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les m o u v e m e n t s  d ' eau  e n t o u r a n t  la pa t t i e  ant6r ieure  de  
l ' an ima l  qu i  ent re  dans  Ie c h a m p  d 'observa t ion ,  ou les 
couran t s  laiss6s en  arri6re pa r  une  param6cie  qu i  est  en 
t ra in  de sor t i r  du  cadre. 

Les premi6res observat ions  ind iquen t  que  la m6thode 
d ' en reg i s t r emen t  mic rophotograph ique  est 6ga lement  uti-  
l isable dans le cas d 'au t res  ~tres unicellulaires munies  de 
cils ou de flagelles. E n  compara ison  avec  la m6thode  clas- 
s ique du dessin, elle 61imine l ' influence d 'une  impression 
subjec t ive  du chercheur ,  elle pe rme t  d ' ana lyse r  tou te  
l ' image compliqu6e s imul t an6ment  dans tous  ses d6tails, 
et  enfin elle semble  remplacer  une i l lus t ra t ion par  des 
documents  q u ' o n  peu t  obteni r  en hombre  voulu.  

Fig. 4 

S u m m a r y .  The m o v e m e n t  of a l iquid med ium around a 
p ro tozoan  cell evoked  by  cilia was regis tered microphoto-  
graphical ly .  Br igh t  i l lumina ted  part icles  of emulsion or  
suspension, pho tographed  in the  dark  field dur ing  a long 
exposure  t ime,  m a r k  a course of the  wate r  micros t reams.  
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P R O  E X P E R I M E N T I S  

Further Simplification 
of a Supernatant Flow System for Tissue Culture 

This paper  concerns a fur ther  s impli f icat ion of flow 
systems for au toma t i c  un i form provis ion of small  vo lumes  
of supe rna t an t  to tissues in cu l ture  prev ious ly  descr ibed 
f rom this  l abora to ry  1,2. The  sys tem is i l lus t ra ted in the  
Figure.  

The  supe rna t an t  flows f rom a 15 mlcapac i ty  Buchner  
funnel  wi th  m e d i u m  poros i tyf r i t t ed  disc into the  cul ture  
chambe r  B and thence  to  the  col lect ion bot t le  C. The  ra te  
of supe rna t an t  f low is regula ted  au toma t i ca l l y  by  the  
una ided  passage of air  t h rough  the  dialysing m e m b r a n e  
D. The  piece of dialysing m e m b r a n e  is held  in an a i r t igh t  
fashion over  the  end of a length  of P y r e x  Nr.  23¢100 
glass tub ing  by  a segment  of la tex  tub ing  (1/4" 1. D.,  1/xe" 
wall).  (The ra te  of f low can be al tered by  using glass t ub ing  
of d i f ferent  d iameters  or  membranes  of d i f ferent  porosi ty) .  
The  open end of the  glass tub ing  is inser ted in to  t he  upper  
end of the  Buchne r  funnel  t h rough  a red rubber ,  s leevetype,  
se rum stopper.  The  f l i t ted  disc p reven t s  the  regurg i ta t ion  
of  air  in to  the  reservoir  f rom the  cul ture  c h a m b e r  and thus  
helps smoo th  the  f low of superna tan t .  W h e n  the  flow 
sys tem and c h a m b e r  is first  pu t  in to  t he  incubator ,  the  
expans ion  of a i r  in the  Buchner  funnel  forces 3 or  4 ml  of 
s u p e r n a t a n t  t h rough  ins tead of the  usual  dai ly  1-2 ml. 

1 A. W. B. CUNNINGHAM and B. D. ESTBORN, Chamber and Flow 
System /or Quantitative Tissue Culture, Laboratory Investigation, 
March-April (1958), p. 156. 
A.W.B.CuNNXNGHAM and W.E. HERBST, A Simplified Quantitative 
Tissue Culture Flow System, Laboratory Investigation, May-June 
(1960), p. 384. 
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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- 

I p. FATT and ]3. KATZ, Nature, Lond. 166, 597 (1950). 
2 p. FATT and B. ~.ATZ, J. Physiol. 117, 109 (1952). 
2 j .  DEL CASTILLO and B. I~ATZ, Progr. Biophys. biophys. Chem. 6, 

122 (1956). 
4 B. KATZ, Johns Hopkins Hosp. Bull. 102, 275 (1958). 
2 p. FATT, in Handbook o/Physiology, Section I, Vol. I (1959), p. 199. 
8 J. DEL CASTILLO and B. KATZ, J. Physiol. 124, 560 (1954). 
7 I. A. BoYD and A. R. MARTIN, J. Physiol. 132, 74 (1956). 
s A. W. LILEY, J. Physiol. 13~, 571 (1956). 
2 j .  DI~L CASTILLO and B. KATz, J. Physiol. 124, 574 (1954). 

Io A. W. LILEY, J. Physiol. 132, 650 (1956). 
11 V. B. BROOKS, J. Physiol. 134, 427 {1956). 
12 j .  I)EL CASTILLO and B. KATZ, J. Physiol. 124, 586 (1954). 
12 A. W. LILEY, J. Physiol. 134, 427 (1956). 
14 J. DIEL CASTILLO and B. KATZ, J. Physiol. 1~8, 396 (1955). 
15 H. G, KRAATZ and W. TRAUTWEIN, Arch. exp. Path. Pharmak. 

£31,419 (1957). 
le K. KOKETSU and S. NISHI, J. Physiol. 147, 239 (1959). 
i~ T. ]FURUKAWA, A. FURUKAWA, and T. TAKAGI, Jap. J. Physiol. 7, 

252 (1957). 
is M. OTSUKA and M. E•oo, J. t~harmacol, exp. Therap. 128, 273 

(1960). 
19 D. P. C. LLOYD, C. C. HUNT, and A. K. MCINTYRE, J. gen. Physiol. 

38, 307 (1954). 


