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The effect of oxytocin on the in t racel lu lar  Na + and K + concentrat ions,  the level of the t r a n s m e m -  
brahe potential difference,  and the relative ionic permeabil i ty  (PNa/PK) of the apical par ts  of the 
surface membrane  of the epithelial cells was studied in experiments  on the isolated frog gall 
bladder. In a dose of 20 mil l iuni ts /ml ,  oxytocia, added to the external  incubation solution, r e -  
duced the t r ansmembrane  potential difference, increased the PNa /PK rat io,  and led to a very  
smalI  shift in the Na + and K + concentrat ions in the intracel lular  fluid. After exposure of the 
organ to the hormone for 30 min the membrane  potential (MP) of the ceils fell f rom 52.7 to 38.7 
mV at P < 0.001 (negative charge inside the cell), whereas the value of P N a / P w a s  increased from 
0.083 (control) to 0.175 (experiment) at P < 0.001. Meanwhile the intracei lular  Na + concentrat ion 
was increased by 18.3 meq/kg and the K + concentrat ion reduced by 5.2 meq/kg  intracel lular  water.  
This shift in the intracel lular  concentrat ions of Na + and K § could result  in an evident decrease  
of only 0.7 mV in MP whereas in fact MP fell by 14.0 mV. Consequently, the decrease  in the 
t r ansmembrane  potential difference takes place as a result  of an increase in PNa /PK under the 
influence of oxytocia. Electrogenic ion t ranspor t  through the apical membranes  of the frog gall 
bladder epithelial ceils  could not be detected. 
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Investigations have shown that oxytocin, if added to the incubation solution on the side of the serous  s u r -  
face of the isolated gall bladder (GB) of fish [8], frogs [2], or  rabbits [7], inhibits active t ranspor t  of isotonic 
fluid outward from the cavity of the organ. Oxytocin also reduces Na,K-ATPase  activi ty in the GB epithelial 
ceils [3, 6] and increases  their  Na + and K + concentrat ions [4]. It has been postulated on the basis of these 
investigations that the inhibition of t ranspor t  of isotonic fluid through the GB wall under the influence of oxytocia 
is due to its inhibitory action on the t ranspor t  act ivi ty of Na ,K-ATPase  [3, 6]. 

However,  the possibi l i ty cannot be ruled out that not only is Na,K-ATPase  act ivi ty blocked by the hormone, 
but the mechanisms of ionic conductivity of the cell  membrane also are  altered.  

In the investigation descr ibed below the membrane effects of oxytocin were studied, with special  re fe rence  
to its effect on the t r ansmembrane  potential difference of the apical part  of the cel l  surface membrane  and its 
relat ive permeabi l i ty  for Na + and K +. 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on the isolated GB of frogs.  The membrane potential (MP) of the epithelial 
cells was measured  and the Na + and K + concentrat ions were determined in the whole t issue and in the ex t ra -  
cel lular  and intracel lular  water  compar tments  of the GB wall. On the basis  of the resul ts  the rat io between the 
Na + and K + permeabi l i t ies  of the membrane  (PNa/PK) was calculated by the Goldman-Hodgkin-Katz  equation. 
The actual equation used for the calculation was: 

PK' [K]o + PNa .[Nalo 
E=581g pK.[i<l~+PNa.[Nalf , 
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Fig.  1. Dynamics  of changes  in MP under  the in-  
fluence of oxytocin.  Broken l ines  show mean r e -  
su l t s  for  each GB; continuous l ine r e p r e s e n t s  
mean MP for a l l  expe r imen t s .  

TABLE 1. Values of M.P, PNafPK,  and r for  
Ap ica l  Membranes  of Epi the l ia l  Cel ls  of I so-  
la ted F r o g  GB in Control  and a f t e r  Exposure  
of GB to Oxytocin (20 miUiuni t s /ml)  for 30 
rain (M -~ m) 

Comrol Oxytocin 
I n d e x  (n = 5) (n = 7) P 

MP, mV 
PNdPI~. 
y 

52,7~1,0 
0,083-----0,004 
0,97-----0,02 

38,7----- 1,9 
0,175-----0,012 
1,01+0,03 

0,0Ol 
0,001 
0,2 

where  [Na]0, [K]0 , and [Nali,  [K]i denote the e ~ r a c e l l u l a r  and i n t r a e e l l u l a r  Na + and K + concent ra t ions  r e s p e c -  
t ive ly .  Accord ing  to the data of Mullins and Noda [11], th is  equation can be used  to ca lcu la te  whether  any 
change t akes  p lace  in lVIP under  the influence of the e l e c t r oge n i c  t r a n s p o r t  of ions by the ce l l .  Fo r  th is  pu rpose  
the coeff ic ient  r to  be in t roduced into th is  equation must  be de te rmined :  

r .  [ K]0 "~-PNa/PK" i N c l .  
E = 58 lgr.[K]t + pNa/pK.[Na]i . 

The content and concent ra t ion  of Na + and K + in the t i s s u e  and ce i l s  of GB were  d e t e r m i n e d  as  d e s c r i b e d  
p r e v i o u s l y  [1, 4, 5]. MP was m e a s u r e d  by an o r d i n a r y  m i o r o e l e c t r o d e  technique.  Glass  e l e c t r o d e s  f i l led  with 
3 M KCI solut ion had t ips  with a r e s i s t a n c e  of 20-30 Ma and a potent ia l  of not more  than 5 mV. The r e f e r ence  
e l ec t rode  was an A g - A g C I  e l ec t rode  connected to the incubation medium by an a g a r  b r idge .  The b r idges  con- 
s i s t e d  of polyethylene  tubes  ( in ternal  d i a m e t e r  3 mm), f i l led with 4% a g a r - a g a r  made up in R inger l s  solution.  
MP was r e c o r d e d  by CRO (the VEKS-4m v e c t o r e l e c t r o c a r d i o s c o p e  was used) and a type KSP-4 automat ic  poten-  
t i o m e t e r .  Fo r  the expe r imen t s  to m e a s u r e  MP the GB wall  was sec t ioned and fixed in the form of a membrane  
on a waxed co rk  s lab  with the mucous sur face  uppermos t ,  a f t e r  which the s lab was fixed in an incubation cham-  
b e r  which was f i l led with 50 ml of R i n g e r - B e n t l e y  solution; the column of fluid did not reach  higher  than 1 mm 
above the sur face  of GB. The GB was incubated for  2 h. At the beginning of the expe r imen t  the M:P leve l  was 
m e a s u r e d  in 15-20 ce l l s ,  a f t e r  which oxytoein (20 mi l l t ua i t s /m l )  was added to the incubation medium and the 
m e a s u r e m e n t s  were  r epea t ed  in the course  of 30 rain. The to ta l  dura t ion  of m e a s u r e m e n t  of MP of the same  
ce l l  was not more  than 1 min. 

E X P E R I M E N T A L  R E S U L T S  

When the m i c r o e l e c t r o d e  t ip  en te red  the ce l l  the CRO beam jumped f rom the ze ro  line and r e c o r d e d  the 
potent ia l  d i f ference  ex i s t ing  on the membrane  at  the moment  of puncture .  During the next few seconds  the value 
of MP rose  with f luctuat ions for  10-20 sec ,  a f t e r  which it fel l  to i ts  o r ig ina l  leve l  or  r e m a i n e d  a l i t t le  higher  
than in i t i a l ly  unti l  the end of m e a s u r e m e n t .  In most  ce l l s  the value o f  lVIP r e m a i n e d  s tab le  for  1-3 min a f t e r  
puncture  of the membrane ,  a f t e r  which the membrane  r a p i d l y  depo la r ized .  
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TABLE 2. Water  Content and Na + and K + 
Concentrat ions in In t race l lu la r  Space of  I so-  
lated Frog  GB in Control and a f t e r  Exposure  
to Oxytocin (M + m) 

Index 

(H~O)~ 
[Na]/ 

Control Oxytoctn 
( n ~ 9 )  . ( n ~ 9 )  

9,36-- 0,08 2,1 I• 
67,8 -+- 3,5 96, l ----- 4,0 

I01,6~4,2 96,4~3,3 

0,05 
0,001 
0,5 

Legend. (H20) i i n t r ace l lu la r  water  content 
(in g /g  d ry  res idue  of t i ssue) ,  [Na]i and [Kli 
concentra t ions  of sodium and po tass ium in 
in t race l lu la r  fluid (in meq /kg  in t race l lu la r  
water) .  

The mean value of MP at the moment  of puncture  of  the membrane  (the jump phase) was 36.0 mV (nega- 
t ive charge  inside the cell) ,  whereas  in the hyperpola r iza t ion  phase  it was 52.7 inV. 

During the act ion of oxytocin on GB regu la r  changes were  obse rved  in the t r a n s m e m b r a n e  potential  dif-  
fe rence  (Fig. 1). MID began to fall 3-5 min a f t e r  addition of the hormone to the incubation medium,  and i ts  
ave r age  dec r ea se  a f t e r  15 min was by 8.1 mV (P < 0.001) and a f t e r  30 min by 14.0 mV (P < 0.001), i .e . ,  by 
26.5% (Table 1). 

Bes ides  a d e c r e a s e  in the MP level ,  a r egu la r  shift  was obse rved  in t i s sue  w a t e r - e l e c t r o l y t e  balance.  
Under the influence of the hormone the total  sodium and po ta s s ium content in the GB wall was unchanged but 
the wa te r  content in it fell  f rom 5.4 (control) to 4.7 g/g d ry  res idue  of t i s sue  (P < 0.001). The volume of fluid 
in the ex t r ace l t u l a r  c o m p a r t m e n t  of the GB wall  r ema ined  unchanged at 0.476 m l / g  wet weight of t i s sue  In the 
control  and 0.456 m l / g  in the exper iment  (P < 0.5). Consequently, the d e c r e a s e  in the wa te r  content in the GB 
t i s sue  could only have resu l t ed  f rom the outflow of wa te r  f rom the in t racel lular  space.  Calculat ions show that 
the wa te r  content in the cei ls  fell  f rom 2.4 (control) to 2.1 g /g  d ry  res idue  of t i s sue  (oxytocin) (P < 0.05); under  
these  c i r c u m s t a n c e s  the re  was a c l ea r  inc rease  in the in t raee l lu la r  sodium concentra t ion,  but no significant 
change in the po t a s s ium level  (Table 2). 

Oxytocin had its most  significant effect  on the re la t ive  pe rmeab i l i t y  of the su r face  m e m b r a n e  of the 
epi thel ia l  cel ls  to Na + and K +. For  instance,  in the control  expe r imen t s  the value of P N a / P K ,  calcula ted by the 
G o l d m a n - H o d g k i n - K a t z  equation, was 0.083. T h i s  indicates  that the membrane  pe rmeab i l i t y  of these  cei ls  
for Na + is one twelfth of  that for K +. Under the influence of oxytoein the P N a / P K  ra t io  changed to 0.175, i .e. ,  
a lmos t  twice the contro l  level .  Consequently,  the sodium p e r m e a b i l i t y  of the m e m b r a n e  inc reased  twofold r e l a -  
t ive  to its po t a s s ium pe rmeab i l i t y ,  and this  was mainly  respons ib le  for  the dec r ea se  in the MP level  as  a r e -  
snlt  of  the act ion of the hormone on GB. 

The i nc rea se  in the in t r ace l lu la r  Na + concentra t ion  while the value of P N a / P K  rema ined  unchanged could 
cause  the MP level  to fall  by only 0.7 mV, whereas  oxytocin actual ly  reduced the potential  by 14.0 mV. 

It can tenta t ive ly  be sugges ted  that  the dec r ea se  in MP was connected with the inhibi tory action of oxytocin 
on the m e c h a n i s m  of e lec t rogenic  ion t r anspor t .  However ,  an e lec t rogenic  component  of NIP for  these  ce l l s  is 
unl ikely to exis t ,  for the coefficient  r was approx ima te ly  equal to unity in both the exper iment  and the control  
(Table 1). 

By its action on GB, oxytocin thus changes the pe rmeab i l i t y  of the sur face  m e m b r a n e  of the epithelial  ce l ls ,  
as  a r e su l t  of which the value of P N a / P K  is doubled, with a consequent reduct ion in the t r a n s m e m b r a n e  poten-  
t ia l  d i f ference .  
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