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Abstract 

Acne vulgaris is a widespread inflammatory skin disorder that arises from a combination of hormonal activity, microbial pro-

liferation, excessive sebum production, and follicular hyperkeratinization. While traditional treatments such as antibiotics and 

retinoids are commonly used, they often face challenges like skin irritation, resistance development, and limited efficacy. Lipid-

based nanovesicles, especially liposomes and related vesicular systems, have gained attention for their potential to enhance 

drug penetration, improve targeting of pilosebaceous units, and reduce side effects. This review provides an overview of acne 

pathophysiology and treatment options, highlighting the role of lipid-based nanovesicles in acne management. A key focus is 

placed on the integration of eco-friendly strategies in lipid-based nanovesicle development, including the use of biodegradable 

lipids, renewable materials, green solvents, and sustainable manufacturing processes. These advancements support the creation 

of dermatological formulations that are not only effective but also aligned with environmental sustainability goals. The review 

discusses the potential of green nanotechnology in reshaping the future of acne treatment. 

 

Rezumat 

Acneea vulgară este o afecțiune inflamatorie cutanată, larg răspândită, care apare ca urmare a unei asocieri între activitatea 

hormonală, proliferarea microbiană, producția excesivă de sebum și hiperkeratinizarea foliculară. Deși tratamentele tradițio-

nale, precum antibioticele și retinoizii sunt frecvent utilizate acestea pot provoca iritație cutanată, pot duce la dezvoltarea re-

zistenței și pot avea eficacitate limitată. Nanoveziculele lipidice, în special lipozomii și sistemele veziculare, au potențial de a 

îmbunătăți penetrarea medicamentelor, de a optimiza țintirea unităților pilosebacee și de a reduce efectele adverse. Acest studiu 

discută fiziopatologia acneei și optiunile terapeutice, evidențiind rolul nanoveziculelor lipidice în managementul acesteia. Este 

subliniată integrarea strategiilor ecologice în dezvoltarea nanoveziculelor lipidice, precum utilizarea lipidelor biodegradabile, 

a materialelor regenerabile, a solvenților verzi și a proceselor de fabricație sustenabile. Aceste progrese susțin crearea unor 

formulări dermatologice care nu doar sunt eficiente, ci și aliniate obiectivelor de sustenabilitate ecologică. 
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Introduction 

Acne vulgaris is a multifactorial chronic dermato-

logical inflammatory disorder that arises from a 

complex interaction of genetic, hormonal, microbio-

logical, and immunological factors affecting the pi-

losebaceous unit (1). Its pathogenesis involves hy-

perseborrhea driven by androgenic stimulation, fol-

licular hyperkeratinization due to altered keratino-

cyte proliferation, microbial dysbiosis dominated by 

Cutibacterium acnes, and a cascade of innate im-

mune responses triggering chronic inflammation (2). 

When these factors come together, they can dam-age 

the pilosebaceous unit, causing normal follicular ca-

nals to change into microcomedones and then pro-

ceed into inflammatory lesions (3). Moreover, the 

impact of diet, particularly high-glycemic foods and 

dairy, on insulin-like growth factor-1 (IGF-1) signal-

ling has gained attention in acne pathophysiology 

(4). 

Since this illness affects about 85% of teenagers 

globally, it has serious psychological effects and can 

undermine confidence and self-worth at a critical pe-

riod in life (5).  

Topical drugs (benzoyl peroxide and retinoids), top-

ical antibiotics (clindamycin and erythromycin), and 

systemic treatments (oral retinoids, oral antibiotics, 

and hormone therapy) are commonly used to treat 

acne (6). The primary disadvantage of these treat-

ments is that they may cause gastrointestinal distress 

(7), bacterial resistance (8), or irritant dermatitis (9). 

Although acne is still frequently treated with the 

afore-mentioned methods, safer and more efficient 

materials are desperately needed. Recent advance-

ments in nanocarrier-based drug delivery systems 

have shown significant promise in enhancing the 

treatment of acne vulgaris. Lipid-based systems are 

among the most commonly used nanocarriers for 

acne management (10). They are commonly ex-

plored for their ability to improve drug stability, skin 

penetration, and controlled release (11). These inno-

vative nanocarriers offer improved drug bioavaila-

bility and reduced side effects, contributing to the 
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development of more efficient and safer acne treat-

ment (11). 

This article gives a complete overview of the princi-

ples and applications of lipid-based nanovesicles in 

addressing acne vulgaris. We delve into the role and 

the mechanism of action of lipid-based systems in 

acne therapy. We study their targeting processes and 

address their potential therapeutic uses in acne man-

agement. Furthermore, the growing emphasis on 

sustainability has led to the exploration of eco-

friendly approaches in the development of lipid-

based nanovesicles, such as the use of biodegradable 

materials, renewable lipids, and green solvents. This 

review discusses these innovations, focusing on their 

potential to provide effective, environmentally re-

sponsible treatment options for acne vulgaris. 
 

Causes and factors contributing to chronic acne 

Acne vulgaris is the eighth most prevalent skin con-

dition globally, with an estimated prevalence of 

9.38% across all age categories, according to the 

Global Burden of Disease Study (12). However, its 

prevalence is substantially higher among adoles-

cents, affecting more than 85% of teenagers, and it 

may persist into adulthood, particularly in women 

(13). The distinct lesions can be classified as either 

inflammatory or non-inflammatory, resulting in skin 

pigmentation or scarring that requires ongoing, in-

tensive treatment (14). Many external and internal 

factors contribute to prolonged inflammation and 

dysfunction of the skin, leading to persistent or re-

curring acne (Figure 1).  

 
Figure 1. 

Diagram representing an overview of key factors contributing to chronic acne formation 

 

Hormonal imbalances 

One of the main reasons acne develops is increased 

sebum production in the hair follicles. Sebum pro-

duction and release are increased by elevated levels 

of androgen hormones, particularly testosterone and 

IGF-1 (15). Since there is a direct link between the 

severity and frequency of acne lesions and increased 

sebum production that clogs pores, leading to acne 

formation, hormonal imbalance is an important fac-

tor to take into account in patients with acne vulgaris 

(16). 

Persistent Cutibacterium acnes colonization 

Cutibacterium acnes, formerly known as Propioni-

bacterium acnes, is a gram-positive, lipophilic, com-

mensal, aerotolerant anaerobe that becomes oppor-

tunistically pathogenic and prefers to settle in seba-

ceous follicles due to high sebum production and the 

ideal anaerobic environment for bacterial growth 

(17). Chronic overgrowth of C. acnes can perpetuate 

inflammation and maintain the acne cycle through 

the release of the lipase enzyme, which breaks down 

sebum triglycerides into glycerol and fatty acids, 

leading to comedones and skin irritation (18). 

Inflammatory and immune dysregulation 

As a consequence of chronic C. acnes overgrowth, 

strong inflammation may release chemotactic factors 

that recruit neutrophils, macrophages, and lympho-

cytes. In addition, these conditions cause follicular 

damage, rupture, and release of germs, fatty acids, 

and lipids into the dermis. These mechanistic pro-

cesses will cause inflammatory lesions (pustules, 

nodules, cysts, and papules) (1). Furthermore, it was 

found that neutrophils generate reactive oxygen spe-

cies (ROS), which harm the follic-ular epithelium 

and fuel inflammation in acne. As a result, the follic-

ular substances are released into the dermis, causing 

a range of inflammatory acne lesions (19). 

Lifestyle factor 

Numerous possible risk factors for acne vulgaris 

have been found in previous research, including die-

tary patterns, stress levels, and lifestyle habits like 

smoking and inactivity (20). For instance, consum-

ing large amounts of milk or dairy products and fol-

lowing a diet high in glycemic load have been linked 

to an in-creased risk of acne due to their impact on 

insulin and androgen levels (21). Hyperinsulinemia 
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significant-ly increases circulating levels of IGF-1. 

IGF-1 is a hormone primarily synthesized in the liver 

that pro-motes sebaceous cell proliferation and lipo-

genesis in the sebaceous glands. IGF-1 also in-

creases androgen levels and suppresses the produc-

tion of the IGFBP-1 and IGFBP-3, while sex hor-

mone-binding globulin (SHBG) suppression is pri-

marily mediated by insulin, with IGF-1 also contrib-

uting to this effect. The inhi-bition of the production 

of these proteins implies increased availability of an-

drogens and IGF-1, thereby exacerbating acne (22, 

23). Moreover, stress can make acne worse, in part 

by triggering cortisol release, which consequently 

increases inflammatory reactions (24). 

Environmental triggers 

Many research (25, 26) and review articles (27, 28) 

have documented the skin alterations that occur after 

exposure to ambient air pollution, particularly the 

development of inflammatory acne (28). Exposure to 

high levels of outdoor pollution was found to trigger 

an oxidation stress response in human skin, followed 

by an increase in oxidized protein levels, a decrease 

in ATP levels, and a decrease in relevant antioxi-

dants of the skin, such as vitamin E and squalene 

(27). Oxidation will produce inflammatory cyto-

kines and hy-perproliferation of keratinocytes, ulti-

mately causing acne to develop or worsen (25). 

Another factor considered to be associated with the 

worsening of acne is the use of cosmetics applied di-

rectly to the skin. Generally, regularly used cosmet-

ics are associated with the aggravation of acne (29).  

From the above, acne vulgaris is a complex skin con-

dition that arises from the dysfunction of the pilose-

baceous unit, which includes the hair follicle and se-

baceous gland. Multiple factors, such as increased 

sebum production, abnormal shedding of skin cells 

within the follicle, overgrowth of C. acnes, and 

subse-quent inflammation influence its develop-

ment. Hormonal changes, genetics, and environmen-

tal influences often exacerbate these processes. C. 

acnes plays a pivotal role by triggering immune re-

sponses and releas-ing inflammatory mediators. A 

thorough understanding of these mechanisms pro-

vides a foundation for developing advanced, targeted 

treatments, including nanocarrier-based therapies, to 

address the specific drivers of acne. 

 

Treatment strategies for acne vulgaris 

The management of acne vulgaris involves a multi-

faceted approach targeting key pathophysiological 

mechanisms, including excessive sebum production, 

follicular hyperkeratinization, microbial coloniza-

tion, and inflammation (30). Treatment selection de-

pends on acne severity, lesion type, and individual 

patient factors. Topical therapies, such as retinoids, 

benzoyl peroxide, and antibiotics, are commonly 

used for mild to moderate cases, whereas systemic 

agents, including oral antibiotics, hormonal therapy, 

and isotretinoin, are reserved for more severe or re-

sistant forms (31). Additionally, adjunctive therapies 

like chemical peels, laser treatments, and microbi-

ome-targeted interventions are gaining interest for 

their po-tential to enhance treatment outcomes (30). 

A personalized approach that considers efficacy, 

safety, and patient adherence is essential for optimiz-

ing acne management and minimizing the risk of re-

currence (32). Table I outlines the available treat-

ment options for acne management based on acne se-

verity, skin type, and individual response. 

While conventional therapies for acne vulgaris have 

shown efficacy, challenges such as antibiotic re-

sistance, systemic side effects, poor skin penetration, 

dryness, irritation, and patient adherence remain sig-

nificant concerns. 

Nanocarrier-based drug delivery systems have 

emerged as a promising strategy to enhance treat-

ment outcomes by improving drug solubility, stabil-

ity, and targeted delivery to sebaceous glands. 

 

Role of lipid-based nanovesicles in acne therapy 

Nanocarriers represent a promising innovation in the 

management of acne vulgaris, offering solutions to 

the challenges faced by conventional treatments. 

These advanced drug delivery systems are designed 

to enhance the stability, penetration, and targeted de-

livery of therapeutic agents. By targeting the seba-

ceous glands and hair follicles, the main sites in-

volved in acne development, nanocarriers enhance 

treatment efficacy while minimizing systemic side 

effects.  

Lipid-based nanovesicles, a class of nanocarriers, 

have gained attention for their ability to enhance the 

efficacy of topical treatment (45). These carriers, 

such as liposomes, niosomes, proniosomes, glyc-

erosomes, and ethosomes, consist of lipid bilayers 

that closely resemble the natural lipids of the 

skin(46). This structural similarity allows them to 

encapsulate both hydrophilic and hydrophobic 

drugs, improving their stability and enhancing skin 

penetration (47). By interacting with the lipid matrix 

of the stratum corneum (SC), nanovesicles facilitate 

the therapeutic agents into deeper skin layers, in-

cluding sebaceous glands and hair follicles (48). 

Moreover, the flexibility of liposomes, niosomes, and 

other elastic and deformable vesicles is evidenced by 

their stability when incorporated into conventional 

formulations. The preparation of liposomal or trans-

fersomal gels or creams for acne treatment combines 

the drug delivery capabilities of nanosystems with 

the technological attributes of traditional formula-

tions, including spreadability, viscosity, and simplic-

ity of application, thereby enhancing patient compli-

ance (49). 
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Table I 

Treatment options for acne management 

Treatment 

category 

 

Drugs/Approach 

 

Mechanism of action 

 

Indication 

 

Considerations 

 

References 

Topical ret-

inoids 

Tretinoin, adapalene, 

tazarotene, trifarotene 

Normalize keratinization, 

reduce inflammation, and 

prevent comedone for-

mation 

Mild to moderate 

acne 

Initial irritation, erythema, 

exfoliation, peeling, pain, 

and sun sensitivity 

 

(31, 33) 

Topical an-

tibiotics 

Clindamycin, eryth-

romycin, minocy-

cline, dapsone 

Reduce C. acnes coloni-

zation and reduce lesion 

inflammation 

Mild to moderate 

acne 

Risk of antibiotic resistance, 

which may be prevented by 

combination with benzoyl 

peroxide 

(34, 35) 

Topical 

benzoyl 

peroxide 

2.5-10% formula-

tions 

Antimicrobial agent that 

releases free oxygen radi-

cals and is mildly come-

dolytic, and prevents re-

sistance 

Mild to moderate 

acne 

Dryness, irritation, pain, 

peeling, and burning sensa-

tion 

(36, 37) 

Topical 

azelaic acid 
10-20% formulations 

Comedolytic, antibacte-

rial, and anti-inflamma-

tory agent 

Mild to moderate 

acne 

Helpful for patients with 

sensitive skin or darker skin 

types due to its lightening 

effect on dyspigmentation 

(38) 

Topical sal-

icylic acid 
0.5-2% formulations 

Reduce inflammatory le-

sions, reduce open come-

dones, showing no differ-

ence in closed comedones 

Mild to moderate 

acne 

Observed dryness with ex-

cessive use 
(31) 

Oral antibi-

otics 

Doxycycline, mino-

cycline, sarecycline 

Anti-inflammatory and 

reduces C. acnes 

Moderate to se-

vere acne 

Hyperpigmentation, lupus-

like drug eruption, and hy-

persensitivity syndromes 

(39) 

Oral hor-

monal 

Therapy 

Combined oral con-

traceptives (estrogen 

+ progestin) 

Reduce 5α-reductase ac-

tivity and block the an-

drogen receptor 

Hormonal acne, 

moderate to severe 

acne 

Not suitable for smokers or 

those at risk of thromboem-

bolism 

(40) 

Oral anti-

androgen 
Spironolactone 

Has antiandrogenic prop-

erties, reduces sebum pro-

duction, and hyperkeratin-

ization in acne-prone fol-

licles 

Hormonal and re-

sistant acne 

It is mainly prescribed for 

women because of its femi-

nizing side effects if used by 

men 

(32) 

Oral 

isotretinoin 
Isotretinoin 

Reduces secretion of se-

baceous glands, inhibits 

comedogenesis by nor-

malizing keratinocyte ke-

ratinization 

Severe nodular 

acne 

Require strict monitoring, 

teratogenic 
(41) 

Physical 

treatments 
Laser & light therapy Target C. acnes 

Moderate to se-

vere acne 

Expensive, no side effects 

recorded 
(42) 

Emerging 

therapies 

Probiotics, microbi-

ome modulation 

Restore the imbalance of 

skin microbiota caused by 

C. acnes 

Antibiotic-re-

sistant and recur-

rent acne 

Needs further research (43) 

Topical clascoterone 

Compete with dihydrotes-

tosterone for androgen re-

ceptors 

Hormonal acne Promising alternative (44) 

 

However, we can say that there are few studies spe-

cifically focusing on nanovesicles loaded with anti-

acne drugs for the treatment of acne vulgaris. While 

research on nanovesicles, such as liposomes, 

ethosomes, glycerosomes, and niosomes, is grow-

ing, their application in acne therapy remains rela-

tively underexplored compared to other drug deliv-

ery systems. 

This section will explore various studies that demon-

strate the potential of lipid-based nanovesicles in the 

management of acne. 

 

Liposomes 

Liposomes are spherical vesicles distinguished by 

the amphiphilic lipid molecules that form their bi-

layer structure. The structure of the amphiphilic lipid 

consists of a hydrophilic head and a hydrophobic 

tail. This enables liposomes to self-assemble in wa-

ter, exposing their hydrophilic head groups while 

shielding the hydrophobic tails within the bilayer. 

Drugs with varying degrees of hydrophobicity can 

be loaded into liposomes due to the formation of this 

bilayer structure (50). Some research has examined 

the use of lipo-somes as carriers for anti-acne drugs.  
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Eroglu et al. developed a topical carbopol-based gel 

incorporating liposomes loaded with tetracycline 

HCl and tretinoin to target acne vulgaris (51). The 

liposomes prepared using the thin film hydration 

method showed high encapsulation efficiencies ex-

ceeding 80% for both active ingredients. The study 

primarily evaluated the effects of this combination 

therapy using in vitro studies. Cytotoxicity tests 

were conducted on the L929 mouse fibroblast cell 

line to ensure the safety of the formulation. Addi-

tionally, the antibacterial activity of the tested lipo-

somal formulation was assessed against Staphylo-

coccus epidermidis and Staphylococcus aureus, two 

bacteria commonly associated with acne-related in-

fections. The authors succeeded in introducing a 

novel product that combines two active components 

with bacteriostatic and comedolytic properties into a 

single, stable, and safe liposome formulation. 

Another study focused on improving acne treatment 

was conducted by Asma et al. Authors developed a 

liposome-based gel containing adapalene, a third-

generation retinoid with proven effectiveness against 

acne vulgaris (52). Liposomes were created using a 

spontaneous phase transition method, exhibiting 

adapalene encapsulation efficiency of 89.69%. In 

vitro release studies showed sustained drug release 

of 79% over 24 hours, while ex vivo permeation tests 

indicated effective skin retention, with 28.27% 

adapalene remaining in the epidermis. The in vivo 

study conducted on a testosterone-induced acne model 

in mice revealed a significant reduction in acne le-

sions. Although the testosterone-induced mouse 

model provides valuable preclinical insights, its 

translational relevance to human acne is limited be-

cause rodents do not fully recapitulate the piloseba-

ceous biology and pathophysiology of human acne. 

Niosomes 

The success of liposomes as nanocarriers is largely 

attributed to phospholipids, which are constituents of 

cell membranes, thereby forming a biocompatible 

system. On the other hand, disadvantages related to 

their production cost and stability under certain con-

ditions led to the development of niosomes by re-

placing phospholipids with non-ionic surfactants 

(53). Because of their greater chemical stability, sim-

plicity of manufacture, lower cost, and wide range of 

surfactant options, they are favored over conven-

tional lipo-somes. Lipophilic moieties are captured 

by partitioning into the lipophilic part of the bilayers, 

while hy-drophilic drugs can be encapsulated in the 

aqueous core (54).  

A study by Ghasemiyeh et al. emphasized the com-

bined effect of tretinoin and bicalutamide in treating 

acne vulgaris due to their complementary actions 

(55). The authors developed niosomes co-loaded 

with these drugs to enhance follicular targeting. The 

niosomal encapsulation efficiencies for tretinoin and 

bicalutamide, measured indirectly by the 

centrifugation ultrafiltration technique, were 99% 

and 94.63%, respectively. The in vivo assessments 

using rhodamine B-loaded niosomes demonstrated 

significant accumulation within hair follicles, sug-

gesting effective targeting. Authors explained the ra-

tionale for using this combined treatment, which re-

turned to the enhancement of tretinoin-mediated skin 

turnover, preventing the formation of comedones 

and improving skin texture. Bicalutamide, as an anti-

androgen, reduces sebum production by blocking an-

drogen activity.  

Photodynamic therapy (PDT), a relatively modern 

method for treating acne, gained attention in the late 

20th century (56). It is a newly developed treatment 

approach for acne that uses a photosensitizing agent 

activated by a specific light source to generate reac-

tive oxygen species (ROS). These ROS target and 

de-stroy C. acnes, reduce inflammation, and may re-

duce sebaceous gland activity (57). El-Mahdy et al. 

developed a niosomal hydrogel formulation of meth-

ylene blue specifically designed for photodynamic 

therapy using the reversed-phase evaporation 

method (58). The clinical evaluation conducted by 

the authors demonstrated that the niosomal formula-

tion significantly reduced inflammation in acne pa-

tients compared to intense pulsed light treatment, 

highlighting its potential as an effective PDT ap-

proach for acne management. 

Proniosomes 

Proniosomes are vesicular particle drug delivery ve-

hicles that readily transform into niosomes upon hy-

dration (59). Proniosomes are superior to niosomes 

in a number of ways, including reducing physical 

sta-bility issues (aggregation, fusion, and leakage) 

and offering greater convenience in dosage, storage, 

and transportation (60). Due to their superior percu-

taneous absorption and simplicity of application, 

pronio-somal gels are gaining popularity in the field 

of semisolid dosage forms. They are regarded as gel 

prepara-tions because they can regulate drug release, 

conform to the shape of the treated area, and with-

stand the physiological stress caused by skin flexion 

and mucociliary movement (61). Vesicle systems 

were able to promote skin penetration of drug 

through several mechanisms, including (a) the free 

drug mechanism, (b) the penetration-enhancing pro-

cess of the vesicle components, (c) vesicle adsorp-

tion to and/or fusion with the SC, and (d) the pro-

posed penetration of intact vesicle into and through 

the intact skin, although this mechanism remains 

controversial (62). 

Rahman et al. developed a proniosomal formulation 

loaded with tretinoin as a useful approach to address 

drawbacks such as redness, peeling, swelling, and 

blistering associated with the use of tretinoin for the 

treatment of acne (62). The developed formulation 

exhibited high entrapment efficiency and a high per-

centage of medication released after five hours. The 
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clinical research conducted on 12 human volunteers 

with acne vulgaris lesions on the face showed supe-

riority of the tested proniosomal formulation over 

the market product during the study period with re-

spect to improvement of individual lesions. An im-

provement in the patients’ lesions was reported when 

treated with a tretinoin-loaded proniosomes formula. 

Authors explain that these findings could be at-

tributed to the small vesicle size and enhanced pen-

etration of the tretinoin across the SC and targeting 

the dermis as well as the epidermis and deep dermis, 

thereby enhancing trans-follicular drug absorption. 

Ethosomes 

Ethosomes are soft phospholipid nanovesicles used 

for dermal and transdermal drug delivery. They con-

tain a high ethanol concentration, which increases 

skin permeation by acting as a penetration enhancer. 

It penetrates intercellular lipids, increases lipid flu-

idity, and decreases the density of the lipid multi-

layer of the cell membrane, thereby increasing skin 

permeability. For this reason, they readily permeate 

the deep skin layers and combine with skin lipids, 

resulting in drug release within them (63). These 

properties char-acterizing ethosomes make them a 

good candidate and a promising alternative to con-

ventional acne treatment.  

To avoid the negative effects of traditional retinoids 

and enhance drug penetration and localization in 

deep skin layers, Salem et al. conducted a study to 

develop an ethosomal gel of retinyl palmitate (RP) 

(64). In comparison with tretinoin cream, a clinical 

assessment of the effectiveness and tolerance of 

treatment in volunteers with mild to moderate facial 

acne vulgaris was conducted over 6 weeks. Results 

demonstrated that the RP ethosomal hydrogel had 

equivalent efficacy to conventional tretinoin formu-

lations, with a significant improvement over the 

commercial tretinoin formulation in reducing non-

inflammatory acne lesions. Furthermore, it was 

found to have superior tolerability, with few or no 

local treatment-related skin responses, such as ery-

thema, peeling, burning, and itching, in treated vol-

unteers compared with the traditional cream. 

A study on spironolactone-loaded ethosomes ex-

plored their potential for topical acne treatment by 

enhancing drug penetration and retention in the skin, 

conducted by Verma et al. (65). The formulated 

ethosomes exhibited a small vesicle size, ensuring 

better permeability, with a high drug encapsulation 

efficiency. When incorporated into carbomer 974 

gel, it demonstrated a 2.5-fold increase in transder-

mal flux and a 2.1-fold enhancement in skin deposi-

tion compared to conventional hydroethanolic gels. 

Although an increase in transdermal flux was ob-

served, the enhanced skin deposition is more rele-

vant to topical acne treatment, where localized drug 

delivery, rather than systemic permeation, is the pri-

mary therapeutic objective. Additionally, the ethoso-

mal formulation showed superior anti-acne effects 

with minimal skin irritation, suggesting its potential 

as an effective alternative for localized spironolac-

tone delivery in acne management. 

Glycerosomes 

Glycerosomes are a newer generation of vesicular 

structures. They contain significant quantities of 

glyc-erol, phospholipids, and cholesterol. Glycerol 

is a rapidly absorbed, safe excipient used in pharma-

ceutical technology (66). Furthermore, glycerol has 

anti-inflammatory and anti-irritant properties in a 

dose-dependent manner (67). In cutaneous medica-

tion administration, using glycerol can increase drug 

penetra-tion by hydrating biological membranes (68, 

69). Together, these three components form a lipid 

bilayer structure similar to that of biomembranes. 

Such similarities are used to ensure safe topical and 

transdermal administration of natural and synthetic 

compounds (70-74). Glycerosomes have well-docu-

mented deform-ability and flexibility, which are 

mostly due to the high concentration of glycerol. 

Glycerol significantly influences the fluidity of their 

bilayers, resulting in improved vesicular characteris-

tics and enhanced lo-calized drug absorption by 

squeezing into skin layers (70). All these properties 

make glycerosomes highly effective for delivering 

anti-acne agents. Compared to conventional thera-

pies, glycerosomes offer en-hanced drug retention 

and controlled release, making them a promising ap-

proach for improving the thera-peutic efficacy of 

topical acne treatments (48). Few studies have ex-

plored the potential of glycerosomes in acne treat-

ment, evaluating their ability to en-hance drug deliv-

ery, improve skin penetration, and yield better ther-

apeutic outcomes than traditional for-mulations.  

AbouSamra et al. introduced an innovative approach 

to acne treatment by developing glycerosomes co-

loaded with lincomycin and lauric acid, thereby en-

hancing both antibacterial efficacy and skin penetra-

tion (47). The optimized vesicular system showed 

remarkable encapsulation efficiencies of 90% and 

97% for lincomycin and lauric acid, respectively. 

Notably, the skin deposition study confirmed a two-

fold increase in lincomycin delivery compared to lin-

comycin gel, indicating superior drug retention and 

penetration. The results for the in vivo-performed ex-

periment on the acne mouse model demonstrated 

significant reductions in inflammation and bacterial 

load, underscoring the formulation’s potential as an 

effective topical therapy for acne vulagaris. In addi-

tion to the previously discussed lipid nanovesicles, 

other formulations used for acne treatment are listed 

in Table II. 
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Table II 

Other loaded nanovesicles for acne management 

Nanofor-

mulations 
Loaded drugs Advantages Limitations References 

Trans-

ferosomes 

Clindamycin & 

benzoyl perox-

ide 

Superior skin permeation com-

pared with the marketed formula-

tion and no skin irritation in 

mice, indicating its efficacy and 

safety. 

Chemically unstable due to their 

tendency to undergo oxidative deg-

radation, they require special stor-

age conditions. 

(75) 

Cubosomes Azelaic acid 

Enhancement of skin penetration,  

retention, sustained release, and 

bioadhesiveness 

Complex preparation, stability is-

sues, and higher production costs. 
(76) 

Phyto-

somes 

Bergamot Es-

sential Oil & 

Spironolactone 

Increase skin absorption and bio-

availability, have remarkably 

high drug encapsulation, and re-

veal a better stability profile 

Quick removal of phytoconstitu-

ents from the Phytosome, and pH-

sensitivity 

(77) 

Bilosomes Dapsone 

More flexibility, absorption, and 

permeation due to the presence of 

bile salts. 

They can be sensitive to prepara-

tion conditions and difficult to 

scale up. Additionally, the choice 

of phospholipids and bile salts can 

affect bilosome properties, such as 

size and stability. 

(78) 

Aquasomes Cephalothin 

The crystal core increases parti-

cle stability, and the carbohydrate 

layer provides an appropriate sur-

face for the active substance to 

be adsorbed. 

A potential challenge of aquasome-

based drug delivery could be tox-

icity due to burst release of drugs if 

poorly absorbed on the carbohy-

drate coat, and they could be ex-

pensive to formulate. 

(79) 

 

Mechanism of action of lipid-based nanovesicles 

in acne management 

Antibacterial and anti-inflammatory medications are 

used in conventional acne treatment. As recorded, 

unwanted toxicities are linked to the systemic usage 

of these medications. Therefore, topical use of anti-

acne medications is preferred. However, the drug's 

limited water solubility and limited penetration 

across the skin make topical distribution difficult. 

Lipid-based nanovesicles emerged as promising de-

livery systems for acne treatment. Their small parti-

cle size, high surface area, and unique physicochem-

ical properties improve drug solubility, stability, and 

therapeutic efficacy.  

Along with liposomes' special benefits, there are 

drawbacks to employing them to transport medica-

tions to the skin. These primarily relate to issues with 

fluidity, stability, penetration, and entrapment effi-

cacy. Liposomes accumulate on the outermost layer 

of skin because they cannot pass through the SC. 

Rigid conventional liposomes function as a depot 

formulation on the skin's surface because they can-

not pass through the layers of the skin (80). The lip-

osomes may directly interact with the skin and ex-

change the drug, or they may release the free drug, 

which can penetrate through the skin. As a result, 

modifications were made to their structure and com-

position to enhance their skin penetration, resulting 

in the creation of elastic novel lipid-based 

nanovesicles that are now often employed in drug 

delivery (46). 

Advanced liposomes such as transferosomes, proni-

osomes, cubosomes, glycerosomes, and other flexi-

ble nanovesicles can induce structural changes in the 

SC, thereby facilitating drug absorption (81). They 

are extremely malleable, biocompatible, and biode-

gradable nanovesicles that can readily penetrate sub-

cuta-neous tissue. When applied to intact skin, they 

can penetrate deeply and cross the intercellular 

spaces between epidermal cells. They move through 

the intercellular gap of the SC by undergoing self-

deformation.  

Regarding the other types of nanovesicles that con-

tain a high percentage of ethanol, such as ethosomes 

and transethosomes, they easily navigate through 

small intercellular channels (82). Because of their 

elastic nature and the presence of ethanol and edge 

activators, these vesicles are characterized by high 

penetra-tion efficacy and flexibility, allowing them 

to squeeze through narrow intercellular spaces (83). 

Ethanol makes the SC intercellular lipids more fluid, 

reducing lipid layer thickness and increasing the 

flexibility of the vesicular structure. Ethanol thereby 

facilitates the drug's deeper penetration of the epi-

dermis (84). They can also shield the drug from rapid 

clearance, thereby increasing circulation and bioa-

vailability (85).  
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Challenges and unmet needs in using lipid-based 

nanovesicles for acne treatment 

The use of nanocarriers in acne treatment presents 

several challenges and unmet needs that must be ad-

dressed to enhance their clinical applicability. One 

of the primary concerns is the stability of lipid-based 

formulations, as issues such as aggregation, drug 

leakage, and degradation can compromise their ef-

fective-ness. The stability of nanocarriers varies de-

pending on their type and composition. Lipid-based 

systems, such as liposomes, often face stability chal-

lenges due to aggregation, fusion, or drug leakage 

(86). Fur-thermore, the high cost of production and 

stringent regulatory requirements make commercial-

ization diffi-cult, necessitating extensive safety and 

efficacy evaluations (50). Variability in skin physi-

ology among individuals can also influence the ef-

fectiveness of nanocarrier penetration and drug re-

lease, leading to inconsistent therapeutic outcomes. 

Moreover, while many lipid components are bio-

compatible, their inter-action with inflamed or sen-

sitive acne-prone skin requires careful evaluation to 

prevent irritation or aller-gic reactions. Regulatory 

uncertainties surrounding nanomedicine further 

complicate the pathway to clini-cal translation. 

These challenges underscore the need for continued 

research to optimize formulation sta-bility, enhance 

scalability, and ensure safety, particularly when in-

tegrating environmentally sustainable practices into 

nanocarrier design. 

 

Eco-friendly aspects of lipid-based nanocarriers 

In recent years, the development of advanced drug 

delivery systems has increasingly prioritized not 

only therapeutic performance but also environmen-

tal responsibility. Among these systems, lipid-based 

nanocarriers have gained attention for their ability to 

enhance drug solubility, stability, and targeted deliv-

ery, particularly in dermatological applications such 

as acne treatment. As research expands in this area, 

there is growing interest in aligning nanocarrier for-

mulation practices with sustainable, eco-conscious 

principles. Traditional preparation methods often in-

volve hazardous solvents, synthetic excipients, and 

energy-intensive processes, which may contribute to 

environmental burdens. Consequently, incorporat-

ing eco-friendly strategies, such as using biode-

gradable lipids, renewable resources, and green syn-

thesis techniques, has become a crucial focus (87). 

This section explores how lipid-based nanovesicles 

can be developed and optimized through sustainable 

approaches, highlighting their potential to provide 

effective acne treatment while reducing ecological 

impact. 

Use of biodegradable and renewable lipid sources 

The choice of lipid type plays a crucial role in deter-

mining the biocompatibility and environmental 

footprint of lipid-based nanocarriers. For acne treat-

ment, biodegradable and renewable lipid sources, 

such as natural phospholipids, are widely favored for 

their natural origin and minimal toxicity. These li-

pids not only enhance the safety profile of nanovesi-

cles but also ensure their biodegradability (11), 

thereby reducing the risk of skin irritation and envi-

ronmental accumulation. Additionally, naturally 

sourced cholesterol or plant sterols are often used to 

stabilize vesicle membranes, replacing synthetic or 

petroleum-derived alternatives. Recent advances in 

nanovesicle design have explored incorporating 

plant-derived lipids and sterols to enhance the bio-

compatibility and sustainability of formulations for 

acne management. Studies have shown that lipo-

somes prepared using soybean-derived phosphati-

dylcholine and lanolin-derived cholesterol can effec-

tively encapsulate antibacterial agents such as rho-

domyrtone, demonstrating significant activity 

against acne-causing bacteria such as Cutibacterium 

acnes while maintaining structural stability and skin 

compatibility (88). Similarly, lauric acid, a naturally 

occurring fatty acid in coconut oil, has been incorpo-

rated into lipid-based vesicles for its potent antimi-

crobial properties and ability to disrupt bacterial 

membranes, offering a promising approach to the 

treatment of acne vulgaris (89). These studies high-

light the potential of biodegradable, renewable lipid 

sources to develop eco-friendly, effective, and skin-

safe nanocarriers tailored for acne therapy, aligning 

with the principles of green nanomedicine. 

Green solvents and sustainable preparation tech-

niques 

The growing importance of environmental sustaina-

bility has prompted a shift toward greener methodol-

ogies in the development of lipid-based nanocarriers. 

Traditional preparation techniques often involve or-

ganic solvents such as chloroform or methanol, 

which pose environmental and health hazards. In 

contrast, green solvents such as ethanol, supercritical 

fluids (e.g., supercritical CO₂), and natural deep eu-

tectic solvents (NADES) offer eco-friendly alterna-

tives that reduce toxicity and environmental burden. 

NADES, a third category of natural liquids, because 

of their solubilizing and stabilizing qualities, as well 

as their low toxicity and biodegradability, NADES 

exhibit potential as drug carriers in dermal formula-

tions (90). Compared to traditional solvents such as 

ionic liquids (ILs) and organic solvents, eutec-tic 

solvents are considered less hazardous, less expen-

sive, more environmentally safe, more biodegrada-

ble, and less volatile (91). A study conducted by Wu 

et al. successfully utilized deep eutectic solvents 

combined with paeonol and lauric acid as active 

pharmaceutical ingredients, creating a therapeutic 

deep eutectic solvent (THEDES) (92). The resulting 

liposomes demonstrated enhanced solubility and sta-

bility of paeonol, along with improved bioavailability 
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and reduced cytotoxicity. This approach highlights 

the potential of eutectic solvents as green, sustaina-

ble alternatives for liposome preparation, offering 

benefits for drug delivery applications. Another re-

cent study explored the incorporation of African es-

sential oils (Argania spinosa, Passiflora edulis) en-

capsulated within nanoliposomes, which were then 

incorporated into hydrogels to enhance transdermal 

drug delivery (93). The inclusion of eutectic sol-

vents, composed of betaine and phytic acid, in the 

formulation aimed to stabilize the essential oils and 

improve their permeation through the skin. This in-

novative approach combines the therapeutic proper-

ties of African essential oils with the advantage of 

eutectic solvents and liposomal delivery systems to 

create effective transdermal patches. These patches 

offer a natural, well-tolerated approach to acne man-

agement by reducing sebum and promoting healing, 

making them ideal candidates for inclusion in sus-

tainable and skin-friendly anti-acne formulations. 

Another eutectic system composed of choline chlo-

ride, malonic acid, and PEG 400 was developed for 

topical delivery of azelaic acid (AzA) in acne treat-

ment (94). This eutectic solvent-based formulation 

exhibited enhanced solubility and increased skin 

penetration of AzA, along with synergistic antibac-

terial activity against acne-causing bacteria. The op-

timized formulation showed favorable rheological 

properties and stability, indicating its potential as an 

effective topical treatment for acne vulgaris. 

Additionally, sustainable techniques such as super-

critical fluid (SCF) methods are being developed as 

effective alternatives to conventional liposome pro-

duction methods (95, 96). Using SCFs in liposome 

for-mulation eliminates the need for water, high op-

erating temperatures, and mechanical stresses that 

can de-grade labile substances such as vitamins, en-

zymes, essential oils, and flavors. It also enables the 

formula-tion of liposomes as dry powders without 

extensive use of organic solvents, which pose health 

risks due to their toxicity. By adjusting crucial pa-

rameters (such as temperature and pressure), this 

green technology may create micro- and nanosized 

liposomes with a restricted size distribution (96). 

SCF liposome formula-tion techniques enable high 

drug entrapment efficiency by producing uniform 

vesicles with controlled size and reduced solvent res-

idues (97). 

Use of natural excipients and stabilizers 

The incorporation of natural excipients and stabi-

lizers into lipid-based nanocarriers has garnered in-

creas-ing attention for their biocompatibility, bio-

degradability, and reduced toxicity risk. In the con-

text of acne treatment, these naturally derived com-

ponents not only enhance the structural stability of 

nanocarriers but also confer therapeutic benefits, in-

cluding anti-inflammatory and antimicrobial activity. 

Commonly used natural excipients include phos-

pholipids from soy or egg lecithin, which form the 

backbone of vesicular systems (11). Natural poly-

mers such as chitosan, alginate, and pectin are fre-

quently employed as coating agents or stabilizers to 

improve colloidal stability, prolong shelf life, and 

modulate drug release (98). Ad-ditionally, plant-de-

rived antioxidants such as tocopherols and polyphe-

nols can be incorporated to prevent lipid oxidation 

and enhance skin compatibility (99). The use of 

these eco-friendly and skin-compatible materials 

supports the development of sustainable, effective, 

and patient-friendly nanocarrier systems for the tar-

geted treatment of acne vulgaris. 

To increase stability and skin permeability, a study 

developed a novel delivery strategy for retinal 

(RAL) using flexible liposomes (FLPs) loaded with 

α-tocopherol succinate (α-TS). Pressure-sensitive 

adhesive (PSA) hydrogels were used to embed the 

RAL-FLPs, resulting in a delivery platform that fa-

cilitates effec-tive RAL penetration and extended 

skin residency. According to the authors’ results, 

adding α-TS en-hanced RAL chemical and liposo-

mal stability. Furthermore, research using skin per-

meation and fluores-cence microscopy revealed that 

adding α-TS increased RAL's skin permeability 

through hair follicles (100).  

Another study sought to explore the use of both the 

liposomal system and a coating approach involving 

chitosan and alginate polysaccharides applied to 

nanoliposomes after encapsulating the phenolic ex-

tract of S. tenerrimum algae. The extracts from 

nanoliposomes were tested for minimum bacteri-

cidal concentrations (MBCs) and minimum inhibi-

tory concentrations (MICs) against acne-causing mi-

croorganisms. The findings showed that the nanolip-

osomes' and coated nanoliposomes' MIC and MBC 

activity declined with time. According to the find-

ings, nanoliposomes are a viable strategy for en-

hanced antibacterial activity against Cutibacterium 

acnes and an efficient carrier system for phenolic 

compounds (101).  

Packaging and environmental footprint of final 

products 

In developing eco-friendly liposomal formulations 

for acne treatment, the packaging and the final 

product's environmental footprint play a crucial role 

in ensuring overall sustainability. Eco-conscious for-

mulations must be complemented by biodegradable, 

recyclable, or reusable packaging materials, such as 

glass containers, bioplastics, or post-consumer recy-

cled (PCR) plastics, to reduce the product’s ecologi-

cal impact. Traditional plastic packaging, commonly 

used in pharmaceuticals and cosmetics, contributes 

significantly to microplastic pollution and landfill 

waste (102). Recently, the cosmetics sector has 

placed greater focus on sustainable packaging, with 

many busi-nesses opting for eco-friendly materials 

and processes (103). Additionally, the production 
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process for liposomes can be optimized to lower en-

vironmental burden by using solvent-free or low-en-

ergy methods, thus minimizing emissions and chem-

ical waste. Several commercial anti-acne products 

have emerged that incorporate liposomal technology 

with an emphasis on natural ingredients and sustain-

able practices, as shown in Table III. When both for-

mulation and packaging adhere to eco-friendly 

standards, the final product may potentially contrib-

ute to a reduced environmental impact. However, 

these benefits are rela-tive and depend on the manu-

facturing process, packaging, and distribution. As no 

quantitative life cycle assessment (LCA) data are 

available, these products should be considered po-

tentially greener alternatives rather than definitively 

environmentally friendly. 

Table III 

Some Marketed eco-friendly liposomal products for acne 

Brand/Product name Eco-friendly features Target function References 

Sesderma Azelac RU 

Liposomal Serum 

Paraben-free, biodegradable 

components such as soy leci-

thin and xanthan gum 

Anti-acne and used for hyperpig-

mentation 
(104) 

Herbivore Lapis Facial Oil 
Free from synthetic additives, 

packaged in recyclable glass 

Used for acne-prone skin as an 

anti-inflammatory 
(105) 

SkinCeuticals Phyto 

Corrective Gel 

Free from synthetic dyes and 

formulated with botanical ex-

tracts 

Anti-inflammatory and antiseptic 

effects used for acne-prone skin 
(106) 

 

Future perspectives in sustainable liposomal 

therapies for acne 

The future of eco-friendly liposomal formulations 

for acne treatment lies in the convergence of sustain-

able materials science and advanced drug delivery 

technologies. Ongoing research is expected to em-

phasize the use of naturally derived, biodegradable 

lipids that not only support skin compatibility but 

also reduce environmental impact. Innovations in 

green manufacturing, such as solvent-free tech-

niques and energy-efficient processes, are antici-

pated to become standard in liposome formulation. 

Furthermore, the incorporation of plant-based ingre-

dients with anti-acne properties, including essential 

oils, flavonoids, and herbal extracts, offers a prom-

ising alternative to conventional synthetic agents. 

These developments are likely to be complemented by 

a shift toward environmentally responsible packag-

ing solutions, including recyclable glass, bioplastics, 

and refill systems. As consumer demand for sustainable 

skincare grows, future products will need to meet not 

only therapeutic efficacy standards but also align with 

broader ecological values, potentially guided by 

emerging regulatory frameworks and eco-certifications. 

 

Conclusions 

Eco-friendly liposomal formulations offer a compel-

ling alternative to conventional acne therapies by ad-

dressing both therapeutic and environmental con-

cerns. Throughout this review, we highlighted how 

liposomes enhance drug stability, skin penetration, 

and targeted delivery while also offering opportuni-

ties for cleaner, greener formulation strategies. The 

integration of biodegradable lipids and plant-derived 

actives into nanocarrier systems not only improves 

treatment outcomes but also supports the growing 

demand for sustainable skincare solutions. However, 

despite promising advances in research and some 

movement in the commercial space, fully eco-con-

scious liposomal products for acne remain limited. A 

deeper understanding of formulation challenges, 

regulatory frameworks, and lifecycle impacts is es-

sential for translating laboratory innovations into 

truly sustainable clinical and cosmetic applications. 

 

Acknowledgement 

Not applicable. 

 

Funding 

Not applicable. 

 

Availability of data and materials 

Not applicable 

 

Ethics approval and consent to participate 

Not applicable 

 

AI disclosure 

Not applicable 

 

Conflict of interest  

The authors declare no conflict of interest 

 

 

References 

1. Łukańko K, Lipska P, Sobczak J, Lorek J, Duda-Madej 

A. Rethinking Acne Vulgaris: The Gut–Skin Axis as a 

Central Mechanism and Therapeutic Target. Appl Sci. 

2026;16(9):4527.  

2. Huang L, Yang S, Yu X, Fang F, Zhu L, Wang L, et al. 

Association of different cell types and inflammation in 

early acne vulgaris. Front Immunol. 2024;15:1275269. 



FARMACIA, 2026, Vol. 74, 4 

 885 

3. Saurat JH. Strategic targets in acne: the comedone 

switch in question. Dermatology. 2015;231(2):105-

111. 

4. Ryguła I, Pikiewicz W, Kaminiów K. Impact of diet 

and nutrition in patients with acne vulgaris. Nutrients. 

2024;16(10):1476. 

5. Friedlander SF, Baldwin HE, Mancini AJ, Yan AC, 

Eichenfield LF. The acne continuum: an age-based ap-

proach to therapy. Semin Cutan Med Surg. 2011;30(3 

Suppl):S6-S11. 

6. Han R, Blencke HM, Cheng H, Li C. The antimicrobial 

effect of CEN1HC-Br against Propionibacterium acnes 

and its therapeutic and anti-inflammatory effects on 

acne vulgaris. Peptides. 2018;99:36-43. 

7. Reniers DE, Howard JM. Isotretinoin-induced inflam-

matory bowel disease in an adolescent. Ann Pharma-

cother. 2001;35(10):1214-1216. 

8. Humphrey S. Antibiotic resistance in acne treatment. 

Skin Therapy Lett. 2012;17(9):1-3. 

9. Foti C, Romita P, Borghi A, Angelini G, Bonamonte D, 

Corazza M. Contact dermatitis to topical acne drugs: a 

review of the literature. Dermatol Ther. 

2015;28(5):323-329. 

10. Gupta S, Bansal R, Gupta S, Jindal N, Jindal A. 

Nanocarriers and nanoparticles for skin care and der-

matological treatments. Indian Dermatol Online J. 

2013;4(4):267-272. 

11. Dragicevic N, Maibach HI. Liposomes and other 

nanocarriers for the treatment of acne vulgaris: Im-

proved therapeutic efficacy and skin tolerability. Phar-

maceutics. 2024;16(3):309. 

12. Vasam M, Korutla S, Bohara RA. Acne vulgaris: A re-

view of the pathophysiology, treatment, and recent nan-

otechnology based advances. Biochem Biophys Rep. 

2023;36:101578. 

13. Tan AU, Schlosser BJ, Paller AS. A review of diagno-

sis and treatment of acne in adult female patients. Int J 

Womens Dermatol. 2017;4(2):56-71.  

14. Conforti C, Giuffrida R, Fadda S, Fai A, Romita P, 

Zalaudek I, et al. Topical dermocosmetics and acne vul-

garis. Dermatol Ther. 2021;34(1):e14436.  

15. Gollnick H, Cunliffe W, Berson D, Dreno B, Finlay A, 

Leyden JJ, et al. Management of acne: A report from a 

Global Alliance to Improve Outcomes in Acne. J Am 

Acad Dermatol. 2003;49(1 Suppl):S1-S37.  

16. Shamloul G, Khachemoune A. An updated review of 

the sebaceous gland and its role in health and diseases. 

Part 1: Embryology, evolution, structure, and function 

of sebaceous glands. Dermatol Ther. 

2021;34(1):e14695.  

17. Byrd AL, Belkaid Y, Segre JA. The human skin micro-

biome. Nat Rev Microbiol. 2018;16(3):143-155.  

18. Mayslich C, Grange PA, Dupin N. Cutibacterium acnes 

as an opportunistic pathogen: An update of its viru-

lence-associated factors. Microorganisms. 

2021;9(2):303. 

19. Baek J, Lee MG. Oxidative stress and antioxidant strat-

egies in dermatology. Redox Rep. 2016;21(4):164-169.  

20. Heng AHS, Say YH, Sio YY, Ng YT, Chew FT. Epi-

demiological risk factors associated with acne vulgaris 

presentation, severity, and scarring in a Singapore Chi-

nese population: A cross-sectional study. Dermatology. 

2022;238(2):226-235.  

21. Grossi E, Cazzaniga S, Crotti S, Naldi L, Di Landro A, 

Ingordo V, et al. The constellation of dietary factors in 

adolescent acne: A semantic connectivity map ap-

proach. J Eur Acad Dermatol Venereol. 2016;30(1):96-

100. 

22. Claudel JP, Auffret N, Leccia MT, Poli F, Dréno B. 

Acne and nutrition: Hypotheses, myths and facts. J Eur 

Acad Dermatol Venereol. 2018;32(10):1631-1637.  

23. Cong TX, Hao D, Wen X, Li XH, He G, Jiang X. From 

pathogenesis of acne vulgaris to anti-acne agents. Arch 

Dermatol Res. 2019;311:337-349.  

24. Chiu A, Chon SY, Kimball AB. The response of skin 

disease to stress: Changes in the severity of acne vul-

garis as affected by examination stress. Arch Dermatol. 

2003;139(7):897-900.  

25. Krutmann J, Moyal D, Liu W, Kandahari S, Lee GS, 

Nopadon N, et al. Pollution and acne: Is there a link? 

Clin Cosmet Investig Dermatol. 2017;10:199-204.  

26. Lefebvre MA, Pham DM, Boussouira B, Bernard D, 

Camus C, Nguyen QL. Evaluation of the impact of ur-

ban pollution on the quality of skin: A multicentre study 

in Mexico. Int J Cosmet Sci. 2015;37(3):329-338.  

27. Araviiskaia E, Berardesca E, Bieber T, Gontijo G, 

Sanchez Viera M, Marrot L, et al. The impact of air-

borne pollution on skin. J Eur Acad Dermatol Venereol. 

2019;33(8):1496-1505.  

28. Roberts W. Air pollution and skin disorders. Int J 

Womens Dermatol. 2021;7(1):91-97.  

29. Suh DH, Oh H, Lee SJ, Kim HJ, Ryu HJ. Relationship 

between acne and the use of cosmetics: Results of a 

questionnaire study in 539 Korean individuals. J Cos-

met Dermatol. 2021;20(7):2172-2178.  

30. Kim HJ, Kim YH. Exploring acne treatments: From 

pathophysiological mechanisms to emerging therapies. 

Int J Mol Sci. 2024;25(10):5302. 

31. Reynolds RV, Yeung H, Cheng CE, Cook-Bolden F, 

Desai SR, Druby KM, et al. Guidelines of care for the 

management of acne vulgaris. J Am Acad Dermatol. 

2024;90(5):1006.e1-1006.e30. 

32. Renz S, Chinnery F, Stuart B, Day L, Muller I, Soulsby 

I, et al. Spironolactone for adult female acne (SAFA): 

Protocol for a double-blind, placebo-controlled, phase 

III randomised study of spironolactone as systemic 

therapy for acne in adult women. BMJ Open. 

2021;11(8):e053876. 

33. Thielitz A, Abdel-Naser MB, Fluhr JW, Zouboulis CC, 

Gollnick H. Topical retinoids in acne: An evidence-

based overview. J Dtsch Dermatol Ges. 

2008;6(12):1023-1031. 

34. Jarratt MT, Brundage T. Efficacy and safety of 

clindamycin-tretinoin gel versus clindamycin or tret-

inoin alone in acne vulgaris: A randomized, double-

blind, vehicle-controlled study. J Drugs Dermatol. 

2012;11(3):318-326.  

35. Dubina MI, Fleischer AB. Interaction of topical sul-

facetamide and topical dapsone with benzoyl peroxide. 

Arch Dermatol. 2009;145(9):1027-1029.  

36. Cunliffe W, Dodman B, Ead R. Benzoyl peroxide in 

acne. Practitioner. 1978;220(1317):479-482.  

37. Brammann C, Müller-Goymann CC. An update on for-

mulation strategies of benzoyl peroxide in efficient 

acne therapy with special focus on minimizing unde-

sired effects. Int J Pharm. 2020;578:119074.  



FARMACIA, 2026, Vol. 74, 4 

 886 

38. Kircik LH. Efficacy and safety of azelaic acid (AzA) 

gel 15% in the treatment of post-inflammatory hyper-

pigmentation and acne: A 16-week, baseline-controlled 

study. J Drugs Dermatol. 2011;10(6):586-590.  

39. Baldwin H. Oral antibiotic treatment options for acne 

vulgaris. J Clin Aesthet Dermatol. 2020;13(9):26-32.  

40. Arowojolu AO, Gallo MF, Lopez LM, Grimes DA. 

Combined oral contraceptive pills for treatment of acne. 

Cochrane Database Syst Rev. 

2012;2012(7):CD004425. 

41. Villani A, Nastro F, Di Vico F, Fabbrocini G, Annun-

ziata MC, Genco L. Oral isotretinoin for acne: A com-

plete overview. Expert Opin Drug Saf. 

2022;21(8):1027-1037.  

42. Nestor MS, Swenson N, Macri A. Physical modalities 

(devices) in the management of acne. Dermatol Clin. 

2016;34(2):215-223.  

43. Ionescu MA, Tatu AL, Busila C, Axente ER, Badalato 

N, Feuilloley MGJ, et al. Microbiome modulation in 

acne patients and clinical correlations. Life (Basel). 

2024;14(6):688.  

44. Peterson H, Kircik L, Armstrong AW. Individual Arti-

cle: Clascoterone cream 1%: Mechanism of action, ef-

ficacy, and safety of a novel, first-in-class topical anti-

androgen therapy for acne. J Drugs Dermatol. 

2023;22(6):SF350992s7-SF350992s14. 

45. Navarro-Partida J, Castro-Castaneda CR, Santa Cruz-

Pavlovich FJ, Aceves-Franco LA, Guy TO, Santos A. 

Lipid-based nanocarriers as topical drug delivery sys-

tems for intraocular diseases. Pharmaceutics. 

2021;13(5):678. 

46. Golestani P. Lipid-based nanoparticles as a promising 

treatment for skin cancer. Heliyon. 2024;10(9):e29898.  

47. AbouSamra MM, Farouk F, Abdelhamed FM, Emam 

KAF, Abdeltawab NF, Salama AH. Synergistic ap-

proach for acne vulgaris treatment using glycerosomes 

loaded with lincomycin and lauric acid: Formulation, in 

silico, in vitro, LC-MS/MS skin deposition assay and in 

vivo evaluation. Int J Pharm. 2023;646:123487.  

48. Akombaetwa N, Ilangala AB, Thom L, Memvanga PB, 

Witika BA, Buya AB. Current advances in lipid 

nanosystems intended for topical and transdermal drug 

delivery applications. Pharmaceutics. 2023;15(2):656. 

49. Mancuso A, Cristiano MC, Fresta M, Paolino D. The 

challenge of nanovesicles for selective topical delivery 

for acne treatment: Enhancing absorption whilst avoid-

ing toxicity. Int J Nanomedicine. 2020;15:9197-9210.  

50. AbouSamra MM. Liposomal nano-carriers mediated 

targeting of liver disorders: Mechanisms and applica-

tions. J Liposome Res. 2024;34(4):728-743.  

51. Eroğlu İ, Aslan M, Yaman Ü, Gultekinoglu M, Çala-

mak S, Kart D, et al. Liposome-based combination ther-

apy for acne treatment. J Liposome Res. 

2020;30(3):263-273.  

52. Arooj A, Rehman AU, Iqbal M, Naz I, Alhodaib A, Ah-

med N. Development of adapalene loaded liposome 

based gel for acne. Gels. 2023;9(2):135.  

53. Kodel HdAC, Alizadeh P, Ebrahimi SN, Machado 

TOX, Oliveira MBPP, Fathi F, et al. Liposomes and ni-

osomes: New trends and applications in the delivery of 

bioactive agents for cancer therapy. Int J Pharm. 

2025;668:124994. 

54. Mohsen AM, AbouSamra MM, ElShebiney SA. En-

hanced oral bioavailability and sustained delivery of 

glimepiride via niosomal encapsulation: In vitro char-

acterization and in vivo evaluation. Drug Dev Ind 

Pharm. 2017;43(8):1254-1264.  

55. Ghasemiyeh P, Moradishooli F, Daneshamouz S, Hei-

dari R, Niroumand U, Mohammadi-Samani S. Optimi-

zation, characterization, and follicular targeting assess-

ment of tretinoin and bicalutamide loaded niosomes. 

Sci Rep. 2023;13(1):20023.  

56. Correia JH, Rodrigues JA, Pimenta S, Dong T, Yang Z. 

Photodynamic therapy review: Principles, photosensi-

tizers, applications, and future directions. Pharmaceu-

tics. 2021;13(9):1332. 

57. Cruz S, Vecerek N, Elbuluk N. Targeting inflammation 

in acne: Current treatments and future prospects. Am J 

Clin Dermatol. 2023;24(5):681-694.  

58. El-Mahdy M, Mohamed EE, Saddik M, Ali M, El-

Sayed A. Formulation and clinical evaluation of nioso-

mal methylene blue for successful treatment of acne. J 

Adv Biomed Pharm Sci. 2020;3(3):116-126. 

59. Khatoon M, Shah KU, Din FU, Shah SU, Rehman AU, 

Dilawar N, et al. Proniosomes derived niosomes: Re-

cent advancements in drug delivery and targeting. Drug 

Deliv. 2017;24(Suppl 1):56-69.  

60. Hu C, Rhodes DG. Proniosomes: A novel drug carrier 

preparation. Int J Pharm. 1999;185(1):23-35.  

61. AbouSamra MM, Salama AH. Enhancement of the 

topical tolnaftate delivery for the treatment of tinea 

pedis via provesicular gel systems. J Liposome Res. 

2017;27(4):324-334.  

62. Rahman SA, Abdelmalak NS, Badawi A, Elbayoumy 

T, Sabry N, Ramly AE. Formulation of tretinoin-loaded 

topical proniosomes for treatment of acne: In vitro char-

acterization, skin irritation test and comparative clinical 

study. Drug Deliv. 2015;22(6):731-739.  

63. Touitou E, Dayan N, Bergelson L, Godin B, Eliaz M. 

Ethosomes: Novel vesicular carriers for enhanced de-

livery: Characterization and skin penetration properties. 

J Control Release. 2000;65(3):403-418.  

64. Salem HF, Kharshoum RM, Awad SM, Ahmed Mo-

stafa M, Abou-Taleb HA. Tailoring of retinyl palmi-

tate-based ethosomal hydrogel as a novel nanoplatform 

for acne vulgaris management: Fabrication, optimiza-

tion, and clinical evaluation employing a split-face 

comparative study. Int J Nanomedicine. 2021;16:4251-

4276.  

65. Verma S, Singh A, Jakhmola V. Ethosomes loaded 

with spiranolactone for acne treatment through topical 

gel formulation. Res J Pharm Technol. 

2023;16(3):1219-1224. 

66. Olivera ME, Bistoni A, Anun HE, Salinas A, Manzo 

RH. Ototopical ciprofloxacin in a glycerin vehicle for 

the treatment of acute external otitis. Ear Nose Throat J. 

2004;83(9):625-638.  

67. Szél E, Polyánka H, Szabó K, Hartmann P, Degovics 

D, Balázs B, et al. Anti-irritant and anti-inflammatory 

effects of glycerol and xylitol in sodium lauryl sulphate-

induced acute irritation. J Eur Acad Dermatol Venereol. 

2015;29(12):2333-2341.  

68. Manconi M, Petretto G, D'Hallewin G, Escribano E, 

Milia E, Pinna R, et al. Thymus essential oil extraction, 

characterization and incorporation in phospholipid ves-

icles for the antioxidant/antibacterial treatment of oral 

cavity diseases. Colloids Surf B Biointerfaces. 

2018;171:115-122.  



FARMACIA, 2026, Vol. 74, 4 

 887 

69. Pratama FN, Umam C, Ameliana L, Nurahmanto D. 

The effect of glycerin as penetration enhancer in a ke-

toprofen solid preparation-patch on in vitro penetration 

study through rat skin. Ann Trop Med Public Health. 

2020;23(03):71-83. 

70. Zhang K, Zhang Y, Li Z, Li N, Feng N. Essential oil-

mediated glycerosomes increase transdermal paeoni-

florin delivery: Optimization, characterization, and 

evaluation in vitro and in vivo. Int J Nanomedicine. 

2017;12:3521-3532. 

71. Salem HF, Kharshoum RM, Sayed OM, Abdel Hakim 

LF. Formulation design and optimization of novel soft 

glycerosomes for enhanced topical delivery of 

celecoxib and cupferron by Box-Behnken statistical de-

sign. Drug Dev Ind Pharm. 2018;44(11):1871-1884. 

72. Manca ML, Castangia I, Caddeo C, Pando D, 

Escribano E, Valenti D, et al. Improvement of quercetin 

protective effect against oxidative stress skin damages 

by incorporation in nanovesicles. Colloids Surf B Bio-

interfaces. 2014;123:566-574.  

73. Manca ML, Zaru M, Manconi M, Lai F, Valenti D, Si-

nico C, et al. Glycerosomes: A new tool for effective 

dermal and transdermal drug delivery. Int J Pharm. 

2013;455(1-2):66-74.  

74. Vitonyte J, Manca ML, Caddeo C, Valenti D, Peris JE, 

Usach I, et al. Bifunctional viscous nanovesicles co-

loaded with resveratrol and gallic acid for skin protec-

tion against microbial and oxidative injuries. Eur J 

Pharm Biopharm. 2017;114:278-287.  

75. Nayeem U, Garg A, Das AK, Shree N, Yasmeen, Sul-

tana Y, et al. Development and evaluation of the novel 

chitosan-based 1% clindamycin and 2.5% benzoyl per-

oxide transferosomal gel for topical acne treatment. J 

Drug Deliv Sci Technol. 2023;89:105002.  

76. Gowda CM, Wairkar S. Azelaic acid-based lyotropic 

liquid crystals gel for acne vulgaris: Formulation opti-

mization, antimicrobial activity and dermatopharmaco-

kinetic study. Int J Pharm. 2024;667:124879.  

77. Albash R, Badawi NM, Hamed MIA, Ragaie MH, Mo-

hammed SS, Elbesh RM, et al. Exploring the synergis-

tic effect of bergamot essential oil with spironolactone 

loaded nano-phytosomes for treatment of acne vulgaris: 

In vitro optimization, in silico studies, and clinical eval-

uation. Pharmaceuticals (Basel). 2023;16(1):128.  

78. El-Nabarawi MA, Shamma RN, Farouk F, Nasralla 

SM. Bilosomes as a novel carrier for the cutaneous de-

livery for dapsone as a potential treatment of acne: 

Preparation, characterization and in vivo skin deposi-

tion assay. J Liposome Res. 2020;30(1):1-11. 

79. Shanmugam B, Srinivasan UM. Formulation and char-

acterization of antibiotic drug loaded aquasome for the 

topical application. Future Sci OA. 

2024;10(1):2367849. 

80. Pierre MBR, dos Santos Miranda Costa I. Liposomal 

systems as drug delivery vehicles for dermal and trans-

dermal applications. Arch Dermatol Res. 

2011;303:607-621.  

81. Guillot AJ, Martínez-Navarrete M, Garrigues TM, 

Melero A. Skin drug delivery using lipid vesicles: A 

starting guideline for their development. J Control Re-

lease. 2023;355:624-654.  

82. Kumar Mishra K, Deep Kaur C, Verma S, Kumar Sahu 

A, Kumar Dash D, Kashyap P, et al. Transethosomes 

and nanoethosomes: Recent approach on transdermal 

drug delivery system. In: Akhyar Farrukh M, editor. 

Nanomedicines [Online]. London: IntechOpen; 2019. 

p. 33-54. 

83. Esposito E, Calderan L, Galvan A, Cappellozza E, 

Drechsler M, Mariani P, et al. Ex vivo evaluation of 

ethosomes and transethosomes applied on human skin: 

A comparative study. Int J Mol Sci. 

2022;23(23):15112. 

84. Chauhan N, Vasava P, Khan SL, Siddiqui FA, Islam F, 

Chopra H, et al. Ethosomes: A novel drug carrier. Ann 

Med Surg (Lond). 2022;82:104595. 

85. Kassem MA, Aboul-Einien MH, El Taweel MM. Dry 

gel containing optimized felodipine-loaded trans-

ferosomes: A promising transdermal delivery system to 

enhance drug bioavailability. AAPS PharmSciTech. 

2018;19:2155-2173.  

86. Mall J, Naseem N, Haider MF, Rahman MA, Khan S, 

Siddiqui SN. Nanostructured lipid carriers as a drug de-

livery system: A comprehensive review with therapeu-

tic applications. Intell Pharm. 2025;3(4):243-255. 

87. Apetroaei MM, Adam-Dima IE, Belc N, Roming FI, 

Constantinescu F, Duțǎ D, et al. Integrating nutraceuti-

cals in the One Health framework: a path to holistic 

health solutions. Farmacia. 2024;72(4):719-729. 

88. Chorachoo J, Amnuaikit T, Voravuthikunchai SP. Lip-

osomal encapsulated rhodomyrtone: A novel antiacne 

drug. Evid Based Complement Alternat Med. 

2013;2013:157635.  

89. Yang D, Pornpattananangkul D, Nakatsuji T, Chan M, 

Carson D, Huang CM, et al. The antimicrobial activity 

of liposomal lauric acids against Propionibacterium ac-

nes. Biomaterials. 2009;30(30):6035-6040.  

90. Nystedt HL, Grønlien KG, Tønnesen HH. Interactions 

of natural deep eutectic solvents (NADES) with artifi-

cial and natural membranes. J Mol Liq. 

2021;328:115452.  

91. Liu Y, Zhang H, Sun J, Liu J, Shen X, Zhan J, et al. 

Degradation of aniline in aqueous solution using non-

thermal plasma generated in microbubbles. Chem Eng 

J. 2018;345:679-687.  

92. Wu J, Yang S, Yin T, Wang X. Eutectic-based lipo-

some as a potential delivery system of paeonol. RSC 

Adv. 2021;11(62):39343-39348.  

93. Jiang W, Toufouki S, Mahmood S, Ahmad A, Yohan-

nes A, Xiang Y, et al. Development of liposome-based 

hydrogel patches incorporating essential oils of African 

plants and deep eutectic solvents. Gels. 2025;11(5):364.  

94. Luhaibi DK, Ali HHM, Al-Ani I, Shalan N, Al-

Akayleh F, Al-Remawi M, et al. The formulation and 

evaluation of deep eutectic vehicles for the topical de-

livery of azelaic acid for acne treatment. Molecules. 

2023;28(19):6927.  

95. Trucillo P, Campardelli R, Scognamiglio M, Rever-

chon E. Control of liposomes diameter at micrometric 

and nanometric level using a supercritical assisted tech-

nique. J CO2 Util. 2019;32:119-127.  

96. Maja L, Željko K, Mateja P. Sustainable technologies 

for liposome preparation. J Supercrit Fluids. 

2020;165:104984. 

97. Patil YP, Jadhav S. Novel methods for liposome prep-

aration. Chem Phys Lipids. 2014;177:8-18.  

98. Martău GA, Mihai M, Vodnar DC. The use of chitosan, 

alginate, and pectin in the biomedical and food sector: 



FARMACIA, 2026, Vol. 74, 4 

 888 

Biocompatibility, bioadhesiveness, and biodegradabil-

ity. Polymers (Basel). 2019;11(11):1837. 

99. Elbouzidi A, Haddou M, Baraich A, Taibi M, El 

Hachlafi N, Pareek A, et al. Biochemical insights into 

specialized plant metabolites: Advancing cosmeceuti-

cal applications for skin benefits. J Agric Food Res. 

2025;19:101651. 

100. Singpanna K, Jiratananan P, Paiboonwasin S, Petchara-

wuttikrai N, Chaksmithanont P, Pornpitchanarong C, et 

al. Alpha-tocopherol-infused flexible liposomal nano-

composite pressure-sensitive adhesive: Enhancing skin 

permeation of retinaldehyde. Polymers (Basel). 

2024;16(20):2930. 

101. Mohammadi E, Shabanpour B, Pourashouri P, 

Payamnoor V, Sharifian S, Bita S. Nanoliposome-en-

capsulated and biopolymer-coated phlorotannin extract 

of Sargassum tenerrimum: A promising approach for 

enhanced antibacterial activity against acne-related 

bacteria. Iran J Fish Sci. 2023;23(1):31-49. 

102. Cubas ALV, Bianchet RT, Reis I, Gouveia IC. Plastics 

and microplastic in the cosmetic industry: Aggregating 

sustainable actions aimed at alignment and interaction 

with UN Sustainable Development Goals. Polymers 

(Basel). 2022;14(21):4576. 

103. Vrabič-Brodnjak U, Jestratijević I. The future of baby 

cosmetics packaging and sustainable development: A 

look at sustainable materials and packaging innovations 

– A systematic review. Sustain Dev. 2024;32(3):2208-

2222. 

104. Sesderma. Azelac RU liposomal serum [Online]. Va-

lencia: Sesderma SL; 2017 [cited 2026 May 7]. Avail-

able from: https://www.sesderma.com/at_en/azelac-ru-

liposomal-serum-40000064.html  

105. Herbivore Botanicals. Lapis facial oil [Online]. Seattle 

(WA): Herbivore Botanicals LLC; 2015 [cited 2026 

May 7]. Available from: https://www.herbivorebotani-

cals.com/products/lapis-blue-tansy-squalane-balanc-

ing-facial-oil. 

106. SkinCeuticals. Phyto corrective gel [Online]. New 

York (NY): SkinCeuticals Inc.; 2011 [cited 2026 May 

7]. Available from: https://www.skinceuti-

cals.com/skincare/hydrating-serums/phyto-corrective-

gel/S58.html. 

 

 

 


