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This  has  the  beneficial  effect  of 
he lp ing  to  w a s h  away  blood or  
b r eakdown  products  resul t ing 
f rom the  explan ta t ion .  The  nee- 
dle a i r -ven ts  w i th  co t ton  bacte-  
r ia l  fil ters in the  cu l ture  c h a m b e  
B and  receiving bot t le  C al low 
free ex i t  for  gases to  t he  ex te rna l  
air  and p romo te  free flow f rom B 
to C. The  piece of cellulose sponge 
E inser ted in to  the  lower end of 
the  Buchne r  funnel  and touch-  
ing the  side of the  cul ture  cham-  
ber  serves to conduc t  the  super-  
n a t a n t  to the  side of the  cul ture  
tube ,  s m o o t h  ou t  t he  f low and  
p r e v e n t  t r a u m a t i s a t i o n  of  t he  
cul ture  by  drops  of superna tan t .  
A piece of chemica l ly  clean brai-  
ded fiberglass s leeving in the  out-  
f low a rm of the  cul ture  tube  
faci l i tates the  exi t  of supe rna t an t  Schematic diagram 
f rom the  cul ture  tube  and thus  of apparatus 
helps to  p r even t  changes  in the  
level  of supe rna t an t  in the  cul ture  chamber .  Bac te r ia  are  
f i l tered ou t  of t he  air  dur ing its passage th rough  the  dia- 
lysing m e m b r a n e  thus  preservin  g the  s ter i l i ty  of the  super-  
na tan t .  

Zusammen[assung. In  der  Arbe i t  wird eine E in r i ch tung  
ffir kont inuier l iche  Flf iss igkei tszufuhr  beschrieben,  wie sic 
fiir Gewebsku l tu ren  wer tvol l  sein kann.  D u t c h  eine fein- 
porSse Membran  kann  die Menge der  Fli issigkeit  regul ier t  

werden.  A. My'. B. CUNNINGHAM and N. O. LUNELL a 

Tissue Dynamics Laboratory, Pathology Department, Uni- 
versity o/ Texas Medical Branch, Galveston (Texas), No- 
vember 21, 1960. 

C O G I T A T I O N E S  

Spontaneous  Miniature Activity and Gradation of 
Transmiss ion  at the Neuromuscular  Junct ion 

The  d iscovery  of the  randomized  spontaneous  min ia tu re  
a c t i v i t y  a t  the  neuromuscu la r  junc t ion  by  FATT and 
KATZ 1,~ opened  new perspect ives  for the  in t e rp re ta t ion  of 
faci l i ta t ion of synap t i c  t ransmiss ion  s-5. Specifically,  i t  
was  shown in frog- and m a m m a l i a n  nerve-muscle  pre- 
pa ra t ions  t h a t  the  neura l ly  evoked  endp la te  po ten t ia l  
(epp) resul ts  f rom a s ta t i s t ica l  coincidence of  quan t a l  
uni ts  of ident ica l  m a g n i t u d e  (i.e. t he  rain epp 's)6-s ;  t h a t  
a condi t ion ing  nerve  impulse  enhances  the  p robab i l i ty  of 
occurrence of spontaneous  min ia tu re  ac t i v i t y  as well  as 
increases t he  q u a n t u m  c o n t e n t  of response to  a sub- 
sequen t  ne rve  volleyg, l°; and  t h a t  the  q u a n t u m  con ten t  of 
a neura l ly  evoked  response increases in t he  course  of 
t e t an ic  s t imula t ion  9,~°, while  m a r k e d  a u g m e n t a t i o n  of 
spontaneous  min ia tu re  a c t i v i t y  persists  for several  
minu tes  in the  pos t - t e t an ic  per iod 8,11. 

However ,  DEL CASTILLO and KATZ (12 see there  Table  I) 
also po in ted  ou t  t h a t  ra te  of spontaneous  min ia tu re  dis- 
charges  and q u a n t u m  con ten t  of evoked  epp are  no t  
necessari ly cova r i an t :  e.g. Mg ions effect  a decrease of 
q u a n t u m  con t en t  of epp,  while  leav ing  the  f requency  of 
spon taneous  min ia tu re  ac t i v i t y  unal tered.  Fur the rmore ,  
a decrease of  q u a n t u m  con ten t  of  epp af te r  prolonged 
t e t an ic  s t imula t ion  is accompanied  by  increase of min  
epp- f requency  9. W e a k  anodic  polar izat ion of t e rmina l  

m o t o r  ne rve  branches  augmen t s  the  evoked  epp, b u t  the  
spontaneous  discharge ra te  remains  una l te red ;  ca thodic  
polar izat ion,  on the  o ther  hand,  depresses t ransmiss ion  
and augmen t s  spontaneous  discharge ra te  1~,1a. An addi-  
t ional  ins tance  of dissociat ion be tween  spontaneous  and 
evoked  ac t iv i ty  is p rov ided  by  the  fact  t h a t  spontaneous  
discharges cont inue  in the  absence of Na-ions and in pre- 
pa ra t ions  depolar ized b y  K2SO, 1~, wheref rom i t  is appar -  
en t  t h a t  spon taneous  min ia tu re  a c t i v i t y  'does not  depend 
upon  the  occurrence of electr ical  ac t iv i ty  of t he  ac t ion  
po ten t i a l  t y p e  in any  s t ruc tu ra l  uni t  wi th in  the  nerve  
t e rmina l '  s. 

To these ins tances  of dissociat ion be tween  direct ion of 
change of spon taneous  and  evoked  junc t iona l  a c t i v i t y  
m a y  now be added  the  f inding of KRAATZ and TRAUT- 
WEIN 15 t h a t  2, 4-dini t rophenol ,  while g rea t ly  augmen t ing  
spontaneous  r a n d o m  discharge rate ,  d iminishes  t he  epp- 
ampl i tude .  Hydraz in ium- ions  le, and t e t rodo tox in  in the  
presence of NH+-ions  17 block t ransmiss ion  wi thou t  
affect ing the  discharge ra te  of min  epp's .  Conversely,  
guanidine  appa ren t ly  augments  the  evoked  epp 18, while  
spontaneous  min ia tu re  a c t i v i t y  does no t  change17; how- 
ever ,  spontaneous  g ian t  potent ia ls  appea r  wi th  an  
ampl i tude  smal ler  t h a n  t h a t  of evoked  epp's ,  b u t  larger 
t h a n  t h a t  of rain epp's .  Botu l inus  toxin ,  on the  o the r  
hand,  depresses f requency  of spontaneous  discharges and 
reduces the  ampl i tude  of the  evoked epp as well n. 

In  summary ,  then,  there  is ample  evidence t h a t  the  
mechan i sm for spontaneous  q u a n t a l  discharges can opera te  
in a u t o n o m y  from nervous  cont ro l ;  and t h a t  the  fre- 
quency  of spontaneous  ac t iv i ty  does no t  un ique ly  def ine  
the  po ten t i a l  of t he  p resynap t i c  appa ra tu s  to t r ansmi t  
incoming  nerve  vol leys  to  the  pQstsynaptic  site. The  
differences be tween  spontaneous  and  evoked  junc t iona l  
ac t iv i ty ,  to  which  DEL CASTILLO and KATZ a d i rec ted  
a t ten t ion ,  can, however ,  be ascr ibed to the  responsiveness 
of the  mo to r  nerve  endings to invas ion by  a nerve  impulse 
(see: factor  ' N '  in 1,). This,  then,  would  cons t i tu te  an 
addi t iona l  l imi t ing s tep in the  cha in  of even ts  of t rans-  
mission, and would  a t t r i b u t e  to spon taneous  min ia tu re  
a c t i v i t y  a permiss ive ,  r a the r  t h a n  a de te rmin ing  role in 
junc t iona l  t ransmiss ion  and faci l i ta t ion of t ransmission.  

I t  t hen  becomes  pe r t inen t  to  inquire  of w h a t  na tu re  this  
l imi t ing neura l  even t  is, and whe the r  it  is subject  to 
g rada t ion  by  physiologic  and pharmacologic  parameters .  

In  the  spinal  cord, pos t t e tan ic  po ten t i a t ion  of the  mono-  
synapt ic  reflex is paral le led by  augmen ta t i on  of the  pre- 
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synap t i c  act ion po ten t i a l  ampl i tude  *°. This  increase of 
ac t ion  po ten t ia l  he igh t  is a t t r i b u t e d  to pos t t e tan ic  hyper -  
polar iza t ion  of p resynap t i c  nerve  fibres ~°-2z. Since ter-  
mina l  ane lec t ro tonus  mus t  also resul t  in hyperpo la r i za t ion  
of p rcsynap t i c  neura l  s t ructures ,  DEL CASTILLO and KATZ ~z 
suggested t h a t  anelect ronic  faci l i ta t ion of neuromuscu la r  
t ransmiss ion  is, l ikewise, re la tcd  to  increase of amp l i t ude  
(and possibly dura t ion)  of t be  ac t ion  po ten t ia l  in t e rmina l s  
(see also ~). Fac i l i t a t ion  of  neuromuscu la r  t ransmiss ion  
by  condi t ion ing  nerve  s t imula t ion  can,  accordingly,  be 
a t t r i b u t e d  to invas ion  of m o t o r  ne rve  t e rmina l s  by  the  
tes t  vo l ley  dur ing the  posi t ive  a f t e rpo ten t i a l  lef t  by  the  
preceding nerve  impulses.  

Pos t t e t an ic  faci l i ta t ion of t ransmiss ion a t  t he  m a m -  
mal i an  neuromuscu la r  junc t ion  is accompanied  by  the  
occurrence of re t rograde  moto r  ne rve  ac t i v i t y :  specifi- 
cally, t e t a n i c  s t imula t ion  wi th  ensuing t ransmiss ion 
fai lure (presumably  due to p resynap t i c  c o n d u c t i o n  
block 2~,2~) is fol lowed by  a period dur ing which  single 
nerve  impulses  elicit  r epe t i t ive  ac t i v i t y  in muscle fibres, 
and an t id romica l ly  conduc ted  t r a i n s  of impulses in cor- 
responding  m o t o r  nerve  fibres 3~,37. These pos t t e tan ic  
effects are ident ica l  w i t h  the  effects ob ta ined  on single (or 
double) vol ley  s t imula t ion  af ter  admin i s t r a t ion  of agents  
classed ' fac i l i ta tors '  of neuromuscu la r  t ransmiss ion:  a 
single o r thodromic  vo l ley  is, then, also seen to  elicit  
r epe t i t i ve  ac t i v i t y  in muscle  fibres, and to  set up  a t r a in  of 
repe t i t ive  an t id romic  impulses  in the  m o t o r  axon which 
Carried the  p r i m a r y  efferent  vol ley ~ - ~ .  W h e n  these 
r epe t i t i ve  an t id romic  responses are  genuine (i.e. : origi- 
na t i ng  in t he  m o t o r  uni t  whose axon  conduc ted  the  
p r i m a r y  efferent  volleyZ~), t h e y  are fol lowed b y  a charac-  
ter is t ic  r ecovery  cycle 3r: a second efferent  m o t o r  ne rve  
impulse  fol lowing the  condi t ion ing  s t imulus  wi th in  1 to  
abou t  4 msec grea t ly  augmen t s  r epe t i t ive  muscle-  and 
an t id romic  ne rve  ac t iv i ty ,  while a test  s t imulus  a t  50 to  
abou t  100 msec does no t  elicit  r epe t i t ive  ac t i v i t y  in e i ther  
muscle o r  nerve.  This  t ime  course of a u g m e n t a t i o n  and 
depression of repet i t iveness  coincides wi th  t h a t  of the  
sequence of  nega t ive  and pos i t ive  a f te rpoten t ia l s  in nerve  
fibres' w i th  slow conduct ion  ve loc i ty ;  the  ear ly  phase of 
a u g m e n t a t i o n  corresponding to  negat ive ,  and the  late  
phase of depression corresponding to posi t ive  af ter-  
potent ia ls .  The  genera t ion  of an t id romic  repe t i t ive  ac t i v i t y  
was a t t r i bu t ed  to  a nega t ive  a f t e rpo ten t i a l  in. mo to r  nerve  
t e rmina l s  2L A pro longat ion  of the  nega t ive  a f t e rpo ten t i a l  
in frog mo to r  ne rve  te rmina ls  in the  presence of t e i r a -  
e t h y l a m m o n i u m  ions was observed  by  KOK~TSU a~. The  
possibi l i ty  t h a t  the  nega t ive  a f t e rpg ten t i a l  in mo to r  ne rve  
te rminals  c o n s t i t u t e s  per se a t r a n s m i t t e r  control l ing 
agency,  was  explored by  t~UFFLERZ~: since ve ra t r ine  
prolongs nerve  a f te rpo ten t ia l s  .wi thout  prolonging t h e  
ac t ive  phase  of t he  t r a n s m i t t e r  process, this  possibi l i ty  
can  be excluded~L 

On the  basis of these  considerat ions,  i t  appears  more  
appropr ia te  to  v iew t h e  m a g n i t u d e  of t he  t e rmina l  
m e m b r a n e  b reakdown  on o r thodromic  invas ion  as t h e  
cr i t ical  even t  in t h e  neura l  cont ro l  of transmission~°,z% 
Prov ided  augmen ta t i on  of a f te rpoten t ia l s  reflects  hyper -  
po lar iza t ion  (equiva len t  to an  anelec t ronic  state)  of  the  
t e rmina l  nerve  m e m b r a n e  z~, an  increase of the  t e rmina l  
ac t ion  po ten t i a l  can be inferred f rom even t s  which ref lect  
a u g m e n t a t i o n  of the  t e rmina l  af terpotent ia ls ,  i.e. post-  
a c t i v i t y  m o t o r  ne rv  e repe t i t ion  ~7. 

I t  t h e n  follows t h a t  t h i s h y p e r p o l a r i z e d  s ta te  of mo to r  
ne rve  te rmina ls  can  be b rough t  abou t  by  t e t an ic  s t imu-  
l a t ion  alone, and b y  single or repe t i t ive  nerve  shocks in 
t h e  presence of a va r i e t y  of qua t e rna ry  a m m o n i u m  ions 
with,  and w i thou t  3z, chol inesterase inhibi t ing  ac t iv i ty ;  

agents  whose  min ima l  s t ruc tu ra l  r equ i rements  coincide 
wi th  those  of agents  which  increase the  polar izabi l i ty  of 
ne rve  m e m b r a n e s  (,9; for review, see4°). Fu r the rmore ,  i t  
becomes  permissible  to ident i fy  the  phasic  changes  of 
augmen ted  a f te rpoten t ia t s  wi th  the  osci l la tory  changes of  
ne rve  m e m b r a n e  po ten t ia l  cons t i tu t ing  the  ' ne rve  re- 
ac t ion '  described b y  LORENTE DE NO 41. I t  is, therefore,  
proposed t h a t  genuine pos t ac t i v i t y  m o t o r  ne rve  repe t i t ion  
whose  in i t ia t ion  and  recovery  cycle can  be a t t r i bu t ed  to  
nega t ive  and  posi t ive  a f te rpoten t ia l s  in ne rve  terminals ,  
ref lects  an  anelect ronic  s ta te  of these t e rmina l s  and,  
accordingly,  indicates  the i r  fac i l i ta tor  po ten t i a l i t y  42. 

F r o m  the  con t ex t  of these findings, i t  emerges  t h a t  
t ransmiss ion a t  the  neuromuscu la r  junct ion,  while oper-  
a t ing  th rough  the  quan ta l  mechanism,  is subjec t  to 
g rada t ion  by  the  t e rmina l  electr ical  even t  whose  absolute  
magn i tude  depends  on the  m e m b r a n e  character is t ics  of 
mo to r  ne rve  t e rmina l s .  Conversely,  t he  t r ansmi t t e r -  and 
fac i l i ta tor  po t en t i a l i t y  of a junc t ion  is no t  un ique ly  defined 
by  the f requency  of spontaneous  min ia tu re  ac t iv i ty ;  nor  
can a neura l  mechan i sm of faci l i ta t ing (or depressant)  
act ion be excluded for agents  which do n o t  a l t e r  the  
spontaneous  discharge ra te  of rain epp's.  

Zusammen/assung. Aus den bisher  ver6f fen t l ich ten  ex- 
per imente l len  Befunden  t iber presynapt ische,  ftir die 
neuromuskul~ire Er regungs i ibe r t r agung  massgebl ich er- 
scheinende Vorg~tnge wird gesch!ossen, dass die F6rde rung  
der  Er regungs i ibe r t ragung  in d i rekter  Bez iehung  zur  
Gr6sse des Akt ionspo ten t ia l s  in den moto r i s chen  N e r v e m  
endigungen  s teht ,  wXhrend d ie  F requenz  der  spon tanen  
Min ia tu ren t t adungen  an sich kein e indeut iges  lVIass f/dr die 
In t ens i t~ t  des ~ b e r t r a g u n g s v o r g a n g e s  yon  Nerv impu l sen  
zum Muskel  darstel l t .  
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a0 To designate presynaptic events expressed in graded variation of 

transmission and facilitation in neuron pools, LLOYD, HtJNT and 
MCINTYRE x9 introduced for the monosynaptic spinal cord reflex 
system the terms 'transmitter potentiality' and 'facilitator 
potentiality', indicating, thereby, two aspects of synaptic function, 
not necessarily covariant. These terms are here employed to 
designate the ability of the individual neuromuscuMr j unction'ex- 
hibiting spontaneous miniature activity, to respond to a nerve 
volley with transmission and facilitation of transmission. 


