e-ISSN: 0975-1556, p-ISSN:2820-2643
Available online on www.ijpcr.com
International Journal of Pharmaceutical and Clinical Research 2025; 17(1); 1122-1125

Review Article
Herbal Nano-Emulsion for the treatment of Acne Vulgaris A Review

Prerna Jaiswal', Ruchi Khare Shrivastava?, Aakash Singh Panwar?

L23Institute of Pharmaceutical Sciences, SAGE University Indore Kailod Kartal Bypass Road Indore
(M.P.)

Received: 18-12-2024 / Revised: 03-01-2025 / Accepted: 17-01-2025
Corresponding Author: Aakash Singh Panwar
Conflict of interest: Nil

Abstract:

Acne vulgaris is a widespread dermatological condition characterized by the presence of comedones, papules,
pustules, and cysts, affecting a substantial portion of the global population, particularly adolescents and young
adults. The pathogenesis of acne involves a multifactorial process, including hyperseborrhea, follicular hyper
keratinization, microbial colonization, and inflammation. Conventional treatments, such as antibiotics, retinoids,
and hormonal therapies, are often associated with adverse effects, including skin irritation, dryness, and antibiotic
resistance. Consequently, there is a growing interest in exploring alternative therapeutic approaches that offer
efficacy with minimal side effects.

Herbal medicines have been traditionally used for centuries to treat various skin conditions, including acne. The
natural compounds in herbs exhibit a broad spectrum of biological activities, such as anti-inflammatory,
antimicrobial, antioxidant, and sebum-regulating properties. However, the clinical application of herbal extracts
is often limited by their poor solubility, stability, and bioavailability. Recent advances in nanotechnology have
introduced nanoemulsions as a promising delivery system for herbal medicines, addressing these limitations and
enhancing their therapeutic potential.

Nanoemulsions are colloidal dispersions of oil and water stabilized by surfactants, with droplet sizes typically
ranging from 20 to 200 nm. The unique physicochemical properties of nanoemulsions, such as increased surface
area, kinetic stability, and enhanced solubility, make them ideal carriers for delivering lipophilic and hydrophilic
herbal compounds. This review aims to comprehensively explore the formulation, characterization, and
therapeutic efficacy of herbal nanoemulsions in the treatment of acne vulgaris.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

Acne vulgaris, commonly referred to as acne, is one
of the most prevalent dermatological conditions,
affecting millions of people worldwide. It is
particularly common during adolescence, but it can
persist into adulthood, significantly impacting the
quality of life due to its physical and psychological
effects. The pathogenesis of acne involves a
complex interplay of factors, including increased
sebum production, follicular hyper keratinization,
proliferation of Propionibacterium acnes (recently
reclassified as  Cutibacterium acnes), and
inflammation. Traditional treatment options, such as
antibiotics, retinoids, and hormonal therapies,
although effective, often come with a host of side
effects and limitations, such as skin irritation,
dryness, and the development of antibiotic
resistance.[1,2] These drawbacks necessitate the
exploration of alternative therapeutic approaches
that are both effective and have a lower risk of
adverse effects.

Herbal medicine, with its long-standing history in
traditional and folk medicine, offers a promising
alternative for acne treatment. Various plant extracts
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have been recognized for their potent anti-
inflammatory, antimicrobial, antioxidant, and
sebum-regulating properties. However, the clinical
application of herbal extracts is often hampered by
their poor solubility, stability, and bioavailability.
These limitations can be significantly addressed by
advancements in nanotechnology, particularly
through the formulation of nanoemulsions.
Nanoemulsions, as advanced drug delivery systems,
enhance the solubility, stability, and bioavailability
of herbal compounds, providing a novel and
effective approach for acne treatment.[3]

The Pathogenesis of Acne Vulgaris: Acne vulgaris
is a multifactorial inflammatory disease of the
pilosebaceous unit, which consists of the hair
follicle and its associated sebaceous gland. The
pathogenesis of acne involves a complex interplay
of factors including genetic, hormonal, microbial,
and environmental influences. Here, we delve into
the major factors contributing to the development of
acne:[4]

Sebum Production: Sebum is an oily substance
secreted by the sebaceous glands, primarily
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composed of triglycerides, wax esters, squalene, and
free fatty acids. The production of sebum is
regulated by androgens (male hormones), which are
present in both males and females. During puberty,
increased androgen levels stimulate the sebaceous
glands to produce more sebum. This
hyperseborrhea, or overproduction of sebum, is a
hallmark of acne and provides an ideal environment
for the growth of acne-causing bacteria.[6,5]

Follicular Hyperkeratinization

Follicular hyperkeratinization refers to the excessive
proliferation and shedding of keratinocytes, the
predominant cells in the epidermis, within the hair
follicle. This process leads to the formation of a
keratin plug, or microcomedone, which obstructs the
opening of the hair follicle. Factors contributing to
hyperkeratinization include:

e Androgens: These hormones not only increase
sebum production but also enhance the prolifer-
ation of keratinocytes within the follicle.

e Insulin-like Growth Factor-1 (IGF-1): Elevated
levels of IGF-1, often influenced by diet and ge-
netics, can promote keratinocyte proliferation
and sebum production.

e Cytokines: Pro-inflammatory cytokines like IL-
1 can stimulate keratinocyte proliferation and
contribute to the hyperkeratinization pro-
cess.[7]

Microbial Colonization: The human skin is home
to a diverse microbiome, including bacteria, fungi,
and viruses. Cutibacterium acnes (formerly
Propionibacterium acnes) is a Gram-positive
anaerobic bacterium that plays a crucial role in the
development of acne. C. acnes reside in the
sebaceous glands and contributes to acne through
several mechanisms:

e Lipase Activity: C. acnes produce lipases that
hydrolyze triglycerides in sebum into free fatty
acids. These fatty acids are pro-inflammatory
and can disrupt the skin barrier, promoting in-
flammation.

e Biofilm Formation: The bacteria can form bio-
films, which are aggregates of microorganisms
embedded in a self-produced matrix. Biofilms
protect C. acnes from the immune system and
antibiotic treatments, contributing to chronic in-
flammation and persistence of acne.

e Activation of Toll-like Receptors (TLRs): C.
acnes can activate TLRs on keratinocytes and
sebocytes, particularly TLR2, leading to the
production of pro-inflammatory cytokines such
as IL-1, IL-8, and TNF-a.

Inflammation: Inflammation is a central
component of acne pathogenesis and is both a cause
and consequence of the other pathogenic factors.
The inflammatory process in acne involves:
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e Cytokine Release: Activation of TLRs by C. ac-
nes and other stimuli results in the release of
pro-inflammatory cytokines (IL-1, IL-6, IL-8,
and TNF-a) and chemokines that recruit im-
mune cells to the site of infection.

e Inflammatory Cell Infiltration: Neutrophils,
macrophages, and lymphocytes infiltrate the
follicle, releasing enzymes and reactive oxygen
species (ROS) that contribute to tissue damage
and the formation of inflammatory lesions such
as papules, pustules, and nodules.

e Inflammatory Mediators: Lipid mediators such
as leukotrienes and prostaglandins, produced
from arachidonic acid, further propagate in-
flammation.

Hormonal Influences: Hormonal changes,
particularly increases in androgens, are pivotal in
acne development. Androgens stimulate sebaceous
gland activity and sebum production. Conditions
such as polycystic ovary syndrome (PCOS) that alter
androgen levels can exacerbate acne. Additionally,
hormonal fluctuations during the menstrual cycle
can influence acne severity in females.

Genetic Factors: Genetic predisposition plays a
significant role in acne susceptibility. Family studies
have shown that individuals with a family history of
acne are more likely to develop the condition.
Genetic factors influence sebaceous gland size and
activity, hormone levels, and immune responses to
microbial colonization and inflammation.

Dietary Factors: Emerging evidence suggests that
diet may influence acne. Diets high in glycemic
load, dairy products, and certain fats can increase
IGF-1 levels, which, in turn, stimulate sebum
production and keratinocyte proliferation. Although
the exact relationship between diet and acne is
complex and not fully wunderstood, dietary
modifications can be beneficial for some
individuals.[8,9,10]

Environmental Factors: Environmental factors,
including pollution, humidity, and exposure to
certain chemicals, can exacerbate acne. For
instance:

e Pollution: Particulate matter and other pollu-
tants can occlude pores, increase oxidative
stress, and promote inflammation.

e  Humidity and Sweat: High humidity and exces-
sive sweating can clog pores and create a con-
ducive environment for bacterial growth.

e Cosmetics: Comedogenic cosmetics can block
pores and contribute to the formation of come-
dones.[11]

Stress

Psychological stress has been linked to acne
exacerbation. Stress can influence hormone levels
(e.g., cortisol) and immune function, leading to
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increased sebum production and inflammatory
responses. Stress management techniques and
psychological support can be important adjuncts in
acne treatment.[12]

Immune Response: The immune response to C.
acnes and other stimuli is a critical determinant of
acne severity. An exaggerated immune response can
lead to severe inflammation and tissue damage,
resulting in more significant lesions and scarring.
Understanding individual variations in immune
responses can help tailor treatments to reduce
inflammation and minimize scarring.

Understanding the pathogenesis of acne vulgaris is
essential for developing effective treatments. Acne
is a multifactorial disease involving:[13]

e Increased Sebum Production: Sebum, an oily
substance produced by sebaceous glands, plays
a crucial role in acne development. Androgens,
particularly during puberty, stimulate the seba-
ceous glands to produce more sebum. Excessive
sebum can create an environment conducive to
the growth of C. acnes.[14]

e Follicular Hyperkeratinization: This process
involves the abnormal shedding of keratino-
cytes within the hair follicle, leading to the for-
mation of a keratin plug. The plug obstructs the
sebaceous duct, resulting in the accumulation of
sebum and the formation of comedones (white-
heads and blackheads).

e Microbial Colonization: C. acnes is a Gram-
positive anaerobic bacterium that resides in the
sebaceous glands. It contributes to acne by me-
tabolizing sebum into pro-inflammatory fatty
acids and releasing various pro-inflammatory
mediators.

e Inflammation: The inflammatory response in
acne is mediated by various cytokines and in-
flammatory cells. C. acnes activate toll-like re-
ceptors (TLRs) on keratinocytes and sebocytes,
leading to the production of pro-inflammatory
cytokines such as IL-1, IL-8, and TNF-
a.1[5,16,17]

The interplay of these factors leads to the
characteristic lesions of acne, including comedones,
papules, pustules, and cysts. The chronic nature of
acne and its potential for causing permanent scarring
necessitate effective treatment strategies.[17]

Conclusion

Acne vulgaris is a multifactorial skin disorder that
affects individuals globally, significantly impacting
their physical appearance, psychological well-being,
and quality of life. Conventional therapies, while
effective to some extent, are often associated with
limitations such as side effects, antibiotic resistance,
and inconsistent efficacy, necessitating the
development of safer and more effective
alternatives. Herbal bioactives have emerged as
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promising candidates for acne treatment due to their
natural origin, multi-targeted mechanisms of action,
and reduced risk of adverse effects. Bioactive
compounds such as flavonoids, terpenoids, phenolic
acids, and alkaloids exhibit potent antimicrobial,
anti-inflammatory, antioxidant, and sebum-
regulating properties, addressing the key pathogenic
factors of acne vulgaris. The integration of herbal
bioactives with advanced drug delivery systems,
such as nanoemulsions, has further enhanced their
therapeutic ~ potential. ~ Nanoemulsions  offer
advantages such as improved bioavailability,
enhanced skin penetration, controlled release, and
protection of bioactives, making them an ideal
platform for the delivery of herbal compounds. This
innovative approach ensures targeted action,
minimizes systemic side effects, and improves
patient compliance, thereby overcoming the
challenges associated with conventional acne
treatments. In conclusion, the combination of herbal
medicine and nanoemulsion technology represents a
significant advancement in acne therapy. This
approach holds the potential to provide a safe,
effective, and patient-friendly solution for the
management of acne vulgaris. However, further
research, including rigorous clinical studies, is
essential to validate the efficacy, safety, and long-
term benefits of herbal nanoemulsions. With
continued scientific exploration and optimization,
herbal nanoemulsions may become a mainstream
therapeutic option, offering a natural and innovative
solution for individuals suffering from acne
vulgaris.
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