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A BST R ACT 

The efl~ct of sut faetants  on skin has been investi- 
gated by means of two experimental  techniques,  viz., 
by permeabil i ty studies using isolated neonatal  rat  
s t ra tum corneum membranes ,  and by studies on the 
reduct ion of the electrophysiological potent ia l  a c ro~  
freshly excised frog skin membranes .  Permeabili ty 
studies mdieale that  typical cationic and nonionic  
surfnctants  are weak penetrants ,  unlike anionic sur- 
factants,  as exemplif ied by sodium lauryl sulfate 
(SLS), which readily penetrates  and tends to destroy 
the integrity of s t ra tum corneum membranes  in a 
mat te r  of hours. The addit ion of polyethylene glycols 
(PEG) or nonionic  sorfactants  to solutions of SLS re- 
sults in a considerable reduction in the last ment ioned  
effects, the  reduction lending to increase as the  mole- 
cular weight and e thylene oxide con ten t  of the addi- 
tive increase. Ry contrast  with permeabil i ty,  the 
electrophysiological  measurements  show that  cationic 
surfactants  can be extremely active: the typical 
slJrfactant, cetyl t r iulethyl  ammonium bromide 
(CTAB), at a level of 0.5% in Ringer solution,  
destroys the potent ia l  across frog skin in minutes .  
and, indeed,  is comparable  m this respect to SLS. 
Nonionic surfactants  are comparat ively inactive, and 
their  addit ion,  like tha t  of PEGs, to the ionic sur- 
factant  reduces the effect  of the lat ter  significantly. 
Preapplieat ion of  a solution of PEG to the membrane,  
rather th~n incorporat ion in the solution of the sur- 
faclanl ,  affords bet ter  protec t ion  against the lat ter  as 
judged by bo th  perineabil i ty and poteittial  criteria. 

scattc, rcd references in the li terature (3), that  certain 
polyoxyethyla ted  materials can significantly reduce the 
penetra t ion.  The second lest method,  viz., destruct ion of 
the electrophysiolegical potent ia l  across freshly excised 
frog skin (4) by surfactants,  is used as a subsidiary tech- 
nique to the  first to confirm (or  otherwise) the effect of the 
primary surfactant  and that  of  the additive in the permea- 
bility test. Most of-the work, with bo th  methods ,  employed 
sodium lauryl su l f a t e - the  " s tandard"  mlrfactant for skiJl 
i rr i tat ion testing. Differences observed b~lween results ob- 
tainetl by | h e  lwo methods are expected to allow inferences 
to be made concerning response mechanisms. 

EXPERIMENTAL 

Materials 
M e m b r a n e s .  Neonatal rat stratum corneum membranes 

(NNRSC), from animals purchased from Marland Breeding 
Farms, West Milford, NJ, were separated by methods 
previously described (5). The source of the frog skin was 
the common  American species, Rana Pipiens. rhe speci- 
,hens, of  body length 3-5",  were obtained front NASCO 
Educational  Materials, I.td. and Mogul ED, l t d . ,  WisconsfiL 
They were stored in chlorine-free water at ca. 13 C and, just 
before use, were carefully washed, sacrificed, and the 
abdominal  skin removed. The laller wan washed, .,toted in 
Ringer solution and used within one hour  of their dissec- 
t ion.  

Surfactants. Sodium lauryl sulfate (SLS) was a pure 
(>99%) sample from B.DJt .  Myr'Jstyldimethyl benzyl 
ammonium chloride (Barquat  MS-100) was obtained from 

INTRODUCTION 
The development  of surfacrants  which are mild, i.e., 

nonaggressive towards humans ,  continue,~ to be an impor- 
tant  objective of  the detergent  and persor, al care industry.  
Likewise, agents which can be used as additives to  reduce 
the !rrilancy of ,sarfactants are continually so~lght. These 
lactors underscore the need for reliabte methods  of  testing 
for mildness of surfactant  formations,  i.e., outside of panel 
test ing on human  subjects. 

In order for a surfactant  to elicit a physiological re- 
sponse when applied to living mammalian skin, it is safe to 
assume that  the agent must  modify the outer  layer of the 
skin by delipidization and {nteraction with the keratin,  
and/or  penetrate  through the epidermal layer into  the 
dermis. The former process is expected to cause changes m 
the topography of the skin leading to rough "fee l"  (1 }; the 
I'~tter is involved when there is all el3"them~ response 
a t tending  entry of lhe aggressive agent into  the h~dng region 
or' the skin, i.e., the region of living cells, capillaries and so 
o n .  

In this paper we present  informat ion on the use of two 
test methods  evidently concerned with the latter of  the 
above processes. The first test method  involves a study of 
the rate of permeat ion of surfaetants  through s t ra tum 
corneum membranes.  In pre~ious work (2) we have studied 
both the soipt ion of sodium lauryl sulfate by such mem- 
branes (and their consequent  swelling) a~d its penetra t ion 
through the membranes .  This latter me thod  is Fursued in 
the current  work and we wj.ll show, in conf i rmat ion of  
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FIG. 2. Permeation of SI.S tlnough NNRSC membranes. 

Lonza, inc., and was used without purification. Cety l  
t r imethy]  ammonium bromide (CTAB), used in the mem- 
brane potential  measurements as tee "'startdazcl" cationic 
surfactant, was a pure (>99%) sample from Fine Organics_ 
The nonionic surfactanLs used were products of  Union 
Carbide Corporation: TergJtol | 15-L-3, -L-9, and -L-20 are 
3, 9, and 20 m~le (av.) ethoxylates of C l 2 _ t s  primary 
alcohol; Tergitol~'25-S-9 is the 9 mole (av.) ethoxylate of 
CI ] _ 15 random secondary alcohol. The Carbowax | poly- 
ethylene glycols (PEG) were also product's of Union 
Carbide; their numerical designation refers to their approxi- 
mate molec~tLar weight. 

Method 

Details of the electrophy~iological technique and prin- 
ciple (6) are given in the Appendix. The permeabiLity test 
method which we have described before (2) employed a cell 
modelled after that  of  Loveday (7). The method mvoh, es a 
t ime study of  the amount  of  surfactant which crosses a 
stratum comeum membrane separating the chambers of a 
two compartment cell. Surfactant solution was contained in 
the upper compartment  and, intiially, distilled water m the 
lower. Radiotagged material was purchased from 
Amersham-Searle (Des Plains, IL) in the form of small 
individual ampoules. Each ampoule contained 2.47 mg of 
SLS with an activity of  100 microcuries. The tag was 
pre~ent as the S-35 isotope, Solutions of  desired concentra- 
t ion were made up of  the nonradioactive powder, and one 
ampoule was added with stirring. For  perm=ability experi- 
ments, a small sample (0.l g) of  the water in the lower part 
of the cell was removed by pipette and put in a one-ounce 
counting vial f r ied with the scintillant liquid, INSIAGEL.  
Radioact id ty  was determined by scintillation counting in a 
Packard 3255 Counter. Analysis of  the other surfactants 
(see below) was carried out spectrophotometrieal ly,  
Barquat MS-100 at 262 nM and Tergitol | 15-S-9 at 337 nM. 
Barquat MS-100 was in fact c h u r n  for its ease of deferral- 

FIG. 3. Pcrmcadon ;:urv~ fo':" I0~. S1,S solutions with varying 
amf}unls of PEC, ?O,fi~O; ?qNRSC mP, mhranc~. 
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FIG. 6. Permeation ~)1" I(1% SLS through NNRSC membranes 
p[etre~,l.ed with 51}% solutions of various PEGs. 

nation by (his method.  The pH of the (unbuffered) sur- 
factant solutions ranged from 6 to 8. 

R ESU LTS 

Skin Permeation 

in Figt.re t plots of the permeation of SLS, Bantuat 
MS-100 and rlergitol 15-S-9 are givem By compaTison with 
the SES, the cationic and nontoxic surfactants show ex- 
tremely limited permeability: no significant transport  
across the membrane was detected before 4 (lays. Accord- 
ingly, no further work by the permeability method was 
carried out o~ these snrfaetan~s as the primary penetrant.  

In considering the effects produced by SLS on stratum 
corneum, it is imp{~rtant to note that this surfactant 
gradually attacks the skin membrane:  increasing its per- 
mcability with time (2,8), ' fhe amount  of attack is pro- 
portional to the concentrat ion of the surfactant in solution. 
Because of this situation, a single measure of permeation 
(e,g., permeabztity constant)  does not specify very well 
the state of  the skin nor the efficacy of a material which 
reduces SLS penetrat ion,  Instead, it is instructive to con- 
si~lcr a curve of the amount  penetrated vs. time. Figure 2 
shows the coutrol data obtained for NNRZC exposed to 
botk  1% and 10% SLS solutions. The logarithmic scale for 
the ordinate is useful, since the amount  of SLS going 
through the membrane varies by several orders of  magni- 
tude as time progresses. 

Most panel testing of  surfactants utilizes rather concen- 
trated aqueous solutions (~5% by weight) of these sur- 
faetants.  A level of 10% concentrat ion for the SLS solution 
was chosen for much of the present work on permeat iom 
As can be seen in Figure 2, the skin fails catastrophically in 
about 2 days when exposed to this concentrat ion if no 
protective additive in present. The addition of PEG tc 
such solutinns was found not only to  decrease the absolute 

amount  of  SILS which penetrates,  but also ~:o greatly extend 
the lifetime of the membrane.  For example, Figure 3 shows 
tke effects of progressive increases in the amount  of PEG 
20,000 added. It can be seen that the presenc~ of the latter 
at 2% concentrat ion (20%, expressed by weight of the SLS) 
Ieads to a significant reduction of penetrat ion and exten- 
sion of  useful membrane life. These effects increase progres- 
sively with PEG concentrat ion.  

Next, tile effect of PEG molecular weight was investi- 
gated, A standard level of 5% in solution of various g a d e  
PEGs was added to 10% SLS solutions. The results in 
Figure 4 show that increasing PEG molecular weight, up to 
about P[-G 6,000, brings about lower penetrat iens of SLS: 
a small reduction in efficacy is apparent on further increas- 
ing the PEG moloch]at weight to 20,000. At the 5% PEG 
level, is was not  feasible to employ higher molecular 
weights, since the overall solution viscosity becomes too 
high. To circumvent this, the concentrations of both 
suTfactant and PEG were lowered to I%. Under these 
conditions, PEG 20,000 had a much stronger effect than 
PEG 6,000, but Figure 5 shrews that further increases in 
PEG molecular Weight led to somewhat reduced effects. 

The addition of relatively large an~eunts of PEG ze 
surfactant solutions is a somewhat inefficient way of 
reducing penetrat ion.  Hence, a method of preapplication 
was tried in order to maximize the effect. In this procedure, 
0.1 ml of PEG solution was spread on the snrface of  *he 
stratum corneum (area of  1.75 cm2) and allowed to stand 
for 15 --30 mix. ~1 he amount  of PEG left on the skin can be 
controlled by changing the concentration of  lhe applied 
solution, Figure 6 shows data for sol~tio~s of 50% water/  
50% PEG by this method.  Again, there is a general 
tendency for higher molecular weights to be more effective 
in reducing penetration. It was not feasible to  gc tfigher 
than PEG 68,000 because of  viscosity problems at tlqs 
c~ncentrat ion level, The long times and low permeation fi- 
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gures arc testimony to the very. effective action of PEG in 
the preapFlicarion m e t h o d  

Wt:en '.Ire corncc;ntralion of line preapplied sc:lnndon was 
lowered to 20%, an effect was ~ti_tl notio~d, but it became 
difficult to distingmsit any difference among the various 
molecular weight grades; see Figure 7 The amount e.fPEG 
applied in this case was ca. 10 mg per cm2 of skin surface. 
However, it ~aq slill su!'ficie,t to redm:e the Sl.S penetra- 
li,)n l()lo[d. EllJoxylal~d norlion;c sur:m:~ants were also 
tested as additives to SLS in the permeability cell. BoiL. 
preapplication and addition ~_o solution were succcs.s in 
reducing SLS penetrat ion.  Thus, Figure 8 shows tee case ol" 
two of these n:zterials azlded to 10% SLS solution. It is Io 
bc noted that the material with more e thy 'ene oxide is 
more effective. Indeed, we have shown that many different 
types of ethoxylated materials, including block and random 
copolymers ol ethylene oxide and propylene oxide, per- 
fo:m m this manner.  Although the ditferenees are some- 
times slight, "I is our experience that tee most effect-re 
water~als n;" all are the high lnoleeul:~r weight PFGs. 

Frog Skin Membrane Potential 

Resutt.~ obtained by the electrophysiological potential  
technique (4,6) are given in Figure 9 and Figure 
10 {~.urfactants at 0.5% concentration).  The potentials 
a ~  r.orwali?ed to a starting value of 100% in 
order  to compensate  lor skin-to-skin variation in 
tile original potentials (see Appendix).  Wtdle confirming the 
relative ixiactivity of the Jlo[~iollic sutfactant,  this technique 
shows the q~.ale]nary, am:nonim:l surfactant to b~' tdgtdy 
active (more so than SLS) in destroying the poential across 
the frog membrane. The addition of as low a level as 
0.005% CTAB completely destroyed the potential in ca. 60 
rain. [t .~hoult be coted that, once the potential is de- 
stroyed in this way, repeated waahing of the skin with fresh 

R!ngcr balhing solut!on will not rcsior:' it. In other words. 
the surfactanrs irreversibly impair the aclive metabolic 
sodium transport reactions which generate the potential. 
Co,npalisou o,'." the results o1 the lwo ligures shows thai all 
increase in ~,.)ncentrallon flolu 0.005% [o 0.Y7~ ,.4 ~;oth SLS 
and C'I AB results in a considerable increase ,n decay rate of 
the potential. Our previous results indicate a rapid increase 
in the potential  decay rate as the {ionic) surfactan; concen- 
tration is increased through the critical miceUe concentra- 
tion (CMC); above the CMC tee potentials can be reduced 
by 90% in less than 5 rain (4). In the st:Irate Ringer solu- 
tion, the CMC values of S1,s and CTAB are 0.04:.Yc and 
0.015%, re.Nlechvely (4). Igec~mse of the very rapid po]en- 
tiai decay, furltlc: les!ing was limiled Ioconcen l l a l ion :  n() 
higher than (),5%. 

Figures !0 and 1; show the effect  af  inclnding PEG 
6,000 at the level (1%) employed in the experimem~ 
referred to in Figure 5. As in the latter case, the presence of 
the polyglycol leal!~ I o a  consistent reducti,.m of Ihe sur- 
fllctJnl eftecf. The I'olyglyco{ al:)ne is substanlially wilhout 
efl'c;;t on th~ tl]el]lbfVdlie potential,  it is also evidenl, that 
Pietreating the ski]] membrane wilt] a 1% PEG 6,000 solu- 
ti,on has a slightly n,cteas~d etlecl, over l?lat obtained, when 
it is dissolved at this level in the SLS solution. 

Finally, a test of the effect of adding a nonionic surfar 
rant, Tergitol| to SLS (both at 0.5%) confirms that 
the nonionic,  like polyglycols, reduces the potential de- 
stroying action of the SLS. See Figure [2. 

In Vivo Testing 

The model e~I'e]iments above show ,ltlar several po]y 
ezhoxylated materials decrease the oenelralion of NI.S 
through the skin under in vtt]o condAxms. We etnlfhl:ted 
by in vivo tests that this correlates with ]educed Skill 
irritation. Two voluutcers used daily preapplications 
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of 50% PEG 20,000 on small patches of the forearm. After 
each preapplication gmlze soaked in 5% SLS solution was 
allowed to contact  the skin occlusively for 1 hr. These 
patches showed no reddemng or irritation over a period of 
3 days. However, control  patches on the same volunteers 
that were not treated with PEG showed severe reddening 
and irritation in the same period. We point out that Garrett 
(3) successfully correlated the reduction of sorption of 
anionic surfactants by hide powder in the presence of 
ethoxylated nonionic surfactants with a reduction in in-rive 
i r r i ta t ion .  

D I S C U S S I O N  

It has been shown that  sodium laury l  sulfate readi ly  
penetrates stratum corlleum membranes,  bat that a re- 
presentative cationic surfactant and a nonionic surfactant 
do not. In this respect this behavior parallels the known 
behavior of these surfactant types on skin: SLS is a recog- 
nized topi2al irritant and our in ~,qvo tests have confirmed 
this; quaternary ammonium surfactants, on the other hand, 
are reported to be comparatively non i r r i ta t ing  when 
topically applied (9) as are nonionic m~rfactants. Fvidently 
in order to elicit a physiological response: such as erythema 
or edem.',, when applied to the .skin, a surfaclant rnu~l be 
able to penvlrate lhrough lhe skin. The high level e l  intrin. 
sic biologic',d activity o1 cationic surlactants is weU known,  
as evidenced by their potency as germicidal and lyric agents 
(9). The results obtained via the electrophysiological 
measurements are in full accord with the latter. They show 
that ionic surfactants, especially cationic surfactants, 
irreversibly impair the functioning of the frog skin celts, 
presumably by interfering with the active metaboKc sodium 
transport reactions which generate the potential.  The 
allernative explanation that  ionic surfactants destroy the 
?otential  by altering the permeability of  the membrane is 
inadequate since measurements showed an insignificant 
change in tritium transport across a membrane exposed to 
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0.5% SLS. 
We conclude thai, from the point of view model test 

methods for skin irritation, the permeability and potential 

methods are to some extent  conrplementary. The former 
will give an indication as to whether a surfaetant is likely to 
be able to cause irritation, i.e., to enler lhe ~ensitive sublayers 
of  skin. The latter is expected to indicate the damage a 
surfactant can cause once it has penetrated,  and may be 
more relevant to behavior on impaired (chapped, cracked, 
etTthemic or swollen) skin. It should also be considered as a 
possible model test for irritation of  eyes and mucous 
membranes. 

l'he application of PEGs as anti-trntants is a logical 
extension of the interesting inquiry, begun in the 1960s by 
I[.E. Garrett (3). l]e showed,  for example, that the addition 
of  certain ethoxylated nonionic surfactants to sodium 
lauryl sulfate decleased the late of soaption el the latter by 
the model substrate, hide powder.  Also, he successfully 
correl;)ted this phenomenon with i)l vivo reduction of 
irritation. Practical use of Garrett 's  findings has [)een made 
m the hair care indusUT: t~,e addition of  nonionics to 
anionic shampoo~ in order to reduce eye irritation is 
becoming a common practice (10). 

The reduct ion of suriactant penetration and of mem- 
brane potenti:d destruction brought :thou| by PF.Gs and 
noldonic surfuclans can be considered to  be part <)[" the 
general phenomenon of "anti-irri tation." Although this 
behavior has been observed for several chemical sub- 
stances, there iz little uadetstas~ding of the ac t ion(s ) in -  
volved. A recent review by Goldemberg and Safrin (11) 
discusses possible mechanisms, which are brought under 
tlaree headings, 

I. Prevention of  intimate physical corktact of irritant and 
skin (occlusion). 

2. Complexation,  
3, Blocking of otherwise reactive sites on the don. 
These three categories axe considered in turn. 
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1. Prevent ion of  contac t  or occlusion does not  seem to 
fit the observed facts very well. Nei ther  PEGs nor  nonionic  
surfactants  can be regarded as effective film formers  on the 
skin. Also, tkese materials are effective an t iq rd tan t s  when 
merely dissolved in solution,  and unRer these condi t ions  
occlusive films are unlikely to form. 

2. Complexat iou  seems at first like a reasonably good 
explanat ion for the  anti- irr i tat ion and permeabi l i ty  reduc- 
t ion phenomena .  It  is known,  for example,  that  there is a 
solut ion in terac t ion between P E G  and SLS (12,13).  And,  in 
fact, a min imum molecular  weight oI~ ca. 6 ,000 is necessary 
to observe snch interact ions.  However,  it is no t  at all ciear 
tha t  such complex format ion will be very effective irt 
reducing pene t ra t ion  of  the  surfactant .  To test  this, Visking 
cellulose casing was pu t  in the permeabi l i ty  cell instead of 
rat  s t ra tum cerneum.  Numerous  exper iments  showed tha t  
nei ther  addi t ion of  PEG to SLS solut ion nor  pre t rea tm ant of 
the rasing by PEG solution had any appreciable effect  on  
passage of SLS. These exper iments  appear to  rule out 
complexat iou a n d  indicate in a general way tha t  there is 
some specific effect be tween  the  PEG and the  stratum1 
corneum. On the  o ther  hand,  with added nonionic  surfac- 
tunis ,  reduct ion of t ranspor t  of  SLS by  mixed micetle 
folTnation (i.e., nonspecific complexatLon) can be anti-  
cipated since nonionic  suffactants  have a tow critical 
micelle concent ra t ion  (CMC) and thus would tower the  
monomer  concent ra t ion  of SLS (14).  However,  the  larger 
effect  seen with the higher e thoxy la ted  (higher CMC) 
surfactant  in  Figure 8 suggests tha t  e thoxyla te  conten t ,  per  
se, may be  more impor t an t  t han  the mixed micelle effect. 

3. As regards the  "b locking"  mechanism,  comments  at  
this  poin t  can only be speculative. However, t he  data are 
consistent  with a mechanism involving sorpfion of  poly-  
oxye thy la ted  (PEO) mate~als ,  e i ther  themselves or as 
complexes with SLS, on to  sites of the  kerat in  which 
normally at t ract  SLS and which are thereby involved in the  
t ranspor t  of SLS across the kezatin membrane  (15) .  On the  
basis of  such a mechanism,  if  PEO material  in solution is 
effeetlve, ~ e n  preapplied PEO should be m u c h  more  
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FIG. 12. Effect of Tergito~| 25-L-9 in ~educing the decay of 
potential (frog skin) caused by SLS. 

effective, as was indeed  o b s e ~ e d .  Prel iminary results we 
have obta ined indicate  a f inite up take  of  PEGs by hide 
powder ,  but  more data are r~quired before  rigorous conclu- 
sions can be made. 

APPENDIX 

The Frog Skin Membrane Potential Technique 
Principle of the Method. When a freshly excised, "still 

l iving" frog abdominal  skin is ba thed  in aerated Ringer 
solut ion,  a steady state potent ia l  is developed (6) under  
open circuit condit ions.  The magni tude  of this  potent ia l ,  
wi th  the  innerside of  the skin electrically positive in rela- 
t ion to the  outside,  can be as high as 1[10 to 150 mv(6 ,15 ) .  
The origin of  such potent ia ls  is t hough t  to  be metabol ic  
sodium and potassium t ranspor t  reactions associated with 
active sodium t ranspor t  or  the  "sodium p u m p "  process 
( 1 7 - 1 9 )  by the skin cells. This causes spontaneous  trans,  
por t  of  sodium ions f rom the outside to the  inside of the  
skin, even against an electrochemical  gradient,  Such active 
sodium t ranspor t  is accompanied  by passive t r anspor t  of 
other  anions and cations along their  electrochemical  
gradient.  The magni tude of  passive ion t ranspor t  is directly 
p ropor t iona l  to  the permeabi l i ty  of  the  membrane  to the 
specified ions. The overall generated potent ia l ,  ~ ,  under  
open  circuit  condi t ions  can be xepresented as ~ -- JR/X, 
where  JR i~ the ionic flux caused by the sodium pump 
mechanism and ~, is the  membrane  permeabi l i ty .  

T h e  existertce of  such potent ia ls  is vital to  the  funct ion-  
ing of  animal systems (20) and  ~s associated with a n u m b e r  
of  coupled t ranspor t  processes (18),  control  of  cell volume 
(17), and  so on. In t roduc t ion  of  surfac tant  molecules,  
which  interfei 'e wi th  metabol ic  react ions responsible for the 
sodium pump,  can destroy the  generated potent ia l .  In the 
cases of  skin, the  rate of potent ia l  des t ruct ion is likely to be 
one  indicat ion of  the  agres~iveness of  the  surfactant  to-  
wards the  skin cells. 

~4pparatu~. "The appara tus  used for  the  e lec t rometr ic  



7 8 2  (SD&C 134)  JOURNAL OF THE AMERICAN O i l  CHEMISTS' SOCIETY V O L  56 

m e a s u r e m e n t  is s imilax to  tha t  deve loped  by Uss ing  (4 ,16) .  
In  brief ,  t h e  cell cons i s t s  o f  two canica l  c o m p a r t m e n t s ,  
e a c h  o f  20 ml  capac i ty ,  s epa r a t ed  and  sealed f r o m  each  
o t h e r  by  t h e  m e m b r a n e  u n d e r  invest igat ion ' ,  T hese  c o m p a r t -  
m e n t s  are filled w i t h  " s u l f a t e "  Ringer  s o l u t i o n  o f  pH 8 
(111 .2  m M  N a 2 S 0 4 ,  2 .0  mM  K 2 S O 4 ,  1.0 m M  C a S 0 4 ,  and  
2.6 m M  N a H C O 3 )  to an  ap!0ropria~e l e v e l  St i rr ing a n d  
s i m u l t a n e o u s  a e r a t i o n  are ach ieved  by a r is ing s t r e a m  of  
b u b b l e s  frcnn pur i f i ed  air  supp l i ed  to  e a c h  c o m p a r t m e n t .  

T h e  e lec t r ica l  po t en t i a l  m e a s u r i n g  device cons i s t s  o f  two  
ca lomel  sleeve j u n c t i o n  re fe rence  e lec t rodes  wh ich  are 
c o u p l e d  to  each o f  t he  ha l f  cell c o m p a r t m e n t s  by agar 
bridges.  T h e s e  r e f e r ence  e lec txodes  in t u f a  are c o n n e c t e d  to 
a Ke i th l ey  61OA e le~ txomete r  coup led  to a c h a r t  r eco rde r  
( 7 1 3 2 A ,  H e w h t t - P a c k a r d ) .  

T h e  e x p e r i m e n t s  were c o n d u c t e d  b y  first  ca re fu l ly  
m o u n t i n g  the  m e m b r a n e  in b e t w e e n  the  t w o  ha l f  cell 
c o m p a r t m e n t s .  Th i s  was  fo l lowed  by  add i t i on  o f  25 ml  
su l fa te  Ringer  so lu t ion  to each  ha l f  cell and  ae ra t ion  o f  
these  cell c o m p a r t m e n t s  un t i l  a s t eady  s ta te  po t en t i a l  was 
r ecorded .  Nex t ,  an  alSquot o f  s u r f a c t a n t  s tock  so lu t i on  
(genera l ly  1 5 ml)  was a d d e d  zo the  o u t e r  c o m p a r t m e n t  to 
ob t a in  t he  r equ i r ed  s u r f a c t a n t  c o n c e n t r a t i o n .  To  avoid  a n y  
h y d r o s t a t i c  d i s t u r b a n c e s  across  t he  m e m b r a n e ,  the  sur-  
f ac t an t  so lu t ion  a d d i t i o n  was a c c o m p a n i e d  by the  s imul -  
t a n e o u s  a d d i t i o n  o f  an  equa l  v o l u m e  o f  su l fa te  R inger  
s o l u t i o n  to the  inne r  c o m p a r t m e n t ,  All the  s a r f a c t a n t  
s tock  so lu t i ons  were  p repa red  in the  sul fa te  Ringer  
so lu t i on .  Sul fa te  R inger  so lu t ion  was p re f e r r ed  over the  
c o n v e n t i o n a l  ch lor ide  Ringer  so l u t i on  as the  m e m b r a n e  is 
less p e r m e a b l e  to su l fa t e  ions  t h a n  to  ch lo r ide  ions ,  and  
hence  a h igher  skin po t en t i a l  wh ich  is s table  a n d  less 
sensi t ive  to  h y d r o s t a t i c  p re s su re  g rad ien t s  is genera ted .  

A c t u a l  s t a r t ing  p o t e n t i a l s  var ied apprec iab ly  f r o m  skin  
to  skin ,  and use  o f  n o r m a l i z e d  po t en t i a l ,  in wh ich  the  
s t a r t i ng  va lue  is se t  a t  100%, was f o u n d  to faci l i ta te  c a m -  

pa r i son  o f  s n r f a c t a n t  e f f ec t s  and  to y ie ld  good  r ep rod u c t i -  
b i Iky  for  a pa r t i cu la r  t r e a t m e n t .  In  the  absence  o f  ad d ed  
su r f ac t an t ,  t he  sk in  ~ c t e n t i a l  m a i n t a i n e d  i ts  value t o  wi th in  
10% even af te r  8 hr. 
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