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Electrotransport of Levodopa through Skin: Permeation at Low pH
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ABSTRACT — In our previous work on levodopa delivery at pH 2.5 using iontophoresis, we found that cathodal delivery
showed higher permeation than anodal delivery and electroosmosis plays more dominant role than electrorepulsion. In this
work, we studied the transdermal transport of levodopa at very low pH (pH=1.0) where all levodopa molecules are cations,
and evaluated some factors which affect the transdermal transport. The transport study at pH 2.5 was also conducted for
comparison. The contribution of electrorepulsion and electroosmosis on flux was also evaluated. Using stable aqueous solu-
tion, the effect of electrode polarity, current density, current type and drug concentration on transport through skin were stud-
ied and the results were compared. We also investigated the iontophoretic flux from hydroxypropyl cellulose (HPC)
hydrogel containing levodopa. In vitro flux study was performed at 33°C, using side-by-side diffusion cell. Full thickness
hairless mouse skin were used. Current densities applied were 0.2, 0.4 or 0.6 mA/cm?. Contrary to the pH 2.5 result, anodal
delivery showed higher flux, indicating that electrorepulsion is the dominant force for the transport, overcoming the elec-
troosmotic flow which is acting against the direction of electrorepulsion. Cumulative amount of levodopa transported was
increased as the current density or drug concentration was increased. When amount of current dose was constant, continuous
current was more beneficial than pulsed current in promoting levodopa permeation. Similar transport results were obtained
when hydrogel was used as the donor phase. These results indicate that iontophoretic delivery of zwitterion such as levodopa
is much complicated than that can be expected from small ionic molecules. The results also indicate that, only at very low
pH like pH 1.0, electrorepulsion can be the dominant force over the elctroosmosis in the levodopa transport.
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Figure 1-Chemical structure of levodopa (M.W. 197.2).
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Figure 3—Cumulative amount of levodopa transported from
phosphate buffer solution at pH 1.0 across hairless mouse skin in-
vitro. Current of 0.4 mA/cm* was applied for 6 hours. Drug
concentration was 5 mg/mL. Each data point represents the mean (+
S.D.) of 3 experiments. l: passive delivery, @: anodal delivery , A
. cathodal delivery.
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Figure 4-Cumulative amount of levodopa transported from
phosphate buffer solution at pH 2.5 across hairless mouse skin in-
vitro. Current of 0.4 mA/cm* was applied for 6 hours. Drug
concentration was 5 mg/ml. Each data point represents the mean
(#S.D.) of 3 experiments. l: passive delivery, @: anodal delivery,
A : cathodal delivery.
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Figure 5-The effect of current density on anodal delivery of
levodopa from phosphate buffer solution at pH 1.0 across hairless
mouse skin in-vitro. Current was applied for 6 hours. Drug
concentration was 10 mg/mL. Each data point represents the mean
(#S.D.) of 3 experiments. l: passive delivery, O: 0.2 mA/cm?®, A
: 0.4 mA/em?, <1 0.6 mA/cm?.
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Figure 6-The effect of pulsatile on anodal delivery of levodopa from
phosphate buffer solution at pH 1.0 across hairless mouse skin in-
vitro. Current of 0.4 mA/cm? was applied for a total of 4 hours. Drug
concentration was 10 mg/mL. Each data point represents the mean
(#S.D.) of 3 experiments. l: passive delivery, O: 1 hour pulsatile(1

hour on-off), A: 2 hour pulsatile (2 hour on-off), : continuous
current.
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Figure 7-The effect of drug concentration on anodal delivery of
levodopa from phosphate buffer solution at pH 1.0 across hairless
mouse skin in-vitro. Current of 0.4 mA/cm?* was applied for a total
of 4 hours. Each data point represents the mean (+S.D.) of 3
experiments. l: 5 mg/ml , @: 10 mg/mL.
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Figure 8—Cumulative amount of levodopa transported from 8 %
HPC hydrogel at pH 1.0 across hairless mouse skin in-vitro. Current
of 0.4 mA/cm? was applied for 6 hours. Drug concentration was 10
mg/0.1 mL hydrogel. Each data point represents the mean (£S.D.) of
3 experiments. ll: passive delivery, @: anodal delivery , A: cathodal
delivery.
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Figure 9-The effect of current density on anodal delivery of
levodopa from 8 % HPC hydrogel at pH 1.0 across hairless mouse
skin in-vitro. Current was applied for 6 hours. Drug concentration
was 10 mg/0.1mL hydrogel. Each data point represents the mean (+
S.D.) of 3 experiments. M: passive delivery, O: 0.2 mA/cm?® A: 0.4
mA/cm?, $: 0.6 mA/cm?.
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Figure 10-The effect of pH on anodal delivery of levodopa from
hydrogel at pH 1.0 across hairless mouse skin in-vitro. Current of
0.4 mA/cm? was applied for a total of 6 hours. Drug concentration
was 5 mg/0.ImL hydrogel. Each data point represents the mean
(= S.D.) of 3 experiments. l: pH 1.0 @: pH 2.5.
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