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Depression of junctional membrane permeability by substitution of lithium 

for extracellular sodium 

The present experiments were prompted by the hypothesis that  the high perme- 
ability of junctional membranes is a consequence of the low concentration of free Ca 2+ 
in cytoplasmL Junctional membrane permeability has been found to fall under ex- 
perimental conditions in which cytoplasmic Ca -°+ concentration rises or may be ex- 
pected to rise: when Ca 2+ is microinjected into cells 2, when Ca 2÷ enters cells through 
leaks in nonjunctional surface membrane or in perijunctional insulation2, a, or when 
cell energy metabolism is inhibited 4,5. Here we examine junctional membrane perme- 
ability under another experimental condition of this kind, when Li + substitutes for 
Na~ in the extracellular medium. Such substitution is known to produce increase in 
cytoplasmic Ca 2+ concentration in several cell systems G 8. 

Salivary glands of Chironomz~s lhz~mmi (fourth instar) were isolated into a flow 
chamber which allowed continuous or intermittent superfusion. The time required 
for exchange of 99 % of the chamber mediuln was of the order of 3 rain or less. The 
delays of the effects given below refer to the start of an exchange. Junctional com- 
munication was monitored as described before", '~ by passing electric current pulses 
(IOO msec duration) at the rate of I/nlin between the inside of a cell and the outside, 
while recording the resulting nlembrane w~ltages in this cell (VI) and, simultaneously, 
in an adjacent one (VH) (Fig. ~, inset). The current-passing and voltage recording 
mieroelectrodes were inside the cells throughout an experiment. The control medium 
had the following composition: NaC1, 28 mM; disodium succinate, 28 raM; CaClo, 
5 raM; magnesium succinate, 7 1riM; KCI, 2 raM; glutamine, 8o raM; N-tris(hydroxyl- 
lnethyl)methyl-2-aminoethane sulfonic acid, 5 nlM; titrated to pH 7.4 o with NaOH '~. 
In this medium, cell resting t){}tentials (3o 6o mV) and junctional coupling (Vn/VI, 
nearly unity) were well maintained over periods longer than 5 h. In the substitution 
nledia, NaC1 and sodium succinate of the control nledium were replaced mole for mole 
by LiC1 and lithiuln suecinate, or bv eholine chloride and choline suecinate. The Ca-, 
Mg-free Na medium c(}ntaincd 38 mM NaC1, 38 mM disodiunl succinate ; and the Ca-, 
Mg-free Li medium, 38 lnM LiC1, and 38 mM dilithium succinate, to give the same 
ionic strength as the control medium (KCI, glutamine, and buffer at concentrations 
as in control medium). 

Fig. IA illustrates an experiment in which Na + of the control medium is replaced 
by Li~. Some IOO min after the replacement, junctional membrane conductance starts 
to fall, as reflected by the rise in VI simultaneous with the fall in the ratio Vn/V] 
(see ref. 2 for theory and methods of co]nputation). After 3 h in the Li medium, 
junctional membrane conductance has fallen so low that junctional communication 
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between the cells is interrupted (junctional uncoupling). The degree of junctional un- 
coupling of the example illustrated is quite typical of 13 cases. (The cells start to 
depolarize within IO min of Li + substitution. The resting potentials decline progres- 
sively to near o, or in some cases, reverse sign over a period of 2 h. The absolute 
values and the rates of decline of resting potentials, about equal in adjacent cells 
while they are coupled, often diverge upon uncoupling.) Replacement of Na ÷ by 
choline produced no uncoupling in 2 trials of 2.5 and 3 h duration (Fig. ID). 
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Fig. i. Effects of various media on junctional coupling. Three microelectrodes are inserted into 
two contiguous cells ([, II ,  inset). The middle electrode pulses current  (I = 2 - io  s A, inward) 
between cell interior and the grounded bathing medium, and the other  electrodes record the 
resulting voltages inside the two cells (VI, V~I). Plotted are the peak values of VI ( × )  and of 
VII ( 0 ) .  The first arrows on each graph indicate change from control to test  nledium. A. Li medium 
(Li + subst i tu tes  for Na+). B. i, Ca-, Mg-free Li medium;  2, change to Ca-, Mg-free Na medium;  
3, control medium. Note t ha t  junctional  re coupling, i.e., recovery to original VII/V1, ensues only 
after 3 ; the fall in V[ between 2 and 3 (starting shortly before 2) is not accompanied by rise in l'i~. 
C. Ca-, Mg-free Na medium. D. Choline medium (choline + substitutes for Na+). 

Junctional uncoupling ensues also in a Li medium free of Ca and Mg. Typically, 
uncoupling is then already complete within 15-5o rain (8 cases) (Fig. IB). Early return 
to control medium restores junctional coupling to normal level within 3-3o min 
(3 cases) (Fig. IB, 3)- No restoration of coupling is produced in Ca-, Mg-free Na 
medium (Fig. IB, 2). In fact, exposure to this medium alone leads to junctional un- 
coupling in lOO-16o min (4 cases) (Fig. IC) ~. 
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A possible  exp lana t ion  of the  resul ts  is in t e rms  of the  calcium hypothes is ,  
n a m e l y  t ha t  the  depression in junc t iona l  membrane  permeabi l i ty ,  in the  var ious  
media ,  is med ia t ed  b y  an e levat ion  of the  cy top lasmic  Ca ~+ level. The obvious  sources 
of Ca 2 ~ here are the  mi tochondr i a  and the Ca-conta in ing  media  themselves .  Bo th  are 
large Ca 9~ reservoirs  from which the cy top la sm is no rma l ly  shie lded by  menlbranes  
a n d  energized t r anspor t .  We are guided  in this  exp lana t ion  b y  the  following facts :  
(I) Mi tochondr ia  (liver), in K ~ concen t ra t ions  a p p r o x i m a t i n g  norma l  cytoplasnl ic  
levels, un load  much of thei r  Ca 2~ upon  add i t ion  of Na  + or Li+; the  un load ing  increases 
with increasing Na ~ or Li-  concen t ra t ion  9. (2) Ca 2/- efflux th rough  n{}njunctional 
membrane  decreases (nerveT; and /o r  Ca °--~- net  influx rises:  hear t  muscle °, nerve 7,s) 
when Li + (or choline) subs t i tu tes  for Na + in the  ex t race l lu la r  medium.  (3) Ca2 :- efflux 
(though not  necessar i ly  net  efflux) decreases in Ca-free ex t race l lu la r  m e d i u m  (heart  I° 
and  smooth  muscle n, nerveP'). (4) Net  accumula t ion  of Na +, and,  p r e sumab ly  also 
of Li +, th rough  non junc t iona l  membrane  (nervela, t4, e ry th rocy te s  ~s, p l an t  cells I~, 
ske le ta l  muscle  17) increases in Ca-, Mg-free ex t race l lu la r  medium.  

The p r i m a r y  factors  causing junc t iona l  uncoupling,  in this  in te rp re ta t ion ,  are 
decrease in Ca"÷-storing capac i ty  of mi tochondr i a  (or of o ther  in t race l lu la r  s t ructures)  
in the  presence of Na  + or Li +, and  failure in Ca 2+ ext rus ion  th rough  non junc t iona l  
membrane .  The two factors  in concer t  m a y  cause the  cy top lasmic  Ca 2+ level to  rise 
above  the  safe ty  marg ins  for junc t iona l  coupling;  ne i ther  factor  alone appears  to be 
sufficient to do so under  the  present  exper imenta l  condi t ions ,  as suggested b y  the 
fast re-coupling upon changing  from Ca-, Mg-free Li med ium to cont ro l  medium,  and 
b y  tim pers is tence of j unc t iona l  coupl ing in choline medium.  

We are indeb ted  to Dr. R. BALTZr,V, Burroughs  Wel lcome Co., for mak ing  the 
choline succinate  for us. 
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