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mater ia ls  possessing a combina t ion  of these  effects,  such 
as e thynod io l  d iace ta te  (Table II) 1~ The presence  of 
decidual  responses  can be t aken  as evidence for b o t h  
estrogenic  (which was measurable)  and p roges ta t iona l  
(measurable wi th  only  1 compound)  proper t ies .  

Discussion.  The in t roduc t ion  of various side chains  into 
the  17~-position of the  estradiol  3-acetate  molecule had  
a marked  effect  upon  estrogenic  po tency .  W h e n  com- 
par ing the  s a tu ra t ed  and unsa tu r a t ed  side chains  of 
comparab le  homology,  l engthening  the  alkyl side chain  
decreased p o t e n c y  while unsa tu ra t ion  increased act ivi ty .  
Repor t s  in the  l i te ra ture  indica ted  t h a t  these  same alkyl  
side chains  when  in t roduced  into the  19-nor tes tos terone  
molecule increased proges ta t iona l  p o t e n c y 4 - t  Thus,  
while p roges ta t iona l  ac t iv i ty  per  se was observed  only  in 
animals  following t r e a t m e n t  wi th  the  17-(2-methallyl) 
der iva t ive  of es t radiol  it  is in te res t ing  t h a t  when  th is  
group is i n t roduced  into the  19-nor tes tos terone molecule 
it is one of the  mos t  po t en t  progest ins  of t h a t  series6,% I t  
appears  t h e n  t h a t  some of the  decreases in es trogenic  
ac t iv i ty  observed  following in t roduc t ion  of the  17-alkyl, 
a lkenyl  or a lkynyl  groups into the  estrogenic  molecule 
m a y  be due in p a r t  to incorpora t ion  of some of the  
proper t ies  of progesterone.  However ,  because of the  
estrogenic  ac t iv i ty  of these subs tances  the  proges ta-  
t ional  proper t ies ,  in the  classical sense, were observed  
only in the  deciduogenic  t e s t  and no t  in the  Clauberg 
assay. 

Compounds  such as e thynodio l  diacetate ,  no re thyno-  
drel  and no re th ind rone  ace ta te  which  possess b o t h  pro- 
ges ta t ional  and estrogenic  act ivi t ies  have  been shown to 
produce  decidual  effects in rabb i t s  10,~2. Other  s tudies  have  
shown t h a t  the  response  is d e p e n d e n t  upon the  combined  
effects of b o t h  proges te rone  and es t rone  n.  I t  has  been  
shown also t h a t  es t rogens  or progest ins  are no t  capable  of 
p roduc ing  this  response if admin is te red  separa te ly .  Thus,  

any  decidual  responses  m u s t  reflect  progesterone- l ike  as 
well as es t rogenic  act iv i ty .  This is the  first  t ime,  to  our 
knowledge,  t h a t  progesterone- l ike  ac t iv i ty  has  been  im- 
pa r t ed  in to  a s teroid  wi th  an a romat ic  A-ring s t ruc ture .  
I t  is curious t h a t  the  s teroid  wi th  the  h ighes t  degree of 
decidual  act ivi ty ,  17- (2-butynyl )es t ra - l ,3 ,5(10) - t r iene-  
3, 17fl-diol 3-acetate  is also the  mos t  p o t e n t  mater ia l  in 
t he  estrogenic studies.  On the  o the r  hand ,  the  17-allyl 
der ivat ive ,  which is comparab le  to the  above mater ia l  as 
a deciduogen is ve ry  weak as an estrogen.  At  p resen t  there  
is no way  in which the  intr insic  es t rogenic  and  proges ta-  
t ional  proper t ies  of these  s teroids can be sepa ra ted  to  
provide an answer  to  th is  d ispar i ty .  

Zusammen/assung .  Die 6strogene Akt iv i t~ t  yon  einigen 
subs t i tu ie r t en  0 s t ro d i o l d e r i v a t en  wurde  in R a t t e n -  
vag ina labs t r ichen  und  M/ iuseu te rus -Wachs tumversuchen  
nachgewiesen.  Die Einf t ih rung  von 17e-Alkvl-, Alkenyl-  
oder  Alk iny lgruppen  in die Os t rad io lgrupp]erung  h a t t e  
einen s igni f ikanten  Ef fek t  auf  die 6strogene AktivitAt.  
Das 17-(2-But inyl)-Derivat  von  0 s t r ad io l  war  eine der  
wi rksams ten  Subs tanzen  in den 0 s t rogen -  und  Deciduo-  
maversuchen .  
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M i c r o e l e c t r o d e  Studies  of S p o n t a n e o u s  P o t e n -  
t ia ls  f r o m  Chick  E m b r y o  T e l e n c e p h a l o n  in v i tro  

Spontaneous  po ten t i a l s  have  been repor ted  in amphi -  
bian 1, f ish 2, insect  a, chick embryo  4,5 and h u m a n  adul t  
bra in  t issue s in vitro,  using 0.12-0.2 m m  d iame te r  
metal l ic  electrodes.  Their  responses  to env i ronmen t a l  
changes and admin i s t r a t ion  of drugs 4 are also recorded.  
Using microelectrodes,  res t ing potent ia ls  and  poten t ia l s  
in response to di rect  mechanicaU and electr icaU, 8 s t imu-  
lat ion of bra in  cells in vi t ro  have  been described.  Similar 
work has been done in isolated 'brain slices in ca t  9. 

This pape r  describes microelect rode s tudies  of spon-  
taneous  po ten t ia l s  in chick embryo  te lencepha lon  in vi t ro  
and discusses the  re la t ionship  be tween  po ten t i a l s  re- 
corded wi th  microelec t rodes  and 0.08 m m  d iamete r  
(gross) p l a t i n u m  electrodes.  

Our cul ture  chambe r  was an 18 m m  diameter ,  4.3 m m  
high, 1.5 m m  th ick  glass tube  wi th  a 4 m m  arc-shaped  
gap in its wall. 18 m m  coverglasses formed the  top  and  
b o t t o m  of the  chamber ,  which  was filled by  a coarse- 
poros i ty  glass fri t  excep t  for a sector  opposi te  the  gap in 
the  wall. A bare gross p l a t i num reference e lect rode lay 
be tween  the  f l i t  and lower coverglass;  a s imilar  p l a t i n u m 
electrode,  coa ted  wi th  Teflon to wi th in  1 m m  of its tip, 
lay be tween  the  upper  coverglass and frit, wi th  its t ip  a t  
the angle of the  missing sector  of the  fli t .  The  fri t  was 

sa tu ra t ed  wi th  n u t r i en t  fluid (different  f rom previous  
s tudies  4 in the  use of chick se rum and add i t ion  of 1% 
each of concen t ra t ed  me thy l ene  blue solut ion in ba lanced  
salt  solution, mu l t iv i t amin  (Eagle) and amino acid solu- 
t ions (Eagle). Methylene  blue increases pers is tence and  
ampl i tude  of signal sequences  (possibly due to  its known  
depolar izing effect) and  vi ta l ly  s ta ins  neurona l  granules,  
which facil i tates the i r  visual izat ion 10. 
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14-day-old ch ick  e m b r y o  t e l encepha lon  was exposed  
a n d  cooled in a s t r e a m  of 10-20~ n u t r i e n t  f luid a n d  
1 m m  3 of t he  pos te ro - l a t e ra l  angle  of t he  r i g h t  lobe ex- 
cised r ap id ly  a n d  p laced  on  t he  t ip  of t he  record ing  
e lec t rode  a t  t he  j u n c t i o n  of t he  fr i t  and  coverglass.  T h e  
m i c r o c h a m b e r  was t h e n  m a i n t a i n e d  a t  35 ~ a n d  100% 
h u m i d i t y  in  a microscope s tage  i n c u b a t o r  1~ S p o n t a n e o u s  
e lectr ical  a c t i v i t y  is d e t e c t a b l e  before 24 h a f te r  e x p l a n t a -  
t ion.  

Glass mic rop ipe t t e s  ( t ip d i a m e t e r  u n d e r  1/~, filled w i t h  
3 M  KC1 and  w i t h  m e a s u r e d  res i s tance  b e t w e e n  15 a n d  
40Mf2) were pos i t ioned  visual ly ,  us ing  phase  c o n t r a s t  
mic roscopy  a n d  m e t h y l e n e  blue  v i t a l  s ta in ing.  A Medis to r  
A-35B nega t ive  e l ec t rome te r  ampl i f ie r  p rov ided  f i rs t-  
s tage ampl i f i ca t ion  ( x 10) and  a D a n a  ampl i f ie r  (for DC) 

or the  ve r t i ca l  ampl i f ie r  of a T e k t r o n i x  502A (for AC), 
second-s tage  ampl i f i ca t ion .  D a t a  were recorded  b y  a 
modif ied  A m p e x  305 t a p e  recorder  (1-7/s ips for slow 
even t s  an d  7-1/2 ips for fas t  events) .  

The  t e r m  ' s p o n t a n e o u s '  m e a n s  t h a t  t h e  t i ssue  was no t  
knowing ly  ' s t i m u l a t e d '  a f t e r  e x p l a n t a t i o n .  E x c e p t  d u r i n g  
p e n e t r a t i o n  of cells, d a t a  recorded  for 15-30 mi n  fol lowing 
e lect rode m o v e m e n t  were n o t  used (to al low s t ab i l i za t ion  
of t h e  e lec t rode  tip).  

Three  classes of s ignals  h a v e  been  obse rved  us ing  micro-  
e lec t rodes :  (1) long du ra t ion ,  l a s t i ng  f rom 1/a-1 ra in ;  
(2) i n t e r m e d i a t e  d u r a t i o n  (10-500 msec),  s imi la r  to  those  
o b t a i n e d  w i t h  gross e lec t rodes  (50-500 msec) ;  (3) sho r t  
d u r a t i o n  (1-2 msec),  s imi lar  to  those  usua l ly  en co u n t e r ed  
us ing  microe lec t rodes  in  vivo.  

Fig. 1. Sinmltaneous recordings from an explant of 14-day-old chick embryo telencephalon after 36 h in vitro. (a) Using 40-gauge platinum 
electrode lying under the tissue (AC amplification) ; (b) using microelectrode within the tissue (DC amplification). 

Fig. 2. Microelectrode approaching neuron whose granules are 
stained with methylene blue ( x 640), visualized with phase contrast. 
A thick section was used so that accurate delineation of the cell was 
not possible photographically. A dotted line has been drawn outside 

the boundaries of the cell. 

Fig. 3. (a) Negative spike potential from a microelectrode placed 
extraneuronally in an explant of 14-day-old chick embryo telen- 
cephalon. Vertical scale 1.25 mV/cm; horizontal scale 5 msec/cm; 
(b)Intracellular spike recorded from neurons in an explant of 14- 

day-old chick embryo telencephalon during second day in vitro. 
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Long-duration signals. Figure  l b  shows a posit ive,  long- 
dura t ion  signal recorded in an exp lan t  using a micro- 
electrode.  I n t e r m e d i a t e - d u r a t i o n  posi t ive  signals (50-500 
msec) are super imposed  on it. 

Intermediate range (10-500 msec) signals. These usual ly  
occur in repe t i t ive  p a t t e r n e d  sequences  4. Figure 1 shows 
a sequence of pulses recorded s imul taneous ly  f rom a gross 
e lectrode (Figure la) under ly ing  the  exp lan t  and a micro- 
e lectrode lying outside neurons  wi th in  the  exp lan t  (Figure 
lb).  A series of such s imul taneous  pairs of grouped pulses 
were recorded in th is  way.  E a c h  of the  pai r  of sequences  
had  app rox im a te ly  the  same dura t ion  and  s t a r t ed  a t  the  
same t ime  af ter  the  same si lent  interval .  There  was a 
pulse in the  microelect rode recording for near ly  all pulses 
in the  gross e lectrode recording.  Thus the  gross and micro- 
e lectrode ac t iv i ty  are suff icient ly s imilar  to have  been 
in i t ia ted  a t  a common  source. Equa l ly  similar  sequences  
can be recorded wi th  microelect rodes  in the  t issue and in 
the  fi lm of fluid ex te rna l  to the  tissue. E n t r y  of the  micro-  
e lectrode into the  t issue was accompanied  by  a 7 m V  
negat ive  DC shift ,  which  var ied (as m u c h  as 2 mV) be- 
tween  di f ferent  sites in the  tissue. 

The sites and ex ten t s  of electrically act ive areas wi th in  
an exp lan t  can be s tudied  (a) by  placing an exp lan t  on 
the  cut  end of a microcable  conta in ing  t w e n t y  0.08 m m  
diameter ,  individual ly  insula ted  p l a t i num electrodes and 
observ ing  ac t iv i ty  f rom vary ing  pairs out  of the  twen ty ,  
or (b) by  observing the  several  foci of ac t iv i ty  de tec tab le  
using microelectrodes  a t  d i f ferent  sites in the  film of fluid 
a t  t he  pe r iphe ry  of an explant .  

Signals observed wi th  technique  (a) are in the  microvol t  
range,  while those wi th  t echn ique  (b) are in the  mill ivolt  
range,  bu t  are otherwise  the  same. There  are discrete  
small  foci of ac t iv i ty  wi th in  the  tissue. A 200-300 # 
m o v e m e n t  of the  microelect rode t ip  away  f rom a focus 
(in t echn ique  (b)) m a y  resul t  in the  ac t iv i ty ' s  being no 
longer de tec table ,  and res tora t ion  of the  posi t ion of the  
microelect rode t ip causes a. re tu rn  of act ivi ty .  Several  
loci m a y  be p resen t  in one explant ,  each wi th  similar bu t  
not  ident ical  te lencephal ic  pa t t e rn s  of signals. The spread  
of the  po ten t i a l  f rom a single focus is na r rowly  direc- 
t ional.  

Short duration (1-2 msec) signals. Typical  negat ive  
' ex t racel lu lar '  1-2 msec poten t ia l s  (Figure 3a) occur in 
groups whose dura t ion  and in te rgroup in terva ls  are simi- 
lar to those  de tec ted  wi th  gross e lectrodes and micro- 
e lectrodes in the  film of fluid a round the  explant .  The 

grouped  1-2 msec signals va ry  in ampl i tude ;  t hus  t hey  
m u s t  or iginate  in several  neurons.  

Figure  3b shows one of a series of fast  (1-2 msec) 20 m V  
posi t ive  spikes (AC amplif icat ion) recorded int racel lular ly  
f rom a non-mot i le  cell whose granules s ta in  select ively 
wi th  me thy lene  blue and  which had  the  form of a neuron  
(Figure 2). These spikes were p receded  by  a 30 m V  
negat ive  DC shi f t  when  the  cell m e m b r a n e  was pene-  
t ra ted .  The m e m b r a n e  po ten t i a l  and  the  spikes are 
smaller  t h a n  those  repor ted  f rom o the r  an imals  in vivo, 
bu t  these  m e a s u r e m e n t s  are less in o the r  chick emb ryo  
t issues t h a n  in the  same t issues in o the r  animals  (e.g. 
res t ing  po ten t i a l  and  act ion po ten t i a l  f rom chick auricular  
muscle fiber are 29.1 and 39.2 mV, and for ca t  60.4 and  
65.2 m V n ) .  The measu remen t s  are made  dur ing  the  f irs t  
72 h af ter  exp lan ta t ion ,  so t h a t  po t a s s ium released f rom 
damaged  cells m a y  al ter  the  po ta s s ium/sod ium rat io and  
reduce signal ampl i tude .  

The neuron-l ike cells wi th in  the  act ive foci are elec- 
t r ical ly  active,  and it is likely t h a t  the  sequences  of sig- 
nals de tec ted  by  all of the  above means  are associa ted 
wi th  the i r  ac t iv i ty  ~2. 

Rdsum~. A l 'a ide de micro-~lectrodes,  des poten t ie l s  
r y t h m i q u e s  spontan6s  on t  6t~ enregistr6s dans  du t issu 
t~ lenc@hal ique  d ' e m b r y o n s  de poule ts  ~g~s de 14 jours,  
in vitro.  Ces poten t ie l s  sont  semblables  ~ ceux pr~c6dem- 
m e n t  d6crits en u t i l i sant  des 61ectrodes de 80 # en plat ine.  
La possibilit~ pour  ces potent ie ls  d ' e t r e  produi t s  pa r  les 
neurones  de l ' exp lan t  est  discut6. 
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Stud ies  on Moda l i ty  S e g r e g a t i o n  and S e c o n d -  
Order  N e u r o n e s  in the Dorsa l  Fun icu lus  

The dorsal  funiculus of the  spinal  cord has been  con- 
s idered as composed  exclusively of p r i m a r y  afferents  
ascending  to the  dorsal  co lumn nuclei, or t e rmina t i ng  
wi th in  the  coId. This concept ion  has been based on ana-  
tomica l  work, and i t  has  been  shown t h a t  the  ascending 
fibres are a r ranged  in a segmenta l  way  1. F r o m  electro-  
physiological  s tudies  on the  gracile nucleus2, a it  can be 
concluded t h a t  f ibres ac t iva ted  f rom rap id ly  adap t ing  
hai r  receptors ,  slowly adap t ing  receptors  sensi t ive to 
touch  or  pressure  of the  skin, and v ib ra t ion  recep tors  
ascend in t h e  funiculus. There  is also evidence t h a t  group 
I muscle  afferents  f rom the  forel imb ascend in the  dorsal  

funiculus  4,5. This  inves t iga t ion  has  d e m o n s t r a t e d  a dif- 
ferent ia l  d i s t r ibu t ion  of p r i ma ry  af ferents  ac t iva ted  f rom 
di f ferent  receptors ,  and also the  unexpec ted  exis tence of a 
secondary  t r ac t  in the  dorsal  funiculus. 
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