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Iontophoretic Transport of Ketoprofen
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ABSTRACT-We have studied the effect of polarity, current density, current duration, crosslinking density, swelling ratio,
and permeation enhancers on the transdermal flux of ketoprofen from acrylamide hydrogel. Hydrogel was prepared by free
radical crosslinking polymerization of acrylamide. Drug loading was made just before transport experiment by soaking the
hydrogel in solution containing drug. In vitro flux study using hairless mouse skin was performed at 36.5°C using side-by-
side diffusion cell, and the drug was analysed using HPLC/UV system. The result showed that, compared to passive flux,
the total amount of drug transported increased about 18 folds by the application of 0.4 mA/cm? cathodal current. Anodal
delivery with same current density also increased the total amount of drug transported about 13 folds. It seemed that the
increase in flux was due to the electrorepulsion and the increase in passive permeability of the skin by the current appli-
cation. Flux increased as current density, the duration of current application and loading amount (swelling duration)
increased. As the crosslinking density of the hydrogel increased, flux clearly decreased. The effect of hydrophilic enhancers
(urea, N-methyl pyrrolidone, Tween 20) and some hydrophobic enhancers (propylene glycol monolaurate and isopropyl
myristate) was minimal. However, about 3 folds increase in flux was observed when 5% oleic acid was used. Overall, these
results provide some useful information on the design of an optimized iontophoretic delivery system of ketoprofen.
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Figure 1-Swelling kinetics of hydrogel in 1N-NaOH:HEPES (pH

7.4)=0.6:20 (v/v) solution at 25°C. W; weight of swollen hy-
drogel, Wy; weight of dried hydrogel.
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Figure 2-The effect of hydrogel batch variation on flux. Cathodal
current of 0.4 mA/cm? was applied for 10 hours. Drug loading in
hydrogel disc was 1.5 mg. Results are expressed as mean + S.D. of
three experiments. Batch to batch variation of hydrogel was very
low (P>0.1). @: batch 1, [3: batch 2, A : batch 3.
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Figure 3-The effect of polarity on flux. Drug loading was made just
before transport experiment by swelling in 1N-NaOH/HEPES (pH
7.4) =0.6:20 (v/v) solution (pH 7.4) containing ketoprofen. Drug
loading in hydrogel disc was 1.5 mg. Current of 0.4 mA/em? was
applied for 10 hours. Results are expressed as mean = S.D. of three
experiments. @: cathodal delivery, [: anodal delivery, A: passive
delivery.
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Figure 4-The effect of polarity on flux. Drug loading was made just
before transport experiment by swelling in 1N-NaOH/HEPES (pH
7.4) =2:15 (v/v) solution (pH 12) containing ketoprofen. Drug load-
ing in hydrogel disc was 1.5 mg. Current of 0.4 mA/cm? was ap-
plied for 10 hours. Results are expressed as mean +S.D. of three
experiments. @: cathodal delivery, [1: anodal delivery, A: passive
delivery.
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Figure 5-The effect of current density on flux. Drug loading was
made just before transport experiment by swelling in 1N-NaOH/
HEPES (pH 7.4) =0.6:20 (v/v) solution (pH 7.4) containing ke-
toprofen. Anodal current of 0.2, 0.4 or 0.6 mA/cm? was applied for
10 hours. Drug loading in hydrogel disc was 1.5 mg. Results are ex-
pressed as mean £ S.D. of three experiments. @: 0.6 mA/cm?, [
0.4 mA/cm?, A : 0.2 mA/cm?
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Figure 6-The effect of current density on flux. Drug loading was
made just before transport experiment by swelling in 1N-NaOH/
HEPES (pH 7.4) =0.6:20 (v/v) solution (pH 7.4) containing ke-
toprofen. Cathodal current of 0.05, 0.1, 0.2, 0.4 or 0.6 mA/cm’® was
applied for 10 hours. Drug loading in hydrogel disc was 1.5 mg. Re-
sults are expressed as mean +S.D. of three experiments.

O: 0.6 mA/cm?, @: 0.4 mA/cm?, [J: 0.2 mA/cm?, A: 0.1 mA/cm?;
O 0.05 mA/cm?.

gél i slEEo] SAsEE wA ok 254E A
o] 43l FE-E AHA7A e o3 FoA Zog
olgfd & Qth. AFA7I7E I 7S AR olyH
FEY s FAAZ old=le dEYo] K] Yo} F
H=rt SRR, AR AZ)7E 8 eid A FoAE
Aol FEYe] TR FHEEs 238 24 = 3
o wEbA 04 mA/em®] HFA7] 7R Fae] 7t
FE=E, AFAZ7E 06 mAlem*E Z71HE A4 AA7A
o] s FRrrt e38 gasks Aog 39

SSTEA] SR [0] E FafE-AFAM 77t STV
5 FH=E v 8l F718ATE 04 2 0.6 mA/cm®e] 2
FAZI2 AL o Fams 24 22 AEAR] F
A% 718 Boltt MAI8] A4S ok oA S7ishs &
+& e IthFigure 6). 29 F4% F3wo] Z7k= 3
o=z HWo) EA18k= 2FE9 burst effectol] 2§ AL
2 AEET AFAZIE 02, 0.1 2 0.05 mAm*E 23
€ W] A3 burst effects= FREA Y 1 A7) A3

B2 n olFe BAAYE Faslgic. £ALN

2 =2

= o] Z+2 burst effect/} HFER] dofon ol &FHY
7} vlo]23lE oFEe] Wil o FRE Fiiive

7tE=7t £R20| 0|Xl= Yk
7higdtel o) E stol==Ae] A, twke] W
slol|l 23] swelling kineticsE B3 ThFet Ee]a AJ2o)

40+

§

Flux (ug/hricm?)
S

T
104 \E/E k
0 T T T L
0 5 10 15 20

Time (hr)

Figure 7-The effect of crosslinking density on flux. Cathodal cur-
rent of 0.4 mA/cm? was applied for 10 hours. 1.5 mg of ketoprofen
was loaded into hydrogel. Results are expressed as mean +S.D. of
three experiments. @: 10%, [1: 3.3%.
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Figure 8-The effect of duration of current application on flux.
Cathodal current of 0.4 mA/cm? was applied for 2, 4 and 10 hours.
Drug loading in hydrogel disc was 1.5 mg. Results are expressed as
mean + S.D. of three experiments, @: 10 hrs, [1: 4 hrs, A: 2 hrs.
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Figure 9-The effect of swelling duration (loading amount) on flux.
Cathodal current of 0.4 mA/cm® was applied for 10 hours. Results
are expressed as mean + S.D. of three experiments. @: 30 min (2 mg
loading), [1: 15 min (1.5 mg loading), A: 5 min (1.0 mg loading).
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Figure 10-The effect of hydrophilic enhancer on flux. Cathodal
current of 0.4 mA/cm? was applied for 10 hours. Drug loading in
hydrogel disc was 1.5 mg. Results are expressed as mean + S.D. of
three experiments. @: no enhancer, <: 5% urea; [1: 5% N-methyl
pyrrolidone, A : 5% Tween 20.
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Figure 11-The effect of hydrophobic enhancer on flux. Cathodal
current of 0.4 mA/cm* was applied for 10 hours. Drug loading in
hydrogel disc was 1.5 mg. Results are expressed as mean + S.D. of
three experiments. @: no enhancer, [1: 5% oleic acid, &: 5% pro-
pylene glycol monolaurate, <: 5% isopropyl myristate.
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Figure 12—-Comparision of flux betweéen acrylamide hydrogel and
karaya gum. Cathodal current of 0.4 mA/cm® was applied for 10
hours. 1.5 mg of ketoprofen was loaded into the disc (acrylamide
hydrogel or karaya gum). Results are expressed as mean = S.D. of
three experiments. @: acrylamide hydrogel, [J: karaya gum.
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