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S. D" c e s te- evelopment of a

P ouir-elect.rod,,e syste-r fo ;~ ontopphoresls of single charged dru2gs

rcss the skin. It IS :--so a o clexa7-in2.t'on of an eouation which we

hove er~-d and. WhIch 'ecrb lfn da~mentally flux enhancement across a-n

R T]

Is th-e flux enhance-ient ratio, Y is the flux of a drug with an electric

fIeld, Y0 Is the flux for the dzrug with no electric field across the same

me77trane, 6 is the potential drop across the membrane, Z Is the molecular

charge, D is the di'fus-'vity, F is the Faraday constant, RT has the usual

.eP-n'mg.

Teexoer!7,ental results in Ta7le 1 show that Por the twAo-elec-.rode

- S,:Ste-. wlth a donor andA a receiver co-martment the flux enhancement ratio

~tthe benzoate !on amd tetraethnylarnionium .-on Is within a factor of two to

* f ur of he heoet~al redictlons (assuming L = 1C volts in several

Instances. Terncaldiflculty w-'th th-e tw,.o-elect-obe svs:em Is that:

---eIsn eas':-,' to ' :now what -the actual -'Is across the mrembraune. Th),er e

:elofc a.r e Lectrl cal resistances at the elec-,ro-;e'solutlon interfaces

arc acro ss the buksolution. hetween the electrodes and trhe -.-mbrane surface

a ter are no simple methods for est177ating, these. The two-electrooe

tlierefcre, o ann:ot 'be erj'oyed ILn the rL gorous study of ecuatlon 1.

z a- e -.....- . eve r tocr de -e7-1 ne and 0 roro the a ctu:.I

arpo ~~c s irfa-e ir-. a Je"Ined! maner Te new t1,wo chamber

.~' :oo~ ~ofcorsect,-ons. wC 9con -= oe onr a-n: wo each-

-~-~'~-ero-or'~nt. A rngshaoe4 alo w~re serv~es as th e

%,



cnerelec!troJe Ln tn e t ucncell. The !Iggz'n ca:z.llary ser-jes as a

r'eference electrode and ccnsi.sts cfP a long thin capillary and is filled with

1solution. T-he KC! sclutioni conducts th'-e potential P'rom the tip of the

Lugg_'i cap-illary across the stcp cock into a reservoir of' KCl solutlon. A4

calom el electrod e -,easi.ures th,-e poten~tial ari ln'-Ilcates It to a Dotentlostat.

:c working compartments -S rlvlm)w1hterLugocpllre

*mounted togeth-er wfth the -etrane '-n b)etween. A block dfagram of the

e_,ectro-nC circuli for t'he four-electrode diffuslor cell Is shown In Fig. 2.

A use generator (G) supplies voltage vs. ground to the working electrode

.- I. T-he same voltage or the opposite sign1 appears at the bontact to 1the

reference electrode PE1, wille the contact to the reference electrode RE2 is

always held at virtual ground. Only negligible current can flow through the

* fe:-ence electrodes. Th-e Dotential drop between the tips of Luggin

capl_!ll es is tnen cortro-lled_ -Ir a def fned_ way,,. T-he current flowingthcF

tone nemrr,-ne is scle,! ty the outzouts of the o-Derational amp11lfler OA! ant

C3w'-th, the -latlniz- w~res of the counter electrodes CEl and CE2.

F~.3and decl'ct flux enhancement ratios for tetraethylamrronlw7

ote~hthe frour-electrode system by using a cellulo-se acetate memtrane

i harless muse sk~In, rescect-4vely. As ca- he seen, low aledvoltages

oem.ween I ad 21 r4 1volts the agreenent. between exper'-7ental ano

the2-etical predicted flux enh-ancement is excellent.

At higher voltages, the experimental flux enh"ancement rises faster ta a

n-. :rnretialpredIct'lons. A~n expla-nation for th1s is tel leved tobeht

tr-e a7;rlleA elc rl'~elP causes chang;es In s'kin pr, Pe--Ies hchallows

*aster dlffuislon of' molecules throuN,,gh the s1k-.n. T-hese res,.l.ts demnst'"I'ng __

th qnlttleapplicab,1l'_ty of equatlon are belleved1 tc b the Itrs of 0

-. st *-P*-- laiio

- - t~t Sj401i&

(.*%der,~A % e r
_____________:J
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FOUR ELECTRODE DIFFUSION HALF CELL
FOR IONTOPHORESIS
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