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ABSTRACT

This study conducted the following experiment to examine and compare transdermal
permeation effects according to parameters of ultrasound and physiochemical characteristics of
meloxicam. Permeation by ultrasound among these experimental drugs was relatively higher
and it was involved in COX-2 inhibition unlike other drugs. Recently use of oral agents has -
been rapidly increased, but it was not generalized to transdermal agent and this study
selected meloxicam that transdermal permeation research using ultrasound was not performed
and conducted transdermal permeation experiment with skin of hairless mouse and analyzed
permeation with HPLC. It made gel first and analyzed permeation depending on frequency
and intensity of ultrasound of meloxicam with the same experimental procedures as the
above experiment.

The results of this study can be summarized as follows.

Transdermal permeation by ultrasound frequency was higher in 1.0 Mgz and it was higher
as intensity increased. In comparison by parameters of ultrasound, there was similar
permeation in 1.0 W/crr of continuous mode and 3.0 W/cr of pulsed mode and it was

effective to high intensity for using pulsed mode.

It was found that duty cycle of ultrasound affected transdermal permeation in meloxicam
gel used in this experiment and transdermal permeation was higher in used ultrasound as

phonophoresis than non-ultrasound for anti-inflammatory effects.

Key Words: Meloxicam, Phonophoresis, Transdermal drug delivery, Ultrasound.

SR= 3 olgE ATFRAE st v AEHo)

Auk 7+ 2353} A I(first pass effect)Z ¢
# 2 mgd 93T A3, AFT YolA
ohgo] B4 59 wHo] Yon, Fae
wisol o FEXY JE|BL YR ok
E WAZE, 29 59 EAFCl Jehy)
m2olch(Chien 5, 1989). olaF EAYE
2] gstd el So] T B

od ARH Aol FEE Folshe Py
o2 ARG FA 53 2 WEH ¥
Yol Ugez AYE $T 4B HEH

s P4¢ Fed ge =¥} Ao

_50_



U3 BYFE7 B2 3AE EA HATHE
ST ZE ¥, 2000).

73 9 B £ 3}(transdermal drug delivery;
TDD)e ZATFFdY FAbd 9§ £4& 24
A2 g1 FFAA, 3718E9 7 A
A, AQUAE B8E §x ¥orn mREE 7}
248 4EEAE Addc FIAFH ¥4
02, AFEAZ AT AZGEUYAISG T 2
3574 a#4E HE 4 UckChien F, 1989).
T 359 53E 79 ol AEKAA F=
o]Fo] ltHMitragotri F, 1995). o]d BL
ojFox BT B FFHY YESL H
34 & FHsted 98 1A g 7HA
1 Slo] BAYAAS shed B AP
&3 Utk kB9 BAYEAAFZE 42
o2 Axvg Jt2dy FHste AEF
7} 2 (transcellular route)$} M| E7HE Ao]2
S43te AEL FHZ (intercellular route)d
T 714 AZ27F ey, 2 dx 2y, 73
A, 4 FY RENBE T FEFHO
o] F o] X t(Tylex} Agrawala, 1989;
Mitragotri F, 1995).

EZolvd g4 & 5 4 FHY&:
t 42%5¢ 58 FAEE A wmasle
v F AREAHY 01% olstE AA3EE
Uy F&EES T GEY Fde AY v
v, A9 i ZAFS 539 T35
v Aoz ¢3A Arh(Chien, 1987). &9
AYFde 4EFY ¥ FRYoz g
FHEE7 =2, g Fitd 93 AnE
e BAFo] Fe 429 FEIv I3y
oz 53 oz B3ty FEe
ARgate el did Bde] FUHn Qe
o (Schaefer &, 1982), &9 ZAuEHE &

ANF7] 98t FEe] EESEH EA
H3iEs F& HHhH(Rolf, 2002, Mollgaard s}
Hoelgaard, 1983)0]u}, tt3t &3 FUE
9]  Agd oFg AT (Burnette, 1989;
Mitrigotri §, 2000; Prausnitz, 1993)7} &%
3t o)l FARH- v

25085 o] 83td HEE T dEE F
#A7le SHYEFY dAHEL FATA
g GES Aoz 43t AYPHUT
(Muir 5, 1990; Mitrigotri 5, 2000), X|\¢ 20
g F¢ AFAEL 2gud 9T g
AuEy £ A ATE AAFHLE
Pt ol ol2 FE FE AR
TEoE 233t #AE BA HAG 2
= 20 KeollA 16 Me7bA] gk Fohdrol A
o 7 GEEY AYFEHRE FJse A
o2 B33 ltiBoucaud F, 2001; Fang
S 1999). mEtx & ZuED 09y
B3l £37} 3E FEE HFFNY By
&8 ol RAZ F AN ggT A
g9 Rt 7t5d Aoz Ed.

2558 o)8% FE Aus5d dy=
250 Fog, £8F7, 2 F OSP
AR5 Folo] mE FmEe e
o)-$- FQ23}t}h 1992 Bommanan & &
e I Fo7t BuEH nxe 9
FE AT sded, AFYr 13y ®Bo
EFFolgn B ustyct. Mitragotri 5(1996)
= AFgs 2Eue FFEY, 4 £, &
¥58 A% T A2 Ay 9gI
4E9 AHEH o we FF) s}
of B3k gAelAM 71 RHFeg A}
fHe SHYE S AT 289 2HL 10~
30 Mz, 7%= 0~20 W/cwo]ck(Tezel %,
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001). 2eve HEPEd wWE HEE
triamcinolone  acetonide(PEl¥# HAY,
2002), clobetasol 17-propionate(Fang %,

1999)¢) gk Bz} UK ol AFE
2 BYXE oA /M dirFeE ALE
He FHs Zx EA9E gdez ¢ 4
oz @Al YAM FE AEHI Ue
AgFos 2EHE o)&F SAYTF AR
€ & o AASAE F A& ALE En.
ZAYER7L 48T FEL 459 EFHS
7] &8-S F, 2005), FE9 HIFH
g 2342 F e W dd AAFY
A7t 2l Eo wig BEsHA o] FoA
T Aok 23y B Y& o8 AY
3 AWy dig 7€ AR F
B3 o]FAAA gu eH, 53],
E FololAe EF FYE o]&F AYF
B 7 g d7e F2 Y 9F= A
o ot £ 250E 0|43 FIFEH
Z34 g A7 = oby HFEY Zeolth
ole] B dAFdMe HZ dAoA B
AHEEL e FAEANLE dFeE 2§
o widged WE ZAYFH AHE YojR
7] 93 A& AxddPSt. EF, skin
permeation tester®] franz diffusion cell®} %
=3 |7 Y] EFd FA AFEA
< gAddA A3t Hol e 2o W
}71E 1.0 Mes} 3.0 M2 F7Ao) g Y=
Hstol 4¥E 3193 AR =g AF
&4, franz diffusion cell®] A7|x W37
9] A7) @A AA3tA hairless mouse?)
Uiz ANFg 4¥E dAsn GEEE
F#E HPLCE 43} &3], #AFxF
BE o] &3t A&zIud o €34 &y

FANE FAG BUER EHE

3 B=E YolRot F47] 2
A4 e 887 dE A=
stz o

3o
ty o

fr

R

o Y > nu
ok ng
ol

2

I, S7EE

1. 4858

AFol 2013 g 5B A hairless
mouse(Charles River Lab., USA)E tj34 3
SE(Korea)o| § Eahilo} 42 Fob ohy
FA7 F ALANUT. ASAY SEE 25t
1T, & 55+10%E #A sgen, Hyge
1247 2712 39 1¥AIES B A
A4 4= & 9t

2. X2 3 4P

1) A%

NSAIDs ¢E 2 meloxicamg 3217
(Korea)oll ] &7 Ex HE&ELE T3y
A28k ARl ZE carbopol 940%, 7]
E3  ZAAZE  labrafil®,  dimethyli-
sosorbide(DMI), cremophor EL®(Gattefosse,
France) & &3 E& HAAEE A3,
acetonitrile¥} methanol®& HPLCHF& A&3}
ek,

2) &g
£ 4A3¥drx+= HPLC(LC-10AT, shimadzu,
Japan), skin permeation tester(FCDV-15, Lab
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Fine, Korea), homogenizer(MS-CB 404,
MS-3030, Hanwoul engineering, Korea) &&
LA FEY ZBuEH A AEE
franz diffusion cell& &3 WARZRQ
USTD-Me] 283 @#rle] RES FE A
o

B AgoldEe 10 Mt 3.0 Mt A& 23
3 B4R (USTD-M, Daeyang Medical Co.,
Korea)& AZatgch 2ot 2AZFAE &
Y FF(power supply), programming board,
RF amplifier, &% % (output), 1.0 Mz} 3.0 Mk
285 Aol 5B xeW WBRA
(transducer)2 FA =0} 3t

280 AR 71eH A Fus
7} 1.0MES} 3.0Mp, 957]7ko] 200ms, ¢§37]
0% HW-AW AZ| 0w, FAREE
0~5Watto]t}. 253 WE7|= piezoelectric
ultrasonic  transducer (Kyungwon Ferrite
Ind. Co.,, Ltd, Korea)& A}g3lgod, g
o A4§) AL 6.908carol At 29 &Y
248 913} ultrasound watt meter(UW-4,
Biotech Co., USA)& AH&-3}41c}

3. WYYY

1) 39 W=

&7 FF7 41 wmE ¥i AFAQ
carbopol 940% 1g& 7l3ld FLA EF3
%, propylene glycol 20m¢, labrafil 5mf,
ethanol 30m¢o] F&-& &3AlA oA wital
o AL A3t Triethanolamined A)A]
3] 7l3le] pHE 7002 zAsg o, oF
g FES Fidhe A& AxSGT.

gao wE BT 48 %
=7t 1.0 W/ A&2S8E HLsdo
Az BE AYEIHe AE2SuddM F
947 1.0 M, 27 1.0 W/ erS 34319
i, #Exgye Fuert 10 W ZEe
10 W/cer, 2 W/ed, 3 W/ S #H431gch
A 255 FE4d @ IR
o] H3I}E EAM3s7] Y38 hairless mouseE
% 57t wiAEY in vitro 4¥E& A
At A&2gn AT SN A& F
589 FA7IE 7o, A5z A&
T c8F717F 20%(14) A2 43
o] FaHE % A&H2Z FHEHAHA
FE =, 2002).

A AANZRY FEY AIFEHRE @A
7] Y38t WA, hairless mouseE etherZ v}
HA71L ERE HAAG §H H3Aw € =
ANEBE 2A2HA AAR F AS3IAT.
F3}E AR (FCDV-15, Lab Fine, Korea)2]
receptor compartmento] £%Z8H(pH 7.4)
bt 2@ #R9 5Fo| receptor
compartment & %374 franz modified
diffusion cello] FXg o} AzxF AL
donor compartmentol] &3 ¥ Zgu W
718 AASHSD. AFge 10%
polyethyleneglycol &9 A}g3ld &S
37402TE HFASHA cell Yo n¥tET =
600 pmez wHse APk PR
Al1Zelt} receptor celld] A 0.1mA A2E A
H3n AAP APAE 2T IS

B
glo
i)
s N

3) HPLC 24
E£4¢& HPLC systemg o]&3l9iom, o
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ol me 1A olF4E dEEien,  2AL Table 13 2tk @2 FHY AP
F5HoZ flow ratee 1.0m{/min¥3, 2% N Exg 289 B9 XTI A2y
£ 1000 AUFsgoH, 24 ¥ 339 B3 1=

qA F=& AMSAT FEd wWE 4

Table 1. Determination conditions of NSAIDs by HPLC.

Drugs Column Mobile phase Detection
Meloxica n-Bondapak . . .
c 0.4 M Sodium acetic acid 45:55 v/v 355 nm
m 18

HPLC,; High Performance Liquid Chromatography.

4) ZLELHY Xr2Y

FE9 %E WAL HAstq FYFH ¥
0l HEE PN TS A&F
L2 fAske Aol Hasn. vY UHT
e 29 FHFHFE A
2 (plotting) ¥ ¥ ANAGE Uehle ¥4
g 71271258 BIFENMY fluxE A
3tAdt. Lag time(TL)2 ZAo] x5& T3t

-1,dQ, _
Jo=4 Cap Iss=

_
D=%T,

Js : BE FefelM 9] F3} & (ug/cni/hr).
A B3t dojvte HF-9] B H(cn).
(dQ/dt)ss : B AeloA o] & A T
C: AAZF9 +E Fx(ug/mL).

K : oFE9 RujAF(3F/71A).

h: 959 F7(cn).

D: JRE §% FE9 F4 A4 (cr'/hr).
TL : lag time(hr).

£ Aoz RH TaY 74 2 AnE
3 2349 ade PPN g
(o) 2 FAS 5€ e 4oz Avs
of WE BASY. Hre ©Y VAT F
39 B F& Aol U Fr2 vt
9 ¥ g 48 ogdd £3 By
£¢ 739,

ot

)

r

FH3le g H(ug/hr).
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1. Meloxicam 29| *&I} UjJf¥iso] o
g ZFusa 4y

1) X80 FM0 LE BLFL

120
100
80
60

40 +

Amount penetrated(ug/cm®)

20

283 Fo5d Be BuTHE et

10 W/l A&2&9%E 88t 33 A
TEE AR A, dxId v 239
A&2dM 25 A deigen, fxTe

ANETe W Aol Agel me g
S ZEou, 283 He2se v
z7}e) Eo 27 YskhFigure 1)

0 50

Time(min)

150

200

250

300

Figure 1. Effects of frequency on transdermal permeation of
meloxicam with or without ultrasound.

W 1.0 Mt A; 30 M

N

) X8I ZTH W2 ZMSi
S 7&E°ﬂ & AlZFhE meloxicam
A9 AYEHe Fug 10 MeolH HF2S
BE HEde A An Z Azigd=
BE7t FUted wet ZHFEHI} FhEke
FFE HA
30 W/err A-83¢] ZAAFIE 1A 3%
w58 $71817]1 AR & 5A% AR F
7Hle ¢3E vehliden, 1.0 W/ar 34

@®; control

TEG 24 A= F3rt =4 Jeikd 20
W/er 2872 3A3 7R 3.0 W/er 34
TH H<d EHXE Ho|gy} 54 F 30
W/at Btt ¥e £38 BgAT 1.0 W/ar
Hoe A F39 37071 vehgt.

10 W/err H832 28714 € 3.0 W/erd,
10 W/er 343 vl 38 Holurt
3AF 3% 30 W/er, 1.0 W/er A 831
o A3 @A Jebgtth(Figure 2).
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Figure 2. Effects of frequency on transdermal permeation
of meloxicam with ultrasound.

W 10 W/er

3) X&XSMiet WSASMY L0 LE 3T
it

A&z} HERSYY ZAxd wE
meloxicam A9 A¥&Ed= WFzS9 10
W/ardl X 748 @A Jdeiga, A&2$y
1.0 W/ersh 95289 3.0 W/erdl A Hl4:
& FHE HYen, #FEx3I 3.0 W/ardl
A 7t A Jelbg.

WFxe% 3.0 W/ae 908 7+ dE 3
£33 v&3A £37t F7t st 3A%

A; 20 W/er

0 30 W/ert

Foe A&2S9 1.0 W/er, #5259 20
W/crek Wi3tA dsdtied, 5A% F A
£287 10 W/arsh ¥I&siA Uepto,
HE2EY 20 W/ar Bo= 371 A3
F7ht At ‘

BEE2ES 1.0 Was 7HE 22 3%
HF& BHieo, SN ¥ HF2E9 3.0 W/
o Hohe 2MFE we B3 yehyd
(Figure 3).
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Figure 3. Effects of frequency and intensity of

ultrasound
meloxicam.

in

skin  permeation of

€; 1.0 W/cri(continuous), Il 1.0 W/cr'(pulsed)
0; 3.0 W/cri(pulsed)

A; 2.0 W/er(pulsed),

X
=

v. i

£ B

Bito] o3 dojubA|gt ol Gl
A% ZAEFEHRe EAF e FEI

£4& ¥4€ F W 9o FE Ay
E3E £AA7)7] Y8 o g, AWg
A4 9 GEFY 2L AYER 2344
, AR T EYH FUAES0] AE
HHEET 5, 2000). & AFoA AHEHY
& 3 A" xegde FE 53
(cavitation)o]] ¢J3 HAHE MX 3t FH=9
F&718% BHEE 539 o|FojAH, T3
250l o3 HEute] £ 5o F
7bsol 2 Q9 FFo] HHY, e AX
FH2E FAAME o] Fo A H(Mitragotri F,

g
h

-

EYHE 4EY HYFIHe FE @
Ak
A

1995; Nussbaum, 1996). 2&3& o]&3
meloxicam®] &3gF0] 2L wjsHLd
E AYFEHRE PolEy] A% dFE 12

& 2¥ o33 2

B A7 X NSAIDs 8 2 YAt
AHEE = tFE9 NSAIDs ¢F&¢] COX-19]
TS ToLEA ABGAN RFEE F=
Bk, COX-20) W@k JA 2ol o AA @
AFozH £QAFA A7t dn 4ZB
F AR FZAEo] Hu HIo| Ago]l F
%38 meloxicamg M3l AL A 23
t}. A8 AQ) carbomer 940& }5l] B3 &
geta, &3 EzAS H7MAQ propylene
glyclo, labrafil Fol *FEE& &A1 ¥+ &
Al wwksted AL AzPor], ZE AA
A B% olB ¢4 5ES BYw, A
A FAF Aole Aoz AT A%
g 5 A& AoZ AlgdY. EF, gukzo
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2 343 @ 2% AEJe FHgd ¢
g 255 W7 FHo| 927 YEd =
AtEFe] A7 B F Ao £ AFdA
£ 1.0 M9t 3.0 Me 223 WH3lr|e] W30
TYSA =AY st 2&n LARA
2 250 dsty|s} B AT FAd
Y8 ¥ franz diffusion cell@ Smith 5(2003)
o A4¥E A2 A3 AME-SI -

20 Kke) A =949} 140 W/ard] I3
2 23948 ¥ X299 £} 7189
i, 2N HE 3YE F3% mannitol
< 6.2+43 nmold]A 211+105 nmolE H
35uf F7heteth oA &3t g% FF
P L3719 FEFEd g3 o]F9
A RolthMitragotri F, 2000). S3FFl
g AT FFE F wWAEST 29
o2 &% FuF oz ZFE, YFF7)
7t en, ol @ Wi 2HLEY 4
s 9L THunji T, 199). FutHo g
2509 71AH Ede IAE, AFHF, A
& FA A # ) 3} € th(Behrens 9}
Michlovitz, 1996). 75 E 3o tg x3-v}9
od3g& AY ¥ A, hydorcortisoned] 23t
dEol 4E @=L HY ¢ Be 4E
o] §3}¥ Ach(Davick 5, 1988). =3, HeNF
3} ZAAF(2002)& triamcinolone acetonide
A o4 $HYFEY Fu7 1.0 Mol
A 30 Mk Bo BAYEFH7 FFHATGL B
13Ych. B dFdA F947} meloxicam
o] ZAuEHd vie 9L uvng A
2z Wi 255 H&TY FH7t B
F =/ veixten 30 MeEoh 1.0 Mgl 5
7t A Jebgth 5A17F ¥ 1.0 Me dA& =
103.70+7.55 yg/cii/min 2 TZF 33.00:4.31

pg/cit/min Bt} of 3u} o] E¥A el
AL 254 FuFvt FEFE Wt F
Hge 71€ 47499 dA3T. gy
A FH5 $H9F S SYIE AFd 9
7, 2 7Y gFE& J1#E 58 29
FHx dojud, AFE 5 A4dF AE
AdE B3 FAANLE YA AIYEFH
& F7H171e A& ¢ F Ao

Ciccone(1991)& %L 99 FxE ZFu$
& AAsted M FaE a%dol, FEe
7be 2AEAY vAdEF AEFE A &
ALEE A5A717] gEd 71AF &
dHEI} 2A FHETGD FREA
. 289 Axe wWE ZF9FEFPE FA
A3 A&z2E9 1.0 W/ar 382, AE2S
% 15 W/er 383, A45249% 20 W/ar
HE&T BTN A|To] Aol wat AR
Aoz AYFEHI} Frhe, Z=7t F7
45 22 ZYFEHE YA T E
T, 2002). B dFolA meloxicame] 7 ¥E
FHo v 2EM ZAZEY FFE 10
MEel Fmod dFzguz HEE B3¢
30 W/er ZRAMZEOIA 1057741543 g/t
/ming 2.0 W/crr 287l A 87.92+7.84 g/
crf/min, 1.0 W/cerr 28&F A 52.56+8.51 ug
/ci/min BT E=A JEhgt. ol &
HEZT7t ANEg] 2 4L vAgE
ojH9 AT A9} FYUsI

Zt 23 AAYeN AoEdEs dF2RS
5 20 W/er H820] 4289 20 W/ar
HE&TEY B Yo, 24289 10
W/er H&2de v £348 e ig
(A3, 2003). & AFNAE meloxicam 2
& o8& AN&%xeH 1.0 W/ st 952L

=]
*

%.
o
3}
o
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% 1.0 W/cr, 20 W/erl, 3.0 W/cere] Ajztdl
¥ ZAYERE vade A SARA 9F
289 1.0 W/l A 52561851 pg/crf/min
2 W 9A JdEiga, A&xS 1.0 W/
st WExes 30 W/ AN Zz
103.70+7.55 ug/cw/min, 105.56+15.43 ug/crt
/min 2 ¥&@ FiE HYon, HF2S
g 30 W/er oA 7+ A Jeisd. gt
A A7) 2EHAE A A& €3
i%s 9% £ Je 94F5xe9z A&
Fold A&zxgue e AYRER EiRE
el Aoz AR ®Th

o] 33 Zo] meloxicams YFLZE 25T
gt BaFEg vAe ¥ 89
34, A&z S ZErt FMEFSE
U&7 A JeERt =3, 452359
13E 4T &2 AT FHEol
A AHERE By g A&ExS
g A4 & ge A AEE 9 UF
ZSHE FHEIoqx ZAFH E Folzt
e Ao Yehd, 289 A7 d43se
Rol 7Fsd Ao Z Al ¥

£ @€ NSAIDs & F HZ AT7AA
2 AHEE 53y FAAAZ 23
oUA &3 2LHE ol &Y AYFHY g7
7} AFF meloxicamE o2 AL AX
dn 289 #049 2E0 B2 ARTH
& 2A4% 298 a9%8d o83 2o

of

%289 Fugd gEg ZAEHE 1.0 Mol
Ao ggen, 3Ert 31E5EE o E=4
ettty 2&9te] £8F7)d gE v
AN AN&xey 10 W/arsh #5285 30
W/caidl X Bl&3 F3E Jehlo] HFxs
3 H4 Al 2ZEE AHgdor a743Q
Ao 2 eyttt

A83oz E Yo AEE NSAIDs ¢
E4¢ meloxicamol A 23} wj7jHF7} BT
Exo] 4L X Ao YEgoey, 1
25 45259 ALy AR: A&zeH
o Hgo] FAIY AYFHE HY weby
A&E2SHE ALY & g 3% 9452S
3E FHLAx ZAHEHe ¥ Aoyt ge
Aoz Yy, 259 A2 H433e 3ol
b Aoz AgHY, AR FololA
Z FFA 9434 e O $939%F <
B2 440 nl¢ & Aoz 449

yoey

g, PAQ S99d%d 9%
Triamcinolone ¢ S¥YF ZHIYAESF
F. UE X 283 A 14(2);59-69, 2002.

BT, AU 0 2S0E o) 83 AHgEF
%9 3. e x| 583 .
13(3);719-726, 2001.

SAE, olFY, I : FYFF 9L
oA & A3} g 9] A 8 3] %),
2(1);49-67, 2000,

BAE, A9Y, FAY . 2E9E 0|43 3
EAZY AYEFF gA §3I=A.
32(4);259-265, 2002.
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