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The potential of transdermal drug delivery systems has been demonstrated in recent years with the approval of
several medicines for use by patients who are unable to use conventional dosage routes, like oral administration or injec-
tion. To enhance the TDDS (Transdermal Drug Delivery System) potential to include other drug candidates, many
researchers have been exploring enhancement approaches to increase the permeability of various drugs through the skin.
Recently, physical enhancement systems are being reported as having big potential by many researchers. In particular,
iontophoresis is a very attractive way of delivering ionized drugs by the application of an electric field to the skin. This
has been marketed with some topical and systemic drugs (lidocaine and fentanyl) . Sonophoresis is also an attractive
method to deliver a drug through the skin using ultrasound. Besides these technologies, various physical approaches are
under study. Such technologies can be expected to deliver not only small MW compounds but also macromolecules like
peptides. In this article, after looking back through the history of TDDS development, I would like to summarize with
new physical and chemical approaches and outline of the new trend of TDDS development with those enhancement sys-

tem.
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Table 1. Physicochemical Parameters of Drugs Used in TDDSs

Drug Delivery rate (mg/day) Area (cm?) MW M.P. (°C) log Ko/w®
Clonidine 0.1—0.3 3.5—10.5 230 140 0.83
Estardiol 0.05—1 10—20 272 176 2.49
Fentanyl 0.6—2.4 10—40 337 83 2.93
Isosorbide dinitrate 11 40 236 70 —
Nicotine 5—22 7—32 162 <—80 1.17
Nitroglycerine 2.5—15 5—15 227 13.3 2.05
Oxybutynine 3.9 39 357 57 —
Scopolamine 0.5 (over 3 days) 2.5 303 59 1.24
Tulobuterol 0.5—1.8 5—15 228 93 0.82
Selegiline 6—12 — 187 <25 —
a) : Octanol/Water partition coefficient
NCONEWZ e 5D. Ee, R OW K, | romer sl
N I
MAIEIR R, BRI & N BAE AL 40 |

cm? DA & FRBRI/N S W, — T, SIS S S )
NSND7=0I2IX, FOEYHEY 2 YEL 7N
TA—=F ERFONENH D, T O Table 1 N5 HHA
S5MMEEDIT, BENMELS, FTFENNI W, £
73 B VR VA 22 R 9 SIS G A S IR S L5
ZEMTINB.
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Fig. 1. Schematic Representation of Iontophoresis
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Jtotal = Jpassive + Jrepulsion + Jconvective flow ( 1 )

Convective flow [Z/KFIL =1 A > OBEFICL > T
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Fig. 2. E-TRANS® Systems Can Deliver a Drug Rapidly, as
Shown in This Comparison of E-TRANS® (ET) Administra-
tion at Three Different Levels of Current (=250 uA, A=
200 uA, @=150 uA) and from Intravenous Administration
v, O=50pug)

Volunteers were administered fentanyl for 20 minutes each hour over a
24 hour period; serum was analyzed for fentanyl at the points shown.
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Table 2. Ultrasonic Parameters for Cavitaion

1. Sonicator 2. Ultrasonic Coupling-medium

Ultrasonic frequency
Ultrasonic intensity

Temperature
Static pressure
Surface tension
Vapor pressure
Number and size of bubbles as nuclei
Concentration and diffusion rate of
dissolved gases
Density
Cohesive
Heat transfer rate

MERELTWS (Fig. 3). ARBAER, LI
ICHRE SN TNDMO BRI (EEEFEOHIE
PNA RO 7+ 22 FH L 72 EE kR E1819)
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Ultrasound exposure time

2 seconds

Fig. 3. Dotted Pores on Aluminum Foil Post Sonophoresis
Application
Frequency: 20 kH, Strength: 7 W/cm?, Treatment period: 2 sec.
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Fig. 4. Relationship between Electroporation Voltage and
AUC of Plasma Concentration of Insulin from 10 to 120 min
[: iontophoresis with/without electroporation at pH 7, <: iontophore-

sis with/without electroporation at pH 10.



660

Vol. 127 (2007)
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@% ‘?';% “?;% %}b
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Fig. 5. The Effect of 0—200 V Electroporation on the En-
hancement Ratio (ER) of Mannitol Flux during Anodal
(0) and Cathodal () Iontophoresis at 0.4 mA/cm?

ER was calculated by dividing the iontophoretic mannitol flux (J, ,) by
the passive flux (Js_;) after iontophoresis.
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Fig. 6. Anodal Iontophoretic Flux of Dextran Rhodamin B
Induced by in Vitro Electroporation at 0—200 V
Electroporation (10 pulses of 100—200 V, 1 ms) was applied prior to
iontophoresis. <: iontophoresis without electroporation, Q: electroporation
at 150 V with iontophoresis, [1: electroporation at 200 V with iontophoresis.
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Fig. 7. Schematic Representation of Transdermal Vaccine Topical 100 g 3ug 5pg  10pg

Delivery

IZ IOMAI tH:733 5 O #% fz s £l (TCI : trans-
cutaneos immunization) IZE DL 7 2 /)8 MY
v FOEEBAFBICEFLTHBD, 17T HY
JFONMREFEDHIENWETNT NS, WD
Mitragotri 539, VvV /74 L—2 RIZLD, IU
ZNDOWAGRE OREET V) NY — 2170, #5EH
FITHT B IMHE P D 1gG HFiikfi 2 EL TW5.
PP E LT, MG L 28E ObiAn d HiE
LTHBD, V)7L — A (100 Xi 300
J/em?) 1THBNWT, KRG &R DT
DLEANHRINTNS (Fig. 8). £/, BET
NEZEIZ, V74— AMAICXOREMIC
TN N PR EIE, Theh, 09 XiF 1.3ug T
HO, HIE5E (3,5 10ug) L0 HMNRDDK
WZEEHREL TS, E£ESIT, HiUHITKELR
WHIRE DO EFIE, VvV /74— Rk BT7Va
N RIRIZEDZHDEERL TS, FEHERITY /
T4 L= AEMEAXE, V) T+ L= A/
BREERRD, KEFRDT 27N> Ak,
IEALE 7 FE IR, TN, K6 X 20 580
LTHD, HiFERHETH 2 Z >IN\ > 2
W T4 L= RARZKOFEREEEINTWASZ EN
IRENTWD, ZOfl, WEREYIIEHEE 2 AW
FURORERING#EELT, L7 hOoRlb—3 3
20 RS, < OR T — BB, AE
BEVENHESINTHB D, ENIMTB W TREREE
IZBIT A IEEITIER TN TWS, 54,

LIS Pretraated  Subcutaneous Injaction

Fig. 8. Tetanus Toxin IgG Titers in Mouse Sera

Mice were immunized by application of 100 ug of tetanus toxoid on skin
with or without ultrasound pretreatment. Serum was collected 5 weeks post
booster immunization. Grey bar corresponds to negative control (2 h topical
application of the vaccine in weeks 0 and 5). Checked bars correspond to
ultrasound-mediated TCI with ultrasound energy densities of 100 and 300 J/
c¢m?2. White bars correspond to positive controls (3, 5 and 10 ug subcutane-
ous injections of tetanus toxoid in weeks 0 and 5) .39
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