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Design of Transdermal Delivery System Using New Film-Forming Agents

Yang Gyu Choi, Young So Kim, Jung Ju Kim' and Young Chul Sim

AMOREPACIFIC R&D Center, 314-1 Bora-ri, Giheung-eup, Yongin-si, Gyeonggi-do 449-729, Korea
(Received April 28, 2003 * Accepted July 18, 2003)

ABSTRACT-In order to develop a film-forming transdermal drug delivery system, polyurethane (PU) based on poly(eth-
ylene glycol) and poly(tetramethylene oxide) was synthesized and characterized. The synthesized PU was blended with Gan-
trez ES 225 (GT) to improve the adhesion property of film-forming agent to the skin. When film-forming gel formulation
containing 3% ketoprofen (KP) was applied, transparent thin film was obtained within 5 minutes and adhered to the skin
for 8 hours. In vitro percutaneous absorption studies were performed to determine the rate of ketoprofen absorption through
guinea pig skin. A prominent effect of limonene on the skin permeability of ketoprofen was observed among the various
skin permeation enhancers investigated. Considering mechanical properties of film and skin permeability of ketoprofen, 2%
of limonene was optimal content in the film forming transdermal formulation.

Key words—Film forming, Polyurethane, Ketoprofen, Enhancer, Limonene
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Figure 2-Synthetic scheme of PU based on PEG and PTMO.
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Figure 1-Chemical structure of Gantrez ES 225.
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Table I-Film-Forming Transdermal Formulation Containing
Various Ingredients

Ingredients Formulation (w/w %)
PU 8
GT 2
KP 3
Enhancer 5
Ethanol 50.2
Water q.s. to 100

Table II-Physical Properties of Synthesized PU

Molecular weight (Mw) 165,641
Tensile strength (Mpa) 87.3%1.5
Modulus (Mpa) 47.310.6
_ Elongation (%) 3632489
Melting temperature, T,,, (°C) 42

Table ITII-Solubility of Synthesized PU in Aqueous Alcoholic
Solution

IR
(Ethanol/Water)

Solubility* I T I 1 1 I
*] : Insoluble, S : Soluble

0/10 1/9 2/8 3/7 4/6 5/5 6/4 7/3 8/2 9/1 10/0

S § S8 s 1
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Figure 3—Peel adhesion strength of blended films (PU; polyure-
thane, GT; Gantrez ES 225).
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Table IV-Permeation Parameters of KP through Guinea Pig
Skin from Film Forming Formulation Containing KP and
Various Skin Permeation Enhancers. Concentration of Each
Enhancer was 5% (w/w) (mean+S.D., n=3)
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Table V-Permeation Parameters of KP through Guinea Pig
Skin from Film Forming Formulation Containing KP and
Various Skin Permeation Enhancers (Terpenes). Concentra-
tion of Each Enhancer was 5% (w/w) (mean+S.D., n=3)

Enhancer Lag time (hr)  Flux (ug/cm?*hr)  Flux ratio*
Ketofilm gel® 0.68+0.08 41.0118.02 1.00
Span 20 0.91£0.04 70.14+31.13 1.71
BL-2 1.21+0.34 65.82+45.27 1.61
Limonene 0.72+0.34 188.63£16.72 4.60
Transceutol 0.5610.12 28.51+17.36 0.70
PGML 2.1910.46 31.464+8.13 0.77

*Flux ratio=flux of each formulation/flux of Ketofilm gel®.
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Enhancer Lag time (hr) Flux (ng/em*hr)  Flux ratio*
Ketofilm gel® 0.68+0.08 41.0118.02 1.00
Menthol 0.5910.10 34.0314.21 0.83
Limonene 0.7210.34 188.63116.72 4.60
Cineole 0.4410.05 73.17123.07 1.78
Terpineol 0.51+0.10 35.25+13.42 0.86
o-Terpinene 0.24+0.03 119.00+13.38 2.90

*Flux ratio=flux of each formulation/flux of Ketofilm gel®.

Table VI-Permeation Parameters of KP through Guinea Pig
Skin from Film-Forming Transdermal Formulation as a Func-
tion of Limonene Content (mean+S.D., n=3)

Limonene (%) Lag time (hr) Flux (ug/cm*hr)  Flux ratio*
0 1.88+0.08 2531£9.50 1.00
1 1.600.18 29.04+12.06 1.15
2 0.98+0.04 79.32436.34 3.13
3 0.8920.02 139.96+78.62 5.53
5 0.7240.34 188.63+16.72 745

*Flux ratio=flux of each formulation/flux of formulation without
limonene.
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