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Nanocarriers (NCs) are colloidal systems having structures below a particle or droplet size of 500 nm. In
the previous years, the focus for the application of NCs was primarily placed on the parenteral and oral
application. However, NCs applied to the skin are in the center of attention and are expected to be
increasingly applied as the skin offers a lot of advantages for the administration of such systems. For
the use of NCs to the skin, one has to differentiate between the desired effects: the local effect within
the skin (dermal drug delivery) or a systemic effect accompanied by the permeation through the skin
(transdermal drug delivery).

Both for dermal and transdermal drug delivery, the stratum corneum (SC), the main barrier of the skin,
has to be overcome.

SC is one of the tightest barriers of the human body. Therefore, it is the primary goal of new NC to over-
come this protective and effective barrier. For that purpose, new NCs such as microemulsions, vesicular
(liposomes) and nanoparticular NCs are developed and investigated. This article evaluates the potentials
of these NCs for dermal and transdermal drug delivery.

� 2010 Elsevier B.V. All rights reserved.
1. Microemulsions (MEs)

MEs are defined as colloidal, optically isotropic, transparent or
slightly opalescent formulations of low viscosity consisting of sur-
factant, co-surfactant, oil and water. They are thermodynamically
stable colloidal dispersions and they are formed without any en-
ergy input. The formation process requires a highly fluid interfacial
film and the creation of low interfacial tension between the colloi-
dal and the external phase.

MEs have different microstructures depending on the surfactant
system used. The MEs are categorized as water-in-oil (w/o) or oil-
in-water (o/w) MEs with droplet-like colloidal structure (with
diameters in the range of 20–100 nm) embedded in a mono-con-
tinuous external phase and both are separated by surfactant-rich
interfacial layers. MEs have some substantial advantages for phar-
maceutical use: ease of preparation, long-term stability, high solu-
bilization capacity for hydrophilic and lipophilic drugs, and in
consequence, improved drug delivery. MEs are already used in oral
drug delivery.

The administration of MEs offers a lot of advantages in dermal
and transdermal drug delivery. They present a high solubilization
capacity even for poorly soluble drugs. MEs have substantial pen-
etration enhancing effects for extremely lipophilic drugs when
using a lipophilic colloidal phase. Up to date, however, main point
of criticism is the necessity of large amounts of surfactants to form
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MEs. Therefore, a successful extended use of these colloidal carrier
systems in the future depends on the choice of well-tolerated sur-
factants and the restriction of their amounts [1–6].

The challenge for the future is the use of MEs for hydrophilic
biopharmaceuticals such as peptides, proteins and RNA and DNA
derivatives in dermal and transdermal drug delivery. For that pur-
pose, MEs have to be developed with an aqueous colloidal phase
[7].
2. Vesicular transport systems

In the past two decades, colloidal lipid aggregates called lipo-
somes (LIPs) are developed as vesicular drug carrier systems.

LIPs consist of lipids, typically cholesterol and phospholipids,
but also other amphiphilic components are possible [8]. Depending
on the preparation method used, different LIPs result. Multivesicu-
lar vesicles (MVV) contain several vesicles embedded in one sur-
rounding spherical lipid bilayer; multilamellar vesicles (MLV)
comprise several concentric bilayers; and large unilamellar vesi-
cles (LUV) and small unilamellar vesicles (SUV) are made up of
only one lipid bilayer. The objective of the administration of LIPs
is an optimal localized effect with minimized systemic absorption
or transdermal drug delivery with the goal of a pronounced sys-
temic effect. It is possible to influence the physicochemical proper-
ties of the LIPs to receive a specialized system in terms of drug
transport and protection of the active agent.

Classical LIPs (MLV) are already used for the dermal delivery of
heparin, diclofenac Na and iodide.
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However, there are several new vesicle types, depending on the
additives used for the vesicle preparation: transfersomes, flexosomes,
ethosomes, niosomes, vesosomes, invasomes and polymerosomes.

There are several remarkable results regarding the potential of
liposomal carrier systems for targeted skin delivery as well as for
transdermal drug delivery. Especially, elastic ultra-deformable
vesicles (transfersomes) and ethosomes led to promising results
[9–13]. In principle, there are two ways for influencing drug pene-
tration across the SC by LIPs and transfersomes. Discussions are
still running whether the LIPs or the transfersomes are penetrating
across the SC as intact aggregates or is there an incorporation of the
liposomal lipids into the SC lipids [14–16]. Therefore, further eluci-
dation of concrete mechanisms of the penetration of LIPs as well as
transfersomes into and through the SC is needed until new prod-
ucts for dermal and transdermal delivery can be developed, and
the potentials of these systems have to be validated.

3. Nanoparticles for dermal delivery of drugs and active
compounds

The use of micro-(MPs) and nanoparticles (NPs) in dermato-
pharmaceutics as well as in cosmetics appears to be an interesting
alternative to the application of other colloidal systems.

In principle, two directions were identified in the use of MPs
and NPs for dermal drug delivery:

1. Dermal application of MPs and NPs and
2. Follicular application of NPs.

The advantages of the application of MPs and NPs are still a
matter of debate. Particularly, the size of the MPs appears to be
important for the penetration depth; therefore, the dermal applica-
tion of NPs seems to be preferable compared to MPs. The develop-
ment of solid lipid NPs and nano-structured lipid carriers for the
dermal application in combination with occlusion is an interesting
research topic [17–19]. However, it is necessary to validate the re-
sults concerning drug penetration from these systems in compari-
son with standard and other colloidal systems such as ME and LIPs.

New and promising results were obtained by studying the pen-
etration of NP into the hair follicles, where a high increase in pen-
etration depth was observed. Within the hair follicles, the NPs can
also be used as depot for the active agents. However, massage after
application of the NPs is necessary. Based on the surface structure
of the SC of human hair follicles, it was assumed that the move-
ment of the hairs caused by massage pumps the NPs deeper into
the hair follicles [20–23].

4. Summary and conclusion

During the last years, many new insights into the structural
properties of the SC, in particular its lipid matrix, prompted the
development of new dermal and transdermal drug delivery sys-
tems such as NCs. The ultimate aim is to understand the interac-
tions between the SC lipid membranes and the different dermal
and transdermal NCs, thereby creating the most efficient drug
NCs and causing the least damage in respect of the SC barrier.

Taken together, the presented NCs have different potentials
concerning dermal and transdermal drug delivery. Up to date,
MEs appear to be most promising concerning dermal drug delivery.
Most challenging is the use of NPs concerning follicular drug
administration as well as concerning deposition of these systems
in the hair follicles.

Nevertheless, it is necessary to fully understand the transport
mechanism of each NC category.
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