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radiopharmaceuticals,

Areas of particular interest include: pharmaceutical nanotechnology; physical pharmacy; P_O'Y'“_er Chel;"'";m; i:goih:::;::;i;en‘l::.tw asl applied [:j)
pharmaceutics; excipient function and characterisation: biopharmaceutics: absorp_tmn mecha_msms. m‘em ? 6‘. u ‘f N Ipo ll ni‘f’el foutes an
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Review

Transungual drug delivery: Current status

Rania Elkeeb®*1, Ali AliKhan?!, Laila Elkeeb®!, Xiaoying Hui?, Howard I. Maibach?

4 Department of Dermatclogy, School of Medicine, University of California, San Francisco, CA 94143-0989, USA
b School of Medicine, University of California, Davis, CA, USA
© Department of Dermatology, School of Medicine, University of California, Irvine, CA, USA

ARTICLE INFO ABSTRACT
Arric{e history: Topical therapy is highly desirable in treating nail disorders due to its localized effects, which results
ﬁgiiﬁﬂ ?nlx‘i;g’? - in minimal adverse systemic events and possibly improved adherence. However, the effectiveness of
22 September 2009 o topical tt}eraples is limired by mlplmal drug permeabil'{ty through the nail plate. Current research on nail
Accepted 1 October 2009 permeation that focuses on altering the nal} plate bamcr_ by means of chemical treatments, penetration
Available online 9 October 2009 enhancers as well as physical and mechanical methods is reviewed. A new method of nail sampling is
examined. Finally limitations of current ungual drug permeability studies are briefly discussed.
P © 2009 Elsevier B.V, All rights reserved,
Ungual drug delivery
Onychomycosis
Nail penetration
Antifungal
Onychopharmacokinetics
Contents
R 1 [ (2 T L T T 2
2. Topical drug delivery to the nail and available formulations ............ooiiiiiiiiiiii e 2
3o HUMANDA. . erns ennnesernrvssrinsnsssssissinosshasmms 2
4 Nallsampling: et 2
5.  Enhancing nail penetration 3
5.1. Mechanical methods to enhance nail penetration......oovviiiiiiiiiiin 3
5.1,1., Nailabrasion.......ccccoviecsaessonacanes 3
51.2. Nailavulsion................cciviniin 3
5.2. Chemical methods to enhance nail penetration 3
52.1. N-acetyl-L-cysteine and mercaptan compounds 3
52.2. 2-n-nonyl-13-dioxolane............ooociiiiiin 3
52.3. Keratolytic enhancers.......cuisussisniasrnsiasississisonsoinsiionses 4
524, Keratinoltic enoYmes ., oo venosrssnrsborisinsitrmresmmnmnsnese snassany 4
5.3. Physical methods to enhance nail penetration 4
E3ils OO DOTEEIE vy s s meh as v icrioin v S A g R 0T e N B A 50,0 B MR W b isiois 4
832, EHHIDE...oeersesveranne 5
53.3. Carbon dioxide laser..... 5
53.4. Hydration and occlusion 5
5.4. New frontiers in physical penetration enhancement 6
ST, Hasels i asminbaniniainivivisiviseuna e s 6
542, PHONOPHOTESIS ) vascasrmrnenroriosnioneenssnesrassasnennsernsresnasrssysoasssre srasessseernevensdbessenyyy 6
543, Ultraviolet Bght . oiiiasivimaivaivadiosvassessionvsesnnnsns vssia s asidavonisssue saasnirarasadsnmviianini v G
6

5.4.4. Photodynamic therapy of onychomycosis with aminolevulinic acid

* Corresponding author at: C/O Dr. H.L Maibach, Department of Dermatology, School of Medicine, UCSF, 90 Medical Center Way, San Francisco, CA 9414-0989,
USA. Tel.: +1 415 476 4997/738 8523; fax: +1 415 753 5304.
E-mail addresses: relkeeb@yahoo.com (R. Elkeeb), MaibachH@derm.ucsf.edu (H.L Maibach),
! Rania Elkeeb, Ali Alikhan and Laila Elkeeb have contributed equally to the work.

0378-5173/§ - see lront matter © 2009 Elsevier B,V. All rights reserved.
doi:10.1016/j.ijpharm.2009.10.002
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