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chemical.biological.microbiologicaland engineering studies related to theconceptlon- des_lgn'pr9duc.non':. I. “Hordes e g e N 3;systems in vitro and in vivo. ‘Drug‘ is defined as any therapeutic 01' diagnostic entity. mclu mg orgonu I . gen canstructs an
rad iopharmaceuticais.
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EDITORIAL POLICY

The over-riding criteria for publication are originality. high scientific quality and inter“: m a mumd'Sdleaw “Tenet Papers 0' sat-flaw“?
substantiated by experimental detail will not be published. Any (Ethnical queries will be raj-“n,” bad‘ to the Bulhor' a “longh. the minors reserve the
right to make alterations in the text without altering the tEChfliCa' Comer”- Manuscripu whmmefl under munlple amhorsmp are rewewec' L?" the
assumption that all listed authors concur with the submission and that a copir 0f the final manusmpt has been win-over! by an anthols and [army or
explicitly by the responsible authorities in the laboratories where the work was carried out. lfaccepted. the manuscrlpt shall not be published elsewhere
in the same form. in either the same or another language. without the consent of the Editors and Publisher.

Authors must state in a covering letter when submitting papers for publication the novelty embudied in their “ml-k or i" the approx“ take" in their mean“-
Routine bioequivalence studies are unlikely to find favour. No paper will be publiShEd Whld" (mics (mt d'sclluse mm the nature or the formulas)“ "fad or
details of materials which are key to the performance ofa prudun. drug or E)‘CilJifmt- Work Wh'd‘ ‘5 predlctable "1 ummme' rm example the Inclus'on Of
another drug in a cyciodextrin to yield enhanced dissolution. will not be published unless it provides new insight into fundamental principles.
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This journal and the individual contributions contained in it are protected by the copyright of Elsevier B.V.. and the following terms and conditions apply to
their use:

Photocopying
Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission ofthe Publisher and payment ofa fee is
required for all other photocopying. including multiple or systematic copying. copying {or advertising or promotional purposes. resale. and all forms of
document delivery. Special rates are available for educational institutions that wish to make photocopies for non-profit educational classroom use.

For information on how to Seek permissitm visit wwwelseviencomlpermissions or cail: (+44) 1865 843830 (UK) .I (+t)215 239 3804 (USA).

Derivative Works

SuhsCribers may reproduce tables ofcontents or prepare iists ofarticles including abstracts for internal circulation within their institutions. Permission ofthe
Publisher is required for resale or distribution outside the institution.

Permission of the Publisher is required for all other derivative works. including compilations and translations (please consult wwwelseviencomipermissions).

Electronic Storage or Usage
Permission of the Publisher is required to store or use electronically any material contained in thisjournal. including any article or part of an article (please
consult www.elsevier.com,lpermissions).

Except as outlined above. no part of this publication may be reproduced. stored in a retrieval system or transmitted in any form or by any means. electronic.
mechanical. photocopying, recording or otherwise. without prior written permission ofthe Publisher.

Notice

No responsibility is assumed by the Publisher for arty injury antllor damage to persons or property as a matter oi products liability. negligence or otherwise.
or from any use or operation of any methods. products. instructions or ideas contained in the material herein. Because of rapid advances in the medical
sciences. in particular. independent verification ofdiagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical [medical] standards, inclusion in this publication does not constitute
a guarantee or endorsement of the quality or value ofsuch product or of the claims made ofit by its manufacturer.

Sponsored Supplements andfor Commercial Reprints: For more information ptease contact Elsevier Life Sciences Commercial Sales, Radanlveg 29. 1043 NX
Amsterdam. The Netherlands; phone: (+31)(20) 485 2939f2059: ermail: LSCStDelseviercom

Advertising information: Advertising orders and enquiries can be sent to: janine Castle. Elsevier Ltd. The Boulevard. Langford Lane. Kidlington. Oxford 0X5 1GB.
UK: phone: (+44) 1365 843 344: fax: (+44) 1855 853 973: e-mail: j.castle@elsevier.com. Customers in the US and Canada can also contact: Mr Tim DeCar-lo.
Advertising Department. Elsevier Inc.. 360 Park Avenue South. New York. NY loom-mo. USA; phone: (+1) (212) 533 3815‘. fax! (+1) (212) 633 3820:
email:t.decarlo@elsevier_com

Europe and ROW:]arnes Kenney. Print Operations Co-ordinator. Elsevier. 34 Theobaids Road. London WClX ERR. phone: (+44) (D) 20 7611 4117: fax: ’"14(0)
20 7511 4463; e—mail: j.kenney@elsevier.com

Orders. claims. and journal enquiries: please contact the Eisevier Customer Service Department nearest you

St. Louis: Elsevier Customer Service Department. 3251 Riverport Lane. Maryland Heights. MO 631343. USA; phone: (877) 8397126 [toll free within the USA]:
(+0814) 44?8878 loutside the USA]; fax: (+1) (314) 4478077: e-mail: journalCustomerSewice—usa@eIseviercom

Oxford: Elsevier Customer Service Department. The Boulevard. Langford Lane. Kidlington. Oxford 0X5 1613. UK; phone: (+44) (1365) 843434: fax: (+44) (1865)
843970: e-mail: JournalsCustomerServiceEMEA@e|5evier.com

Tokyo: Eisevier Customer Service Department. 4F Higashi—Azabu. 1-Chome Bldg. 1-9-15 Higashi—Azabu. Minato-ku. Tokyo 106-0044.].ipan; phone: (+81) (3)
5561 5337; fax: (+81 ) (3) 5561. 504?: e—mail: JournalsCustomerServicejapan@elsevier.cnm
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Review

Transungua] drug delivery: Current status

Rania Elkeebashl, Ali AliKhan bv‘. Laila Elkeeb 5‘. Xiaoying Hui“, Howard 1. Maibacha
a Department ofDermatology. School ofMedicine. University ofColifamia. San Francisco, CA 94 l43-0989. USA
b School of Medicine. University of California, Do M's. CA. USA
‘ Department ofDennoiology. School ofMedicine. University of California. more. CA. USA

 
 

 

  

  

 
 
 
  

 
 

 

 
 

 
 
 

ARTICLE INFO ABSTRACT

Article history: Topical therapy is highly desirable in treating nail disorders due to its localized effects. which results
EEEE ignlgie 2:10;) in minimal advctsc'sy'stemic events and possibly improved adherence. However. the effectiveness of
22 September‘ggfle 0”” topical therapies is limited by minimal drug permeability through the nail plate. Current research on nail
Accepted 1 enabler 2mg permeation that focuses on altering the nail plate banner by means of chemical treatments. penetration
Manama Dnl‘lneg October 2009 enhancers as well as phystcal and mechanical methods is reviewed. A new method of nail sampling is

examined. Finally [imitations ofcurrent ungual drug permeability studies are briefly discussed.

Keywords: (Q 2009 ElSEViEf BN. All rights reserved,
Ungual drugdelivery
Onycl'lomycosis
Nail penetration
Antifungal
Dnycl'iopharmacokinetics

Contents

1. Introduction ........................................................................................................................................ .. 2

2. Topical drug delivery to the nail and available formulations .. . .. 2
3. Human nail ............................ .. 2
4. Nail sampling . . . . . . . . . . . . . . . . . . . . . . . . .. 2
5. Enhancing nail penetration ....... .. 3

5.1. Mechanical methods to enhance nail penetration. .... ...................... .. 3
5.1.1. Nail abrasion .......................... .. 3
5.1.2. Nail avulsion .......................... .. 3

5.2. Chemical methods to enhance nail penetration .............. . . 3
5.2.1. N-acetyl-L-cysteine and mercaptan compounds .... .. 3
5.2.2. 2—n—nony1—1.3—dloxolane .......................... . . . . . . .. 3
5.2.3. Keratolytic enhancers ............................................................................................................ .. 4
5.2.4. Keratinolytic enzymes ............................................................................................................ .. 4

5.3. Physical methods to enhance nail penetration 4
5.3.1. Iontophoresis . . . . . . . . . . . . . . . . . . . . . . . .. 4
5.3.2. Etching . . . . . . . . . . . . . _ . . . . . . . .. 5
5.3.3. Carbon dioxide laser . . . . . . . . . .. 5
5.3.4. Hydration and occlusion .................. .. .. 5

5.4. New frontiers in physical penetration enhancement ...................................................................................... .. 6
5.4.1. Lasers ................................................................. .. 6
5.4.2. Phonophoresis ........................................................................... . . 5
5.4.3. Ultraviolet light ............................................................................ . . . .. [5
5.4.4. Photodynamic therapy ofonychornycosis with aminolevulinic acid ............................................................ . . 6

“ Corresponding author at: CID Dr. tl.l. Maibach. Department ofDeri-natology. School of Medicine. UCSF. 90 Medical Center Way. San Francisco. CA 51414-0989,
USA. Tel.: il M5 476 49971738 8523: fax: +1 415 753 5304.

E-rnoil addresses: i'elkeeb@yalioo.com (R. Elkeeb). Maibacl11l®detmucsfiedu (H1. Maibacli).
1 Rania Eliteeb. Ali Nikhan and laila Elkeeb have contributed equally to the work.

0378—5173}! - see front matter © 2009 Elsevier B.V. All rights reserved.
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