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Enhanced Penetration of Loxoprofen across Excised Guinea Pig Skin
from Solution Formulations
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College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea
(Received September 17, 2001)

ABSTRACT-To develop a novel transdermal delivery system of loxoprofen (LP), a potent antiinflammatory and analgesic
agent, the effects of various vehicles and penetration enhancers on the skin permeation of LP from solution formulations
were investigated. The permeation rate of LP through excised guinea pig skin was measured using a side-by-side permeation
system at 32°C. The solubilities of LP in various vehicles were determined by the equilibrium solubility method, and par-
tition coefficients (P.) were determined. The solubility of LP increased in the rank order of water < isopropyl myristate
(IPM) < glyceryl dicaprylate/dicaprate < propylene glycol dicaprylate/caprate < propylene glycol laurate (PGL) < poly-
ethylene glycol 400 < diethylene glycol monoethyl ether (DGME) < ethanol. n-Octanol-water P, value was 15.5. Among
pure vehicles tested, IPM and PGL showed highest fluxes of 89.9+5.0 and 45.4£0.3 pug/cm*hr from saturated solutions,
respectively. However, it was not possible to demonstrate any correlation between the solubility of LP and its permeation
rate, indicating the change in the barrier property of the skin and/or carrier mechanisms by vehicles tested. The addition of
DGME to IPM or PGL markedly increased the solubility of LP, but the permeation rate did not decrease when the con-

centration of DGME in the cosolvent was increased upto 40%

. The addition of linoleic acid (3%) in the cosolvent slightly

increased the permeation rate, but others such as lauroyl sarcosine, fatty alcohols and fatty acids tested did not show enhanc-
ing effect. In conclusion, the DGME-IPM or DGME-PGL cosolvent system proved to be a good vehicle to enhance the skin

permeation of LP.
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Figure 1-Chemical structure of LP (c-methyl-4-[(2-oxocyclopen-
tyl)methyl]benzeneacetic acid, C;sH;g03).
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Table I-Solubility of LP in Various Vehicles and Cosolvents at
32°C

Vehicles Solubility (mg/ml)
Pure vehicle
Water 1.11£0.06
PEG 400 226.4%10.9
PG 147.2111.2
Ethanol 409.7£20.7
IPM 21.410.5
PGL 81.816.1
DGME 362.1£19.2
Captex® 200 52.5+5.0
Captex® 300 29.4+0.99
Cosolvent
Water-DGME system (v/v)
80:20 - 4.7£0.02
60:40 60.314.5
40:60 199.24+16.2
20:80 261.5£12.8
PGL-DGME system (v/v)
80:20 118.613.6
60:40 167.516.2
40:60 257.7£12.3
20:80 268.018.3
IPM-DGME system (v/v)
80:20 83.2+1.7
60:40 177.8%1.8
40:60 245.2+19.8
20:80 278.1+154
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Table II-Apparent Partition Coefficients of LP in Various
Solvent/Water Systems

Solvent P.
Chloroform 11.520.5
n-Hexane 0.284+0.02
IPM 8.120.3
n-Octanol 15.510.3

Data were expressed as meant SD (n = 3).
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Figure 2-Effect of various vehicles on the cumulative amount of
LP permeated through excised guinea pig skin as a function of time
(n = 3). Donor dose in vehicle was 120 mg/ml except for PGL, IPM
and Captex® 300 in which LP was loaded in a saturated solution.
Key: O, PEG 400; @, PG; A, ethanol; A, PGL; V, Captex®
200; ¥, DGME; <>, Captex® 300; ¢, IPM.
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Table III-Permeation Parameters of LP through Excised

Guinea Pig Skin from Various Vehicles
Is

D

Vehicles —  oremhry M0 o108 emhr) K

PG 103103 2.5%0.1  1.5620.08 0.02740.002

PEG 400 0.410.03 38+1.1 0.77£0.39 0.001620.0005
Ethanol 122403 1.440.1  2.684+0.08 0.01840.002

DGME 34107 05104 6.80+3.62 0.002+0.001

PGL" 454103 22401  1.0430.15 0.198+0.019

Captex®2000 38.2+4.1 17402  1.95+0.18 0.170+0.002

Captex®300V 42,1460 1.5+0.1 1.40+045 0.37510.129

PMY 89.9+50 11404 493+1.78 0.49110.145

Data were expressed as meantS.D. (n = 3). Donor dose were 120 mg/
ml. Y Donor dose was a saturated solution in each vehicle.
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Figure 3—Effect of PGL-DGME ratios on the cumulative amount of
LP permeated through excised guinea pig skin as a function of time
(n = 3). Donor dose in vehicle was 120 mg/ml except for PGL and
PGL-DGME (80:20 v/v) in which LP was loaded in a saturated so-
lution.

Key: O, PGL alone; @, 80:20 v/v; A, 40:60 v/v; A, 60:40 viv,
V, 20:80 v/v.
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Figure 4-Effect of IPM-DGME ratios on the cumulative amount of
LP permeated through excised guinea pig skin as a function of time
(n = 3). Donor dose in vehicle was 120 mg/ml except for IPM and
IPM-DGME (80:20 v/v) in which LP was loaded in a saturated so-
lution.

Key: O, 1PM alone; @, 80:20v/v; A, 60:40 v/v; A, 40:60 v/v.

Table IV-Permeation Parameters of LP through Excised Guinea Pig Skin from Various Cosolvents

Donor dose

Cosolvents Ratio (v/v) (mefml) I (ug/fem?/hr) Ty (hr) D (x10* cm?%hr) K

PGL:DGME 100:0 saturated 454403 2.240.1 1.0430.15 0.198+0.019
80:20 saturated 34.310.1 2.610.2 1.3740.17 0.0974£0.010
60:40 120 36.512.2 27404 1.2240.36 0.11340.031
40:60 120 28.910.7 3.110.3 1.0940.11 0.100£0.013
20:80 120 10.145.1 2.440.7 1.2140.34 0.028+0.007

IPM:DGME 100:0 saturated 89.915.0 1.140.4 4.93+1.78 0.49140.145
80:20 120 77.749.9 2.3140.3 1.3240.24 0.157+0.030
60:40 120 84.9+4.9 2.5+0.7 1.3440.19 0.284:+0.044
40:60 120 14.543.3 1.540.4 1.45%0.21 0.03120.009

Data were expressed as meantS.D. (n = 3).
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Table V-Permeation Parameters of LP through Excised
Guinea Pig Skin from IPM-DGME Cosolvent (60:40, v/v)
Containing Enhancers

Enbancer (}Lg/cjrflzlhr) Ty, (br) (XlO“,lsz/hr) K

Noenhancer  849%49 25107  13430.19 028410044
Laurylalcohol 8331557 2410 1455043 022240177
Oleylalcohol 737495 12801 1474023 0.136+0.001
Capricacid 328427 3240 1594078 0.101+0.036
Caprylicacid 4924180 294004 1094020 0.16740.061
Linoleicacid 9024361 07102  295+1.41 0.09210.020
Oleic acid 7014173 11202 1902038 0.110+0.022
Lauroyl sarcosine 61.8422.5 1.8405  1.624025 0.14120.072

Data were expressed as the meantS.D. (n=3). Donor dose were
120 mg/ml. The concentration of enhancer added was invariably 3.0%.
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