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Abstract---Acne vulgaris is a skin condition characterized by an
obstruction or inflammation of the oil glands, present on skin's
surface, which are collectively termed as pilosebaceous units. The
skin on face, back, and upper chest have a greater number
of sebaceous follicles. Topical, systemic, or combination therapy can
be used to treat acne, while mild and moderate acne are generally
treated with topical therapy. Topical acne therapy has direct access to
the target site (skin) prior to reaching the blood stream,
thereby reducing the systemic adverse effects of delivery of drug via
parenteral or oral routes. Oral antibiotics, on the other hand, are a
crucial treatment for acne which have not improved with topical
treatment and for inflammatory lesions, such as pustules, nodules,
and papules. Due to their capability to improve dermal therapeutics
by boosting therapeutic efficacy and lowering adverse effects,
nanodelivery technologies, developed to address skin delivery
difficulties, have been extensively investigated. The goal of this study
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is to go through the many types of pharmacological dosage forms that
are available for the treatment of acne.

Keywords---acne, treatment, dosage forms, topical treatment,
systemic therapy.

Introduction

Acne vulgaris seems to be one ofthe most prevalent skin conditions,
characterized by comedones or severe inflammatory lesions on skin areas having
a significant number of sebaceous glands or follicles, such as the face, back, and
chest and the disease's severity is linked to an increased level of sebum secretion
(Vyas et al., 2014). It is a skin disorder involving pilosebaceous units, which
comprises the hair follicle, sebaceous gland, and the erector pili muscle (Singh et
al., 2019). The interaction of the following four events is assumed to be the
pathophysiology of acne.

e The first irregularity is elevated sebum secretion because of hyperplasia of
sebaceous glands.

e Follicular hyperkeratinization inhibits the follicular keratinocytes from
shedding properly, clogging the follicle and forming an imperceptible
microcomedo. Inside the clogged follicle, lipids and cell debris quickly build.

e This milieu supports Propionibacterium acnes proliferation, which triggers
an immunological response by producing a slew of inflammatory mediators
(Figure 1).

e Follicular burst and consequent release of lipids, bacteria, and cell
debris into the dermal layer exacerbate inflammation (Tan et al., 2017).
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Figure 1: Pathophysiology of Acne
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Treatment of acne

A range of topical and oral (systemic)drugs are used to treat acne
pharmacologically. In patients having mild-to-moderate acne with comedones and
papules/pustules, topical therapy, including benzoyl peroxide, topical antibiotics,
and topical retinoids, are usually utilized as the first-line therapy (Benner et al.,
2013). For moderate-to-severe acne, oral therapy such as oral antibiotics and
hormone therapy can be utilized as first-line therapy in conjunction with a topical
agent (Figure 2) (Baldwin H, 2020).
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Figure 2: Treatment for acne based on the severity
Dosage forms for acne treatment

As a result, there is no straightforward therapeutic formulation, and treatment
options differ depending on the level and severity of the condition. Acne can be
classed as mild, moderate, or severe based on its progression (Dréno et al., 2013).
The different dosage forms available for the treatment of acne are tabulated in
Table 1.

Table 1: Different dosage forms used in acne treatment

Dosage form Drugs Features References
Topical dosage | Retinoids:  adapalene, | = Can be used | Fox et al.,
form isotretinoin, externally on affected | 2016;
motretinide, retinoyl-B- | area; however, long- | Simonart T,
glucuronide, term wusage is not | 2012
tazarotene, tretinoin advised.
Antibiotics:
clindamycin,
erythromycin
Diverse: azelaic acid,
benzoyl peroxide,
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chemical peels,
corticosteroids,
dapsone, hydrogen
peroxide, niacinamide,
salicylic acid,
Oral dosage | Retinoids: isotretinoin " A significant | Ogé et al.,
form Antibiotics: degree of patient | 2019; Farrah
azithromycin, compliance et al., 2016
clindamycin, co- | = Have side
trimoxazole, effects
doxycycline, " The drug
erythromycin, must be consumed in
levofloxacin, huge quantities.
lymecycline,
minocycline,
roxithromycin
Hormonal:
contraceptives
Diverse: clofazimine,
corticosteroids,
ibuprofen, zinc sulfate
Particle-based | Liposomes, solid lipid | = Efficacious Paiva-Santos
formulations nanoparticles, than topical dosage | et al., 2021;
microemulsions, forms Chakraborty
nanostructured lipid | = Prolonged et al., 2022
carriers drug release
Light-based S-aminolevulinic acid | = Less adverse | Pei et al,
therapy (5-ALA) effects 2015; Momen
Endogenous porphyrins | = Not a first- | et al., 2015
line therapy

Topical dosage form

Topical treatment is the most effective option for mild to severe acne. Topical
treatment could also be employed as a supplement to systemic treatment in
severe cases of acne. Retinoids, antibiotics, and herbal agents are examples of
topical treatments that are available in the form of creams, gels, lotions , and
ointments (Stuart et al., 2021) (Table 2). Topical therapies are only effective at the
site of application, and a few of them induce skin irritation, which can be reduced
by using smaller dose formulations (Otlewska et al., 2020). Numerous topical
formulations are currently available, and the dermatologist recommends them
based on the type of acne lesions found after clinical assessment. Patients
generally receive a topical retinoid as the first-line treatment, considering the
pivotal role of the microcomedo in the initial stages of non-inflammatory and
inflammatory acne (Layton AM, 2006).

Retinoids such as adapalene, retinoic acid, isotretinoin, and tretinoin are often
used alone or in combination with other topical antibiotics (Hsu et al., 2011). The
most commonly used comedolytic drug is retinoic acid, which is available in 0.025
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percent, 0.05 percent, 0.1 percent cream, and gel concentrations. Clindamycin
1% to 2% topical gel and lotion, nadifloxacin 1% gel and lotion, and azithromycin
1% gel and lotion are all available (Table 2) (Sandoval et al., 2014). Topical
benzoyl peroxide in conjunction with adapalene forms a comedolytic and
antibacterial formulation (Feneran et al., 2011). It's employed in gel bases in
concentrations of 2.5%, 4%, and 5%. Azelaic acid is another antibacterial and
comedolytic gel that is available in a 15% or 20% concentration, which is also
prescribed to treat acne scars. In seborrhoea, comedonal acne, and also post-
inflammatory hyperpigmentation, beta hydroxy acids such as salicylic acid are
used in the form of 2% gel or a chemical peel of 10% - 20% (Sutaria et al., 2022).

Table 2: Types of topical anti-acne formulations

Category Drug Formulation Reference

Topical Retinoids Adapalene 0.1 % gel Kolli et al., 2019; Yeh et
0.1 % Cream | al., 2016; Leyden et al.,
0.1 % | 2017; Feldman et al.,
pledget 2004

0.1%
solution
Tretinoin 0.025%
cream
0.05% cream
0.01% gel
0.1% cream
0.025% gel
0.05%
solution
Tazarotene 0.05% gel
0.1% gel
0.05% cream
0.1% cream

Topical antibiotics | Clindamycin 1% gel Kosmadaki et al., 2017;
1% Lotion Del Rosso JQ, 2016

1% Swab
1% Solution
Erythromycin 2% Gel

2% Solution

Miscellaneous Azelaic acid 20% cream
Benzoyl peroxide 2.5% gel
5% gel
10% gel
2.5% wash
5% wash
10% wash
Sulfur 5% lotion
10% lotion
Sulfacetamide 10% lotion
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Because of its various favorable functions in reducing sebum accumulation, lipid
peroxidation, and oxygen radicals, inhibiting Cutibacterium acnes growth, and
controlling inflammatory response, CleodermTM Clarifying Cream could be a
significant method for formulating customized acne therapies (Palonini et al.,
2021). Clascoterone 1% cream formulation has been proven to be a safer and
more efficacious therapy alternative for acne vulgaris even in children over the age
of 12. (Kalabalik-Hoganson et al., 2021, Hebert et al., 2020). NM itric oxide (NO)-
producing gel has been found to be effective in treating acne vulgaris. There was a
reduction in comedones and pustulae formation (Settelmeier et al., 2021).
According to a study, latest preparations of tretinoin 0.05 percent lotion (Harper
et al., 2020) and tazarotene 0.045 percent lotion (Tanghetti et al., 2020) show an
extremely favorable pharmacological and toxicological profile in treating
moderate-to-severe acne, with fewer side effects than those reported with earlier
formulations.

Oral (systemic) dosage form

For moderate to severe acne, oral treatment is used. Isotretinoin, oral antibiotics
such as doxycycline, tetracycline, erythromycin, etc., and hormone treatment are
all utilized for systemic applications. In severe cases, a combination of more than
one topical or oral drug is a standard option, as this strategy can address many
pathogenic causes. For acne treatment, combination therapy has been
demonstrated to be more effective than monotherapy (Najafi-Taher et al., 2017)

Tetracycline, doxycycline, and minocycline are commonly used oral antibiotics for
the treatment of acne (Table 3). Among them, tetracycline has been used for the
longest period. Minocycline is the primary anti-acne agent because it has higher
lipophilicity and has better oral absorption and antibacterial activity against P.
acnes than other oral antibiotics (Hsieh et al., 2011). The European Directive
standardized isotretinoin systemic prescriptions across Europe. It should be
emphasized, though, that systemic retinoids such as isotretinoin are not
recommended during pregnancy or breastfeeding (Rigopoulos et al., 2010).

Table 3: Oral antibiotics available for acne treatment

Drug Features References
Doxycyclin e Acceptable for use in patients with renal | Kraft et al.,
failure 2011; Purdy

e Not recommended for pregnant women or | etal., 2011)
children below 9 years
e Side effects include gastrointestinal upset;

phototoxicity

Erythromycin | e Safe in pregnant women and children Chien et al.,
. Few adverse effects 2016
. Patients may acquire resistance

Minocyclin e Not recommended for pregnant women or | Ochsendorf F,
children below 9 years 2010

e Side effects include dizziness, pigment
changes, hepatitis, lupus-like reactions
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Tetracyclin e Chelated by antacids and milk; to be taken | Graber EM,

on an empty stomach 2021;
e Not recommended for pregnant women or | Armstrong et
children below 9 years al., 2020

e Inexpensive

Microbiological profile of oral sarecycline, a tetracycline-class antibiotic, against
clinical specimens of C. acnes was described by Zhanel et al., and the data
confirm sarecycline as useful in acne therapy (Zhanel et al., 2019). R esearch
found that combining probiotics, lactic acid bacteria (LAB) and curcuma longa
extract (CLE) showed synergistic antibacterial activities against C. acnes,
indicating that these formulations might be used to cure or relieve acne vulgaris
(Kim et al., 2020). Oral zinc gluconate has also shown promising outcomes in the
treatment of acne (Searle et al., 2022).

When compared to the oral administration of a drug, its topical use has far fewer
side effects. When adopting a topical dosage of retinoids, for instance, the primary
risk includes tolerability and skin irritation. Furthermore, topical antibiotics pose
no significant risk (Krautheim et al., 2003). Whereas oral retinoids (isotretinoin)
are known to cause a variety of adverse effects, including angular cheilitis,
chapped lips, nasal bleeds, systemic infections, transient exacerbation of lesions,
photosensitivity, and elevated serum levels of lipids (De Graaf et al., 2004). The
development of resistance to antibiotics is an issue when antibiotics are used
systemically. Topical anti-acne therapies, on the other hand, are relatively less
efficient due to limited permeation across the skin. To address this issue, patients
must take the drug for an extended period, which reduces treatment adherence.
Furthermore, this might raise the possibility of bacterial resistance (Gupta et al.,
2020). Such issues highlight the importance of creating new topical formulations
that are more effective.

Light-based therapies

Acne may be treated using a variety of light-based techniques in addition to
topical and oral drugs. These therapies are typically only useful in conjunction
with drugs since they are unlikely to be as efficient as the drug. Under the care of
a physician, the skin is exposed to (typically blue) light in light therapy. According
to research, this can help with acne in the immediate term. However, because the
studies had significant problems, the results are extremely untrustworthy. Under
the care of a physician, the skin is irradiated using (typically blue) light in light
therapy. According to studies, this can help with acne in the short term. However,
because the studies had significant problems, the results are extremely
untrustworthy. Light therapy may cause skin burning as an adverse reaction. The
skin is irradiated by ultraviolet (UV) light in UV phototherapy. However, because
of the dangers to the skin, this is not suggested for acne therapy (InformedHealth,
2013).

Greater efficiency, low irritation, speedy recovery, and outstanding aesthetic and
therapeutic benefits have all been demonstrated with intense pulsed light (IPL).
IPL was found to be safe and effective procedure for severe truncal acne (chest
and back) in a research, with great cosmetic and therapeutic effects in 85% of
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patients (Piccolo et al., 2022). For the treatment of acne, IPL devices have been
conjungated with traditional topical and systemic treatments. Patients who are
unable to receive oral acne therapy may benefit from IPL therapy with a dual-
band filter (In Ryu et al., 2022). A research examined the performance of red light
(RL) and blue light (BL) treatments in mild-to-moderate acne vulgaris, and showed
each has significant efficiency. However, when compared to BL, RL had the
benefit of having less adverse responses (Li et al., 2022). According to research,
laser therapies can help with inflammatory acne in the short run. However,
because there is a scarcity of high-quality studies on the long-term impacts of
this strategy, it's unclear how successful it is.

Particle-based dosage forms

Liposomes, niosomes, microemulsions, lipid nanoparticles, and other innovative
delivery methods are being developed for topical application in the treatment of
acne. Increased solubility, absorption, and pharmacokinetics of poorly soluble

drugs like isotretinoin have been achieved using a variety of modern technologies.
The lipid-based and micronized formulation are two elements that have been used

to increase isotretinoin bioavailability (Figure 3).
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Figure 3: Novel formulations for isotretinoin

Table 4: Mechanism of novel drug formulations in acne treatment

Novel drug Nanoformulation Drug Mechanism References
delivery system

Lipid-based Nanoemulsions Isotretinoin Improved efficacy | Miastkowska

systems et al.,, 2016
Dapsone Improved skin Borges et al.,

permeation 2013
Clindamycin | Improved stability, | Sunilendu et
phosphate + permeability, and al., 2013
Adapalene efficacy
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Solid Lipid Tretinoin Enhanced Shah et al.,
Nanoparticles permeation and 2007
(SLNs) reduced side
effects
Isotretinoin Improved Layegh et al.,
bioavailability and 2014
reduced side
effects
Triclosan Higher retention Dominguez-
and permeation delgado et
al.,, 2011
Nanostructured Azelaic acid Higher retention Kumari et al.,
Lipid Carriers and lower side 2015
(NLCs) effects
Adapalene + Improved Jain et al.,
Vitamin C therapeutic efficacy 2014
and safety profile
Isotretinoin Reduced photolytic | Patwekar et
degradation al., 2017
Vesicular Liposomal Benzoyl enhanced the | Fluhr et al.,
systems formulation peroxide bactericidal 1999
efficacy and
patient compliance
Clindamycin Sustained release | Skalko et al.,
and improved | 1992;
efficacy Honzak et
al., 2000
Isotretinoin Reduced acne | Kaur et al.,,
lesions increased | 2010
efficacy and lesser
side effects
Lauric acid Enhanced the | Yang et al.,
bactericidal 2009
efficacy against P.
acne.
Salicylic acid Increased Bhalerao et
deposition al., 2003
Tretinoin Increased stability | Rahman et
and drug retention | al., 2016
Niosomal Benzoyl Minimized adverse | Vyas et al.,
formulation peroxide effects and | 2011
enhanced efficacy
Erythromycin | Sustained release | Shilakari et
and lesser adverse | al., 2013
effects
Tretinoin Enhanced stability | Varun et al.,

and minimized side
effects

2012;
Qureshi et
al., 2011
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Nanoemulsions

Sunilendu et al. described a new nanoemulsion using clindamycin phosphate and
adapalene as the active ingredients. The formulation had high therapeutic
effectiveness as well as increased permeability (Sunilendu et al., 2013). A
randomized clinical trial using the topical gel of this nanoemulsion revealed
higher tolerability and effectiveness than the standard formulation. In another
experiment, isopropyl myristate was used to make a nanoemulsion that
demonstrated higher in-vitro epidermal absorption of dapsone, whereas n-methyl-
pyrrolidone gave better solubility and improved drug release rate. When compared
to clindamycin, nanoemulsions of lemongrass oil and oleic acid demonstrated
enhanced zone inhibition characteristics against P. acnes.
Clindamycin nanoemulsion demonstrated good physicochemical qualities as an
anti-acne carrier in another investigation. The release kinetics of isotretinoin
nanoemulsions were examined by Miastkowska et al. (Miastkowska et al., 2016).

Liposomes

In 1988, scientists accomplished the commercialization of liposomal gel for topical
econazole administration after years of hard work. When it was discovered that
liposomes can be used to target pilosebaceous units, the prospects of liposomes
for effective acne therapy became clear. Ever since, there's been ongoing attempts
to utilize liposomal encapsulation to provide topical antiacne drugs (Date et al.,
2006).

Niosomes

Niosomes are vesicular nanosystems made up of cholesterol with non-ionic
surfactants. Cholesterol is primarily employed to make the bilayer more stable.
Niosomes are incredibly stable and also have the capacity to shield the enclosed
drug from the environment, making them ideal for encapsulating unstable and
delicate pharmaceuticals. Furthermore, they enable targeted drug delivery,
resulting in a more effective therapeutic impact on the skin (Amer et al., 2019).

Lipid-nanoparticles (SLN and NLC)

Solid lipid nanoparticles (SLNs) are nano-sized colloidal systems varying in size
between 50 and 1000 nm that are made up of lipids distributed in
an aqueous surfactant solution to provide physical stability. SLNs have
better tolerance since they use physiologically appropriate lipids. These carriers
also have the following benefits: preservation of labile substances against
chemical breakdowns, such as retinol and tocopherol. Furthermore, SLNs have
the potential to bounce and disperse UV rays, acting as physical sunscreens and
allowing photosensitive antiacne agents to be better protected. Cyproterone
acetate, isotretinoin, retinoic acid, sphingosomes, tretinoin, and triclosan have all
been studied as possible carriers in SLNs. Combination acne treatment has also
been researched wusing lipid nanocarriers. The integration of tretinoin and
tetracycline into nanostructured lipid carriers (NLCs) ranging in size from 200 nm
produced considerably enhanced antibacterial activity against Staphylococcus
aureus (Patel et al., 2020).
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Miscellaneous Particle-based anti-acne formulations

Owing to the antibacterial and antioxidant properties of fullerene, it is a
promising nanomaterial that might be a prospective option for treating acne.
Chitosan-modified glycine-fullerene conjugate nanoparticles (Chi-Gly-Ful NPs) gel
has been created to be used as a topical acne therapy (Ghabdian et al., 2021).
According to an investigation, a solid lipid nanoparticle gel loaded with
isotretinoin and a-tocopherol acetate can treat acne without causing skin
irritation (Gupta et al., 2020). Tretinoin-loaded nanofibers have been proven as a
possible anti-acne patch by Khoshbakht et al (Khoshbakht et al., 2020). Clinical
studies revealed that nicotinamide-loaded chitosan nanoparticles can bring about
73 percent decrease in inflammatory acne lesions (Abd-Allah et al., 2020).

Conclusion

Although there has been great progress in the treatment of acne, the appropriate
treatment method should provide a better possibility for rapid improvement with
minimal side effects. Numerous topical and systemic drugs have previously
demonstrated their efficacy against acne; yet, the condition's prevalence and
resistant nature necessitate the development of novel dosage forms. While there
has been substantial progress in treating acne, not all of it has been positive. An
ideal formulation should be successful in that it is stable and enhances the
uptake/permeation of active ingredients at their concentrations of efficacy; it
should also be palatable and cost-efficient and should have no/negligible negative
effects. Nanoformulations or the creation of nanotherapeutics with light-induced
bactericidal and immunomodulatory properties might open up new avenues for
the potential treatment of acne vulgaris.
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