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| Abstract |

PURPOSE: The purpose of this study was to compare the
effect of current density on penetration depth, tissue
concentration and transdermal transport of methylene
blue(MB) by iontophoretic transdermal delivery.

METHODS: Twenty-four male Sprague-Dawley rats
were randomly divided into 1 mA(0.11 mA/cir), 2 mA(0.22 mA/
cm), 4 mA(0.44 mA/c), and 8 mA(0.89 mA/crf) groups. These rats
were exposed to anodic iontophoresis of 1% MB using a direct
current for 15 minutes. The penetration depth were measured
using light microscopy from cryosections of skin tissue. The
tissue concentration and transdermal transport were
measured using biochemical analysis from target skin tissues.
The data were analyzed with one-way analysis of variance.
RESULTS: The significant differences in the penetration
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depth, tissue concentration and transdermal transport were
detected among the groups(p<.001). Post hoc comparisons of the
penetration depth, tissue concentration and transdermal transport
ofhe 2 mA, 4 mA, and 8 mA iontophoresis groups were greater than
in the 1 mA iontophoresis group(p<.05). There was no
significant difference, however, among 2 mA, 4 mA, and 8 mA
iontophoresis group.

CONCLUSION: There was no difference in the
efficiency of iontophoresis from 2 mA(0.22 mA/cr) to 8 mA(0.89
mA/cm). Higher current density can cause skin injury and
discomfort sensation. In general, 0.5 mA/ci is proposed to be
the maximum iontophoretic current which should be used on
human. The appropriate current amplitude should be selected
by considering the safety current density and the depth of the

target tissue.
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ohZ A (drg delivery system, DDS)&= 7] jof
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40-707)¢] M= Farsto] oREo) F1 8-50] 0.1%0]
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Fig 1A. Visualilzation of MB penetration following
iontophoresis. Bluish- stained MB can be seen
in the cryosections from rat skin. E: epidermis,
D: dermis, H: hair follicles, S: sebaceous
glands. Light microscopy: 100x, Bar: 100 /m.
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. Photomicrographs(light microscopy, 40x) of
cryosections of rat skin after MB iontophorsis
for 15 minutes. a. 1 mA, b. 2 mA, c. 4 mA
and d. 8 mA. Bar: 100 um.
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. Comparisons of penetration depth of MB in
the cryosections of rat skin. There were
significant differences in the penetration
depth among the groups(p<.001). Post hoc
comparisons revealed that 2, 4 and 8 mA
groups have the deeper penetration comparing
1 mA group(*;p<.05). Values are meantstandard
deviation(n=24).

2o H(p<05), 2 mA2} 4 mA % 8 mA o] 2%=9]
= FAH R Fofgt Aol 7} ¢l i n(Fig 10).
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Table 1. Means and standard deviations (S.D.) of penetration depth, tissue concentration and transdermal transport

of MB in 1, 2, 4 and 8 uA iontophoresis groups

1 mA 2 mA 4 mA 8 mA F P
Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D.
Penetration Depth (¢m) 91.10£105.72  278.09+55.59 320.38+109.99 293.71+54.14 8.965 .001
Concentration (mg/l g) 0.18+0.13 0.46+0.16 0.64+0.17 0.56+0.13 11.518 .000
Transport (yg/cm) 39.114+25.36 102.58+31.86 143.67+27.37 134.09+28.28 16.688 .000
10 200
08 |-
= g 150
E e
S 06 =
2 E- 100
Zos | E
2 50 |
202 i
0.0 0
1ma 2 4mA 1mA 4mA SmA
Amplitude Amplitude

Fig 2. Comparisons of tissue concentration (mg/g tissue)
in the rat skin. There were significant differences
in the tissue concentration among the groups
(p<.001). Post hoc comparisons revealed that 2,
4 and 8 mA groups have the higher tissue
concentration comparing 1 mA group(*;p<.05).
Values are meanzstandard deviation(n=24).

2AHow §olgt Aol
p<.001)(Table 1), 0| = AFZA A3 A3} 2 nA, 4 nA &
8 A o] 2mQFo] 1 mAwTh AEeo] HolsiA) woke
H(p<05), 2 1A%} 4 A 9 8 nh O] LEQIF 7ho= £
How goldt Hol7h slitkFig 2).

HATHF=11.52, df=3,

SIS

() 3 AU B2 e
Jreo W o B0 ] 5
9 20 AR SO Aol 2
o} (F=16.69, df=3, p<.001)(Table 1). 0|2 AFZAREL 2
2 A 4 mA 9 8 mA o} &= 9lo] | mANTh A Jedefo)
G015 WL (p<05), 2 mAS} 4 mA L 8 mA o] 2EQJT
7t EAM R Sofst Aol 99t (Fig 3).
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Fig 3. Comparisons of transport (ug/cm) in the rat
skin. There were significant differences in the
tissue concentration among the groups(p<.001).
Post hoc comparisons revealed that 2, 4 and
8 mA groups have the higher tissue concentration
comparing 1 mA group(*;p<.05). Values are
meantstandard deviation(n=24).
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o EFE 3911 pgenQl 1 mAR T2 mA, 4 mA, § mA2)
o] &= Qlo] Zkz} 2,628, 3.67u), 3438 o Wo| W3}
gdon 2-4 mAo} 8 mAZE X}o|7} it
oL glol w2 oFgel 24 AF] et
MRS AZsle] ZEAE BHolA o] LEQE A:
3lar Grfjel] 2k of=9l & S48k in vim Ao
F25 o]F 11 Ut} (Siddoju 5, 2011; Cazares-Delgadillo
%5, 2010; Xu 5, 2009; Vemulapalli 5, 2008). 7]&2] A+
of o] 2 A in vivoollA] Fle] )Rl K ol
QI Ak TRE HEelo] WEag weluE o

N

_M#

Sde 249

ol £Eglo] mE Fhe Ao FEE oFRol ot
Zolo] upet hzn], o] £ elo] o8| Ao
sl ok o] ot ol A5o] Ame} BAARE
of wheh AA T ol % A Wi 4w 571

sl oo ol FHIAT 3 ol

2007).

ARYEL o] 2EY HE A B3
Bat asold dgics 24 0
ol o=, A4 210 Yrrg F}
olck FAyslol AFAEA AFEY Wlskots)
ol ola) T3 4ol SurEl] HEo] WF7t
H Iz E|ojof 3ttt (Hage 5, 1997). Prasad 5(2011)0] AY
2] 53] 1217 £F O LERIS Alsie At e
24 3 5 43 Gongiosy 7 e 5ol
Ry g Fadl Sabo] UERton, 0.2 nAere] B
AF Yo A= 24A17E ool 35 2} o] /\1”5101
48 At ool eskAl S| EEH AAE 0.5 nA/ene] &

2

il

ot oZ:
du ju =
1o rr o,

2 & o

& oll
o o

r_>i
e

)

& AU A ol Pl 225k wap
ssel opm gt ) S 9 SEalo] 2 &4

o] A&H Utk BilskGiet Li 5 (2005)9] A=
o2 3AIZE FeF o] 2= de AlRHgE ARt 0.25 nA/
] 7oAl - ek WA af BFo] Lehdth
ar Eiﬁ}‘ﬂ‘:} 2 ol dAtollM e AR A=t
2 37)8 Raslx g ARUE AA 9lof
Mzﬂ ol 2§ Al M7 Fwg Aeisol k= )it
A4l 94 2gsb] ofele BAZE k.
AulA o 2 o] &E9lL |58 olgl2 &85l ui
o] &Ato| Qo] OFAEHA AFET 4= Q= AFUE=
0.5 mA/en 0|3} Y arskal It (Singhdt Maibach, 1994;
Dixit 5, 2007).
3emx 3em(9car) 2719 AFE AFESlY 158
b o]& w9 Al E o7Lol A 2 mA, 4 mA, 8 mA
7F & Zlo)o} %A Y &g 9l AHu| L4gfFo] 8.9]
3 zpol7} gigick. I 8 mho] ZAEE AMES A
o2& Qo] o] AT AFUET} 0.89 mA/criof o]
27] wzel w7 4] fde] & 4 L, 1 nAg]



2 HRUT0N ME HE 529 LM Quf Hiu | 139

FEE AT 7 AREETF0.11 nhero] 23]
oot v 4] flfo] WA o] REjle] e
Sk upebA o] 2=9lo) AES ol wF &40
ddol glo] A ol E A& A=
4 nA ofse] AFHFEE AdEsto] AFUES 0.5 nier

olstm Agsl Aol Asittn AlmErt

Ol Lwge Wash o Hejolut Mgjgon oz
& Agsis wH A ol n B BRERT)
Gl B9lo] obEe AYT 4 Q= BEHY W]
o} oleEQe HF FES} AZHS 2] ok ol
24 ) A= Zolo} YEeke 243 4 9lrk Leed)
Choi (2011)2] Q104 AlZto] T ol ewgle] 78
2 AN ek A olu] AwE 7|2 ojokE
Age w229 Zdolof uet AR B} A|7HS
sto] thobet Asko] BRa7E 7)ot

Aol 215 wjFof AN 31985 Dao) wE

IS8 7F o LEQle A3 vjgal B2} )
m7HA] HEE e Al
BEES R S
2 mA (0.22 mA/cr), 4 mA
2 Aol7t glgtont 4
loje} 4] v AEF 9 Fpepo] 4

o AFUEE ARYwet g

f
et
rO
ol
pacd
o
e
o
S
EN

=)
x
2
o
S
)
oo
1o
19,
s}
o
S~
ok
b
&2
ml
o
AL 2
o
=
" L
4o Jr &

£ o] Agsittn Amgch

Acknowledgements

This work was supported partly by the Academic
Research Fund of Wonkwang Health Science University
(2013).

References

Barry BW. Drug delivery routes in skin: a novel approach.
Adv Drug Deliv Rev. 2002;54 Suppl 1:S31-40.

Barry BW. Novel mechanisms and devices to enable successful
transdermal drug delivery. Eur J Pharm Sci.
2001;14(2):101-14.

Benson HA. Transdermal drug delivery: penetration enhancement
techniques. Curr Drug Deliv. 2005;2(1):23-33.

Brown MB, Martin GP, Jones SA, et al. Dermal and transdermal
drug delivery systems: current and future prospects.
Drug Deliv. 2006;13(3):175-87.

Cézares-Delgadillo J, Balaguer-Fernandez C, Calatayud-Pascual
A, et al. Transdermal iontophoresis of dexamethasone
sodium phosphate in vitro and in vivo: effect of
experimental parameters and skin type on drug
stability and transport kinetics. Eur J Pharm Biopharm.
2010;75(2):173-8.

Chelly JE, Grass J, Houseman TW, et al. The safety and
efficacy of a fentanyl patient-controlled transdermal
system for acute postoperative analgesia: a
multicenter, placebo-controlled trial. Anesth Analg.
2004;98(2):427-33.

Costello CT, Jeske AH. Iontophoresis: applications in
transdermal medication delivery. Phys Ther.
1995;75(6):554-63.

Deshpande S, Lahoti S, Shah R, et al. Iontophoresis: A physical
approach to transdermal drug delivery system.
Research J Pharm Tech. 2012;5(2):175-80.

Dixit N, Bali V, Baboota S, et al. lontophoresis - an approach

for controlled drug delivery: a review. Curr Drug



140 | DHSFE2IS9IX] Mo H2®

Deliv. 2007;4(1):1-10.

Glass JM, Stephen RL, Jacobson SC. The quantity and
distribution of radiolabeled dexamethasone delivered
to tissue by iontophoresis. Int J Dermatol.
1980;19(9):519-25.

Hage M, Akatani M, Kikuchi J, et al. Transdermal iontophoretic
delivery of insulin using a photoetched microdevice.
J Control Rel. 1997:43(2-3):139-49.

Holbrook KA, Odland GF. Regional differences in the thickness
(cell layers) of the human stratum corneum: an
ultrastructural analysis. J Invest Dermatol. 1974;62(4):
415-22.

Kanikkannan N. lontophoresis-based transdermal delivery
systems. BioDrugs. 2002;16(5):339-47.

Lane ME. Skin penetration enhancers. Int J Pharm. 201315;
447(1-2):12-21.

Lee Jae-Hyoung, Choi Eun-Young. Iontophoresis enhances
transdermal delivery of methylene blue in rat skin
(I): Effect of current application duration. J Kor Soc
Phys Ther 2011;23(6):77-84.

Li GL, Van Steeg TJ, Putter H, et al. Cutaneous side-effects
of transdermal iontophoresis with and without
surfactant pretreatment: a single-blinded, randomized
controlled trial. Br J Dermatol. 2005;153(2):404-12.

Lilge L, O'Carroll C, Wilson BC. A solubilization technique
for photosensitizer quantification in ex vivo tissue
samples. J Photochem Photobiol B. 1997;39(3):
229-35.

Mathy FX, Lombry C, Verbeeck RK, et al. Study of the
percutaneous penetration of flurbiprofen by cutaneous
and subcutaneous microdialysis after iontophoretic
delivery in rat. J Pharm Sci. 2005 Jan;94(1):144-52.

Prasad R, Anand S, Koul V. Biophysical assessment of DC
iontophoresis and current density on transdermal
permeation of methotrexate. Int J Pharm Investig.
2011;1(4):234-9.

Riviere JE, Monteiro-Riviere NA, Inman AO. Determination

of lidocaine concentrations in skin after transdermal
iontophoresis: effects of vasoactive drugs. Pharm Res.
1992;9(2):211-4.

Siddoju S, Sachdeva V, Friden PM, et al. lontophoretic delivery
of acyclovir: intradermal drug monitoring using
microdialysis and quantification by skin extraction.
PDA J Pharm Sci Technol. 2011 Sep-Oct;65(5):
432-44.

Singh P, Maibach HI. Iontophoresis in drug delivery: basic
principles and applications. Crit Rev Ther Drug Carrier
Syst. 1994;11(2-3):161-213.

Singh P, Roberts MS. Iontophoretic transdermal delivery of
salicylic acid and lidocaine to local subcutaneous
structures. J Pharm Sci. 1993;82(2):127-31.

Sintov AC, Brandys-Sitton R. Facilitated skin penetration of
lidocaine: combination of a short-term iontophoresis
and microemulsion formulation. Int J Pharm.
200619;316(1-2):58-67.

Vemulapalli V, Banga AK, Friden PM. Optimization of
iontophoretic parameters for the transdermal delivery
of methotrexate. Drug Deliv. 2008;15(7):437-42.

Wallace MS, Ridgeway B, Jun E, et al. Topical delivery of
lidocaine in healthy volunteers by electroporation,
electroincorporation, or iontophoresis: an evaluation
of skin anesthesia. Reg Anesth Pain Med.
2001;26(3):229-38.

Wang Y, Thakur R, Fan Q, et al. Transdermal iontophoresis:
combination strategies to improve transdermal
iontophoretic drug delivery. Eur J Pharm Biopharm.
2005;60(2):179-91.

Xu Q, Ibrahim SA, Higuchi WI, et al. Ion-exchange membrane
assisted transdermal iontophoretic delivery of salicylate
and acyclovir. Int J Pharm. 2009;369(1-2):105-13.

Zempsky WT, Sullivan J, Paulson DM, et al. Evaluation of
a low-dose lidocaine iontophoresis system for topical
anesthesia in adults and children: a randomized,
controlled trial. Clin Ther. 2004;26(7):1110-9.





