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<ABSTRACT>

Transdermal permeation enhancer has been used to increased skin
absorption. External control of drug release and skin absorption can also be
achieved by iontophoresis or phonophoresis. However, because several
problems with iontophoresis are that it has a risk to skin damage because of
the change of pH and the increase of current density in applying it and that
it can be applied only in the form of water solution. This study is to enhance
drug permeation via skin following application of ultrasound. For this goal, in
gel containing piroxicam, the degree of skin permeation in vitro and
anti-inflammatory effect in in vivo were investigated. Permeation study using
hairless mouse skin was performed at 37 C using buffer saline as the

receptor solution. The amount of piroxicam were quantified using a HPLC



system consisting of solvent delivery system. Following adoption of ultrasound
1 Mz, it showed relatively high permeation rate where it was compared with
non treated by ultrasound. The influence of duty cycle having an effect on
skin permeation rate was slight higher in the case of using pulsed mode. Skin
permeation increase attended by intensity of ultrasound, the permeation of
trice was accelerated at 2.0 W/cr than 1.0 W/or. The skin permeation of
piroxicam was substantially influenced by ultrasound. Anti-inflammatory effects
were determined using carrageenan—induced paw swelling method in SD rat.
Paw swelling tests showed that pulsed phonophoresis group was more
effective than control group and only gel application group. The conclusion of
phonophoresis was found to improve significantly the skin permeation in vitro

and the anti-inflammatory effect in vivo.
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Figure 1. Effects of duty cycle in cumulative skin permeation
B control, O pulsed ultrasound, @ continuous ultrasound
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Figure 2. Effects of intensity in cumulative skin permeation
W 1.0 werm, O 1.5 w/or, @ 2.0 w/on

N
Iy

OB
|
oo

=
-

A—-Carrageenan Type IV2 FAI EF L 2t Al2t0Q & 21|10 HIE ZF&

iy
3]
J

33.74 %, 6AIZtZE 36.78 %, 9AIZt=Z
97 %, 6AIZtE 25.01 %, 9AIZt= 24.
SAIZtZ 20.64 %, 6AI2IZ 18.94 %, GA2t= 1719 % 2 2t Al2HH

Hlol 112, HIZ2 SREE0| 8X3| LA LEN2H, Sl UsEzS

%)i
= 0
H o
nm —

HJ
o
w M
> [°
N
o =
oo R
S

w

H‘I [+}
3%
H W 2 40
1154

=2
x
2

I Hgzel Nze ERFE0 It DA UEtEO(Figure 3). E8S 9l
inhibition)2 1128 =2 3AIZE 23 %, 6AI2E 32 %, A= 37 % A

HzZ2 =& 3AIZt= 38.8 %, 6AI2Z4SF 48.5 %, OAIZt= 56 % = LIEILE BR

OB

AMEOl 2t AZTHOIA WESE=SH HE=ZQ 20l O =UACHFigure 4).



Swelling(%) ]
o 8 B 8 & 8 &

=
o

[5)]
T

[=)

post h post &h post Sh
Time(hr)

Figure 3. The percentage of swelling in carrageenan—induced swelling in rat

& group |, M group Il, @ group il
3¢}
0
o\"@
)
ke
-_*Cz)so
2
o
=
10
0 A L. 1 1
ot peetéh pth
Treh)

Figure 4. The percentage of swelling inhibition in carrageenan—induced foot

swelling in rat
B group I, @ group Il



=

==

E ALOI

TME M
=

| keratocyte?t Gicd

&
=

lipid—water bilayert Il U=

—

—

2+t & =(stratum corneum)O|Ct.

o SMIOL 10750 mm= 2 ALOI O

¥ g=gel

Mt

NESHZ

J
1o
]

Ho

F

f

28 d

'

ol

NI

Ol =01 &ICH.

route)2t AIEZ2HE
Ol 20z LWX&, 2 el stds &80

[e)

o

1]
0

X

AL
o

H

E g

o]

HOl OIR O]

ZShte d&H

=3

2 (intercellular

=9

3

as Eles A0 HAXHAMRHOI

N= 1930ELHOICH.

=0l
b O

E
—

S

128 SHo=z AIZEHI| A
SO OIAIZ S0l 2

d

X

A CHTylet Agrawala, 1989).
ot M high pressure wave)Jt

(transcellular
route)O|C}.

=
[—

olf

Q|

=l

1 S (rotational forces and stresses)Ol It

Al2'CHMeidan

e}
=)

=5 3Hcavitation) A0l ULH.

1

%0
0

z
Bl

ey

K0
or

OH

X
=

HA =

0

ol

10}

=
1o

ol

Mk
&

rr

0
K

ol
=

K

1999). 2t

=
[=2¢)

X

ol
ok

o
1o
OH

ol

=
i

at
=

S E(acoustic streaming)= It LIEILE
Ol22=(ion flexes) & HIXZ

(=13
S

o S

1<)

1]
ol

ol
100
70
o)
o

(s}

4 (membrane permeability),

Ko
R

Wk

-

al

~
KIo

of

&r
or

o)

KIO

lof

o)

R0
<
K
oll

-

00

(o
<H
Rl
Kd

=2 Z =3k cavitation) 0l

oy
Kl
i

_.,M

00

==
o

ol

1 Mz =

=
[

HA < Ol R0 & CHMitragotri
o0 A

=2
—

0

=
(=]

t2E
AN UCH

&

b

o
=

= XLz

=
[

A
i}

2 Z 0l

Folet

oAl
, 1995).

0
SOl et SE0 XHolot

ol <

Ui

0l

ok

LHEHW ACH.

yge



0l

X+ 0l

et

O OH &1 == Ol

ulo

~0

2,

Jtot ALk,

b0l et &4=2 ZIMEUEIE 2t

ioll
o0
Rr

ol
tHo
80
=
0l0

ol

o8

&0l

=
IH

ol
Rr

ol
oll

JJ

Rr
=
lof

[}

—

Wk
=
R0

H
80

=
0l

tel M-It 219 =(low-frequency phonophoresis), 1

AtOI &

5
3 Mz OflA

FIb4=0fl et 1wz Ol

S1I¥ S (therapeutic-frequency

15 Mz AlO|S] D-FIt4 SIHE =(high-frequency

&
K

E-

Ol A 3 M

phonophoresis),

MHz

o
=

k

(o]
=25

<]

SAUA It

=

=
—

=AY

-0t =SI0AM FIWEUIL SIHE CHMitrigotri, 1995).

Insulin, interferon y

phonophoresis) 2 2& &l

K0

X

oL
Uiy

Z£=& cortisol,

oo
ASE2

jTige]
THAIRCH

oo

4

=1

= -
o

X

| KIOICtH

=
=

~2HASHt =240

=
=)

dexamethasone, salicylates

=
=]

JUEHAE

corticosteroid &

trolamine salicylate,

cortisol,
1991).

=
ST

etA

’

uo

(Ciccone

0l0

Oil A

piroxicam<|

ol 2t

ALk

)

o

olo

o)

00

Kh

o
00
B0

0

il R, 250t JU2H, 01A

=

SA0IM ZICHSHECEH

£d
A0l A

=3
[

=2
[y

E|
X0t 81O Bl

J100 et LS00 X012t L=

ox
T

ol
=]

e

0i0

=

nE0l =2
ol e FEus

1

Rr

0l
3
Lo

—

=

rH

o
(B

XH010t AKX

70
ol
&r
&I
4
ol

0

Jdeilt @

Ch.

ol

0

&l
(Ve

X2l Ol Al

IH
Kl
Ki

ts

KIo

&9

t

n0

OIC}.

1 Mz X

=
[a—

Aol Z2U0A

il

201 1A X

f piroxicam¥

-
e

gat

1]
=
0l0
K
4

2

o X
==

SE0| HXA =IO,
OS2 A=zE

a4
=]

o %

=

TE

2 250t

ne 5

°J
A

M0l

HESHEO

ol A

Holaals

Carrageenan % =S23IHE2 NSAIDS



3

w T
@l U 82 8 37 = .r
.r.l}mnah_%o __oH_TmMaﬂ_uo_Dl
= 5 D = T o 0o 8 c U R B
o N . e oo 0 e 56 88, o WS RO T3
b oo o 5 O R §K = o S o W XA S Hr oo T M
W K o 3% = L = = 0 RS = =] —
< & %400Maﬂ a_mtr__rd%lmwﬁ_:__m w O s W
mx_omex:ﬁmpq Foh o R woe g oA =R T
1 o N < = _ ol . e S
A TN EEy w2 = o B 4 s D o 5 e
o Hom S R 53 _ X W = o S 5 = 3 = W T
= oF i W = = = ¥ N Ko of Ko S a5 M Wz =
- = O o X0 o) 30 o i) D Pl K =
TR T o a < ok "= d Komow oz Sy o o M
7|u_ _._|% o) g0 & B T & x <0 U0 4 © E M il 00 00
= a ¥ o B X 5 B 5z Mol HﬂExo U R
T 5 o= = 0 3 = o i) i 00 | = K
O_Eﬂo_ﬂ%__lﬁml MOEWWMOW%M@N_ R0 Ko 0 B
ool s R o a LD S S 2 uy X o e o1 o 5 O
5K s = M 1 W o © =l o) KIr i
gm_gﬂﬁlaza o____gM_,_.m:Imo,o_tw 0 m
25 a9 w Foo Wow s B WD 3 ; U T
o R ol 4w RU-=™ o ol ¢ 0 0 ut W) = Ok — O
o1 w a2 "ol W 3 Aoy I W S n 00 =
(0 =gy ko = oo _- 5 E 3 c = _ o & ol
b0 M g KO x U T w2 S = H o ol > o O o1 3
KJ RT = M S5 = il o 5 O X ) A o @ c o
30 Ko 3p £ = T - 30 o o X = WH > 9 w
i op Mo =< g 3 © m = e Q S - = > @ <
0 K K o & 9 %ﬁ \An..: =__=_ K _ﬁﬂ_ S N W.u_ IF mw S £ o SRl
- —_ - [ o — o—
cl_mgom_l__@w%%%ngn,amm_ug%m § O & 5
S W 8 ﬂE _L% +_=1o__u _zoﬂw maT g @ = RO 2 0 wow
= J} O = w o B3 o U0 5 5 5 ¢ s o _ 2
A_x:___3|a7__gn__gMTgEc%km = o o e A 5 ®
= 3 o © K o . 8 o B =z - — Ul W = G ] o U 5 ~ ol
- 8 0 = @ S M Re LY @ = R0 = -0 K
H w0 M T ® BE o © < IF = M © sz0 = Fook
g X o © of @ _ x = & &3 oF
o_W%ao.:I.mowwmﬁ@awmm@m%&? s M a )
D M55 E Wasgg g el o oo W = woS o 5
0 w v —_
°© . = % = % R m m O EIE Ww = N =] o iy =) %nnu,
EW@MWW%%W oo oF &N w -
= =5 3l K] = o ._ =
B Al ~ M
K4



|
J
rd
0lo
_t':_l
J2
00
HJ
2
==
ol
2
m
[
ofY
=4
12
=
i
52
10
=
30
lo
ro

2. 28It Z2=0l @2 piroxicam2 JLSFHSS LS 10AI2THH 1.0 W/
of MEZ, 1.5 W/er HEZ, 2.0 w/er HEF =22 = UEBHU =St

LEEHLH UCEH.

2 BOtEg+E & HEEE

0
0
o
=)
Ol
AS
ot
2
Hir
o
0
=l
im
\:,--_j
ﬂllO

3. Carrageenan |S% 2T AEHUHA REE2 9AMZ2HHA |1 20| 39.07 %, 1l
=0l 24.61 %, 20| 17.19 %2 X2 | 20l Hlsl A&8ZE2 2580 &
A UEIHCSH, S5 HsE=SIE MNES llZ20MeE JHE 2 L}E}L*E} E2E

AMES IAIZHUIA 1120l 37 %, 20| 56 =2 UEIL HWSE=SLE 51%@ H

A

>
>
W
=
=3
o
x
<
Y
3
Q
©
I
1o

2 n=2H
12235, Z01E, OIF&, & : LEANZ WML 28, IS &85 & LURXNIA
g, SELSSEX 2;71-76, 1994.
g8z, 018E, &= @ ZLELN = 0lXs X SRMRHFHESIK
2(1) : 266-285, 2000

Antich T. J. : Phonophoresis; theprinciples of the ultrasonic driving force and
efficacy in treatment of common orthopaedic diagnosis. J of Orthop Sports
Phys Ther 4 : 99-102, 1982

Bare A. C., McAnaw M. B., Pritchard A. E., et al : Phonophoretic Delivery of



10% Hydrocortisone Through the Epidermis of Humans as Determined by
Serum Cortisol Concentrations. J of Physical Therapy 76(7) : 738-745, 1996

Byl N. N., Mckenzie, et al : The effect of phonophoresis with coticosteroids;
a controlledpilot study. J Orthop Sports Phys Ther 18(5) : 590-600, 1993

Ciccone C. D., Leggin B. G., Callamaro J. J. : Effects of Ultrasound and
Trolamine Salicylate Phonophoresis on Delayed—-Onset Muscle Soreness. J of
Physical Therapy 71(9) : 666-675, 1991

Fini A., Rodriguez L, et al : Ultrasound-compacted and spray—congealed
indomethacin/polyethyleneglycol systems. International Journal of
pharmaceutics 00 : 1-12, 2002

Franklin M. E., Smith S. T., et al : Effect of Phonophoresis With
Dexamethasone on Adrenal Function. J of Orthopaedic and Sports Physical
Therapy 22(3) : 103-107, 1995

Gilman, A. G., Rall, T. W. et al : The pharmacological basis of therapeutics.
8th ed., Pergamon Press, Inc., New York, U.S.A. : 668, 1991

Honig S. M : Nonsteroidal anti inflammatory drugs. In; Handbook of Pain
Management, Chap 14. 2nd Ed. Tollison C. D. : 165-172, 1994

Marks R., Dykes P. : Plasma and cutaneous levels after topical application of
piroxicam gel: a study in healthy volunteers. Skin Pharmacol 7 : 340-344
1994

Meidan V. M., Walmsley A. D., et al : Ultrasound—-enhanceddiffusion into
couplin gel during phonophoresis og 5-fluorouracil. Int J of Pharmaceutics
185 : 205-213, 1999

Mitragotri S., Blankschtein D., langer R. : Transdermal drug delivery using
low—-frequency sonophoresis. Pharm Res 13 : 411-420 1996

Mitragotri S., Blankschtein D., Langer R. : Ulirasound—Mediated Transdermal
Protein Delivery. J of Science 269 : 850-853, 1995



Mitragotri S., Farrell J., et al : Determination of threshold energy dose for
ultrasound—-induced transdermal drug transport. J of Controlled Release Official
63 . 41-52, 2000

Muir W. S., Magee F. P., Longo J. A., et al : Comparison of Ultrasonically
Applied VS. Intra—articular Injected Hydrocortisone Levels in Canine Knees. J
of Orthopaedic Review 19(4) : 351-356, 1990

Munting E., Ultrasonic therapy for painful shoulders. Physiotherapy 64 : 180—
181, 1978.

National Council on Radiation Protection and Mesurements. Biological Effects
of Ultrasound : Mechanism and Clinical Implications, NCRP Report No. 74,
NCRP, Bethesda, Md., 1983

Nussbaum E. L. : Therapeutic ultrasound, Physical Agents Theory and Practice
for The Physical Therapist Assistant. Yeongmun Publishing Company, Seoul :
95-102 1996

Sakusabe N., Okada K. et al : Enhanced sonodynamic antitumor effect of
ultrasound in the presence of nonsteroidal anti—-inflammatory drugs. Japaness
Journal of Cancer Research 90(10) : 1146-1151, 1999

Santoyo S., Arellano A., Ygartua P. , Martin C. : Penetration enhancer effects
on the in vitro percutaneous absorption of piroxicam through rat skin. Int J
Pharm 117 : 219-224 1995

Sancin P., Caputo O., et al : Effect of ultrasound—-assisted compaction on
Ketoprofen/Eudragit® S100 Mixtures. European Journal of Pharmaceutical
Sciences 7 : 207-213, 1999

Schaefer H, Zesch A, Stuttgen G : Skin permeability. Springer—Verlag, New
York : 1982

Skauen D. M. and Zentner G. M. : Int. J. Pharm. 20, 235-245, 1984
Tale P. and Agrawala P. : Drug Delivery by Phonophoresis, J of
Pharmaceutical Res. 6(5) : 355-361, 1989



Tyle P., Agrawala P. : Drug delivery by phonophoresis. Pharmaceutical
Research 6(5) : 355-359 1989

Tyle P. and Kari. B. In P. Tyle(ed.) : Drug Delivery Devices : Fundamentals
and Applications. New York, Marcel Dekker, 421-454, 1988

Wiseman, E. H., Chang, Y. H. and Lombardino, J. G. : Piroxicam. a novel
anti-inflamatory agent, Arzneimittelforschung 26(7) : 1300 1976



