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The Action of Mercury Ions on the Release of Acetylcholine from Presynaptic Nerve Endings 

Lead and  manganese  ions b lock  synap t i c  t r ansmiss ion  
by  reducing the  release of acetylchol ine  f rom pre- 
synap t i c  nerve  endings  ~-3. There  are good reasons to  
believe t h a t  th is  ac t ion  is t he  result  of in ter ference  by  
the  foreign ions in t he  extracel lu lar  fluid w i th  the  en t ry  
ot ext ra-cel lu lar  calcium ions in to  the  p resynap t i c  nerve  
endings  ~. In  expe r imen t s  on neuromuscula r  junc t ion  i t  
has  recent ly  been  shown t h a t  lead, manganese  and o ther  
me ta l  ions also br ing  abou t  a spon taneous  release of 
acetylchol ine  5-8. This  second ac t ion  is p robab l y  of 
in t racel lular  locat ion and  i t  m a y  consis t  of e i ther  t he  
subs t i tu t ion  of the  foreign meta l  ion for calcium at  the  
site of t r a n s m i t t e r  release, or the  d i sp lacement  of calcium 
f rom int racel lu lar  s tores 9, 8. In  view of these  recent  resul ts  
t he  ques t ion  arises w h e t h e r  foreign me ta l  ions also have  a 
dual  ac t ion  on the  p re synap t i c  nerve  endings  in the  
s y m p a t h e t i c  ganglion. U n d e r  the  expe r imen ta l  condi t ions  
which  have  so far  been employed  the  possible in t racel lular  
ac t ion  of lead and  manganese  was no t  powerful  enough  
to  be de tec tab le  in gangl ion perfus ion exper iments .  In  
expe r imen t s  w i th  mercury ,  however,  we have  observed a 
grea t  increase in t he  spon taneous  release of t r a n s m i t t e r  
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Fig. 1. Ganglion perfused with Locke solution (eserine 10 -s) to which 
mercury chloride was added (0.1 mM). Each column represents the 
acetyleholine released during 5 min of stimulation of the preganglionic 
nerve at 2 Hz (S 1 to S~) and during the resting period (R~ to Rs). 
The values represent the mean of 2 experiments. 
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Fig. 2. Ganglion perfused with Locke solution (eserine 10-5). Mercury 
chloride (0.1 raM) was added to Locke solution in samples R2, 
$2, R 4 and S a. Each column represents the acetylcholine released 
during 5 min of stimulation of the preganglionic nerve at 2 Hz 
(S 1 to $6) and during the 5 rain resting period (R 1 to Rs). Values 
represent the arithmetic mean of 3 experiments. 

which  deserves  descr ip t ion  in v iew of the  fac t  t h a t  the  
ac t ion  of th is  ion has  no t  so far been  s tudied  a t  o ther  
junct ions .  

Methods and  results. The super ior  cervical  gangl ion of 
t he  cat  was perfused  as descr ibed for previous  experi-  
m e n t s  3. In  t he  expe r imen t  in Figure 1 the  normal  re la t ion 
be tween  the  per iods  of s t imula t ion  and t r a n s m i t t e r  
release ~~ breaks  down af ter  admin i s t r a t i on  of mercuric  
chloride: Thus  some acetylchol ine  appears  a l ready  in the  
f i rs t  sample  af ter  admiss ion of t he  mercuric  chloride 
solution, and  upon  re tu rn  to  Locke solut ion the  first  
sample  collected in the  absence of s t imula t ion  conta ined  
as much  acetylchol ine  as t he  second sample  collected 
dur ing  s t imulat ion.  In  the  la ter  s tages of the  expe r imen t  
the  o u t p u t  of acetylchol ine  decl ined again regardless of 
s t imulat ion.  

In  two o the r  expe r imen t s  (Figure 2) the  fresh prepara-  
t ion  was perfused  wi th  mercur ic  chloride. In  these 
expe r imen t s  no acetylchol ine  was de tec tab le  in the  first  
sample  collected f rom the  res t ing  prepara t ion ,  b u t  a large 
spon taneous  release was found to  occur dur ing  the  rest  
per iod subsequen t  to  the  first  per iod of s t imulat ion.  
Subsequen t  per iods  of s t imula t ion  caused no fur ther  
e n h a n c e m e n t  in acetylchol ine  release which  t h e n  followed 
essent ial ly  the  same p a t t e r n  as in Figure  1. W h e n  un- 
s t imula ted  ganglia were perfused wi th  mercu ry  solut ion 
the  spon taneous  release appeared  gradual ly  af ter  a 
var iable  in te rva l  (Table). 

Discussion.  KOSTIAL and  VOUK n and  VouK, KOSTIAL 
and  HEFER-SLAT 12 showed t h a t  mercu ry  ions block 
synap t i c  t ransmiss ion.  They  concluded t h a t  the  block 
of t ransmiss ion  was pr incipal ly  due to  an irreversible 
pos t synap t i c  act ion of mercury  ions. However ,  t hey  

The effect of mercury on the spontaneous release of acetylcholine in 
the superior cervical ganglion of the cat 

Experiment 1 Experiment 2 Experiment 3 

Sample 1 <5 < 5 < 5 
Sample 2 < 5 13 36 
Sample 3 9 40 78 

Each figure represents the acetylcholine output (ng) during 5 rain 
while perfusing the ganglion with Locke solution containing mercury 
(0.1 mM). The preganglionic trunk was not stimulated. 3 consecutive 
5 min samples were collected. 
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presumed  mercu ry  ions to have  also a revers ible  pre-  
synap t ic  act ion.  In  the  l ight  of t he  expe r imen t s  i l lus t ra ted  
in Figure 1, it  mus t  now be concluded t h a t  the  t r a n s m i t t e r  
release previously  observed on readmiss ion  of Locke 
solut ion ~2 represen ted  in fact  the  long-las t ing spon taneous  
release induced by  the  t r e a t m e n t  w i th  mercu ry  and no t  
the  res to ra t ion  of the  response to  pregangl ionic  s t imula-  
t ion as was ini t ia l ly presumed.  

On the  basis  of the  in fo rmat ion  p resen ted  here the  
possibi l i ty  canno t  be d i scounted  t h a t  b o t h  pre- and 
post-gangl ionic  effects of me rcu ry  ions are due to  a 
generalized depolar iz ing action.  However ,  in exper iments  
in which the  postgangl ionic  nerve  was left un t ied  we 
have  never  observed a t r ans i en t  con t rac t ion  of the  
n ic t i t a t ing  m e m b r a n e  such as migh t  be expec ted  if the  
cell bodies of perfused ganglia unde rwen t  depolar izat ion.  
F u r t h e r m o r e  i t  p roved  possible to  elicit cont rac t ions  of 
the  n ic t i t a t ing  m e m b r a n e  by  postgangl ionic  s t imula t ion  
in the  presence of 0.1 m M  mercu ry  ions. CASTILLO and  
HUFSCHMIDT 13 found 250 {zM mercury  to be the  min i lnum 
concen t ra t ion  causing inexci tab i l i ty  of mo to r  nerve  
fibres. The rapid  revers ibi l i ty  of th is  effect  by  the  
appl ica t ion  of thiols poin ts  to  an increase in the  th reshold  
vol tage ra the r  t h a n  to  a general ized depolar iza t ion  as the  

cause of inexci tabi l i ty .  Never the less  it  is clearly desirable,  
in v iew of the  toxicological  impor tance  of mercury ,  t h a t  
the i r  mode  of ac t ion on synap t ic  t r ansmiss ion  be in- 
ves t iga ted  fu r the r  by  electrophysiological  means14. 

Zusammen/assung. In  den oberen zervikalen Ganglien 
der  Ka tze  ve ru rsach t  eine Perfus ion mi t  Locke-L6sung 
mi t  0.1 m2VI Quecksi lber  Chlorid eine s p o n t an e  Frei-  
se tzung yon Acetylcholin.  Dieses P h ~ n o m e n  wird  v o m  
S t a n d p u n k t  der  b e k a n n t e n  Wi rkung  andere r  Metal ionen 
bei der  Fre i se tzung  yon T r a n s m i t t e r n  diskut ier t .  
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Reserpine-Induced Chan~es in the Uptake and Distribution of Radiolabelled Calcium and 
Magnes ium in the Brain and Pituitary Gland of the Rat 

Lit t le  is known abou t  tile effects of various drugs 
affect ing t r a n s m i t t e r  release on the  in vivo m o v e m e n t s  
of calcium and magnes ium in bra in  tissue. Reserp ine  is 
well known to exer t  an influence on the  up take  and release 
of t r a n s m i t t e r s  and induces a long-last ing reduct ion  of 
serotonin,  norep inephr ine  and  dopamine  in the  brain  and 
per iphera l  stores 1, 2. Amine deple t ion  is t h o u g h t  to be due 
to  changes  in the  pe rmeab i l i t y  of neuronal  membranes~.  
In  the  p resen t  r epor t  we presen t  the  effects of reserpine  on 
the  in vivo up take  of radiolabel led calcium and magnes ium 
by  cer ta in  areas of the  ra t  b ra in  and p i tu i t a ry  gland. The 
procedure  of earlier inves t iga t ions  w i th  some modif ica-  
t ions  was followed4, 5. Nonfas t ing  whi te  male  ra t s  
(Sprague-Dawley)  weighing 250 300 g and housed in 
indiv idual  cages were used in t he  s tudy.  The animals  
were in jec ted  for 3 days  e i ther  w i th  saline (0.2 ml, i.m.) 
for the  control  group, or w i th  reserpine (2 mg/kg,  i.m.) 
for the  t e s t  group. The in jec t ion  schedule on the  last  
expe r imen ta l  day  was the following: each animal  received 
saline or reserpine respect ively ,  4 h pr ior  to  inject ion of 
the  radiolabel led mater ia l .  E a c h  animal  was anaes the t i zed  
wi th  pen toba rb i t a l  and  received into the  carot id  a r t e ry  
a dose of 1 txCi of 45Ca and 2SMg (in 0.2 ml  of Ringer ' s  

solut ion buffered to a p H  of 7.56 wi th  4 m M  H E P E S  
buffer). ] )ue to the  shor t  half-l ife of 2SMg the  in jec t ion  
solut ion was ca l ibra ted  to be 1 tzCi/0.2 ml  of 45Ca and  28Mg 
at  the  beginning  of the  exper iment .  The in jec t ion  was 
followed by  decap i t a t ion  in 15 sec. Following decapi ta t ion ,  
the  bra in  was quickly dissected free and the  following 
t issues placed into t a red  scint i l la t ion vials and weighed:  
cortex,  h ippocampus ,  cerebellum, tha laums ,  super ior  
colliculus, medul la  and the  p i tu i t a ry  gland. 1 ml  a l iquots  
of t issue solubilizer (Soluene-350, Packard)  were added  
to each t issue vial and t issues d iges ted  wi th in  2 h, af ter  
which 10 ml a l iquots  of a scint i l la t ion mi x t u r e  (Dimilume, 
Packard)  were added  to each vial. The /3-radiation of 
2SMg and 45Ca was measured  witll  a Beck man  LS-200 
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Table I. Uptake of 45Ca by different brain areas and pituitary gland in rats following intracarotid injection of 1 ~zCi of 45Ca 

Tissue N Control Reserpine Statistical significance (p) 

Cortex 82 3,311 -= 173 4,806 i 507 < 0.004 
Hippocampus 80 4,091 ~= 342 7,907 i 948 < 0.000 
Thalanms 80 3,753 • 511 6,086 L- 1,036 < 0.038 
Superior collieulus 41 6,811 4- 990 9,127 i 1,228 NS 
Cerebellum 79 6,364 4- 528 7,644 ~= 554 NS 
Medulla 41 10,283 ~ 1,848 8,319 ~ 1,066 NS 
Pituitary gland 40 179,508 4- 39,934 542,381 • 159,304 < 0.018 

The radioactivity is expressed as dpm/g of wet tissues. Values are expressed as means -k S.E.M. 


