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Low-frequency Ultrasound Enhanced Transdermal Drug Delivery Across Rat Skin
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ABSTRACT - The primary aim of this study was to investigate the enhancement effect of low-frequency ultrasound on
skin permeation. In vifro permeation experiments were performed using Franz modified diffusion cells with ketoprofen as
model drug. The effect of various ultrasound factors-ultrasound application mode (continuous mode and discontinuous
mode), ultrasound intensity (0.26 W/em?, and 0.29 W/cm?) and duty cycle (3%, 16%, 50%, and 83%) were studied. The
highest permeation was observed at 0.29 W/em® intensity, 50% duty cycle, and discontinuous mode. The result suggested
the feasibility of low frequency ultrasound application for the phonophoretic transdermal drug delivery system.
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cycleyllr] 15797 F-3A F Ao ARSI

Aotk & 77

Ketoprofen¥} naproxen< Sigma A} (MO., USA) )| A
TY3te] ALEEE o™, HPLCE acetonitrile?t H,0F&
Merck A} (Darmstadt, Germany)ollXl 793l om, 2 9
Aok BT EFAGE ARESITh 259 717147 kiz,
low frequencyy= YAt E Apgxtatol| A AHA| A Zbsted A
2319 th 4717|124+ Shiseido Nanospace SI-1 HPLC
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HPLC 24 =

HPLCE column® Capcell pak Cg (4.6x250 mm)g-, ©
FAL 2= citrate buffer (50mM, pH 4.5):acetonitrile=
55:45 (vivy& AHE ST 452 0.9 mL/min, UV =3
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2 20 uL= ST

ol 4u £ 4
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ol A 8AIZF F&F olFoixt. Z4EZF Zo] donor com-
partmentZ0 2 &3A| 3]
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Figure 1-Representative chromatogram of ketoprofen and naproxen
(internal standard).
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Figure 2-Effect of ultrasound intensity on skin permeation of ke-
toprofen through excised rat skin. Key: @, control (none ultrasound);

], 0.26 W/em? (40 V, 19 mA); ., 0.29 W/em? (42 V, 20 mA). Each
data represents the mean+S.D. (n=3).

ZEIe| M8 2= ¥ HERC| M2 ketoprofen 21|
ST Hsl

259 HE8R) 9 tldke] 735 ketoprofen?] 8AI7F
B9 & B 31.47£1040 pgel . 2SS FL81
< W ketoprofen®] & T}k tlFwta vzt Aj7lo)
AHTE A A Z718IYAL (Figwree 2), Z2-7He] 887}
Tt SRS B ErT SRS o 5 AT (026 W/
em? 105.02420.71 pg vs. 029 Wiem® 238.52£40.51 pg).
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g A3, Ee] B2 continuous mode (42.73+
41.19 pug) Rt discontinuous mode (238.52+40.51 pg)ell A
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Figure 3—Effect of application mode of low frequency ultrasound on
skin permeation of ketoprofen through excised rat skin. Key: @, con-

trol (none ultrasound); [, continuous mode; M, discontinuous mode.
Each data represents the mean+S.D. (n=3).
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Figure 4-Effect of application duty cycle of low frequency ultra-
sound on skin permeation of ketoprofen through excised rat skin.
Key: @, control (none ultrasound); [J, continuous mode; 4, 3% (1/
25); W, 16% (5/25); A, 83% (25/5); %, 50% (5/5). Each data rep-
resents the meantS.D. (n=3).

258 FA7), 16%(55 AL, 258 FA7]), 50%(5%E 2L,
58 FA)7)), 83%(25% A4, sE FA7)) 5o ] "y=
A ALEFL W) HEAI] 3%, 16%, S0%E F7HETE
OFEo EHEE 11299+71.38 pg, 238.52+40.51 pg,
598.39+40.76 pg Z7ketsdont, A8AIT] 50%0041 83%
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£ 2] B} ZHAEAC} (Figure 4).
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Table I-/in Vitro Rat Skin Permeation Parameters of the
Ketoprofen by Applicaion of Ultrasound

o ' Permeat?ility Flux
Application type Lag time (hr) (C;i);]rﬁ;lgeln(’;) (ug/om? hr)
Non- ultrasound  0.55+0.24 1.01£0.32 0.51+0.16

A 3.77+£0.77 5.95£0.41 2.98+0.20
B 1.61+£0.91 8.88+1.56 4.44+0.78
C 0.71+0.13 1.43£1.35 0.7110.67
D 242%0.16 5.47+12.44 2.73£122
E 2.08+0.79 19.44£6.41 9.72+£3.20
F 2.54£0.51 17.49+6.65 8.74+3.32

A 1 0.26 W/em?, discontinuous mode, 16% duty cycle

B :0.29 W/eny?, discontinuous mode, 16% duty cycle

C: 0.29 W/em?, continuous mode, 16% duty cycle

D : 0.29 W/em?, discontinuous mode, 3% duty cycle

E : 0.29 W/em?, discontinuous mode, 50% duty cycle

F : 0.29 W/cm?, discontinuous mode, 83% duty cycle
Each data represents the Mean+S.D. of three experiments
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