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Anti-inflammatory Activity of Ketoprofen Soft Hydrogel
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ABSTRACT—Ketoprofen together with various permeation enhancers was incorporated into a novel soft hydrogel which
is semi-solid in a container and to form a thin film within a few minutes after applying on the skin. The effect of various
enhancers on the skin permeation of ketoprofen from a soft hydrogel was investigated using in vitro and in vivo method.
In vitro rat skin permeation of ketoprofen from soft hydrogel was conducted using modified Keshary-Chien diffusion cells.
In vivo ketoprofen absorption was also investigated in rats, and the results were compared with that of commercial products.
Anti-inflammatory activities were determined using carrageenan-induced paw edema method and adjuvant-induced arthritis
method in rats. The anti-inflammatory activity of ketoprofen soft hydrogel formulation with that of commercial products
were compared. In vitro as well as in vivo studies showed that HPE-101® was the most effective skin permeation enhancer
among those used in this study. Addition of an adhesive (polyisobutylene) in the soft hydrogel decreased skin permeation
of ketoprofen. Paw edema and anti-arthritis tests showed that soft hydrogel containing HPE-101® was more effective than
the commercial products, which was consistent with the in vivo absorption experiment results.

Keywords—Soft hydrogel, Ketoprofen, Permeation enhancer, Percutaneous absorption, Anti-inflammatory activity,
Carrageenan-induced paw edema, Adjuvant-induced arthritis
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Table I-Composition of Soft Hydrogel

Poly vinyl pyrollidone o-acrylic acid
Poly (vinyi alcohol) (PVA)
Polyisobutylene (PIB)
Glycerine
Poly(ethylene glycol) (PEG)
Propylene glycol (PG)
Dimethylformamide
Ethanol
Tween 60
Span 60
Penetration enhancer
Ketoprofen
Aq. Dest
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Figure 1-Skin permeation profiles of ketoprofen from soft hydrogel
containing various enhancers in in vitro test. The values are mean
S.D.(n=5). Key : O ; Control, @ ; HPE-101®, 4 ; PIB-HPE-101°,
¥V 5 C Product, A ; Transcutol.
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Figure 2—Plasma concentration profiles of ketoprofen from soft hy-
drogel containing various enhancers in in vivo test. The values are
mean+$.D.(n=5). Key : O ; Control, @ ; HPE-101%, @ ; PIB-
HPE-101%, A ; Transcutol, V ; C Product.
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Table 1I-Inhibition Percent of Edema Formation in Carragee-
nan-induced Paw Edema Test by Various NSAID's Transdermal
Preparations at the Dose of 30 mg/rat

Group No.ofRats % Swelling % Inhibition
ADA-Control 18 63.53 £ 9.51* -
A Product
+
(0.75% Indomethacin) 24 39.87 £ 8.75 37.24
B Product
(3% Ketoprofen) 24 3461 £ 548 4552
C Product
+
(3% Ketoprofen) 24 36.65 £ 4.85 42.29
Soft Hydrogel +
(39" Ketoprofen) 24 24.54 + 6.65 61.37
*mean + S.D.
Agl Hlsle] 3 FEF EHE Vel REE o)

&3 ke i SR A3olN o] IAEHE Hu)
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hydrogel(HPE-101%) 30 mgg 43 T3l o Hujol
HFE2AAES vepd Ao A"

2E gt

& APAME Pearson'0] 19k A wlE} HE
o] & adjuvantE: FAlst TAEGL A
Adjuvants F1F3F Q@ 24ho)) soft hydrogel(HPE-101®) 2
HEAIEES S04 0 ALE5L o) Hge AAd] 9
T FHEY A €S 3N AdjuvantE RES W
Higtof FARSIH dutgow 7 e FA3] Hojoan 3
AATE 10A7K) F{E £ HFHEY) o2 7] (acute
phase)et Tt} 22T 10 o] FREHE ] HasEE
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4 IA JAFATHp < 0.05). ZHzke] Ao A wiR|uh &
A 2497 adjuvant§RE FAVE F 2L R HE
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A=MER 3R A products 313%, 3% AEFZA &4
B product= 30.5%, L8] soft hydrogel (HPE-101®)&
26.5%% ERL soft hydrogel(HPE-101%)0] 7P @e 2
HF7H-E Hola It} Figure 494 HE ule} o] ke
< TSR] 92 o] U] HuEseS ADA Uiz
T2 19.01%, 0.75% JQ=HER! FF A products 10.0%,
3% AEF=Z3H &-H B products 394%, 18] soft
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Paw volume increased rate (%)

75

Time (days)
Figure 3—Absolute volume of rat paws inoculated with adjuvant for
preventive anti-arthritic activity in adjuvant-induced arthritis model.
The values are mean+S.D.(n=5). Key : O ; ADA control, A ; A
Product, ¥ ; B Product, @ ; Soft hydrogel(HPE-101®).*Signjf-
icantly different from control group(p < 0.05).

130 =

Paw volume increased rate (%)

80 -
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Figure 4—Absolute volume of uninoculated, untreated hind paw of
rats for preventive anti-arthritic activity in adjuvant-induced arthritis
model. The values are mean+S.D.(n=5). Key: O ; ADA control,
A 5 A Product, ¥ ; B Product, @ ; Soft hydrogel(HPE-101%).
*Significantly different from control group(p < 0.05).

hydrogel(HPE-101%) -7.09%% Jelst}. zhzte] Ag 2o
adjuvants FANGH §- FEE FoIdt HEQ] X 4 ¢

Zto] HE FyS7hs 25 soft hydrogel(HPE-101%) &
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Body weight increased rate (%)
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Figure 5—Percentage of body weight increase of rats for preventive
anti-arthritic activity in adjuvant-induced arthritis model. The values
are mean + S.D.(n=5). Key : O ; ADA control, A ; A Product, ¥
B Product, @ ; Soft hydrogel(HPE-101%).
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Figure 6—Absolute volume of uninoculated, untreated hind paw of
rats for therapeutic anti-arthritic activity in adjuvant-induced ar-
thritis model. The values are meantS.D.(n=5). Key: O ; ADA
control, & ; A Product, ¥ ; B Product, @ ; Soft hydrogel(HPE-
101%). *Significantly different from control group (p<0.01).

2 Algddh
4 =

1. Soft hydrogel2 %€ AEFZH | HE&To) 71 &
FFE vXE T4 SHAE in vitro test 14 HPE-101®
ol & T UATE T YA FLFHI e NSAD
- Al LAAS} in vive test BlaL A Al 9]-&x)
Ae 73 SAAE AMS3A ¥ soft hydrogels} B]sgt
WU oS RAFEQoH, soft hydrogel(HPE-101%)0] 714
8 e FE eI

2. IR HAYE FAANE FHOE FF F4A
(polyisobutylene)E 3713t soft hydrogel(PIB-HPE-101%)2]
in vitro FE W& 2 in vivo 5 £5E PIB7} FA71EA
%22 soft hydrogel(HPE-101%) AjAol] ¥]3led tha 73438}

< %S JERiRIT

3. 345 28 SFgFe] skl Jleb g - %
% AN soft hydrogel(HPE-101®)¢] HZF AJA&&
6137%2 HRZAF = 3% AELTZH TF& AFEY
42.29%, 4552% 2B 0.75% AEHEA FT&A A <]

37.24%°) H]3le] 258k JERIATE
4. AdjuvantE Ed FEE dPPEFA= soft hydrogel
(HPE-101®)% 2 NSAID ¥+ A% AETL ADA R



w3 v AES An Fo8 IA ¢ BEE AWE
HE VERSItHp < 0.05). &£ Adjuvant2 FHE #HEY X
8 EI= ADA tixiol H|ste A AREst NSAID
i ARl BT 7ol Je BEE As5EAE JE

4

YAtHp < 0.01).
Aol e
E A7E BARRE R Er e daAe] Q) 2
Ak A r)E shed rRAguE FYPEN e o)

Mo
o

1) V.V. Ranade, Drug delivery systems. 6. Transdermal drug
delivery, J. Clin. Pharmacol., 31, 401-418 (1991).

2) American Hospital Formulary Service, Drug Information®,
1416-1422 (1996).

3)SH. Kam, E.S. Park and S.C. Chi, Skin permeation of
indomethacin from gels, J. Kor. Pharm. Sci., 25, 129-136
(1995).

4)S. Miyazaki, T. Tobiyama, M. Takada and D. Attwood,
Percutaneous absorption of indomethacin from pluronic F127
gels in rats, J. Pharm. Pharmacol., 47, 455-457 (1995).

5)ED. Vos, C.D. Muynck, M. Geerts and JP. Remen,
Percutaneous absorption of indomethacin from transparent
Oil/Water gels in rabbits, J. Pharm. Pharmacol., 43, 237-241
(1991).

6)T. Yano, A. Nakayawa, M. Jsuji and K. Noda, Skin
permeability of various non-steroidal anti-inflammatory drugs
in man, Life Sci., 39, 1043-1050 (1986).

7)S.C. Chi and HW. Jun, Release rates of ketoprofen from
poloxamer gels in a membraneless diffusion cell, J. Pharm.
Sci., 80, 280-283 (1991).

8) HK. Tan, S.C. Chi and H-W. Jun, Anti-inflammatory activity
of ketoprofen gel, J. Kor. Phar. Sci., 24, 17-24 (1994).

9 T. Yano, N. Higo, K. Fukuda, M. Tsuji, K. Noda and M.
Otagiri, Futher evaluation of a new penetration enhancer,
HPE-101, J. Pharm. Pharmacol., 45, 775-778 (1993).

10) T. Yano, N. Higo, K. Furukawa, M. Tsuji, K. Noda and M.
Otagiri, Evaluation of a new penetration enhancer 1-[2-
(Decylthio)ethyl]azacyclopenta—2—one(HPE-_1()1), J. Pharmaco-
bio. Dyn., 15, 527-533 (1992).

143

11) D.S. Yim, LJ. Jang, S.G. Shin, JH. Yoo and H.C. Eun,
Pharmacokinetics and skin irritation of transdermal keto-
profen, Kor. J. Chin. Pharm. Ther., 2, 21-27 (1994).

12) HXK. Tan, S.C. Chi and H.W. Jun, Percutaneous absorption of
ketoprofen form gel preparations, J. Kor. Pharm. Sci., 24, 11-
16 (1994).

13) M. Fukuhara and S. Tsurufuji, The effect of locally injected
anti-inflammatory drugs on the carrageenan granuloma in rats,
Bio. Pharm., 18, 475-484 (1969).

14) S.W. Martin, A.J. Stevens, B.S. Brennan, D. Davies, M.
Rowland and J.B. Houston, The six-day-old rat air pouch
model of inflammation : Characterization of the inflammatory
response to carrageenan, J. Pharmacol. Toxicol. Methods, 32,
139-147 (1994).

15) S. Yoshino, Suppression of adjuvant arthritis in rats by oral
administration of type II collagen in combination with type I
interferon, J. Pharm. Pharmacol., 48, 702-705 (1996).

16) S.W. Martin, A.J. Stevens, B.S. Brennan, M. Rowland and
1.B. Houston, Pharmacodynamic comparison of regional drug
delivery for non-steroidal anti-inflammatory drugs, using the
rat air-pouch model of inflammation, J. Pharm. Pharmacol.,
47, 458-461 (1994).

17) C.M. Pearson, Development of arthritis, periarthritis and
periostitis in rats given adjuvants, Proc. Exp. Bio. Med., 91,
95-101 (1956).

18) Hisamitu confidential paper, Hisamitsu pharmaceutical Co.
INC., Tokyo, Japan (1992).

19) PC. Wu, J.Y. Fang, Y.B. Huang and Y.-H. Tsai, In vitro effect
of penetration enhancers on sodium nonivamide acetate in rat
skin, Biol. Pharm. Bull., 18, 1790-1792 (1995).

20) C.H. Liu, HO. Ho, M.C. Hsieh, T.D. Sokoloski and M.T.
Sheu, Studies on the in-vitro percutaneous penetration of
indomethacin from gel systems in hairless mice, J. Pharm.
Pharmacol., 47, 365-372 (1995).

21) JH. Satterwhite and F.D. Boudinot, High-performance liquid
chromatographic determination of ketoprofen and naproxen in
rat plasma, J. Chromato., 431, 444-449 (1988).

22) K. Sugibayashi, S. Nakayama, T. Seki, K. Hosoya and Y.
Morimoto, Mechanism of skin penetration-enhancing effect by
laurocapram, J. Pharm. Sci., 81, 58-64 (1992).

23) C.A. Winter, E.A Risley and G.W. Nuss, Carrageenan-induced
edema in hind paw of the rat as an assay for anti-inflammatory
drugs, Proc. Soc. Exp. Bio. Med., 111, 544-547 (1962).

24) J.G. Lombardino, Nonsteroidal antiinflammatory drugs, John
Wiley & Sons, New York, U.S.A. (1985).

J. Kor. Pharm. Sci., Vol. 29, No. 2(1999)



