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The r e s u l t s  of m e a s u r e m e n t  of the membrane  potent ia l  of pe r i t onea l  mast  ce l l s  and the effect 
of i n c r e a s i n g  the e x t r a c e l l u l a r  po t a s s ium ion concentra t ion  on the membrane  potent ia l  and on 
the l i be ra t ion  of h i s t amine  f rom the mas t  ce l l s  a r e  desc r ibed .  The membrane  potent ia l  of 
mas t  ce l l s  in K r e b s '  fluid of no rma l  sa l t  composi t ion  was - 1 1 . 6  • 0.48 mV (from - 7  to - 2 5  
mV), and when the e x t r a c e l l u l a r  p o t a s s i u m  ion concentra t ion  was i n c r e a s e d  to  127 mM the 
m e m b r a n e  potent ia l  was - 7  • 0.38 mV (from - 5  to - 1 4  mV), indicat ing depo la r i za t ion  of the 
ce l l  membrane  under  those  condit ions.  The spontaneous l ibe ra t ion  of h i s tamine  f rom the 
mas t  ce i l s  into no rma l  and p o t a s s i u m - e n r i c h e d  K r e b s '  fluid was the same,  and the abi l i ty  to 
l i b e r a t e  h i s t amine  in r e s p o n s e  to addition of ATP (5 mM) was undis turbed  in the po t a s s ium 
solut ion but was inhibi ted in the absence  of po t a s s ium ions.  It is  concluded that  d e p o l a r i z a -  
t ion of the mast  cel l  membrane  i t s e l f  is  not e s sen t i a l  for  t r i g g e r i n g  the mechan i sm of h i s t a -  
mine l ibera t ion .  

The mechan i sm of h i s t amine  l ibe ra t ion  f rom the mas t  ce l l s ,  judging by the morphologica l ,  b iochemi -  
cal ,  and some phys io log ica l  p a r a m e t e r s ,  is  s i m i l a r  to the mechan i sm of s ec re t ion  of med ia to r s  and h o r -  
mones f rom effector  ce l l s  [7, 8, 16]. In p a r t i c u l a r ,  the  potent ia t ing  ro l e  of ca lc ium ions in the  s ec re t ion  
of b io log ica l ly  act ive subs tances  is  a un ive r sa l  fea ture  of a l l  t h e s e  p r o c e s s e s .  However,  the connection 
between the m e m b r a n e  potent ia l  of the ce l l  and t r i g g e r i n g  the mechan i sm of l ibe ra t ion  of med ia to r s  or  
hormones  and with an i n c r e a s e  in the conductance of the membrane  for  ca lc ium ions as the ini t ia l  compo-  
nent of th i s  mechan i sm may va ry  f rom object  to object .  It is w e l l  known that  depo la r i za t ion  of the  ce l l  
membrane  is the t r i g g e r  mechan i sm for  l i be ra t ion  of med ia to r s  f rom ce r t a in  nerve endings.  The s e c r e -  
t ion of ca techo tamines  f rom the chromaff in  ce l l s  of the ad rena l s  is evident ly  t r i g g e r e d  in the same  way [6]. 
On the other  hand, the induced s ec r e t i on  of ce r t a in  hormones ,  e s pe c i a l l y  s t e ro ids ,  f rom the ce l l s  of the  
adrena l  co r tex  takes  p lace  without depo la r i za t ion  of the cel l  membrane  and a r t i f i c i a l  depo la r i za t ion  does 
not induce such sec re t ion  [13]. No a t tempt  has been made to study these  mechan i sms  in mast  ce l l s ,  and 
what is more ,  no r e s u l t s  of measu remen t  of the r e s t i ng  m e m b r a n e  potent ia l  of these  ce l l s  have p rev ious ly  
been publ ished.  

This  p a p e r  d e s c r i b e s  the r e s u l t s  of d i rec t  m e a s u r e m e n t  of the r e s t i ng  membrane  potent ia l  of mas t  
ce l l s  by means of i n t r a c e l l u l a r  m i c r o e l e c t r o d e s  and a t tempts  to  l i be ra t e  h i s tamine  f rom them by a r t i f i c i a l l y  
induced depo la r i za t ion  of the ce l l  membrane .  

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

A suspens ion  of pe r i tonea l  ce l l s  was obtained f rom male  albino r a t s  weighing 150-200 g a f te r  i n t r a -  
pe r i t onea l  in ject ion of 10 ml K r e b s '  solution [1] with the addition of 1 r a g / m l  of human s e r u m  albumin as 
d e s c r i b e d  p r e v i o u s l y  [3]. The method of r eco rd ing  the membrane  potent ia l  of the mas t  ce i l s  under  the 
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Fig .  1. M e m b r a n e  po t en t i a l  of m a s t  c e l l s  in K r e b s '  f lu id  
of n o r m a l  s a l t  c o m p o s i t i o n  (a) and with  i n c r e a s e d  c o n c e n -  
t r a t i o n  (127 mM) of p o t a s s i u m  ions  (b). On le f t :  a r t i f a c t s  
r e c o r d e d  by e l e c t r o d e  in e x t r a c e l l u l a r  p o s i t i o n  on mak ing  
and b r e a k i n g  e l e c t r i c  c u r r e n t  t r i g g e r i n g  m i c r o e l e c t r o d e  
p lunge r ;  r i gh t  - r e c o r d s  ob ta ined  dur ing  i n t r o d u c t i o n  of 
m i c r o e l e c t r o d e  into and i t s  w i t h d r a w a l  f r o m  m a s t  ce l l .  
Downward  de f l e c t i on  of b e a m  c o r r e s p o n d s  to  e l e c t r o n e g a -  
t i v i t y .  V e r t i c a l  l ine  - 10 mV, h o r i z o n t a l  l ine  - 0 . 5  sec .  
P h o t o m i c r o g r a p h  on r igh t  shows m a s t  c e l l  a t  m o m e n t  of 
p e n e t r a t i o n  by  m i c r o e l e c t r o d e  l o c a t e d  above  the  ce l l ,  600 • 

con t ro l  of an i n v e r t e d  m i c r o s c o p e  by m e a n s  of g l a s s  m i c r o e l e c t r o d e s  with a r e s i s t a n c e  of about  100 M~ 
was  d e s c r i b e d  in a s p e c i a l  c o m m u n i c a t i o n  [2]. 

In each  e x p e r i m e n t  a s u s p e n s i o n  of c e l l s  ob ta ined  f r o m  four  r a t s  was  used  to  d e t e r m i n e  h i s t a m i n e .  It 
was  d iv ided  into e ight  equal  p o r t i o n s ,  four  of which w e r e  u s e d  fo r  t he  subsequen t  d e t e r m i n a t i o n  of h i s t a m i n e  
( f i r s t  row of t ubes ) ,  wh i l e  t he  o t h e r  four  (dup l ica tes )  w e r e  u s e d  fo r  the  m o r p h o l o g i c a l  c o n t r o l  ( second  row 
of tubes ) ,  in which the  m a s t  c e l l s  w e r e  s t a i n e d  with a 0.3% a l c o h o l i c  so lu t ion  of n e u t r a l  r e d  [3]. The  c e l l s  
w e r e  c e n t r i f u g e d  for  5 min at  350 g. The  s u p e r n a t a n t  was  p o u r e d  off, and 5 ml  of K r e b s '  so lu t i on  of n o r m a l  
sa l t  c o m p o s i t i o n  was  added  to t he  f i r s t  and s e c o n d  t u b e s  of both r o w s ,  5 ml of K r e b s '  f lu id  wi th  an i n c r e a s e  
(to 127 raM) c o n c e n t r a t i o n  of p o t a s s i u m  ions  was  added  to  the  t h i r d  and four th  t u b e s  (the NaC1 was  r e p l a c e d  
by  KC1 in an e q u i m o l a r  c o n c e n t r a t i o n ) .  T h e  c e l l s  w e r e  then  i ncuba t ed  at  37~ fo r  5 min,  A T P  w a s  added  to 
a final concentration of 5 mM to the second and fourth tubes of both rows, and all the portions of cells were 

incubated at 37~ for i0 rain. The reaction was then stopped by placing the tubes in ice-cold water. The 

cells were centrifuged at 350 g for 5 min at I-2~ The supernatant, acidified with 0.i volume N HCI, was 

used for determination of the histamine concentration. Histamine was determined in the residues of the 

first row after extraction by resuspending the cells in 5 ml distilled water, acidified with 0.i volume N HCI, 

and boiling for 3 min. The residues of the second row of tubes were used as the morphological control. 

A similar scheme was used in experiments in which the effect of ATP (5 mM) in a calcium-free solution 

was tested. To prepare the solution, no calcium ions were added to the Krebs' fluid, and any traces of 

calcium present were bound by the addition of 1 mM EDTA; the pH of all the solutions was 7.3. 

Histamine was determined spectrofluorometrically [14] in Pytskii's modification [4]. The correspond- 
ing buffer solutions with the addition of ATP were used as the control. The quantity of histamine liberated 
from the cells was expressed as a percentage of its total content in the portion. 

EXPERIMENTAL RESULTS 

P u n c t u r e  of the  m a s t  c e l l  by t h e  m i c r o e l e c t r o d e  was  a c c o m p a n i e d  by  the  s t e p w i s e  a p p e a r a n c e  of a 
n e g a t i v e  p o t e n t i a l  which  d i s a p p e a r e d  when the  e l e c t r o d e  w a s  moved  in the  o t h e r  d i r e c t i o n  and w i t h d r a w n  
f r o m  the  ce l l .  A p h o t o m i c r o g r a p h  o f a m a s t  c e l l  at the  t i m e  of i t s  p u n c t u r e  by  the  m i c r o e l e c t r o d e  l o c a t e d  
above  the ce l l  i s  shown in F ig .  l a .  T h e  mean  v a l u e  of t he  m e m b r a n e  p o t e n t i a l  of m a s t  c e l l s  of a p e r i t o n e a l  
s u s p e n s i o n  of r a t s  in K r e b s '  so lu t ion  of n o r m a l  s a l t  c o m p o s i t i o n  was  - 1 1 . 6  • 0.48 mV (M =~ m; f r o m  - 7  to  
- 2 5  mV; n u m b e r  of c e l l s  t e s t e d  84). A m e m b r a n e  po t en t i a l  above  15 mV was  r e c o r d e d  in t h i s  g roup  of t e s t s  
in 20 c e l l s ;  i t s  v a l u e  w a s - 1 8  :~ 0.71 mV. 
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With an increase in the extracellular potassium ion concentration to 127 mM, depolarization of the 
cell membrane was observed. The character of the potential recorded in the depolarizing potassium solu- 
tion is shown in Fig. lb. The mean value of the membrane potential recorded during measurements on 27 
mast cells in Krebs' fluid with an increased potassium ion concentration (127 raM) was -7 �9 0.38 mV (from 
-5 to -14 mV). This value differed by a statistically significant degree from that (-11.6 �9 0.48 mV) obtained 
in mast cells in Krebs' solution of normal salt composition (1) < 0.001), evidence that depolarization of the 
mast cell membrane takes place if the extracellular potassium ion concentration is increased. 

It was interesting to discover whether depolarization of the mast cell membrane by itself is a trigger 
mechanism for the liberation of histamine from them. To study this problem the quantity of histamine 
liberated in solutions of different salt composition was determined. The quantity of histamine liberated 
spontaneously from mast cells incubated in normal Krebs' fluid was 3.8 • 0.63% (16 experiments). The 
liberation of histamine in depolarizing potassium solution under the same conditions of incubation was 
4.1 • 0.73%, not significantly different from the liberation of histamine in normal Krebs' fluid (P > 0.5). 

The ability of mast cells kept in depolarizing solution to liberate histamine in response to addition 
of the histamine-liberating agent was undisturbed. For instance, contact between mast cells and ATP (5 
mM) led to liberation of 64.2 =~7.35% histamine in normal Krebs' fluid and 73.1 • in the depolarizing 

solution. These figures for the histamine-liberating activity of ATP in normal Krebs' solution agree with 
those obtained by other workers [5]. The liberation of histamine from the mast cells on the addition of ATP 

was inhibited if calcium ions were absent from the incubating solution. In calcium-free Krebs' solution and 
in calcium-free depolarizing solution the amount of histamine liberated on the addition of ATP (5 mM) was 
7.6 ~0.74 and 8.4 • 0.81%, respectively. 

The results of these experiments thus show that a resting membrane potential with a maximum of 

-25 mV (-11.6 i 0.48 mV) can be recorded in mast cells kept in Krebs' fluid of normal salt composition. 

The values of the comparatively small membrane potential of the mast cells agree with those obtained for 

other types of small, inexcitable cells [i0, 15] and also for secretory cells such as cells of the salivary [ii] 

and lacrimal glands [9] and the chromaffin cells of the adrenals [6, 12]. 

Although an increase in the extracellular potassium ion concentration caused depolarization of the 

mast cell membrane in the present experiments, it did so to only a slight degree. The same feature was ob- 

served in the chromaffin cells of the adrenals [12]. By analogy with this type of cells it can be postulated 

that the low initial level of the membrane potential and the relatively weak influence of the increased extra- 

cellular potassium ion concentration on it point to the role of other ions in changing the value of the mem- 

brane potential of the mast cells. 

It was further shown that depolarization of the mast cell membrane produced by an increase in the 

extracellular potassium ion concentration by itself did not lead to liberation of histamine from them and the 

level of histamine liberated spontaneously in Krebs' fluid of normal salt composition and in the solution 

with an increased potassium ion concentration was the same. Meanwhile the ability of the mast cells to 

liberate histamine in response to addition of the histamine-liberating agent (ATP) was undisturbed in medi- 
um with an increased potassium ion concentration. 

These results are in agreement with those obtained for certain secretory cells. It has been shown, 
for instance, that potassium depolarization of cells of the adrenal cortex does not lead to liberation of 
steroid hormones from them, while ACTH induces the secretion of these hormones without any appreciable 
change in the membrane potential of the cells [13]. 

It can be postulated on the basis of these observations that depolarization of the cell membrane of the 
mast cells itself, should it arise during their exposure to histamine-liberating substances, does not play a 
decisive role in triggering the mechanism of histamine secretion. 
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