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Enhancing the transdermal penetration of
nanoconstructs: could hyaluronic acid be

the key?

“For further applications of nanoconstructs in dermatology, we need efficient
transdermal delivery carriers of the nanoconstructs.”

Keywords: hyaluronic acid ® nanoconstructs ¢ nanomedicines e transdermal delivery

Nanoconstructs, such as liposomes, poly-
meric micelles, gold nanoparticles, carbon
nanomaterials and nanocrystalline quan-
tum dots, have been widely investigated
for diagnostic, bioimaging and therapeutic
applications [1]. Nanoconstructs have been
also extensively explored in the field of der-
matology. For example, liposomes and poly-
meric nanoparticles loaded with drugs were
applied as topical administration agents for
the treatment of skin diseases such as psoria-
sis, dermatitis and skin cancer [2.,3]. Titanium
dioxide and zinc oxide (ZnO) nanoparticles
have been used as sun-screen formulation
for the protection of skin from UV by the
scattering, absorption and reflection of UV
(4. Silver nanoparticles are commercially
used as wound and burn dressing agents
with antibacterial effects [s]. Quantum dots
and ZnO nanoparticles were utilized as bio-
imaging agents for the diagnosis of skin dis-
eases [67]. Moreover, gold nanoconstructs
and carbon nanomaterials have been actively
investigated as promising agents for the pho-
tothermal ablation therapy of skin cancers
due to their high light-to-heat conversion
capability [8.9].

For further applications of nanocon-
structs in dermatology, we need efficient
transdermal delivery carriers of the nano-
constructs. The transdermal delivery has
several advantages over other administra-
tion routes, such as oral delivery and needle
based injection. The advantages include
noninvasive treatment, self~administration,
improved patient compliance and avoidance
of hepatic first-pass metabolism or digestion
system [10]. Despite these benefits, the low

skin permeability of nanoconstructs such as
polymers, proteins, hydrophilic drugs and
nanoparticles limited their wide applications
to the transdermal delivery. To facilitate the
transdermal delivery of nanoconstructs,
additional treatments have been adopted
using penetration enhancers, iontophoresis,
ultrasound and microneedles [11]. However,
these methods require physical perturba-
tions to the skin tissue, causing skin damage
in some cases [12]. A noninvasive molecular
carrier for transdermal delivery would have
compelling advantages. The understand-
ing for the characteristics of skin layers
can be a good starting point for the devel-
opment of transdermal delivery carriers of
Nanoconstructs.

Stratum corneum (SC), the outermost
skin layer, is the main barrier composed of
densely packed dead cells forming hydro-
phobic surfaces. For the penetration of
hydrophobic SC, hydrophobic molecules
have clear benefits over hydrophilic mole-
cules. The hydrophobic molecules can infil-
trate into densely packed lipid layers in SC.
However, nanoconstructs are usually formu-
lated to have hydrophilic surfaces enhancing
the physiological stability in the biological
conditions. This contradicting requirement
of hydrophobicity and hydrophilicity for
transdermal delivery should be reconciled to
enhance the physiological stability and the
skin permeability by lipid disruption in SC.

Recently, hyaluronic acid (HA) has been
investigated as a promising transdermal
delivery carrier. HA is a naturally occurring
linear polysaccharide composed of repeating
units of p-glucuronic acid and N-acetyl-
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D-glucosamine. HA is abundant in the epithelial, con-
nective and neural tissues. HA is biocompatible, bio-
degradable, nonimmunogenic and nontoxic. HA has
been regarded as one of the best biopolymers for bio-
medical applications including drug delivery and tis-
sue engineering. HA is one of the major components
in the skin and plays an important role in extracellular
matrix. HA also participates in tissue hydrodynam-
ics, cell movement and proliferation, and interactions
with a variety of cells with HA receptors like CD44
and RHAMM. Furthermore, HA is viscoelastic and
hygroscopic enabling cosmetic and cosmeceutical
applications. Brown et al. reported that radiolabeled
HA with a high molecular weight of 360-400 kDa
could pass through SC, epidermis and dermis layers
of mouse and human skins [13]. Interestingly, high-
molecular-weight HA was reported to inhibit the
malignant tumor progression [14]. The antitumor
effect of HA can contribute to the treatment of skin
cancers using HA conjugated with various anticancer
drugs.

« . . .
...hyaluronic acid can be used as a promising
transdermal delivery carrier of nanoconstructs for
. . . . . ”
diagnostic and therapeutic applications.

Although the exact mechanism for the transdermal
delivery of HA derivatives is not fully proven yet, there
are possible reasons and evidences for the transdermal
delivery of HA derivatives across the skin barrier.
First, HA is a hygroscopic polyanion that keeps high
water content within its structural backbone. The skin
hydration is important for the enhancement of skin
permeability. When SC is exposed to water, the tis-
sue swells and forms paths for the molecular transport
into the skin. HA derivatives can hydrate SC, opening
penetration routes and facilitating transdermal deliv-
ery of tethered cargos. Along with biocompatibility,
viscoelasticity and antiwrinkle effect, the ability to
hydrate the skin has made HA as a unique molecule
for various cosmetic and cosmeceutical applications.

Second, HA is an amphiphilic liner polysaccharide
at the molecular level. HA is well known as one of
the hydrophilic polysaccharides, but structural analy-
sis has revealed at the molecular level that there is a
hydrophobic patch domain consisting of eight CH
groups [15]. In addition, NMR and rotary-shadowing
electron microscopy showed that hydrophobic patch
domain of HA could make a complex with phos-
pholipids [16,17]. The structural hydrophobic patch
domain of HA may interact with lipid components
in SC during penetration and disrupt skin barriers,
enhancing the skin permeability of HA derivatives.
Similarly, gold nanoparticle was reported to disrupt

SC by the interaction of lipid—gold nanoparticle [13].
We previously compared the transdermal delivery
of HA conjugated nanographene oxide (NGO) and
polyethylene glycol conjugated NGO in normal and
cancer model mice [9]. While the nonfouling polyeth-
ylene glycol inhibited the skin penetration of NGO in
both normal and cancer model mice, HA conjugated
NGO with a dimension of 200 nm appeared to be
transdermally delivered through the cancerous skin.

Third, HA receptors on skin resident cells facilitate
the transdermal delivery of HA derivatives. HA recep-
tors are highly expressed in the keratinocytes in epi-
dermis and fibroblasts in dermis. We previously visu-
alized the transdermal delivery of HA-human growth
hormone (hGH) conjugate in Balb/c mice [11]. After
topical delivery of HA derivatives, the HA receptor
mediated internalization into skin cells appeared to
facilitate the transdermal delivery of HA derivatives,
forming the concentration gradient from the top to
the bottom of skin tissues. The bioavailability of
hGH in the HA-hGH conjugate after transdermal
delivery was as high as 15%, reflecting the feasibil-
ity of HA as a promising transdermal delivery car-
rier of protein drugs. The transdermal delivery of HA
derivatives was more efficient in cancerous skin. On
the surface of skin cancer cells, especially melanoma,
highly expressed HA receptors can internalize HA
derivatives via the HA receptor mediated endocyto-
sis. The effective transdermal delivery of HA-NGO
conjugates for the photothermal ablation therapy of
skin cancer might be also related with HA receptors
locally overexpressed around cancerous skin tissues.
The transdermally delivered HA-NGO accumulated
specifically in leaky and damaged skin cancer regions,
and the near-infrared laser irradiation successfully
ablated the tumor tissues [9].

In summary, with the development of various
nanoconstructs, their transdermal delivery has been
actively investigated for facile biomedical applica-
tions. HA could be the key molecule to enhance the
transdermal penetration of nanoconstructs by the
synergetic effect of the following factors. The hygro-
scopic HA molecules hydrate skin tissues and open
the transdermal pathway of conjugated cargos. The
structural hydrophobic patch domains in HA mol-
ecule help the penetration of HA and its cargo dis-
rupting lipid structure of SC. HA receptors expressed
on skin cells and highly expressed HA receptors on
cancerous skin cells can facilitate the continuous pen-
etration of HA derivatives via the HA receptor medi-
ated internalization into the cells. Taken together, HA
can be used as a promising transdermal delivery car-
rier of nanoconstructs for diagnostic and therapeutic
applications.
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