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Preparation and Evaluation of Adhesive Hydrogel of
Ketoprofen Using Microsphere System
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Abstract Ketoprofen is one of the propionic acid class of nonsteroidal anti-inflammatory drug with analgesic and antipyretic
effects. The most common side effects from ketoprofen after oral administration are gastrointestinal irritation,
diarrhea, abdominal pain and retention of fluid. Ketoprofen was formulated as water-soluble gels to reduce these
side effects. To increase the skin permeability of ketoprofen, microsphere containing ketoprofen was prepared with
chitosan and ploy-e-caprolactone. And then prepared microsphere was manufactured as an adhesive hydrogel
with polyvinylpyrrolidone K-25, polyethylene glycol 4000, and various permeation enhancers. The flux and
permeability of ketoprofen were evaluated. As the concentration of tween 80 and enhancers increased, the flux
of ketroprofen was accelerated. Also the permeation rate was facilitated by enhancers, but did not affect the
lag time. From these results, the adhesive hydrogel using microsphere could be a good delivery system for

ketoprofen to improve the skin permeation.
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AlekS & = ketoprofen (Ildong Pharmaceutical Co., Seoul,
Korea), chitosan (low molecule, Sigma-Aldrich, St. Louis,
MO, USA), PVP K-25 (BASF, Ludwigshafen, Germany),
PEG 4000 (Samchun Chemical, Seoul, Korea), oleic acid
(Daejung Chemicals & Metals Co., Seoul, Korea), lauryl
alcohol (Sigma-Aldrich, USA.), linoleic acid (ICN Biomedicals
Inc., Costa Mesa, CA USA), poly-e-caploractone (Wako Pure
Chemical Industries, Osaka, Japan), zinc oxide®} Tween
80-2 Duksan Pure Chemicals Co. (Ansan-si, Korea)ol| 4],
HPLC-§ methanol J.T. Baker (Seoul, Korea)ollA ¢
sfe] ALgSlgO P, 1 9)9) Aok BlE S EE 1T
< AHgsidct.

717]2% Rheometer (Brookfield Engineering Laboratories,
Inc., MA, USA), Centrifuge (Hanil Science Industrial,
Incheon, Korea), Franz diffusion cell (Bull Co., Ltd., Seoul,
Korea), Ultra-Turrax homogenizer (IKA Inc., Werke,
Germany), Vortex mixer (Scientific Industries, Inc.,
Philadelphia, PA, USA), HPLC (Shimadzu Co., Kyoto,
Japan), Sonicator (Kodo Technical Research Co., Seoul,
Korea), Scanning Electron Microscope (Hitachi High-
Technologies Co., Tokyo, Japan) 5= A3t}
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Table 1. Formulation of microsphere
Ingredient Amount
Ketoprofen 30g¢g
Poly-e-caprolactone 45 g
Chitosan 07 g
Dichrolomethane 45.0 mL
Water g.s to 70
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Table 2. Formulations of Ketoprofen adhesive hydrogels
containing various ingredients

. Formulation
Ingredient

A B C D E F G H |
KP microsphere sol'n 70 70 70 70 70 70 70 70 70
PEG 4000 8 9 9 9 9 9 9 9 9
PVP K-25 4 4 8 4 4 4 4 4 4
ZnO 2 2 2 2 2 2 2 2 2
Lauryl alcohol - - - -1 - - - -
Linoleic acid - - - - - 1 - - -
Oleic acid - - - - - - 1 3 5

Water g.s to 100
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B AR AT,
n=T/D
n = Viscosity

T = Shear stress (Pa)
D = Shear rate (sec'l)
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Fig. 1. Scanning electron microscope of Ketoprofen loaded
microsphere.
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Table 3. Mean viscosity of formulations of Ketoprofen adhesive

hydrogels using microsphere system at constant shear
rate 45 sec” at 25°C

Formulation Apparent Viscosity (cps)
A 1219 + 132
B 982 + 86
C 1097 + 47
D 954 + 61
E 967 + 89
F 961 + 104
G 975 + 57
H 934 + 34
| 912 + 83

The results were expressed as the average of triplicate
experiments with S.D.
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Fig. 2. Permeation profile of Ketoprofen through excised mouse

skin from adhesive hydrogel containing PVP K-25 and

PEG 4000. The results were expressed as the average

of triplicate experiments with S.D.

Table 4. Permeation parameters of Ketoprofen through excised
mouse skin from adhesive hydrogels containing various

ingredients
Permeation Parameters®
Formulation 2
Js (pg/ecm/hr) T. (hour)

A 29.32 £ 1.25 0.12 = 0.01
B 30.57 + 1.84 0.14 = 0.06
(o} 27.74 £ 1.14 0.15 = 0.04
D 28.95 = 1.21 0.23 = 0.09
E 34.06 £ 2.01 0.15 = 0.05
F 23.94 + 1.98 0.10 = 0.01
G 34.78 £ 2.25 0.14 = 0.08
H 36.25 + 2.78 0.13 = 0.01
| 38.65 + 3.18 0.13 = 0.04

@ Js : steady-state permeation rate, T : lag time.
The results were expressed as the average of triplicate
experiments with S.D.
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Fig. 3. Permeation profile of Ketoprofen through excised mouse
skin from adhesive hydrogel containing Tween 80. The
results were expressed as the average of triplicate
experiments with S.D.
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Fig. 4. Permeation profile of ketoprofen through excised mouse
skin from adhesive hydrogel containing enhancers.
The results were expressed as the average of triplicate
experiments with S.D.
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Fig. 5. Permeation profile of Ketoprofen through excised mouse

skin from adhesive hydrogel containing enhancer of

various concentration. The results were expressed as

the average of ftriplicate experiments with S.D.
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