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Abstract: Acne is a common skin disease that affect over 80% of adolescents. It is 
characterized by inflammation of the hair bulb and the attached sebaceous gland. To date, 
many strategies have been used to treat acne as a function of the disease severity. However, 
common treatments for acne seem to show several side effects, from local irritation to more 
serious collateral effects. The use of topical vesicular carriers able to deliver active com-
pounds is currently considered as an excellent approach in the treatment of different skin 
diseases. Many results in the literature have proven that drug delivery systems are useful in 
overcoming the toxicity induced by common drug therapies, while maintaining their ther-
apeutic efficacy. Starting from these assumptions, the authors reviewed drug delivery sys-
tems already realized for the topical treatment of acne, with a focus on their limitations and 
advantages over conventional treatment strategies. Although their exact mechanism of 
permeation is not often completely clear, deformable vesicles seem to be the best solution 
for obtaining a specific delivery of drugs into the deeper skin layers, with consequent 
increased local action and minimized collateral effects. 
Keywords: targeted therapy, skin, anti-acne drugs, nanocarriers, drug delivery systems

Introduction
Acne vulgaris is a common inflammatory pilosebaceous disease affecting over 80% 
of teenagers. It often persists into adulthood with a negative impact on the quality 
of life. The face is the most prone to acne skin lesions but the upper back, chest, 
neck and shoulders can also be affected, and scarring can last for life.1

The pilosebaceous follicle inflammation can result from several causes: 1) 
excessive sebum secretion from sebaceous glands, 2) hyperkeratinization and 
follicular plugging, 3) androgen-mediated effects, 4) inflammation and immunolo-
gical host reactions, and 5) bacterial proliferation within the follicle. 
Propionibacterium acnes (P. acnes) plays an important role in the pathogenesis of 
acne because it induces inflammation through the stimulation of proinflammatory 
cytokines and inflammatory cells.2 Although these are accepted as the most com-
mon causes of acne, recent studies show that genetic factors could also be impli-
cated in the onset of the pathology because they could enhance the activity of 
P. acnes.3

Other external factors, called “exposomes”, such as nutrition, climatic factors, 
stress and different drug therapies, largely influence the incidence, duration and 
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severity of acne. In particular, different research groups 
have confirmed the correlation between acne vulgaris and 
psychological suffering, such as anxiety and depression.4,5 

These factors act on the skin barrier and microbiota, influ-
encing the course of the disease.3 The multifactoriality of 
the acne etiology highlights the need to treat the disease by 
an interdisciplinary approach; however, pharmacological 
therapy against P. acne remains the principal therapeutic 
approach.

Acne can be differentiated into three categories, as 
a function of its clinical manifestations: mild, moderate 
and severe.1 Mild acne generally involves the appearance 
of non-inflammatory comedonal lesions, few inflammatory 
papulopustular lesions, or both. In the case of moderate 
acne onset, more inflammatory lesions, occasional nodules 
or both appear. Finally, in severe acne, inflammatory 
lesions, nodules or both are common. The choice of treat-
ment is generally related to the severity of the disease, and 
topical treatments are the first choice in mild and moderate 
acne because they generally have favorable safety profiles, 
while systemic therapies are preferred in severe and mod-
erate cases. However, there is currently no definitive cure 
for acne.1,6

Conventional Strategies for the 
Topical Treatment of Acne
Owing to the complex etiopathogenesis of acne, as men-
tioned in the Introduction, different anti-acne drugs are used 
to treat the possible pathogenic factors. According to the 
new acne clinical guidelines of the American Academy of 
Dermatology, topical treatments based on benzoyl peroxide, 
retinoids or a combination of topical drugs including anti-
biotics are the first line treatment options for mild acne 
disease.7 Table 1 shows the main classes of drugs widely 
used in the topical treatment of acne, and some of the most 
common trademarks are also reported. Among these, reti-
noids present the best comedolytic activity, but they show 
a moderate anti-inflammatory and antibacterial efficacy.8,9 

In contrast, antibiotics and benzoyl peroxide are mostly used 
for their antibacterial and anti-inflammatory properties.8 

Topical dapsone 5% gel and azelaic acid have also been 
recommended for inflammatory acne and post-inflammatory 
dyspigmentation, respectively.7

Although topical acne treatment is safer than systemic 
therapies, and therefore it is considered as first-line ther-
apy for mild and moderate acne, there are both advantages 
and disadvantages of topical use. First of all, the 

Table 1 Examples of the Most Commonly Prescribed Topical Acne Treatments

Molecule Trademarks Pharmaceutical 
Class

Side Effects

Benzoyl peroxide Benzac® Clean Gel; Panoxyl® Antimicrobial Redness, desquamation, bleaches hair and 
clothes

Clindamycin Dalacin-T®; Zindaclin® Treclin® (combined 
with tretinoin)

Antibiotic Resistance overgrowth of Gram-negative 
bacteria, irritation, itching

Erythromycin Eryacne® Zineryt® (combined with zinc 
acetate)

Antibiotic Resistance and overgrowth of Gram-negative 
bacteria

Clindamycin + benzoyl 
peroxide

BenzaClin®; Duac® Acanya® Antibiotic + 
Antimicrobial

Resistance, redness, desquamation

Erythromycin + benzoyl 
peroxide

BenzamycinTM Antibiotic + 
Antimicrobial

Resistance, redness, desquamation

Dapsone Aczone® Antibiotic/ 
anti-inflammatory

Dryness, erythema

Azelaic acid Finacea® Antimicrobial Burning, stinging and tightness of the skin

Tretinoin Avita®; Retin-A®, Ketrel® Retinoid Erythema, scaling, burning, flare

Terazotene Zorac® Retinoid Erythema, scaling, burning, flare

Adapalene Differin®, TactuoTM, EpiduoTM (combined 

with benzoyl peroxide)

Retinoid Irritation, erythema, peeling, dryness
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application of topical drugs is not free from side effects. 
The most common cutaneous manifestations are local skin 
irritation, which looks like erythema, dryness or scaling; 
in the case of benzoyl peroxide and topical retinoids, the 
worst irritating effects are shown, and sometimes this 
leads to the patient discontinuing therapy.10 Moreover, 
the use of topical retinoids such as adapalene, terazotene 
or tretinoin could lead to several collateral effects in 
pregnancy, so they should be used very carefully in 
women with childbearing potential. On the other hand, 
benzoyl peroxide shows advantages owing to its oxidative 
mechanism, it reduces anaerobic bacteria and is rapidly 
reduced to benzoic acid, so it is considered safe for use in 
pregnant or lactating women. Another advantage of treat-
ment with benzoyl peroxide is that it does not confer 
P. acnes resistance. However, the anti-oxidative defense 
of the stratum corneum could be compromised by the 
potent oxidative stress inflicted by the drug. The loss of 
vitamin E from the epidermal barrier was also reported 
and could represent a limit of its topical use as a free 
drug.11,12 These reactions can cause side 
effects (desquamation, burning or redness) on skin bar-
riers. It is noteworthy that the combination of benzoyl 
peroxide with tretinoin or adapalene showed an increased 
activity but, at the same time, increased collateral 
effects were also reported.13

Dryness and burning are less common side effects for 
topical antibiotics, while drug resistance may occur fol-
lowing a longer treatment with topical antibiotics. In par-
ticular, their use in monotherapy can lead to P. acnes 
resistance phenomena, and the overgrowth of the resistant 
skin flora Gram-negative microorganisms can evolve in 
a Gram-negative folliculitis, worsening the pathological 
condition of the patient. So, the association of different 
topical antibiotics or the combination of antibiotics and 
benzoyl peroxide is often required.9,10 These 
associations show an increased efficacy, probably because 
the efficacy against the microbial component is improved 
by the enhanced permeation of the antibiotic due to the 
keratolytic effect of the benzoyl peroxide.14

Azelaic acid is another drug commonly used for acne 
treatment. It seems to be active in the reduction of bacteria 
also showing anti-inflammatory effects.15 The administra-
tion of azelaic acid is considered safe in pregnancy. 
Although it may lead to topical effects such as burning 
and tightness, it is safe in pregnant and lactating females 
because it is a natural compound generally present on the 

skin, so it normally does not causes systemic side 
effects.13

Other topical and increasingly conventional treatments 
proposed for acne treatment include light therapy and 
photodynamic therapy.16 These strategies have shown 
effectiveness in destroying sebaceous glands and killing 
P. acnes. Individuals with inflammatory acne exhibited 
beneficial effects if treated with these procedural therapies 
based on photosensitizers and a light source. However, 
some data have shown that patients occasionally present 
with local blisters and pain, and therefore further studies 
are necessary to prove the safety of this treatment.6

Despite the proven efficacy of topical treatments, none 
of the most frequently prescribed anti-acne drugs are free 
from side effects. Not only are collateral effects due to the 
dose of drug administered, but they also seem to be related 
to the type of formulation used.13

Topical Drug Delivery Systems to 
Overcome the Limits of 
Conventional Therapies
In addition to the several side effects which can occur 
following a topical administration of anti-acne drugs, an 
important limitation is the inability of many drugs in free 
form to cross the stratum corneum.

The stratum corneum represents the main skin barrier, 
and it reduces the efficacy of the topical treatment of differ-
ent diseases, hindering drug permeation through the skin.17 

Over the past decade, nanomedicine and particularly topical 
drug delivery systems have been the focus of interest of 
different research groups because of their ability to over-
come the limits of the skin barrier without altering the 
physiological and functional features. Moreover, they pro-
vide good therapeutic efficacy of the carried drug, increasing 
its local efficacy and also minimizing its side effects.18 

Several studies in the literature have demonstrated the 
improvement in efficacy of topical drug delivery systems 
in the treatment of different skin diseases compared to the 
marketed formulation (Figure 1) or a solution of the free 
drug.19–21 The safety of topical treatment of the most com-
mon lipid-based nanocarriers, including niosomes, 
ethosomes® (etho) or transfersomes® (ultradeformable vesi-
cles), has been investigated and they have been demon-
strated to cause only rapidly reversible alterations of the 
stratum corneum. In one study, transepidermal water loss 
(TEWL), the main indicator of skin barrier integrity, was 
monitored in vitro after the topical application of niosomes, 
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etho and ultradeformable vesicles, and an initial alteration of 
values was observed, owing to the interaction between car-
rier and membrane, but the native TEWL values were 
restored soon afterward, within 72 hours of incubation. 
The study showed that an initial interaction between carriers 
and skin structures occurred to allow the topical delivery of 
drugs, but without inducing irreversible modifications.22 The 
carriers analyzed in that study are among the most used drug 
delivery systems involved in the treatment of acne disease. 

In detail, Figure 2 summarizes the liposomes and liposomal- 
like vesicles that have been studied to date for the topical 
treatment of acne and which will be broadly covered in this 
review.

Liposomes
Liposomes are spherical vesicles, characterized by 
a phospholipid bilayer and an aqueous core. Although 
these carriers are not generally able to reach the deeper 

Figure 1 Schematic representation of the advantages of nanomedicine in acne treatment compared to conventional therapies.

Figure 2 Schematic representation of liposomes and liposomal-like vesicles.
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skin layers, as they are not created as topical drug delivery 
systems, this allows the delivered drugs to accumulate at 
the administration site.23 For this reason, their efficacy has 
been shown in topical treatment of several diseases, and 
clinical trials have also been performed using anti-acne 
drugs encapsulated into liposomes.24–26 The physicochem-
ical characteristics have proved to be very important for 
defining the permeating and releasing abilities of lipo-
somes. In fact, the bilayer can exist in a solid-ordered 
phase or in a fluid-disordered phase as a function of the 
employed phospholipids and temperature, as this structural 
difference could be exploited to trigger the release of the 
active ingredients.27 Comparison studies between different 
liposomal formulations demonstrated that hydrogenated 
soya lecithin/cholesterol types presented the best penetra-
tion abilities through the skin, while liposomes containing 
non-ionic emulsifiers such as alkyl tetraglycol ether- 
o-phosphoric acid esters or fatty alcohol polyglycol ether 
in their structures showed better release abilities than 
lecithin-based types. However, both of the liposomal sys-
tems loaded with the antibiotic clindamycin showed 
improved efficacy in anti-acne clinical studies compared 
with the free clindamycin lotion.28 No less important are 
the in vivo results described by the authors: the patients 
treated with clindamycin-loaded liposomes showed 
a significant decrease in lesions after 4 weeks of treatment. 
Moreover, no side effects were shown compared to the 
treatment using the free form of drugs, probably thanks to 
modulated drug release in terms of time and site.

Dipalmitoyl phosphatidylcholine (DPPC), included in 
the liposomal formulation, was shown to induce an 
increased skin deposition of retinoic acid-loaded lipo-
somes (41% and 13% into the epidermis and dermis, 
respectively) compared to its alcoholic gel (18% and 8% 
into the epidermis and dermis, respectively); this study 
highlighted that the liposomal formulation is able to 
reduce the systemic effects of drug and to improve the 
local effect of tretinoin in the skin.29 Further in vitro 
studies confirmed the same ratio in skin accumulation 
with higher registered values (65.7% and 33.6% for lipo-
some and gel, respectively).29,30

The influence of the surface charge, closely related to 
the liposomal composition, was also investigated in differ-
ent studies to clarify its role in topical drug delivery.

This is the case for retinoic acid-loaded positively 
charged liposomes. Shah et al demonstrated that their 
positively charged liposomes penetrated into excised pig 
ear skin more than 3.7-fold compared to the neutral 

vesicles.31 In another study, Jung et al confirmed this 
trend,32 demonstrating that the positively charged and 
amphoteric liposomes permeated skin more effectively 
through the transfollicular route, compared to negatively 
charged vesicles. These data disagree with a more com-
mon idea that negatively charged vesicles are more able to 
cross the skin, because the interaction between opposite 
charges could otherwise limit the permeation. An ion- 
exchange interaction between the cationic vesicles and 
negative charges of the skin and hair follicle is probably 
established, but more studies need to be performed to 
clarify how this interaction could promote the penetration 
of nanosystems or influence the surface accumulation. The 
importance of the liposome composition in skin delivery 
has been demonstrated by Rahman et al. A tretinoin- 
loaded liposomal formulation made up of 9:1:0.01 phos-
pholipid–cholesterol–dicetylphosphate was proven to be 
superior to the marketed product in terms of higher effi-
cacy against non-inflammatory lesions and lower skin 
irritation phenomena following administration.33 These 
advantages of the liposomal formulation are related to its 
composition. The cholesterol was able to reduce vesicle 
sizes in order to control skin permeation and deposition, 
while dicetylphosphate significantly enhanced drug 
release.33 A tretinoin-loaded liposomal formulation was 
studied by Eroğlu et al.34 They found that drug-loaded 
liposomes permeated the skin more effectively and were 
not easily removed from the site of action, compared to 
conventional gel. Moreover, an increased skin tolerability 
and patient compliance was shown, and this was due to the 
drug being protected from exposure to the destabilizing 
oxygen, light and acids. The commercial gel was more 
effective than the liposomal formulation. Based on these 
assumptions and to improve the efficacy of the formula-
tion, the authors prepared a multidrug formulation. 
Tetracycline HCl and tretinoin were contained in 
a carbopol-based liposomal gel in order to exploit the 
comedolytic and bacteriostatic synergistic effect. The 
obtained multidrug formulation showed good technologi-
cal characteristics in terms of acceptable adhesiveness and 
viscosity, pH, and controlled and biphasic release of the 
two drugs. Finally, the antibacterial efficacy of the formu-
lation has been proven against Staphylococcus aureus and 
Streptococcus epidermidis, and the same minimal biofilm 
eradication concentration was found when compared to the 
conventional gel containing the two drugs. However, the 
liposomal gel formulation containing the two drugs 
showed lower minimum inhibitory concentration (MIC) 
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values against Staphylococcus aureus compared to each 
solution of the single drug.34

Another combination therapy, associating retinoic acid 
(0.025%) with benzoyl peroxide (2.5%) in liposomal gel, 
was investigated in clinical studies on acne patients; it led 
to the disappearance of skin lesions within 10 weeks, 
showing greater efficacy than the gel with the two free 
drugs.35

Focusing on benzoyl peroxide, its encapsulation in 
a liposomal formulation led to a significant improvement 
of drug efficacy against Propionibacteria and 
Micrococcaceae compared to the other pharmacopoeia 
benzoyl peroxide formulations.30,36 So, benzoyl peroxide- 
loaded liposomes seem to be advantageous both as 
a monotherapy and as a multidrug association.

The ability of liposomes to protect their content drug 
from external agents, such as light and oxygen, has 
allowed evaluation of the use of essential oils in the treat-
ment of acne, also increasing their solubilization37 and 
reducing their irritating effect on the skin.34,37,38 Interest 
in the biological activity of essential oils for the treatment 
of topical skin diseases is increasing. Many researchers 
have already demonstrated the ability of essential oils in 
the treatment of skin diseases. Essential oils such as tea 
tree oil, cinnamon oil and rosemary essential oil showed 
activity against Propionibacterium acne and 
Staphylococcus epidermis.39 Essential oil-loaded liposo-
mal formulations have also been investigated, and it was 
demonstrated that the loading of essential oils decreases 
the mean size of liposomes because they are able to 
increase the cohesion packing among the apolar chains in 
the bilayer.40 Moreover, it was observed that monoter-
penes contained in the essential oils are located at the 
polar head group region of the bilayer, causing an increase 
in the vesicle surface curvature and so determining 
a further decrease in the mean size.41

Tea tree oil was encapsulated into liposomes to 
enhance the follicular delivery of this antimicrobial 
agent. Tea tree oil-loaded liposomes were formulated, 
and the cyanoacrylate method was used to evaluate the 
follicular uptake of vesicles, demonstrating a better target-
ing ability compared to the other analyzed formulations, 
microemulsion, multiple emulsion and colloidal bed.42 

Liposomal encapsulation of essential oils preserved the 
stability and increased the solubility of encapsulated 
essential oil, and at the same time essential oils were 
able to decrease the liposomal size, enhance the fluidity 
and control the oxidation of the lipid bilayer.43

Niosomes
Similarly to liposomes, niosomes are characterized by 
a highly ordered bilayer and an aqueous core, but in this 
case the bilayer is made up of non-ionic surfactants (for 
example, cetyl alcohol, decyl glucoside, Brij, polysorbates, 
spans and poloxamers).44 In some cases, niosomes are 
preferred as carriers over liposomes because they are 
able to overcome the problems related to the purity of 
phospholipids and they also show higher vesicle stability, 
owing to their greater resistance to lipid peroxidation 
which, in contrast, makes the liposomes unstable over 
time.45 They have excellent biocompatibility, low toxicity 
and low preparation costs.46

The chemical components of vesicles determine their 
peculiarities. The non-ionic surfactants that represent the 
building blocks of the structure can act as permeation 
enhancers, improving the skin delivery of the encapsulated 
drug. They probably fuse with the skin surface, enhancing 
the permeation of drugs through the stratum corneum, 
owing to their ability to temporarily modify the structure 
of this barrier.22,47

Because of their apparent advantages, especially in 
terms of carrier non-toxicity, the potential of niosomes in 
the treatment of skin diseases, such as acne, was investi-
gated. A comparison study between retinoic acid-loaded 
liposomes and niosomes was performed to investigate the 
influence of nanovesicle composition on their cutaneous 
delivery ability. The study by Manconi et al showed that 
niosomes penetrate the skin more effectively.48 The authors 
investigated the potential of niosomes to control the cuta-
neous delivery of tretinoin. They performed permeation 
studies using newborn pig skin interposed between donor 
and receptor compartments of Franz diffusion cells, and 
concluded that topical drug delivery was strongly affected 
by the vesicle structure, size and charge (obtained using 
stearylamine or dicetylphosphate as a charge inducer) and 
by the thermodynamic activity of the carried drug. The 
authors attributed the good skin-penetrative ability of nio-
somes to their composition, and in particular to the presence 
of alkyl polyglucosides (APG), a class of non-ionic surfac-
tants. Moreover, small negatively charged niosomes, satu-
rated with tretinoin, showed a greater cutaneous retention of 
drug compared to positively charged vesicles, which, in 
contrast, could permeate more effectively. Liposomes and 
the commercial preparation Retin A® (Janssen-Cilag, Milan, 
Italy) showed a lower retention compared to negatively 
charged niosomes, but the trend was not the same when 
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the vesicular bilayer was not saturated with tretinoin, in the 
case of both multilamellar vesicles and unilamellar vesicles, 
indicating a possible modulation of drug permeation in the 
skin.48

Elastic Vesicles to Improve Skin 
Permeation
The previously described studies confirmed that conven-
tional liposomes could be useful for the administration of 
drugs owing to their biocompatible composition, but since 
they are not able to reach the deeper skin layers and 
consequently the site of the inflammation/infection caused 
by acne, the researchers suggested modifying the compo-
sition to improve the permeation of the loaded active 
compounds (Table 2).49–52 As reported by many studies 
in the literature, the deformability or elasticity of vesicles 
plays an important role in overcoming the stratum cor-
neum barrier and thus enhancing the permeation of the 
loaded drug into the deeper skin layers. In general, we can 
assume that vesicles are considered deformable when they 
are able to cross intact the stratum corneum, deforming 
themselves and carrying active compounds through the 
skin (Figure 3).53–55 Ultradeformable vesicles and etho 
were the first vesicular carriers specifically defined as 
elastic and deformable nanosystems, thanks to the pre-
sence of an edge activator and ethanol in their respective 
structures. The innate deformability of certain topical 
nanosystems is due to the presence of cosurfactant in 
their structure, as well as the type of phospholipids (satu-
rated or unsaturated) or specific solvent, which influence 
the ability of the carrier to reach the deeper skin layers to 
obtain dermal or transdermal delivery.30 Previous studies 
highlighted the interaction and accumulation of rhoda-
mine-labeled ultradeformable vesicles within skin cell 
lines (Figure 4), thus showing a good cutaneous applic-
ability of these carriers.56 Different types of deformable 
vesicles have been used to investigate their potential in 
topical acne treatment. Ultradeformable vesicles could 
squeeze through the stratum corneum and reach the deeper 
skin layers, as described by Cevc and Blume.49 

Ultradeformable vesicles are made up of sodium cholate, 
deoxycholate, Span 80, Tween 80 and dipotassium glycyr-
rhizinate; these components act as an edge activator, desta-
bilizing the lipid bilayer both of nanosystems and of the 
skin’s structures.57,58

Vasanth et al, in 2020, proposed a gel enriched with 
vitamin C containing adapalene-loaded ultradeformable 

vesicles to treat acne.18 According to the authors, the 
combination therapy of adapalene and vitamin C could 
be helpful in avoiding the side effects of the conventional 
monotherapy with adapalene owing to the antioxidant and 
depigmenting activity of vitamin C. The choice of ultra-
deformable vesicles for adapalene and vitamin C co- 
delivery was found to be suitable, as the deformability 
property of ultradeformable vesicles seems to influence 
the release kinetics. In vitro release studies showed 
a sustained biphasic release of adapalene-loaded ultrade-
formable vesicles. The deformability of the carrier prob-
ably induces an initial accumulation of the drug on the 
stratum corneum, followed by a gradual release after the 
carrier diffusion through the skin. This biphasic release 
trend enabled a skin deposit of adapalene double that 
obtained from the compared Adiff aqueous gel (IPCA 
Laboratories, Maharashtra, India), the marketed formula-
tion (188.77 µg cm−2 h−1 and 79.61 µg cm−2 h−1, respec-
tively), confirming the strong and active interaction 
between ultradeformable vesicles and lipid structures of 
the skin. The accumulation of vitamin C was limited to the 
epidermis, where the aqueous content was very high, 
because of its hydrophilic nature. The obtained skin 
deposition of drug suggests that its transdermal permeation 
is limited, thus reducing systemic side effects. Therefore, 
the skin deposition of adapalene-loaded ultradeformable 
vesicles allows a lower concentration of drug to reach 
the therapeutic goal. Last but not least, the adapalene 
encapsulated into ultradeformable vesicles resulted in pro-
tection from exposure to UV radiation, and cutaneous side 
effects of inflammation and lesion counts were reduced.18

A multidrug formulation based on adapalene was pre-
pared and evaluated by Jain et al.59 The retinoid was co- 
encapsulated with benzoyl peroxide in a modified flexible 
liposomal gel and compared with the marketed Epiduo® 

(Galderma, Watford, UK), composed of the same active 
ingredients. The authors observed that, owing to the higher 
lipophilicity of the two drugs, they could not be co- 
encapsulated in conventional liposomes, because they 
would destabilize the lipid bilayer of liposomes, modifying 
their structure, size and polydispersity index. In addition, 
the rigid liposomal structure did not allow the penetration 
of drugs into the deeper skin layers, as was necessary for 
acne treatment. The issue of co-delivery of adapalene and 
benzoyl peroxide has been overcome by the addition of 
Cetiol B® and Acconon C-44 EP/NF during preparation to 
increase the solubility of both drugs, and this modification 
created formulations with a higher drug loading. 
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Table 2 Summary of the Main Features of Nanovesicles in Use or Under Development for Acne Treatment

Nanocarriers Composition/ 
Description

Advantages Disadvantages Some 
Delivered 
Anti-Acne 
Active 
Ingredients

Liposomes24–26,28–30,34–38,40–43,50 Spherical vesicles, 

characterized by 

a phospholipid bilayer (made 
of dipalmitoyl 

phosphatidylcholine, 

hydrogenated soya lecithin, 
fatty alcohol polyglycol 

ether, cholesterol, 

dicetylphosphate) and an 
aqueous core

Controlled drug release; 

decreased skin irritation; 

reduced side effects of free 
drug; formulation versatility; 

increased drug solubilization; 

drug protection from light 
and oxygen

Poor stability due to lipid 

peroxidation and 

accumulation in the upper 
skin layers; limited 

permeation through skin

Clindamycin; 

retinoic acid; 

benzoyl 
peroxide; tea 

tree oil

Niosomes22,44–48,50,51 Vesicles containing non-ionic 
surfactant bilayer (such as 

cetyl alcohol, decyl 
glucoside, Brij, polysorbates, 

spans, poloxamers, alkyl 

polyglucoside surfactants) 
enclosing an aqueous cavity

Greater vesicle stability; 
non-toxic nature and lower 

cost than liposomes; 
improved drug permeation 

through the stratum 

corneum and higher skin 
retention

Inability to reach the deeper 
skin layers

Retinoic acid; 
terazotene

Etho30,50,52–55,69–72 Elastic nanosystems 
containing phospholipids, 

high amount of ethanol, and 

water

Excellent flexibility; ability to 
passage through stratum 

corneum; high loading 

capacity for lipophilic drugs; 
relatively simple and 

inexpensive to manufacture

Skin irritation due to high 
concentration of alcohol 

and poor skin penetration

Azelaic acid

Ultraderformable 

vesicles18,49,52,56–62,64–-68

Deformable vesicles due to 

the presence of edge 

activator (such as sodium 
cholate, sodium 

deoxycholate, Span 80, 

Tween 80 and dipotassium 
glycyrrhizinate)

High deformability; ability to 

destabilize skin lipid 

organization; increased 
permeation into the deeper 

skin layers

Mechanism of action is still 

not clear; conflicting 

information on their ability 
to reach the systemic 

circulation

Adapalene; 

benzoyl 

peroxide; 
retinoic acid; 

photosensitizer

LeciPlex31,73 Vesicular nanocarrier 
containing a combination of 

phospholipids and cationic 

surfactants (such as 
didodecyldimethyl 

ammonium bromide, 

cetyltrimethylammonium 
bromide)

Enhanced skin deposition Few studies on human skin 
have been performed

Azelaic acid

Invasomes31,50,52,73 Flexible carriers made of 
phosphatidylcholine, 

terpenes (such as limonene, 

cineole, fenchone, citral) 
and ethanol

Enhanced drug percutaneous 
permeation, thus 

guaranteeing faster activity

Irritation and toxicity may 
occur as a function of the 

used penetration enhancers. 

Mechanism of skin 
permeation not completely 

clear; few available studies

Dapsone; 
azelaic acid; 

curcumin

Note: Data from references.6,11,13,18,30,62
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Moreover, the addition of the edge activator sodium deox-
ycholate (SDC), normally present in ultradeformable vesi-
cle formulations, increased the deformability of the 
modified liposomes and improved their permeation into 
the deeper skin layers.59 The resulting formulation was 

very stable, also as a result of the negative surface charge 
conferred by SDC, which limits aggregating phenomena, 
and it exhibited a sustained release of drugs that was 
regulated in time (prolonged effect) and in the site of 
release (skin accumulation of drugs).60 The employed 

Figure 3 Topical treatment using liposomes or deformable vesicles. Both the carriers are able to deliver hydrophobic and hydrophilic compounds.

Figure 4 Confocal laser scanning micrographs of the interaction between ultradeformable vesicles labeled with rhodamine and Colo-38 cells using: (A) Hoechst filter and 
(B) TRITC filter; and (C) superimposition of figures. Reprinted with permission from Cosco D, Paolino D, Maiuolo J, et al. Ultradeformable liposomes as multidrug carrier of 
resveratrol and 5-fluorouracil for their topical delivery. Int J Pharm. 2015;489(1–2):1–10. Copyright © 2015 with permission from Elsevier Ltd.56
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excipients conferred the desired permeating abilities, such 
as guaranteeing high skin bioavailability whilst avoiding 
the toxic effects related to systemic transport. In vivo and 
in vitro studies have shown that this formulation is safer 
and more effective than the commercial product.61

Ascenso et al demonstrated that tretinoin-loaded ultra-
deformable vesicles, made of phosphatidylcholine and 
Tween 80, were able to enhance skin delivery, especially 
into the stratum corneum and epidermis, without causing 
skin irritation, which is the main side effect that occurs 
after the topical application of commercially available 
tretinoin. The authors did not perform follicular detection 
of the drug, but they studied its ability to permeate the 
skin. No detectable drug concentration was found in the 
receptor phase of Franz diffusion cells within 24 hours, 
suggesting that no transdermal delivery occurs within this 
time frame, probably owing to the lipophilic nature of 
tretinoin and its skin accumulation.62 These studies con-
firm that elastic vesicles are able to increase the permea-
tion into the deeper skin layers without systemic delivery 
of the carried drugs.

Nanotechnology is often able to further improve the 
effectiveness of other topical treatments. This is the case, 
for example, with phototherapy. Photodynamic therapy has 
been proposed as an alternative treatment for acne disease, 
but it is unable to selectively act on microorganisms dis-
tinct from mammalian cells and it is also unable to act on 
microorganisms in the deeper skin layers owing to the 
lower permeability of photosensitizers.63 Trusting in the 
potential effectiveness of phototherapy, Park et al pro-
posed a new strategy pairing the advantage of ultradeform-
able vesicles with the phototherapy concept. The authors 
presented a new formulation of ultradeformable vesicles 
made of a photosensitizer and polymerizable lipid conju-
gate, DSPE-PEG-Pheo A (1,2-distearoyl-sn-glycero 
-3-phosphoethanolamine-N-[amino(polyethylene glycol]- 
2000-pheophorbide A), cholesterol and Tween 80 for 
selective delivery to the photosensitive P. acne lipase. 
Park et al proved that by including a photosensitizer in 
the transfersomal vesicle structure, its solubility and its 
skin penetration efficacy were increased; moreover, 
P. acne lipase-responsive photoactivity was better modu-
lated, making the photosensitizer activity on the microor-
ganism more specific, and reducing its side effects, such as 
oxidative stress and free radical production on the skin. 
Once again, the work confirmed that the deformability and 
permeability of ultradeformable vesicles are the 

consequence of their composition, and in this case they 
are consequent to the presence of PEG and Tween 80.64

Although the described studies have proven the effi-
cacy of ultradeformable vesicles, their exact mechanism of 
skin permeation and the skin depth reached remain unclear 
to date.65

Some research groups reported the existence of “virtual 
channels” to justify the permeation of ultradeformable 
vesicles and also the reaching of the deeper skin 
layers.66,67 Many other authors have denied this theory, 
although the increase in skin permeation of the delivered 
drug using ultradeformable vesicles has been confirmed.57 

A study conducted by El Maghraby et al showed that 
reaching deeper or less deep skin layers, or the possible 
crossing of the skin to reach the bloodstream, could 
depend on the shape, surface, elasticity or deformability 
of the vesicle, and therefore these factors were correlated 
to the components and the type of preparation chosen.68

Another class of topical drug delivery systems defined 
as deformable and elastic carriers is represented by etho 
(Figure 5).69,70 The elasticity of these systems is related to 
their chemical composition, and in particular to the high 
concentrations of ethanol that characterize their structure. 
This solvent is well known as a permeation enhancer, 
because it is able to induce a temporary disorganization 
of the lipid structure of the stratum corneum, but when 

Figure 5 Representation of a generic ethosomal formulation using freeze–fracture 
electron microscopy. Reprinted with permission from Paolino D, Lucania G, 
Mardente D, Alhaique F, Fresta M. Ethosomes for skin delivery of ammonium 
glycyrrhizinate: In vitro percutaneous permeation through human skin and in vivo 
anti-inflammatory activity on human volunteers. J Control Release. 2005;106(1–2):-
99–110. Copyright © 2005 with permission from Elsevier Ltd.70
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added to a phospholipid mixture it localizes itself into the 
bilayer, conferring characteristics of elasticity and deform-
ability, and consequently increased permeation of the 
loaded active ingredient across the skin.69 Despite the 
fact that etho is characterized by promising delivery prop-
erties, demonstrated by several research works for other 
skin diseases, very few studies have evaluated the poten-
tial of etho in acne treatment based on the most commonly 
used drugs.55,70,71

In particular, a 2019 study used etho to deliver azelaic acid 
and to take advantage of ethanol activity on lipid structures.72 

In this case, the authors suggested that ethanol contained in 
ethosomal vesicles caused a disorganization of the bacterial 
membrane, changing the lipid composition, similarly to their 
effect on human skin. The changes in the bacterial membrane 
produced an increased permeation of the drug in the cytoplas-
mic level of P. acne, where azelaic acid exerts its pharmaco-
logical action. The azelaic acid-based etho, made up of 35% 
(w/w) ethanol and included in a cream formulation, was 
compared to the commercial Zelface® cream, and it showed 
better activity against P. acne; that is, the minimum bacterici-
dal concentration (MBC) values reported for the ethosomal 
and the marketed formulations were 250 µg/mL and 500 µg/ 
mL, respectively.72

As already mentioned (Table 2), the composition plays 
a key role in determining the deformability and permeating 
abilities of nanosystems. Some research groups have 
investigated other nanosystems as potential flexible car-
riers. A new phospholipid vesicle, invasome, has been 
presented as a system able to improve the permeation 
through the skin, thus decreasing absorption into the sys-
temic circulation.73 This innovative carrier is composed of 
phosphatidylcholine and terpenes that synergistically act 
with ethanol in disrupting the ordered structure of the 
stratum corneum to enhance the percutaneous permeation 
of the drug and to make phospholipid structures flexible. 
El-Nabarawi et al prepared dapsone-loaded invasomes for 
acne treatment, using different concentrations of various 
terpenes (limonene, cineole, fenchone and citral). They 
showed that the release of drug from invasomes was 
greater with increasing terpene concentrations, except in 
the case of limonene, the most lipophilic terpene used, 
which presented an opposite correlation. The authors 
found a 2.5-fold enhanced drug concentration into skin 
following the application of dapsone-loaded invasomes, 
compared to a generic dapsone solution. However, to 
date, the exact mechanism of permeation of these carriers 
through the skin is not completely clear and 

requires further investigation. In fact, only smaller and 
flexible vesicles seem to penetrate intact through the stra-
tum corneum.74

Another study compared invasomes with two other 
systems (liposomes and LeciPlex, a cationic phospholipid- 
based vesicular system) for their ability to deliver drugs 
deep into the skin. Azelaic acid was encapsulated into the 
three proposed systems and in vitro studies were per-
formed to investigate the antimicrobial activity against 
P. acne. Didodecyldimethyl ammonium bromide (DDAB) 
LeciPlex vesicles loaded with azelaic acid (concentrations 
above 10 M) showed the best efficacy against P. acne, 
followed by invasomes and cetyltrimethylammonium bro-
mide (CTAB) LeciPlex, which presented almost the same 
activity. Further in vivo studies on rats revealed the oppo-
site anti-acne efficacy scale; that is, invasomes seemed to 
be the best carrier, followed by liposomes and LeciPlex. 
When vesicles were analyzed using confocal laser scan-
ning microscopy (CLSM), both of the cationic LeciPlex 
vesicles showed greater fluorescence into the hair follicle, 
but it is noteworthy that they also showed the slowest 
efficacy during in vitro studies. Moreover, during ex vivo 
studies on excised human skin, azelaic acid-loaded inva-
somes had the best penetration ability in different skin 
layers, compared with the other analyzed systems, prob-
ably owing to their greater deformability. The authors 
suggested that the lower penetration of drug from the 
LeciPlex systems may be due to the interaction of azelaic 
acid with the cationic surfactant of vesicles, which is 
strictly dependent on the different permeating ability of 
the surfactants employed during their preparation. In con-
trast, owing to their penetrating ability and releasing capa-
city, invasomes allow the drug to reach the inflammatory 
site and to produce a faster activity.31

Taking into account the analyzed vesicles, it seems 
clear that two main factors influence the efficacy of the 
treatment of acne disease: the ability to ensure suitable 
permeation of the active compound through the skin and 
the selectivity of the site of action, in order to enhance the 
skin absorption and localization of the administered drugs 
whilst avoiding toxicity.

Conclusion
Acne is a multifactorial disease related to inflammatory 
and non-inflammatory lesions. Because of the multifactor-
ial pathogenesis of acne, the current therapies are not able 
to solve the pathology, but they simply lead to a reduction 
in clinical signs. The main limitations of the most 
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commonly used anti-acne drugs (retinoids, antibiotics and 
other antimicrobial agents) are related to their side effects 
consequent to both systemic and topical conventional 
administration. In this scenario, the topical nanotechnolo-
gies could represent a valid approach to obtain a specific, 
effective and efficacious treatment by using lower doses of 
anti-acne drugs than conventional formulations, enhancing 
skin drug retention whilst avoiding toxicity. In this review, 
we have described several proposed nanosystems able to 
cross the stratum corneum and to deliver the drug(s) to the 
sites of action. In our opinion, all of the described nano-
systems present notable characteristics when topically 
applied. Liposomes increase the amount of drug that 
permeates the stratum corneum compared with free form 
or conventional creams, lotions and solutions. Moreover, 
starting with liposomes, modification of their composition 
permits the production of new nanovesicles characterized 
by higher chemical stability, such as niosomes; higher 
deformability, such as etho, ultradeformable vesicles and 
invasomes; or higher penetrating ability, such as cationic 
carriers. This versatility of the composition of nanosys-
tems could allow personalized therapy. The most suitable 
carrier can be chosen depending on the physicochemical 
characteristics and the site of action of the drug(s), the 
depth of the skin layers to be reached for acne treatment, 
and the need to deliver a single drug or a combination of 
drugs.

Moreover, the versatility of liposomes, niosomes and 
other flexible and deformable vesicles is confirmed by 
their stability when introduced in conventional formula-
tions. The preparation of liposomal or transfersomal 
gels or creams for acne treatment combines the drug 
delivery abilities of nanosystems with the technological 
characteristics of the conventional formulation, such as 
spreadability, viscosity and ease of application, leading to 
the patients’ compliance. Unfortunately, compared to the 
numerous scientific studies confirming the efficacy and 
safety of the described nanosystems in the treatment of 
acne, there are very few nanotechnological products cur-
rently on the market. This is probably because some 
aspects are still unclear, such as the skin permeation 
mechanism of ultradeformable vesicles or their localiza-
tion in a specific skin layer. For this reason, the scientific 
research focuses on anti-acne treatments, trying to push 
the market to believe more strongly in the use of nano-
technologies. Suitable nanosystems for acne treatment 
have yet to be realized. In our opinion, the nanosystem 
must keep the good features of the described carriers, such 

as biocompatibility, good stability, controlled drug release 
and good therapeutic efficacy. However, it also has to 
guarantee specific targeting with good follicular bioavail-
ability, since acne is an inflammatory disease involving the 
pilosebaceous follicles, and it needs to promote good 
retention in situ, thus avoiding reaching the deeper skin 
layers, which could lead to systemic side effects.

Abbreviations
P. acne, Propionibacterium acnes; PEG, polyethylene gly-
col; Pheo A, pheophorbide A; TEWL, transepidermal 
water loss.
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