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In the present work biocompatible quercetin and curcumin nanovesicles were developed as a novel
approach to prevent and restore skin tissue defects on chronic cutaneous pathologies. Stable and suitable
quercetin- and curcumin-loaded phospholipid vesicles, namely liposomes and penetration enhancer-
containing vesicles (PEVs), were prepared. Vesicles were made from a highly biocompatible mixture of

nnecis 2013 phospholipids and alternatively a natural polyphenol, quercetin or curcumin. Liposomes were obtained

= by adding water, while PEVs by adding polyethylene glycol 400 and Oramix*CG110 to the water phase.
cz::s ’ Transmission electron microscopy, cryogenic-transmission electron microscopy and small- and wide-
Polyphenols angle X-ray scattering showed that vesicles were spherical, oligo- or multilamellar and small in size
skin inflammation (112-220 nm). In vitro and in vivo tests underlined a good effectiveness of quercetin and curcumin nano-
Histopathology vesicles in counteracting phorbol ester 12-O-tetradecanoylphorbol-13-acetate (TPA) induced lesions and

Wound healing inflammation. Myeloperoxydase activity, used to gauge inflammation, was markedly inhibited by quer-
cetin liposomes (59%) and curcumin liposomes and polyethylene glycol (PEG)-PEVs (~68%). Histology
showed that PEG-PEVs provided an extensive re-epithelization of the TPA-damaged skin, with multiple

layers of thick epidermis. In conclusion, nanoentrapped polyphenols prevented the formation of skin

lesions abrogating the various biochemical processes that cause epithelial loss and skin damage.

& 2013 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Polyphenols are widely distributed in plants and plant-derived
foods, including vegetables, fruits, tea, spices, wine, beverages and
nutritional supplement products. In previous studies they have
been proposed as therapeutic agents against several acute and
chronic diseases, such as Alzheimer's and Parkinson’s, multiple
sclerosis, cardiovascular diseases, allergies and certain types of
cancer [1]. These advantages are attributed to their useful antiox-
idant and anti-inflammatory properties that regulate cell prolifer-
ation and function by preventing the onset and progression of the
aforementioned diseases |2-5]. Although phase | clinical trials
have shown polyphenols as safe drugs even at high doses, poor bio-
availability, poor absorption, rapid metabolism and systemic clear-
ance hamper their use in pre-clinical and clinical models. Indeed,
polyphenols such as curcumin, resveratrol and quercetin are
poorly absorbed in the gastrointestinal tract and undergo rapid
metabolization by the liver | 1,6). Moreaver, clinical trials exploring

+ Corresponding author. Tel: +39 0706758542; fax: +39 0706758553,
E-mail address: manconi@unica it (M. Manconi).

different schedules of administration of polyphenols, especially
quercetin and curcumin, have been hampered by their extreme
water insolubility. To overcome such limitations, various natural
polyphenols have been formulated in innovative nanovesicles to
be administered by the dermal route |[7-9]. The topical application
of compounds with free-radical scavenging and anti-inflammatory
properties in patients has shown a significant improvement in
wound healing and protection from oxidative damage. In particu-
lar, quercetin and curcumin may be promising for wound healing,
thanks to their ability to inhibit reactive oxygen species and tissue
inflammation [2,10-13].

A topical chronic non-healing wound is a complex multifacto-
rial process involving the interplay of several cellular and biochem-
ical mechanisms that compromise the viability of superficial
tissues (epidermis and dermis). Inflammation, which constitutes
a part of the acute response, results in a coordinated influx of neu-
trophils at the wound site that produces and releases inflammatory
mediators, such as tumor necrosis factor alpha (TNF-x) and inter-
leukin-1 (IL-1). Neutrophils contain high levels of destructive pro-
teases and oxygen free radicals that are released into the local
wound area when cells die. This can cause extensive tissue damage

1742-7061/$ - see front matter © 2013 Acta Matenialia Inc. Published by Elsevier Ltd. All rights reserved.
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5. Conclusion

Results on quercetin and curcumin bionanovesicles show their
significant anti-inflammatory activity able to inhibit the onset of
skin wounds during the TPA treatment. This protective effect was
more relevant in curcumin PEG-PEV formulation thanks to the
excellent ability of the vesicle carrier to increase drug bioavailabil-
ity in the target tissue. Nanoentrapped curcumin prevented the
formation of skin lesions abrogating the various biochemical
processes that cause epithelial loss and skin damage. Based on
the epidemiological evidence and in vivo and in vitro studies we
can suggest that a daily topical application of curcumin-loaded

nanovesicles on patients at higher risk of skin wounds may provide
efficient protection against this compliance.
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In the present work new highly biocompatible nanovesicles were developed using polyanion sodium
hyaluronate to form polymer immobilized vesicles, so called hyalurosomes. Curcumin, at high concen-
tration was loaded into hyalurosomes and physico-chemical properties and in vitro/in vivo performances
of the formulations were compared to those of liposomes having the same lipid and drug content.
Vesicles were prepared by direct addition of dispersion containing the polysaccharide sodium hyalur-
onate and the polyphenol curcumin to a commercial mixture of soy phospholipids, thus avoiding the use
of organic solvents. An extensive study was carried out on the physico-chemical features and properties
of curcumin-loaded hyalurosomes and liposomes. Cryogenic transmission electron microscopy and
small-angle X-ray scattering showed that vesicles were spherical, uni- or oligolamellar and small in size
(112-220 nm).

The in vitro percutaneous curcumin delivery studies on intact skin showed an improved ability of
hyalurosomes to favour a fast drug deposition in the whole skin. Hyalurosomes as well as liposomes were
biocompatible, protected in vitro human keratinocytes from oxidative stress damages and promoted
tissue remodelling through cellular proliferation and migration. Moreover, in vivo tests underlined a good
effectiveness of curcumin-loaded hyalurosomes to counteract 12-O-tetradecanoilphorbol (TPA)-pro-
duced inflammation and injuries, diminishing oedema formation, myeloperoxydase activity and
providing an extensive skin reepithelization. Thanks to the one-step and environmentally-friendly
preparation method, component biocompatibility and safety, good in vitro and in vivo performances,
the hyalurosomes appear as promising nanocarriers for cosmetic and pharmaceutical applications.

© 2015 Elsevier Ltd. All rights reserved.
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5. Conclusion

The in vitro and in vivo findings highlight that using sodium
hyaluronate dispersion as hydrating medium of phospholipids a
series of small but substantial changes on vesicle structure are
achieved, thus, permitting to reach better physico-chemical prop-
erties and biological performances. This is probably due to a syn-
ergistic effect of an appropriate amount of hyaluronan, which has
already shown restoring properties, curcumin with its antioxidant
activity and phospholipid vesicles, which are suitable carriers.
Indeed, hyaluronan immobilizes the vesicles greatly improving
curcumin entrapment efficiency, vesicle stability, rheological
properties, local drug availability and formulation therapeutic ac-
tivity, thus, resulting in in vivo fast healing process. Overall results
suggest the potential use of curcumin-loaded hyalurosomes as skin
delivery systems able to restore the structural and functional con-
ditions on damaged skin resulting appropriate for cosmetic, phar-
maceutical and medical devices products.
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Articehistory: Turmeric (Curcuma longa) is a popular Indian spice that has been used for centuries in herbal medicines for the
Received 22 ly 2014 treatment of a variety of ailments such as heumatism, diabetic ulcers, anorexia, cough and sinusitis. Curcumin
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(diferuloylmethane) is the main curcuminoid present in turmeric and responsible for its yellow color. Curcumin
has been shown to possess significant anti-inflammatory, anti-oxidant, anti-carcinogenic, anti-mutagenic, anti-
coagulant and anti-infective effects, Curcumin has also been shown to have significant wound healing properties.

Available online 6 September 2014

g}mﬁ [t acts on various stages of the natural wound healing process to hasten healing, This review summarizes and

T discusses recently published papers on the effects of curcumin on skin wound healing, The highlighted studies

Topical admiristraion in the review provide evidence of the ability of curcumin to reduce the body's natural response to cutaneous

Nanoparticle wounds such s inflammation and oxidation. The recent literature on the wound healing properties of curcumin

Wound healing also provides evidence for its ability to enhance granulation tissue formation, collagen deposition, tissue

Skin regeneration remodeling and wound contraction. It has become evident that optimizing the topical application of curcumin
through altering its formulation is essential to ensure the maximum therapeutical effects of curcumin on skin
wounds,

©2014 Elsevier Inc. Al rights reserved.




Conclusion

In conclusion, it has been found that curcumin possesses powerful
modulating effects on wound healing. The effects of curcumin on differ-
ent wound healing phases are summarized in Table 1. Studies have
demonstrated that curcumin does this by acting on the inflammatory,
proliferative and remodeling phases of the wound healing process and
in doing so, reduces the time needed for wound healing. Unfortunately,
curcumin is limited by its low bioavailability, rapid metabolism, poor
solubility and light sensitivity. In order to minimize these effects and
to be able to use curcumin to its maximum capability, novel formula-
tions such as nanoparticles should be explored.
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