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ABSTRACT - The objective of this work is to study transdermal delivery of levodopa using iontophoresis and evaluate var-
ious factors which affect the transdermal transport. Levodopa is unstable in aqueous solution, and, in order to establish a
stable condition for levodopa for the duration of experiment, we investigated the stability of levodopa in aqueous solutions
of different pHs with/without the addition of dextrose or the application of current. Using stable aqueous solution, we have
studied the effect of pH, polarity and penetration enhancer (ethanol) on transdermal flux and compared the results. We also
investigated the iontophoretic flux from hydroxypropyl cellulose (HPC) hydrogel. In vitro flux study was performed at 33°C,
using side-by-side diffusion cell. Full thickness hairless mouse skin and rat skin were used for this work. Current densities
applied were 0.4 or 0.6 mA/cm? and current was off after 6 hour application. Stability study showed that levodopa solution
with a pH 2.5 or 4.5 maintained the initial concentration of levodopa for 24 hours with the addition of 5% dextrose. How-
ever, at pH 9.5, levodopa was unstable and 30 to 40% of levodopa degraded within 24 hours, even with the addition of 5%
dextrose. Hydrogel swollen with dextrose added levodopa solution maintained about 97% of the initial concentration of
levodopa for 13 days, when stored in 4°C. The application of current did not affect the stability of levodopa in hydrogel.
Flux study from levodopa solution with pH 2.5 showed that cathodal delivery of levodopa was higher than passive or anodal
delivery. When the pH of the donor solution was 4.5, anodal delivery of levodopa was higher than passive or cathodal deliv-
ery. These results seem to indicate that electroosmosis plays more dominant role than electrorepulsion in the flux of
levodopa at pH 2.5, and the reverse situation applies for pH 4.5. The passive flux was unexpectedly high for the ionized
levodopa. Similar to the results from aqueous solution, cumulative amount of levodopa transported from HPC hydrogel by
cathodal delivery was significantly higher than passive or anodal delivery. The treatment of 70% ethanol cotton ball by
scrubbing increased passive, anodal and cathodal flux, with the largest increase for anodal flux, These results indicate that
iontophoretic delivery of zwitterion such as levodopa is much complicated than that can be expected from small ionic mol-

ecules with single charge. The results also indicate that the balance between electroosmosis and electrorepulsion plays a very
important role in the transport through skin.
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Figure 1-Chemical structure of levodopa (M.W. 197.2).
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Figure 2-Schematic diagram showing iontophoretic delivery of
levodopa from hydrogel.
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Figure 3-Stability of levodopa in phosphate buffer solutions with
different pHs at 33°C. Each data point represents the mean (+S.D.)
of 3 experiments. Filled symbols indicate data from control treatment
and open symbols indicate data from dextrose (5%) treated ex-
periment. B & [1: pH25, @ & O: pH4.5, A & A: pH9S.
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Figure 4-Stability of levodopa in HPC hydrogel; a) during 0.6 mA current application at 33°C, b) during storage at 4°C for 18 days. Each

data point represents the mean (+S.D.) of 3 experiments.
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Figure 5—Cumulative amount of levodopa transported from phos-
phate buffer solution at pH 2.5 across hairless mouse skin in-vitro.
Current of 0.4 mA/cm? was applied four 6 hours. Each data point
represents the mean (£S.D.) of 3 experiments. ll: passive delivery,
@: anodal delivery, A: cathodal delivery.
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Figure 6—Cumulative amount of levodopa transported from phos-
phate buffer solution at pH 4.5 across hairless mouse skin in-vitro.
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Figure 7-Cumulative amount of levodopa transported from 8%
HPC hydrogel across hairless mouse skin in-vitro. Current of
0.4 mA/em? was applied four 6 hours. Each data point represents the
mean (£8.D.) of 3 experiments. ll: passive delivery, @: anodal de-
livery, A: cathodal delivery.
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Figure 8—Cumulative amount of levodopa transported from 8%
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Figure 9-The effect of 70% ethanol treatment on transport from
levodopa loaded hydrogel across rat skin in-vitro. Each data point
represents the mean (+S.D.) of 3 experiments. Filled symbols in-
dicate control experiment and open symbols indicate ethanol (70%)
treated experiment. B & [1: passive delivery, @ & O: anodal de-

livery, & & /\: cathodal delivery.

109 pg/em?®, 105 pg/em?, 174 pg/em®1E] B3 rat FEE
B8 passive, anodal % cathodal delivery®] 10X]7+ ¥3
T2 ZHE 80 pg/em, 70 pg/em, 137 pg/emB thh 7
A YET Rat 955 o]8-¢ 289 4% donor Zo
FEAFANFE o] 4 wiol ¥ 3u) o B2 %9
levodopaZ 2§ (20 thAl 60 pLe slo|=2A8 TR A
) 3 AFAZIE 0.4 mA/em*NA 0.6 mA/em*E F7HA|
HEoE B8l oF AAFOR oF 20% HE FHL Fe
Heliled o] A3 rat 997 FRAF e wrrg £
S g A A o A T vega B 5
Act. durE oz A} wRE raolu} pig, TRAZ] S HR
Hoh F371 P& 2o 4R Jon 53] AR o
e Tt 2 dojue A& gl Ank* Scott &
o] B30l ©J&PH paraquat dichlorided] ¥¥-F32 BW 3
EAF 282l A9 rat Tl Hls] oF 40u) ol E £}

S e

Ethanol®| 10| O[X[= ¥&

Ethanoldll {3t H¥-53 537 G345 Yolidr] st
70% ethanote ol 38 33 EXE $ 919} FU3siA 4
A3ttt Passive, anodal 2 cathodal deliveryolx] R
70% ethanol A2l oJs Fzgo] T/t | AL & F 3
ATh.(Fig. 9) Passive delivery & cathodal delivery®] 7%
°F 20 pglem’®] FAEIF Z7PF BEHJ O anodal
delivery®] 7% 70 ng/em®e] FASHF F7 BEH o

passive & cathodal delivery®] 7ol vlsf| & Z71& Vet
W}, o} A= T3k 70% ethanol X7 AFYRE A 4351
control Aol W] oF 2l A= FARFEIAFS TS
LT3 3t} Ethanol -8 ©]83 E2]2<] rubbing]
3} Z+d39] lipid 7} &2 F 929 ethanol®] 73
W2l T of3) lipid F27F ¥slEa 2 gZo] 9
& S £ AT B3] 4EF9) lipd FEEIE 7
A% FAE A7) B35 JERiA Hol ddxA
Q1 pH 2.5 electroosmosis &35 7+4AA|7]3 electrore-
pulsion £3-& F7HX7IA "tk pH2.594= electroos-
mosis®] 93] electrorepulsion & 77} A A T o] anodal
delivery®] T25350| cathodal delivery®] 7% BT} AA|
YERHE=H ethanol A2l 2|3 electroosmosis T3] 7ha
w] &l anodal delivery?} 53] A F718F A2 AlgH

2 =

£ A7 23 levodopas H714 pHolM & Al&s] Eaf
sy Mg pHellAE w5 P8 dextrosedl] lsiA H

37 dolde L9t} zwitterion?] levodopas] ©]2E X
Alz=e] lo] THEtel] 9%k Faly) AukF o R o] 29 1

3 AREHE AR A UEhS I 3 & e
stol=2 49 pHell m} electroosmosis®] WaFo] WshE M
electrorepulsion®] &7} HitHog Zgate] Fipro]
32 n)Ae Agir). olate] AT A= levodopad] OlLE
FHAlLE 3 7] AsRke 7R 272 Aol His) ui
£ B33l pHoll W} electroosmosis®} electrorepulsion®]
g B I =7 WstEe] Fabl G2 viRe deieth

HAL

10

| e

B AT A3ries 7238 A (@ARS ROL-
2006-000-10889-0)2] A7H] Aoz FY=ALFH.

o

k]

I
o

1. Shoulson, GA. Glaubiger and TN. Chase, On-off
response. Clinical and biochemical correlations during oral
and intravenous levodopa administration in pakinsonian
patients, Neurology, 25, 1144-1148 (1975).

2)J.G Hardman, LE. Limbird, PD. Molinoff, R.W. Ruddon
and A.G. Gilman, Goodman and Gilman’s: the pharma-
cological basis of therapeutics, 9th ed., McGraw-Hill, New
York, U.S.A., pp. 506-513, 1562, 1754 (1996).

J. Kor. Pharm. Sci., Vol. 38, No. 1(2008)



38 Aol - Haat

3)M.A. Mena, V. Muradas, E. Bezan, J. Reiriz and J.G. de
Yebenes, Pharmacokinetics of L-DOPA in patients with
Parkinson's disease. Adv. Neurol,, 45, 481-486 (1987).1996).

4) C.W. Olanow and W.C. Koller, An algorithm (decision tree)
for the management of Parkinson's disease: treatment
guidelines, Neurology, 50(Suppl. 3), pp. S1-S57 (1998).

5)J.L. Juncos, Levodopa: pharmacology, pharmacokinetics and
pharmacodynamics. Neurol. Clin., 10(2), 487-509 (1992).

6)H.D. Kao, A. Traboulsi, S. Itoh and A. Hussain, Enhance-
ment of the systemic and CNS specific delivery of L-dopa
by nasal administration of its water soluble prodrugs,
Pharm. Res., 17, 978-984 (2000).

7)R.C. Scott, RH. Guy and J. Hadgraft, Prediction of
percutaneous  penetration: Methods, Measurements and
Modelling, IBC technical Services, London, UK, pp. 19-33
(1990).

8) GL. Flynn, R.L. Bronaugh and H.I. Mailbach, Percutaneous
absortion, Marcel Dekker, New York, U.S.A., pp. 27-51
(1989).

9)J. Jankovic and M. Stacy, Medical Management of
Levodopa-Associated Motor Complications in Patients with
Parkinson’s Disease, CNS drugs, 21(8), 677-692 (2007).

10) YN. Kalia, A. Naik, J. Garrison and R.H. Guy, Ionto-
phoretic drug delivery, Advanced Drug Delivery Reviews,
56, 619-658 (2004).

11) J.Y. Fang, K.C. Sung, H-H. Lin and C.L. Fang, Transdermal
iontophoretic delivery of diclofenac sodium from various
polymer formulations: in vitro and in vivo studies, Inf. J.
Pharm., 178, 83-92 (1999).

12) B. Langer, New methods of drug delivery, Science, 249,
1527-1533 (1990).

13y AM. Mathur, SK. Mootjani ‘and A.B. Scranton, Methods
for synthesis of hydrogel networks: a review, Macromol.
Chem. Physics, C36(2), 405-430 (1996).

14 MD. Blanco, O. Garcia, R. Olmo, JM. Teijon and L
Katime, Release of 5-fluorouracil from poly (acrylamide-co-
monopropyl itaconate) hydrogels, J. Chrom. B, 680, 243-253
(1996).

15) T. Kankkunen, I. Huuponen, K. Lahtinen, M. Sundell, K.
Ekman, K. Kontturi and J. Hirvonen, Improved stability and
release control of levodopa and metaraminol using ijon-
exchange fibers and transdermal iontophoresis, Eur J.
Pharm. Sci., 16(4-5), 273-80 (2002).

J. Kor. Pharm. Sci., Vol. 38, No. 1(2008)

LA - 059

16)D.J. Stennett, JM. Christensen, J.L. Anderson and K.A.
Parrott, Stability of levodopa in 5% dextrose injection at pH
5 or 6, Am. J. Hospital Pharm., 43(7), 1726-1728 (1986).

17) J.E. Riviere and M.C. Heit, Electrically-assisted transdermal
drug delivery, Pharm. Res., 14(6), 687-761 (1997).

18) V. Merino, A. Lopez, Y.N. Kalia and R.H. Guy, Electro-
repuision versus electroosmosis : effect of pH on the
iontophoresis flux of 5-fluorouracil, Pharm. Res., 16(5), 758-
761 (1999).

19) I.P. Hsu and B.T. Liu, Transport of ions through elliptic ion-
selective membrane, J. Memb. Sci., 142(2), 245-255 (1998).

20)M.J. Pikal and S. Shah, Transport mechanisms in ionto-
phoresis. IIl. An experimental the contributions of elec-
troosmotic flow and permeablity change in transport of low
high molecular weight solutes, Pharm. Res., 7, 222-229
(1990).

21)R.H. Guy, Y.N. Kalia, M.B. Delgado-Charro, V. Merino, A.
Lopez and D. Marro, Electrorepulsion and electroosmosis, J.
Control. Rel., 64, 129-132 (1995).

22) B.D. Bath, H.S. White and ER. Scott, Visualization and
analysis of electroosmotic in hairless mouse skin, Pharm.
Res., 17, 471-475 (2000).

23)D. Marro, RH. Guy and M.B. Delgado-Charro, Charac-
terization of the iontophoretic properties of human and pig
skin, J. Control. Rel., 70, 213-217 (2001).

24)R.C. Scott, M. Walker and PH. Dugard, A comparison of
the in vitro permeability properties of human and some
laboratory animal skins, Int. J. Cosmetic Sci., 8(4), 189-194
(1986).

25)M.J. Bartek, J.A. Labudde and H.JI. Maibach, Skin
permeability in vivo: comparison in rat, rabbit, pig and man,
J. Inv. Dermatol., 58, 114-123 (1972).

26)R.V. Kulkarni, D. Hiremath and P. Sagar, Skin deep:
terpenes can enhance drug permeation, Pharmaceutical
Jormulation & quality, Oct./Nov., Carpe Diem-A Wiley Co.,
Hoboken, New Jersy, U.S.A. (2007).

27)S. K. Rastogi and J. Singh, Lipid extraction and transport of
hydrophilic solutes through porcine epidermis, Int. J
Pharm., 225, 75-82 (2001).

28) E. Manabe, K. Sugibayashi and Y. Morimoto, Analysis of
skin penetration enhancing effect of drugs by ethanol-water
mixed systems with hydrodynamic pore theory, Int J
Pharm., 129, 211-221 (1996).



