but also a crucial
aspel%t of mental well-being and overall quality of
life =,
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Limitations of Conventional Acne Treatments:
Despite the availability of various treatment
options, conventional acne therapies often present
several challenges, including limited efficacy,
potential side effects, and poor patient adherence *.
Topical treatments such as benzoyl peroxide,
retinoids, and antibiotics are commonly prescribed
but may cause irritation, dryness, or allergic
reactions, leading to reduced compliance **.
Systemic treatments, including oral antibiotics and
hormonal therapy, provide benefits for moderate to
severe acne but are associated with risks such as
antibiotic resistance, gastrointestinal disturbances,
and hormonal imbalances *°.

Isotretinoin, a highly effective treatment for severe
acne, has demonstrated significant success in
reducing lesion count and preventing scarring.
However, its use is restricted due to severe side
effects, including teratogenicity, mood
disturbances, and hepatotoxicity °. Furthermore,
the emergence of antibiotic-resistant C. acnes
strains has raised concerns about the long-term
sustainability of antibiotic-based treatments *'.

Given these limitations, there is an increasing need
for novel, targeted, and more effective therapeutic
approaches.  Advances in  nanotechnology,
particularly the development of nanoemulgel-based
drug delivery systems, offer promising alternatives
by improving drug penetration, enhancing
bioavailability, and minimizing adverse effects.
These innovative formulations have the potential to
revolutionize acne treatment, addressing the
challenges associated with conventional therapies
\{ghile improving patient outcomes and adherence

Pathophysiology of Acne vulgaris: Acne vulgaris
is a chronic inflammatory skin condition primarily
affecting the pilosebaceous unit. The pathogenesis
of acne involves several key factors, including
excess sebum production, follicular
hyperkeratinization, Cutibacterium acnes (formerly
Propionibacterium acnes) colonization, and an
exaggerated inflammatory response *°. These
factors interact in a complex manner, leading to the
formation of comedones, papules, pustules, and, in
severe cases, nodular acne. While acne is often
associated with adolescence, it can persist into
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adulthood due to genetic, hormonal, and

environmental influences %°.

Role of Sebaceous Glands and Androgen
Hormones: Sebaceous glands play a crucial role in
acne development as they produce and secrete
sebum, an oily substance necessary for skin
hydration and protection. However, in individuals
prone to acne, these glands become hyperactive,
leading to an excess accumulation of sebum within

hair  follicles Androgens,  particularly
testosterone and its more potent derivative,
dihydrotestosterone (DHT), directly stimulate

sebaceous gland activity. This explains why acne is
more prevalent during puberty when androgen
levels are at their peak %,

Moreover, individuals with acne often exhibit
increased sebaceous gland sensitivity to circulating
androgens rather than abnormally high hormone
levels 2. Studies have shown that sebocytes, the
cells within sebaceous glands, express androgen
receptors, which, when activated, enhance lipid
production and contribute to follicular occlusion .
The connection between androgens and acne is
further evidenced by the efficacy of anti-
androgenic treatments such as oral contraceptives
and spironolactone in reducing acne severity .

Propionibacterium acnes and Inflammatory
Response: Cutibacterium acnes is a gram-positive,
anaerobic bacterium that resides within sebaceous
follicles. Although it is part of the normal skin
microbiome, overgrowth of C. acnes in an
environment rich in sebum can contribute to acne
pathogenesis 2°. The bacteria release lipases that
hydrolyze triglycerides in sebum, producing free
fatty acids that irritate the follicular epithelium and
promote inflammation 2’

Additionally, C. acnes triggers an immune response
by activating Toll-like receptors (TLR2 and TLR4)
on keratinocytes and immune cells, leading to the
release of pro-inflammatory cytokines such as
interleukin-1 (IL-1), tumor necrosis factor-alpha
(TNF-0), and interleukin-8 (IL-8) 2%, These
inflammatory mediators recruit neutrophils to the
site of infection, resulting in the formation of pus-
filled lesions characteristic of inflammatory acne .
Furthermore, C. acnes produces porphyrins, which
contribute to oxidative stress within the follicle,
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exacerbating tissue damage and inflammation *.
Given its role in acne, C. acnes has been a target
for antimicrobial treatments, including topical and
oral antibiotics. However, the emergence of
antibiotic-resistant strains has necessitated the
exploration of alternative therapies, such as

bacteriophages and  nanoparticle-based  drug
delivery systems .
Follicular Hyperkeratinization and

Comedogenesis: Follicular hyperkeratinization is
another crucial factor in acne pathophysiology,
contributing to the formation of comedones, which
are the precursors to inflammatory acne lesions *.
Under normal conditions, keratinocytes within the
follicle undergo a controlled desquamation process,
allowing for the continuous shedding of dead skin
cells. However, in acne-prone individuals, there is
an excessive proliferation of keratinocytes and an
abnormal accumulation of corneocytes within the
follicular canal, leading to obstruction **,

The underlying cause of hyperkeratinization is
multifactorial,  with ~ hormonal influences,
inflammatory mediators, and lipid composition
playing significant roles **. For example, increased
levels of interleukin-1 alpha (IL-la) within the
follicle have been shown to promote keratinocyte
adhesion, preventing the natural shedding of dead
skin cells and leading to comedone formation *
Additionally, alterations in sebum composition,
particularly a deficiency in linoleic acid, contribute
to epidermal barrier dysfunction and increased
follicular occlusion .

Retinoids, such as tretinoin and adapalene, are
commonly used to  address  follicular
hyperkeratinization by normalizing keratinocyte
turnover and preventing comedone formation *'.
However, the irritation and photosensitivity
associated with retinoid therapy have led
researchers to explore advanced drug delivery
systems, including nanoemulgels, to enhance
efficacy while minimizing side effects *.

Current Therapeutic Strategies for Acne
vulgaris: Acne vulgaris is a multifactorial skin
disorder that requires a tailored therapeutic
approach based on severity, skin type, and patient
tolerance. Treatment strategies range from topical
agents for mild cases to systemic medications and
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minimizing the risk of antibiotic resistance and side

advanced physical therapies for moderate-to-severe
effects *.

acne. A combination approach is often
recommended to maximize efficacy while

TABLE 1: TOPICAL TREATMENTS FOR ACNE VULGARIS

Treatment Mechanism of Action Advantages Limitations References
Retinoids Regulate epidermal cell Effective for both Causes irritation and Thiboutot et al.,
(Tretinoin, turnover, prevent follicular inflammatory and photosensitivity; 2018; Dreno et al.,
Adapalene, occlusion, and reduce non-inflammatory requires gradual 2019; Leyden et al.,
Tazarotene) microcomedone formation. acne; first-line introduction and 2021.
Possess anti-inflammatory therapy for mild-to- combination with
properties. moderate cases. moisturizers.
Topical Reduce C. acnes colonization Effective in reducing Risk of bacterial Gollnick et al.,
Antibiotics and suppress inflammation. inflammatory lesions. resistance; usually 2018; Zaenglein et
(Clindamycin, combined with al., 2016; Rosen et

Erythromycin)

Bactericidal action against C.
acnes without promoting

Benzoyl Peroxide

Highly effective
when combined with

benzoyl peroxide to
prevent resistance.

Can cause dryness

and irritation, which

al., 2021.

Del Rosso et al.,
2020; Thielitz et al.,

resistance. other treatments; may limit patient 2019; Dreno et al.,
available in multiple compliance. 2019.
formulations (gels,
washes, creams).
TABLE 2: SYSTEMIC TREATMENTS FOR ACNE VULGARIS
Treatment Mechanism of Action Advantages Limitations References

Reduce C. acnes
proliferation and
inflammation.

Oral Antibiotics
(Doxycycline,
Minocycline,
Sarecycline)

Regulates sebum
production by
suppressing androgen
activity.

Hormonal Therapy
(COCs,
Spironolactone)

Reduces sebaceous
gland size and sebum
production; normalizes

Isotretinoin

Effective for moderate-

to-severe acne; anti-
inflammatory
properties.

Effective in female
patients with
hormonally influenced

acne.

Most effective
treatment for severe or
treatment-resistant

Risk of bacterial resistance

Del Rosso et al.,

2020; Zaenglein et
al., 2016.

with prolonged use; should
be used for the shortest
duration and combined
with topical agents.
Not suitable for male
patients; potential side
effects include
thromboembolism (COCs)
and hyperkalemia
(spironolactone).
Severe side effects,
including teratogenicity
and mood disturbances;

Eichenfield et al.,
2021; Tan et al.,
2017; Rosen et al.,
2021.

Layton et al., 2020;
Zaenglein et al.,
2016; Rademaker

follicular acne. requires close monitoring et al., 2020.
keratinization. and risk management.
TABLE 3: PHYSICAL AND LASER-BASED THERAPIES FOR ACNE VULGARIS
Therapy Mechanism of Action Advantages Limitations References
Chemical Peels (Glycolic Exfoliates the skin, Helps improve skin May cause irritation, Dreno et al.,
Acid, Salicylic Acid) unclogs pores, and texture and reduces redness, and peeling; 2019.
reduces inflammation. acne lesions. requires multiple sessions.
Comedone Extraction Mechanically removes  Provides immediate Risk of scarring and Rosen et al.,
non-inflammatory improvement in recurrence if not done 2021.
lesions (blackheads and comedonal acne. properly.
whiteheads).
Laser and Light-Based Targets sebaceous Effective for Results vary between Seago et al.,
Therapies (Blue Light, gland activity and C. moderate-to-severe individuals; multiple 2020; Layton et
Pulsed-Dye Lasers, acnes proliferation, acne; non-invasive sessions required for al., 2020.

reducing inflammation
and sebum production.

Fractional Lasers)

option.

sustained improvement.

various fields of medicine, including dermatology,
by offering innovative solutions for more effective

Advancements in Nanotechnology for Acne
Treatment: Nanotechnology has revolutionized
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drug delivery and targeted treatments. Acne
vulgaris, a complex skin condition, has benefitted

significantly from nanotechnology-based
approaches, which address the limitations of
conventional therapies such as poor drug
penetration,  systemic  side  effects, and
antimicrobial resistance “°. Nanoparticle-based

drug delivery systems have shown immense
potential in enhancing the bioavailability of active
ingredients while minimizing toxicity **.

Role of Nanomedicine in Dermatology:
Nanomedicine refers to the application of
nanotechnology in medical treatments, particularly
in drug delivery, diagnostics, and theranostics. In
dermatology, nanomedicine has led to the
development of advanced formulations, such as
nanoemulsions,  liposomes, and  polymeric
nanoparticles, which enable better penetration of
active compounds into the skin layers **. These
nanocarriers can encapsulate drugs, protecting them
from degradation and improving their stability,
thereby enhancing treatment efficacy 2.

One of the most promising aspects of
nanotechnology in dermatology is its ability to
deliver drugs selectively to target sites, such as
sebaceous glands, reducing systemic absorption
and associated side effects. For example, lipid
nanoparticles have been designed to carry anti-
inflammatory agents that specifically act on acne
lesions, reducing redness and swelling without
affecting surrounding healthy skin **. Moreover,
nanoparticle-based photodynamic therapy (PDT)
has been explored as an alternative to conventional
treatments, utilizing light-activated nanoparticles to
eradicate  Cutibacterium  acnes  (formerly
Propionibacterium acnes) while minimizing
collateral damage to the skin barrier .

Advantages of Nanoparticle-Based Drug
Delivery: Nanoparticle-based drug delivery offers
multiple advantages over traditional topical and
systemic acne treatments, making it a superior
alternative in many aspects.

Enhanced Skin Penetration and Targeted
Delivery: Nanoparticles are engineered to have a
nanoscale size and optimized surface properties,
allowing them to penetrate deeper into the skin
compared to conventional formulations *.
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This enhanced penetration ensures that active
ingredients reach the sebaceous glands, where acne
originates, thereby increasing therapeutic efficacy
46 . e .

. Targeted drug delivery also minimizes drug
wastage and reduces systemic side effects *’.

Sustained and Controlled Drug Release:
Traditional acne medications often require frequent
application or dosing due to rapid degradation or
metabolism. Nanoparticles, however, can provide
sustained and controlled drug release, maintaining
therapeutic concentrations of active ingredients
over an extended period “®. This controlled release
reduces the need for frequent applications,
improving patient adherence and treatment
outcomes *.

Reduction of Antimicrobial Resistance: One of
the major challenges in acne treatment is the
emergence of antibiotic-resistant C. acnes strains
due to the overuse of conventional antibiotics.
Nanoparticles can enhance the antimicrobial
efficacy of drugs by ensuring higher local drug
concentrations at infection sites while reducing
overall drug exposure, thereby mitigating resistance
development *°. Additionally, some nanoparticles
possess inherent antibacterial properties, such as
silver nanoparticles, which exhibit broad-spectrum
antimicrobial activity without contributing to
resistance .

Multifunctionality and Combination Therapies:
Nanotechnology allows for the development of
multifunctional drug delivery systems that can
combine multiple therapeutic agents within a single
formulation. For example, nanoparticles can
simultaneously deliver anti-inflammatory agents,
antimicrobial drugs, and antioxidants, providing a
more holistic treatment approach to acne 2. Some
nanocarriers are also designed to respond to
physiological stimuli, such as pH or enzymatic
activity, ensuring that the drug is released only at
the desired location and time .

Improved Stability and Reduced Side Effects:
Active ingredients in traditional acne treatments,
such as benzoyl peroxide and retinoids, often
degrade upon exposure to light and air, reducing
their effectiveness. Nanoparticle encapsulation
protects these compounds from environmental
degradation, prolonging their shelf life and
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enhancing their stability >*. Additionally, by
improving drug localization and reducing systemic
absorption, nanoparticle-based formulations lower
the risk of adverse effects such as irritation,
dryness, and photosensitivity >°.

In conclusion, the application of nanotechnology in
acne treatment represents a major advancement in
dermatology, offering safer, more effective, and
patient-friendly  alternatives to  conventional
therapies. As research continues, the development
of novel nanocarriers and hybrid delivery systems
may further revolutionize acne management,
leading to better clinical outcomes and enhanced
patient satisfaction *°.

Nanoemulgels: A Novel Drug Delivery System:
Acne vulgaris is a common dermatological disorder
that affects millions worldwide, requiring
prolonged treatment to manage Ssymptoms
effectively. Traditional topical formulations, such
as creams and ointments, often have limitations,
including poor solubility, low penetration
efficiency, and stability issues °’. To overcome
these challenges, nanoemulgels have emerged as a
promising drug delivery system, combining the
advantages of nanoemulsions and hydrogels. These
formulations enhance drug penetration, stability,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

and patient compliance, making them highly
suitable for acne treatment .

Definition and Composition of Nanoemulgels:
Nanoemulgels are biphasic systems that integrate
nanoemulsions thermodynamically stable
dispersions of oil and water stabilized by
surfactants into a gel matrix to improve viscosity
and ease of application >°. The nanoemulsion
component consists of nanosized oil droplets (20—
200 nm) that encapsulate lipophilic drugs,
improving their solubility and bioavailability. This
feature makes nanoemulgels especially beneficial
for poorly water-soluble drugs used in acne
(tigeatment, such as retinoids and antibacterial agents

The gel matrix, composed of hydrophilic polymers
such as carbomers or cellulose derivatives,
provides structural integrity and enhances the
formulation’s ease of application. This combination
enables nanoemulgels to offer controlled drug
release while maintaining prolonged skin contact,
leading to increased therapeutic efficacy
Additionally, the incorporation of penetration
enhancers, such as ethanol or propylene glycol,
further facilitates drug permeation into deeper skin
layers 2.

TABLE 4: MECHANISM OF ACTION AND SKIN PENETRATION ENHANCEMENT OF NANOEMULGELS

Mechanism Description Benefits References
Nanometric Droplet Small oil droplets allow closer contact ~ Improves therapeutic outcomes in Pathan & Setty,
Size with the skin, promoting deeper drug acne treatment. 2009; Shakeel et al.,
diffusion. Increased surface area 2020.

enhances bioavailability.
Surfactants disrupt lipid structures in
the stratum corneum, enhancing drug
permeability.
Hydrogel retains moisture, softening
the skin and improving permeability.

Surfactant-Mediated
Permeation
Enhancement
Hydration Effect of
the Gel Matrix

Sustained and
Targeted Drug
Release

Gradual release of active ingredients
reduces the frequency of application
and irritation.

Facilitates targeted delivery to
sebaceous glands where acne
lesions originate.
Enhances drug absorption while
counteracting the drying effects of
conventional acne treatments.
Improves therapeutic efficacy
while minimizing systemic side
effects.

Algahtani et al.,
2020; Date et al.,
2021.
Azeem et al., 2019;
Singh et al., 2020.

Khurana et al., 2013;
Jaiswal et al., 2018.

TABLE 5: ADVANTAGES OF NANOEMULGELS OVER CONVENTIONAL TOPICAL FORMULATIONS

Advantage Nanoemulgels Conventional Topical Formulations References
Improved Drug Nano-sized oil droplets enhance Many active ingredients, such as Shakeel et al., 2020;
Solubility and solubility and protect drugs from retinoids, degrade quickly due to Moghassemi &

Stability oxidation and degradation, oxidation and light exposure. Hadjizadeh, 2018.

extending shelf life.
Nano-sized particles and surfactants
increase absorption into sebaceous
glands, improving bioavailability.
Hydrogel matrix enables prolonged
retention and gradual release of

Enhanced Skin
Penetration

Controlled and
Sustained Drug

Limited penetration, as larger particles

Jaiswal et al., 2018;
Pathan & Setty,
20009.
Khurana et al., 2013.

struggle to reach deeper skin layers.

Rapid drug release often leads to

shorter-lasting effects and the need for
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Release active ingredients, reducing
reapplication frequency.
Lightweight, non-greasy texture
enhances comfort and adherence to
treatment.

Controlled drug release minimizes
systemic absorption, lowering
irritation and dryness.
Offers an innovative approach for
optimizing acne management with
long-term efficacy and safety.

Increased Patient
Compliance

Reduced Side
Effects

Potential for Large-
Scale Applications

Requires further optimization to match

frequent application.

Shakeel et al., 2019;
Gupta et al., 2019.

Oily, greasy formulations may feel
heavy and lead to non-compliance.

Azeem et al., 2019;
Singh et al., 2020.

Conventional treatments, especially
retinoids, often cause irritation,
dryness, and peeling.
Kumar et al., 2022.
the efficiency and tolerability of
nanoemulgels.

Application of Nanoemulgel in Acne Therapy:
Acne wvulgaris, a chronic inflammatory skin
disorder, presents a therapeutic challenge due to the
poor penetration of conventional topical drugs,
frequent recurrence, and patient non-compliance.
The development of nanoemulgels has gained
significant attention in dermatological research as
they offer enhanced solubility, bioavailability,
sustained release, and targeted drug delivery. These
properties make nanoemulgels an innovative
alternative to traditional acne therapies, promising
better clinical outcomes with fewer side effects ®.

Improved Drug Solubility and Bioavailability:
One of the biggest limitations of conventional acne
treatments is the poor solubility and low
bioavailability of key therapeutic agents such as
retinoids, antibiotics, and anti-inflammatory drugs.
Nanoemulgels enhance drug solubility by
incorporating lipophilic drugs into oil droplets
stabilized by surfactants, creating a
thermodynamically stable nanoemulsion that
facilitates better drug dispersion and penetration
into the skin *.

Additionally, the small droplet size (20-200 nm) of
nanoemulsions ensures greater surface area for
absorption, improving permeation through the
stratum corneum. This enhanced penetration leads
to higher localized drug concentrations in the
sebaceous glands, where acne lesions develop,
while minimizing systemic absorption and potential
side effects. Studies have demonstrated that
nanoemulgels significantly increase drug retention
in skin layers, improving therapeutic efficacy
compared to conventional formulations ®.

Sustained and Controlled Drug Release: A major
concern with traditional topical treatments is the
rapid degradation and short half-life of active
ingredients, requiring frequent application to

International Journal of Pharmaceutical Sciences and Research

maintain  therapeutic efficacy. Nanoemulgels
address this issue by providing sustained and
controlled drug release, ensuring steady therapeutic
levels at the target site over a prolonged period ®°.
The hydrogel component of nanoemulgels acts as a
drug reservoir, gradually releasing the encapsulated
drug molecules over time. This controlled release
mechanism reduces the risk of dose dumping (a
sudden high concentration of the drug) and
minimizes irritation "*. Additionally, the occlusive
properties of the gel enhance hydration, softening
the skin and further promoting drug permeation.
Studies show that nanoemulgels prolong drug
retention time in skin tissues, leading to better
g\erapeutic effects and improved patient adherence

Targeted Drug Delivery and Reduced Side
Effects: An essential advantage of nanoemulgels is
their ability to deliver drugs directly to the site of
action, specifically within the sebaceous glands and
hair follicles, where acne lesions form. The
lipophilic nature of nanoemulsions allows them to
easily penetrate the skin and accumulate in these
areas, ensuring higher drug concentration at the
target site while minimizing systemic absorption
and side effects. Surfactants in nanoemulgels help
disrupt the lipid barrier of the skin, facilitating
deeper drug diffusion without compromising skin
integrity. This targeted approach reduces the risk of
systemic side effects, such as antibiotic resistance,
liver toxicity (from oral treatments), or excessive
irritation  associated with topical retinoids.
Furthermore, nanoemulgels provide a non-greasy,
lightweight formulation, making them suitable for
acne-prone skin without clogging pores or
exacerbating breakouts. Overall, nanoemulgels
represent a transformative approach in acne
treatment, offering improved solubility, sustained
release, targeted drug delivery, and reduced adverse
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effects, making them a promising alternative to
conventional therapies .

Sociological  Implications of Acne and
Treatment Compliance: Acne vulgaris is not just
a dermatological concern but a condition that
profoundly affects psychological well-being, social
interactions, and overall quality of life. Individuals
with acne often experience low self-esteem,

anxiety, and depression, leading to social
withdrawal and diminished self-confidence.
Moreover, misconceptions surrounding acne,

including its association with poor hygiene or
unhealthy lifestyle choices, contribute to stigma
and emotional distress .

Psychological and Emotional Impact of Acne:
Acne is strongly linked to negative psychological
outcomes, including depression, social anxiety, and
body image dissatisfaction. Research indicates that
adolescents with acne are more likely to report
lower self-esteem and heightened emotional
distress compared to their peers without acne. This
distress often leads to social withdrawal, avoidance
behaviours, and in severe cases, suicidal ideation .
A study by found that acne negatively affects
academic performance, workplace confidence, and
romantic relationships, as individuals feel self-
conscious about their appearance in social
situations. The long-term impact of untreated acne
on mental health and social development highlights
the need for effective treatment strategies that
address both dermatological and psychological
aspects ‘%,

Social Stigma and  Quality of Life
Considerations:  The  widespread  societal
perception of acne as a cosmetic flaw rather than a
medical condition contributes to significant stigma.
Many individuals with acne report being judged as
unattractive, unclean, or unhealthy, which affects
their  social interactions and professional
opportunities 2. A study found that adolescents
with severe acne often face bullying and social
exclusion, leading to increased anxiety and
diminished quality of life. Additionally, the rise of
social media and beauty standards has intensified
acne-related stigma, with many young people
feeling pressured to achieve flawless skin through
excessive skincare routines or digital editing .
Cultural differences also play a role in how acne is
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perceived and treated. In some societies, acne is
seen as a normal part of adolescence, while in
others, it is considered a sign of poor self-care or
health neglect ™. Addressing these misconceptions
through public awareness campaigns can help
reduce stigma and encourage individuals to seek
appropriate dermatological care ™.

Challenges in Patient Adherence to Acne
Therapies: Despite advancements in acne
treatment, adherence to prescribed therapies

remains a significant challenge. Many patients
discontinue treatment due to slow results, skin
irritation, or fear of side effects, leading to
suboptimal therapeutic outcomes ™.

One of the key factors affecting adherence is
treatment fatigue, as most acne medications require
consistent and prolonged use before visible
improvements occur. Furthermore, misconceptions
about acne treatments, such as the belief that
antibiotics cause long-term resistance or that
retinoids worsen acne before improving it,
contribute to non-compliance and frustration.
Economic factors also influence treatment
adherence, as advanced acne therapies, including
nanotechnology-based formulations, may be costly
or inaccessible in certain regions. To enhance
adherence, healthcare providers must focus on
patient education, simplify treatment regimens, and
offer psychological support to those struggling with
acne-related emotional distress .

Future Perspectives in Nanoparticle-Based
Approaches for Acne: Nanotechnology has
significantly influenced the field of dermatology,
particularly in acne treatment, by providing
targeted, efficient, and safer drug delivery systems.
The introduction of nanoparticles, lipid-based
carriers, and nanoemulgels has addressed
limitations associated with traditional treatments,
such as poor drug penetration, systemic side
effects, and patient non-compliance. As research
progresses, the field is seeing a shift toward
personalized nanomedicine, where therapies can be
tailored based on the severity of acne and
individual skin types .

Emerging Trends in Nanotechnology for Acne
Treatment: A  major advancement in
nanotechnology-driven acne treatment is the use of
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multifunctional nanoparticles, which not only
deliver active drugs but also possess anti-
inflammatory, antimicrobial, and sebostatic effects.
For instance, silver and zinc oxide nanoparticles
have been widely explored for their strong
antibacterial activity against Cutibacterium acnes, a
key pathogen in acne development, while also
reducing excessive sebum production.
Additionally, lipid-based nanocarriers such as solid
lipid nanoparticles (SLNs) and nanostructured lipid
carriers (NLCs) are gaining traction due to their
enhanced drug permeability, reduced irritation, and
improved drug stability.

These carriers help transport hydrophobic acne
medications, such as retinoids and benzoyl
peroxide, across the skin barrier, ensuring
prolonged drug release and enhanced efficacy.
Moreover, stimuli-responsive nanoparticles, which
release acne medications in response to pH
changes, temperature fluctuations, or enzymatic
activity, represent a breakthrough in controlled
drug delivery (Zaheer et al., 2023). These smart
nanocarriers ensure that the drug is activated only
in inflamed or acne-affected regions, thereby
minimizin% side effects and increasing therapeutic
precision .

Safety and Regulatory Considerations of
Nanocarriers: While nanoparticle-based
treatments offer numerous advantages, safety
remains a critical concern for regulatory approval.
Some metallic and polymeric nanoparticles have
been reported to induce oxidative stress,
cytotoxicity, and immunogenic reactions, raising
concerns about their long-term dermatological
effects.

For instance, titanium dioxide and silver
nanoparticles, despite their antimicrobial benefits,
have shown potential DNA damage and
inflammatory responses in certain  studies.
Regulatory bodies such as the U.S. Food and Drug
Administration (FDA) and the European Medicines
Agency (EMA) have set stringent guidelines for the
evaluation of nanocarriers' toxicity, stability, and
skin compatibility before approving them for
clinical use (Kumari et al., 2019). Recent research
is focusing on optimizing biocompatible
nanocarriers, such as liposomal and polymeric
nanoparticles, by incorporating bio-inspired
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coatings (e.g., hyaluronic acid, phospholipids) to
enhance safety and minimize adverse effects.
Moreover, nanotoxicology research is playing a
key role in establishing standardized safety
guidelines, ensuring that nanotechnology-based

acne treatments are safe for long-term
dermatological application .
Potential for Clinical Translation and

Commercialization: Despite promising preclinical
and clinical studies, the large-scale
commercialization of nanotechnology-based acne
treatments faces several challenges. Manufacturing
scalability remains a major issue, as the precise
control over nanoparticle size, stability, and
reproducibility is essential for batch-to-batch
consistency  in  pharmaceutical ~ production.
Additionally, the high cost of nanomedicine
research and formulation development could limit
gtls accessibility, especially in developing countries

However,  pharmaceutical ~ companies  and
dermatological brands are increasingly investing in
nanoemulgels, lipid nanoparticles, and polymeric
micelles, indicating a strong potential for
commercial succes. For example, some FDA-
approved lipid-based nanoparticle formulations for
dermatological applications have demonstrated
enhanced bioavailability and patient compliance,
reinforcing the feasibility of widespread adoption
with ongoing clinical trials and regulatory
advancements, nanoparticle-based therapies are
expected to become mainstream in dermatology
over the next decade, offering more efficient and
patient-friendly solutions for acne treatment 3.

CONCLUSION: Acne wvulgaris remains a
widespread dermatological disorder with both
physical and  psychological  implications.

Traditional treatments such as topical retinoids,
antibiotics, and systemic therapies often show
limited efficacy due to issues like drug resistance,
poor skin penetration, and side effects. Over recent
years, nanoemulgels have emerged as an innovative
drug delivery system, offering enhanced
therapeutic benefits, including improved
bioavailability, targeted delivery, and controlled
drug release. The integration of nanotechnology
into dermatology presents promising prospects for
revolutionizing acne therapy.
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TABLE 6: SUMMARY OF KEY FINDINGS

Aspect Key Findings References
Acne Pathophysiology Acne involves multiple factors, including sebum overproduction, Batool et al.,
Cutibacterium acnes proliferation, follicular hyperkeratinization, and 2021
inflammation.
Limitations of Traditional treatments can cause antibiotic resistance, irritation, and Prow et al., 2017
Conventional Therapies inadequate penetration to target sites.
Advantages of Enhanced skin penetration, localized drug delivery, reduced systemic Benson et al.,
Nanoemulgels absorption, and prolonged drug stability improve treatment outcomes. 2020
Clinical Efficacy Studies highlight superior solubility, sustained drug release, and better Beloqui et al.,
patient adherence compared to conventional treatments. 2017

TABLE 7: CHALLENGES AND FUTURE RESEARCH DIRECTIONS

Challenge Description References
Nanoparticle Toxicity Metallic/polymeric nanocarriers may cause oxidative stress and long- Patra et al., 2018
term skin effects.
Regulatory Approval Lack of standardized safety assessments slows down clinical adoption. Mukherjee et al., 2020
Manufacturing Issues Large-scale production requires precise formulation techniques for batch Mishra et al., 2021
consistency.
Clinical Translation Many nano-based therapies remain in research stages, with limited Kumari et al., 2019
clinical trials.
Future Research Focus on biocompatible carriers (lipid-based, chitosan-modified, hybrid Fratoddi et al., 2020

nanogels) to improve safety and efficacy.
Personalized Medicine Al and machine learning could optimize treatments based on individual ~ Sivasankar et al., 2021;

skin types. Garg et al., 2023
TABLE 8: THE FUTURE OF NANOEMULGEL-BASED ACNE THERAPIES
Future Development Expected Benefits References
Pharmaceutical Investment Growing interest in nanomedicine for dermatological Sharma et al., 2020
applications.
Multifunctional Bioactives Integration of antioxidants, herbal extracts, and anti- Lohani et al., 2020
inflammatory agents to enhance efficacy.
Stimuli-Responsive Nanoparticles ~ Smart drug release based on skin pH and inflammation levels Zaheer et al., 2023
for personalized treatment.
Regulatory Adaptation Development of frameworks to ensure safe and effective nano- Mukherjee et al.,
based acne treatments. 2020
Market Availability Nanoemulgels could replace conventional acne treatments, Beloqui et al., 2017

improving patient outcomes.
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