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The Effect of Hydroalcoholic Gel System on.Skin Permeation of
Piroxicam and its Anti-inflammatory Activity
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Chong Kun Dang Research Institute, Chonan 330-830, Korea
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ABSTRACT-These studies were designed to determine the effect of hydroalcoholic gel system (lower alkanol concen-
tration : 40-60%) compared to general hydrogel system (lower alkanol concentration : 10-35%) on transdermal delivery of
piroxicam and its anti-inflammatory activity. Piroxicam was incorporated into a hydroalcoholic gel and a hydrogel con-
taining polymers, solvents, and cosolvents. The pH of gel was about 6.3-7.3 and the solvent mixtures were composed of
water and various concentrations of ethanol (35, 40, 50, and 60%). For the in vitro study, the skin permeation of piroxicam
from the gel formulations was investigated using Franz modified diffusion cells fitted with hairless mouse skin. For the in
vivo study, the anti-inflammatory activity of hydroalcoholic gel was compared to other commercial products (piroxicam
hydrogel and ketoprofen hydrogel) in rat and human. The anti-inflammatory activity was determined using carrageenan-
induced foot edema model in rat. For the clinical study, it was evaluated from determining efficacy and acceptability with
98 patients suffering from musculoskeletal pain. A novel piroxicam hydroalcoholic gel was successfully formulated in the
range of 40-50% of ethanol as solvent, more than 10% of propylene glycol, 5% of Transcutol® and 1% of benzyl alcohol.
The skin permeation of piroxicam using hydroalcoholic gel system was greater than that of general hydrogel system
(flux : 139.1-148.2 ug/cmzlhr vs. 43.0-84.5 ug/cmzlhr) in vitro. In carrageenan-induced edema model, the anti-inflammatory
activity of hydroalcoholic gel was better than that of piroxicam hydrogel for edema inhibition (75.1% vs. 62.9%, p<0.01).
In clinical study, each visual analogue of pain scale (improvement point: 15.57 point vs. 3.61 point, p<0.05) and giobal
acceptability assessment (satisfied patients: 76.2% vs. 47.7%, p<0.05) of new hydroalcoholic gel was significantly increased
compared to ketoprofen hydrogel. The inclusion of piroxicam to the hydroalcoholic gel system was found to improve sig-
nificantly the skin permeation in virro and the anti-inflammatory activity in vivo.

Keywords—Hydroalcoholic gel system, Piroxicam, Skin permeation, Anti-inflammatory effects, Efficacy, Acceptability
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Table I-Demographic Data of Patients for Clinical Study
P ters K-gel HA-Alc 50
arame (N=49) (N=49)
Age (years) 523 +219 533 %221
Height (cm) 1599 £ 104 1589 + 9.4
Weight (kg) 59.1 £ 101 564 £92
S Male 12(24.5) 9(18.4)
ex Female 37(75.5) 40(81.6)
Below 1 week 6(12.2) 4(8.2)
Duration of 1 week-1 month 5(10.2) 12(24.5)
ahon o 1-3 months 4(8.2) 4(8.2)
pain 3-12 months 6(12.2) 5(10.2)
Above 12 months 28(57.1) 24(49.0)

Values are given as mean + S.D. & number(percentage)
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Table II-pH of Hydroalcoholic Gels containing 0.5% Piroxicam

Formulations DIPA'/Carbomer 940(w/w) pH
HA-pH 6.3 0.75 6.3
HA-pH 6.7 1.0 6.7
HA-pH 7.3 1.1 73

!diisopropanolamine

Table INI-Alcohol Contents in Hydrogel and Hydroalcoholic
Gels containing 0.5% Piroxicam

. Ethanol ‘Water
Formulations content content p H
Hydrogel H-Alc 35 35 about 45 6.7
. HA-Alc40 40 aboutd0 6.7
Hyd“’afl"h‘mc HA-Alc50 50 about30 6.7
g HA-Alc 60 60 about20 6.7

Values are given as percentage (w/w%).
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Tabel IV-Contents of Cosolvents in Hydroalcoholic Gels
containing 0.5% Piroxicam

Ingredients HA-1 HA-2 HA-3 HA+4
Piroxicam 05 05 05 05 05
Carbomer 940 1 1 1 1 1
Hydroxypropyl cellulose 0.7 0.7 0.7 07 07
Diisopropanolamine 1 1 1 1 1
Ethanol 40 50 50 50 50
Propylene glycol(PG) 5-10 520 10 510 10
Benzyl alcohol(BA) 1 1 0-2 1 1
Transcutol® (TC) 5 5 5 08 5
Polyolprepolymer-2® (PP-2) 0 0 05 05 01
Water qs.  qgs. g.s. q.s.  qs.
Total 100

Value are given as percentage (W/w%).
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Figure 1-Permeation profiles of piroxicam through hairless mouse

skin from formulations having different pH. Data are expressed as

the mean = S.E. (n = 6). Key : O; HA-pH 6.3, ®; HA-pH 6.7, [J; HA-

pH 7.3.
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Figure 2—Permeation profiles of piroxicam through hairless mouse

skin from formulations containing different alcohol content. Data

are expressed as the mean+ S.E. (n=6). Key : O; H-Alc 35(ethanol

35%), ®; HA-Alc 40(ethanol 40%), [1; HA-Alc 50(ethanol 50%), W;

HA-Alc 60(ethanol 60%).
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Figure 3—Permeation profiles of piroxicam through hairless mouse
skin from formulations containing different contents of cosolvents.
Data are expressed as the mean=+ S.E. (n=6). Key : (a) HA-1(O; PG
5%, ethanol 40%, @; PG 5%, ethanol 50%, (0; PG 10%, ethanol
40%, B; PG 10%, ethanol 50%, 2\ ; PG 20%, ethanol 50%), (b) HA-
2(O; BA 0%, @; BA 1%, U; BA 2%), (c) HA-3(O; TC 0%, PG 5%,
®; TC 5%, PG 5%, O; TC 5%, PG 10%, &; TC 8%, PG 8%), (d)
HA-4(O; PP-2 0%, @; PP-2 0.5%, [1; PP-2 1%).
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Table V—Permeation Parameters for Hydroalcoholic Gels compared to Hydrogels (Commercial Products) containing 0.5%

Piroxicam
. Cumulative amount for 6 hr Flux Lag time Permeability coefficient
Formulations (Lgfem?) (ug/cm?/hr) (hr) (cm/hr : 107
HA-Alc 40 608.47 £+ 75.09 148.16 1.84 31.36
HA-Alc 50 538.84 £ 92.46 139.09 2.10 2991
R-gel 362.80 £ 27.60 84.45 1.69 17.40
T-gel 215.70 £ 9.56 43.02 0.70 8.66
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Figure 4-The percentage of edema and edema inhibition in carra-
geenan-induced foot edema model in rat. *significantly different
from control(P<0.001), **significantly different from R-gel(P<0.01)
and data are expressed as the mean=+S.E. (n=6). Key: [J; percen-
tage of edema, M; percentage of edema inhibition, A; HA-Alc 50
(piroxicam hydroalcoholic gel), B and C; R-gel and K-gel (piroxi-
cam hydrogel and ketoprofen hydrogel as commercial products).
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Table VI-Comparisons of Global Efficacy between Two Groups

Parameters HA-Alc 50 K-gel
(N=42) (N=43)
Improved 31(73.8) 24(55.8)
Markedly improved 12(28.6) 4(9.3)
Slightly improved 19(45.2) 20(46.5)
Not improved 11(26.2) 19(44.2)
Not improved 11(26.2) 18(41.9)
Slightly aggravated 00 1(2.3)
Markedly aggravated 0(0) 0(0)

Values are given as number(percentage)

Table VII-Comparisons of Visual Analogue Pain Scale
between Two Groups

Parameters HA-Alc 50 K-gel
(N=42) (N=44)
Baseline 50.57 £ 20.67 39.75 + 2397
2nd day 4436 £+ 23.17* 36.05 £ 23.74
7th day 35.00 + 26.48%* 36.14 £ 27.44
Change (2nd-baseline) 6.21 = 17.81 371 = 187
Change (7th-baseline) 15.57 £ 25.117 3.61 £ 23.92

Values are given as mean £ S.D., *Significantly different from the results
between at baseline and at 7th day(paired t-test, P<0.05), **Significantly
different from the results between at baseline and at 7th day(paired t-test,
P<0.01), *Significantly different from Ketoprofen group(two sample t-
test, P<0.05).
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Table VIII-Comparisons of Global Acceptability between Two
Groups

HA-Alc 50 K-gel
Parameters (N=42) (N =g4 4)
Satisfied 32(76.2) 21(47.7)
Very good 4(9.5) 0(0)
Good 28(66.7) 21(47.7)
Not satisfied 10(23.8) 23(52.3)
Not bad 10(23.8) 20(45.5)
Bad 0(0) 3(6.8)
Very bad 0(0) 0(0)

Values are given as number(percentage)

4 £
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