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Effects  of D i p h e n y l h y d a n t o i n  on  T r a n s p o r t  P r o c e s s e s  in F r o g  S k i n  (Rana ridibunda) 
D i p h e n y l h y d a n t o i n  (DPH) has  been  used as an ant i -  

epi lept ic  and  as an a n t i a r r h y t h m i c  agent  for m a n y  
years l ,  2. A l though  i t  is well es tab l i shed  t h a t  i t  affects  a 
wide va r i e ty  of ceils, i ts  mechan i sm of act ion is largely 
unknown.  Recen t  work  on muscle  and  bra in  t issue a-5 has 
y ie lded confl ic t ing resul ts  as to  t he  effect  of D P H  on the  
N a + K - - A T P a s e ,  some au thors  c la iming a sgimulat ion ~, 
o thers  an inh ib i t ion  of the  enzyme  5. The consensus,  how- 
ever,  is t h a t  D P H  somehow acts  upon  ion m o v e m e n t s  
across cell membranes .  I t  t hus  seemed jus t i f ied  to inves-  
t iga te  the  effects of D P H  on a polar  ep i the l ium such as 
frog skin, a t issue offer ing a conven ien t  mode l  for t he  
s tudy  of sod ium t r a n s p o r t  i n  vi t ro ,  unde r  welI def ined 
exper imen ta l  condit ions.  A p re l imina ry  repor t  of th is  work  
has  been  p resen ted  elsewhere 6. 
Materials and methods. The ven t ra l  skin of frogs (Ran t  
ridibu,ada) was m o u n t e d  in lucite double  chambers  filled 
wi th  aera ted  Ringer  solutions of a s t a n d a r d  compos i t ion  7. 
The skirt i tself  was sandwiched  be tween  ny lon  meshes  and  
c l amped  be tween  lucite p la tes  p rov ided  wi th  2 rec tan-  
gular  windows.  I t  was thus  possible to  expose 2 indepen-  
d e n t  areas of t he  same skin to Ringer  solut ions con ta ined  
in ad jacen t  chambers ,  one area of t he  skin being used as 
con t ro l  of the  other.  I t  was also possible  to  conduc t  'cross 
expe r imen t s '  in which  the  sequence of ho rmones  or drugs 
p re sen ted  to t he  control  skin was reversed  wi th  respec t  to  
t he  t e s t  skin. Two types  of c h a m b e r  were used:  a ' large '  
c h a m b e r  wi th  windows  of 3.5 cm ~ each and  30 ml  of Ringer  
solut ion on each side of the  skin, and  a ' small '  chamb e r  
w i th  windows  of 2.0 cm 2 and  a vo lume of 5 ml. 

Elect r ica l  pa ramete r s ,  i.e., the  electrical  po t en t i a l  dif- 
ference (PD) across the  skin and  the  shor t  circuit  cu r ren t  
(SCC), were mon i to red  con t inuous ly  by  s t a n d a r d  tech-  
niques.  Measuremen t s  of PD were done by  means  of 
calomel  half-cells connec ted  to  the  chambers  b y 3  M KC1 
agar  bridges.  To measure  SCC, si lver-si lver  chloride elec- 
t rodes  were pos i t ioned  a t  opposi te  sides of the  chamber ,  
facing the  membrane .  Two types  of vol tage  c lamp were 
used : 1. w i th  t he  f i rs t  type ,  al lowing for correct ion of the  
f luid res is tance  be tween  the  t ips  of t he  br idges  and the  
skin, P D  or SCC were  mon i to red  con t inuous ly ;  2. w i th  t he  
second t y p e  P D  and  SCC were  moni to red  sequent ia l ly  in 
an au toma t i c  2 rain cycle. Record ing  of b o t h  pa rame te r s  
was p rov ided  b y  a G-2000 Var ian  s t r ip -char t  recorder.  

Results and discussion. The add i t ion  of D P H  (33 Fg/ml) 
to  t he  m e d i u m  ba th ing  the  ex te rna l  side of the  skin result-  
ed in a rapid,  sus ta ined  rise in PD,  as shown in Figure  1. 
This  effect  pers i s ted  unchanged  for hours,  in s table  mem-  
branes  s. A similar  rise, fol lowing the  same t ime-course,  
was  observed  for SCC (Figure 2), the  overal l  effect  be ing 
an increase in conduc tance .  Three  o ther  typ ica l  fea tures  
of t he  ac t ion  of D F H  on frog skin can be seen in Figure  2 : 
t he  reversibi l i ty ,  reproducib i l i ty  and  paral le l ism of. the  

increase of SCC in 2 i n d e p e n d e n t  areas of the  same skin. 
In  a to ta l  of 66 exper iments ,  i nc remen t s  in SCC ranged  
f rom 12 to  166%, wi th  mos t  values be tween  20 and  50%. 
The h ighes t  responses  were observed  dur ing  the  m o n t h s  of 
October  to  December ,  in par t i cu la r  shor t ly  af ter  moul t ing  
of t he  s k i n t  In  contras t ,  add i t ion  of t he  same a m o u n t  of 
D P H  (33 Fg/ml) to the  in te rna l  side of t he  skin was wi th-  
out  not iceable  effect  under  these  expe r imen ta l  condit ions.  

The effects  of D P H ,  added  to  the  ex te rna l  side of frog 
skin, mimic  those  of oxytocin ,  added  to  t he  in te rna l  side 
of t he  same ep i the l ium : b o t h  subs tances  increase PD and 
SCC wi th  an overal l  increase in conduc tance .  Consequent -  
ly, i t  seemed in te res t ing  to  s t u d y  the  in te rac t ion  b e t w een  
D P H  and  oxytoc in  in th i s  amph ib i an  epi thel ium.  Typical  
aspects  of such in te rac t ion  are shown in Figure  1. The rise 
in PD produced  by  oxy toc in  was no t  modif ied  by  pr ior  
exposure  of t he  skin to D P H .  Conversely,  the  response  to 
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s The dose chosen in these studies is in the range of the therapeutic 
doses and is frequently used in in vitro studies with DPH. In a 
few experiments, doubling the dose resulted in a very small 
additional increase in the DPH effect. 

9 Such variability is not uncommon in amphibian epithelia and is 
also observed in response to hormones like oxytoein or vasopressin. 
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Fig. 1. Changes in PD induced by DPH and oxytocin on 2 adjacent 
areas of frog skin. DPH was added to the external side and oxytoein 
to the internal side of the skin. Set up: 'large' double chamber and 
eIamp type 1 (see Methods). In this and the following figures, 
symboIs refer to 2 areas of a single skin. 
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Fig. 2. Iterative stimulation of SCC by DPH on frog 
skin. Note reversibility, reproducibility and parallel- 
ism of the effects of DPH. Set up as in Figure 1. 

Wash. = washing. Alc. = alcohol 
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D P H  was unaf fec ted  b y  p rev ious  s t i m u l a t i o n  w i t h  oxy-  
tocin,  t h e  effects of t h e  2 subs t ances  be ing  add i t ive .  The  
same applies,  pa r t  passu,  to  t he  effects of D P H  a n d  oxy-  
toc in  on  SCC, as conf i rmed  b y  s t a t i s t i ca l  analysis .  The  
fac t  t h a t  t he  doses of oxy toc in  used in these  s tud ies  were 
nea r  m a x i m a l  (33 m U / m l )  and  t h a t  iden t i ca l  resu l t s  were 
ob t a ined  w i t h  s u p r a m a x i m a l  doses of oxytocin ,  sugges t  
t h a t  DPI-I a n d  oxy toc in  ac t  a t  d i f fe ren t  si tes or ' channe l s '  
of t he  ex t e rna l  m e m b r a n e  of frog skin. 

I n  order  f u r t h e r  to  cha rac t e r i ze  t h e  ac t ion  of DPI-I, we 
i n v e s t i g a t e d  its i n t e r a c t i o n  w i t h  2 o the r  drugs  a l r eady  
k n o w n  to  be  ac t ive  on  t h e  ex t e rna l  side of a m p h i b i a n  
epi thel ia ,  i.e., amphoter ic i I~ B, wif ich increases  s o d i u m  
t r a n s p o r t  ~~ a n d  amilor ide,  w h i c h  decreases  sod ium t r a n s -  
p o r t  11. 

W e  found  a n  i n t e r a c t i o n  b e t w e e n  D P H  a n d  a m p h o t e r i -  
cin B. S ta t i s t i ca l  ana lyses  of 12 'cross e x p e r i m e n t s '  w i t h  
t he se  2 drugs  revea led  t h a t  i n c r e m e n t s  in SCC induced  b y  
D P H ,  w i t h  and  w i t h o u t  p rev ious  exposure  to  t he  po lyene  
an t ib io t ic ,  were s ign i f i can t ly  d i f fe ren t  (j0 < 0.001). Like-  
wise, i n c r e m e n t s  i nduced  b y  a m p h o t e r i c i n  t3, w i t h  a n d  
w i t h o u t  p rev ious  exposure  to  t he  an t iep i lep t ic ,  were also 
s ign i f i can t ly  d i f fe ren t  (p < 0.001). 

As far  as ami lor ide  is concerned,  th i s  diuret ic ,  a t  a con- 
c e n t r a t i o n  of 10 -4 M,  regu la r ly  b locked  t he  effect  of D P H ,  
b r ing ing  P D  a n d  SCC down  to  zero or v e r y  nea r  zero. The  
effect  of ami lor ide  was revers ib le  a n d  non-specif ic .  The  
d rug  seemed to b l o c k  all  sod ium ' channe l s '  ava i l ab le  a t  
t he  ou te r  surface  of frog skin,  no t  on ly  those  ' a c t i v a t e d '  
b y  D P H ,  b u t  also those  sens i t ive  to  a m p h o t e r i c i n  13 a n d  
oxytoc in .  Th i s  was  c lear ly  d e m o n s t r a t e d  in t he  e x p e r i m e n t  
shown  in  F igu re  3, f6r b o t h  P D  a n d  SCC. 

I t  shou ld  be  emphas i zed  t h a t  a m p h o t e r i c i n  t3 increased  
SCC b u t  d id  no t  a lways  decrease  PD,  as ' shown in F igure  
3. Such  v a r i a b i l i t y  ha s  also been  r epo r t ed  in t o a d  b l adde r  t% 
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Our  resu l t s  suggest  t h a t  D P H  a n d  a m p h o t e r i c i n  B com- 
pe te  for s imi la r  ' s i tes '  a t  t he  ou te r  surface  of frog skin  
whi le  t he  m e c h a n i s m  of ac t ion  of each  d rug  seems qu i t e  
d i s t inc t .  A m p h o t e r i c i n  B induces  a n  increase  in conduc-  
t a n c e  accompan ied  b y  a loss of pe rmse lec t iv i ty ,  as if t h e  
d rug  p roduced  micro-holes  in  t he  m e m b r a n e  12. On t h e  
o the r  h a n d ,  D P H  mimics  t he  effects of oxy toc in  on  P D  
a n d  SCC w i t h  no  a p p a r e n t  loss of pe rmse lec t iv i ty .  D P H  
a n d  oxytociI1 v e r y  l ike ly  h a v e  in c o m m o n  the  capac i ty  of 
chang ing  t he  p e r m e a b i l i t y  to  sod ium a t  t he  ou te r  surface  
of t he  skin,  a l t h o u g h  t h e y  are  a d d e d  to oppos i te  sides of 
t h e  m e m b r a n e .  

Since s u b m i s s i o n  of our  ear l ie r  r e p o r t  s, effects  of D P ~  
on frog skin  h a v e  also been  r e p o r t e d  b y  WATSON a n d  
WOODBURY 13 a n d  we h a v e  become  aware  of t h e  work  of 
CARROLL a n d  PRATLa~Y ~4. Desp i t e  t h e i r  use of u n u s u a l  
b a t h i n g  solut ions,  n a m e l y  R inge r  w i t h  a h igh  p H  la and  
R i n g e r  w i t h o u t  ca lc ium 1~, t h e i r  resu l t s  were s imi la r  to  
ours. Conv inc ing  ev idence  ha s  been  p resen ted ,  showing  
t h a t  changes  in  sod ium n e t  f lux  q u a n t i t a t i v e l y  a c c o u n t e d  
for  t he  changes  in SCC induced  b y  D P H  I~. 

W o r k  in progress  suggests  t h a t  m i m i c r y  of o x y t o c i n  b y  
D P H  is n o t  m e d i a t e d  b y  cyclic A M P  15, a n  o b s e r v a t i o n  of 
p a r t i c u l a r  i n t e r e s t  in  r e l a t i on  to t h e  i n v e s t i g a t i o n  of t h e  
s t imulus-ef fec t  coupl ing  of n e u r o p e p t i d e s  in  a m p h i b i a n  
epi thel ia .  One can  specula te  t h a t  t he  ' s i tes '  a c t i v a t e d  b y  
D P H  bea r  some r e l a t i on  to  t h e  ' ca lc ium si tes '  descr ibed  
b y  HERRERA and  CURRAN 16 This  i n t e r p r e t a t i o n  is s t reng-  
t h e n e d  b y  t h e  f ind ing  t h a t  l an than ide s ,  w h i c h  s t rong ly  
i n t e r a c t  w i t h  ca lc ium in  m a n y  biological  sys tems ,  p roduce  
effects s imi la r  to  those  of D P H  on  t h e  e x t e r n a l  s ide of 
frog skin  17-19. 

Rdsumd. L a  d i p h 6 n y l h y d a n t o i n e  ag i t  sur  la  face ex t e rne  
de la  peau  de grenoui l le  en  p r o v o q u a n t  une  a u g m e n t a t i o n  
de la diff6rence de p o t e n t i e l  e t  du  c o u r a n t  de cour t  circuit .  
L ' e f fe t  est  rapide ,  sou t enu  e t  r6versible.  Des i n t e r ac t i ons  
en t r e  D P H ,  ocytocine,  ami lo r ide  et  ampho t6 r i c ine  B o n t  6t6 
6tudi~es. 
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Fig. 3. Concomitant effects on PD and SCC of DPH, oxytocin, 
amphotericin B and amiloride, given successively to 2 areas of the 
same frog skin. Only oxytocin was added to the internal side. Set up : 
'large' double chamber and clamp type 2 (see Methods). 
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