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Phonophoretic Delivery of Piroxicam
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ABSTRACT-Piroxicam is one of the NSAID, which is used in the systemic and topical treatment of a variety of inflam-
matory conditions. Conventionally, for topical use, the drug is formulated in gel. We designed an phonophoretic drug deliv-
ery system to investigate the piroxicam permeability and the influence of ultrasound application (continuous mode, pulsed

mode), frequency (1.0 MHz, 3.0 MHz) and intensity (1.0 wiem?,

1.5 wiem?, 2.0 wiem®) with 0.5% piroxicam gel. Per-

cutaneous absorption studies were performed in vitro models to determine the rate of drug absorption via the skin. Per-
meation study using hairless mouse skin was performed at 37°C using buffered saline (pH 7.4, 10% propylene glycol
solution) as the receptor solution. Anti-inflammatory activity was determined using carrageenan-induced foot edema model
in rat. A pronounced effect of ultrasound on the skin absorption of the piroxicam was observed at all ultrasound energy level
studied. Ultrasound was carried out for 10 hr. The highest permeation was observed at intensity of 2.0 w/cm?, frequency of
1.0 MHz and continuous output. The inclusion of phonophoresis was found to improve significantly the skin permeation

in vitro and the anti-inflammatory activity in vivo.

Key words—Piroxicam, Transdermal delivery, Phonophoresis, Ultrasound, Carrageenan

g ®

o opgel Ae e AT EE FAE
Hlate] 23] §3 a94E AT F glon,
Jdo}?ﬂ A8 5 T, B A&H izt 7}
ke & o3 7 FEe 7}7<1; olth) ey A3
F5oM AAZe) v BamR sl F47h AsiE)
w-Fof X & _Q_Ehﬂ] Eosl=d] Ex¥o] wAEit), okl
AIETE D) dsin) RaFo] F9) £459A2
2Fg-ghc}? U?]'T‘q-/ﬂ HeBhatel| 98t AHTSE e Bl

L 71 Ao BT w3hE7] wBel &2 g v

<
o]

I

Q

(o4

Moz ZHagel PN7)5e PANATE 40, AT B4
A, BBF 2 AUEE FAA B AR AR, 2
27} ol ALY

=23 Qrjel| 2Jst AHE
4% jontophoresis?7F AT}, Tontophoresisi= 2ol 23l
oHEo] HHEAE HRE F33l] <5311, electrophora-

tionr 23} W5 F(short pulses of high voltage current)

S 22 Mo g ARARE

o]

T2 =8 A3 ol o] ARAR
Tel : 063)290-1570, E-mail : jhyang @core.woosuk.ac.kr

259

£ Ag3l] FAEE gAY miA 7HEE B8 4y R
#HE EAANFIGD 2&TE o83 phonophore51sT: g
Al Dol tigt 8ot Aom, opEe) o3y} Ed
o3ty Bao] o 5em AEE Zon, 27 FEA 7o
S Aol Felchs

Zgve] #AL o kA EF(reverse piezo-electric

effect)2 polycrystalline ol 753} WH(high frequency
alternating currentys 57 Al7[H &3 o] sk
Ao TFTE Yo} 2LTE WAL 2e3te) B
3 EA402 wI& (medium)ol]l ™3] 9AKreflection), Z&
(refraction), AF&H(scattering), &<=(absorption), F3ZH(penetra-
tion) 5ol dojdth gl Fx= W] vA] ZFel
o3t 71AA A= <l LA E o @"“ g A NA 2}
& 7|1xEo| 5] T o 5 FAETAM A
e 253} " (cavitation effect)o] utt Y FEs

0

v AZ) o g 85 AT B 3T
e 278 ST, wE Bl o) Phske
& AFe] o8 W Tk olg) Ao Ae AR
a7)85e) HAFT o] Sl 2] $5S



260 A5 - 199

ALY AR 243 Y Yl 2Hde @
s % Faby, ole e L AT
Ba7E dedt). olei@ 1A &
: A% A A

5ol 712 slag

2358 B, 2247 g Bk 2 9 2 55
5} Solth”
AN oxicamA B VIZEI o)=Y LARFA

/\:1 /\Oﬂa

AFEH7E sl 7oEls 349, 2dEd
A AT 5 HaAR] 950l EHoE AREL 9}
o AdedEl, YZE4, tEedy 208 5 o )
2E|zo=A 2Ale] M8 W)t AT BF v A%
£ 99% o139l FZolh ) Jeht AAANE dorle
RS T JukD old FAGE B FRHgo
2 AA & 015}1314) H]g ADE 3 0%4 o
GolskAl ATt AHAR] o F F7HE A Tsai
9 AT/AE olg3te] WA AEAE AT5
N, MarksE 192 g2A7HA0] AWAL T € 2 »n
DPTH =44 319199, Santoyos' NS WRET &) o}
E 9EAZRY in vitro AYEFE A7, Shins'Pe
ESA AZARAL olesled AWEFE A7
£ AN e 53X 5 T3 tistd 2597t
R FES st 8tk ol§ 3] propylene
glycol#} Transcutol®, 2 71H|2A carbomer 940& ©]&-3}
04 ﬂiﬂf,’% slol= AL Azaany. a3 Aol sk

PEAEE RROSS ARE ol Hlm Ssige

™ A-carrageenang ©)&3t] Y ENA HFe AT &
583 5% 9AES 439 24 HelE A
ATk
Nt
Alof

AleFo 2A HEAZLT carbomer 940, propylene glycol,
triethanolamine> °Fd #2E-& AM3IL, ol glyceryl
triacetate™ Sigmark(St. Louis, U.S.A)°ﬂ’\1 TYst] ARE-3)
gom, AHEAAQ]. diethylene glycol monoethyl ether(®]
3} Transcutol®) X polyethylene glycol-§-glyceryl caprylate
[caprate(©] 3} Labrasol®)& GattefossAt (France)®] &<

AFEHST. 71E} Aok AW B Aloke ALt

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)

- AR

92558, &4, 25+5g, Charles River Lab.,
USA)Q} 2zt EA AE(GFE, %*é, 200+ 10 g, THE
AlollA, Korea)Z % & AlE9) E8 w57 AFsIE
£ o] dFA7 AR F AMEEAT

2171

High Performance Liquid Chromatography system (LC-
10AT, Shimadzu, Japan), Ultrasound unit (Sonopulse 590,
Enraf-Nonius, Netherlands), Skin permeation tester (FCDV
-15, Lab Fine, Korea), Light microscopy (Olympus BX

< ARSEIsiTh

50, Olympus Optical Co., Japan)
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Table I-Preparations of gel containing piroxicam with various
concentration

Preparation 0.1% 0.3% 0.5%

Piroxicam 0.1 0.3 0.5
Carbomer 940 1.0 1.0 1.0
Propylene glycol 20.0 20.0 20.0
Transcutol® 10.0 10.0 10.0
Water 68.9 68.7 68.5
Total 100.0 100.0

100.0
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Figure 1-Effects of piroxicam contents in cumulative skin per-

meation through excised hairless mouse skin at 7hours.
Each bar represents the mean+SD (n=5).
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Figure 2-Effects of various frequency in cumulative skin per-
meation through excised hairless mouse skin (Key : @; 1 MHz, O
; 3MHz, B ; none ultrasound).

Each bar represents the mean=SD (n=5).
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Figure 3—Effects of continuous and pulsed mode treatment in cu-

mulative skin permeation through excised hairless mouse skin

(Key : @; continuous mode, O; pulsed mode)
Each bar represents the mean+SD from (n=5)
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Figure 4-Effects of temperature in cumulative skin permeation
through excised hairless mouse skin (Key: @; 37°C, O; 34°C, H;
30°C). Each bar represents the meantSD (n=5)
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Figure 5-Effects of ultrasound intensity in cumulative skin per-
meation containing glroxwam throu%h excised halrless mouse skin
(Key : @; 2.0 wem?, O; 1.5 w/em®, B ; 1.0 wiem®).

Each bar represents the mean+ SD (n—S)
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Table II-Permeation parameters of piroxicam gel through excised hairless mouse skins

L Parameters
Application
Qotr Js T
Non-Ultrasound 480.95156.69 75.61+14.20 1.14+0.33
3 MHz, continuous, 2.0 wicm? 728.46168.20 126.92+11.30 0.98%0.18
1 MHz, pulsed , 2.0 w/cm? 604.82149.31 96.29119.35 1.1740.34
1 MHz, continuous, 1.0 w/cm® 658.95140.33 88.07£3.95 1.20+0.16
1 MHz, continuous, 1.5 w/cm? 777.94+12.18 98.4816.95 1.06+0.21
1 MHz, continuous, 2.0 w/cm? 902.43+57.66 141.40+29.85 2.13+0.31
Qe : Cumulative amount f0r7 hr (ug/em?)
Js : Permeation rate (ug/cm /hr)
T, : Lag-time (hr)
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Figure 6-The percentage of edema and edema inhibition in car-
rageenan-induced foot edema in rat (Key : 1; control group, 2; gel
group, 3; ultrasound pulsed mode, 4; ultrasound continuous mode,
; % swelling, I ; % inhibition).

*significantly different from control (P<0.01).

**gignificantly different from group 2 (P<0.05).
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Figure 7-Image by confocal microscope and histological stain of rat femoral muscle. H&E stain X 200.

A; Diffuse moderate infiltration histiocyte and proliferation of connective cells. 0 hour post carrageenan injection.
B; Diffuse severe hemorrhage and infiltration of neutrophil in muscle fiber. 24 hours post in control group.

C; Diffuse moderate hemorrhage and hyperemia and infiltration of lymphocytic inflammatory cells in muscle fiber. 72 hours post in control group.
D; Diffuse moderate infiltration of neutrophil and proliferation of connective cells. 24 hours post treatment in continuous ultrasound and gel.
E; Focal infiltration of mononuclear cells in perivascular between muscle fiber. 72 hours post treatment in continuous ultrasound and gel.

) e in vivoelHE EHLES] Go] GFUSl o1l B3} UFAL FREe 287 ke ARE
Hidte] G = F Yv LEOF continuous ultra- FE FAATZ, EF9) T MPAESHE Ve U
soundss FrtF el ARSI om F&w HLE | MHz 2.0w/km? continuous ultra-
sound®] ZRAFII} 7P 2L @ & At
2 e
ZIAlo| ohax

27 FEEg ] et 22 o] ke olrs] ¢
st I, A, Ax, 2= tish A4S Al3Ee o] =& A g st AFHl st ATHI
H HE LS ¢ A3 v 22 ZES Ak o ol ZRAl=-YL

i &]i/‘]ﬁ ETHZ iy viro JREIAHL A =

E37het ARFHF] vlgste Ag & 5 I = 5
 2gole] Fokng DA lelel ARG A

A3 1 MHzZ7t 3MHzEY 2 SR 53&EEE e
o AL mode? H|HoME continuous mode”}

pulsed mode®.t} =A Vel &% 7l wjet 7

1) R.L. Bronaugh and H.I. Maibach, Percutaneous absorption.
Marcel Dekker, New York, U.S.A., pp. 1-12 (1989).

2)H. Schaefer, A. Zesch and G. Stuttgen, Skin permeability,
Springer-Verlag, New York, (1982).

TRl ke 257 A8 ARE S 3)C.S. Yong, JD. Rhee and H.G. Choi, Factors affecting
< 1 IF FHEER VST percutancous absorption, The J.S.B.R., 2, 49-67 (2000).

4) JE. Riviere and M.C. Heit, Electrically-assisted transdermal
drug delivery, Pharm. Res., 14, 687-697 (1997).

5) R.R. Bumette, Iontophoresis in transdermal drug delivery, J.
Hadgraft and R.H. Cuy (eds.). Marcel Dekker, New Yok,
247-291 (1989).

7 dE O]%ﬂ ERE QA 4 A5 4 o
o Agwo] gz vt F94 e JAaIHE
veiglon, 289 285 F continuous mode?§
°] pulsed mode 2-&-Ett AAEH7}F E=A UERITE

= O
P =

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)



229E 0|83 WSAS AWES 265

6)P. Tyle and P. Agrawala, Drug delivery by phonophoresis,
Pharm. Res., 6, 355-359 (1989).

7) S. Mitragotri, D. Blankschtein and R. Langer, Transdermal
drug delivery using low-frequency sonophoresis, Pharm.
Res., 13, 411-420 (1996).

8)W.L. Nyborg, Ultrasonic microstreaming and relayed
phenomena, Br. J. Cancer, 45, 156-160 (1982).

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

10) M.A. Dinno, M. Dyson, S.R. Young, A.J. Mortimer, J. Hart
and L.A. Crum, The significance of membrane changes in the
safe and effective use of therapeutic and diagnostic ultrasound,
Phys. Med. Biol., 34, 1543-1552 (1989).

11) EH. Wiseman, Y.H. Chang and J.G. Lombardino, Piroxicam,
a novel anti-inflammatory agent, Arzneim. Forsch. Drug Res.,
26, 1300 (1976).

12)A.G. Gilman, T.W. Rall, A.S. Nies and P. Taylor, The
pharmacological basis of therapeutics. 8th ed., Pergamon
Press, Inc, New York, U.S.A., p.668, (1991).

13) P. Schiantarelli and S. Cadel, Piroxicam pharmacologic activity
and gastrointestinal damage by oral and rectal route, Arzneim.
Forsch. Drug Res., 31, 87-92 (1981).

14) P. Schiantarelli, S. Cadel, D. Acerbi and L. Pavesi, Anti
inflammatory activity and bioavailability of percutaneous
piroxicam, Arzneim. Forsch. Drug Res., 32, 230-235 (1982).

15) YH. Tsai, L.R. Hsu and S.I. Natio, Percutaneous absorption of
piroxicam from ointment bases in rabbits, /nt. J. Pharm., 24,
61-78 (1985).

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

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

18) S.C. Shin, C.W. Cho and H.K. Choi, Permeation of piroxicam
from the poloxamer gels, Drug Dev. Ind. Pharm., 25, 273-278

(1999).

19)M.H. Cameron and L.G. Monroe, Relative transmission of
ultrasound by media customarily used for phonophoresis,
Phys. Ther, 72, 142-148 (1992).

20) D.E. Wilson, K. Kaidbey, S.C. Boike and D.K. Jorkasky, Use
of topical corticosteroid pretreatment to reduce the incidence
and severity of skin rections associated with testosterone
transdermal therapy, Clin. Ther., 20, 299-306 (1998).

21)K.F Swingle, TJ. Grant, L.W. Jaques and D.C. Kyam,
Interation of anti-inflammatory drugs in carrageenan-induced
foot edema of the rat, J. Pharmacol. Exp. Ther, 172, 423-425

(1974).
22)B.J. Yun, ES. Park and S.C. Chi, Pharmacokinetic and
pharmacological evaluation of topical microemulsion

preparation containing piroxicam, J. Appl pharmacology, 7,
54-58 (1999).

23) AN. Belcastro, G.D. Arthur, T.A. Albisser and D.A. Raj,
Heart, liver, and skeletal muscle myeloperoxidase activity
during exercise, J. Appl. Physiol., 80, 1331-1335 (1996).

24) D.L. Macintyre, W.D. Reid, D.M. Lyster and D.C. McKenzie,
Different effects of strenuous eccentric exercise on the
accumulation of neutrophils in muscle in women and men,
Eur. J. Appl. Physiol., 81, 47-53 (2000).

25)R.A. Pedowitz, D.W. Gershuni, J. Friden, S.R. Garfin, B.L.
Rydevik and A.R. Hargens, Effects of reperfusion intervals on
skeletal muscle injury beneath and distal to a pneumatic
tourniquet, J. Hand Surg., 17A, 245-255 (1992).

26) R.A Pedowitz, D.H. Gershuni, A.H. Schmidt, J. Friden, B.L.
Rydevik and A.R. Hargens, Muscular injury induced beneath
and distal to a pneumatic tourniquet: a quantitative animal
study of effects of tourniquet pressure and duration, J. Hand
Surg., 16A, 610-621 (1991).

27) A. Bohan and J.B. Peter, Polymyositis and dermatomyositis,
New England J. of Medicine, 292, 344-347, 403-407 (1975).

28) A. Bohan, J.B Peter, R.L. Bowman and C.M. Pearson, A
computer-assisted analysis of 153 patients with polymyositis
and dermatomyositis, Medicine(Baltimore), 56, 255-286 (1977).

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)



