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Formulation and Skin Penetration Characteristics of Aceclofenac Plaster for
Transdermal Delivery

Jong Keun Chung*’, Min Suk Lee*, Jeong Hwa Park*, Jang Won Lee*,
HaHyung Kim, Young Wook Choi and Kwang Pyo Lee

*R&D Center, Daewoong Pharm. Co., Ltd, Sungnam 462-120, Korea
College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
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ABSTRACT-Aceclofenac is an non-steroidal antiinflammatory drug which has been used in the treatment of rheumatoidal
arthritis and osteo-arthritis. In order to decrease the gastric ulcerogenic effects and contol the plasma level of aceclofenac,
we have developed the transdermal delivery system of aceclofenac plaster, which were formulated employing matrix poly-
mers of acrylates and penetration-enhancers such as Lauroglycol®, Transcutol®, oleic acid and linoleic acid. Using Franz
diffusion cells mounted with a rat skin, transdermal penetration characteristics of the formulations were evaluated by the
HPLC assay of aceclofenac and diclofenac, an active metabolite, in the receptor compartment of pH 7.2 phosphate buffered
solution. Skin penetration was increased when the content of aceclofenac increased, showing the flux(J, pg/cmzlhr) of 0.37
and 2.50 for 2% and 6.75% of the content, respectively. The flux(J, pg/cm?h) from plasters made of Durotak® 87-2074,
Durotak® 87-2510 and Durotak® 87-2097 were 2.50, 2.77 and 4.39, respectively. Durotak® 87-2074 showed the lowest pen-
etration due to the carboxylic acid group in the polymer, which might form a strong hydrogen bonding with a secondary
amine of aceclofenac. Although both Durotak® 87-2510 and Durotak® 87-2097 are amine-resistant adhesives, Durotak® 87-
2510 showed lower penetration than Durotak® 87-2097 because of the hydroxyl group in Durotak® 87-2510, which might
form a weak hydrogen bonding with aceclofenac. These results reveal that the functional group in acrylic polymers would
greatly affect the release of aceclofenac from the matrix, which is the rate-limiting step in the penetration of aceclofenac
through rat skins. The penetration of aceclofenac from plasters using different penetration-enhancers increased in the fol-
lowing order : Transcutol < linoleic acid < oleic acid. And the flux from the plasters containing oleic acid as a penetration-
enhancer was 2.22 times greater than that of creams, which suggest that a newly deveolped aceclofenac plaster could be
used in the treatment of rheumatoidal arthritis and osteo-arthritis as an advanced transdermal delivery system.

Keywords—Aceclofenac, NSAIDs, Transdermal delivery system, Plaster, Acrylates, Durotak®, Skin penetration
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Figure 1-Chemical structure of aceclofenac and diclofenac.

Table I — Comparative Characteristics of Various Acrylates

ol

Durotak® Durotak® Durotak®
87-2097 87-2510 87-2074
Acrylate-

Copolymer type vinylacetate Acrylate Acrylate

Functional None -OH - COOH,
groups -OH
Cross-linker N/A No Yes
Cohesion Low-Moderate Low High
Tack Low Moderate-high Low

clonidine, testosterone, nicotine, emadiol—— ]
R0 B Faae APRA o, A
CNSA %8 283 T2EF %lt}
2 dtdAe 2Es 9883 15388 %-‘:—
NSAIDsA| FEQ] o E2HSGS 7R Yeld 5 9)
T 93F e AR G FEEE 111015}‘34
AP e AHS R F YEFE acrylateAlE 2
A ZA Durotak®& AME-3F] 2. (Table 1), SAlo] Th3h
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A3 FA I
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Table II-Formulations of Aceclofenac Plasters

AL L L R i
2B ¢4 AAgH o E HI8I9 2 Franz diffusion cell
S AMgE] 37 H5E T oHERHYY HEFHAEA
< #E3AH
ypy

Aler & 7171

EFE o 2A olAEZ9 Y (Prodesfarma, Spain), TIEZ)
Y(Prodesfarma, Spain), acrylate#] 7 &) ZA] Durotak®
87-2097, 87-2510, 87-2074(National Starch and Chemical
Co., USAYS AH&-3Iem, §457A 24 Lauroglycol
Transcutol-& GattefosseAHFrance)oll A1, oleic acid®} linoleic
acidZ Sigma(USA)IA ThstH 2, 19]9] Aloke £4
& 57 ANGE ARSI a8 Al ZEEele] of
Agzsde] WEe vwslr] 5] ARSE o MIEE A
AL Airtal® ZH(1.5% oA EFEH S, Prodesfarma,
Spain)g AMESIATH EAVIREs] A 2ol TR Al
FARYS A7) Y3 AHE-3F homogenizer= KinematicaAt
(Switzerland)®] polytrond AME-311 Y41E-E]7]:= Beckman
AHGermany)®] ultracentrifuge(Beckman JE-HS)E o831t}

oFE-o] BEXo)| AME-E HPLCE TSPAHUSA)S degasser
(SCM1000), gradient pump(P4000), autosampler(AS3000),
UV detector(UV1000), integrator(PC1000)E F-3A1H AHS-
st 3, ZE-& Spherisorb ODS-2(10 pm, 250X4.6 mm,
Waters, USA)-S ©]-&3tA ).

EflAEe]| M=

ola gL e} HREAEZIA o] ELS 88:6
WW)E IAFL opE2a g oEoElo]Ee] o
7}5t53t}. ©] & release liner(polyethylene film)$?]ell gardner’s
knifeZ ©]g-3t] T 500 pum= AASIAL A2 ¥
40°CollA SAIZF AZAIR] H, A2oM 2 WATE A

A B C D E F G
Acrylates
87-2097 832.5 mg 968 mg 968 mg 968 mg
87-2510 832.5mg
87-2074 880 mg 832.5mg
Aceclofenac 20 mg 67.5mg 67.5 mg 67.5 mg 67.5 mg 67.5 mg 67.5 mg
Lauroglycol 100 mg 100 mg 100 mg 100 mg 50 mg 50 mg 50 mg
Oleic acid 14.5 mg
Linoleic acid 14.5 mg
Transcutol 145 mg
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Hog AL yHFANLE 17400X oA 3087+ AilE)s)
o] RS FHta WerEAsig o aAuich FAA
A3 Al ZAgel opEREHSE 83lX7] pH
72 AAEENL 713t oM ERH e HE T}
028mM7} HA T EFEAS 32°C 259 XBFE:
ol A arslEA 10, 20, 30, 60E Tt A BE HHEA F
Fo| weke-S 7iele] Aty diwelst] 2 NS
045 pm PTFE WE HE 2 o33le] 1 offe] o}y
243 t]F29 4 HPLCE A #F3tairh

HPLCO| 2|8t OIMIZZ2H A CHAIN[S] &4

o ERH L oMEFRAY FFF 10 mgs FE3]
3led pH 72 A S =9 100 mP} HES §
F o] AL 747pe] oM EREAY FE7F 50 ppm, 25
ppm, 1.25 ppm, 0.75 ppm, 0.375 ppmo] H == 3t} ot
Al o] &Ae HEEE FF A3t 045 um PVDF ¥
BERIFE] Azgt A FFN0Z 3 o ERH
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Figure 2-High performance liquid chromatograms of aceclofen-
ac(ACF, RT 8.32) and diclofenac(DCF, RT 11.58) : (A) in pH 7.2
phosphate buffer solution, (B) in pH 7.2 phosphate buffer solution
mixed with rat skin homogenates after 60 min.
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Figure 3 — Concentration change profiles of aceclofenac(ACF ; @)
and diclofenac(DCF ; A) as a function of time by enzymatic hy-
drolysis.
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Figure 4 ~ Comparison of permeation profiles of aceclofenac and di-
clofenac through excised rat skin from cream. Key : @ ;total ace-
clofenac amount, ll ; diclofenac amount, ¥ ; aceclofenac amount.
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Figure S5-Effect of aceclofenac contents on the permeation of drug

through excised rat skin. Key: @ ;2%(Formulation-A), ¥ ; 6.75
% (Formulation-B).
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SUAELS OIMIZ R e g2k ME nfsaisy

Fokel vt EEAT nAE Gk Adstr] 95
o oFEe] FLE 2%9) 6.75%% ZHEY WEEAAYS
AASIAT olu] FEg e HHL 7|E ARH T e
Airtal® 2] 19 F4F1Y 1520 g2 33 Fo)e 7%
o2 & o, Foq3ls opERa e Yol 19 67.5-90 mee]
Hu 1Y 19 HE=E AA% ZE2E Y nlo] =X§
TS AT KAl FHL 1 g0 F 3S o oEEa
Y 675 mgoll S|E3le ¥ 675%02 AXSIGT. 1 A
3}, Fgure 59014 & = Q10| 12A17H2E] F3tae] zlo|&
BoldAr 2%= i3t AlAQ) FHFE 10 uglem’™]3)1Q] wh
W, 675%% TH3 AA L FAFL 46 pglem? S B oF
ST 71w BaEke] Srlshe Aes et
2%E T3 AA 9] lag timed TS zhzt 11.28X7k4
037 pglem’hrol™ 6.75%% 73 A2 lag times} 3
FE 1173174 250 pgfem?hro| ATt kR 9] B w7} oF
3u) F7Hg] Wt lag time2 A< Wiy} giglovt T3
F2 o 7d) F718 RoZ e THTable TID).

HEN ER00 mE oesnsy
FEREA ] Azl PIBAIE ARA, acrylaeAlE 22
Ao} siliconeA| B A7} ARE-E =, siliconeA|d H2A

Table III- Permeation Parameters of Aceclofenac through
Excised Rat Skins from Plasters

Permeation parameters

Formulation T T 5
s (mg/cm~/hr) Ty (hr)
A (Drug content : 2%) 0.37 £ 0.03 11.28 + 3.40
B (Drug content : 6.75%) 250 £ 0.46 11.73 £ 2.50
B (Durotak 87-2074) 2.50 £ 046 11.73 £ 2.50
C (Durotak 87-2097) 439 + 0.27 13.34 + 0.15
D (Durotak 87-2510) 277 £0.13 14.66 * 0.05
E (Oleic acid) 2.53 £ 0.87 12.89 + 0.60
F (Linoleic acid) 227 £ 0.08 12.55 + 043
G (Transcutol) 1.56 £ 0.59 13.34 £ 0.89

9]s; steady-state flux, PTy; lag time

ir

/o] ofslar slsMEAd tish FgAde] o AA| A
o] Holu o]5802 FHEA ol8HolA ghor) v
T+ WIEA AFH R S8 Y7, PIBAIE AEA =
isobutylene®] HFFAZ vi-9- P Eol] g FHwot
wom Al AT F4do] f17] Wi 712 <kslA
dEHEE Aol gloH, acrylaeAlE AAE AEA} )
GFA B FEo] Fof o]Ee] FARHO R oF
o &gk Haty 7ol dojuA] @on I WY oy
2} 7kt BARF 24 st Alagle] 2-o) sis i) 410
2 AFeM e F4aHE AAC Ut oz AMEEHE
acrylaeA|€ H&A|¢] Durotak® acrylic polymerS AR5}
R ARE Al A3 AAEA F3eds 2 oA
2] T3t Aol 184170 F23] Z7I8kL 30817
#3422 Durotak® 8720978 353 AA7} 7 &9k,
Durotak® 87-2510% Durotak® 87-20742 343+ A|A=
FAREFE 2 Y Durotak® 87-25100] © %] £3ldE AL
B A tH(Figure 6). ©|Z5-8 73 Z+ X & Hw3E,
Durotak® 87-20972 -8 #A9] lag time?} FAFL 7+
Z} 13.344 7+ 3} 4.39 pg/emhr, Durotak® 87-25108 3+
g AR ] lag timedt FHZFE 72t 14.66A1 7 2.77 ng
cm’/hr, Durotak® 87-20742 &3+ A|A 9] lag times} T3
e 27t 11738744 2.50 pglem*hre 2 Ve Durotak®
87-2074, 872510, 87209708 T3l Zyksle Zow
UERSITHTable II). Acrylate A2 B&A2] 7]%57])% Table
1] Yebd vle} 74| Durotak® 87-2074% acrylic-ester -
Z i) okl 4L a1 lo] HIFAS veRlE oE
ZHHE 97502 dojlis o] sl dEEo] fo|T
ROZ FEHA O carboxylic acid groupg 71571E 7}
AL QJof ol E= 9] secondary amine?|9} 73 4=4A

o % T
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Figure 6-Effect of the functional group in acrylic polymers on the per-
meation of aceclofenac through excised rat skin. Key : @ ; Durotak
87-2510, M ; Durotak 87-2074, ¥ ;Durotak 87-2097.

e Al GFElEo] ¥ Aoz AgEHAY. Durotak®
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Jo7|A] @gow Tz g velliuio a8y
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oM ERH YT gt FAATE A3 71571E YA
22 Durotak® 87-2097¢] Bl8} e xS Yehd Ao
Z Algdrh

ojF =] Oixls EETiNe] st

RG] 7Y & Al ZHFe)] JEE Fo| FE9
FHAEE FIANTIL lag timeE GHFAIZL BFoZ F45
WAE AHE-3P, IubE o2 sulfoxide, pyrrolidone, AW},
azone, A" 44, urea, alcohols & glycol -F-=A 5] A}
£33 Yok

AcrylateZl € H2A) e} HEAdo] ot Lauroglycol, oleic
acid, linoleic acid, Transcutol(diethyleneglycol monoethyl
ether)& AMS-31] FR53 AY39om, o] W Lauroglycol
< T8l 45% FH3t=S 33T Lauroglycol2 pro-
pylene glycol laurateZ4] AN} NEAN HFRES} 22
A 2 Bz ARGHAZ F2 AHESIY 2543 21849
A2E 25 7 rh. oR|A-ENA Lauwroglycol& 3
sk AA A 9] H 2Tl F7] ol Lauroglycols
ZIAZA 2E Aol FRAIAT Figure 7904 2 4 U5
o] RT3} Transcutol, linoleic acid, oleic acid 2
7R, oleic acidE 73 AA 2 lag timedt T3}

Fe 2+ 12.89717+3 253 pglem?hr, linoleic acidE -8

g AA Q] lag timed} T3 12554874 227 pglemhr,
Transcutolg: -3k A|A Q] lag timedt T 133447}
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Figure 7-Effect of various enhancers on the permeation of ace-

clofenac through excised rat skin. Key: @ ;oleic acid, W ;
Transcutol, ¥ ;linoleic acid.

F 1.56 pg/em?hro] $1th(Table D). Linoleic acidu} oleic
acide} 722 APikake] REAER ZErAe Hie] ZFF
oflA] MEZ X o]FHe] gl Al RhEsle] X2e]
5488 STPIRCEN, AFH o F do] sl R
FHIE S7H7le AoE e Jlom B9 olgg o)F
A3 =2 B o2} o] gA e FHE RFIE] X0
E ety B uE Y Qo Transcutole F2 WA
oFEe] LA RZAZ AMGEo] 53] HAA|, YA, ZAA)|
22 ARG AA &Y, T3 HEFI X280
Aok LEA d=vl 2 71 EF A #3339 by
dg T =go =N, AEe] F548E FTHIAN e
HR2 S TATE Gk AR SA9 2
g ZEFUle) ofEe] SAEE S EN FE it
S ol 71HE Za Yok wEkA oMERTIHe] FY
F3E oHEEAYY 8§88 F/MTIE ARt B
A% A 459¢ TVRFLEN oS 7k Ao

EaAEel FEHe| nFFERT bW

o EEH S A8AR AMdshe bl oA Mdst STt
2ele] AWF FA=7F U9 formulation CoF EE ¥
g w(Table IV), formulation Col|A} o}AlEZ2H| el &
< 6.75%°1™, lag time? T3 Zbzt 13.34A 7k 4.39
ug/em*hre) 1, formulation EolA oMEEs ] S
6.14%°1™, lag time?t F3}3F-E 12.89A7k 2.53 pg/em’/
hee 2x F5E&Holl e formulation C7F 7P $9<r3igiont,
etz S22 T lag time, A H T FHAY
JAAE 3 #-¢ formulation E7} 7174 A e 2o
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Table IV— Comparison of Skin Permeation of Aceclofenac
through Excised Rat Skins between Plasters and Airtal ®Cream

Permeation parameters
Preparations  Drug contents
(mgg/g oy s (uglem®hr) Ty (hour)
C 3.03 439 £ 027 1334 £ 0.15
E 2.76 253 £ 087 12.89 £ 0.60
Airtal® cream 7.5 1.14 £ 034 12.87 = 1.14
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Figure 8-Permeation profiles of aceclofenac through excised rat
skin from plaster(@) and cream('¥ ).
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