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Effects of Dimethylsulfoxide (DMSO) and Potass ium Chloride on the Resting Potential 
of the Isolated Frog Nerve 

DMSO appears  to be effective in a l ter ing the  configura- 
t ion of pro te ins  1. This effect  is reversible  and  seems to  be 
re la ted to  t he  size of the  DMSO molecule and the  capac i ty  
to subs t i tu te  for, or b ind  wa te r  2, 3. Ano the r  exp lana t ion  
of the  DMSO effects is to assume reversible  in te rac t ions  of 
DMSO wi th  SH groups of enzymes  4. These proper t ies  m a y  
be discussed as a mode  of ac t ion of DMSO in l iving 
systems.  The effects of DMSO on nervous  t issue were 
s tudied wi th  regard to  nerve  conduc t ion  5 and  blockade 6. 

In  th is  pape r  we t r ied to elucidate 1. the  direct  influence 
of DMSO on tile res t ing  potent ia l ,  2. the  indi rec t  influence 
of DMSO on po tas s ium chloride med ia t ed  depolar izat ions  
and, 3. the  possibi l i ty  of seasonal  differences in the  act ion 
of D1ViSO and  po tas s ium chloride. 

Method and material. W e  used the  sucrose gap me t h o d  7. 
Sciatic nerves  of win te r  and summer  frogs (Rana tem- 
povaria) were p repared  for a d is tance  of abou t  4 cm;  nerve  
shea ths  and  per ineural  ep i the l ium s were removed.  F r o m  
October  to March the  frogs were def ined as winter- ,  f rom 
April  to Sep tember  as s u m m e r  frogs. 

Non-polar isable  calomel electrodes connec ted  to a 
ca thode  follower wi th  a DC amplifier,  an oscilloscope and  
pen recorder  were used to  record the  a l tera t ions  of the  
res t ing potent ia l .  

Resulls.  15 ~o DMSO Ringer  solut ion depolarizes 
revers ib ly  the  res t ing  po ten t i a l  of frog nerves.  Compared  
wi th  t he  depolar iz ing act ion of a 20 mmol/1 po tas s ium 
chloride Ringer  solut ion as s t andard ,  the re  were funda-  
men ta l  differences in t he  d e p t h  and  veloci ty  of the  
depolar iza t ion  be tween  these  2 depolar iz ing subs tances  
(Figure 1). 

Composition of the Ringer-, sucrose- and test solutions 

The pH value of the solutions was adjusted between 7.3 and 7.5 
Ringer solution 

NaC1 110.50 mmol 
KC1 2.50 mmol 
NaHCO~ 2.40 mmol /1 aqua bidest 
CaC12 1.05 mmol 

Isotonic sucrose solution 

C1~H2~O n 73 g/1 aqua bidest 

15% resp. 30% DMSO Ringer solution 

150 or 300 ml of 97% DlV[SO were filled up with aqua dest. to 1 1. 
To this mixture the electrolytes corresponding to 1 1 Ringer solution 
were added. 

20 mmol/1 reap. 60 mmol/l KC1 Ringer solution 

The sodium chloride contents was lowered while that of potassium 
chloride was raised. 

F u r t h e r m o r e  there  was an obvious concent ra t ion-ef fec t -  
re la t ionship  in the  act ion of DMSO- and  po tas s ium Ringer  
solution. There  was no seasonal  difference in t he  depolar-  
izing effect  of DMSO b u t  in t h a t  of po tass ium chloride 
Ringer  solut ion 9. 

In  Figure 2 is shown t h a t  t he  DMSO effects on the  
res t ing po ten t i a l  of nerves  f rom s u mmer  and  win te r  
frogs are equal,  while those  of po tas s ium chloride are 
s ignif icant ly  different .  

I n  a series of expe r imen t s  summar i zed  in Figure  3, we 
found t h a t  the re  is a longer last ing effect  of DMSO which  
out las ts  tile acute  DMSO med ia t ed  depolar iza t ion  and  
which could be d e m o n s t r a t e d  by  subsequen t  po tas s ium 
chloride depolai iza t ions .  Successive combina t ion  of DMSO 
first  and po tas s ium af ter  it  shows t h a t  the  final  r e s t i tu t ion  
in the  m e m b r a n e  for the  following KC1 med ia t ed  depolar-  
izat ions is DMSO and  t ime-dependen t .  I t  takes  abou t  
40 min to abolish comple te ly  the  pers i s ten t  DMSO effect. 

Ill con t ras t  to the  successive combina t ion ,  we also t r ied 
a s imul taneous  one. Depolar iza t ion  caused b y  KC1 Ringer  
shows a nar row devia t ion  of the  res t ing po ten t ia l ;  
depolar iza t ion caused by  the  mi x t u r e  DMSO and KC1, 
i.e. s imul taneous ly  applied,  is charac ter ized  by  a nar row 
peak  fol lowed b y  a p la teau  of lower value.  The  dura t ion  
of the  p la teau  depends  on the  perfus ion t ime  of the  mixture .  
W h e n  the  nerve  is per fused  wi th  the  mix tu re  af ter  DMSO 
alone has been applied,  the  depolar iza t ion peak  of the  
mix tu re  is cut  off. Appl ica t ion  of 20 mmol/1 po tass ium 
chloride caused a s t an d a rd  depolar iza t ion  of normal  height .  

To prove  or refute  t he  hypo thes i s  of ti le D M S O / S H  
group interact ion,  w e  t r ied  to block the  SH groups of 
nervous  enzymes  wi th  SH group blockers  e.g. p-chlor-  
mercur i -benzoeacidic  sodium. Though  we used a re la t ive 
h igh  concen t ra t ion  (10 .3 M),  which  produces  a hyper -  
polar iza t ion of the  res t ing  potent ia l ,  the  DMSO depolar-  
izat ion was no t  influenced.  

Discussion.  A t t e m p t s  to e lucidate  t he  mode of ac t ion 
of DMSO are as numerous  as t h e  phys ico-chemica l  and  
biological quali t ies of the  DMSO-molecule.  I t  has  broad 
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Fig. 1. Depolarization evoked by applying 20 mmol/t KC1 Ringer respectively 15% DMSO Ringer solution; repolarization is performed by 
perfusion with Ringer solution. $, 15% DMSO Ringer solution; $, KC1 Ringer solution 20 mmol/1; ~, Ringer solution. 
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so lven t  cha rac te r i s t i c s  a n d  can  p e r m e a t e  i nnocuous ly  
t h r o u g h  p r o t e i n  bar r ie r s  ~~ DMSO is able  to  p e n e t r a t e  
regions on t he  p ro t e i n  s u b u n i t s  in te r faces  more  read i ly  
t h a n  o t h e r  bu lk ie r  so lvents .  The  o the r  e x p l a n a t i o n  of t h e  
DMSO effects is to  a s sume  revers ib le  i n t e r ac t i ons  of 
DMSO w i t h  t h e  S H  groups  of enzymes  e.g. of t he  mem-  
b r a n e  ATPase*.  

A t  our  p r e s e n t  s t a t e  of knowledge  we jo in  t h e  wide ly  
he ld  h y p o t h e s i s  t h a t  DMSO does no t  ac t  as a n  osmot ic  
ac t ive  a g e n t  or w i t h  S H  group  because  t he re  was no 
a l t e r a t i o n  of DMSO i nduced  depo la r i za t ions  b y  S H  group  
blockers ,  b u t  as a n  ideal  phys ico -chemica l  so lven t  1, n ,  ~.  
The  e x p e r i m e n t a l  resu l t s  of osmot ic  DMSO effects a re  
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Fig. 2. Comparison between the resting potential depolarizing effects 
of 30% DMSO Ringer solution and 20 mmol/1 KC1 Ringer solution 
from winter and summer nerves .The black bars represent the values 
for summer nerves, size of sample 11 resp. 17; the white bars those 
for winter nerves, size of sample 22 resp. 69 (probality of error 
< 0.1%). 
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Fig. 3. Comparison between the depolarizations (sample mean of 6 
experiments) evoked by 20 mmol/1 KC1 Ringer with winter (repre- 
sented by the filled circles) and by 60 mmol/1 KC1 Ringer with sum- 
mer nerves (represented by the open circles) after pretreatment with 
DMSO. A) The depolarization mediated by potassium chloride Rin- 
ger solution before DMSO Ringer was applied is arbitrariiy plotted 
as 100% (standard depolarization). The first KC1 mediated depolari- 
zation after DMSO application reaches about 55 % in summer nerves 
and in winter nerves only 35 % of the standard depolarization. There 
is a permanent restitution in the height of the depolarization ampli- 
tude with the following KC1 depolarizations. 

c o n t r a d i c t i o n a r y  a n d  t h e  ex is tence  of e x p e r i m e n t a l  d a t a  
wh ich  classify DMSO solu t ions  a t  one t i m e  as h y p e r t o n i c  
a n d  a t  t he  o the r  as h y p o t o n i c  are  numerous .  

A compar i son  of t he  v a n ' t  Hoff  i -values  shows t h a t  
DMSO c o n t r i b u t e s  v e r y  l i t t l e  to  t he  osmot ic  p ressure  of 
ex t race l lu la r  aqueous  solut ions.  Hemolys i s  is p r e v e n t e d  
w h e n  0.9% NaC1 or i so tonic  c o n c e n t r a t i o n s  of o the r  
c o m p o u n d s  are added  to  DMSO solu t ions  13. 

25% DMSO p roduced  b lock ing  in a n  i so la ted  n e r v e  and  
i t  has  been  sugges ted  t h a t  t h i s  m i g h t  be  an  osmot ic  
effect  ~. W h e t h e r  DMSO solu t ions  are hypo-  or hyper ton ic ,  
t h e  i soosmola r i ty  of t he  so lu t ions  used in m e a s u r e m e n t s  
of t h e  r e s t ing  p o t e n t i a l  of ne rves  is no t  i m p o r t a n t  s ince 
50% h y p e r t o n i c  so lu t ions  did  no t  a l t e r  t he  res t ing  
p o t e n t i a l  14. 

S u m m a r i z i n g  we sugges t  t h a t  DMSO inf luences  tile 
c o n d u c t a n c e  a n d  t he  di f fus ion coeff icient  of t he  m e m b r a n e  
a n d  poss ib ly  t he  s t r u c t u r e  of water .  I t  seems l ikely t h a t  
a l t e r a t i ons  of these  m e m b r a n e  qual i t ies  m a y  be  respons ib le  
for v a r i a t i o n s  in  t he  car r ie r  m e c h a n i s m  of t h e  pass ive  ion 
t r a n s p o r t .  

The  a p p a r e n t  seasonal  d i f ferences  in  t he  sens i t i v i ty  of 
t h e  r e s t ing  po ten t i a l ,  i.e. t h e  ne rvous  m e m b r a n e  t owa rds  
p o t a s s i u m  chlor ide  ions, is a well  k n o w n  p h e n o m e n o n  b u t  
has  n o t  as ye t  been  exp la ined  sat isfactor i lylS-1L 

The re  are s imi la r  resu l t s  of t he  depolar iz ing  effects of 
n ico t ine  on  f rog 's  ske le ta l  muscle.  Th i s  effect  is more  
m a r k e d  f rom October  to  M a r c h  t h a n  in spr ing  a n d  sum-  
m e r  17. 

I n  our  e x p e r i m e n t s  we saw t h e  same  t e m p o r a l  l imi ta -  
t i on  for  t he  s ens i t i v i t y  t o w a r d s  p o t a s s i u m  chlor ide  me- 
d i a t ed  depo la r iza t ions  of t he  r e s t ing  p o t e n t i a l  in  f rog 's  
pe r iphe ra l  ne rves  (Figure 2). F u r t h e r m o r e  t he re  is a 
pa ra l l e l i sm b e t w e e n  seasonal  changes  in e n z y m e  ac t i v i t y  
a n d  KC1 depo la r i za t ions  which  m i g h t  exp la in  the  seasonal  
differences  in  XCI depo la r i za t ions  of t he  r e s t ing  po ten t i a l .  
The  specific a c t i v i t y  of t he  t o a d ' s  card iac  muscle  m e m -  
b r a n e  A T P a s e  du r ing  t he  s u m m e r  m o n t h s  was  r e p e a t e d l y  
found  to be  h igh  w h e n  c o m p a r e d  to  t h a t  of s imi la r  prep-  
a r a t i ons  i so la ted  du r ing  t he  w in te r  m o n t h s  16. 

A t  p re sen t  we c a n n o t  say  if t h i s  pa ra l l e l i sm of our  
resul t s  w i t h  those  of the  l i t e ra tu re ,  in wh ich  t he  differences 
of t i s sue  m u s t  also be  considered,  is casua l  or causal .  

Zusammen/assung. Da DMSO das  R u h e p o t e n t i a l  
depolar is ier t ,  ve rg l i chen  wi t  seine W i r k u n g  m i t  der  yon  
Ka l imnch lo r id .  Infolge  ve r sch i eden  schnel le r  Depolar i sa-  
t i o n e n  und  e iner  j ah resze i t l i ch  abhSmgigen R u h e p o t e n -  
t ia lS.nderung d u t c h  K a l i u m c h l o r i d  schl iessen wir  auf  
un t e r sch i ed l i che  W i r k u n g s m e c h a n i s m e n  be ider  S u b s t a n -  
zen. DMSO h a t  ausser  e iner  K u r z z e i t w i r k u n g  e inen  l i inger 
pe r s i s t i e r enden  revers ib len  Ef fek t  auf  die N e r v e n m e m -  
b ran ,  de r  d u r c h  nachfo lgende  k u r z w i r k s a m e  Ka l i um-  
ch lo r iddepo la r i s a t i onen  nachgewiesen  werden  kann .  
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