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Iontophoretic Delivery of Vitamine C 2-Phosphate

Su Youn Kim and Seaung Youl Oh'

College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea
(Received May 10, 2004 - Accepted June 3, 2004)

ABSTRACT-In order to develop an optimum formulation for iontophoretic flux of vitamine C 2-phosphate (VCP), we have
prepared three different hydrogels containing VCP, using carbopol, HPMC and poloxamer, and iontophoretic flux through
hairless mouse skin from these hydrogels was carried out. Drug stability in phosphate buffer (PBS) solution (pH 7.4) with
and without current application was studied. The effect of various factors, such as drug concentration, current density, and
current profile on skin flux was also investigated. Stability study indicated that VCP in PBS (pH 7.4) solution was stable
under the experimental condition, irrespective of the presence of current. Cathodal delivery increased the flux markedly,
whereas the anodal and passive flux was negligible. Thus, cathodal delivery was used in all experiments. Flux increased as
the drug concentration (2.5, 5.0, 7.5%) and current density (0.2, 0.4, 0.6 mA/cm?) increased. Pulsed application of the cur-
rent showed lower flux than constant current application. The results obtained suggest that VCP can be delivered into the
skin and the amount delivered can be controlled by varying hydrogel, current density, drug concentration and current appli-

cation profile.

Key words—Vitamine C 2-phosaphte, lontophoresis, Transdermal delivery, Hydrogel
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Figure 1-Structure of vitamine C 2-phosphate (VCP).
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Vitamine C 2-phosphate (VCP)<= SigmaA} (St. Louis,
Mo, US.A)°lA, Carbopol 971P-NF BF GoodrichAt
(Cleveland, Ohio, U.S.A.)°lI4], hydroxypropyl methylcellulose
(HPMC)= TEFH (Seoul, Korea)ollA], Poloxamerd(7
(Lutrol F127y= BASFA} (Ludwigshafen, Germany)ol|A] -+
U319}, Phosphate buffered saline (©]3PBS) A|=Zol A}
£¥ KH,PO,, K;HPO,;, NaCl> H4to|8}8}(Seoul, Korea)
oA FU3H e, KCK- Yakuri Pure chemicalA} (Tokyo,
Japan)ollX] FY3IATE Ao A" EFSE nanopure
ultrapure water system (Barnstead, Iowa, U.S.A)S AME-3}
of A|ZFH e HPLCAA AME-E acetonitrile, methanol
(HPLC grade), H;PO2 HAko]3}8) (Seoul, Korea)ol A -
Yatdct. 55 P& 23t side-by-side diffusion cell
o {AU8HE (Pusan, Korea)ollA] A28 AL ARgsiga
multistirrers= VARIMAGA} (Oberschieissheim, Germany)2)]
Electronicruhrer Polyl5 model& ARE-3FTE. DC power
supply= Power Tech Co. (Ansan, Korea)ll <] A2k
PT70-10MDCS AHS-sI3o™ 32 48e A% incubators
Jeio Tech Co. (Ansan, Korea)2] SI-900& ARESIITH

TFe| Mz
Electrode2+ T)718 Ag/AgCl A=} #4Fe] Sn/SnCl,
AFE Agste] ARgsisler #7118 A5 A% 1mm
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o] Ag wire (Aldrich, 99.9%, Milwaukee, WI, US.A)¢]
& T RES Ag(Cl (Aldrich, 99.9%, Milwaukee, WI,
US.A) &880 3] FAAANA Azt Bl Sw
SnCl, A=+ polyester film $]9l 30um F7AZ Sn YA+
Gako)3}e}, Seoul, Korea)s §¥ th ol& AEAA Az
aFct.

vCP 2 9 slo|=2d M=

Zg5d oFE FwU) 25, 50, 7.5% (wh)7h HES
VCPE ZHodA Azsiom o] gdg dfol=a2de Az
Aol ARgEte] oRgo] stel=27 ol =S s8It
VCPe| ¥¥53 Ao AME dto]=242 Carbopol,”” ™
HPMCIS,IG,ZO—ZI) \;_; Poloxamerlé'zo’zz‘”)?& 2 U:] E]’%:q' ZE]_- {_): Ho]_
WMoz AxsIrt. CarbopoldL oHEo] Zol 9l= VCP
&lo] Carbopole 3% (wivyt HE=5 Bal 43| g2
w74x] weksted A2 rh. HPMCHES F-F<o] HPMC
< 20% (wivy7F FIEE 93 80-90°ClA 71kl &3
ANZ) %, QAae] B oFEo] Fob Sle VCP &4t

E38ksled 4°C YA Bg T AMEESIT) Poloxamer
Ao oFZo] o} ¢gJ& VCP £H9 PoloxamerE: 20%

(whyt SIS Yo wHkgh § 4°C 3 aellA 2487 F
oF wASAIZ T} Flux Aol ARS-E receptor A0 2+
pH 7.4%1 PBSE ARE-sITh

ek

VCPe] AH#E HPLCE ol8-3tth*? A HPLC
system©. 2+ Shimadzu (Kyoto, Japan)A}2] CBM-10A
system¥} SIL-10A auto injectors AM-3l903L, AHOZE =
WatersA} (Massachusetts, U.S.A.)9] Spherisorb (5 um, 4.6
x250mm) o}l YL ARSI en 258 37°CE A
359t} Acetonitrile : potassium  phosphate buffer (0.3 M,
pH 4.0)=45:55 ¥]&¢] o]5dE AH3IL, flow rate
isocratic® ® 1.0 m/min®] 13 injection volume 30 W
t} DetectorZ= UVE ARSI 254 nmollA 9] 3 =S
E3 3] At

okEo| OHEY AE

VCPS PBSEe] o] 4 w9 &de We
36.5°C incubator$tol] 2ol =31 wjg] Az A A7k
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Ak =3 Aol oHEe Halld nAe IS AP
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BT A3 ¢5E FRAAL full-thickness skinz} W]
£% 1ml, F383 0.5cm?? side-by-side diffusion celts
AHE-3te] 36.5°C incubatoroll Al A A3+t Side-by-side
diffusion cell Alolol| FEAIF S HRE £ clampZE T4
AIZ1AL donor celloll= oFE 888 receptor cellolli= PBS
B8NS A o AgAgCl A3 spin bar2 zF celloll
o] FAEAS AAEITE 10, 20, 30, 40, 60, 90, 120
B Fol receptor celle] &94-& B5% FHsf| HAoz AMga}

R
A3 AEY F 24 RS PBS 8L A9 Ho W
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= HAFE 9& 79 (cathodal delivery), ¥ ¥& 7

(anodal delivery) 2 A71& #8314 242 passive delivery
9 fluxE Ao FEFEE (25, 50, 7.5% (W),
AFA7] 02, 04, 0.6 mA/em®) D AFINE (on/off 7
2, 5%) 5°] fluxell oJH JFE MAEA = A3

Slo|=2HZRE| A £}

Side-by-side diffusion cell Atolol] FRAIF 9] HB-E
3 AR O VCPE 3¢ slol=z g 95 99
DEE 20p) HH3L SwsnCl, A€ €2 § Ty
< AAE T (Figure 2). £99] 99} 7Fo] fluxol] HES
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Power
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Figure 2—Schematic diagram showing iontophoretic delivery of
VCP from hydrogel: VCP loaded hydrogel is the donor and pH 7.4
phosphate buffer is the receptor solution.
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Figure 3—Stability of VCP in pH 7.4 phosphate buffer solation at
36.5°C. Data were expressed as the meantS.D. (n=3).

J. Kor. Pharm. Sci., Vol. 34, No. 3(2004)



204 A -

]
o
PR

o 5\\
=
NE 200 - $ i
@
-
¥
e’
M m
% 100
—
o9
0O3-—8—B— & -

. r . v T . !
0 20 40 60 80 100 120
Time (min)

Figure 4-The passive and iontophoretic flux from VCP solution
across hairless mouse skin in vitro. Direct current of 0.4 mA/cm?
was applied. ll: Passive delivery, @: Cathodal delivery, A: Anodal
delivery.
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A&3p7] gEe2 AZHT o)7o] cathodal delivery?] flux
7F 2A vehd 212 VCP7F pH 7490 PBS §<ollA] &ol
207 EAGL S-S deisa AUrk wEkA 2 Ao
= o]F9 EE AFS donorZoll= cathode, receptor Z:ol|
£ anodeE UASK= cathodal delivery2 A3-S AAsIT}

SHoRRE|9| ofF Fu}

VCPE 5770 21 & dE5k, AFA7], A7289
Hol fluxell PlAe TS AHRYT. ARAZIE 0.4 ma/
cm’Z2 AT FEFEEE 25, 50, 75% (WE F7}
AA 2 A fluxt 1S & 5 AAThFigure 5). 2
AU 5ot 25%Y o B fluxe 199 pglom*hrS Ve
Worn Fert 5%Y u) 248 uglemthr, X7V 7.5%Y )
265 ugfem’hrs UERY E=ol H#EA2 fluxe] 2718 Ho)
A= FUt.

Figure 62 SETEE 5.0%2 313 AFAZ] 0.2,
04, 0.6 mA/em®E Z7HA7|HA] 2A17F <L cathodal deli-
veryS g W] At mE flux®] WSHE BoF gt}
A3 A fluxe AFA7e) vl 7l ¥9%
Ak AA F3E VCPY <l oAE 02 mA/em™d
o Blel 04 mA/cm®iA 2k 28] =712 vERiIT 0.6
mA/ecm*lA = 3 F=E el 79 A7le wE B
ARl F7He B4t o] 7he Ade AEE AFPol B
# vCPe ¥ vEIFE YRR lon VCPe] HEE
Tz A71AQL gl oal] o]FojRE F BAFA .
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Figure 5-The effect of drug concentration on iontophoretic flux
from VCP solution across hairless mouse skin in vitro (n=3). Direct
current with 0.4 mA/cm?® was applied. ll: VCP-2.5%, @: VCP-
5.0%, A : VCP-7.5%.
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Figure 6-The effect of current density on iontophoretic flux from
VCP solution across hairless mouse skin in vitro (n=3). Drug con-
centration was 5% (w/v). l: 0.2 mA/cm?, @: 0.4 mA/cm®, A: 0.6
mA/cm?.
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Figure 7-The effect of current profile (continuous and pulsed cur-

rents) on iontophoretic flux from VCP solution across hairless

mouse skin in vitro (n=3). Direct current of 0.4 mA/cm® was

applied. M: Continuous current, @: On/Off every 2 min, &: On/

Off every 5 min.
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Figure 8-The effect of current density on iontophoretic flux from
HPMC across hairless mouse skin in vitro (n=6). Drug concen-
tration was 5% (w/v). B 0.2 mA/em® , @: 0.4 mA/em’, A: 0.6
mA/cm?.
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Table I-Effect of Drug Concentration, Current Density and Current Profile on the Average Flux (mg/cm? hr) from 3 Hydrogels

Drug concentration® (%, w/v) Current density” (mA/cm?) Current profile® (min)
Hydrogels

2.5 5.0 75 0.2 04 0.6 2 5 120
Carbopol ~ 8520£14.03 109384536 136371226 66231553 109.38t536 140294684 83.61937 81474685 109.3845.36
HPMC 71741622 847474.08 9248+15.04 57081277 84744408 113.60+11.96 60381227  6236+0.74  84.7444.08
Poloxamer 75931587 92034302 95164342  7033£193 92.03#3.02 109984507 69204408 67954352  92.03£3.02
Data were expressed as the meantS.D. (n=6).
*Current was fixed at 0.4 mA/cm?.

"Drug concentration was fixed at 5% (w/v).

“Pulsatile application of direct current (0.4 mA/cm?), On/off cycle (2, 5 or 120 min) was repeated for 120 min.
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