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The mechanism of action of  the sulfa compounds and probable 
explanations for their inhibition by various factors are thoroughly 
discussed in recent papers by Long,4 by Kohn and Harris.' aiid by 
Harris and Kohn.G Presumably the same reasoning may be applied 
to parariitrobenzoic acid. 

Conclusion. The bacteriostatic effect of l)aratiitrohenzoate on the 
pneumococcus is markedly reduced by the products of disintegrating 
tissue. 
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r -  I his report prescnts sonie prelimiiiary studies in wliicli penetration 
by topical application o t' various sul fonamides has heen nieasured 
by tissue analysis. It was thought that iontophoresis (electrolytic 
ion transport) iriiglit be ail effective mcaiis of forcing the aiiioti o f  
sulfonaniide salts into the skin. l'eiietration hy iontoplioresis was, 
therefore, coinpared with that from wet dressings and from ax1 

ointnieiit, in the rat, ralhit, and liunian. The effect o f  circulation 
and the depth o f  penetration were estimated. 

Mctlzotis. The expcririimtal ani~nals were anesthetized with iierii- 
hutal anti the liair renioved with clippci-s. Iii the ivtitophoresis cx- 
periments, ('anton flaiiiicl ( 6  o x  grade') was wetted with the test 
soliitio~i a i id  applied to tlie skin. Metal gauze electrodes were firmly 
applied over tlie flaiiiiel as the negative p l c .  The positive electrode 
was applied to one o f  the extremities. and curretits of 1-2 tnilli- 
amperes at 110-125 volts I>.('. were applicrl. 

Peiietratioii from w t  dressings (gauze (11- tlaiiriel j witliout current 
passage, was similarly studied in coiiipar"t1)lc areas on thc same 
animal or on different aniiiials. 

4Long, P. H., Slgnia Xi Q u , n r t ~ ~ l y ,  1941, 29, 149. 
J l<ohn, H. I., and Harris? J .  R., J .  Phnrn~.  cind Exp .  Therap., 1941, 78, 343. 
8 Harris, J. S., :ml Koliu, 11. l., J. Pl~urm. uncl E x p .  Tlierap., 1941, 73, 383. 
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Penetration from an ointnient base was also compared. 5 % 
sodium sulfathiazole ( SaS-A‘I’ ) in “-4quaphor”* was used in these 
studies. SY, NaS-i?’ aiid saturated aqueous (1.8% ) calciuni sul- 
fathiazole ( CaSAT) t  re usetl iii  tlie ioiitoplioresis aiid wet dress- 
ing experiments. 

At the termination of the a1)plication period. biopsies or autopsies 
were performed after exhaustively washing tlie skin with distilled 
water and alcohol. r r i s w ~  alicluots \yere removed from within the 
areas of applications. \\.aslied several tinies through water and 
alcohol, blotted. weighed. tlu ) r~ugl i ly  inacerated with sand in a mor- 
tar, diluted to appropriate \-olumes to contain 3 % trichloracetic acid, 
and filtered. The filtrates \w-e  passed hack through the filters .5 
times. since the fourth fiIti-ates \yere fouiid to contain no measurable 
sulfathiazole ( S-IT).  Keco\-c.ries of lmown aniounts of SAT added 
to tissue were ol)taiiied \\-ithiii 1-2 7;. ‘The animal tissue aliquots 
weighed 0.5-2.0 g antl the human biopsies, 0.2-0.6 g. The latter 
were perforiiied uiider iio\-ocaiiie aiiestliesia by a puiich, the wounds 
healing by secoiidary intention. Free SAT was colorinietrically 
deteriiiined hi the filtrates by the method of Bratton and Marshall.’ 

1. Pcrictrcitiori of C’nSA 7’ tirid NctSL4T into thc iutflct 
skiir of thc m t  by ioEito~1iorcsi.c t i i i d  f r o m  oiiztiiicizt. Yeiietration of 
a saturated solutioii of C‘aSAT ( 1.8% ) from negative electrodes 
was coiiiparetl Ivitli that o f  5 76 NaSAT oiiitnieiit applied more 
distally on the same animal. 30 x 25 nini electrodes were used in 
iontophoresis. L4ii equal area was covered with the ointment. The 
rats were sacrificed at various tinies aiid skin aliquots were analyzed. 
The results a1)peai- in Ta1)Ic. I -\ .  ,Although comparison is made oi 
two different sulfonaniide salts at different concentrations and dif- 
ferently applied, the tissue concentrations fotind were apparently 
identical. The higher value for ioiitoplioresis versus ointment after 
2 hours niay not tie sigiiificant since too few determinations were 
made and since individual variations in duplicate deteriniiiations are 
large, as seeti in Tables 11 at l t l  ITIT. 

2. Pelrctrritiorr of :Vtr.S, 17’ iiiio t h f  iiittrct skin of ruts by ionto- 
phorcsis nttd froiii w e t  tirrssiriys niid oiutiizcizt. These experiments 
were perfornied as ahove. h i t  for lotiger periods. antl using the same 

IZcsiilts. 

*Duke Laboratories, Iiie. Consists of 5%, cholesterol in petrolatum. 5 g of 
NaSAT were suapcndrd in 5 in1 of w t c r  :~nd worked into the ‘‘ Aquaphor ’’ with :L 
spatuh. 

t Kind17 supplied 1). I)rwtc~r I\-. I V .  S~iiiili ,  of tlw 1)ep:irtmcnt of Internal Medi- 
cine, this institution. 

1 Rmtton, A .  (I., and Marshall, I:. K., J .  H i d .  Chem., 1939, l2S, 537. 
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T-4BLE I. 
Penetration of CaSAT mid NaSAT into Intact Skin of Rats. 

A. Penetration of CaSAT by Iontoplioresis compared with that of XaSAT from 
Ointment. 

Trea tnicwt 

Tissue SAT mg% 
/ 7 

Timeapplied (111.) 0.5 1.0 1.5 1.7 2.0 
90. of rats 

Iontoplioresis (8:) t 'd C:iSA4T) > (i 9 11 29 58 
Ointment (5%. XaSAT) 6 7 9 1 0  14 27 

4 0 

A\-. 27 
- 

R. Penetration of Na.SAT by Iontopliorcsis :ind from Wet Dressings and Ointment. 

Tissue S9T mgyr 
7 

Tinw :ipplied (hr) 2.0 4.0 6.0 
so. of rats 

r.i 2 100 15s 
132 91 110 

AT. 97 AY. 103 - 4 ~ .  134 

- - Oiiitnient (5(J NaSA?') 1 27 

concentration of the same sul fonaiiiide salt ( NaSAT)  throughout. 
Duplicate determinations were niade, using 2 animals for each type 
and time period of application. Tissue aliquots were analyzed after 
2, 4, and 6 hours. One ointment determination from Table I A is 
included. The results are seen in Table I l3. Although the individual 
variations were large, it is apparent that the tissue concentration 
tended to plateau after 2-3 hours (see also Table I A), at an average 
concentration o f  ca 50 times less than that of the applied solutions. 
No large differences in penetration of SL4T salts by iantophoresis 
and from wet dressings are apparent until 6 hours, when the latter 
sho~-s  better- penetration. At 2 hours, penetration from ointment is 
inferior to that from wet dressings or iontophoresis. 

D c ~ t l i  of priictrtrtioiz of CflSAT throiqh skin of rnhhit by 
iotitophorrsis rrizd f rom 'iewt dre.rsiPzgs. Areas 6 x 8 cm on the thighs 
o f  a rabbit were treated with 5 % NaSAT by iontophoresis and by wet 
dressing for 3 hours. Aliquots of &in. subcutaneous niuscle, the 
deeper muscles, and hlood, were arialyzed for SAT. The  results 
appear in Table TI .4. A 40% greater concentration o f  SAT was 
obtairied in the skin 1)y iotitophoresis than hy wet dressing, which 

3. 
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T.ZRLE rr. 
A. Depth of Penetration of C'aSAT through Skin of Rabbi ts  by Iontophoresis and 

froni  Wet Ilrrssings. 
3 his application. t ; - l h  r;ibl)it. Thigh. (Detail in text.) 

Tissue SAT mg% 
_ _  \ 

Deep iiiusclc 
?' rc a t 111(~11 t S k i x  Suheut. riiuscle (biceps, adductor) Blood 

Iontoptioresia (Sat  'd Cln8AT) :$I:! 64.5 t rece trace 
7 '  7 7  Wet dressing ( S e t ' d  C:iSAT) 224 u.7 

J.PZ Skin Deep iiiuscle (biceps) 

2. Oiiitnirint (.;yo XTaS,\T 1,eft ( l igated)  .... l!) 
in ' ' Aquapl1or ' ') Right ( intact)  .... 40 

u.c' c'c msider a mal l  clifferciice ( coiiipare Fig. 1 ) . The iontophoresis 
~eeii i t 'd to produce a higher coticelitration in the subcutaneous muscle 
in  the rabbit. Ininieasura1)ly miall quantities of SAT were found 
ii i  the dcepei- inuscles and in tho hlood. Very large concentrations 
o f  SAT may be obtained in thc iiitact skin by topical wet application, 
whilc the blood level is iicg1igil)ly small. 

4. Pcrictrrrtioii of CnSLI T o i i d  .\TtrS,-IT irito the &act aizd ligated 
l c ~ p -  of i v t s  The left legs of 
2 rats \\-ere tightly ligated ; i i i (1  the lateral surface of the left thigh 
trcated with -5% NaSA\?' oiiitiiicnt in 1 rat, and with saturated 
aquc'ous CaSAT in the ot1it.r. r l h  right thighs acted as controls 
n-it11 intact circulation. Ta1)lth i I 1: shows tlie results. Ligation has 
110 effect 011 tlie penctr:itioii o i NaSAT by iontophoresis for 100 
iiiillutes. n-hercas ligation ma!- 1i;ivc. causc~l some impairment in pene- 
tixtion of C'aS;IT. -4gain M-O ( 1 0  ]lot fccl that this difference is sig- 
iiiticaiit, due to paucity of data and the individual variations seen in 
the tables. W e  feel that in general, in the rat, ligation has no effect 
o i i  penetration (see discussioii at cncl of paragr2ph 6). The deeper 
riiuscle layers contained neg1igil)lc. anioutits o f  SAT. 

5. Pmetmtion of ATu.SL-/ T i i i to  1iirri:trir skiir by iontophoresis, w e t  
dwssings, c r i z d  ointment. 7x7 cm areas were treated for 3 hours 
with 5 %  NaSAT by tlic 3 riietliods, and duplicate punch biopsies 
from each area analyzed for S.\'T. Table I1 shows the results. 
No difference in pelletratioti o f  NrtSAT was observed by ionto- 

iorito~Iior~..si,u t i ; i d  jroiii oiritiiicizt. 
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TABLE 111. 
Penetration of NaSAT into Intact Human Skin. 

Xormnl skin from thigli. Dul,lictite punc.11 biopsies tlirough the corium. 
57c  NaSAT applied f o r  3 hours. 

Biopsy 
weights 30-50 mg. 

Tissue SAT mg%’ 

lontophorcsis Wet dressing Ointment 
/ > 

Case 1 (64 pr female, normal weight) 35 
I 

Ca.se 2 (26 yr male, cor1)ulent) 36 33 
60 87 - - - 

2v. 50 av. 55 av. ” 

phoresis conipared with that f roiii wet dressing, and penetration from 
ointment was negligible. In this latter respect human skin is less 
permeable than rat skin, although penetration of NaSAT in rat skin 
from ointnient was also less than from wet dressings or iontophoresis. 

6. Pcitetrntioiiz of CnSAT a d  h:aSA?‘ ifzto the skivl of lkv nnd 
dend rnbbits by ioiztophoresis mid front wet dresshgs. Penetration 
of saturated aqueous CaSL4T (1.8%) from wet dressings and by 
iontophoresis, into the skin of the back was studied for 1 and 3 
hours in one rabbit; a i d  that o f  5% NaSAT by iontophoresis and 
from wet dressings in one anesthetized and in one dead rabbit. 
Biopsies were perfornied after 1, 2,  and 3 hours. Fig. 1 depicts the 

Mg% TCSSUESAT 
4000 

I NdSAT 
(DEAD) 3000 

2000 

N4SAT 
( A N A E ~ )  - 

1000 

0 - - - 
H RS. I 2 3 

FIG. 1. 



results. The skin concentration of SAT after iontophoresis and 
wet dressing applications of the CaSAT were not noticeably dif- 
ferent after 3 hours, and were less than those obtained by similar 
applicatioiis of 5 % NaSAT. Slightly higher levels were obtained 
after 2 and 3 hours' wet dressing application than by ioiitophoresis 
in the anesthetized animal, but ioiitophoresis effected much higher 
concentrations than wet dressings in the skin of the dead animal 
after 3 hours, reaching a coiicentration of 47%. This observation 
niay explaiii the lack o f  diflcrences between iontophoresis and wet 
dressing- applications seen in Tables 1-111. Electroosmosis of water 
toward the negative pole niaj- counteract electrical ion transport of 
sul fotiainide anions in the l i ~ e  aninial with normal skin permeability 
and circulation. and in  thc c(1cniatous ligated limbs of rats : where 
it does not in the dead aniiiiai. 11 ore experiments than are reported 
in  this pi-eliiiiiiiary pal)ec \ \ . i l l  l)e necessary to firmly establish this 
po i 11 t . 
A secoiicl observation of iiiiportaiice is that within tlie periods 

of time studied, NaSAT attains iiiarkedly higher concentrations in 
rathit skin than in huriiaii or rat skin. 

1 .  The peiictl-atic ) i i  of sodium sulfathiazole ( NaSL4T) 
iri to the illtact skin of rat>, i-alhits, a t i d  huniaiis, up to 6 hours' appli- 
cation I)>- ioiitophoresis and frc mi wet dressings, is essentially equal, 
while that from an ointnieiit haw is less than either of these. Pene- 
tration is soinewht hetter f I-on] n-et dressiiigs than by iontophoresis 
after loiiger times. 

2. Saturated (' 1.87; calciiitii sidfatliiazole ( CaSL\T) penetrates 
the intact slciii of rats t o  tlic a i i w  cstciit 1)y ioiitophoresis as from 
5 SaSLiT ointment. 

3. : Iontophoresis of K a S . \ l '  tlirougli the intact skiii o f  rah1)its 
produces a greater concentratioti ( ) €  SAT in subcutaneous muscle than 
wet dressing application. 1)ut tiic. concentrations iri deep muscle and 
hlootl arc' ncgligihly small. 

Im1)aircd circulatioii i j i  1 x 1  s 1))- ligation o f  the linihs, has little 
effect on penetration o f  C'aS,\*I' arid NaSAT into these lirnhs by 
ioiitophoresis and from oiiitnieiit. 

5. Penetration of CaSAT a17d NaSAT by iontophoresis and from 
wet dressings into rabbit slciii is essentially the same. Penetration 
of NaSAT into tlie skin o f  tlc.;itl r;il)l)its l)]i iontophoresis is greater 
than f r( mi wet dressings. 

. j ' i i i i i i i i ( i i * > l .  

4. 


