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due  to taping.  This  left a to ta l  of 14 rats ,  or seven pairs,  
for compar i son .  

The Table  shows t h a t  five of six ra t s  wi th  bi la tera l  
amygda lo id  lesions d i sp layed  a g rea te r  p la sma  cort ico- 
s te rone  response  to  the  s t ress  of immobi l iza t ion  t h a n  the i r  
respec t ive  pai red cont ro ls  wi th  cort ical  lesions. There  was  
a reversa l  in only  one case, e x p e r i m e n t  4. A uni la tera l  
lesion of the  a m y g d a l a  (exper iment  9) p roduced  no ap-  
preciable  difference in p lasma  cor t icos te rone  level. On 
being t aped  for immobi l iza t ion ,  t he  amygda lo id  lesion 
ra t s  were  in general  more  emot iona l ly  reac t ive  and  ha rde r  
to hand le  t h a n  the  controls .  

E x a m i n a t i o n  of effects of e lec t rode  p l acemen t  in in- 
d iv idua l  amygda lo id  sub-nuclei  showed tha t ,  when  the re  
was  subs t an t i a l  b i la tera l  d a m a g e  to  the  cen t ra l  nucleus,  
b u t  no bi la tera l  damage  to  any  o the r  amygda lo id  sub-  
nucleus,  as in expe r imen t s  1, 5, and  7, the  p lasma cort ico-  
s te rone  level was d i s t inc t ly  more  e leva ted  in the  ra t  wi th  
bi la tera l  amygda lo id  lesions. The m o s t  c lear-cut  sym-  
metr ica l  lesions of t he  cen t ra l  nucleus  were ob ta ined  in 
e x p e r i m e n t  1 (Figure),  where  the  ra t  wi th  amygda lo id  
lesions showed an increase in p l a sma  cor t icos te rone  
following s t ress  t h a t  was  16.75 ~tg/100 ml of p la sma  
g rea te r  t h a n  the  increase for the  control .  

These th ree  exper imen t s ,  1, 5, and  7, showed on the  
average  a difference of 12.83 ~xg of cor t icos terone  per  
100 ml of p la sma  in favor  of the  an imals  wi th  amygda lo id  
lesions, compared  to an  average  of 1.25 ptg in favor  of the  
ra t s  wi th  amygda lo id  lesions in t he  remain ing  four  ex-  
pe r iments ,  3, 4, 6, and  9. In  e x p e r i m e n t  4, where  as no ted  
above,  a reversal  occurred,  there  was subs tan t i a l  b i la tera l  
d a m a g e  to the  cen t ra l  nucleus, bu t  there  was in add i t ion  
b i la tera l  d a m a g e  to  the  basal  nucleus.  This  was the  only  
ins tance  in th is  series where  th is  occurred.  

These indiv idual  compar i sons  of h is to logical ly-deter-  
mined  damage  in ind iv idua l  amygda lo id  sub-nuclei  wi th  
the  p l a sma  cor t icos te rone  response  to  emot iona l  s t ress  of 
the  r a t  there fore  suggest ,  in pa r t i cu la r  for e x p e r i m e n t s  1, 
5, and  7, t h a t  b i la tera l  lesions conf ined to the  cent ra l  
nucleus of the  a m y g d a l a  resul t  in an increased p l a sma  
cor t icos te rone  response  to emot iona l  s t ress  in the  labora-  
t o r y  rat .  in v iew of t he  smal l  n u m b e r  of an imals  and of 
the  topograph ica l  s ca t t e r ing  of the  lesions among  var ious  
amygda lo id  sub-nuclei  (Table) s ta t i s t ica l  m e t h o d s  can-  
no t  be jus t i f iab ly  appl ied  to th is  seriesL These obser-  
va t ions  sugges t  t h a t  unde r  normal  cond i t ions  the  cent ra l  

nucleus in the  ra t  a m y g d a l a  may  exer t  an inh ib i to ry  
effect  upon  ACTH release. 

Our results ,  t aken  toge the r  wi th  previous  work  2,3 
suggest  the  possible exis tence  of sepa ra te  inh ib i to ry  and  
fac i l i ta tory  mechan i sms  for the  p i tu i t a ry -ad rena l  response  
to  s t ress  a t  t he  amygda lo id  level in the  rat .  Such in- 
h ib i to ry  and  fac i l i ta tory  mechan i sms  have  been found  at  
the  h y p o t h a l a m i c  level in the  dog 9 and  a t  the  mid-b ra in  
level in the  ra t  ~0. 

Zusammen[assung. Im  Vergleich zu Kont ro l l t i e ren  mi t  
zweisei t igen Rindenl~isionen ff ihrt  beidsei t ige  Zers t6rung 
des Nucleus centra l is  im Ma n d e l k e r n k o mp l e x  der  R a t t e  
zu e rh6h te r  P l a sma-Cor t i cos t e ron -P roduk t ion  nach  kurz- 
f r is t igem Stress  durch  e n t s p r e c h e n d e  immobi l i s ie rung .  
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P R O  E X P E R I M E N T I S  

Fine Tipped Metal Microelectrodes with Glass 
Insulation 

I t  is p rof i t ab le  to  use ve ry  fine t i pped  meta l  micro-  
electrodes,  w h e n  leading off ex t race l lu lar ly  act ion po ten-  
t ials  f rom single nerve  cells in the  brain,  because  the  finer 
the  e lec t rode  t ip,  the  g rea te r  is the  recorded  po ten t i a l  
f rom a n e a r b y  cell in respec t  to those  f rom uni t s  f a r the r  
away.  

W i t h  the  e lec t ropol ishing technique ,  it  is possible to 
make  ve ry  fine t i pped  microelec t rodes  of t u n g s t e n  x or 
s tee lL which  are  t h e n  insula ted  wi th  lacquer.  I t  is, how-  
ever,  ve ry  diff icul t  to  ob ta in  a th in ,  s m o o t h  lacquer  layer  
when  the  e lect rodes  have  a long sha f t  of less t h a n  20 [z in 
d iamete r .  Moreover,  the  mechanica l  s t r e n g t h  of the  
lacquer  layer  is unsa t i s fac to ry ,  and  when  coagula t ing  wi th  
h igh  f r equency  a l t e rna t i ng  cur ren t ,  t he  loss over  the  in- 
sula t ion (or t h r o u g h  minu te  cracks ?) is great .  A glass in- 

su la t ing  layer  would be much  more  sa t i s fac tory .  Indeed ,  
JOHNSON and  MANHOF 3 drew a coa t  of glass a round  a 
p l a t i n u m wire, b u t  the  t ips  of the i r  e lec t rodes  were no t  
t h i n n e r  t h a n  the  wire used and  blunt .  I therefore  deve loped  
a m e t h o d  for d rawing  a t h i n  layer  of pyrex  glass, unde r  
microscopical  inspect ion ,  a r o u n d  an e lec t ropol ished pla- 
t i n u m  wire and  so ob ta ined  t ip  sizes of control led,  ve ry  
small  d imensions .  

A length  of p l a t i n u m  wire (10 or 20 ~t d iameter ) ,  a l i t t le 
longer  t h a n  the  desi red sha f t  length,  is soldered wi th  s i lver  
solder to a sho r t  l eng th  of th icker  copper  wire to  faci l i ta te  
the  hand l ing  (Figure 1 a). 

Pol ish ing is done  in the  same way as wi th  t u n g s t e n  X: 
the  u t m o s t  t ip  of the  p t a t i n u m wire is d ipped  in s a t u r a t e d  
sod ium or po tas s ium ni t r i te  solut ion,  and  an a l t e rna t ing  

1 D. H. HVBEL, Science t25, 549 (1957). 
J. D. GREE.% Nature 182, 96"2 (1958). 

a M. W. JoHnsoN and L. J. MANHOFF, Science 113, 812 (1951). 
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c u r r e n t  is passed  t h r o u g h  t he  e lec t ro ly te  b e t w e e n  the  P t  
e lec t rode  a n d  a c a r b o n  rod.  T he  p o t e n t i a l  d i f ference ha s  to  
be 1 to  1.5 V. The  i m m e r s e d  t ip  of t h e  p l a t i n u m  wire  is 
d isso lved  ( the  process  is s lower  t h a n  w i t h  t u n g s t e n )  un t i l  
in t h e  e n d  the  c o n t a c t  w i t h  t he  n i t r i t e  so lu t ion  is s u d d e n l y  
b roken ,  r e su l t i ng  in a v e r y  f ine t a p e r e d  po in t .  T h e  t a p e r i n g  
of t h e  p o i n t  d e p e n d s  on  t h e  surface  t e n s i o n  of t he  e lectro-  
lyte .  The  p o i n t  becomes  s h o r t  a n d  penci l - l ike  a t  h i g h  
surface  tens ion ,  bu t ,  w h e n  surface  t ens ion  lower ing  agen t s  
are  added ,  i t  t a p e r s  more  gradua l ly .  

Af te r  e lec t ropol i sh ing ,  t he  e lec t rode  is r insed  in water ,  
alcohol,  and  dried.  
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Fig. 1. (a) Platinum wire with electropolished point, soldered to a 
thicker copperwire, (b) a pyrex capillary with a hook on one end is 
fixed, (e) by heating the element a thin film of glass is drawn around 
the platinum, (d) when a tip of suitable size is not yet fused to the 
glass, the rest of the capillary is broken off, (e) in the vicinity of the 

tip the glass layer is very thin. 

T h i n  wal led  p y r e x  t u b e  of a b o u t  3 m m  d i a m e t e r  is 
h e a t e d  over  a gas f lame a n d  d r a w n  to  capi l lar ies  of less 
t h a n  1/8 m m  d iame te r .  U n d e r  a d i s sec t ing  microscope,  a 
s h o r t  l e n g t h  of t he  cap i l l a ry  is slid o v e r  t he  p l a t i n u m  wire 
a n d  f ixed to  t h e  m e t a l  a t  t h e  u p p e r  end  b y  m e l t i n g  w i t h  a 
m i c r o b u r n e r .  A t  t h e  o t h e r  end,  t he  cap i l l a ry  is b e n t  to  a 
hook  (Figure  1 b). 

I n  o rde r  to  o b t a i n  a t h i n  a n d  t i g h t  i n s u l a t i n g  layer ,  t h e  
glass is now h e a t e d  a n d  d r a w n  o u t  ove r  t he  e lec t rode  in 
t h e  fol lowing way :  The  e lec t rode  is c l amped  in a holder ,  
wh ich  can  be  m o v e d  up  a n d  down  w i t h  a r ack  a n d  p in ion  
(Figure  2d),  a n d  a sma l l  w e i g h t  (Figure  2c) is h o o k e d  on. 
An  electr ic  h e a t i n g  f i l amen t  (Figure  2a)  (made  of 0.3 m m  
n i c h r o m e  wire) is p u t  a r o u n d  t he  u p p e r  end  of t he  elec- 
t r ode  a n d  hea t ed ,  u n d e r  v i sua l  con t ro l  w i t h  a d i s sec t ing  
microscope,  to  a b r i g h t  red. The  h e a t i n g  c u r r e n t  is d r a w n  
f rom a 6.3 V t r a n s f o r m e r  (Figure  2e), w h i c h  is fed f rom 
the  m a i n s  ove r  a v a r i a c  (F igure  2f) b y  wh ich  t h e  h e a t i n g  
c u r r e n t  c a n  be  r egu la ted .  W h e n  t h e  p y r e x  glass sof tens ,  
t h e  cap i l l a ry  is d r a w n  o u t  b y  t he  weigh t ,  t h e  glass f o rming  
a t h i n  l aye r  a r o u n d  t h e  e lec t rode  (Figure  lc ) .  B y  ra i s ing  
t h e  e lec t rode  w i t h  t h e  r a c k  a n d  p in ion  suppor t ,  one  can  
d r a w  a t h i n  l aye r  of glass ove r  t he  whole  l e n g t h  of t he  
e lectrode.  I n  t h e  v i c in i t y  of t he  t ip,  t he  h e a t i n g  c u r r e n t  is 
d i m i n i s h e d  to  slow down  t h e  process  so t h a t  one  is able  to  
s top  h e a t i n g  j u s t  w h e n  a t ip  of su i t ab l e  size is no t  ye t  
b o n d e d  to  t h e  glass (Figure  i d). A s h a r p  pul l  a t  t h e  hook  
of t he  cap i l l a ry  b r e a k s  t h e  glass j u s t  a r o u n d  t h e  t ip ,  where  
i t  fo rms  a v e r y  t h i n  layer .  T h e  t i p  reg ion  is now br ie f ly  
h e a t e d  to  ensu re  a good a n d  s m o o t h  b o n d  b e t w e e n  t h e  
glass a n d  t h e  p l a t i n u m .  T h e  re su l t  (F igure  I e) is a n  elec- 
t r o d e  w i t h  a v e r y  f ine t i p  a n d  a s m o o t h  a n d  s t u r d y  b u t  
t h i n  insu la t ion .  

Fig. 2. Set-up for insulating the electrode. (a / heating filament, 
(b) electrode, (e) weight, (d) rack and pinion support, (e) heating 

transformer 6.a V, (f) Variac. 

Zusammen/assung. Es  wird  eine M e t h o d e  beschr i eben ,  
die es e rmdgt i ch t ,  g las isot ier te  P l a t i n e l e k t r o d e n  m i t  be-  
l iebig fe iner  Spi tze  herzus teI len .  C .M.  BALLINTIJN 

Zoological Laboratory o/ the University o/ Groningen 
(Netherlands), April 25, 1961. 

Technique  d' inc lus ion et d ' u l t r a m i c r o t o m i e ,  des -  
t in6e it l '6tude du d 6 v e l o p p e m e n t  des  organe l l e s  

clans une cel lule  i so l6e  1 

Introduction. L'~ tude ,  p a r  coupes  u l t r a -minces ,  des  
mod i f i ca t ions  s t ruc tu re l l e s  qu i  se d d r o u l e n t  d a n s  les 
cel lules au  cours  de  leur  d d v e l o p p e m e n t ,  pose ce r t a in s  
probt~mes  de local isa t ion .  On p e u t  c o m p a r e r  ces pro-  
b lames  ~ ceux  que  r encon t re ,  en embryolog ie ,  l '~ tude  de la 
gen~se d ' o rganes  et  de sys t~mes  d 'o rganes .  Dans  l ' u n  e t  

l ' a u t r e  cas, une  d d m o n s t r a t i o n  sa t i s f a i san te  du  cours  du  
d d v e l o p p e m e n t  imp l ique  deux  ndcessi tds:  d ' u n e  p a r t  u n  
contr61e prdcis du  s t ade  6volu t i f  au  m o m e n t  de la f ixa t ion ,  
d ' a u t r e  p a r t  la conna i s s ance  e x a c t e  de l ' o r i e n t a t i o n  de  
l ' o b j e t  e t  du  p lan  de coupe.  Le n o m b r e  *lev6 d ' o b j e t s  qu i  

1 Travail effectu6 dans le cadre d'une recherche faite en collaboration 
avee les Instituts d'Histologie et de Biophysique, grace/~ une sub- 
vention de *Fritz Hoffmann-La Roche-Stiftung zur Ftirderung 
wissenschaftlieher Arbeitsgemeinschatten in der Sehweiz*. 


