Orus Delivery System VOL. 14 NO. 6 NOVEMBER 1908 485

Drug Delivery System
original article

Ty b=LD in vitro EEESBHCRETILZ oKL -3 v OPE

— A F P 7HFLRE DL E—

ﬁ ﬂ.‘:*n, .«Eéﬁﬂ . E"ﬁ"mﬁﬂl”’,
EBBERY, ZHER - FRER?

Effect of cathode and anode positions, frequency of

applied puise, and electvode matevials at electropora-

tion on the in vitro skin permeation of mannitol ;
Comparison with iontophoresis
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Electroporation has been widely used for
introducing DNA and RNA into cells, since its
original model was developed by Neumann et
al.? and Zimmermann et al.”. Based on the
principle of electroporation, a high voltage
applied to cells in a solution creates pores on
the surface of the cell membrane, thus introduc-
ing genes into the cells through these pores®.

Recently, this electroporation technology was
utilized to increase transdermal drug delivery.
Prausnitz et al."® reported the enhanced effects
by electroporation on the skin permeation of
calcein, by applying 50 to 500 V. Increased skin
delivery of microcarriers was also reported by
closely setting anode and cathode electrodes
each other on the skin surface by Hoffman et
al®”. In spite of such pilot studies on
electroporation to increase skin delivery of
drugs, details of its effects are not yet known.

We thus investigated the effect of electropor-
ation on the & vitro skin permeation of a model
compound, mannitol by changing cathode and
anode positions, frequency of the applied pulse,
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and electrode materials. Mannitol was selected,
because the current at iontophoresis due to
non-ionic compound does not affect its skin
permeation, Excised hairless rat skin was used
in the study.

Materials and Methods

(1) Reagents and electrodes

UC-D-mannitol (2.07 GBg/mmol with purity
of more than 96.6%) was purchased from

Amersham Life Science (Buckinghamshire, En-
gland), and cold D-mannitol was from Sigma
Co., Ltd. (St. Louis, MO, USA). 0.9% NaCl for
injection was supplied by Ohtsuka Pharmaceu-
tical (Tokyo). Scintillation cocktail, Hionic-
fluor, was obtained from Packard(Meriden,
CT, USA).

Silver plate material was supplied by Murata
Yohaku(Tokyvo). Platinum and silver wire
were obtained from Nirako(Tokyo). Needle
type electrodes(1.0 mm in diameter) and ring
type of electrodes(0.04 mm in thickness) were
made in our laboratories. The tip of needle type
electrode was bent not to cause any damage to
the skin barrier. Fig. | illustrates the ring type
electrode. Ag/AgCl electrode was made by
silver electrolysis in (0.9% NaCl.

(2) Skin permeation experiments

Male hairless rats(weight 150~180 g) were
obtained from Saitama Experimental Animal
Laboratory (Sugito, Saitama). The animals
were housed in an air-conditioned room and
quarantined for a week before use. Skin pieces
were obtained from the abdomen in pentobar-
bital-anesthetized rats.

YC-D-mannitol was diluted with cold D-man-
nitol in saline to adjust the concentration to 50
mg/ml and was used as a drug-donor solution,

A 2-chamber diffusion cell® with an effective
diffusion area of 0.95 em? or a Franz diffusion
cell*'™ with the area of 3.14 cm® were used.
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Fig. 1 Schematic representation
of a ring type of electrode

When the 2-chamber diffusion cell was used,
2.7 ml of the donor solution was added to a cell
facing the stratum corneum and the same vol-
ume of physiological saline was added to the
receiver compartment (dermis side). On the
other hand, when the Franz cell was used, 1 ml
of the donor solution was added to the upper
compartment (stratum corneum side) and the
receiver compartment was filled with 17 ml of
saline. These permeation cells were maintained
at 37°C using an air bath. No significant differ-
ence was observed in the permeation rates of
mannitol when using the 2-chamber cells or
Franz cells. For the electroporation-treatment,
electric pulse was applied by a Gene Pulser ®
(Bio-Rad, Hercules, CA, USA). At predeter-
mined times, an aliquot(0.1ml) was sampled
from the receiver compartment and replaced
with fresh saline. Scintillation cocktail (10 ml)
was added to the sample solution to measure
the radioactivity by a liquid scintillation
counter (TR-2200 Packard, Meriden, CT,
USA).

Detail conditions were shown for each experi-
ment as follows. A 2-chamber cell was firstly
used to evaluate the effect of electroporation on
the mannitol permeation. A 500 V-pulse was
applied every minute, whereas the capacitance
was set at 1 gF from the beginning of this
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Fig. 2 Schematic representation of electrode
position for Types 1 and 2 of experi-
ments

permeation experiment till 4 hr, and changed to
25 uF from 4 to 6 hr, Needle type electrode was
used both for anode and cathode, but the mate-
rial was Ag for the anode and Ag/AgCl for the
cathode. These anode and cathode electrodes
were set in the drug-donor and receiver com-
partment, respectively and wvice versa, and the
distance between the electrode and the skin
surface or the dermis layer-surface was set to
be about 1.0 cm.

Franz diffusion cell was used for the follow-
ing experiments to determine the effect of
electrode position. Needle type-Ag and ring
type-Ag/AgCl electrodes were used for anode
and cathode, respectively. Two types(Types 1
and 2) of electrode positions were evaluated.
Fig. 2 illustrates the electrode positions. Both
the electrodes were placed on the skin surface
(Type 1) ; whereas anode was placed on skin
and cathode was under the dermis layer (Type
2). A 500 V-pulse was applied every minute
while the capacitance was set at 25 yF.

Needle typed Ag electrode was selected for
anode and ring typed Ag/AgCl electrode was
for cathode to evaluate to effect of the pulse
frequency. The anode and cathode were placed
on the skin surface. 500 V-pulse was applied
every 30 or 60 minutes while capacitance was
set to 25 xF.

Polarized electrodes made of Pt were used

400

—0— Non-current apply
(control)

300d —®— Donor+

—&— Donor—

200+

100

Permeation of mannitol («g/cm?*)

0 2 4 6 8
- | 4yFD —=ed Sy F Do
Time (hr)

Fig. 3 Effect of electroporation on the per-
meation of mannitol through the
excised hairless rat skin

for the anode and cathode ; and Ag-anode and
Ag/AgCl-cathode were selected as non-polari-
zation ones, to check the effect of the electrode
material on the mannitol permeation. In both
the experiments, the anode and cathode were
placed on skin. The anode was needle type and
the cathode was ring type electrode. A 500 V-
pulse was applied every minute while the
capacitance was set to 25 uF.

Results and Discussion
(1) Effect of electroporation on the man-

nitol permeation
The effect of electroporation on the skin

permeation of mannitol was measured in differ-
ent positions of needle electrodes(anode or
cathode in drug-donor or receiver compart-
ment, respectively and wice versa). A control
study was also carried out without any current
application. Fig.3 shows the time course of
the amount of mannitol permeated through
the hairless rat skin. Higher permeation was
observed by electroporation(500 V-applica-
tion) compared to that of the control study,
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Table 1 Comparison of mannitol flux

Non-current

l Danor(+) Donor(—)
(c?)%lt)rﬁl) Receiver(—) Receiver{+)
0—4 hr 29.31+1.86 23.431+6.9
(1 ¢FD)
4—6 hr 120.1+8.3  89.90%13.44
(25 xFD)
0—6 hr 4.89+1.82 - —

Mean+SE(n=5) (ug/cm? « hr)

suggesting that electroporation is useful to
increase skin permeation of non-ionic com-
pounds like mannitol. No significant differ-
ence was observed in the permeation when-
ever the anode or cathode was set in the drug
donor side.

Early iontophoresis studies'" reported that
skin permeation of mannitol was higher when
the anode was placed in the donor compartment
than that of cathode being placed in the donor
compartment. This was due to the effect of
convective flow on the permeation of the non-
ionic compounds. In this electroporation study,
however, the permeation of mannitol was not
dependent on the direction of the current flow.
This suggested that very short term-current at
electroporation did not bring a convective flow
effect, and that the penetration-enhancing
mechanism by electroporation was not due to
electrical current-driving force, but was due to
the pore production in the skin membrane as
reported earlier'®.

This experimental data were also used to
evaluate the capacitance effect on the mannitol
flux. Table 1 shows the flux for each study.
When capacitance was set at 1 ¢F, the permea-
tion enhancement ratio was about 5 times
higher than the control, respectively. In con-
trast, when the capacitance was set at 25 uF,
the enhancement ratio was about 20 times.
Since the higher capacitance becomes the
longer duration of the pulse application, the

—@— Receiver side

weQ DoONOT side P

Permeation of mannitol (zg/cm®)

Time (hr)

Fig. 4 Effect of electrode position on the
permeation of mannitol through the
excised hairless rat skin

amount of mannitol permeation is dependent on
the pulse time which is defined as the length of
time between the beginning of the pulse (maxi-
mum voltage) and the time when the voltage
reaches 37% of its initial value'®.
(2) Effect of anode and cathode position
on the mannitol permeation

The effect of anode and cathode location on
the mannitol permeation was evaluated. Fig. 4
shows the results for Types 1 and 2 of experi-
ments (Fig. 2). No significant difference in the
permeation was observed when the electrodes
were placed in different positions. Although a
great enhancement ratio of 50 was observed for
both Types 1 and 2 of studies(compared to
control, Fig.3), the skin permeation of man-
nitol was similar each other(cumulative
amount ; about 1,500 #g/cm?), suggesting that
the two electrodes are not necessary to be set
between the skin. Two electrodes can be set in
the same drug reservoir in the electroporation,
not like in iontophoresis.

(3) Effect of pulse frequency on the man-

nitol permeation
Application of pulse was reduced from 60
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Fig. 5 Effect of application frequency of
pulse on the permeation of mannitol
through the excised hairless rat skin

pulses/hr to 1 or 2 pulses/hr so as to determine
the effect of applied pulse frequency on the
mannitol permeation. Fig.5 illustrates the
results of the mannitol permeation. When
electroporation was applied every minute(60
pulses/hr), the total permeation of mannitol
was 1,500 gg/cm? On the other hand, when the
application of the pulse was reduced to 2
pulses/hr, the total permeation was 86 wg/cm?,
and further reduction of pulse application to
once every hour resulted in the permeation of
52 ug/cm® In the case of one pulse/hr, the
permeation was only 1.7 times higher than the
control.

(4) Effect of electrode material on the

mannitol permeation

Fig. 6 shows the effect of polarized(Pt) or
non-polarized(Ag/AgCl) electrodes on the
mannitol permeation. No difference in the per-
meation till 6hr was observed. The total
amount of mannitol permeated was about 1,500

xg/cm?. It was found from a previous patent
for a constant voltage-iontophoretic drug deliv-
ery' that the drug permeation was lower in
iontophoresis with the polarized electrodes than
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Fig. 6 Effect of electrode material on the
permeation of mannitol through the
excised hairless rat skin

depolarized ones. Electrical double layer that
was formed on the outer surface of the elec-
trodes by iontophoresis, but not by electropora-
tion could explain this phenomenon. This layer
results in the consumption of electrical poten-
tial, and thus no enhancement by iontophoresis
was observed. However, a similar permeation
was found independent of the type of the elec-
trode used in both the cases. The electropora-
tion potential(i. e. 500 V) is much higher than
polarization potential, so that the polarization
potential does not have any decreasing effect

on the drug permeation.

Conclusion

Material and position of electrodes did not
influence the efficacy of electroporation. No
effect by convective flow was observed. In
addition, the present results suggest that
electroporation does not increase electro-
chemical potentials, that it does affect directly
skin barrier, and finally that skin-penetration
enhancing mechanism of electroporation is

much different from iontophoresis.



490

1)

2)

3

4)

5)

6)

References

Neumann E, Rosenheck K : Permeability changes
induced by electric impulses in vesicular mem-
branes. J. Membrane Biol. 10 : 279-290, 1972.
Zimmermann U, Schulz J, Pilwat G : Transcellular
ion flow in Escherichia Coli B and electrical sizing
of bacterias, Biophys. J. 13 : 1005-1013, 1973.
Rosenheck K, Lindner P, Pecht 1 & Effect of electric
fields on light-scattering and fluorescence of
chromaffin granules. J. Membrane Biol. 20 @ 1-12,
1975.

Prausnitz MR, Bose VG, Langer R, Weaver JC:
Electroporation of mammalian skin. A mechanism
to enhance transdermal drug delivery. Proc. Natl
Acad. Sci. USA 90 : 10504-10508, 1993.

Prausnitz MR, Ederlman ER, Gimm JA, Langer R,
Weaver JC : Transdermal drug delivery of heparin
by skin electroporation. Biotechnol. 13 © 1205-1209,
1995,

Hoffman GA, Rustrum WYV, Suder KS ! Electro-
incorporation of microcarriers as a method for the
transdermal delivery of large molecules. Bioelectro-
chem. Bioenergetics 38 : 209-222, 1995.

Zhang L, Li L, An Z, Hoffman RM, Hoffman GA :
In vive transdermal delivery of large molecules by
pressure-mediated electroincorporation and
electroporation. A novel method for drug and gene
delivery. Bioelectrochem. Bioenergetics 42 : 283~

Drus Delivery System VOL. 14 NO. 6 NOVEMBER 1998

8)

9)

10)

11)

12)

13)

14)

292, 1997.

Okumura M, Sugibayashi K, Ogawa K, Morimoto
Y : Skin permeability of water-soluble drugs.
Chem. Pharm. Bull. 37 : 1404-1406, 1989.

Yukawa ], Sugibayashi K, Morimoto Y - Effect of
various additives on the skin permeation of keto-
profen from the film forming transdermal formula-
tion. Yakuzaigaku 49 : 254-262, 1989.

Barry BW : Methods for studying percutaneous
absorption. Dermatological formulation. Marcel
Dekker Inc, NY, 1983, p 234-250.

Kim A, Green PG, Rao G, Guy RH : Convective
solvent flow across the skin during iontophoresis.
Pharm. Res. 10 : 1315-1320, 1993.

Chizmadzhev YA, Zarnytsin V, Weaver JC, Potts
RO : Mechanism of electroinduced ionic species
transport through a multilamellar lipid system.
Biophys. J. 68 : 749 765, 1995,

Vanbever R, de Morre N, Preat V : Transdermal
delivery of fentanil by electroporation 2. Mecha-
nism involved in drug transport. Pharm. Res. 13 :
1360-1366, 1996.

Hirata T, Katagai K, Mori K | Administration of
water-soluble steroid(s), especially to periosteum.
Using iontophoresis power source and non-polar-
izable electrodes in the electrode layers. PCT Int.
Appl. WO 9611034, 1996.



