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  Background : The efficacy of the antiacne topical drugs is well established. 
The local side effects, however, mainly cutaneous irritation, erythema, 
dryness, peeling and scaling, remain major problems. Novel vesicular 
and particulate drug delivery systems have been proposed to reduce 
the side effects of drugs commonly used in the topical treatment of acne. 
 Objective : This review focuses on the development and evaluation of 
antiacne drug-loaded vesicular and particulate delivery systems (liposomes, 
polymeric microspheres and solid lipid nanoparticles) for topical treatment, 
their advantages and challenges.  Methods : All the literature available was 
reviewed to highlight the potential of these novel systems for the topical 
treatment of acne.  Conclusion : The encapsulation of antiacne drugs 
in vesicular and particulate delivery systems represents an innovative 
alternative to minimize side effects, while preserving their efficacy. This 
can be obtained by the capacity of these systems to provide controlled 
release or to improve the drug penetration into skin or even into the 
pilosebaceous unit.  
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  1.   Introduction 

 Acne is a common disease which affects approximately 40 – 50 million people in 
the United States alone. The prevalence of acne in adolescents can reach up to 
80%, and it produces clinical conditions that can carry over into adulthood, 
creating a negative impact on quality of life   [1,2] . Acne is a chronic inflammatory 
dermatosis of the pilosebaceous unit (PSU) and is characterized by several 
abnormalities in sebum production, follicular epithelial desquamation, bacterial 
proliferation, inflammation and immunological host reactions   [3-5] . Recent findings 
have shown the influence of genetic factors in the follicular environment that 
optimize  Propionibacterium acnes  proliferation: in sebum production enhancement 
as well as in the immunological host reaction   [6,7] . 

 According to the evolution, acne can be classified as mild, moderate or severe. 
Topical treatment is the first choice in mild and moderate acne, whereas systemic 
therapy is used to treat severe and moderate cases. The pathophysiological goal 
of acne treatment includes the normalization of keratinization, the reduction of 
interfollicular  P. acnes , the reduction of inflammation, and the reduction 
of sebaceous gland activity. The options for the topical treatment of acne consist 
of agents with a primarily keratolytic action (retinoids and retinoid-like drugs, 
benzoyl peroxide, salicylic acid and azeilac acid) and antibiotics (clindamycin, 
erythromycin and erythromycin–zinc complex) ( Table 1 ). Topical retinoids and 
similar drugs which include tretinoin, adapalene and tazarotene are the most 
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commonly used topical agents   [8-10] . Nevertheless, some of 
these agents usually produce a high incidence of side effects, 
such as skin dryness, peeling and skin irritation or bacterial 
resistance ( Table 2 )   [8,11-13] . These symptoms diminish patient 
compliance, compromising the efficacy of the therapy   [14] . 
To reduce these side effects the use of lower concentrations 
of antiacne agents, as well as novel drug delivery systems, 
has been proposed   [15,16] . While conventional formulations 
containing lower concentrations of antiacne agents can lead 
to less significant results   [17] , the novel delivery systems 
present the potential to reduce the side effects without 
reducing the efficacy   [15,18] . Therefore, with novel delivery 
systems outstanding advantages can be noticed in comparison 
to conventional formulations. 

 Vesicular and particulate drug delivery systems such as 
liposomes, microspheres and solid lipid nanoparticles (SLNs) 
have the potential for controlled release. The application of 
these systems to the skin distributes the topical agents 

gradually and, in some cases, has demonstrated the ability to 
reduce the irritancy of some antiacne drugs, yet it maintains 
a similar efficacy when compared with conventional 
formulations   [19] . In addition to the controlled release of the 
drug into the epidermis, these systems can also promote 
follicular targeting, creating high local concentrations of the 
active compounds in the PSU   [20-23] . The vesicular and 
particulate drug delivery systems have the advantage of 
penetrating more efficiently into the hair follicles than do 
non-particulate systems, such as conventional formulations, 
so long as the size is selected in an appropriate manner. This 
provides a high local concentration over a prolonged period 
of time ( Figure 1 )   [20,24,25] . 

 The studies concerning novel drug delivery systems 
containing antiacne agents were recently updated. The 
authors have reviewed controlled (particulate and vesicular) 
and non-controlled drug delivery systems   [16] . The present 
review focuses on particulate and vesicular drug delivery 

  Table 1     . Spectrum of effi cacy of topical agents in acne treatment.   

 Reduction in comedones  Sebosuppressive  Antimicrobial  Anti-infl ammatory 

Tretinoin ++ – – –

Isotretinoin (topical) ++ – – (+)

Adapalene ++ – – +

Tazarotene ++ – – (+)

Azelaic acid + – + (+)

Erythromycin (+) – ++ +

Clinfamycin (+) – ++ +

Benzoyl peroxide + – +++ (+)

Salicylic acid (+) – – –

    * Only direct  in vivo  anti-infl ammatory effects are mentioned. The spectrum of  in vitro  activity is different from this scoring. 
 +++: Very strong; ++: Strong; +: Moderate; (+): Weak; –: None. 
 Reprinted from  [8] , Copyright (2003), with permission from Elsevier Science Ltd.   

  Table 2     . Adverse drug reactions *  of topical therapeutics in acne treatment.   

 Erythema  Scaling  Burning  Flare  Resistance  Other 

Tretinoin ‡ +++ +++ ++ ++ – –

Isotretinoin ++ ++ + + – –

Adapalene + + + + – –

Tazarotene ++ + + + – –

Azelaic acid + + ++ – – –

Benzoyl peroxide ++ ++ + + – Bleaches hair/clothes

Topical antibiotic (+) (+) (+) (+) +++

    * Adverse reactions may vary due to skin type and sensitivity. 
  ‡ Depends on formulation. 
 +++: Most often; ++: Often; +: Occasional; (+): Very occasional; –: None. 
 Reprinted from  [8] , Copyright (2003), with permission from Elsevier Science Ltd.   
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systems ( Figure 2 ), which have shown more advantages as 
carriers of antiacne agents for topical treatment than 
noncontrolled drug delivery systems. To date, however, the 
novel delivery systems for acne treatment have remained in 
a constant process of evolution, with the aim of not only 
enhancing skin penetration but also allowing for drug 
targeting to the skin or even to the PSU.  

  2.   Liposomes 

 Liposomes are spherical vesicles that are basically formed of 
phospholipids that have associated themselves spontaneously 
in a bilayer containing a centralized aqueous cavity ( Figure 2 ). 
They are most commonly formed by phospholipids of 
natural, synthetic or semisynthetic origin and possess great 
potential for the delivery of hydrophilic, lipophilic and 
amphiphilic drugs   [26,27] . Lipid bilayers exhibit various 
phase transitions that could be used to trigger drug release. 

Bilayers can exist in a low-temperature solid-ordered phase 
and, above a certain temperature, in a fluid-disordered phase; 
the temperature of this phase transition can be tailored by 
selecting the proper lipids. The transition can be exploited 
to control drug leakage from liposomes   [26] . 

 Although early studies focused on the parenteral route, 
Mezei and Gulasekharam   [28]  reported the effectiveness of 
liposomes for skin delivery. In line with these studies, several 
research groups have been researching the possibility of 
liposomes producing improved topical delivery. Liposomes 
are able to enhance the accumulation of drugs at admini-
stration sites, even in the PSU   [29,30] . Depending on the 
composition of the phospholipids (saturated or unsaturated) 
and the presence of co-surfactants (cholesterol, sodium 
cholate), rigid, fluid or elastic (the high deformable 
liposomes known as Transfersomes ® ; IDEA AG) vesicles 
can be obtained and dermal or transdermal delivery 
can be favoured   [31,32] . 

1

2

3

1. Selective entry into
    the infundibulum

2. High local concentration

3. Controlled releases
    = controlled onset of action

  Figure 1     . Microparticles enter selectively into the hair follicle and may yield high local concentrations of the active compound.  
The controlled destabilization of the microspheres may allow a controlled release of the compounds. The penetration depth depends on 
the size of the particles and the size of the target.    
   Adapted from  [21] , Copyright (2005), with permission from Macmillan Publishers Ltd.   
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  Figure 2     . Schematic representation of liposomes, microspheres and solid lipid nanoparticles (SLNs).     
   Liposomes: Hydrophilic and lipophilic drugs can be entrapped in the aqueous cavity and phospholipidic bilayer, respectively; Microspheres: Drugs homogenously 
dispersed within the polymeric matrix; SLN: Drugs homogenously dissolved or dispersed within the lipid matrix or enriched within the outer shell.   
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 Other lipid vesicles, such as niosomes, were also studied. 
The niosomes, as with liposomes, can be small unilamellar 
vesicles (SUVs) or multilamellar vesicles (MLVs), in which 
an aqueous solution is enclosed in a highly ordered bilayer. 
In contrast to liposomes, however, this bilayer is made up of 
nonionic surfactants   [33,34] . Studies have shown the potential 
of this system for acne treatment   [35-37] . 

 The use of antiacne drug-loaded liposomes has been 
widely reported in the literature. 

  2.1   Clindamycin 
 Antibiotic therapy has been used in the management 
of inflammatory acne vulgaris for many years. Clindamycin 
is one of the most popular topical antibiotics for acne 
treatment   [38] . In previous studies, lipid compositions 
have been evaluated in an attempt to improve the effective-
ness of clindamycin-loaded multilamellar liposomes in 
acne treatment   [39,40] . 

 In one study, hostaphate liposomes presented sustained 
release when compared with lecithin liposomes. The efficacy 
of the clindamycin-loaded liposomes was compared with a 
free clindamycin lotion in a clinical trial in patients with 
acne (n  =  30, 4-week treatment). The liposomal clindamycin 
proved to be much more effective in reducing the total 
number of comedones, papules and pustules   [39] . In another 
study, significant differences were observed in the properties 
of different types of liposomes as regards skin penetration, 
with preparations composed of hydrogenated soya lecithin/
cholesterol presenting the highest values of probe penetration 
among liposomal formulations. In a double-blind clinical 
trial (n  =  76 patients, 6-week treatment), the efficacy of 
clindamycin liposomes to reduce open comedones (33.3%) 
was greater than that for the free clindamycin solution 
(8.3%), also appearing as therapeutically superior when 
closed comedones, papules and pustules were examined   [40] .  

  2.2   Tea tree oil 
 Tea tree oil, an antimicrobial agent that shows activity 
against  P. acnes    [41] , has been efficient in the treatment of 
patients with mild to moderate acne   [42] . The follicular 
uptake of tea tree oil from different formulations (colloidal 
bed, microemulsion, multiple emulsion, and liposomes) 
to bovine udder skin was determined by means of 
the cyanoacrylate method   [43] . The accumulation of tea 
tree oil in the follicular casts (% milligram oil/gram of 
sebum plug) for microemulsion and liposomes (0.43  ±  0.01 
and 0.41  ±  0.009, respectively) was approximately 
two-fold higher than that observed for multiple emulsions 
(0.21  ±  0.006) and colloidal beds (0.16  ±  0.005), suggesting 
follicular targeting.  

  2.3   Salicylic acid 
 Salicylic acid, a keratolytic agent with comedolytic activity 
in acne patients, has been efficiently used in the treatment 
of acne comedones   [44,45] . Salicylic acid liposomes, when 

compared with free salicylic acid dispersion, not only 
prolonged the release of salicylic acid across the porcine skin 
but also enhanced its retention in the skin (about 10 times). 
After 12 weeks of storage at refrigeration temperature 
(4 – 5 ° C), the liposomes retained their normal structure 
and presented only 4.01% of salicylic acid leakage   [46] .  

  2.4   Topical antiandrogens 
 Enhanced dihydrotestoterone formation via 5 α -reductase I, 
stimulating sebocyte proliferation and sebum production, 
is one of the factors involved in the acne vulgaris 
manifestation   [47,48]  and can be controlled through 
the application of antiandrogens. Moreover, the presence 
of androgen receptors in PSU keratinocytes suggests 
that androgens may influence PSU keratinization   [49] . 

  2.4.1   Cyproterone acetate 
 The efficacy of cyproterone acetate, a potent steroidal anti-
androgen with progestational activity, in a topical liposomal 
cyproterone acetate lotion (2 mg cyproterone acetate/ml; 
n  =  12) was compared with an oral formulation containing 
0.035 mg of ethinyl estradiol, 2 mg cyproterone acetate 
(n  =  12) and a placebo lotion (n  =  16)   [50] . After 3 months 
of topical cyproterone acetate application, lesion counts 
(total of comedones and inflammatory lesions) had decreased 
from of 35.9 to 9.1. Although a similar clinical response 
was observed with oral CA (45.4 – 15.5) and no subjective 
adverse effects were observed in either of the groups, 
the cyproterone acetate levels in serum were 10 times 
lower after topical application compared with orally 
administered cyproterone acetate. Thus, the liposomal 
cyproterone acetate lotion represents a suitable alternative 
for women with acne.  

  2.4.2   Finasteride 
 The encapsulation of finasteride, an antiandrogen that blocks 
the production of dihydrotestosterone from testosterone 
by competitively and specifically inhibiting the type II 
5- α  reductase isozyme, was also investigated   [51,52] . 

 The composition and physical state of liposomes 
and niosomes influenced the finasteride  in vitro  
permeation through hamster flank skin as well as  in vivo  
deposition in hamster ear skin. The  in vitro  permeation 
of  3 H-finasteride occurred at a faster rate when using 
a hydroalcoholic solution (0.13 µg/cm 2 /h) compared 
with vesicles (0.025 – 0.058 µg/cm 2 /h), while the 
 in vivo  deposition of finasteride liquid-state vesicles led 
to a deposition of 2.1% (dimyristoylphosphatidylcholine) 
or 2.3% (polyoxyethylene 10 oleyl ether : polyoxyethylene 
10 stearyl) of the applied dose within the PSU, which was 
significantly higher than that obtained for gel-state vesicles 
(0.35 – 0.52%) or hydroalcoholic solution (0.76%). Thus, 
both  in vitro  permeation and  in vivo  deposition studies 
demonstrated the potential of liquid-state liposomes and 
niosomes to successfully deliver finasteride to the PSU   [51] . 
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 The finasteride liposomal formulations also propitiated 
significantly higher skin permeation through mice skin 
(54 and 52.4% for liposomal suspension and gel, respectively) 
in comparison to solution (24%) and conventional gel 
(29%). Negatively charged small liposomes presented a 
higher permeation than that of the neutral liposomes with 
higher vesicle size. Liposomal finasteride formulations 
also showed a fivefold higher deposition of drugs into 
the skin (31.6  ±  3) than the drug solution (2.6  ±  1) 
and conventional gel (5.0  ±  1)   [52] .  

  2.4.3   RU 58841 
 RU 58841 is a new nonsteroidal antiandrogen that exhibits 
a strong topical efficacy on sebaceous gland activity in 
animal models   [53] . After  in vitro  topical application on 
human skin, the liposomes considerably reduced the RU 
58841 skin permeation compared with the alcohol solution 
(by a factor of 19 at 24 h and a factor of 10 after repeated 
applications). The  in vivo  cutaneous distribution studies 
on hairless rat skin showed that the highest amounts in 
epidermis and dermis were obtained with the solution over 
short time periods (3 and 6 h) and with liposomes over 
longer time periods (24 h after one and five applications). 
The liposomes also increased the drug concentration between 
30 and 150 µm, indicating an accumulation in the sebaceous 
ducts and upper portion of the glands   [54] .   

  2.5   Benzoyl peroxide 
 Benzoyl peroxide has a mild keratolytic as well as bactericidal 
effect and is one of the most commonly used drugs in 
the treatment of acne. The main site of pharmacologic 
action is the PSU. Skin irritation, however, is a common 
side effect and a dose-related effect seems to exist between 
efficacy and irritation   [55] . Theoretically, encapsulation 
in liposomes can be an interesting approach to improving 
efficacy and reducing the side effects associated with 
benzoyl peroxide topical application. 

 In a clinical trial (30 acne patients, 3-month treatment), 
liposomal benzoyl peroxide gels significantly improved 
therapeutic responses (about twofold) at all evaluation 
time intervals compared with those of the plain Benzoyl 
peroxide gel (p < 0.05). In addition, liposomal benzoyl 
peroxide gels showed much less irritation in the first 2 weeks 
of treatment, when it completely disappeared. No burning 
was observed throughout the studies. In contrast, the 
plain benzoyl peroxide gel showed high irritation through 
the eighth week of treatment and gradually decreased 
thereafter, whereas high burning was seen throughout 
the study. As it was more severe in the initial period 
of therapy, patients were tempted to discontinue the 
therapy. Benzoyl peroxide liposomes showed a better 
stability profile (almost 100% of drug retained, 90 days) 
at refrigeration temperature (2 – 8 ° C) compared with 
room temperature (25  ±  2 ° C) and body temperature (37 ° C). 
The Benzoyl peroxide liposomal gel, however, exhibited 

a reduction in drug leakage compared with benzoyl peroxide 
liposomal dispersions   [17] . 

 Benzoyl peroxide-loaded liposomes also promoted 
a significant antibacterial effect in the infundibula 
against both  Propionibacteria  and  Micrococcaceae  in acne 
patients (20 patients, 4-week treatment) when compared 
with other benzoyl peroxide formulations (pharmacopeial 
formulation and a commercial product). These results 
demonstrated the potential infundibular targeting of 
liposomal benzoyl peroxide   [56] .  

  2.6   All- trans  retinoic acid 
 All- trans  retinoic acid, or tretinoin, is an efficient drug 
used in the topical treatment of mild-to-moderate acne. 
Retinoic acid works both through comedolysis as well as 
by normalizing the maturation of the follicular epithelium 
so as to cease comedone formation   [57,58] . Nevertheless, 
topical use of retinoic acid can cause local tolerability 
problems, such as irritation, mild-to-severe erythema, dryness, 
peeling and scaling   [13,57] . These occurrences tend to 
diminish patient compliance, compromising the efficacy of 
the therapy   [14] . To overcome these disadvantages and improve 
the effectiveness of retinoic acid after topical application, 
retinoic acid-loaded liposomes have come under study. 

  2.6.1   In vitro and in vivo studies 
 The morphological changes in reconstructed  in vitro  human 
epidermis after the application of liposomal and conventional 
retinoic acid were investigated. The changes, representing 
toxic dermatitis in the epidermis, were more marked by 
conventional forms than liposomal forms. It was suggested 
that these changes represent topically applied retinoic 
acid-induced inflammation. Changes representing efficacy, 
however, were similar for both formulations   [59] . 

 A number of studies have suggested improvement in skin 
penetration and decrease in the percutaneous absorption of 
retinoic acid encapsulated in liposomes. Retinoic acid  in vivo  
distribution in hairless rats’ skin epidermis (mainly stratum 
corneum) and dermis was significantly higher when using 
dipalmitoylphosphatidylcholine liposomes than when using 
the alcohol gel (41 and 13%, respectively, with liposomes 
versus 18 and 8% with the gel). By contrast,  in vitro  skin 
permeation was statically reduced for liposomes (1.6%) 
when compared with the gel (3.1%)   [60] . Retinoic acid-
loaded liposomes also produced significantly higher drug 
skin deposition (65.7  ±  1.6%) than did plain retinoic acid 
gel (33.6  ±  1.7%) in human skin   [61] . Retinoic acid-loaded 
stratum corneum lipid liposomes (SCLLs) prolonged drug 
release through hairless rat skin and promoted greater 
amounts of the drug deposited into different skin layers 
(stratum corneum and epidermis plus dermis), increasing 
the retinoic acid concentration in these layers (about twofold) 
when compared with nonliposomal systems   [62] . Moreover, 
the amounts of retinoic acid accumulated in newborn 
pig skin for liposomal formulations were enhanced by 
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the potential of cationic liposomes for the topical delivery 
of retinoic acid. 

 As an alternative to liposomes, retinoic acid-loaded 
niosomes have been studied. The retinoic acid release rate 
through a silicon membrane from niosomal and liposomal 
formulations was generally faster than from methanolic 
solutions and was mainly affected by the vesicular structure 
[MLV > large unilamellar vesicles (LUVs) > SUV]   [37] . In a 
different study   [35] , retinoic acid skin permeation from MLV 
and SUV niosomes and liposomes through newborn pig 
skin was strongly affected by vesicle composition and drug 
thermodynamic activity (nonsaturated formulations showed 
negligible permeation) but not by the vesicle size nor 
lamellarity. While the highest retinoic acid permeation was 
obtained from positive vesicles (MLVs and SUVs), the 
highest accumulation values were obtained from negatively 
charged vesicles. The retinoic acid skin accumulation was 
also affected by vesicle structure (SUV > MLV) and 
composition (surfactants with lower hydrophile–lipophile 
balance enhanced skin penetration). The vesicular 
formulations enhanced the retinoic acid accumulation to a 
factor of 1 – 6.6 over Retin-A but the small, negatively 
charged niosomal formulations, which were saturated with 
retinoic acid, showed higher skin penetration than both 
liposomes and commercial formulation.  

  2.6.2   Clinical studies 
 In a double-blind clinical trial   [15] , 20 patients (uncompli-
cated acne) received retinoic acid liposomal gel (0.01%) 
on one side of the face and a commercial gel on the 
other (0.025 or 0.05%) once daily for 10 weeks. The 
global evaluation of efficacy (comedones, papules and 
pustules) indicated no differences between the areas 
receiving liposomal and conventional gels. Therefore, 
retinoic acid-loaded liposomes allowed for the reduction 
of drug concentration with no decline in efficacy. 
Liposomes, however, induced less burning (mean cumulative 
score 2.7  ±  1.2) than the 0.025% (16.1  ±  7.1) and 
0.05% (9.7  ±  4.1) gels and less erythema (1.8  ±  0.7) 
than the 0.025% gel (11.4  ±  3.8; p < 0.05). 

 A double-blind study was conducted (30 patients, 
mild-to-moderate acne, 12 weeks) to compare the 
liposomal retinoic acid gel to the plain retinoic acid gel at 
the same concentration (both 0.025% retinoic acid)   [61] . 
The liposomes showed better efficacy (about 1.5-fold) and, 
at all evaluation time intervals, the liposomal retinoic acid 
gel significantly improved the therapeutic response compared 
with the plain retinoic acid gel (p < 0.05). More remarkable 
improvement was observed in the treatment of comedones, 
with the mean percentage reduction in lesions increasing 
from 62.36% for plain retinoic acid gel to 94.17% 
for liposomal retinoic acid gel. All adverse symptoms, 
except scaling, were remarkably decreased with the use 
of liposomal retinoic acid gel compared with the plain 
retinoic acid gel (p < 0.05). 
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  Figure 3     . Effects of liposomes on the delivery of retinoic 
acid into skin.     
   a: isopropyl myristate solution; b: neutral liposome; c: cationic liposome 
(phosphatidylcholine:cationic surfactant, 3 : 1); d: cationic liposome 
(phosphatidylcholine:cationic surfactant, 1 : 1). 
  * p < 0.01 (differences between a and b and between c and d). 
  ‡ p < 0.001 (differences between b and d). 
 Reprinted from  [65] , Copyright (2006), with permission from 
The Pharmaceutical Society of Japan.   

factors of 1.5 – 2.8, 1.1 – 2.2 and 1.0 – 20.0 over 
Retin-A ®  (Ortho Dermatological Division, Ortho-McNeil 
Pharmaceutical, Inc.), hydroalcoholic solution, and 
oil solution, respectively   [63] . 

 Sinico  et al.    [63]  also evaluated the influence of composition, 
lamellarity and vesicle charge on skin accumulation and 
retinoic acid permeation through the newborn pig skin. 
Lamellarity had no affect on retinoic acid delivery; however, 
positively charged or saturated phospholipid vesicles showed 
greater skin permeation than negatively charged or 
unsaturated phospholipid vesicles. Negatively charged vesicles 
strongly improved retinoic acid skin retention when 
compared with those which were positively charged. The 
influence of the membrane charge on retinoic acid skin per-
meation across human epidermal membranes was also investi-
gated in another study performed by Montenegro  et al.    [64] . 
Positively charged liposomes, prepared with stearylamine, 
a lipid with an amine group of high p K  a , also provided 
greater retinoic acid permeation compared with neutral 
or negatively charged liposomes, but drug skin penetration 
was not evaluated. 

 Recently, the influence of neutral and cationic liposomes 
on the retinoic acid topical delivery in (penetration into) 
guinea-pig skin was investigated   [65] . Neutral liposomes 
increased the retinoic acid topical delivery by approximately 
twofold when compared with an isopropyl myristate solution, 
while cationic liposomes further enhanced drug skin 
penetration (3.7-fold increase) ( Figure 3 ). These data suggest 
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 Considering that acne is a multifactorial disease, 
combination therapies using antiacne agents with different 
mechanisms of action are recognized as an effective 
strategy to treat this disease. A combination therapy with 
liposomal gels of retinoic acid (0.025%) and benzoyl 
peroxide (2.5%), in comparison with gels containing 
both drugs in free form, was performed in a double-blind 
study in mild-to-moderate acne patients (n  =  30; 12-week 
treatment). An almost complete cure (100% reduction in 
skin lesions) was observed within 10 weeks for patients 
receiving the combination therapy using the liposomal 
gels, whereas only a 75 – 80% reduction in skin lesions 
was achieved with the gels containing free drugs even 
after prolonging the application of preparations for 
up to 12 weeks. Liposomal drug gels caused no adverse 
symptoms through the fourth week of treatment, while 
until the 12th week of treatment, with free drug gels, 
the severity of all adverse symptoms, except scaling and 
erythema (both of which were reduced), was high   [66] .  

  2.6.3   Improved stability 
 The liposomes developed by Patel  et al.    [61]  showed 
only 2 – 4% of retinoic acid leakage after 90 days at 
refrigeration temperature, while at room temperature 
and body temperature the drug leakage was about 28 
and 100%, respectively. In addition, reduced leakage was 
observed for liposomal retinoic acid gel in comparison 
with liposomal suspension at all temperature conditions. At 
room temperature the retinoic acid leakage in liposomal 
retinoic acid gel was decreased to 5% after 90 days. 

 The encapsulation of retinoic acid in liposomes also 
improved the drug photolability. When the liposomes 
developed by Brisaert  et al.    [67]  were submitted to photo 
degradation (xenon lamp, 15 min), degradation constants 
in liposomes were approximately 1.8 times slower than 
in castor oil. These liposomes also presented a high 
stability for 1 year (about 95% retinoic acid retained), 
even when stored at 25 ° C. 

 In a study conducted according to the International 
Conference on Harmonization (ICH) Guidelines   [68]  using a 
xenon lamp (300 – 800 nm), retinoic acid and isotretinoin 
liposomes showed an increased stability when compared 
with the ethanol solutions. In particular for retinoic acid, 
a residual concentration of 60% was still present after 
light irradiance for 240 min (250 W/m 2  light power) 
versus a residual value of only 8% in ethanol solutions. 

 The retinoic acid-loaded niosomes also propitiated a 
higher retinoic acid chemical stability in comparison 
with a retinoic acid methanol solution when both 
were exposed to ultraviolet radiation and artificial 
daylight conditions. The photoprotection offered by 
vesicles varied as a function of vesicle structure and 
composition (3.5 to 11-fold higher). The best results 
were obtained with niosomes prepared from nonionic 
surfactants with an ethereal linkage   [36] .    

  3.   Polymeric microspheres 

 Microencapsulation is a process through which the 
extremely fine coating of inert, natural and synthetic 
polymeric materials is deposited around solid and liquid 
micronized particles. The products formed are known 
as microparticles. The systems in which the core of 
the particle is a polymeric matrix that contains a drug 
which is homogeneously dispersed throughout this 
solid matrix are known as microspheres. 

 Microspheres offer numerous advantages when compared 
with the conventional formulations, highlighting their 
potential in the controlled release of administered drugs 
through the systemic pathway. Interest in their topical 
application has increased over the past few years, which 
can be explained by the fact that microspheres present a 
number of advantages in this context   [25] : good stability 
when applied to the skin, easy to prepare with an average 
defined and homogeneous size, protection of the encapsulated 
drug against degradation (oxidation and hydrolysis), 
and controlled release. 

 Microspheres behave as a reservoir system for the 
active agent. When applied on the skin, the amount of 
free active agent in the formulation penetrates into the 
epidermis and this is compensated by a drug release 
from the microspheres. This will offer prolonged drug 
delivery without overloading the epidermis and subsequent 
increase of transdermal penetration   [69] . 

 The first studies showing the potential of polymeric 
microspheres for topical administration were published by 
Schaefer  et al.    [70] , and Nacht and Katz   [71] . Schaefer  et al.  
demonstrated that microspheres with an average diameter 
of 3 – 10 µm selectively penetrate the PSU, while particles 
greater than 10 µm remain on the cutaneous surface 
and those smaller than 3 µm are randomly distributed on 
the PSU and the stratum corneum. Using microscopic 
techniques after the application of the microspheres 
containing fluorescent substances as markers, a number 
of studies have shown that, as long as the particle size 
is duly controlled, the follicular penetration can be 
favoured through the use of microspheres   [22,25,72] . 

 Systems similar to the microspheres, called Microsponges ®  
(an allusion to a real sponge), were developed by Advanced 
Polymer Systems, Inc.   [71,73] . Microsponges are made 
by means of suspension polymerization and typically 
consist of crosslinked polystyrene or polymethacrylates. 
Each microsphere (size ranging from 5 to 300 µm) presents 
a myriad of interconnecting voids within a noncollapsible 
structure with a large porous surface loaded with the active 
agent. When applied to the skin, the Microsponge releases 
the active agent according to a determined time mode but 
may also be released in response to other stimuli. 

 The preparation and evaluation of the 50 : 50 poly 
( DL -lactic-co-glycolic acid) microspheres containing adapalene 
were described by Rolland  et al.    [25] . The comedolytic 

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Novel vesicular and particulate drug delivery systems for topical treatment of acne

672 Expert Opin. Drug Deliv. (2008) 5(6)

containing free benzoyl peroxide at 2.5 and 5% produced 
significantly greater irritation than that observed in entrapped 
benzoyl peroxide ( Figure 4 ). A test on the backs of human 
volunteers confirmed this trend. Encapsulated benzoyl 
peroxide was also associated with a lesser percutaneous 
absorption  in vitro  and  in vivo  when compared with free 
benzoyl peroxide ( Table 3 ). These data support the concept 
of the controlled release of benzoyl peroxide from the 
polymer system into and through the skin. This did not, 
however, compromise the efficacy of benzoyl peroxide. 

 Studies of antimicrobial efficacy  in vivo  in humans showed 
that encapsulated benzoyl peroxide significantly reduced the 
counts of  P. acnes  and aerobic bacteria   [73,74] . Benzoyl 
peroxide-loaded Microsponges were evaluated for their 
ability to reduce noninflammatory and inflammatory acne 
lesions over a 12-week period. Benzoyl peroxide-loaded 
micropsonges presented similar results to those observed for 
commercial products containing free benzoyl peroxide. 

 More recently, a commercial formulation of entrapped 
benzoyl peroxide in methylacrylate microspheres showed a 
slightly better efficiency and greater tolerance compared with 
a gel containing free benzoyl peroxide in a clinical study 
with patients with light or moderate acne   [69] . 

 The preparation and characterization of the Microsponges 
of ethyl cellulose loaded with benzoyl peroxide were 
described by Jelvehgari  et al.    [75] . In an attempt to optimize 
the formulations, the influence of diverse parameters 
(drug/polymer ratio, stirring rates etc.) was evaluated. 
An increase in the drug/polymer ratio reduced the rate 
of release of BP, which was attributed to a reduced 
internal porosity of the microspheres. This same group 
investigated the factors that influenced the morphology 
and size of these microparticles using a scanning electron 
microscope. The studies showed that the Microsponges 
were spherical and porous   [76] .  
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  Figure 4     . Cumulative irritancy induced in rabbits by topical benzoyl peroxide (BP) formulations containing either freely 
dispersed drug or entrapped in a Microsponge.     
   Reprinted from  [73] , Copyright (1996), with permission from Taylor & Francis, Inc. (US).   

  Table 3     .  In vivo  percutaneous absorption of benzoyl 
peroxide in the rhesus monkey.   

 Monkey  % Dose absorbed 

 Formulation A 
(freely dispersed) 

 Formulation B 
(entrapped) 

1 16.7 8.5

2 15.3 9.7

3 13.9 8.4

4 13.4 7.7

Mean  ±  SD 14.8 *   ±  1.5 8.6 *   ±  0.8

    * p  =  0.002. 
 Reprinted from  [74] , Copyright (1991), with permission from Elsevier Science Ltd.   

activity of adapalene-loaded microspheres was evaluated 
through the rhino mouse model. A dose-dependent 
comedolytic activity of adapalene-loaded microspheres was 
observed. In addition, a reduction in the drug concentration 
(0.01%) or of the frequency of the administration (alternating 
days) showed that the efficacy of the adapalene-loaded 
microspheres was similar to that observed for the daily 
administration of an aqueous gel containing 0.1% of 
free adapalene. The majority of studies with antiacne 
drug-loaded microspheres, however, were conducted with 
benzoyl peroxide and retinoic acid. 

  3.1   Benzoyl peroxide 
 An extensive investigation of the potential of cutaneous 
irritation, percutaneous absorption  in vitro  and  in vivo , and 
the efficacy of the encapsulated benzoyl peroxide in 
microspheres of divinylbenzene was conducted   [74] . A 21-day 
cumulative irritancy study in rabbits showed that a lotion 
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  3.2   All- trans  retinoic acid 
 In an attempt to increase the profile of retinoic acid 
tolerance, a new formulation of the drug, based on 
Microsponges, was developed and evaluated.  In vitro  
cutaneous permeation studies, through the hairless mouse 
skin, showed that the retinoic acid permeation from 
Microsponges was significantly lesser than that observed for 
a gel containing the free drug. The antiacne efficacy of this 
formulation was evaluated in a multicentre, double-blind, 
placebo-controlled, 12-week study. Compared with placebo, 
statistically significant reductions were observed in 
inflammatory and noninflammatory acne lesions treated 
using retinoic acid-loaded Microsponges   [73] . 

 These interesting findings constitute the rationale for 
the development and commercialization of a gel containing 
0.1 or 0.04% retinoic acid-loaded microspheres (Retin-A, 
Micro ™ , Ortho Dermatological). A number of studies were 
conducted as part of this development and showed beneficial 
differences, especially regarding the profile of tolerance 
and irritation from retinoic acid-loaded microspheres   [19] . 
A 21-day cumulative irritancy study of healthy volunteers 
showed that total scores for 0.1% retinoic acid microsphere 
gel (RAMG) were approximately two-thirds lower than for 
the 0.1% retinoic acid cream   [69] . 

 In an attempt to investigate the irritation potential even 
further, a half-face, double-blind randomized study was 
conducted   [57,77] . The volunteers (women with sensitive 
skin, without acne) applied RAMG on one side of the 
face and the conventional cream containing 0.1% retinoic 
acid on the other side. At the end of the study, the dried 
skin and erythema were significantly less at sites treated 
with the microsphere gel than in the sites treated with the 
conventional cream ( Table 4 ). In another study of facial 
tolerance   [78] , RAMG was significantly better tolerated than 
the conventional cream containing 0.1% retinoic acid. 

 Since the commercialization of this new formulation, 
many studies have been published comparing its tolerance 
and efficacy with other retinoic acid formulations and other 
retinoids (adapalene and tazorotene). RAMG was significantly 

  Table 4     . Effects of vehicle on the all- trans  retinoic 
acid irritancy.   

 0.1% TMG  0.1% RA cream  p-Value 

Dryness 1.5 1.9 0.0004

Erythema 2.0 2.8 0.0004

Days to reach 
grade 3

8.4  ±  3.8 * 6.1  ±  3.2 * 0.0016

    * Mean  ±  SD. 
 Irritancy of retinoic acid microsphere gel (TMG) and retinoic acid (RA) cream 
scored by clinical evaluation. Days to reach grade 3 is a measure of overall 
irritancy. Severity of irritation was measured on a 0 (none) to 4 (several) scale. 
 Reprinted from  [57] , Copyright (1998), with permission from 
Elsevier Science Ltd.   

more effective than the vehicle in reducing the severity 
of acne, evaluated by the reduction in the counts of acne 
lesions ( Table 5 )   [57] . A half-face, double-blind study 
comparing 4 consecutive days of topical application of 
RAMG and 0.025% retinoic acid cream in 35 patients with 
acne vulgaris showed that the change from baseline facial 
oiliness (shine) was significantly greater on the sides treated 
with RAMG than on the sides treated with the drug 
cream   [79] . In an intraindividual comparison study of the 
21-day cumulative irritation potential, the 0.1% retinoic 
acid microsphere gel once again showed a significantly lower 
irritation potential than the 0.1% retinoic acid cream   [80] . 

 A number of studies have compared the efficacy and 
adverse reactions of the 0.1% adapalene gel with the 
conventional formulations containing retinoic acid. These 
studies suggest that the adapalene gel induces a lesser 
incidence of adverse reactions compared with conventional 
retinoic acid formulations. Nevertheless, when the adapalene 
gel was compared with RAMG, in a comparative clinical 
trial on the efficacy and safety in patients with moderate 
facial acne, a similar behaviour could be observed for both 
formulations regarding tolerance (erythema, stinging/burning 
and itching) and efficacy   [10] . In contrast, in a similar clinical 
trial, the mean values for skin tolerance (erythema, peeling, 
dryness and stinging/burning) were significantly lower for 
patients treated with adapalene gel than for those treated 
with RAMG   [81] . Furthermore, in intraindividual comparison 
studies, the 21-day cumulative irritation indices for the 
adapalene 0.1% gel were significantly lower than for those 
of the 0.1% retinoic acid microsphere   [80,82] . 

 Due to the tolerance of the 0.04% retinoic acid formu-
lation, a study was conducted to evaluate the safety and 
efficacy of the 0.04% retinoic acid microsphere gel compared 
with the vehicle   [83] . In the 12th week, patients treated with 
the 0.04% retinoic acid microsphere gel obtained a statisti-
cally significant reduction in the counts of inflammatory, 
noninflammatory and total lesions compared with the vehicle. 
All adverse reactions were of light to moderate intensity and, at 
the end of the study, no statistically significant difference among 
the groups (retinoic acid and vehicle) could be observed. 

 Finally, susceptibility to the photo degradation of 
retinoic acid under various light conditions is well known. 
Retinoic acid encapsulation in microspheres, however, 
offers marked protection against photo degradation, even in 
the presence of a strong oxidizing agent such as benzoyl 
peroxide, especially when compared with the conventional 
retinoic acid gel   [84,85] .   

  4.   Solid lipid nanoparticles 

 Solid lipid nanoparticles (SLNs), originally developed 
for parenteral application, are particles made from solid 
lipids with a mean diameter of between approximately 
50 and 1000 nm SLNs can be derived from the emulsions 
for parenteral nutrition simply by replacing the liquid lipid 
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(oil) of the emulsion droplets with a solid lipid. In contrast 
to emulsions for parenteral nutrition, however, which are 
normally stabilized by lecithin, SLNs can be stabilized 
by other surfactants or polymers and their mixtures   [86] . 

 Compared with vesicular and other particulate systems, 
SLNs have more advantages for drug delivery, such as good 
tolerability and biodegradation, high bioavailability, and 
sustained release due to their solid matrix. Moreover, SLNs 
are easily transposed to an industrial scale at a low cost and 
without the use of an organic solvent   [86,87] . Some problems 
should be noted, however, such as limited encapsulation 
efficiency and drug expulsion from the carrier due to lipid 
polymorphic transformations   [88,89] . 

 The release from SLNs depends on the localization of the 
drug in the solid lipid matrix. If the drug is localized only 
in the outer shell, burst release will be observed and, 
probably, no controlled release will be achieved. If the drug 
is homogeneously distributed within the lipid matrix, 
however, controlled release can be achieved   [86,89] . 

 The first studies that evaluated the potential of SLNs 
for topical application were conducted by Jenning and 
coworkers   [90] . This study showed that the retinol-loaded 
SLN application into porcine skin propitiated a high 
drug concentration in the upper skin layers. The potential 
for epidermal targeting and follicular delivery of SLNs 
was also recently reported   [91,92] . To date, few studies with 
SLN-loaded antiacne drugs have been conducted. 

  4.1   Cyproterone acetate 
 The encapsulation of topical antiandrogens also promoted 
drug concentrations in the upper skin layers after SLN 
application   [92,93] . The human skin penetration of cyproterone 
acetate (mainly within the first 100 µm) from drug-loaded 
SLNs increased at least fourfold compared with the uptake 
from creams and nanoemulsions, while the incorporation 
into nanostructured lipid carriers and microspheres resulted 
in a two- to threefold increase   [93] .  

  4.2   RU 58841 
 The encapsulation of the antiandrogen RU 58841-myristate 
(RUM) in SLNs propitiated only negligible permeation of 

RUM through reconstructed epidermis and excised porcine 
skin within 6 h Moreover, targeting to the PSU after the 
application of Nile Red labelled SLNs to human scalp skin 
was visualized using fluorescence microscopy, and 24 h after 
application to porcine skin, the intact silver labelled SLNs 
were detected by transmission electron microscopy   [92] .  

  4.3   Isotretinoin 
 Isotretinoin, a derivative of retinoic acid (13- cis -retinoic 
acid), has been used for the treatment of severe acne 
but with serious side effects after oral administration   [94] . 
Liu  et al.    [91]  investigated the potential of isotretinoin-loaded 
SLNs for the topical delivery of isotretinoin. The  in vitro  
permeation of isotretinoin was evaluated from the SLN 
formulations through and into rat skin in comparison with 
a control tincture. These studies showed that all the 
isotretinoin-loaded SLN formulations avoided isotretinoin 
permeation across skin, however a high permeation rate 
(0.76  ±  0.30 µg/cm 2 /h) was found for control tincture. 
Isotretinoin-loaded SLN formulations consisting of 3.0% 
lipid, 4.0% soybean lecithin, and 4.5% nonionic surfactant 
significantly increased the accumulative uptake of isotretinoin 
into the skin and showed a significantly enhanced skin 
targeting effect compared with tincture   [91] .  

  4.4   All- trans  retinoic acid 
 The preparation and characterization of all- trans  retinoic 
acid-loaded SLNs have been reported in the literature. 
The encapsulation rate of retinoic acid in SLNs is usually 
low (< 1% compared with the lipid mass)   [95]  unless a high 
surfactant/lipid ratio has been used   [96,97] . This favours the 
interface location of the drug and could in turn compromise 
the benefits of drug encapsulation in the lipid matrix. 
To overcome this problem, a suitable approach could be the 
formation of an ion pairing between retinoic acid, an acid 
lipid, and a lipophilic amine, such as stearylamine, which 
would significantly increase the retinoic acid encapsulation 
in SLNs   [98] . Nevertheless, the potential of these SLNs for 
acne topical treatment have yet to be investigated. 

 Interestingly, the skin irritation studies carried out 
on rabbits (Draize test) showed that retinoic acid SLN 

  Table 5     . Mean percentage reduction in lesion counts.   

 Retin-A Micro *  (all- trans  retinoic 
acid gel) microsphere, 0.1% 

 Vehicle gel 

 Study 1 (n  =  72)  Study 2 (n  =  71)  Study 1 (n  =  72)  Study 2 (n  =  67) 

Noninfl ammatory lesion counts 49 32 22 03

Infl ammatory lesion counts 37 29 18 24

Total lesion counts 45 32 23 16

    * Prescribing information: Retin-A Micro (Ortho Dermatological, Raritan, NJ). 
 Reprinted from  [57] , Copyright (1998), with permission from Elsevier Science Ltd.   
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gel was significantly less irritating to skin compared with 
the marketed retinoic acid cream (Retin-A). In addition, 
 in vitro  permeation studies through rat skin indicated 
that retinoic acid SLN gel presented a permeation profile 
comparable to that of the conventional retinoic acid 
cream. Furthermore, the SLNs also improved the retinoic 
acid photostability in comparison to methanolic retinoic acid 
solution when both formulations were exposed to 180 min 
of natural sunlight   [99] .   

  5.   Expert opinion 

 The topical pharmacotherapy of acne includes a variety 
of drugs that can affect different aspects of the disease. 
The efficacy of the antiacne topical drugs is well 
established, however the local side effects, mainly 
cutaneous irritation, erythema, dryness, peeling and 
scaling, remain major problems. Unfortunately, both 
efficacy and side effects are dose related. The encapsulation 
of the antiacne drugs in vesicular and particulate delivery 
systems represents an innovative alternative to minimize 
side effects while preserving their efficacy. This is achieved 
by the capacity of these systems to provide controlled 
release or to improve the drug penetration into the skin 
or even into the PSU. 

 The studies showed that antiacne drug delivery systems 
(liposomes, polymeric microspheres and SLNs) provide 
an interesting alternative for topical treatment of acne. 
These delivery systems improve efficacy and decrease 
the incidence of side effects of antiacne drugs when 
compared with conventional formulations, thus improving 
patience compliance. Among many drug delivery systems, 
only liposomes, the most extensively investigated, provide 
improved efficacy, probably due to enhanced drug skin 
penetration, and decreased incidence of side effects, 
whereas the polymeric microspheres are generally associated 
with better tolerability, due to drug-controlled release 
but not necessarily with greater efficacy. Nevertheless, 
problems related to physical and chemical stability and 
large-scale production of liposomes constitute obstacles to 
their wider therapeutic use and only microspheres have a 
marketed formulation. In spite of its greater therapeutic 
potential, the advantages of SLNs over the vesicular and 
other particulate systems or conventional formulations still 
remain to be fully investigated. 

 Liposomes are the first generation of vesicular drug 
delivery systems. According to many investigators, these 
formulations enhance the accumulation of antiacne drugs in 
the skin, explaining their improved efficacy in comparison 
to that of conventional products, as demonstrated in 
some clinical trials. Liposomes also reduce antiacne 
drug-induced irritation when compared with conventional 
formulations, an advantage attributed to controlled release. 
Improved follicular penetration of liposomes has also been 

demonstrated. The high costs of production and physical 
stability problems, however, still represent a barrier to 
the development of a commercial product of antiacne 
drug-loaded liposomes. Moreover, only a few clinical studies, 
evaluating the response of a reduced number of patients, 
have been carried out to evaluate their efficacy in comparison 
to conventional formulations. Niosomes, a second-generation 
vesicular carrier, are an alternative to liposomes due to 
their higher chemical stability, enhanced encapsulation 
efficiency, intrinsic skin penetration-enhancing properties 
and lower cost of production. There are, however, fewer 
studies that have evaluated the dermal delivery of antiacne 
drugs from niosomes and no clinical studies have been 
carried out so far. 

 Among vesicular and particulate drug delivery systems 
for topical treatment of acne, only polymeric microspheres, 
presented as Microsponge, are currently marketed and, 
consequently, several clinical studies have been carried out 
with this new formulation. When compared with conven-
tional formulations, Microsponge shows similar efficacy but 
with lower incidence of side effects, improving patient 
compliance. Generally, microspheres are more stable than 
liposomes. The large-scale production of microspheres, 
however, is still expensive and the use of organic solvent 
is a limiting factor. 

 SLNs are novel particulate drug delivery systems 
which have been introduced to combine the advantages 
of traditional colloidal drug carrier systems such as liposomes 
and polymeric microspheres, while reducing their drawbacks. 
These systems are easily produced on an industrial scale, do 
not require the use of organic solvents and may potentially 
be used in controlled release and follicular target formulations. 
Only few studies, however, have investigated the potential 
use of SLNs as antiacne drug delivery systems. Thus, the 
promising results obtained in some  in vitro  studies, which 
have shown that SLN formulations avoid permeation across 
the skin but increase penetration of the drug in the skin, 
must be further investigated. 

 The vesicular and particulate drug delivery systems 
presented herein (liposomes, microspheres and SLNs) 
showed potential to reduce the side effects associated with 
the topical pharmacotherapy of acne and this can be 
associated with a reduction of the free drug. To date, 
however, most studies have compared these systems with 
conventional formulations but no comparison among the 
three systems has been carried out. Considering the 
differences in composition and structure of these systems, 
their efficacy and tolerability are likely to vary. Furthermore, 
these systems showed potential for follicular penetration, but 
this aspect was only evaluated in normal skin. Could these 
systems improve follicular penetration after application on 
skin with acne, which presents virtually obstructed sebaceous 
follicles? What is the relevance of particle size and charge 
for this phenomenon? 

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Novel vesicular and particulate drug delivery systems for topical treatment of acne

676 Expert Opin. Drug Deliv. (2008) 5(6)

 Finally, these novel vesicular and particulate delivery 
systems for topical acne treatment may reduce side effects 
and consequently increasing patient compliance. Further 
investigations are needed, however, to allow the large-scale 
production of liposomes and polymeric microspheres at 
lower costs. Taking this factor into account, SLNs present 
clear advantages when compared with the other systems. 
Their potential as antiacne drug delivery systems, however, 
needs further investigation.             

  Acknowledgement 

 The authors would like to thank Guilherme Carneiro for 
the schematic representation of liposomes.  

  Declaration of interest 

 The authors state no conflict of interest and have received 
no payment in preparation of this manuscript.    

Bibliography 
  Papers of special note have been highlighted 
as either of interest (•) or of considerable 
interest (••) to readers. 

  1.     Fried   RG, Wechesler A. Psychological 
problems in the acne patients. 
 Dermatol Ther   2006 ; 19 : 237 -40  

  2.     White   GM. Recent fi ndings in the 
epidemiologic evidence, classifi cation, 
and subtypes of acne vulgaris.  J Am 
Acad Dermatol   1998 ; 39 : S34 -7  

  3.     Zoubolis   CC, Eady A, Philpott M, 
et al. What is the pathogenesis of acne? 
 Exp Dermatol   2005 ; 14 : 143 -52  

  4.     Gollnick   H. Current concepts of the 
pathogenesis of acne.  Drugs  
 2003 ; 63 (15): 1579 -96 

  ••    Excellent review of acne pathogenesis.    

  5.     Webster   GF. Infl ammation in acne vulgaris. 
 J Am Acad Dermatol   1995 ; 33 (2): 247 -52  

  6.     Koreck   A, Pivarcsi A, Dobozy A, 
Kemény L. The role of innate immunity 
in the pathogenesis of acne.  Dermatology  
 2003 ; 206 : 96 -105  

  7.     Toyoda   M, Nakamura M, Morohashi M. 
Neuropeptides and sebaceous glands. 
 Eur J Dermatol   2002 ; 12 : 422 -7  

  8.     Gollnick   H, Cunliffe W, Berson D, 
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 -37 

  ••    Excellent review of acne treatment.    

  9.     Strauss   JS, Krowchuk DP, Leyden JJ, 
et al. Guidelines of care for acne vulgaris 
management.  J Am Acad Dermatol  
 2007 ; 56 : 651 -63.  

  10.     Nyirady   J, Grossman RM, Nighland M, 
et al. A comparative trial of two retinoids 
commonly used in the treatment of acne 
vulgaris.  J Dermatolog Treat  
 2001 ; 12 : 149 -57  

  11.     Leyden   JJ, Del Rosso JQ, Webster GF. 
Clinical considerations in the treatment of 
acne vulgaris and other infl ammatory skin 

disorders: focus on antibiotic resistance. 
 Cutis   2007 ; 79 (6 Suppl): 9 -25  

  12.     Tanghetti   E. The impact and importance 
of resistance.  Cutis   2007 ; 80 (1 Suppl): 5 -9  

  13.     Ellis   CN, Millikan LE, Smith EB, et al. 
Comparison of adapalene 0.1% solution 
and tretinoin 0.025% gel in topical 
treatment of acne vulgaris.  Br J Dermatol  
 1998 ; 139 (S52): 41 -7  

  14.     Gollnick   H, Schramm M. Topical drug 
treatment in acne.  Dermatology  
 1998 ; 196 : 119 -25  

  15.     Schäfer-Korting   M, Korting HC, 
Ponce-Poschl E. Liposomal tretinoin 
for uncomplicated acne vulgaris. 
 Clin Investig   1994 ; 72 : 1086 -91 

  •    Clinical trial of acne with liposomes.    

  16.     Date   AA, Naik B, Nagarsenker. Novel drug 
delivery systems: potential in improving 
topical delivery of antiacne agents. 
 Skin Pharmacol Physiol   2006 ; 19 : 2 -16  

  17.     Shalita   AR, Chalker DK, Griffi th RF, et al. 
Tazaroteno gel is safe and effective in the 
treatment of acne vulgaris: a multicenter, 
double-bind, vehicle-controlled study. 
 Cutis   1999 ; 63 : 349 -54  

  18.     Patel   VB, Misra A, Marfatia YS. 
Preparation and comparative clinical 
evaluation of liposomal gel of benzoyl 
peroxide for acne.  Drug Dev Ind Pharm  
 2001 ; 27 : 863 -70  

  19.     Leyden   JJ. Topical treatment of acne 
vulgaris: retinoids and cutaneous irritation. 
 J Am Acad Dermatol   1998 ; 38 : S1 -4 

  •    Review on retinoids and skin irritation.    

  20.     Vogt   A, Combadiere B, Hadam S, et al. 
40nm, but not 750 or 1.500nm, 
nanoparticles enter epidermal CD1a+ cells 
after transcutaneous application on 
human skin.  J Am Acad Dermatol  
 2006 ; 126 : 1316 -22  

  21.     Vogt   A, Mandt N, Landemann J, et al. 
Follicular targeting: a promising tool in 
selective dermatotherapy.  J Investig 
Dermatol Symp Proc   2005 ; 10 : 252 -5 

  •    Excellent review of follicular targeting.    

  22.     Mordon   S, Sumian C, Devoisselle JM. 
Site-specifi c methylene blue delivery 
to pilosebaceous structures using 
highly porous nylon microspheres: an 
experimental evaluation.  Lasers Surg Med  
 2003 ; 33 : 119 -25  

  23.     Bernard   E, Dubois JI, Wepierre J. 
Importance of sebaceous glands in 
cutaneous penetration of an antiandrogen: 
target effect of liposomes.  J Pharm Sci  
 1997 ; 86 : 573 -8  

  24.     Lademann   J, Richter H, Teichmann A, 
et al. Nanoparticles: an effi cient carrier 
for drug delivery into hair follicle.  Eur J 
Pharm Biopharm   2007 ; 66 : 159 -64 

  •    Follicular targeting using nanoparticles.    

  25.     Rolland   A, Wagner N, Chatelus A, et al. 
Site-specifi c drug delivery to pilosebaceous 
structures using polymeric microspheres. 
 Pharm Res   1993 ; 10 : 1738 -44 

  •    Follicular targeting using microspheres.    

  26.     Lasic   DD. Novel applications of liposomes. 
 Trends Biotechnol   1998 ; 16 : 307 -21 

  ••    Excellent review of liposomes.    

  27.     Touitou   E, Junginger HE, Weiner ND, 
et al. Liposomes as carrier for topical 
and transdermal delivery.  J Pharm Sci  
 1994 ; 83 : 1189 -203 

  •    Liposomes for skin delivery of drugs.    

  28.     Mezei   M, Gulasekharam V. Liposomes: 
a selective drug delivery system for the 
topical route of administration. Lotion 
dosage form.  Life Sci   1980 ; 26 : 1473 -7  

  29.     Jung   S, Otberg N, Thiede G, et al. 
Innovative liposomes as a transfollicular 
drug delivery system: penetration into 
porcine hair follicles.  J Invest Dermatol  
 2006 ; 126 : 1728 -32 

  •    Follicular targeting using liposomes.    

  30.     Lauer   AC, Lieb LM, Ramachandran C, 
et al. Transfollicular drug delivery. 
 Pharm Res   1995 ; 12 : 179 -86  

  31.     Barry   BW. Novel mechanisms and devices 
to enable successful transdermal drug 
delivery.  Eur J Pharm Sci   2001 ; 14 : 101 -14  

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Castro & Ferreira

 Expert Opin. Drug Deliv. (2008) 5(6) 677

  32.     Cevc   G, Blume G. Lipid vesicles penetrate 
into intact skin owing to the transdermal 
osmotic gradients and hydration force. 
 Biochim Biophys Acta   1992 ; 1104 : 226 -32  

  33.     Uchegbu   IF, Florence AT. Non-ionic 
surfactant vesicles (niosomes): physical 
and pharmaceutical chemistry.  Adv Coll 
Interf Sci   1995 ; 58 : 1 -55  

  34.     Van Hal   DA, Bouwstra JA, Rensen A, 
et al. Preparation and characterization 
of nonionic surfactant vesicles.  J Coll 
Interf Sci   1996 ; 178 : 263 -73  

  35.     Manconi   M, Sinico C, Valenti D, 
et al. Niosomes as carriers for tretinoin. 
III: A study into the in vitro cutaneous 
delivery of vesicle-incorporated tretinoin. 
 Int J Pharm   2006 ; 311 : 11 -9  

  36.     Manconi   M, Valenti D, Sinico C, 
et al. Niosomes as carriers for tretinoin. 
II: Infl uence of vesicular incorporation 
tretinoin photostability.  Int J Pharm  
 2003 ; 260 : 261 -72  

  37.     Manconi   M, Valenti D, Sinico C, 
et al. Niosomes as carriers for tretinoin. 
I: Preparation and properties.  Int J Pharm  
 2002 ; 234 : 237 -48  

  38.     Johnson   BA, Nunley JR. Topical therapy 
for acne vulgaris. How do you choose the 
best drug for each patient?  Postgrad Med  
 2000 ; 107 : 69 -70, 73-76, 79-80  

  39.     Skalko   N, Cajkovac M, Jalenjack I. 
Liposomes with clindamicyn hydrochloride 
in the therapy of acne vulgaris. 
 Int J Pharm   1992 ; 85 : 97 -101 

  •    Clinical trial of  acne with liposomes.    

  40.     Honzak   L, Sentjurc M. Development of 
liposome encapsulated clindamycin for 
treatment of acne vulgaris.  Pfügers Arch  
 2000 ; 440 (Suppl 5): R44 -5  

  41.     Raman   A, Weir U, Bloofi eld SF. 
Antimicrobial effects of tea-tree 
oil its major components on 
Staphylococcus aureus, Staph. 
Epidermidis and Propionibacterium 
acnes.  Lett Appl Microbiol   1995 ; 21 : 242 -5  

  42.     Enshaieh   S, Jooya A, Siadat AH, Iraji F. 
The effi cacy of 5% topical tea tree oil 
gel in mild to moderate acne vulgaris: 
a randomized, double-blind 
placebo-controlled study.  Indian J 
Dermatol Venereol Leprol   2007 ; 73 : 22 -5  

  43.     Biju   SS, Ahuja A, Khar RK. Tea 
tree oil concentration in follicular casts 
after topical delivery: determination 
by high-performance thin layer 
chromatography using a perfused bovine 
udder model.  J Pharm Sci   2005 ; 94 : 240 -5  

  44.     Lee   HS, Kim IH. Salicylic acid peels for the 
treatment of acne vulgaris in Asian patients. 
 Dermatol Surg   2003 ; 29 : 1196 -9  

  45.     Hashimoto   Y, Suga Y, Mizuno Y, et al. 
Salicylic acid peels in polyethylene glycol 
vehicle for the treatment of comedogenic 
acne in Japanese patients.  Dermatol Surg  
 2008 ; 34 : 276 -9  

  46.     Bhalerao   SS, Raje H. Preparation, 
optimization, characterization and stability 
studies of salicylic acid liposomes. 
 Drug Dev Ind Pharm   2003 ; 29 : 451 -67  

  47.     Stewart   ME, Downing DT, Cook JS, 
et al. Sebaceous gland activity and serum 
dehydroepiandrosterone sulfate levels 
in boys and girls.  Arch Dermatol  
 1992 ; 128 : 1345 -8  

  48.     Thiboutot   D, Harris G, Iles V, et al. 
Activity of the type 1 5 α -redutase exhibits 
regional differences in isolated sebaceous 
glands and whole skin.  J Invest Dermatol  
 1995 ; 105 : 209 -14  

  49.     Choudhry   R, Hodgins MB, 
Van der Kwast TH, et al. Localization 
of androgen receptors in human skin by 
immunohistochemistry: implications for 
the hormonal regulation of hair growth, 
sebaceous glands and sweat glands. 
 Endocrinology   1992 ; 133 : 467 -75  

  50.     Gruber   DM, Sator MO, Joura EA, et al. 
Topical cyproterone acetate treatment in 
women with acne: a placebo-controlled 
trial.  Arch Dermatol   1998 ; 134 : 459 -63 

  •    Clinical trial of  acne with liposomes.    

  51.     Tabbakhian   M, Tavakoli N, Jaafari MR, 
Daneshamouz S. Enhancement of follicular 
delivery of fi nasteride by liposomes and 
niosomes. 1: In vitro permeation and 
in vivo deposition studies using hamster 
fl ank and ear models.  Int J Pharm  
 2006 ; 323 : 1 -10  

  52.     Kumar   R, Singh B, Bakshi G, Karate OP. 
Development of liposomal systems of 
fi nasteride for topical applications: design, 
characterization, and in vitro evaluation. 
 Pharm Dev Technol   2007 ; 12 : 591 -601  

  53.     Battmann   T, Bonfi ls A, Branche C, 
et al. RU 58841, a new specifi c topical 
antiandrogen: a candidate of choice for 
treatment of acne, androgenetic alopecia 
and hissutism.  J Steroid Biochem Mol Biol  
 1994 ; 48 : 55 -60  

  54.     Bernard   E, Dubois JL, Wepierre J. 
Percutaneous absorption of a new 
antiandrogen included in liposomes or 
in solution.  Int J Pharm   1995 ; 126 : 235 -43  

  55.     Fulton   JE Jr, Farzad-Bakshandeh A, 
Bradley S. Studies on the mechanism of 
action to topical peroxide and vitamin A 
acid in acne vulgaris.  J Cutan Pathol  
 1974 ; 1 : 191 -200  

  56.     Fluhr   JW, Barsom O, Gehring W, 
Gloor M. Antibacterial effi cacy of benzoyl 
peroxide in phospholipid liposomes. 
A vehicle-controlled, comparative study 
in patients with papulopustular acne. 
 Dermatology   1999 ; 198 : 273 -7  

  57.     Webster   GF. Topical tretinoin in 
acne therapy.  J Am Acad Dermatol  
 1998 ; 39 : S38 -44 

  •    Excellent review on tretinoin in acne 
therapy.    

  58.     Lavker   RM, Leyden JJ, Thorne EG. 
An ultrastructural study of the effects 
of topical tretinoin on microcomedones. 
 Clin Ther   1994 ; 14 : 773 -80  

  59.     Schaller   M, Steinle R, Korting HC. 
Light and electron microscopic fi ndings in 
human epidermis reconstructed in vitro 
upon topical application of liposomal 
tretinoin.  Acta Derm Venereol  
 1997 ; 77 : 122 -6  

  60.     Masini   V, Bonte F, Meybeck A, 
Wepierre L. Cutaneous bioavailability 
in hairless rats of tretinoin in liposomes 
or gel.  J Pharm Sci   1993 ; 82 : 17 -21  

  61.     Patel   VB, Misra A, Marfatia YS. Topical 
liposomal gel of tretinoin for the treatment 
of acne: research and clinical implications. 
 Pharm Dev Technol   2000 ; 5 : 455 -64  

  62.     Contreras   MJF, Soriano MMJ, Diéguez AR. 
In vitro percutaneous absorption of 
all-trans retinoic acid applied in free form 
or encapsulated in stratum corneum lipid 
liposomes.  Int J Pharm   2005 ; 297 : 134 -45 

  •    Controlled drug release and enhanced skin 
targeting effect of liposomes.    

  63.     Sinico   C, Manconi M, Peppi M, et al. 
Liposomes as carriers for dermal delivery 
of tretinoin: in vitro evaluation of drug 
permeation and vesicle-skin interaction. 
 J Control Release   2005 ; 103 : 123 -36  

  64.     Montenegro   L, Panico AM, Ventimiglia A, 
Bonina FP. In vitro retinoic acid release 
and skin permeation from different 
liposome formulations.  Int J Pharm  
 1996 ; 133 : 89 -96  

  65.     Kitagawa   S, Kasamaki M. Enhanced 
delivery of retinoic acid to skin by 
cationic liposomes.  Chem Pharm Bull  
 2006 ; 54 : 242 -4 

  •    Enhanced skin targeting effect of 
liposomes.    

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Novel vesicular and particulate drug delivery systems for topical treatment of acne

678 Expert Opin. Drug Deliv. (2008) 5(6)

  66.     Patel   VB, Misra A, Marfatia YS. Clinical 
assessment of the combination therapy with 
liposomal gels of tretinoin and benzoyl 
peroxide in acne.  AAPS Pharm Sci Tech  
 2001 ; 2 : 1 -5  

  67.     Brisaert   M, Gabriëls M, Matthijs V. 
Plaizier-Vercammem. Liposomes with 
tretinoin: a physical and chemical 
evaluation.  J Pharm Biomed Anal  
 2001 ; 26 : 909 -17  

  68.     Ioele   G, Cione E, Risoli A, et al. 
Accelerated photostability study 
of tretinoin and isotretinoin in 
liposome formulations.  Int J Pharm  
 2005 ; 293 : 251 -60  

  69.     Smith   S, Morhenn V, Webster G. 
The characteristics and utility of solid 
phase porous microspheres: a review. 
 J Drugs Dermatol   2006 ; 5 : 969 -74 

  ••    Excellent review on microspheres.    

  70.     Schaefer   H, Watts F, Brod J, Illel B. 
Follicular penetration. In: Scott RC, 
Guy RH, Hadgraft J, editors, Prediction 
of percutaneous penetration, methods, 
measurements, modeling. London: IBC 
Techincal Services;  1990 . p.  163 -73  

  71.     Nacht   S, Katz M. The Microsponge: a 
novel topical programmable delivery 
system. In: Osborne D, Amann A, editors, 
Topical drug delivery formulations. 
New York: Marcel Dekker;  1990 . p.  299 -35. 

  •    Book of interest.    

  72.     Sumian   CC, Pitre FB, Gauthier BE, et al. 
A new method to improve penetration 
depth of dyes into follicular duct: potential 
application for laser hair removal.  J Am 
Acad Dermatol   1999 ; 41 : 172 -5  

  73.     Embil   K, Nacht S. The Microsponge 
delivery system (MDS): a topical delivery 
system with reduced irritancy incorporating 
multiple triggering mechanisms for the 
release of actives.  J Microencapsul  
 1996 ; 13 (5): 575 -88 

  •    Microspheres as carriers for skin delivery 
of anti-acne drugs.    

  74.     Wester   RC, Patel R, Nacht S, et al. 
Controlled release of benzoyl peroxide from 
a porous microsphere polymeric system 
can reduce topical irritancy.  J Am Acad 
Dermatol   1991 ; 24 : 720 -6 

  •    Microspheres for controlled release of 
benzoyl peroxide.    

  75.     Jelvehgari   M, Siahi-Shadbad MR, 
Azarmi S, et al. The Microsponge delivery 
system of benzoyl peroxide: preparation, 
characterization and release studies. 
 Int J Pharm   2006 ; 308 : 124 -32  

  76.     Nokhodchi   A, Jelvehgari M, Siahi MR, 
Mozafari MR. Factors affecting the 
morphology of benzoyl peroxide 
Microsponges.  Micron   2007 ; 38 : 834 -40  

  77.     Grove   GL, Zerweck CR, Natch S, 
Leyden JJ. The effect of vehicle 
composition on the subjective and 
objective irritancy potential of retinoic acid 
formulations. Poster presentation at 
American Academy of Dermatology 
meeting; March  1997 ; San Francisco, 
United States  

  78.     Leyden   J, Grove G, Zerweck C. Facial 
tolerability of topical retinoid therapy. 
 J Drugs Dermatol   2004 ; 3 : 641 -51  

  79.     Nyirady   J, Nighland M, Payonk G, et al. 
A comparative evaluation of tretinoin gel 
microsphere, 0.1%, versus tretinoin cream, 
0.025%, in reducing facial shine.  Cutis  
 2000 ; 66 : 153 -6  

  80.     Galvin   SA, Gilbert R, Baker M, et al. 
Comparative tolerance of adapalene 0.1% 
gel and six different tretinoin formulations. 
 Br J Dermatol   1998 ; 139 (Suppl 52): 34 -40  

  81.     Thiboutot   D, Gold MH, Jarratt MT, 
et al. Randomized controlled trial of the 
tolerability, safety, and effi cacy of adapalene 
gel 0.1% and tretinoin microsphere gel 
0.1% for the treatment of acne vulgaris. 
 Cutis   2001 ; 68 (Suppl 4): 10 -9  

  82.     Dosik   JS, Homer K, Arsonnaud S. 
Cumulative irritation potential of 
adapalene 0.1% cream and gel compared 
with tretinoin microsphere 0.04% 
and 0.1%.  Cutis   2005 ; 75 : 238 -43  

  83.     Berger   R, Barba A, Fleischer A, et al. 
A double-blinded, randomized, 
vehicle-controlled, multicenter, 
parallel-group study to assess the safety 
and effi cacy of tretinoin gel microsphere 
0.04% in the treatment of acne vulgaris 
in adults.  Cutis   2007 ; 80 : 152 -7  

  84.     Nighland   M, Yusuf M, Wisniewski S, et al. 
The effect of simulated solar UV irradiation 
on tretinoin in tretinoin gel microsphere 
0.1% and tretinoin gel 0.025%.  Cutis  
 2006 ; 77 : 313 -6  

  85.     Nyirady   J, Lucas C, Yusuf M, et al. 
The stability of tretinoin in tretinoin gel 
microsphere 0.1%.  Cutis   2002 ; 70 : 295 -8  

  86.     Müller   RH, Karsten M, Gohla S. 
Solid lipid nanoparticles (SLN) for 
controlled drug delivery: a review 
of the state of the art.  Eur J 
Pharm Biopharm   2000 ; 50 : 161 -77 

  •    Excellent review on SLN.    

  87.     Dingler   A, Gohla S. Production of solid 
lipid nanoparticles (SLN): scaling up 
feasibilities.  J Microencapsul   2002 ; 19 : 11 -6  

  88.     Wissing   SA, Kayser O, Müller RH. Solid 
lipid nanoparticles for parenteral drug 
delivery.  Adv Drug Deliv Rev  
 2004 ; 56 : 1257 -72  

  89.     Mehnert   W, Mäder K. Solid lipid 
nanoparticles production, characterization 
and applications.  Adv Drug Deliv Rev  
 2001 ; 47 : 165 -96 

  ••    Excellent review on SLNs.    

  90.     Jenning   V, Gysler A, Schäfer-Korting M, 
Gohla S. Vitamin A-loaded solid lipid 
nanoparticles for topical use: occlusive 
properties and drug targeting to the 
upper skin.  Eur J Pharm Biopharm  
 2000 ; 49 : 211 -8  

  91.     Liu   J, Hu W, Chen H, et al. 
Isotretinoin-loaded solid lipid 
nanoparticles with skin targeting 
for topical delivery.  Int J Pharm  
 2007 ; 328 : 191 -5  

  92.     Müster   U, Nakamura C, Haberland A, 
et al. RU 58841-myristate-prodrug 
development for topical treatment of acne 
and androgenetic alopecia.  Pharmazie  
 2005 ; 60 : 8 -12  

  93.     Stecová   J, Mehnert W, Blaschke T, et al. 
Cyproterone acetate loading to lipid 
nanoparticles for topical acne treatment: 
particle characterization and skin uptake. 
 Pharm Res   2007 ; 24 : 991 -1000 

  •    Enhanced skin targeting effect of SLN.    

  94.     Akman   A, Durusoy C, Senturk M, et al. 
Treatment of acne with intermittent 
and conventional isotretinoin: a 
randomized, controlled multicenter study. 
 Arch Dermatol Res   2007 ; 299 : 467 -73  

  95.     Jenning   V, Gohla S. Encapsulation of 
retinoids in solid lipid nanoparticles (SLN). 
 J Microencapsul   2001 ; 18 : 149 -58  

  96.     Lim   Soo-Jeong, Kim Chong-Kook. 
Formulation parameters determining the 
physicochemical characteristics of solid 
lipid nanoparticles loaded with all-trans 
retinoic acid.  Int J Pharm   2002 ; 243 : 135 -46  

  97.     Hu   L, Tang X, Cui F. Solid lipid 
nanoparticles (SLNs) to improve oral 
bioavailability of poorly soluble drugs. 
 J Pharm Pharmacol   2004 ; 56 : 1527 -35  

  98.     Castro   GA, Oréfi ce RL, Vilela JMC, et al. 
Development of a new solid lipid 
nanoparticle formulation containing 
retinoic acid for topical treatment of acne. 
 J Microencapsul   2007 ; 24 : 395 -407  

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Castro & Ferreira

 Expert Opin. Drug Deliv. (2008) 5(6) 679

  99.     Shah   KA, Date AA, Joshi MD, Patravale VB. 
Solid lipid nanoparticles (SLN) of 
tretinoin: potential in topical delivery. 
 Int J Pharm   2007 ; 345 : 163 -71     

 Affi liation 
   Gisele A     Castro      &      Lucas AM     Ferreira      †   
   † Author for correspondence  
 Federal University of Minas Gerais, 
Department of Pharmaceutics, 
Faculty of Pharmacy, 
Avenue Antônio Carlos, 6627, Pampulha, 
CEP 31270-901, Belo Horizonte, 
Minas Gerais, Brazil 
Tel:  +55 31 3409 6939 ; Fax:  +55 31 3409 6830 ; 
E-mail:  lucas@farmacia.ufmg.br  

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


