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Inhibition of Insect Nerve Cord Phosphorylase Activity by 5-Hydroxytryptamine 

I n  a s t u d y  on t h e  m o d e  of ac t ion  Of t h e  h y p e r g l y c a e m i c  
h o r m o n e  c o n t a i n e d  in t he  corpus  c a r d i a c u m  of t he  cock- 
roach,  Periplaneta americana, i t  was  s h o w n  t h a t  t he  on ly  
t i s sue  o th e r  t h a n  t he  f a t  b o d y  af fec ted  b y  t he  h o r m o n e  
was  t h e  ne rve  cord 1. E x t r a c t s  of t he  g l and  were s h o w n  
to h a v e  a power fu l  g lycogenoly t i c  effect  on th i s  t i ssue .  
T h e  wo rk  of BARTON-BROWNE et  a l )  ,3 ind ica ted  t h a t  t he  
co rpus  c a r d i a c u m  con t a ined  one or more  adrenergic- l ike  
c o m p o u n d s .  S u b s t a n c e s  be long ing  to t h i s  g roup  h a v e  
been  s h o w n  to  induce  g lycogenolys i s  in m a m m a l i a n  l iver  
a n d  musc le  as a r e su l t  of t he  a c t i v a t i o n  of t he  e n z y m e  
p h o s p h o r y l a s e  4. T h e  s tud ie s  of COLHOUN 5 h a v e  s h o w n  
t h a t  a n o t h e r  amine ,  5 - h y d r o x y t r y p t a m i n e  (5-HT), no t  
o n l y  occurs  in t h e  cockroach  ne rve  cord b u t  is s y n t h e s i z e d  
by  it. He  h a s  also s h o w n  t h a t  5 -HT is con t a ined  in the  
corpus  c a r d i a c u m  5. F u r t h e r m o r e  5 -HT  has  been  s h o w n  
to  a c t i v a t e  p h o s p h o r y l a s e  ill t h e  l iver fluke% Because  
the re  appea r s  to be no record of h o r m o n a l  r egu la t i on  of 
p h o s p h o r y l a s e  in n e r v o u s  t i s sue  t he  i nves t i ga t i on  of 
poss ible  effects  of ep inephr ine  and  5 -HT  on insec t  ne rve  
cord p h o s p h o r y l a s e  s eemed  w a r r a n t e d .  

Th e  cockroaches  used  in th i s  s t u d y  were ra ised  in t he  
l abora to ry .  T h e  ne rve  cords  were r e m o v e d  unde r  R i n g e r ' s  
so lu t ion  buf fe red  a t  p H 6 . 5  w i th  0 . 0 0 5 M  Tris-HC1 
buffe r  7. Dissec t ions  were m a d e  f rom the  v e n t r a l  su r face  
and  on ly  the  thorac ic  and  a b d o m i n a l  po r t i ons  of the  
v e n t r a l  ne rve  cord were used.  Grea t  care was  t a k e n  to 
ensu re  t h a t  t h e  ne rve  cords  were free f rom fa t  b o d y  
t issue.  Th e  ne rve  cords were i n c u b a t e d  w i th  or w i t h o u t  
h o r m o n e  in sma l l  beakers  in a s h a k i n g  wa t e r  b a t h  a t  
30~ for 1 h. E p i n e p h r i n e  was  used  as  the  b i t a r t r a t e  
sa l t  a n d  5 -HT as  t h e  c rea t ine  su l fa te  complex .  Fo l lowing  
t he  per iod  of i n c u b a t i o n  the  ne rve  cords  were t r ans fe r r ed  
to a P o t t e r - E l v e h j e m  h o m o g e n i z e r  c o n t a i n i n g  1 ml  of a 
chil led so lu t ion  of 0 . 1 M  s o d i u m  f luoride in 0 . 0 1 M  
e t h y l e n e d i a m i n e  t e t r aace t i c  acid and  homogen i zed  for 
1 rain. Th e  h o m o g e n a t e s  (2 ne rve  cords / sample)  were 
t h e n  cen t r i fuged  for 10 m i n  a t  27,000g.  The  r e su l t ing  
s u p e r n a t a n t s  were t r an s f e r r ed  to t e s t  t u b e s  and  k e p t  on 
ice un t i l  r equ i red  for the  assay .  

Ac t ive  p h o s p h o r y l a s e  was  d e t e r m i n e d  us ing  the  m e t h o d  
of STEELEL For  t h e  d e t e r m i n a t i o n  of t o t a l  p h o s p h o r y l a s e  
5 ' -AMP was  inc luded  in t he  p h o s p h o r y l a s e  r e agen t  a t  a 
c o n c e n t r a t i o n  of 0 .0025M.  

T he  d a t a  g iven  in t he  Tab le  show t h a t  ep inephr ine  
was  w i t h o u t  an  effect  on p h o s p h o r y l a s e  ac t i v i t y  a t  a 
c o n c e n t r a t i o n  of 1 • 1 0 - 4 M  whereas  5 -HT at  t he  s a m e  
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c o n c e n t r a t i o n  showed  a n  u n e x p e c t e d  a l t h o u g h  i n t e r e s t i ng  
inh ib i t i on  of ac t iv i ty .  Th i s  i nh ib i t i on  w a s  g rea t ly  aug-  
m e n t e d  w h e n  t he  c o n c e n t r a t i o n  of 5 -H T  was  increased  
to  1 X 10-3M.  T h e  r e duc t i on  in p h o s p h o r y l a s e  a c t i v i t y  
is due  to a decrease  in t he  ac t ive  fo rm of t h e  e nz yme .  

T h e  fa i lure  of ep inephr ine  to  a c t i v a t e  p h o s p h o r y l a s e  
in t he  ne rve  cord was  u n e x p e c t e d ,  no t  because  it  h a s  
th i s  effect  in m a m m a l i a n  t i s sues  b u t  because  it  h a s  been  
s h o w n  t h a t  t he  insec t  fa t  b o d y  e n z y m e  will r e spond  to 
th i s  h o r m o n e  s . I t  m a y  be t h a t  e p ine ph r ine  is una b l e  
to en te r  t he  ne rve  cord. On  t he  o the r  h a n d  it  is poss ible  
t h a t  t h e  e n z y m e  s y s t e m  in t h e  ne rve  cord is d i f fe ren t  
f r om t h a t  of m a m m a l s  or even  t h a t  of t he  insec t  fa t  b o d y  
a nd  there fore  will no t  r e spond  to ep inephr ine .  

The  i nh ib i t o ry  effect  of 5 -H T  was  u n e x p e c t e d ,  pa r t i cu -  
lar ly  in v iew of t he  o b s e r v a t i o n  b y  1V[ANSOUR 6 t h a t  it  
h a d  an  a c t i v a t i n g  effect  on l iver  f luke musc le  p h o s p h o r y l -  
ase. However ,  it  is poss ible  t h a t  t he  m o d e  of ac t ion  of 
5 -H T  in musc l e  is qu i te  d i f fe ren t  f r om t h a t  in n e r v o u s  
t issue,  a n d  the re  m a y  be no s imp le  r e l a t ionsh ip  be tw een  
t he  effects  of th i s  c o m p o u n d  in the  2 t i ssues .  T h e  on ly  
o the r  r epor t  of inh ib i t ion  of p h o s p h o r y l a s e  by  5 -H T  is 
t h a t  of LEONARD a nd  DAY 9 who  used  u t e r ine  s m o o t h  
muscle .  The  o b s e r v a t i o n s  r epo r t ed  here  are all t h e  more  
i n t e r e s t i ng  in v iew of t he  s t u d y  b y  COLHOtZN 5 showing  
t h a t  ne rve  cord conta ins ,  a n d  is capab le  of syn thes i z ing ,  
5-HT.  I t  is obv ious  t h a t  t he  me t a bo l i c  role of 5 -H T  is 
still  poor ly  u n d e r s t o o d  a nd  m a n y  deta i l s  requi re  f u r t h e r  
resolu t ion .  Neve r the l e s s  a poss ible  n e u r o h u l n o r a l  role of 
th i s  s u b s t a n c e  in the  cockroach  ne rve  cord sugge s t s  t h a t  
n e r v o u s  cont ro l  m a y  be of cons iderab le  i m p o r t a n c e  in 
t he  r egu la t ion  of ne rve  cord m e t a b o l i s m .  

Zusammen/assung. Die P h o s p h o r y l a s e a k t i v i t ~ t  der  in 
v i t ro  m i t  1 • 10--4M 5 - H y d r o x y t r y p t a m i n e  i n k u b i e r t e n  
I n s e k t e n n e r v e n s t r g n g e  war  b e d e u t s a m  ver r inger t .  Der  
E f f e k t  sch ien  konzen t r a t ionsabh /~ng ig  zu sein, da  er s ich 
m i t  s t e igende r  5 - H T - K o n z e n t r a t i o n  ve r s tg rk te .  5 -HT 
v e r m i n d e r t e  die ak t ive  F o r m  des E n z y m s  im VerhSl tn i s  
zu dessen  i n a k t i v e r  Form.  E p i n e p h r i n  h a t t e  keine  Wir -  
kung .  
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% of phosphorylase active 

Control Hormone Change 

62.8 j_ 2.7 a Epinephrine 63.1 i 4.9 None 
(5) 1 x 1 0 - 4 M  (5) 

58.0 i 3.7 5-HT 42.0 ~ 2.6 --27.6% 
(10) 1 • 10 4M (9) ( P <  0.005) 

57.7 -[- 3.8 5-HT 23.8 ~_ 3.6 --58.8% 
(5) 1 • 10-aM (5) (P < 0.005) 

Mean ~- standard error of the mean. The number in brackets refers 
to the nmnber of observations. 
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