
15.3. 1970 Specialia 275 

s t i m u l a t i o n  w i t h  w a v e l e n g t h s  in t he  region of 530 n m  of 
t he  s p e c t r u m ,  was  no t  s ign i f i can t ly  a l te red  by  t he  angle  of 
incidence.  

Since it  is k n o w n  t h a t  a class of cones  c o n t a i n i n g  a pig- 
m e n t  w i th  m a x i m u m  s e n s i t i v i t y  a t  540 n m  ex i s t s  in t he  
cyp r in idae  re t ina ,  it  could  be a rgued  t h a t  t h e y  are 
d o m i n a n t  in t h e  p r o d u c t i o n  of the  S -po ten t i a l  in t he  da rk  
a d a p t e d  s ta te .  For  th i s  to  be t rue ,  t he  class  of cones  in 
ques t i o n  would  h a v e  to be un ique  in t h a t  t h e y  did no t  
exh ib i t  a m a r k e d  d i rec t iona l  sens i t iv i ty .  

Conclusion. B y  m e a n s  of t he  St i les-Crawford  effect  i t  
h a s  been  poss ib le  to  d e m o n s t r a t e  t he  ex i s t ence  of a class 
of cones wh ich  are sens i t ive  to the  blue end  of t he  s p e c t r u m  
and  c o n t r i b u t e  to t he  S -po ten t i a l  m e a s u r e d  in t he  d a r k  
a d a p t e d  s ta te .  I t  h a s  also been  shown  t h a t  e i the r  t h e  rods  
are d o m i n a n t  in the  p r o d u c t i o n  of the  S -po ten t i a l  in t he  
da rk  a d a p t e d  r e t i n a  or t he re  ex is t s  a class of cones  w i th  a 
s imi la r  spec t ra l  s ens i t i v i t y  wh ich  are no t  d i rec t iona l ly  
sens i t ive  s. 

Zusammen/assung. Mit Hilfe  des  <~Stiles-Crawford~>- 
Ef fek te s  ge l ingt  es, die E x i s t e n z  b l a u -e mpf ind l i che r  
Z/ ipfchen in der  F i s c h r e t i n a  nachzuwe i sen ,  die tei lweise 
fiir die S -Po ten t i a l e  v e r a n t w o r t l i c h  sind.  
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Neuronal Properties of the Neurosecretory Cells 

N e u r o s e c r e t o r y  cells (NSC) are special ized n e u r o n s  
wh ich  f u n c t i o n  as endocr ine  g lands .  T h e y  r e t a in  t he  
genera l  m o r p h o l o g y  of neu rons ,  b u t  end  b l ind ly  in swollen 
t e r m i n i  se rv ing  as s to rage  a n d  release o rgans  for t he  hor-  
n lones  p r o d u c e d  in t h e  cell bodies.  In  severa l  poikilo- 
t h e r m s  t h e  NSC h a v e  been  found  to s p o n t a n e o u s l y  pro- 
duce  ac t ion  p o t en t i a l s  of long d u r a t i o n  1 7. However ,  de- 
spi te  m u c h  his to logical  a n d  endocr inologica l  i n t e r e s t  in 
the  n e u r o s e c r e t o r y  s y s t e m  in insec ts  s, 9 the re  ha s  appe a re d  
on ly  one r epo r t  of an  e lec t rophys io logica l  e x a m i n a t i o n  10. 

In  Sarcophaga t he  p e r i k a r y a  of the  p ro toce reb ra l  NSC 
are loca ted  j u s t  u n d e r  t he  n e u r i l e m m a  in the  dorsa l  mid -  
l ine of t h e  bra in .  The  a x o n s  decus sa t e  before l eav ing  t he  
b r a i n  pos te r io r ly  to end  in the  corpus  c a r d i a c u m  loca ted  
in t h e  neck  region.  To ga in  access to the  b ra in  t he  he a d  
capsu le  was  cu t  open  a n d  t he  2 large t r a chea l  b r a n c h e s  
wh ich  pass  over  the  b r a i n  were r emoved .  The  p e r i k a r y a  
of the  NSC a p p e a r  now as  2 sma l l  wh i t i sh  c lus te rs  of cells 
( s om a ta  20 bL in d iamete r )  on e i ther  side of t he  mid l ine  of 
the  b r a in  a t  the  base  of t he  ocellar nerve.  I n t r ace l lu l a r  re- 
cord ings  were m a d e  w i t h  3 M  KC1 filled m i c r o p i p e t t e s  
h a v i n g  res i s t ances  b e t w e e n  8 and  35 3/fD. A c t i v i t y  was  re- 
corded wi th  a Grass  P-6 ampl i f ie r  a t  u n i t y  ga in  and  
H e w l e t t  P a c k a r d  Model 132 oscil loscope d i rec t  coupled.  
In  all f igures,  un less  o the rwise  noted ,  u p w a r d  def lec t ions  
are posi t ive .  

T h e  res t ing  p o t e n t i a l s  of NSC recorded on ini t ia l  pene-  
t r a t i o n  var ied  f ro m 2 40 m V  (inside nega t ive)  b u t  m o s t l y  

in the Fly Sarcophaga bullata 

were a b o u t  20 inV. Ac t ion  p o t e n t i a l s  recorded f rom t h e  
p e r i k a r y a  va r ied  in a m p l i t u d e  f rom 1 40 m V  (Figure  1), 
b u t  were neve r  g rea t e r  in a m p l i t u d e  t h a n  t he  r e s t i ng  
po t e n t i a l  of t he  cell. I n  all excep t  a few cases  t h e  cells 
were e n d o g e n o u s l y  ac t ive .  Ac t ion  po t e n t i a l s  recorded  
f rom the  NSC cha rac t e r i s t i ca l ly  were of a d u r a t i o n  of 
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Fig. 1. Intracellular recordings of action potentials from the peri- 
karya of NSC. (A} to (C) show spikes rising from endogenous waves 
of depolarization and followed by negative afterpotentials. IPSP's 
(arrows) were frequently seen in these records. (D) Intracellular 
recording of low amphtude spikes showing no synaptic activity. 
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a b o u t  5 msec  (2-20 msec),  whereas  spikes  recorded  a t  
o t h e r  loca t ions  in t h e  b r a i n  a n d  f rom the  medu l l a  of t h e  
op t ic  lobe were  < 1 msec  (Figure  2D). Monophas i c  an d  bi-  
phas ic  ac t ion  p o t e n t i a l s  were recorded  in t r ace l lu l a r ly  (Fi- 
gure  1) f rom the  so ma.  The  dif ference in w a v e - f o r m  is p rob-  
ab ly  a func t i on  of where  in t h e  cell t he  e lec t rode  was, 
whereas  ex t r ace l lu l a r  record ings  (Figure 2, A a n d  B) m a d e  
w i t h  sal ine-f i l led suc t ion  e lect rodes  had  a b iphas ic  wave-  
form. The  b iphas ic  ac t ion  p o t e n t i a l s  rose f rom the  p e a k  
of a wave  of depo la r i za t ion  a n d  were fol lowed b y  a 
p r o m i n e n t  a f t e rpo t en t i a l .  

No n e u r o n a l  a c t i v i t y  of s imi la r  cha rac te r i s t i c s  to  t h a t  
descr ibed  a b o v e  was  found  i m m e d i a t e l y  a r o u n d  t he  NSC 
c lus ters  no r  be low t h e m .  Also, a f t e r  t he  NSC were re- 
m o v e d  a n d  t h e  flies a l lowed to  recover  for severa l  days,  no  
a c t i v i t y  r e s e m b l i n g  t h a t  shown  above  was de tec tab le .  
These  f indings ,  coupled  w i t h  t h e  v i sua l  p l a c e m e n t  of t h e  
e lectrodes,  h a v e  led us to  a t t r i b u t e  t he  a c t i v i t y  descr ibed  
to  t he  NSC of t h e  p r o t o c e r e b r u m .  

The  neu rosec re to ry  neu rons  appea red  to  fire endo-  
genously ,  b u t  t he  i n t e r sp ike  i n t e r v a l  was  va r iab le .  I n  
those  record ings  where  b iphas ic  ac t ion  p o t e n t i a l s  were  
seen one also obse rved  i n h i b i t o r y  p o s t s y n a p t i c  p o t e n t i a l s  
( I P S P ' s )  (Figure  1). T h e  smal l  h y p e r p o l a r i z a t i o n s  of t h e  
I P S P ' s  were of ten  assoc ia ted  w i t h  in t e rva l s  in  t h e  record  
w h e n  spikes d id  no t  occur  b u t  w h e n  t h e y  m i g h t  h a v e  been  
pred ic ted .  

The  corpus  c a r d i a c u m  in D i p t e r a  is k n o w n  to  c o n t a i n  
b o t h  t he  swollen t e r m i n i  of the  cerebra l  NSC a n d  in t r ins ic  
secre tory  cells 11. Swollen,  wh i t i sh  t e r m i n a l - t y p e  end ings  

were  found  to h a v e  re s t ing  p o t e n t i a l s  b e t w e e n  40 a n d  
60 m V  (inside nega t ive) ,  b u t  were genera l ly  s i lent .  I n  t he  
n u m e r o u s  p e n e t r a t i o n s  of c a r d i a e u m  cells, e lectr ical  
a c t i v i t y  was r ecorded  on ly  6 t i m e s  (Figure 2c). W h e n  
a c t i v i t y  was recorded,  depo la r i za t ions  were a lways  smal l  
(0.5-1.0 mV) a n d  of long d u r a t i o n  (10-20 msec).  Ac t ion  
p o t e n t i a l s  recorded  here  were n o t  p receded  b y  a wave  of 
depolar iza t ion ,  b u t  were fol lowed b y  a smal l  nega t ive  
a f t e r -po ten t i a l .  

T h e  d a t a  p r e s e n t e d  here  agree  w i t h  t h e  o b s e rv a t i ons  
m a d e  on  Periplaneta americana is w i t h  respec t  to  res t ing  
po ten t i a l s ,  sp ike  d u r a t i o n s  a n d  t h e  endogenous  n a t u r e  of 
NSC depolar iza t ions .  T h e  s imple  w a v e - f o r m  an d  low 
a m p l i t u d e  of depo la r i za t ions  recorded  f rom t h e  s o m a t a  in 
Periplaneta led these  a u t h o r s  to  agree  w i t h  o the r s  12,13 t h a t  
r eg en e ra t i n g  ac t ion  p o t e n t i a l s  p r o b a b l y  d id  n o t  i n v a d e  t he  
s o m a t a  of un ipo l a r  insec t  ne rve  cells. However ,  t he  
a p p e a r a n c e  of la rge  a m p l i t u d e  ac t ion  p o t e n t i a l s  of b ipha-  
sic wave - fo rm in records  m a d e  f rom NSC p e r i k a r y a  of 
Sarcophaga sugges t  ac t ive  spike p r o p a g a t i o n  a t  leas t  p a r t  
w ay  in to  t h e  soma,  a l t h o u g h  t h e  m o n o p h a s i c  wave- fo rms  
p r o b a b l y  recorded  in t h e  d i s ta l  p a r t s  of the  cells t end  to 
i nd i ca t e  t h a t  such  invas ion  is n o t  complete .  S imi la r  obser-  
v a t i o n s  on  Aplysia 14 i nd ica te  t h a t  a x o n a l  spikes  m a y  in- 
v a d e  pa r t ,  b u t  n o t  all, of t h e  soma.  

I n  insects  t h e r e  is no neurophys io log ica l  i n f o r m a t i o n  
ava i l ab le  showing  h o w  h o r m o n e  release f rom t h e  neuro-  
endocr ine  sys t em is t imed .  The  d a t a  p r e sen t ed  here  
s t rong ly  suggests  t h a t  the  NSC receive synap t i c  i n h i b i t o r y  
i n t e r ac t i ons  a t  s i tes  nea r  t h e  pe r ika rya .  Dendr i t i c  a rbor i -  
za t ions  occur r ing  nea r  the  p e r i k a r y a  h a v e  been  descr ibed 
in Periplaneta 13 a n d  if s imi la r  a reas  exis t  in  Sarcophaga 
t h e y  would be  t h e  logical  s i tes  for t h e  r ecep t ion  of t he  
i n h i b i t o r y  inf luence.  Resea rch  now in progress  is a t t e m p t -  
ing to def ine t h e  s ignif icance of t h e  i n h i b i t o r y  inf luences  
to  t h e  e lectr ical  a c t i v i t y  of an d  h o r m o n e  release f rom 
these  neu rosec re to ry  cells15. 

Zusammen[assung. E n d o g e n e  E r r e g u n g s p o t e n t i a l e  wur-  
den  v o n  den  P e r i k a r y a  der  p ro toze reb ra len ,  neurosekre-  
t o r i s chen  Zellen der  Fle ischf l iege Sarcophaga bullata ab-  
gelei tet .  Diese P o t e n t i a l e  sche inen  n u r  tei lweise in die 
P e r i k a r y a  e inzudr ingen .  E r r e g u n g s h e m m e n d e  p o s t s y n a p -  
t i sche  P o t e n t i a l e  w u r d e n  ebenfa l l s  festgestel l t .  Sie 
sehe inen  ih ren  U r s p r u n g  n a h e  der  S o m a t a  zu haben .  
P o t e n t i a l e  w u r d e n  se l ten  y o n  den  geschwol lenen  En -  
d u n g e n  der  n eu ro s ek re t o r i s ch en  N e u r i t e n  des  Corpus 
C a r d i a c u m  abgele i te t .  
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Fig. 2. (A)-(B) ExtraceUularly recorded potentials from NSC made 
with a saline-filled suction electrode (negative upward). Time calibra- 
tion not recorded. (C) Intracellular potentials recorded from the 
corpus eardium, Both pictures are of the same cell; however, the 
first is at a slow film speed to show negative afterpotentials. (D) In- 
tracellular recordings of a non-neurosecretory cell recorded from 
beneath the NSC cluster in the brain. 
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