
226 Specialia EXPERIENTIA 33/2 

E x a m i n a t i o n  of t he  di f ferences  be t w een  con t ro l  a n d  CVF-  
t r e a t e d  an ima l s  a t  each  3-h-per iod d e m o n s t r a t e s  t h a t  t he  
t o t a l  l eukocyt ic  a n d  neu t r oph i l i c  response  to  C V F  is de- 
p e n d e n t  upon  t he  t i m e  of d a y  t he  f ac to r  is given.  To ta l  
l eukocyt ic  a n d  neu t roph i l i c  response  is g rea t e r  d u r i n g  the  
ea r ly  m o r n i n g  (06.00-09.00 h} t h a n  d u r i n g  t he  a f t e rnoon  
(12.00-18.00 h). The  l y m p h o c y t e s  on  t he  o the r  h a n d ,  
showed  l i t t le  di f ference in v a r i a t i o n  a n d  increase  fol- 
lowing CVF a d m i n i s t r a t i o n .  
McCall  e t  al. 4 r epo r t ed  a l t e r a t i ons  in  n e u t r o p h i l  k ine t ics  
in  t he  r a b b i t  a f t e r  C V F  a c t i v a t i o n  of t he  c o m p l e m e n t  
cascade.  Fol lowing i n t r a v e n o u s  in jec t ion  of 0.6 to  1.0 ml  
of pur i f ied  cob ra  v e n o m  factor ,  a p r o f o u n d  n e u t r o p e n i a  
occur red  wi th in  60-120 sec followed b y  a m a r k e d  neu t ro -  
phil ia .  I n  th i s  same  s tudy ,  C V F  was in jec ted  in to  Cs-de- 
f ic ient  r a b b i t s  which  aga in  caused  an  in i t ia l  n e u t r o p e n i a  
fol lowed b y  a neu t roph i l i a .  To f u r t h e r  cha rac t e r i ze  t he  
ac t ive  factor ,  f resh p l a s m a  was t r e a t e d  w i t h  C VF and  

f i l tered t h r o u g h  a 20,000 M W  filter.  The  f i l t r a te  was t h e n  
in jec ted  in to  t h e  r a b b i t  ea r  ve in  a n d  t he  same  neu t ro -  
phi l ic  response  ob ta ined .  These  resu l t s  suggested  t h a t  t he  
neu t roph i l i c  changes  d e p e n d e d  on t he  e l abo ra t i on  of a 
fac to r  of low molecu la r  we igh t  (<20 ,000)  wh ich  m a y  be  
der ived  f rom e i the r  C a or C54. 
Because  t he  p r e s e n t  i nves t i ga t i on  was concerned  w i t h  
on ly  a 45-ra in-response,  a n e u t r o p e n i a  was n o t  observed .  
However ,  a 10fold increase  b e t w e e n  t he  24-h -mean  con-  
t ro l  and  e x p e r i m e n t a l  n e u t r o p h i l  levels was  ev iden t ,  con-  
f i rming  t he  n e u t r o p h i l i a  fol lowing CVF a c t i v a t i o n  of t he  
c o m p l e m e n t  cascade  4. 
I t  is n o t  k n o w n  w h e t h e r  c o m p l e m e n t  regula tes  h o u r l y  
v a r i a t i o n s  in  n e u t r o p h i l  kinet ics .  However ,  t h i s  s t u d y  ha s  
d e m o n s t r a t e d  t h a t  t he  e x t e n t  of t he  n e u t r o p h i l i a  fol- 
lowing CVF c o m p l e m e n t  a c t i v a t i o n  in the  r a t  is a t ime-  
d e p e n d e n t  p h e n o m e n a  wh ich  var ies  accord ing  to the  t i m e  
of d a y  t h e  f ac to r  is g iven  a n d  ha s  a c i r cad ian  r h y t h m .  
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Summary. I n t r a c e l l u l a r  record ings  h a v e  been  m a d e  f rom the  cell bodies  of b o t h  neu rosec re to ry  a n d  non -neu rosec r e to ry  
m u l t i p o l a r  neu rons  in t he  p e r i p h e r y  of Caraus ius  morosus .  The  neu rosec re to ry  neu rons  h a v e  cell bodies  which  are 
e lec t r ica l ly  exc i t ab le  and  p roduce  ove r s hoo t i ng  ac t ion  po ten t ia l s ,  wh i l s t  t he  cell bodies  of t he  non -neu rosec re to ry  
n e u r o n s  are e lec t r ica l ly  inexci tab le .  

There  is a spa r s i t y  of e lec t rophys io logica l  d a t a  a b o u t  the  
basic  m e m b r a n e  p rope r t i e s  u n d e r l y i n g  neu roendoc r ine  
i n t e g r a t i o n  and  r egu la t i on  in  insects ,  A su i t ab l e  p r e p a r a -  
t ion  for such  a s t u d y  is found  in t he  s t i ck  insect ,  in  wh ich  
m u l t i p o l a r  neu rons  showing  t he  u l t r a s t r u c t u r a l  cha rac -  
ter is t ics  of be ing  neu rosec re to ry  h a v e  been  descr ibed  3, 3. 
These  m u l t i p o l a r  neu rosec re to ry  neurons ,  t he  l ink  n e r v e  
n e u r o n s  (LNNs),  lie w i t h  t h e i r  cell bodies  on  or n e a r  t he  
l ink  n e r v e  and  h a v e  processes  pass ing  superf ic ia l ly  a long  
a n u m b e r  of m a j o r  pe r iphe ra l  nerves~,  3. E a c h  of t he  
processes  p r o p a g a t e s  ac t ion  p o t e n t i a l s  t ow ar ds  t h e i r  
t e r m i n a l s  where  p r e s u m a b l y  release of neu rosec re to ry  
m a t e r i a l  is t r iggered  a. 
As a p r e l i m i n a r y  to  i n v e s t i g a t i n g  t h e  con t ro l  m e c h a n i s m s  
of these  cells, i n t r ace l lu l a r  record ings  were m a d e  to 
d e t e r m i n e  t he  p rope r t i e s  of t he  m e m b r a n e  of t he  cell body .  
P rev ious  in t r ace l lu l a r  record ings  f rom n e r v e  cell bodies  
of insec ts  h a v e  been  conf ined  to m o n o p o l a r  n e u r o n s  in 
the  cen t r a l  ne rvous  sys tem.  The  m a j o r i t y  of these  cell 
bodies  are e lec t r ica l ly  inexc i t ab le  4, a l t h o u g h  a specific 
g roup  of dorsa l ly  s i t ua t ed  cell bodies  are e lec t r ica l ly  
exc i t ab le  ~, 8. 
I n  th i s  s t u d y  we p rov ide  t he  f i rs t  a c c o u n t  of i n t r ace l lu l a r  
record ings  f rom m u l t i p o l a r  neu r ons  in insec ts  and  p r e sen t  
ev idence  for t h e  presence  of ove r s hoo t i ng  ac t ion  p o t e n -  
t ia ls  recorded  f rom the  cell bodies  of LNNs.  
A d u l t  s t i ck  insec ts  were d issected  mid-dorsa l ly ,  p i n n e d  
o u t  on  ' S y l g a r d '  (Dow Corning  Corpora t ion)  and  t he  gu t  
r emoved .  The  p r e p a r a t i o n  was f looded w i t h  a modif ied  
vers ion  of W o o d ' s  sal ine 7 (composi t ion:  KC1, 18 raM; 
MgC12, 50 raM; CaCI~, 7.5 m M;  N a H 2 P O  4 6 m M ;  N a H C O  3, 
9 m M ;  glucose 185 m M;  m a d e  up  to  1000 ml  H~O). A 
w i n d o w  was cu t  t h r o u g h  t he  cut ic le  a n d  t i ssue  u n d e r -  
ly ing  t he  L N N s  of an  a b d o m i n a l  segment ,  and  t he  pre-  

p a r a t i o n  viewed u n d e r  a c o m p o u n d  microscope by  in te r -  
terence c o n t r a s t  us ing  t r a n s m i t t e d  l ight.  In  th i s  way  t he  
inse r t ion  of microe lec t rodes  was u n d e r  v i sua l  control ,  
p r o v i d i n g  no  d o u b t  as to  t he  in t r ace l lu l a r  n a t u r e  of t he  
recordings  a n d  t h e i r  or igin in  the  soma. Glass micro 
e lectrodes  of b e t w e e n  40 a n d  60 MsQ res i s tance  filled w i t h  
3 M KC1 were used  for i n t r ace l lu l a r  recording,  a n d  c u r r e n t  
in jec t ion  was p r o v i d e d  t h r o u g h  t he  same  elect rode us ing  
a br idge  c i rcui t  (Mentor  N-950 In t r ace l l u l a r  p robe  sys- 
tem).  
I n s e r t i o n  of a mic roe lec t rode  in to  a neurosec re to ry  cell 
b o d y  revea led  nega t i ve  r e s t ing  po t en t i a l s  of 30-62 m V  
(mean  46 mV,  n = 50). The  t o t a l  m e m b r a n e  res i s tance  of 
t h e  cells was  f o u n d  b y  a p p l y i n g  hype rpo la r i z ing  c u r r e n t  
pulses a n d  v a r i e d  f rom 40 to 80 MD (mean  58 MD, 
n = 10). To ta l  t i m e  c o n s t a n t  was  found  to  be  30-50 ms  
(mean 43 ms, n = 10). Assuming  t he  cel l  to  be a sphere  of 
40 ~m d i a m e t e r  a n d  the  t i m e  c o n s t a n t  to  be  the  t i m e  
t a k e n  for  t he  m e m b r a n e  to  r each  63% of i ts  f inal  va lue  s 
(10 ms), t he  specific m e m b r a n e  res i s tance  can  be calcu-  
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port and to Drs Benjamin, Swindale and Slade for allowing us a 
preview of their manuscript in press. 
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la t ed  as  3000 D �9 c m  2 a n d  t h e  specif ic  m e m b r a n e  c a p a c i t y  
as  3.3 btF �9 c m  -2. T h e s e  s h o u l d  be  c o n s i d e r e d  as  r o u g h  ap -  
p r o x i m a t i o n s ;  t h e y  do  h o w e v e r  lie w i t h i n  t h e  r a n g e  for  
o t h e r  n e u r o n s .  
C u r r e n t - v o l t a g e  r e l a t i o n s h i p s  ind ica te  t h a t  t h e  m e m b r a n e  
of t h e  s o m a  fo l lows a n  e s sen t i a l l y  o h m i c  r e s p o n s e  u p  to  
a c r i t ica l  m e m b r a n e  p o t e n t i a l  level  (f igure 1). A b o v e  t h i s  
level  t h e  cell bod ies  of t h e  L N N s  are  e lec t r ica l ly  exc i t ab l e  
in t h a t  t h e y  g e n e r a t e  o v e r s h o o t i n g  ac t i on  p o t e n t i a l s  a t  
t he  t h r e s h o l d  m e m b r a n e  p o t e n t i a l  in r e s p o n s e  to  de-  
po la r i z ing  pu l ses  (f igure 1). D e l a y e d  rec t i f i ca t ion  is 
e v i d e n t  w h e n  t h e  s t e a d y  a m p l i t u d e  r eached  b y  the  m e m -  
b r a n e  fo l lowing  local  r e s p o n s e s  or  ac t ion  p o t e n t i a l s  is 
p l o t t e d  a g a i n s t  t h e  c u r r e n t  (f igure 1). 
A c o n s t a n t  f e a t u r e  of t he se  cells was  the  g e n e r a t i o n  of 
o n l y  a s ingle  a c t i on  p o t e n t i a l  in r e s p o n s e  to  a d e p o l a r i s i n g  
pu l se  of long  d u r a t i o n  (f igure 1), t h e r e b y  r e s e m b l i n g  
ce r t a i n  m o l l u s c a n  n e u r o s e c r e t o r y  cells ". Sp ikes  were  also 
e v o k e d  a f t e r  t h e  t e r m i n a t i o n  of a long  h y p e r p o l a r i z i n g  
pulse ,  i l l u s t r a t i n g  a c c o m o d a t i o n .  

9 P. R. Benjainin, N. V. Swindale and C. T. Slade, in: Neuro- 
biology of invertebrates III .  Gastropod Brain. Ed. J. Sal5nki. 
Akaddmiai Kiad6, Budapest (in press). 
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Fig. 1. Current-voltage relationship lroin the cell body of a link 
nerve neurosecretory neuron of Carausius. Inset shows response of a 
(:ell (upper traces) to depolarizing and hyperpolarizing currents of 
varying intensity (lower traces). Note that above the threshold 
membrane potential one action potential with an overshoot of 10 mV 
is generated. Zero potential is shown by the single upper line. Graph 
illustrates current vs voltage based on the experiment shown in part 
in the inset. Below a critical membrane potential the response is in 
accordance with Ohm's law. Above this level, however, the resistance 
or capacitance of the inembrane changes during local responses and 
action potentials. Solid circles indicate the measurement at the final 
steady amplitude, and illustrate delayed rectification above a critical 
membrane potential; hollow circles indicate peak amplitude and 
illustrate the electrical excitability of the membrane. Scale bars: 
20 mV, 1 namp, 50 ms. 

Fig. 2. Spontaneous activity recorded intracellularly from a link 
nerve neurosecretory cell body of Carausius. a Example of low fre- 
quency spike activity; b 2 action potentials on a faster time base to 
show hnpulse shape with loug duration, positive overshoot and 
prominent undershoot. Arrows indicate zero potential. Scale liars: 
a 10 mV, 2s; b 10 mV, 200 ms. 

Fig. 3. Intracellular recordings from the cell body of a peripheral 
nerve stretch receptor of Carausius. a Spontaneous activity of small 
amplitude and short duration, 2 traces are continuous; b the effects 
of electrical stimulation on frequency of action potentials from these 
non-neurosecretory cells. Note the increase in spike discharge caused 
by depolarisation of the cell body, and also the post-excitation in- 
hibitory period on return to resting potential. The current strength 
was 8•  z0 A. Scale bars: a 2 mV, 50 ins; b 5 mV, 2s. 
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' S p o n t a n e o u s '  ac t ion  p o t e n t i a l s  were occas ional ly  ob- 
served,  a l t h o u g h  t h e  genera l  lack  of ' s p o n t a n e o u s '  dis- 
charge  m a y  ref lect  a n  i n a c t i v i t y  of these  cells d u r i n g  
d a y l i g h t  hours ,  a fac t  wh ich  has  been  obse rved  f rom 
ex t race l lu la r  record ings  (unpub l i shed  da ta) .  T he  ' spon-  
t a n e o u s '  a c t ion  p o t e n t i a l s  r eached  70 m V  in he igh t ,  w i t h  
a pos i t ive  o v e r s h o o t  of 10-20 m V  a n d  a n  u n d e r s h o o t  of 
a b o u t  8 m V  (figure 2). Spike d u r a t i o n  is v e r y  long even  
for  insec t  neu rosec re to ry  cells (7-20 ms a t  50% spike 
height )  and  in th i s  respec t  t h e y  aga in  r e semble  mol-  
luscan  neu rosec r e to r y  cells~~ The  smal lness  of t h e  over-  
shoo t  as well  as  t h e  iong d u r a t i o n  of t he  spike  m a y  be  due  
in p a r t  to  t he  u n u s u a l  ionic c o n t e n t  of t h e  h a e m o t y m p h  
found  in these  p h y t o p h a g o u s  insects  7 and  t h i s  is a t  
p r e sen t  u n d e r  inves t iga t ion .  
A c o n t r a s t  to  these  p roper t i e s  of L N N s  was o b t a i n e d  
w i t h  i n t r ace l lu l a r  record ings  f rom n o n - n e u r o s e c r e t o r y  
m u l t i p o l a r  neu rons  wh ich  occur  on pe r iphe ra l  ne rves  in 
t he  s t ick  insec t  3,4. These  ' pe r iphe ra l  ne rve  s t r e t c h  re- 
cep tors '  3 are ' s p o n t a n e o u s l y '  ac t ive  a n d  w h e n  p e n e t r a t e d  
t he  cell bodies  r evea led  re s t ing  po ten t i a l s  of a b o u t  40 mV,  
w i t h  smal l  ac t ion  p o t e n t i a l s  of be t w een  1 and  10 m V  in 
h e i g h t  occur r ing  w i t h  a f r equency  of 2-3 sec -1 (figure 3). 
The  ac t ion  p o t e n t i a l s  n e v e r  show overshoot ,  a n d  are of 
2-3  ms in d u r a t i o n  (at  50~o spike height) .  We  cons ider  
t h a t  t h e y  are  r e m n a n t s  of ac t ion  po t en t i a l s  i n i t i a t ed  in 
t h e  a x o n  w h i c h  h a v e  e lec t ro ton ica l ly  i n v a d e d  t h e  cell 
body .  The  cell bodies  of these  m u l t i p o l a r  n e u r o n s  are 
therefore  e lec t r ica l ly  inexci tab le ,  in c o n t r a s t  to  LNNs .  
Long  depola r iz ing  pulses cause  an  increase  in t he  fre- 
q u e n c y  of these  ac t ion  po t en t i a l s  (figure 3b),  wh ich  in-  
creases p r o p o r t i o n a l l y  w i t h  h igher  depolar iz ing  pulses.  

H y p e r p o l a r i z i n g  pulses  lower  or i n h i b i t  t he  f i r ing of these  
cells. These  m u l t i p o l a r  n e u r o n s  t h e n  ac t  as t yp i ca l  
s t r e t ch  r ecep to r  neu rons  w i t h  t he  dc levels of t he  cell 
b o d y  a f fec t ing  t he  f r e q u e n c y  of i n i t i a t i o n  of t he  ac t ion  
p o t e n t i a l s  a t  some p o i n t  d i s t a n t  f rom the  cell body.  
The  m a j o r i t y  of cell bodies  of c en t r a l  neu rons  in insec ts  
are inexc i t ab le  4. E x c e p t i o n s  to  th i s  h a v e  been  shown  for 
p r o t o c e r e b r a l  neu rosec r e to ry  cells t~ a n d  a g roup  of dor-  
sa l ly  s i t u a t e d  cell bodies  in  t he  v e n t r a l  gangl ia  5, ~. One 
cell of t he  g roup  of dorsa l  cells in t he  t ho rac i c  gangl ia  has  
been  d e m o n s t r a t e d  to be neu rosec re to ry  5. The  L N N  is a n  
example  of a c lear ly  def ined  insec t  neu rosec re to ry  cell 
wh ich  has  a n  e lec t r ica l ly  exc i t ab le  cell body .  The  close 
r e l a t ionsh ip  be tween  t he  me tabo l i c  s t a t e  of a ne rve  cell 
a n d  i ts  e lectr ical  p rope r t i e s  ha s  been  p rev ious ly  d e m o n -  
s t r a t e d  ~2. Neurosec re to ry  ceils are c lear ly  me tabo l i ca l ly  
d i f fe ren t  f rom ' o r d i n a r y '  n e r v e  cells a n d  th i s  seems to  be 
ref lec ted  in t he  exc i tab le  n a t u r e  of t he  cell body .  The  
a d v a n t a g e s  conveyed  to  t he  L N N s  in h a v i n g  a n  electr i -  
ca l ly  exc i tab le  celI b o d y  are p r e s u m a b l y  ones of co- 
o r d i n a t i o n  of release. The  L N N s  are m u l t i p o l a r  neu rons  
w i t h  each  process  capab le  of p r o p a g a t i n g  cen t r i fuga l  
ac t ion  p o t e n t i a l s  ~. An e lec t r ica l ly  exc i tab le  cell b o d y  
would  be  a n  eff ic ient  m e a n s  of ensur ing  t h a t  the  spike  
in i t i a t ion  si te  caused  a c o n c o m i t a n t  ac t ion  p o t e n t i a l  in 
each  of t h e  processes,  t h u s  caus ing  s imu l t aneous  release 
of neu rosec re to ry  m a t e r i a l  f rom the  t e rmina l s .  

10 P. R. Benjamin and N. V. Swindale, Nature 258, 622 (1975). 
11 D. J. Cook and J. V. Milligan, J. Insect. Physiol. 18, 1197 (1972). 
12 R. M. Pitman, J. Physiol. 2d7, 511 (1975). 
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Summary. The  course  of m o u l t i n g  of P e r i p l a n e t a  a m e r i c a n a  l a rvae  of which  t he  p ro tho rac i c  g lands  were exs t i rpa ted ,  
was i nves t i ga t ed  in 2 succeeding series. I t  could  be  p r o v e d  t h a t  all  an ima l s  u n d e r w e n t  1 or 2 m o u l t i n g  processes insp i te  
of t he  absence  of t h e  m o u l t i n g  gland.  These  resu l t s  d e m o n s t r a t e  t h a t  t he  genera l ly  accep ted  classical  schema  of t he  
endoc r ine  con t ro l  of t h e  insec t  m o u l t i n g  m u s t  be  renewed.  

Es  b e s t e h t  we i tgehend  u n a n g e f o c h t e n  die Auffassung,  
dass  die P ro tho raca ld r t i s e  de r  I n s e k t e n  der  P r o d u k t i o n s -  
o r t  des H X u t u n g s h o r m o n s  u n d  d a m i t  eine fiir die H~tu- 
tungsprozesse  u n b e d i n g t  e r forder l iche  V o r a u s s e t z u n g  da r -  
s te l l t .  Diese Auf fa s sung  wurde  auch  d u r c h  einige ande r s -  
a r t ig  e F e s t s t e l l u n g e n  an  Gal ler ia  mel lonel la  ~ sowie an  
P e r i p l a n e t a  a m e r i c a n a  4-s k a u m  e r n s t h a f t  ber i ih r t ,  ge- 
schweige e r sch t i t t e r t .  Zweifel a n  der  Al lgemeingi i l t igke i t  
der  konven t i0ne l l en  Vors t e l l ungen  muss t e  a l lerdings  a u c h  
de r  Nachweis  de r  S y n t h e s e  yon  E c d y s o n  u n d  E c d y s t e r o n  
ohne  Be te i l igung  de r  P r o t ho r aca l d r i i s en  he rvor ru fen ,  wie 
das  e inerse i ts  in  den  A b d o m i n a  der  Saa teu le  M a m e s t r a  
brass icae  n a c h  A p p l i k a t i o n  yon  3H-Choles ter in  ~ u n d  an-  
dererse i t s  bei  B o m b y x  mor i  s sowie neue rd ings  in den  
isol ier ten  A b d o m i n a  des Kar toffe lk/ i fers  ge funden  wur-  
den  9. 
Aus I n - v i t r o - E x p e r i m e n t e n  m i t  B e i n r e g e n e r a t e n  von  
B l a b e r a  c ran i i fe r  wurde  ebenfa l ls  geschlossen,  dass  das  
H ~ u t u n g s h o r m o n  in Geweben  des  M e t a t h o r a x  u n d  des  

A b d o m e n s  geb i lde t  wird  u n d  dass  das  klassische S c h e m a  
de r  F u n k t i o n  der  P ro tho raca ld r i i s e  m i t  diesen Ergebn i s -  
sen n l c h t  im E i n k l a n g  s teh t .  I n  u n m i t t e l b a r e m  Gegensa tz  
dazu  k o n n t e  a l le rd ings  bei  ve r sch i edenen  I n s e k t e n  n a c h -  
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