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In vitro Rat Skin Permeation of Various NSAIDs
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ABSTRACT-Rat skin permeation of various nonsteroidal antiinflammatory drugs (NSAIDs) was investigated in vitro using
Franz diffusion cell at 37°C. The effect of various skin permeation enhancers was also observed as a preliminary study of
developing transdermal delivery systems of NSAIDs. Lipophilicity of NSAIDs was determined from the partition coefficient
(log P) in 1-octanol/water and 1-octanol/IPB mutual-saturated solutions. The solubility was determined in water, isotonic
phosphate buffer (IPB), and propylene glycol (PG) at 37°C. The rat skin permeation rate of acetaminophen, piroxicam, and
aceclofenac was almost negligible, although they were saturated in PG. Addition of 1% permeation enhancer increased the
permeation rate of ketoprofen, ketorolac, and diclofenac. However, the skin permeation rate of ibuprofen did not increase
with the addition of various enhancers. Among the permeation enhancers tested, oleic acid was the most effective for various
NSAIDs. Based on the daily dose, lipophilicity, and the skin permeation rate achieved in this study, ketoprofen and ketorolac
seem to be the most promising drug candidates for transdermal delivery systems, especially when formulated with unsat-

urated fatty acids, such as oleic acid.

Key words—NSAID, Enhancer, Skin permeation
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Figure 1-Chemical structures of various NSAIDs.
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Figure 2—Chemical structures of various permeation enhancers.

arylpropionic acid 7| & (ketoprofen, ibuprofen),”® heteroaryl
acetic acidAl € (ketorolac), aryl acetic acid 7€ (diclofenac,
aceclofenac)®] NSAIDE t}eFelA Aesiith(Figure 1). &
FEAA 2= Ak AlDGS) oleic acid,”? oF A€l dode-
cylamine, DEET (N-diethyl-m-toluamide), ¥4 &< Azon,
WY ARAEEY menthols 22 AElsidth(Figure 2).
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80:200] HIE&Z o] A5, AETEL 254 nmeI )
B5F AEvPgo] 230 nme|ar, ol
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9} acetonitrileS 40:602] BIE&Z 410} ARESISIAL, ketopro-
fen®] 739 acetate buffer (0.05M, pHS5.0)2} acetonitrile
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Table I-Physicochemical properties of various NSAIDs

ArEAle] 7 97 T 315

W32 314 nme| AT}, Diclofenac aceclofenac® ketorolac
I 72e x4 #7899 acetate buffer (0.05M, pH
6.5)% 35:652] MIER 4lo] ARSI, HEWEE F o
& 2% 275 et 758 EE oFEo)A 1.0 mL/ming
3Tt
Z ot
PSE=ps!
oo X gAe S| Al 7P EHASR 2ol
o =

AT (Log PRke S48 A5E Table 1o VeR
Qo). 7zt ofEe] ExlEwt pKaik-S- ACD softwareE ARE-
Blo] AAVEII L, §% (melting point)y X E 815
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71 olEg Aow A B Ayl Bare) oslY
Log P} FNFadws B a7t glom diAl=
A=3 Log Pate] 3.0 HxRl okao] w-Fal] HA A
o2 AEerE 2 Ao AMgE NSAIDE IF-5F3%
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Table A9} 7o} acetaminopheng 2|t tF-Ho] oF

o u 110} o

B2 Boll e gal=rt thAZ Wkt PGell tisiM=

Molecul LogP Solubility
Drug Formula vfr)e?;}l:t?r Melti’ég pKa® Propylene 1PB Water
point °C)  (oct/IPB)  (oct/wat) glycol

(g/mol) (mg/mL) (mg/mL) (ug/mL)

13255.50

Acetaminophen  CgHoNO, 1512 169~171° 0.34(+0.07) 0.29(+0.02) 9.86 54.60(+8.00)  10.08(£3.25) (£2243.00)
Piroxicam CHigN;O,8 3314 199°  1.10(£0.05) 1.30(x0.04) 450 0.97(x027)  1.04(*0.06) 21.27(£2.65)
Aceclofenac CigHisNOLCL 3541 180°  1.02(20.14) 0.90(x0.07) 2.60 28.81(+2.30) 15.39(£0.62) 76.78(x11.26)
Ibuprofen C13H130, 206.3 76%  1.79(20.05) 1.55(x0.14) 441 310.84(x37.17) 3.93(x0.39) 12.85(+0.82)
Ketoprofen C16H1405 2543 94°  1.05(20.04) 0.70(x0.06) 4.23 263.69(+16.17) 5.36(10.46) 20.98(2.65)
Ketorolac Cy3H3NO; 2553 1565 0.80(£0.02) 0.98(£0.02) 4.47 48.70(x1.90)  10.30(£0.20) 114.20(+9.98)
Diclofenac CHNOSCL, 2962 157°  1.59(£0.34) 2.17(x0.01) 4.18 16.64(+1.95) 2.10(x0.11) 37.65(+0.63)

a. Calculated by the ACD software
b. The Merck Index (13th Ed.)!?
c. Cordero et al. (1997)"

d. Hadgraft ez al. (2000)'”
e.Royetal. (1994)'"
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Figure 3—Rat skin permeation profiles of NSAIDs saturated in pro-
pylene glycol at 37°C. Each point represents the mean(+S.D.) of
three experiments. (A) piroxicam: (@) diclofenac; (O) ketorolac;
(A ) ketoprofen; () ibuprofen; (V) aceclofenac.
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Table II-In vitro rat skin permeation parameters of NSAIDs, saturated in PG at 37°C

Drug Permeation rate (ug/hr/cm?) Permeability coefficient (cm/hr) x10° Lag time (hr)
Acetaminophen N.D. N.D. N.D.
Piroxicam 0.18(£0.0015) 19.05(%0.16) 11.97(£0.05)
Aceclofenac 0.28(x0.04) 0.97(x0.14) 6.10(+2.45)
Ibuprofen 21.74(£3.78) 6.99(£1.20) 5.87(10.45)
Ketoprofen 4.62(£1.18) 1.75(0.45) 7.84(+0.99)
Ketorolac 0.99(+0.34) 2.03(20.70) 4.86(21.56)
Dilofenac 0.43(20.05) 2.59(20.30) 10.29(£2.55)

N.D.; not determined
Each point represents the mean(+S.D.) of three experiments.
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Figure 4-Effect of various permeation enhancers (1%) on the rat skin permeation of (A) ibuprofen, (B) ketoprofen, (C) ketorolac and (D)
diclofenac, saturated in propylene glycol at 37°C. (@) no enhancer; (O) menthol: (A) dodecylamine; (A) DEET; (W) azon; (V) oleic acid

Table IXI-/n vitro rat skin permeation parameters of ibuprofen, saturated in PG containing 1% of various enhancer at 37°C

Enhancer Permeation rate (g/hr/cm?) Permeability coefficient (cm/hr)x10° Lag time (hr) Solubility (mg/mL)
No enhancer 21.74(%3.78) 6.99(£1.20) 5.87(0.45) 310.84(%£37.17)
oleic acid 19.88(£2.93) 4.80(x0.71) 8.79(+0.23) 413.80(+27.32)
dodecylamine 19.67(x8.23) 5.80(£2.40) 6.57(£1.01) 339.42(x47.15)
DEET 20.99(%1.46) 7.10(x0.50) 6.33(+0.11) 294.89(+14.54)
Azon 28.65(+3.88) 8.20(£1.10) 7.84(20.79) 349.05(£68.05)
menthol 16.93(x1.84) 5.59(£0.61) 6.09(£1.54) 302.84(£17.59)

cylamine, DEET, ¥ menthol& A1&l3la} PGl 1%2] F%  permeability coefficient %#t©] ZL3 lag time®] &Yt
2 AN & 7 RS ¥IAA FRE AFS s (Table D), S552A st o oY FHERE Frbe

A= Figure 49} 72t} FHEEA] ¢3Sk (Table ).
Ibuprofen®] 73-%-, th& <FEol| H]3] permeation rate % Ketoprofen?] 7%, E553AE H78HA &= o &

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)
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Table IV-In vitro rat skin permeation parameters of ketoprofen, saturated in PG containing 1% of various enhancer at 37°C

Enhancer Permeation rate (jig/hr/cm?) Permeability coefficient (cm/hr)x10° Lag time (hr) Solubility (mg/mL)
No enhancer 4.62(+1.18) 1.75(0.45) 7.84(+0.99) 263.69(£16.17)
oleic acid 16.47(£0.79) 4.48(£0.22) 6.39(x0.90) 367.31(198.49)
dodecylamine 2.15(£0.77) 1.21(£0.43) 5.51(21.29) 177.72(3.84)
DEET 2.06(1.11) 0.996(+0.54) 424(£1.16) 206.95(17.89)
Azon 3.22(+0.72) 1.58(+0.35) 4.20(+0.49) 204.47(227.70)
menthol 10.69(£1.91) 4.84(+0.87) 7.55(x0.83) 221.00(27.90)

Table V-In vitro rat skin permeation parameters of ketorolac, saturated in PG containing 1% of various enhancer at 37°C

Enhancer Permeation rate (Lig/hr/cm?) Permeability coefficient (cm/hr)x10° Lag time (hr) Solubility (mg/mL)
No enhancer 0.99(+0.34) 2.03(£0.70) 4.86(+1.56) 48.70(1.90)
oleic acid 2.19(x0.44) 5.70(1.14) 7.43(x1.11) 38.49(+4.39)
dodecylamine 0.63(+0.30) 0.910(+0.43) 15.43(25.69) 68.79(+2.18)
DEET 0.41(20.18) 0.55(x0.24) 12.43(20.45) 74.23(£3.78)
Azon 2.25(+0.25) 5.32(+0.60) 9.00(+0.50) 42.39(x9.01)
menthol ND. N.D. N.D. 68.79(2.18)

N. D.; not determined

Table VI-In vitro rat skin permeation parameters of diclofenac, saturated in PG containing 1% of various enhancer at 37°C

Enhancer Permeation rate (\g/hr/cm?) Permeability coefficient (cm/hr)x10° Lag time (hr) Solubility (mg/mL)
No enhancer 0.43(20.05) 2.59(20.30) 10.29(£2.55). 16.64(+1.95)
oleic acid 1.61(x0.59) 9.71(13.58) 9.63(£0.80) 16.55(+0.39)
dodecylamine 0.71(20.17) 2.97(x0.71) 9.34(1+3.99) 23.78(10.62)
DEET N.D. N.D. N.D. 12.71(#1.13)
Azon N.D. N.D. N.D. 15.18(+1.50)
menthol 0.44(%0.06) 5.05(x£0.67) 12.0(%1.69E-07) 8.78(10.43)

N. D.; not determined

HEE7}F 4.62 (ughr/em?)21d] Bl oleic acid 2 menthol
= A7HE S A7 1647 (ughrem’) 21069 (ug/hr/
m)ZA oF 36w 23] A= Frbsigih 2,
dodecylamine, DEET, ¥ Azong I7IF A$olle 03]
FHEETL Fadhe S YERIATHTable V).
Ketorolac®] 73-%-, oleic acid E Azong H7[S o 3
TSR 242 219 (ughrem?) 225 (ug/hr/em®)E
A ooF i Fme] F7HE JERHATHTable V). 28U,
dodecylamine, DEETIM & ti&% Bt} 238 ¥ 7ke
1/]—E}LH°if’w_ menthol®] ¢ A E9] AREAHE &2F
o AT B FFELAY] Ao wE falx gho)
AA 74017? g ¢ 5 AEd, 53] dodecylamine,
DEET ¥ menthol®] 74 tiZ&7 Ho 4 52 g%
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Diclofenac®] 73-$-, oleic acidE® A71519S o ¥R ED
£571 043 (ughriem®)olA 161 (ughr/emd)E 379 3
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