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Polymeric micelles as cutaneous drug delivery system in 
normal skin and dermatological disorders

Abstract

The easy accessibility of skin made dermal application, one of the approaches for 
local drug therapy. Effectiveness of topical drug application is depended on different 
parameters such as skin barrier properties, physicochemical properties of drug and 
vehicle, and interaction between drug and its vehicle with the skin layers. In this review, 
an overview of skin structure and feature of polymeric micelles as topical nanocarriers 
is provided. We also summarized the research studies dealing with the application of 
polymeric micelles for cutaneous delivery. In the past decades, numerous types of 
nanocarriers have been widely investigated as a novel delivery approach to improve 
skin penetration and localization of drugs in normal skin and dermatological diseases. 
Polymeric micelles are one of them, with their specific ability to encapsulate hydrophilic 
drugs. These carriers can enhance the therapeutic efficacy and minimize the systemic 
side effects of the drugs. Polymeric micelles could enhance the deposition of drugs in 
targeted sites of the skin in the normal and dermatological diseases such as psoriasis 
and acne. Nevertheless, still there is a need to investigate the mechanism of action of 
these carriers and the fate of polymeric micelles in skin.
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INTRODUCTION

Topical delivery of drugs for the treatment of dermatological 
disease is preferred by most patients and physicians for a 
local effect where it can reduce the need for systemically 
administration and their side effects. However, the skin 
barrier inhibits the drugs to penetrate easily, as the skin 
is naturally refractive to highly hydrophilic or highly 
lipophilic compounds. The various chemical and physical 
enhancers in the past decades have been investigated to 
overcome the skin barrier which most of them disrupted 

stratum corneum.[1] New strategy is application of small 
nanometer-sized carriers to improve skin penetration or 
localization without invasive manner.[2] Nanocarriers may 
facilitate drug delivery by encapsulation pharmaceutical 
active ingredients to form specific features such as penetrate 
hair follicle, interact with skin’s lipid to transport, and create 
depot form to sustained release.[3] Nanocarriers increased 
surface area-to-volume ratio result in enhanced permeation 
through all routes across the skin including intracellular, 
intercellular, and finally, along the shafts of hair follicles in 
the trans-appendage pathway.[4]

In this review, we will discuss some of the investigation 
using polymeric micelles as nanocarriers for cutaneous 
deliveries in normal and dermatological disorder. In 
addition, selected examples from the literature have been 
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included to demonstrate the mechanism of action of various 
drugs employing polymeric micellar-based drug delivery 
systems.

THE STRATUM CORNEUM  MAIN BARRIER 
IN NORMAL SKIN AND DERMATOLOGICAL 
DISORDERS

Skin plays a protecting function of body from xenobiotics. 
Skin consists of a highly efficient, multilayered barrier that 
hampers the transdermal delivery of therapeutic agents. The 
stratum corneum (SC), the outermost skin layer (thickness 
20 µm) composed of dead epidermal cells (corneocytes), is 
the main barrier of skin.[5,6] The corneocytes are surrounded 
by lipoprotein envelope, and they have less water-binding 
capacity. This general structure of the SC can be described 
as “brick and mortar” [Figure 1]. The “bricks” are composed 
of corneocytes and intercellular lipid matrix constituting 
the “mortar.”[7] The corneocytes are not only in horizontal 
layers but also in vertical columns. These columns are called 
“cluster” which correspond the wrinkle liens.[8] Intercluster 
regions (furrows) is one of the penetration pathways which 
we describe further in the text.

The substance that can penetrate with a passive route 
through SC is limited to small molecules (<500 Da), with 
intermediate lipophilic and hydrophilic property (log 1–3).[9] 
To increase the range of active compounds with the lack of 
these specific properties, the use of nanocarriers has been 
interested.

FOLLICULAR PENETRATION PATHWAYS

It had been assumed in the past years that substances 
penetrate often through the intercellular route, inside 
lipid surrounded corneocytes. In recent years, hair follicles 
indicate an efficient way to the application of substance 
topically across the skin and potential penetration pathway 
for nanocarriers.[10-12] Hair follicles represent an efficient 
reservoir for dermal delivery.[13] The size of particles has 
been reported to be an important factor to penetration into 
hair follicle.[14] Not only small molecules can penetrate 
through the follicular epithelium into the living tissue but 

also although molecules that are too large for penetration are 
entrapped within the hair follicles and make depot form.[11]

SKIN BARRIER PROPERTY IN 
DERMATOLOGICAL DISORDERS

Skin’s structure undergoes alteration in some disease. 
Several skin diseases are characterized by a varying 
degree of skin barrier dysfunction. In psoriasis, the 
immune system is activated that leads to overproduction 
of skin cells and forming scaly patches on the skin surface. 
Barrier function of psoriatic skin is shown to be decreased. 
Transepidermal water loss (TWL) in psoriasis is significantly 
higher than normal skin.[15] Acne is chronic inflammation 
in pilosebaceous unit in the skin. Alterations in follicular 
keratinization occur in the subclinical stages of acne lesions 
formation. There is an increase in filaggrin expression in 
keratinocytes’ lining follicle wall within acne. Filaggrin 
has a critical role in epidermal differentiation and structure 
and function of the SC.[16] Yamamoto et al. found that, in 
patient with acne exhibited significantly higher sebum 
secretion, greater TWL and lower skin hydration that lead 
to SC permeability barrier impairment.[17] Burn is another 
disease that skin undergoes trauma. In thermal burn, 
as temperature increases, protein disruption increases 
and protein denaturation progresses to coagulation. Cell 
necrosis usually begins at the skin surface where the heat 
energy is most intense. Due to this trauma, skin changes 
to eschar. Eschar represents an open wound without the 
properties and benefits of normal skin. Therefore, this 
wound does not provide a mechanical and immunological 
barrier against foreign objects such as drugs.[18] In fact, there 
are not adequate investigations on all substances which 
show more penetration rate in skin diseases,[19] but clinical 
studies show a moderate increase in penetration compared 
to intact skin.[20]

FUNDAMENTAL OF POLYMERIC MICELLES

Structure
It is well recognized that surfactants are able to self-assemble 
in water and above the critical micelle concentration (CMC), 
they spontaneously self-aggregate to form spherical micelles 
to decrease surface-free energy in an aqueous medium. 
Polymeric micelles have attracted enormous attention in 
drug delivery field because their CMC is several 1000-fold 
lower (<10 mg/l) than classic micelles[21] [Figure 2]. 
Polymeric micelles are a specific class of micelles which 
formed from copolymers consisting of both hydrophilic 
and hydrophobic monomer units (block copolymer). In 
aqueous media, hydrophobic portion forms the core, while 
hydrophilic portion forms the shell, also called corona.[22-24] 
One of the essential properties of the core is their ability 
to solubilize sparingly water-soluble drugs, whereas the 
shell provides a location for hydrophilic compounds.[25,26] Figure 1: The brick‑mortar structure of skin
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Furthermore, shell generate required colloidal stability 
and plays an important role in limiting opsonization 
and results in longer blood circulation time and better 
accumulation in the target tissue.[22] Polymeric micelles can 
be subdivided into different classes: (1) di-block copolymers 
(hydrophilic-hydrophobic), (2) tri-block copolymers 
(hydrophilic-hydrophobic-hydrophilic), (3) graft 
copolymers (hydrophilic-hydrophobic), and (4) ionic 
copolymers (hydrophilic-ionic). The hydrophilic part of 
diblock copolymers is often poly(ethylene glycol) (PEG) 
which is highly biocompatible and fore hydrophobic 
part, polylactides (PLA), poly(ε-caprolactone), and poly 
(D, L-lactic-co-glycolic acid), is more common that have 
been approved by the Food and Drug Administration for 
biomedical applications in humans.[27,28]

Size and morphology
The size of these micelles can vary from 10 to 200 nm but can 
be increased by drug incorporation.[29,30] Different types of 
micellar structures are reported such as worm-like, disc-like, 
hamburger, raspberry, and sheet.[22] There are some different 
methods which are used to study micelle dimensions 
including dynamic light scattering, static light scattering, 
atomic force microscopy (AFM), and transmission electron 
microscopy (TEM). AFM and TEM give direct images and 
insight into shape.

Techniques used for polymeric micelles preparation
In accordance to the physicochemical characteristics of 
the polymers and drug, several methods can be used.[31] 
The most common methods including direct dissolution, 
dialysis, solvent evaporation, oil-in-water emulsion, solid 
dispersion, and freeze-drying have been shown in Figure 3.

Direct dissolution of the amphiphilic copolymer and drug 
in water, at or above CMC, results in self-assembling of 

the drug and copolymer to form polymeric micelles. This 
is the simplest approach to polymeric micelle preparation, 
although it is usually associated with low drug loading. 
Moreover, the low drug loading may be enhanced by 
increasing the temperature of the system.[32]

The dialysis method uses water-miscible organic solvents 
(such as N, N-dimethylformamide) along with a drug to 
co-solubilize the polymer and the drug. The organic solvent 
is replaced by water through a semipermeable membrane 
which induces self-association to form micelles.[33-35] This 
technique often requires >36 h for efficient loading which 
is a drawback in use of this approach.

In the oil-in-water emulsion method, drug along with the 
polymer dissolved in a water-immiscible organic solvent 
(such as chloroform) and added this organic under stirring 
in the aqueous phase. The organic solvent is then removed by 
evaporation and solvent-free solution containing micelles.[36,37]

The solvent evaporation method includes drug and polymer 
which are dissolved in a volatile organic solvent. This 
solution introduced to aqueous phase under sonication. 
After the evaporation of the organic solvent, a thin film 
of drug/polymer is formed at the bottom of the flask. This 
film is reconstituted by shaking in an aqueous phase.[38,39]

The copolymer and the drug are dissolved in an organic 
solvent in the solid dispersion method. Then, a polymeric 
drug matrix is obtained after the evaporation of solvent. 
Addition of hot water to this preheated matrix results in to 
form micelles.[40,41]

Freeze-drying method utilized freeze-dryable organic 
solvents such as tert-butanol. The polymer and the drug 

Figure 2: The micelle and polymeric micelle formation in the 
aqueous media

Figure 3: Different methods for preparation of polymeric 
micelles.[31] (a) Simple equilibrium, (b) dialysis, (c) oil‑in‑water 
emulsion, (d) solution casting, and (e) freeze‑drying
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are both present in water/tert-butanol mixture, followed by 
the removal of the solvents using a freeze-drying process. 
The drug-loaded micelles assemble spontaneously upon 
reconstitution with water.[42]

THE FATE OF POLYMERIC MICELLES IN 
NORMAL SKIN AND DERMATOLOGICAL 
DISORDER AFTER TOPICAL APPLICATION

What is the fate of polymeric micelles after topical 
application? For answer to this question, Smejkalova 
et al. designed a research and found that micelles with 
200 nm particle size do not remain at the skin surface 
and penetrate into the skin. Confocal images showed the 
vehicle localized in the keratinocytes and fibroblasts. In the 
other hand, the micelles remained intact up to 10 mm in 
deep of skin, but images from deeper layers showed slow 
and progressive micelle disruption.[43] In another study, 
Lapteva et al. indicated that polymeric micelles made 
by methoxy-poly(ethylene glycol) di-(hexyl-substituted 
polylactide) substituted (MPEG-dihexPLA) polylactide 
copolymer was unable to cross the SC.[44] Bachhav et al., in 
another study, demonstrated higher skin delivery of Azole 
antifungal compounds by polymeric micelles accumulation 
in hair follicles. They showed by confocal laser scanning 
microscopy (CLSM) images that polymeric micelles 
reached into hair follicles intact.[45] However, Lapteva et al. 
showed that polymeric micelles were deposited between 
corneocytes and inter the clusters of corneocytes. Therefore, 
they suggested that intercluster penetration is the preferred 
transport pathway for polymeric micelles.[46] The fate of 
polymeric micelles in normal skin and dermatological 
diseases has been shown in Figure 4.

POLYMERIC MICELLES IN SKIN DRUG 
DELIVERY

Polymeric micelles have been investigated as alternative 
vehicles for parenteral,[47] oral,[23] ocular,[48] pulmonary,[49] 
and nasal routes.[50] However, investigation to targeted 
cutaneous delivery by application of polymeric micelles 
is rare, and the mechanism of their action is not clearly 
demonstrated. However, it has been observed that 

polymeric nanoparticles may penetrate through SC and 
have been accumulated in hair follicles.[51] A different 
application of polymeric micelles for cutaneous drug 
delivery has been demonstrated in Table 1.

One of the studies shows polymeric micelles for skin 
delivery by Lapetva et al. they formulated ciclosporin 
A (CsA)-loaded polymeric micelles using MPEG-dihexPLA 
diblock copolymer and was tested on in vitro porcine 
ear skin. Micelle and drug penetration pathways were 
subsequently detected with CLSM using fluorescein-labeled 
CsA (Fluo-CsA) and Nile-Red (NR)-labeled copolymer. 
Micelles were prepared using the solvent evaporation 
method and demonstrated spherical morphology and small 
particle size (25–52 nm). These formulations increased the 
aqueous solubility of CsA by 518-folds. In spite of CsA 
delivery from the micelle formulation was 18-folds more 
than the control formulation, CsA permeation across porcine 
skin was extremely low and only very small amounts might 
reach the systemic circulation which is appropriate feature 
when the disease is limited to skin. Finally, it was observed 
that Fluo-CsA skin penetration was deeper into skin’s layers 
by releasing drug from micelle in the intercluster region 
which is probably one of the penetration pathways for 
cutaneous drug delivery.[46]

The same researchers group formulated tacrolimus (TAC) 
using MPEG-dihexPLA to treatment psoriasis. Micelle 
diameters were 10–50 nm. Despite poor water solubility of 
TAC, micelle formulation incorporated a large amount of 

Table 1: Different application of polymeric 
micelles for cutaneous drug delivery

Localization in 
skin

Drug Reference

Polymeric 
micelles

Inter‑cluster 
regions (furrows)

Ciclosporin A [46]

Follicular pathway Tacrolimus [44]
Follicular pathway Econazole [45]
Not mention Ketoconazole [52]
Follicular pathway Benzoyl 

peroxide
[53]

Not measured Lidocaine [54]

Figure 4: Polymeric micelle’s pathway through normal skin and dermatological diseases
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TAC and increases its solubility 518-folds in aqueous media. 
Optimized formulation showed 9-folds increase in delivery 
to porcine skin and 4-folds with human skin whereas the 
delivery of commercial ointment was low. They visualized 
by CLSM, NR-MPEG-dihexPLA micelles remained mainly 
on the skin surface and could not pass across the SC but 
localized into follicular ducts.[44]

In an expand study, different azoles’ antifungal compounds 
(clotrimazole, fluconazole, and econazole nitrate) were 
loaded in polymeric micelles with different copolymers. 
The hydrodynamic diameters of the azoles-loaded micelles 
were between 70 and 165 nm with spherical morphology. 
The best formulation was provided by the MPEG-dihexPLA 
micelles loaded with econazole and incorporated with 
an efficiency of 98.3%. This micelle formulation showed 
significantly higher penetration than its commercial 
liposomal gel in both the porcine and human skins. The 
authors concluded that better skin delivery is due to 
the smaller size of formulation while the commercial 
formulation containing numerous penetration enhancers. 
SLCM study showed the MPEG-dihexPLA micelles could 
facilitate targeted follicular delivery.[45] In addition, the 
penetration of the ketoconazole-loaded methoxy poly  
(ethylene glycol)-b-poly (δ-valerolactone) (MPEG-PVL) 
micelles to skin delivery was investigated. The micelles 
were obtained with encapsulation efficiency of 86.39% and 
particle diameter of about 12 nm. Ketoconazole aqueous 
solubility increases to 86-fold. The fluorescein-loaded 
MPEG-PVL micelles confirmed that the micelles are able 
to deliver more amounts of the dye into deep skin layers 
compared to the control aqueous fluorescein solution.[52]

Furthermore, Kahraman et al.[53] optimized polymeric 
micelles carriers of the antiacne compound benzoyl 
peroxide (BPO). The polyethylene oxide–polypropylene 
oxide–polyethylene oxide (Pluronic® F127) copolymer 
was used to formulate micelles using the solid dispersion 
method. The optimized micelle formulation presented 
particle sizes of ~25 nm and spherical morphology and 
an efficiency of ~82%. The in vitro penetration of BPO 
into skin from an optimized micelle formulation and its 
commercial gel as a control was examined using porcine 
skin. The optimized micelle formulation was significantly 
more efficacious than the commercial gel because of BPO 
deposition in the porcine skin was 3-fold more. NR loaded 
Pluronic® F127 micelles is used to examine the localization 
of nanocarriers in the skin by CLSM. Deposition of NR 
loaded Pluronic® F127 micelles in the follicular pathway 
reported in comparison to skin samples treated with NR 
control solution.

Lalatsa et al.[54] characterized three different lidocaine-loaded 
nanocarriers include polymeric micelles, solid lipid 
nanoparticles (SLNs), and self-nanoemulsifying drug 
delivery systems (SNEDDSs) as transcutaneous drug 

delivery systems. All particles had a size below 150 nm, 
demonstrated good colloidal stability with a negative 
zeta-potential and a spherical morphology. They 
evaluated skin permeability of nanocarriers using artificial 
membranes in conjunction with Franz cell. Cumulative 
lidocaine concentration after 6 h was significant for 
both polymeric micelles (345.7 ± 23.8 mg/cm2/h) and 
SNEDDS (224.8 ± 118.2 mg/cm2/h) compared with SLNs 
(127.3 ± 25.4 mg/cm2/h). Therefore, in this case, better 
polymeric micelles’ penetration can because of lack a 
formidable lipidic barrier in cellulose acetate.

More recently, Šmejkalová et al. made polymeric micelles 
from hyaluronan and loaded with NR by solvent 
evaporation method. Micelle diameters were 21–230 nm. 
They suggested using CLSM that the penetration route 
is transcellular. In this article, it was not reported that 
accumulation in follicular hair observed by CLSM or not.[43]

CONCLUSION

Topical application of drugs would be useful in the 
treatment of most skin diseases. Achievement to effective 
drug concentration is mostly dependent to skin barrier 
property. Traditional dosage forms such as cream, gel, 
and ointment are not efficient for topical treatment 
because of poor penetration of drugs into targeted layers 
of skin. Polymeric micelles as novel drug carrier provide 
perfect drug delivery through skin. In this review, several 
studies have been shown improved cutaneous targeted 
delivery of several drugs. Benefits of polymeric micelles 
as cutaneous nanocarrier that have been reported are 
including improve drug solubilization into the skin, 
increase partitioning of hydrophilic drug into the SC, 
drug localization into the hair follicles and keratinocytes 
in different layers of epidermis, and providing depot into 
the skin by slow and sustained drug release from intact 
polymeric micelles. Even after skin barrier alteration in 
dermatological disorders such as psoriasis, acne, and 
burn, it seems that polymeric micelles show efficient 
carrier for targeted drug delivery.
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