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Skin Permeation and Transdermal Delivery Systems of Drugs: History to Overcome
Barrier Function in the Stratum Corneum
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Transdermal Drug Delivery Systems (TDDS), where active drugs must be absorbed into the systemic circulation af-
ter penetrating the skin barrier, were first launched in 1979, and about 10 TDDS containing different kinds of drugs were
developed during the initial decade. Interestingly, a developmental rush has come again in the present century. Various
penetration-enhancing approaches to improve drug permeation of the skin (stratum corneum) have been attempted.
These approaches are of two types: chemical and physical. Examples of the chemical approach are enhancers such as al-
cohol, monoterpenes and fatty acid esters, as well as chemical modification of prodrugs. In contrast, physical ap-
proaches include the use of electrical-, thermal- and mechanical-energy, as well as microneedles, needle-free injectors or
electroporation to completely or partially evade the barrier function in the stratum corneum. The chemical approaches
are mainly effective in increasing the skin permeation of low-molecular chemicals, whereas physical means are effective
for these chemicals but also high-molecules like peptides, proteins and nucleotides (DNA or RNA). Marked develop-
ment has been observed in these physical means in the past decade. In addition, recent developments in tissue engineer-
ing technologies enables the use of cultured skin containing keratinocytes and fibroblasts as a TDDS. An effective “‘cell
delivery system’’ may be a reality in the near future. This paper will look back on the 30-year history of TDDS and evalu-
ate the feasibility of a new generation of these systems.
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Fig. 1. Schematic Representation of a Cross Section through Human Skin
a: appendage route (e.g., hair follicles), b: transcellular route, c: intercellular route.
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Fig. 2. Brick-mortar Model of Stratum Corneum
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Fig. 3.

Schematic Representation of Iontophoresis

@: Cations, ©: Anions (e.g., ions, compounds, drugs and so on.) Ions are delivered in deep skin layer by electrorepulsion.
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Fig. 4. Schematic Representation of Microneedles Used for Transdermal Drug Delivery
a, b: solid microneedles, c: hollow microneedles. These microneedles provide micron-scaled (about 100-1000 um depth) pathway in skin for drug delivery.
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Table 1. TDDS Approved by FDA
Approval Approval
Drug Brand name indications Company Route Dosage form Year
Scopolamine Transderm Scop® Motion sickness Novartis Transdermal Film, extend- Dec. 31, 1979
ed release
Nitroglycerin Nitrol® Angia pectoris Rorer Transdermal Film, extend- Jan. 19, 1983
ed release
Clonidine Catapres-TTS® Hypertension Boehringer In- Transdermal Film, extend- Oct. 10, 1984
gelheim ed release
Estradiol Estraderm® Hormone replace- Novartis Transdermal Film, extend- Sep. 10, 1986
ment therapy ed release
Fentanyl Duragesic® Analgesia Ortho McNeil Transdermal Film, extend- Aug. 7, 1990
Janssen ed release
Nicotine Habitrol® Smoking cessation Novartis Transdermal Film, extend- Nov. 27, 1991
ed release
Nicotine NicoDerm® CQ®  Smoking cessation Sanofi aventis Transdermal Film, extend- Nov. 7, 1991
ed release
Nicotine ProStep® Smoking cessation Aveva Transdermal Film, extend- Jan. 28, 1992
ed release
Testosterone Testosterone Hypogonadism Alza Transdermal Gel Oct. 12, 1993
Testosterone Androderm® Hypogonadism Watson Labs  Transdermal Film, extend- Sep. 29, 1995
ed release
Epinephrine/lidocaine Tontocaine® Analgesia Tomed Topical System; ion-  Dec. 21, 1995
hydrochloride tophoresis
Estradiol/norethindrone ~ CombiPatch® Hypogonadism Novartis Transdermal Film, extend- Aug. 7, 1998
acetate ed release
Lidocaine hydrochloride  Lidoderm® Analgesia Teikoku Phar- Topical Patch Mar. 19, 1999
ma USA
Ethinyl estradiol/norel- Ortho Evra® Contraception Ortho McNeil Transdermal Film, extend- Nov. 20, 2001
gestromin Janssen ed release
Oxybutynin Oxytrol® Incontience Watson Labs  Transdermal Film, extend- Feb. 26, 2003
ed release
Selegiline Emsam® Depression Somerset Transdermal Film, extend- Feb. 27, 2006
ed release
Methylphenidate Daytrana® Attention deficit Shire Transdermal DOT matrix  Apr. 6, 2006
hyperactivity dis-
order
Epinephrine; lidocaine LidoSite® Topical Dermal analgesia  Vyteris Topical System; ion- May. 6, 2004
hydrochloride System tophoresis
Fentanyl hydrochloride Ionsys® Analgesia Alza Transdermal System; ion- May. 22, 2006
tophoresis
Rotigotine Neupro® Anti-parkinsonian Schwarz Phar- Transdermal Film, extend- May. 9, 2007
ma ed release
Rivastigmine Exelon® Alzheimer, Anti-  Novartis Transdermal Film, extend- Jul. 6, 2007
parkinsonian ed release
Lidocaine hydrochloride  Zingo® Analgesia Anesiva Intradermal PowderJect Aug. 16, 2007
Diclofenac epolamine Flector® Analgesia Inst Biochem  Topical Hydrogel Jan. 31, 2007

FDA website <http://www.accessdata.fda.gov/Scripts/cder/Drugsatfda/>
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