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CDs0 af ter  S K F  525A, f rom 1.74 at  3 weeks to 3.30 a t  6 
months.  Unless one assumes a change wi th  age in the  
accessibi l i ty or the  suscept ibi l i ty  of hepat ic  enzymes  to 
S K F  525A wi thou t  any  evidence suggest ing these al terna-  
tives, the  best  in te rpre ta t ion  of the  rat io  da ta  would again 
be t h a t  of an age-dependent  increase, in hepa t ic  capac i ty  

f o r  s t rychnine inact iva t ion .  These da ta  again poin t  to the  
in te rpre ta t ion  of i.p. s t rychnine  CDs0 changes wi th  age as 
results of pos tna ta l  ontogenesis of hepat ic  enzyme 
act iv i ty ,  as was suggested also by  the  da ta  of KATO et 
al.5, 6. 

By its chemical  na ture  the  volat i le  convulsant  f lurothyl  
is insensi t ive to metabol ic  inact ivat ion,  The  m a x i m a l  
(tonic-clonic) f luro thyl  response, which corresponds most  
near ly  to the  s t rychnine  seizure, was no t  s ignif icant ly 
faci l i ta ted by  S K F  525A pre t rea tment .  Fur thermore ,  the  
in tens i ty  of response to f lurothyl  was decreased ra ther  
t han  increased by  p re t rea tment .  Therefore,  i t  is not  pos- 
sible to a t t r ibu te  S K F  525A effects on s t rychnine C D d s  
to a direct  CNS action. 

The  re la t ive ly  slight increase in C D j s  wi th  age in our 
groups receiving i.v. s t rychnine  and i.p. s t rychnine plus 
S K F  525A does not  allow the  to ta l  exclusion of ma tu ra -  
t ional  changes in the  CNS such as t h a t  of the  blood-brain  
barr ier  pos tu la ted  by  PYLKKO and WOODBORY ~. How- 
ever, the  da ta  indicate  t ha t  such events,  if occurr ing af ter  
3 weeks of age, have  a much  smaller  effect on sensi t iv i ty  
to s t rychnine  than  was suggested by  the  results following 
i.p. inject ion in the  former  s tudy.  

Rdsumd. Chez le ra t  ce n 'es t  pas la perm6abil i t6 du 
syst~me nerveux  central ,  mats  le m6tabol isme du foie 
qui  joue le r61e principal  dans la susceptibil i t6 A la 
s t rychnine  inocul6e par  vote intrap6riton6ale.  
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N a - A c t i v a t e d  Calc ium Efflux in Rabbit  V a g u s  Nerve  Fibres  

A system which exchanges  intracel lular  ca lc ium against  
ext racel lu lar  sodium has recent ly  been described in 
m a m m a l i a n  hear t  1 and squid giant  axons '2. I t  seems t h a t  
ext rus ion of calcium is dr iven by  inf lux of sodium along a 
concent ra t ion  gradient ;  a common  carrier  has been 
pos tu la ted  1 for the  ou tward  m o v e m e n t  of calcium and par t  
of sodium entry.  Ev idence  f rom the  present  paper  
suggests the  existence of a s imilar  sys tem in m a m m a l i a n  
nerve  fibres. The  exper iments  were per formed on rabbi t  
vagus  nerves, which consist main ly  of non-myel ina ted  
fibres 8 and thus  are par t icu lar ly  sui table for ion-exchange-  
studies. 

Deshea thed  vagus  nerves were incubated  for 2 h at  
37 ~ in Locke ' s  solut ion conta in ing t racer  amounts  of 
rad ioac t ive  calcium. After  rinsing for 20-30 sec in t racer-  
free medium,  the  ends of the  nerves were covered wi th  
vaseline, f ixed in a small  tube  (volume 0.35 ml) and the  
prepara t ions  washed by  a cons tant  flow (1 ml/min)  of 
ba th ing  solution. The composi t ion of this  solution could 
be changed rapid ly  by switching to another  reservoir.  
Wash ing  fluid fract ions of 3 ml  were collected in count ing  
vials and, af ter  addi t ion  of 2 drops of ~ M oxalate,  dried 
at  90 ~ A t  the  end of the  exper iment ,  the  nerves were 
homogenized  in 6 ml  Locke's ,  t ransferred to a count ing  
via l  and dried. 3 ml  of scint i l lator  fluid (250 mg  POPOP,  
2 g PPO,  1000 ml  toluene) was added to the  dry  samples; 
and r ad ioac t iv i ty  was de termined  in a Packard  Tr icarb  
scint i l la t ion counter .  Different  amount s  of ~sCa com-. 
parable  to those released by  the  nerve  during a 3 rain. 
period proved  to be perfect ly  measurable  under  these, 
conditions.  Since self-absorption var ied  wi th  certain 
solutions, i t  was necessary to establish correct ion factors 
for quenching.  Al terna t ive ly ,  in the  exper iments  related 
to the  effect of t empera tu re  on Ca-efflux, the  nerves  were 
successively immersed  in a series of vials conta ining 3 ml 
Locke's .  Radioca lc ium was. then  measured as above.  
F r o m  the  amounts  of 4aCa found in the  samples, the  rate-  
cons tan t  for calcium loss was calculated and p lo t ted  on 
semilogar i thmic  paper.  Locke ' s  solution was of the  
following composi t ion (mM):  NaC1 153, KC1 5.6, MgC12 
0.5, CaC12 2.2, tris 5, glucose 5.5. In  several  exper iments  
Na  + of t h e  solution was replaced by  equimolar  amount s  
of Li+ or choline. 

The  curve  represented in Figure  1 results f rom a stan- 
dard washout  exper iment  a t  21 ~ and shows the  rate-  
cons tant  of Ca-efflux as a funct ion of t ime.  A similar  
result  has been obta ined  by  KEYSrES and RITCI~IE~, 
who applied drugs and electrical  s t imula t ion  to rabbi t  
vagus  nerves dur ing the  second hour  of ca lc ium washout .  
In  the  present  experiments ,  however,  solutions which 
were to be examined  for thei r  effect on calcium loss were 
applied f rom rain 24 to rain 60 af ter  beginning of the  
exper iment .  The  curve  is far  f rom being exponent ia l  in 
this region, bu t  the  in te rva l  was chosen on the  assumpt ion  
tha t  this par t  of outf lux comes preferably  f rom the  easily 
accessible C-fibres. 
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Fig. 1. Efflux of Ca froul desheathed rabbit vagus nerve as a function 
of time. Temperature 21~ 
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Figure  2 shows the  effect  of r emoving  sod ium f rom the  
wash ing  solution, th is  ion being replaced by  choline. The 
r a t e - cons t an t  fell to  abou t  60% of i ts  previous  value, i t  
p r o m p t l y  increased upon  r e a d m i t t a n c e  of sodium 
conta in ing  solution. These resul ts  indica te  a par t i a l  
coupling be tw een  the  ou tward  m o v e m e n t  of calcium and  
sodium en t ry ;  t h e y  are similar  to  those  found  in m a m -  
mal ian  hea r t  and  squid  g iant  axon.  There  was, however ,  
only a sl ight  ini t ial  drop  when  sodium was  replaced by  
l i th ium;  upon  re in t roduc t ion  of exter l lal  sodium, the  Ca- 
out f lux  failed to  rise. This  m a y  be in re la t ion to  the  fact  
t h a t  Li is heavi ly  accumula t ing  i n  r abb i t  vagus  dur ing  
incuba t ion  in Li-Locke 4 and  thus  could p r e v e n t  sod ium 
inf lux to  occur a t  a normal  rate .  

The results  f rom ano the r  series of expe r imen t s  suggest  
t h a t  the  sys t em t h a t  exchanges  Na for Ca is d i f ferent  f rom 
the  Na-car ry ing  sys tem 5 med ia t ing  the  Na- inf lux  dur ing 
the  ac t ion-potent iaL Thus  a n u m b e r  of drugs known  to  
inf luence the  Na-car ry ing  sys t em did no t  a l ter  Ca-efflux 
(see Table). Fur the r ,  the  Ca-Ms exchange  was no t  in- 
f luenced by  caffeine, a subs tance  which  increases t he  Ca- 
efflux in frog muscle  6. This  seems reasonable  since 
caffeine appa ren t l y  acts  on the  int racel lular  vesicles 
r a the r  t h a n  on the  celI m e m b r a n e .  

RojAs and HIDALGO ~ saw a marked increase of calcium 
outflow from Dosidicus gigas giant axons when applying 
metabolic inhibitors. HODGKIN and 13LAUSTEIN 2 found 
an increase in efflux from giant axons caused by cyanide 
at a time when intracellular ATP was low and attributed 
this effect to mobilization of calcium from intracellular 
stores. In rabbit vagus nerves application of CN- pro- 
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Fig. 2. Effect of replacing extracellular Na by choline on Ca-efllux 
from desheathed rabbit vagus. Temperature 22 ~ 

Substances applied to ~sCa loaded rabbit vagus nerves 

Substance Concentration pH Effect on Ca-efflux 
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Fig. 3. Effect of temperature on Ca-efflux from desheathed rabbit 
vagus. 

duced no increase in Ca-efflux, 2, 4-d in i t rophenol  seemed 
to decrease the  efflux of Ca. An exp lana t ion  for th is  m a y  
be the  abol i t ion of t he  t r a n s m e m b r a n e  sod ium gradient  
by  metabol ic  inhibi tors :  A rapid  accumula t ion  of sodium 
has been shown to occur in r ab b i t  vagus  nerves  under  the  
act ion of these  subs tances  s. 

E x p e r i m e n t s  on g iant  axons  2, ~ indica te  a h igh  Q10 for 
calcium ex t rus ion  f rom th is  t issue. To evaluate  the  effect  
of t e m p e r a t u r e  on Ca-efftux f rom rabb i t  vagus,  ba th ing  
solut ions of 36 and  0~ were used a l t e rna t ive ly  in the  
expe r imen t  shown in Figure 3. Af te r  correct ion for t he  
decrease of ou t f lux  occurr ing at  co n s t an t  t empera tu re ,  a 
Q10 of 1.4 was calcula ted;  2 o ther  expe r imen t s  gave similar  
low values. This  f inding is in con t r a s t  to  t he  observa t ions  
on g iant  axons  2, ~ and  to those  in h u m a n  red cells 9. The 
corresponding  a m o u n t  of ac t iva t ion  energy  (5500 cal /  
mole) agrees, however ,  closely w i th  t h e  resul ts  on m a m -  
mal ian  h e a r t  where  5900 cal /mole are necessary  for Ca- 
ext rus ion.  The low values  suggest  t h a t  calcium outf low 
f rom these  t issues is no t  d r iven  b y  metabol ic  processes 10. 

Zusammen/assung. Die vor l iegenden Resu l ta te  deu ten  
darauf  hin, dass  aus mark losen  Nervenfasern  ein pass iver  
Aus tausch  yon  intrazellul~Lrem Kalz ium gegen ext ra-  
zellul~res N a t r i u m  erfolgt, und  zwar  mi t te l s  eines ~ b e r -  
t r~gersys tems,  das yon  dem fiir die Er regung  no twend igen  
Na- i ibe r t ragenden  Sys t em versch ieden  ist. 
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Veratridine 10 -5 g/ml 7.2 - (2) 
Veratridine 10 .4 g/ml 7.7 - (1) 
Tetrodotoxine 10 .5 g/ml 7.1/7.917.5 - (3) 
Tetraeaine 1 mM 7.4/6.6 - (2) 
Caffeine 5 mM 7.1 - (1) 
2,4-Dinitrophenol 0.4 mM 6.5 slight decrease �9 
Cyanide 2 mM 6.5 - (2) 

(Number of experiments in brackets). 
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