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dissect ion and  sexua l  m a t u r i t y  revealed t h a t  in the  spr ing 
and  late  winter ,  t he  conduc t ion  ra te  was 0.48 m/sec in all 
animals ,  while  in the  s u m m e r  and  fall, and  ear ly  winter ,  
d imin ished  conduc t ion  ra te  was only  ev iden t  in a f rac t ion 
of the  ma tu r e  spec imens  examined  (Figure 2). 

The p resen t  r epor t  po in t s  ou t  larger ind iv idua l  differ- 
ences in conduc t ion  ra tes  t h a n  had  previous ly  been  
repor ted  in a s t u d y  b y  GOLDMANS. He  observed  a mean  
conduc t ion  ve loc i ty  of 0.50 m/sec,  w i th  a range of 0.43 to  
0.55 m/sec  in da t a  ob ta ined  f rom 12 animals ;  and his 
m e a s u r e m e n t s  were ill ag r eemen t  w i th  earl ier  work  on 
ano the r  species by  TAuc 6. In  tile work  descr ibed here, 
velocit ies were seen to  range f rom 0.24 to 0.69 m/sec.  
Since the  ve ry  slow conduc t ion  ra tes  were observed  only  
in adul t  animals  d issec ted  in fall and  winter ,  when  a 
p a r t  of the  Aplysia popula t ion  appears  to be dy ing  of old 
age (see Methods) ,  the  specula t ion  t h a t  the  ve loc i ty  
d iminu t ion  is geriat ic  m a y  be war ran ted .  However ,  only  
a m a t u r e - i m m a t u r e  classif icat ion of specimens  is per-  
m i t t e d  in t he  p re sen t  paper ,  and  a s t ronger  s t a t e m e n t  
abou t  the  age-re la tedness  of th is  p h e n o m e n o n  is impossi-  
ble.  

I t  is in te res t ing  to  note  t h a t  only the  3 s lowest  f ibres  
had  subs tant ia l ,  pos i t ive  X- in t e r cep t s  (2.3, 2.5 and  2.5 
m m  respect ively) .  Since the  spread  of e lec t ro tonic  cur- 
ren ts  is g rea te r  beyond  a conduc t ion  block t h a n  beyond  
the  act ive  region of a normal ly  p ropaga t ing  spike 7, i t  
is possible t h a t  these  large in te rcep t s  indicate  the  po in t  of 
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Fig. 2. R2 conduction rates in relation to the season of dissection and 
the sexual maturity of the specimen. The solid line indicates the 
hypothesized domain of conduction rates for mature animals, while 
the dashed line indicates the hypothesized domain for immature 
animals. 

ar res t  of ac t ive  p ropaga t ion .  O v e rd ev e l o p men t  of m e m -  
brane  invag ina t ion  ' t r o p h o s p o n g i u m '  2 m i g h t  cause such 
a failure. 

One final  obse rva t ion  on the  ve ry  slow R2 neurons  
concerns  t he  arr ival  of synap t i c  po ten t i a l s  evoked by  the  
same s t imulus  used to s t a r t  t he  an t id romic  spike. KANDEL 
and TAucS no ted  tha t ,  in  A. depilans, an evoked exci t -  
a to ry  p o s t s y n a p t i c  po ten t i a l  (EPSP)  occasional ly ar r ived 
a t  the  in t racel lu lar  recording electrode before the  ant i -  
dromic  spike elicited b y  the  same,  r igh t  connec t ive  s t im-  
ulus, and  t h e y  used th is  obse rva t ion  as an a r g u m e n t  
for the  m o n o s y n a p t i c  na tu re  of the  E P S P .  I have  f o u n d  
t h a t  an E P S P  f rom the  r igh t  connec t ive  can arr ive a t  t he  
in t racel ln lar  e lectrode sooner  t h a n  the  an t id romic  spike 
(Figure 1, inset),  b u t  also, t h a t  th is  resul t  reflects  only  an 
abnormal ly  slow conduc t ion  ra te  in the  R2 axon. T h a t  is, 
in the  few p repa ra t ions  where  th i s  happened ,  the  conduc-  
t ion veloci ty  of t he  fibres b r ing ing  the  E P S P  was grea te r  
t h a n  t h a t  of t he  R2 axon.  The ve loc i ty  of these E P S P  
fibres was  normal ,  as v iewed in t he  c o n t e x t  of measure-  
m e n t s  on more  t h a n  20 prepara t ions .  

Summary. In  late win te r  and  in spring, the  conduc t ion  
veloci ty  of the  R2 axon of Aplysia cali/ornica is 0.48 m/sec 
6r more  in all specimens.  However ,  in the  summer ,  fall 
and ear ly  winter ,  some sexual ly  ma tu re  animals  exh ib i t  
marked ly  d imin ished  R2 conduc t ion  ra tes  (as low as 
0.24 m/sec).  I t  is possible t h a t  th is  reduced  veloci ty  is a 
ref lec t ion of the  age of t he  spec imen f rom which  the  axon 
is taken .  
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Protection of Sea Urchin Embryos  Against  the Action of Some Neuropharmacological  Agents 
and Some Detergents by Endogenous Gangliosides 

I t  is known  t h a t  a n u m b e r  of neuropharmacologica l  
drugs block the  cleavage divisions of early sea urchin  
embryos  and  inhib i t  macromolecu la r  syn theses ;  these  
effects resul t  f rom the  suppress ing  of endogenous  
acetylchol ine  and  monoamine  funct ions  1-4. I t  is also 
known  5,6 t h a t :  1. increase of t h e  concen t ra t ion  of the  
embryos  s t rongly  d iminishes  the i r  sens i t iv i ty  to  neuro-  
p h a r m a c a  as well as to  some de te rgen t s ;  2. th is  pheno-  
menon  is based on the  release of h ighly  act ive endogenous  
subs tances  which lower the  sens i t iv i ty  of the  embryos  
e i ther  to  n e u r o p h a r m a c a  (Anl-factor)  or to  de te rgen ts  
(And-factor), bu t  do no t  affect  the  sens i t iv i ty  to o ther  
deve lopmen t  blocking agents ;  3. af ter  r emova l  of Ca++ 
f rom the  incuba t ion  media,  the  pro tec t ive  act ion of these  

factors  pers is ts  (against n eu ro p h a rmaca  - par t ly ,  against  
de te rgen t s  - c o m p l e t e l y ) ,  whereas  the  pro tec t ive  act ion 
descr ibed earlier of n eu ro t r an s mi t t e r s  1, ~ is no t  observed.  

We have  tes ted  the  an t i se ro ton ins  1-benzyl-2-methyl-3-  
(2 ' -aminoe thy l ) -5 -methoxyindole  (BAS), 3-(2 ' -methyl-2 ' -  
aminopropyl )  indole, 3- indolylace ta ldehyde and fl- 

1 G. A. BUZNIKOV, Dokl. Akad. Nauk, SSSR 152, 1270 (1963). 
2 G. A. BUZNIKOV, LOW Molecular Weight Regulators o/ Early 

Embryogenesis (Nauka, Moscow, 1967). 
a G. A. BUZI~IKOV, Ontogenez 2, 5 (1971). 
4 G. A. BUZNIKOV, A. N. KOST, N. F. KUEHEROVA, A. L. MNDZHOYAI'~', 

N. N. SUVOROV and L. V. BERDYSHEVA. J. Embryol. exp. Morph. 
23, 549 (1970). 
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The influence of gangliosides on the sensitivity of early sea urchin embryos to neuropharmaca (BAS and aprophen) and detergent OP-10 

Drugs Concentrations of gangliosides showing a protective action 

Hematosides from 1V[onosialogangliosides from 

Rat liver Sea Urchin embryos Rat liver Sea urchin embryos 

Di- and trisialogangliosides 
of sea urchin embryos 

BAS 
(1.5-3• ~M) 1•  l •  7M 

Aprophen 5 • 10-8-1 • 10 -7 M 1 x 10-~-1 • 10 -6 M 
(7 11• -sM) 

OP-10 no protection 
(2.5-10 lxg/ml) no protection 

no protection no protection no protection 

no protection no protection no protection 

1 x 10-~-5 x 10 -~ M 1 x 10 ~ M no protection 

d i e t h y l a m i n o e t h y l - 1 ,  1 -d ipheny l  p r o p i o n a t e  (Aprophen) ,  
and  t h e  d e t e r g e n t s  - T r i t on  X-100, a n d  OP-10 a non-  
ionic d e t e r g e n t  (m ix tu r e  of p o l y e t h y l e n e  glycole e the r s  of 
m o n o -  a n d  d ia lky l  phenols) .  

Th i s  p ap e r  p r e s e n t s  resu l t s  of our  a t t e m p t  to i den t i fy  
the  An- fac to rs .  On  t he  bas is  of earlier d a t a  5-7, we h a v e  
cons idered  An- fac to r s  m o s t  p r o b a b l y  to  be l ipid sub-  
s tances .  Therefore ,  we f i rs t  t e s t ed  w h e t h e r  the  to t a l  l ipids 
of ea r ly  sea u r c h i n  e m b r y o s  or a n y  of t he  i so la ted  lipid 
f rac t ions  affect  tile s e n s i t i v i t y  of the  e m b r y o s  to neuro-  
p h a r m a c a  a n d  de te rgen t s .  The  l ipids were e x t r a c t e d  8 f rom 
fert i l ized eggs a n d  b l a s tu l ae  of Arbacia lixula, Strongylo- 
centrotus intermedius and  S. nudus; for a c t i v i t y  tes ts ,  
fer t i l ized eggs of these  species  as well as  of Paracentrotus 
lividus were used.  Gangl ios ides  were ob t a ined  f rom 
b las tu lae  of S. intermedius and  t e s ted  on fer t i l ized eggs of 
A. lixula a n d  P. lividus. I n c u b a t i o n  of t he  e m b r y o s  a nd  
s en s i t i v i t y  d e t e r m i n a t i o n s  were pe r fo rmed  u n d e r  s t a n d a r d  
cond i t ions  4. 

I n d i v i d u a l  lipid and  gangl ios ide  f rac t ions  were s e p a r a t e d  
by  c o l u m n  c h r o m a t o g r a p h y  on sil ica-gel 9 fol lowed b y  
p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) 1~ In  
some  e x p e r i m e n t s ,  gangl ios ides  were s e p a r a t e d  b y  D E A E -  
cellulose c o l u m n  c h r o m a t o g r a p h y  12. 

i i  �9 

1 2 3 4 5 6 7 

Thin-layer chromatogram of gangliosides. 1. Rat liver total ganglio- 
sides (I, hematoside; II, monosialoganglioside; III, disialoganglio- 
side; IV, trisialoganglioside). 2.-5. Ganglioside-like fractions isolated 
from the blastulae of S. intermedius. 6. Ganglioside-like fraction from 
CSW. 7. Rat liver monosialoganglioside. 

As can  be seen f rom the  F igure ,  c h r o m a t o g r a p h y  of t he  
to t a l  gangl ios ides  of t he  S. intermedius b las tu lae  yie lded 
4 f rac t ions  coinc id ing  b y  the i r  R f - v a l u e s  w i th  r a t  l iver  
h e m a t o s i d e ,  mono- ,  di- a nd  t r i s ia logangl ios ides .  

Pr ior  to t e s t ing ,  a l i quo te s  of c h l o r o f o r m - m e t h a n o l  
so lu t ions  oi the  f rac t ions  were e v a p o r a t e d  to d r y n e s s  on a 
w a t e r  b a t h ;  t he  res idues  were e lu ted  by  ar t i f ic ia l  sea 
water .  The  to t a l  n e u t r a l  l ipids, as well as 3 m a i n  p h o s p h o -  
l ipid f rac t ions  (phospha t idy l se r ine ,  p h o s p h a t i d y l e t h a n o l -  
a m i n e  a nd  phospha t i dy l c ho l i ne )  i sola ted f rom the  eggs and  
embryos ,  did no t  lower the  s ens i t i v i t y  of ear ly  sea u r ch in  
e m b r y o s  to an t i s e ro ton ins ,  B A S  a nd  A p r o p h e n  even  when  
the  l ipids were used in h igh  c o n c e n t r a t i o n s  (up to 100 [zg/ 
ml). P h o s p h a t i d y l c h o l i n e  p ro t e c t e d  the  e m b r y o s  a ga in s t  
equa l  a nd  lower c o n c e n t r a t i o n s  of cy to tox i c  d e t e r g e n t s  
(OP- 10, t r i t on  x- 100, d igi tonin) .  L y s o p h o s p h a t i d y l c h o l i n e  
isola ted f rom the  e mbryos ,  as well as f rom o ther  n a t u r a l  
sources,  was  h igh ly  c y to tox i c  a t  low c o n c e n t r a t i o n s  
(3-4 • 10 ~ M) a nd  did no t  decrease  the  s ens i t i v i t y  of the  
e m b r y o s  to  n e u r o p h a r m a c a  a nd  de te rgen t s .  

The  to t a l  gangl ios ides  of the  sea u r c h in  e m b r y o s  
showed  a m a r k e d  p ro t ec t i ve  ac t ion  a g a i n s t  t he  neuro-  
p h a r m a c a  m e n t i o n e d .  I n  m o s t  cases,  full p ro t ec t i on  was  
observed ,  i.e. t h e  e m b r y o s  deve loped  n o r m a l l y  to  the  
b l a s t u l a  s tage.  I n  ce r t a in  cases,  t he  p ro t ec t i on  was  less 
comple t e  and  d e v e l o p m e n t  was  a r re s t ed  a f te r  severa l  
c leavage  divis ions .  I n  con t ro l  e x p e r i m e n t s  (neuro- 
p h a r m a c a  w i t h o u t  gangl ios ides)  the  e m b r y o s  did no t  
c leave a t  all. 

D a t a  on t he  p ro tec t ive  ac t ion  of t he  i nd iv idua l  gangl io-  
side t r ac t ions  are g iven  in t h e  Tab le ;  for c o m p a r i s o n  r a t  
l iver gangl ios ides  were also t es ted .  I t  can  be seen t h a t  
r a t  l iver h e m a t o s i d e  a nd  t he  he ma tos ide - l i ke  f rac t ion  of 
the  b l a s tu l a  gangl ios ides  gave  c omple t e  or pa r t i a l  protec-  

s G. A. BUZNIKOV, N. D. ZVEZDINA and L. N. MARKOVA, Zh. evol. 
Fisiol. Biokhim. 7, 241 (1971). 

6 G. A. BUZNIKOV, N. D. ZVEZDINA, L. N. MARKOVA, L. V. SOROKIN 
and T. M. TURPAEV, Zh. evoh Fisiol. Biokhim. 9, 335 (1973). 

7 G. A. BUZNIKOV, N. D. ZVEZDINA, N. V. PROKAZOVA, L. D. BER- 
GELSON and T. M. TURPAEV, Dokl. Akad. Nauk, SSSR 210, 213 
(1973). 

8 I. FOLCH, ~/[. LEES a n d  G. H.  SLOANE-STANLEY, J .  biol.  Chem.  
226, 497 (1957). 

9 C. PRIES, I. ANMOUNT a n d  J .  F. B6TTCHER, Biochim.  b iophys .  
Acta 125, 277 (1966). 

10 E. V. DYATLOVITZKAYA, A. M. N o v i K o v  a n d  L. D. BERGELSON, 
DokL Akad. Nauk, SSSR 197, 966 (1971). 

11 E. V. DYATLOVITZKAYA, T. J. TORKHOVSKAYA a n d  L. D. BER- 
GELSON, Biokhimia 34, 177 (1969). 
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I. S. O'BRIEN, J. Am. Oil Chem. Soc. 38, 544 (1965). 
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t i on  aga in s t  t h e  two  n e u r o p h a r m a c a  b u t  n o t  aga ins t  t h e  
de te rgen t .  A t  t he  same  t ime,  monos ia lo-gangl ios ide  a n d  
monos ia lo-gangl ios ide- l ike  f r ac t ions  f rom t h e  b l a s tu l ae  
were no t  ac t ive  aga ins t  n e u r o p h a r m a c a ,  b u t  showed  
p r o t e c t i v e  ac t ion  aga ins t  t h e  d e t e r g e n t  OP-10. The  
effect ive  p r o t e c t i v e  c o n c e n t r a t i o n s  of t he  gangl iosides  are  
g iven  in  t h e  Table .  These  c o n c e n t r a t i o n s  are  f rom 20 to  
1000 t i m e s  lower t h a n  t he  tox ic  c o n c e n t r a t i o n s  of  t h e  
n e u r o p h a r m a c a  a n d  10-20 t i m e s  lower t h a n  t he  concen t r a -  
t ions  of t h e  de te rgen t .  A t  t h e  same  t ime ,  t h e  di- a n d  
t r i s ia logangl ios ide- l ike  f rac t ions  i so la ted  f rom sea u r c h i n  
e m b r y o s  were no t  effect ive  e i the r  aga ins t  n e u r o p h a r m a c a  
or aga ins t  t he  d e t e r g e n t  OP-10. 

The  f ac to r  dec reas ing  t he  sens i t i v i ty  of e m b r y o s  to  
n e u r o p h a r m a c a  was  s h o w n  also to  be  p r e s e n t  in  t h e  
c h l o r o f o r m - m e t h a n o l  e x t r a c t  of cond i t ioned  sea w a t e r  
(CSW), i.e. sea water ,  i n  wh ich  dense  suspens ions  ( abou t  
30,000 embryos /ml )  of S. intermedius e m b r y o s  were  
i ncuba t ed .  

TLC of t h e  C S W  c h l o r o f o r m - m e t h a n o l  e x t r a c t  revea led  
t h e  p resence  of resorc ine-pos i t ive  subs t ances  coinciding,  
b y  t h e i r  Rf-va lues ,  w i t h  t he  hematos ide - l ike  f r ac t ion  
of sea u r c h i n  e m b r y o s  a n d  w i t h  r a t  l iver  h e m a t o s i d e  
(Figure).  W e  f o u n d  t h a t  t he  sialic acid c o n c e n t r a t i o n  in 
C S W  was a b o u t  1 •  .5 M.  N e i t he r  t h e  gangl ios ides  
f rom the  sea u r c h i n  e m b r y o s  or f rom r a t  l iver  nor  t h e  
c h l o r o f o r m - m e t h a n o l  e x t r a c t  of the  C S W  or C S W  itself  
a f fec ted  t he  s ens i t i v i t y  of t he  e m b r y o s  to  p u r o m y c i n .  I n  
p rev ious  e x p e r i m e n t s  ~, i t  was  shown t h a t  t he  s ens i t i v i t y  
of t h e  e m b r y o s  to  t h i s  an t ib io t i c  d id  no t  d e p e n d  on  t h e i r  
c o n c e n t r a t i o n  (in t h e  c o n c e n t r a t i o n  i n t e r v a l  f rom 10 * to  
104 e m b r y o s / m l ) ;  c o n s e q u e n t l y  the  An~- a n d  A, - fac to r s  
were n o t  e f fec t ive  in t h i s  case. 

As can  be  seen f rom these  resul ts ,  t h e  A n - f a c t o r s  m a y  
compr i se  e i the r  t h e  gangl ios ides  t h e m s e l v e s  (i.e. A n  1- 

hema tos ide ,  An2-monosia logangl ios ide  ) or  m i x t u r e s  con-  
t a i n i n g  these  gangliosides.  To solve th i s  p rob l em i t  will  
be  necessa ry  to  e s t i m a t e  t h e  c o n c e n t r a t i o n  of t he  gangl io-  
sides in  CSW. Such  e x p e r i m e n t s  m a y  be  of i n t e r e s t  in  
s tud ies  of t h e  biological  role of gangl iosides .  T h e y  also 
could be  he lpfu l  for u n d e r s t a n d i n g  t he  i n t r ace l lu l a r  
r e g u l a t o r y  func t ions  of ace ty lcho l ine  a n d  m o n o a m i n e s  ~a. 

BblBOj~bl .  LIyBCTBIITeJIblIOCTb paHH~X aM6p~0HOB Mop- 
cK~x e>Kefi K 3M6pHOTOIZCHqec~cHM Hefip0~apmal<0Jl0rHqeCKHM 
npenapaTaM u ~eTepre~TaM pea~o CHH>KaeTc~ np~ NOBbIme- 
na~ K0mleHTpa~HH 3M6pHoHoB. 9TOT 30p~eKT, n0-BH/IH0my, 
06ycn0B~eH BS~/IeaeHaem B nHKy6atmoHnym cpe/Iy raHraa0-  
3H}IOB H3 3M6pHOHaJIbHBIX KHeTOK. l-[pH HCIIbITaHHH 3an[HT- 
HOF0 j~e~CTBHfl ~paKI~Hfi FaHPJ-IH03H~0B, BbIAeneHHbIX H3 
am6pu0HOB M0pCKIIX e>~eti, Han6onee 9qb(lleKTI4BIlbIMn aHTII- 
JIOTaMH IIp0THB HefipoOpapMaKoaoraqec~nx npenapaToB 6bma 
reMaTO3g//,ono/lo6Hag ~ppaKt~H~l H IIpOTt4a /leTepreHTOB- 
qbpaKr~n~ MOHOCH anoraHrJ~Hoan~loB/ 
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13 The authors are deeply grateful to Drs E. V. DYATLOVITZKAYA, 
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Intracellular Recording of Secretory Potentials  in a 'Mixed' Salivary Gland 

Secre to ry  p o t e n t i a l s  evoked  b y  ne rve  s t i m u l a t i o n  h a v e  
been  recorded  in m a m m a l i a n 1 ,  ~ a n d  insec t  s s a l i va ry  
glands.  These  responses ,  w h i c h  can  also be  el ic i ted b y  
app l i ca t ions  of n e u r o t r a n s m i t t e r s  4,5, are a p p a r e n t l y  
h y p e r p o l a r i z a t i o n s  of t h e  basa l  cell m e m b r a n e  Of a c i n a r  
cells. R e c e n t l y  b iphas i e  responses  (depola r iza t ion  fol lowed 
b y  h y p e r p o l a r i z a t i o n )  h a v e  been  n o t e d  in  c a t  a n d  r a b b i t  
s u b m a x i l l a r y  g lands  s. 

I t  h a s  b e e n  a s s u m e d  w i t h  some jus t i f i ca t ion  7 t h a t  such  
sec re to ry  p o t e n t i a l s  are  genu ine  m e m b r a n e  responses  a n d  
are  r ecorded  w i t h  t h e  mic roe lec t rode  t ip  inside a g l a n d  
cell. D i rec t  ev idence  is lacking,  however ,  t h a t  u n d e r  
these  c i r cums tances  t he  mic roe lec t rode  is in t race l lu la r .  
Moreover ,  in  m o s t  g l ands  so fa r  e x a m i n e d  e lec t rophys io -  
logical ly  t h e r e  are  a t  l eas t  t w o  cell t y p e s  in  each  ac inus .  
Fo r  example ,  in  t h e  cockroach  s a l i va ry  g land,  w h i c h  
shows sec re to ry  p o t e n t i a l s  p r e s u m a b l y  homologous  w i t h  
those  in  m a m m a l s ,  t h e  ac inus  consis ts  of p e r i p h e r a l  cells 
a n d  cen t r a l  ceils. T h e  m a i n  fea tu res  of these  cells h a v e  
been  descr ibed  8. T he  p e r i p h e r a l  cell is n o t a b l e  for  i t s  
large in t r ace l lu l a r  duc t u l e  (cont iguous  w i t h  t h e  e x c r e t o r y  
duct)  a n d  i t s  n u m e r o u s  m i t o c h o n d r i a  whereas  t h e  c e n t r a l  
cell ha s  large  g ranu les  p r o b a b l y  c o n t a i n i n g  e n z y m e s  
secre ted  b y  t h i s  g land .  

The  a ims  of t h e  p r e s e n t  e x p e r i m e n t s  were to es tab l i sh ,  
f irst ,  w h e t h e r  t h e  t i p  of t h e  e lec t rode  h a d  a n  i n t r ace l l u l a r  
loca t ion  w h e n  a sec re to ry  p o t e n t i a l  was  obse rved  and ,  
secondly,  w h e t h e r  such  responses  could be  recorded  f rom 
b o t h  p e r i p h e r a l  a n d  c e n t r a l  cells. 

Methods. Sa l iva ry  g lands  were  d issected  f rom cock- 
roaches ,  Nauphoeta cinerea, k e p t  u n d e r  cond i t ions  de- 
scr ibed p rev ious ly  s. The  p r e p a r a t i o n  w a s  m o u n t e d  in  a 
c h a m b e r  ~ a n d  per fused  w i t h  a so lu t ion  c o n t a i n i n g  160 m M  
NaC1, 1 m M  KC1, 5 m M  CaCI,, 1 m M  N a H 2 P O  * and  1 m M  
NaHCOa.  The  sa l iva ry  d u c t  ne rves  10 were  d r a w n  in to  a 
suc t ion  electrot le  a n d  s t i m u l a t e d  w i t h  pulses  (0.5 msec,  
10-60 V) f rom a square  pulse  s t imu la to r .  

Mieroe lec t rodes  were filled w i t h  5% Proc ion  Yel low 
(M-41~) b y  2 me thods .  I n  one, t h e  e lec t rodes  were pul led  
conven t iona l ly ,  t h e i r  t ips  were  b r o k e n  b y  gent le  p ressure  
aga in s t  t i ssue  p a p e r  a n d  t h e y  were  t h e n  back-f i l led  f rom 
a syr inge  w i t h  a T o u h y - B o r s t  a d a p t e r  (Becton,  Dick inson  
& Co.). These  e lec t rodes  h a d  res i s tances  in  the  r ange  10 -  
30 MYJ. A l t e r n a t i v e l y  n o r m a l  u n b r o k e n  e lect rodes  were  
filled b y  t he  m e t h o d  desc r ibed  b y  THOMASn; such  
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