
15.2. 1974 Specialia 

Effects of LiC1 and LiCI plus methacholine on the illtracellular composition of goose salt-gland slices 

159 

Tissue 

A B C P value for 
Incubated Incubated Incubated + 10 mM LiC1 paired t-test 
control + 10 mM LiCI + 0.33 mMmethaeholine betweenB andC 

Water content (ml/100 g tissue) 
x4C-sucrose space (ml/100 ml tissue water) 
Calculated intracellular concentration 

(mmoles/1 intracellular water) 

(11) (7) (7) 

76.7 ~ 0.9 77.6 4- 0.9 78.0 4- 1.2 NS 
57.3 4- 2.1 57.84- 1.9 54.8 ~ 2.8 NS 

Na 58.3 4- 1.9 78.8 4- 7.0 62.8 4- 6.5 < 0.05 
p < 0.01 (MD = 16) 

K 112.0 4- 9.4 127.0 4- 2.0 124.9 4- 8.2 NS 
C1 63.4 4- 4.8 84.9 4- 10.2 68.8 ~ 10.9 < 0.05 

P < 0.05 (MD ~ 16) 
Li -- 11.7 4- 1.5 12.0 4- 2.1 NS 

Lithium (10 raM) and methacholine (0.33 mM) were added for the final 10 or 20 rain of incubation as described in the text. Data from both 
times of incubation have been bulked since there was no apparent difference between them. Mean 4- S.E. 
Number of determinations in parentheses. The P values below the figures in the columns are for a t-test between the data in B or C compared 
with the control data in A. NS = not significant (only shown for the paired t-test). MD = mean difference. 

were ident ical  (16 mmoles/1). This  f inding implies tha t ,  
unde r  these  condi t ions ,  Na  + and CI- m o v e m e n t s  were 
af fec ted  equal ly  while in t racel lular  [K l r emained  un-  
changed.  There  was no s ignif icant  difference in in t ra-  
cellular [Li] be tween  the  two groups incuba ted  wi th  LiC1 
or LiC1 plus methachol ine ,  and  no s ignif icant  correla t ion 
was a p p a r e n t  be tween  intracel lular  [Li~ and FNa] in the  
slices incuba ted  wi th  10 raM-t iC1.  

The increases in intracel lular  ENa~ and [C11 wi th  LiC1 
can be in t e rp re t ed  as p rov id ing  fu r the r  evidence for t he  
hypo thes i s  tha t ,  dur ing  secre tory  act iv i ty ,  Na + and  CI- 
are t r a n s p o r t e d  in to  the  cell across the  basal  and lateral  
m e m b r a n e s  in exchange  for H + and HCOa-.  The 20% 
increase in cell resp i ra t ion  wi th  Li+3 (which we confirm) 
would lead to  more  CO 2 (and therefore  H+ and  HCOa-  ) 
being avai lable for these  exchanges  to  occur;  the  me- 
chan ism by  which  Li+ exer ts  its effect  on resp i ra t ion  is 
no t  known.  The equimolar  decrease in in t racel lular  [Na~ 
and  ~C11 which occurred when  me thacho l ine  was also 
p resen t  implies t h a t  th is  chol inomimet ic  ac t iva tes  the  
sodium p u m p  on the  luminal  m e m b r a n e  which  t h e n  
ex t rudes  the  addi t iona l  Na+ and  C1- en te r ing  ~he celI 
under  t he  inf luence of Li+. In  o ther  words  me thacho i ine  
res tored  the  balance be tween  inf lux and efflux across 
t he  two poles of t he  secre tory  cell. I t  would also seem 
unlikely t h a t  a rise in intracel lular  ~Na+~ is the  means  
by  which  the  luminal  sodium p u m p  is ac t iva ted  because,  
when  Li+ was present ,  in t racel lular  INs+ l was increased 
and  ye t  me thacho l ine  still  appea red  to  s t imula te  the  
luminal  pump.  A similar  suggestion,  t h a t  a raised 

int racel lular  [Na+~ is no t  responsible  for t he  ac t iva t ion  
of the  luminal  p u m p  in the  ca t  s u b man d i b u l a r  gland,  has  
been m a d e r e c e n t l y  6. If  th i s  i n t e rp re t a t i on  is correct ,  t he  
ques t ion  arises, how does acetylcholine,  released f rom 
the  secre tory  nerve  te rmina ls  a t  the  basal  side of t he  
cell, s t imula te  the  p u m p  on the  opposi te  (i.e. luminal) 
side of the  cell ? 

Whi le  these  f indings  on the  effect  of Li+ provide  useful 
in format ion  on the  secre tory  mechan i sm in the  sal t  
gland, the  impl ica t ions  m a y  be of wider  interest .  I t  is 
possible t h a t  Na + and  CI- m o v e m e n t s  could be affected 
by  Li+, ac t ing to al ter  cell respirat ion,  in epi thel ial  t issues 
wi th  Na+/H + and  C1-/HCO 3- exchange  mechan i sms  on 
one border  of t he  cells. Since such t issues appa ren t l y  
exis t  in m a m m a l s  as well as in Other ve r t eb ra t e s  7 and, 
w i th  the  cu r ren t  in te res t  in l i th ium as an agent  for use in 
the  t r e a t m e n t  of psychological  disorders  and in any  side 
effects i t  m a y  have,  suctl a possible mechan i sm of act ion 
should no t  be overlooked.  
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Effect of a Chelating Ion Exchange Resin (Chelex 100) on Impedance and Evoked Potentials 

Both  raising and  lowering calcium levels in the  environ-  
m e n t  of nervous  t issue has  long been known to  al ter  i ts  
exc i tab i l i ty  1-5. Changes in impedance  of cerebral  cor tex  
af ter  topica l  appl ica t ion  of calcium and  magnes ium 
solut ions were previous ly  repor ted  ~-8. Topical  appl ica t ion  
of ion chela t ing  gels p roduced  invers ion of t he  t ranscor -  
t ical  DC gradient ,  E E G  f la t tening,  and  seizure ac t iv i ty  ~. 

In  t he  p re sen t  note  we repor t  the  effects of a chela t ing  
ion exchange  resin Chelex 100 (Bio R a d  Laborator ies)  on 

flash evoked po ten t ia l s  and  impedance .  Chelex 100 is a 
s ty rene  d iv inylbenzene  copo lymer  conta in ing  immino-  
d iace ta te  funct ional  groups.  I t  is s t ruc tura l ly  classed 
wi th  t he  weak acid cat ion exchangers  by  v i r tue  of its 
carboxyl ic  acid groups.  I t s  h igh aff ini ty  for calc ium and  
magnes ium makes  i t  sui table  for s t u d y i n g  effects  of 
removal  of these  ions f rom nervous  tissue. 

The s tudy  was pe r fo rmed  in 32 aler t  ca ts  wi th  chroni-  
cally imp lan t ed  cannulae  and  bipolar  concentr ic  electro- 
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Fig. 1. A) Effect of calcium chloride on lateral geniculate body impedance and flash evoked potentials (EP). Arrow indicates 
introduction of 5 ~xl CaC12 200 mM into the lateral geniculate body of the cat. B) Effect of ion exchange resin (Chelex 100) on lateral 
genieulate body impedance and flash evoked potentials (EP). Arrow indicates introduction of 1-2 mm 8 resin into the lateral geniculate 
body of the eat. Q, resistance; O, capacitance; d-, relative evoked potential amplitude. 

des in the  lateral  geniculate body  (LG). The electrodes and 
22-gauge stainless steel  cannulae  were a t t ached  toge ther  
so t h a t  their t ips  were a t  the  same height ,  b u t  1-2 m m  
apa r t  (as descr ibed previously  10). E E G  evoked potent ia ls  
to f lash s t imuli  and  electrical impedance  at  1.0 kHz  wi th  
low cur ren t  levels (10-18Amp FM -2 of electrode surface) 
were recorded f rom the  electrodes.  

Figure 1A shows t h a t  in t roduc t ion  of 5 ~1 200 m2VI 
CaCI~ into  LG resul ted wi th in  20 min  in an increase in 
react ive impedance  (decrease in capaci tance) .  Those 
changes  pers is ted  for 3 h. Similar  results  were ob ta ined  
in 5 o ther  exper iments .  No changes  in evoked poten t ia l s  
were observed.  

Figure  1B shows the  t ime  course of the  effects of the  
chelat ing ion exchange  resin (Chelex 100) when  1-2 m m  a 
of the  agent  was in t roduced  in to  the  LG. Wi th in  10 min  
a drop in react ive  impedance  (increase in capaci tance)  
and  decrease in flash evoked poten t ia l s  was observed.  
The changes  pers is ted  for 24 h. Similar results  were 

ob ta ined  in 8 o ther  expe r imen t s :  no effect  was recorded 
in 2 exper iments .  
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Fig. 3. Electron mierographs from 
the lateral genieulate body of the cat 
following treatment with chelating 
resin (L) or with resin with reduced 
chelating activity (R). Fixation by 
perfusion with phosphate-buffered 
glut araldehyde- formaldehyde after 
flushing with physiological saline; 
post-fixation with buffered 1% Os04; 
dehydration with ethanol; embed- 
ment in EPON; sections enhanced 
with uranyl-aeetate and lead citrate. 
• 30,000. 
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Fig. 2. Uptake of calcium (A) and 
magnesium (B) by pretreated cheIating 
resin for 24 h with 0.5, 1.0, 2.0 and 3.0 
mEq Ca++/g resin (upper part). Uptake of 
calcium (C) and magnesium (D) by 
pretreated chelating resin for 24 h with 
0.5, 1.0, 2.0 and 3.0 mEq Mg++]g resin 
(lower part). To evaluate the uptake, 
each set of pretreated resin was subjected 
to the addition of 3 mEq of Ca ++ or Mg ++ 
and measurements using an atomic 
absorption spectrometer were made after 
5 (O--O), 20 (O--O) and 90 (A--A) min. 

No electrophysiological  changes were observed if the  
same vo lume  of ar t i f icial  cerebrospinal  f luid (5 experi-  
ments)  was in t roduced into the  la tera l  geniculate,  or if 
prior to the  applicat ion,  the  chelat ing capac i ty  of the  
resin was reduced by  prior  equi l ibra t ion (24 h) wi th  
1-2 m E q  per  g resin for ZnC12 (2 experiments) ,  CaC12 
(6 experiments)  or MgCI~ (6 experiments) .  Pr ior  equil ibra-  
t ion wi th  less t han  1 m E q  of CaCI~ or MgC12 did not  
modify  the  electrophysiological  effects of the  resin. 

U p t a k e  of bo th  Ca (Figure 2A) and Mg (Figure 2B) by 
the  chelat ing resin drops d ramat ica l ly  to  5% when 
pre t rea ted  wi th  0.5, 1.0, 1.5, 2.5, 3.0 m E q  Ca++/g resin. 
F igure  2 shows also the  up take  of calcium (2C) and 
magnes ium (2D) by the  chelat ing resin when pre t rea ted  
wi th  0.5, 1.0, 1.5, 2.0, 2.5, 3.0 m E q  Mg++/g resin. The  
up take  of Mg drast ical ly  drops at  1 m E q ,  whereas the 
up take  of Ca decreases only s l ight ly  to 70% at  (1 mEq)  
and 60% (2.0, 2.5, 3.0 mEq)  indicat ing the  higher  
aff ini ty  of the  resin for Ca than  for Mg. 

The fact  t ha t  not  only the  resin equi l ibra ted wi th  Ca, 
bu t  also the  resin equi l ibra ted  wi th  Mg had no electro- 
physiological  effect when in t roduced  into the  LG, migh t  
be explained by 1) its lower (60%) capac i ty  of b inding 
Ca++ and 2) the  effect of the  Mg ++ dislocated by  Ca++ from 
the  pre t rea ted  resin. 

T o  answer the  ques t ion of the  relat ion be tween  those 
changes in evoked potent ia ls  and in tissue impedance  and 
u l t ras t ruc tura l  components ,  electron microscopy was 
performed on tissue t aken  f rom the  la teral  geniculate  
body in the  zones adjoin ing sites of implan ted  electrodes 
and cannulae.  

F igure  3 shows tha t  following the  appl icat ion of the  
resin (3L) the  intercel lular  spaces were not  affected to 
any not iceable  degree, bu t  the  synapt ic  cleft  was al tered 
- its membranes  appeared fuzzier and less well  defined 
than  in t h e  control  (3R). 

These findings offer suppor t  for the  v iew tha t  the  
electrophysiologicaI effects a t t r ibu tab le  to deplet ion of 
ca lc ium ion concent ra t ion  in the  extracel lu lar  space m a y  
relate  to changes in the  neuronal  membrane  structure,  
ra ther  t han  to modif icat ions  in extracel lular  space. 

The results cont r ibute  fur ther  evidence to the  physio-  
logical role of d iva lent  ions Ca and Mg in the  neuronal  
m e m b r a n e  env i ronmen t  11. 

Rdsumd. L' in t roduc t ion  d 'une  r6sine ch61atrice pour  
Ca ++ et Mg++ (Chelex 100) dans le corps genoui116 du 
chat  p rodui t  une d iminu t ion  des potent ie ls  6voqu6s 
phot iques  et de l ' imp6dance c6r6brale. L'61ectronmicros- 
copie r6v~le une al t6rat ion de la s t ructure  du champ 
synapt ique  sans modif ica t ion  de l 'espace intercellulaire.  
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