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INTRODUCTION

N e u r o s e c r e t o r y  c e l l s  h a v e  b e e n  shown to  b e  p r e s e n t  i n  

t h e  c e n t r a l  n e rv o u s  s y s te m  o f  b o t h  i n v e r t e b r a t e s  and v e r t e 

b r a t e s .  S c h a r r e r  and  S c h a r r e r  (1937) w ere  t h e  f i r s t  to  r e 

p o r t  t h e  p r e s e n c e  o f  t h e s e  c e l l s  i n  L um bricus  t e r r e s t r i s .

They h a v e  s i n c e  b e e n  shown t o  b e  p r e s e n t  t h r o u g h o u t  t h e  n e r 

v o u s  s y s te m  o f  t h e  e a r th w o rm  (Gabe, 1 9 6 6 ) .  I t  h a s  b een  s u g g e s t e d  

t h a t  i n  t h e  ea rthw orm  t h e s e  c e l l s  may b e  t h e  o n ly  s o u r c e  o f  h o r 

mone (B. S c h a r r e r ,  1 9 5 9 ) .  V a r io u s  s t u d i e s  h av e  shown t h a t  t h e  

s e c r e t i o n s  o f  t h e  n e u r o s e c r e t o r y  c e l l s  o f  t h e  b r a i n  o f  t h e  

e a rthw orm  p l a y  a  r o l e  i n  t h e  r e g u l a t i o n  o f  s e v e r a l  p h y s i o l o g i c a l  

f u n c t i o n s  o f  t h e  a n i m a l ,  s u c h  a s  c o n t r o l  and r e g u l a t i o n  o f  m a t u r a 

t i o n  o f  g am etes  (G abe, 1 9 6 6 ) ,  o s m o t ic  and i o n i c  r e g u l a t i o n  

(Kamemoto, 1964; Kamemoto e t  a l ,  1 9 6 6 ) ,  r e g e n e r a t i o n  (R a lp h ,  1 9 6 7 ) ,  

r e p r o d u c t i o n  and g ro w th  ( H e r l a n t - M e e w is , 1956; 1 9 6 1 ) .  T h e se  

s e c r e t i o n s  h av e  b e e n  shown t o  p l a y  a  r o l e  i n  c a r b o h y d r a t e  m e ta b o l i s m  

(L aw rence , C r a ig ,  and C lo u g h ,  1972 ; VandenBosch, 1 9 7 0 ) .  N e ls o n  

(1969) d e m o n s t r a t e d  a  p o s s i b l e  r o l e  i n  o x i d a t i v e  m e ta b o l i s m .

Work by  v a r i o u s  g r o u p s  h a v e  d e m o n s t r a te d  i n  b o t h  v e r t e b r a t e s  

and  i n v e r t e b r a t e s  t h a t ,  i n  a d d i t i o n  t o  p o l y p e p t i d e  s e c r e t i o n  o f  

t h e s e  n e u r o s e c r e t o r y  c e l l s ,  t h e r e  i s  a l s o  monoamine s e c r e t i o n  by 

t h e s e  n e u ro n s  o r  o t h e r  n e u r o n s  (Knowles and B e rn ,  1 9 6 6 ) .  B ia n c h i

( 1 9 6 7 ) ,  by h i s t o c h e m i c a l  t e c h n i q u e s ,  h a s  d e m o n s t r a te d  t h e  p r e s e n c e
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o f  amine s e c r e t i n g  n e u ro n s  i n  t h e  b r a i n  and th e  v e n t r a l  n e r v e  

c o rd  g a n g l i a  o f  t h e  e a r th w o rm , O c ta la s iu m  co m p lan a tu m . U s ing  

e l e c t r o n  m i c r o s c o p i c  t e c h n i q u e s  O sak i (1966) d e m o n s t r a t e d  a 

t y p e  o f  am ine n e u ro n  i n  t h e  g a n g l i a  o f  t h e  e a r th w o rm , E i s i n a  

f o e t i d a . B i a n c h i  h a s  s u g g e s t e d  t h a t  b a s e d  on m o r p h o l o g ic a l  and 

c h e m ic a l  c o m p o s i t i o n ,  t h e  same ty p e  o f  c e l l  s e c r e t e s  b o th  p e p 

t i d e s  and a m in e s .  However, M yhrberg  (1972) by e l e c t r o n  m ic r o 

s c o p i c  t e c h n i q u e  h a s  o b s e rv e d  some n e r v e  c e l l s  i n  L um bricus  

t e r r e s t r i s  w h ic h  a r e  d i f f e r e n t  from  n e u r o s e c r e t o r y  c e l l  b o d i e s ,  

i n  t h a t  t h e y  h a v e  s m a l l e r  and f e w e r  number o f  v e s i c l e s .  T h ese  

c e l l s  a r e  t h o u g h t  t o  s e c r e t e  a m in e s .

Rude ( 1 9 6 9 ) ,  by u s in g  t h i n  l a y e r  c h ro m a to g ra p h y  and s p e c t r o -  

f l u o r o m e t r i c  t e c h n i q u e s ,  h a s  d e m o n s t r a t e d  t h e  r e l a t i v e  amounts 

o f  t h e  d i f f e r e n t  am ines  p r e s e n t  i n  th e  v e n t r a l  n e r v e  c o rd  o f  

L um bricus  t e r r e s t r i s . Of t h e  c a te c h o la m in e s  p r e s e n t  dopam ine was 

found  t o  b e  t h e  p re d o m in a n t  o n e .  A d r e n a l i n  and n o r a d r e n a l i n e  

w e re  p r e s e n t  i n  r e l a t i v e l y  s m a l l  am oun ts .  S e r o t o n i n ,  an i n d o -  

l e a l k y l a m i n e ,  was p r e s e n t  i n  a much h i g h e r  q u a n t i t y  a m oun ting  t o  

a b o u t  two t im e s  t h e  amount o f  t h e  c a te c h o la m in e s .

Very l i t t l e  i s  known a b o u t  t h e  m echanism  r e g u l a t i n g  m e t a b o l i c  

a c t i v i t i e s  i n  t h e  i n v e r t e b r a t e s .  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  

t h e r e  a r e  some p a r a l l e l s  i n  s t r u c t u r e  and f u n c t i o n  b e tw e en  i n 

v e r t e b r a t e s  and  v e r t e b r a t e  e n d o c r i n e  s y s te m s  b u t  t h e r e  a r e  some 

i m p o r t a n t  d i f f e r e n c e s  (M ansour, 1967; R a lp h ,  1 9 6 7 ) .  K e e le y  and 

F r ied m an  (1969) and K e e le y  and W a d d i l l  (1971) d e m o n s t r a t e d  t h a t
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a  s u b s t a n c e  p r e s e n t  i n  t h e  c o rp u s  c a rd ia c u m  o f  t h e  c o c k ro a c h  

p l a y e d  a  r o l e  i n  r e g u l a t i n g  i t s  o x i d a t i v e  m e ta b o l i s m .  N e l s o n ,  

(1969) d e m o n s t r a t e d  a  s i m i l a r  e f f e c t  o f  some s u b s t a n c e  i n  t h e  

b r a i n s  o f  L um bricus  t e r r e s t r i s  on t h e  o x i d a t i v e  m e ta b o l i s m  of 

t h i s  e a r th w o rm . Removal o f  t h e  b r a i n  o f  t h i s  o rg a n is m  d e p r e s s e d  

oxygen  c o n su m p t io n  o f  i t s  i n t e s t i n a l  and body w a l l  t i s s u e s .

A d d i t i o n  o f  b r a i n  h om ogena tes  t o  t h e s e  i n  v i t r o  s y s te m s  i n c r e a s e d  

t h e i r  oxygen  c o n s u m p t io n .

The p u r p o s e  o f  t h e  p r e s e n t  s tu d y  was to  i n v e s t i g a t e  t h e  

c h e m ic a l  n a t u r e  o f  t h e  s u b s t a n c e  o r  s u b s t a n c e s  p r e s e n t  i n  t h e  b r a i n  

of L u m bricus  t e r r e s t r i s  w h ich  a f f e c t s  t h e  o x i d a t i v e  m e ta b o l i s m  of 

e x c i s e d  i n t e s t i n a l  and body w a l l  t i s s u e  o f  t h i s  e a r th w o rm . To 

a c c o m p l i s h  t h i s  i t  was p r o p o se d  t o  a s s a y  th e  n i n h y d r i n  p o s i t i v e  

f r a c t i o n  o f  t h e  w a t e r  s o l u b l e  e x t r a c t s  o f  t h e  s u p r a - p h a r y n g e a l  

g a n g l i a  o r  b r a i n  o f  t h i s  earthw orm  from  w h ich  t h e  w a t e r  s o l u b l e  

l i q u i d s  and m onoam ines have  b e e n  rem o v ed . The monoamines w h ic h  

a r e  p r e s e n t  i n  t h e  c e n t r a l  n e rv o u s  s y s te m  of L um bricus  t e r r e s t r i s  

w ere  a s s a y e d  as  w e l l  a s  w a t e r  s o l u b l e  e x t r a c t s  o f  b r a i n  t i s s u e  

o f  t h e  r a t  w h ic h  h a v e  b e e n  s u b j e c t e d  to  th e  same e x t r a c t i o n  and 

p u r i f i c a t i o n  p r o c e d u r e s  a s  t h e  ea r th w o rm  b r a i n .  The e f f e c t s  o f  

t h e s e  s u b s t a n c e s  on  oxygen  c o n su m p t io n  o f  i n t e s t i n a l  and body w a l l  

t i s s u e s  w e re  s t u d i e d .
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LITERATURE REVIEW

The p r e s e n c e  o f  n e u r o s e c r e t o r y  c e l l s  i n  L um bricus  

t e r r e s t r i s  was f i r s t  d e m o n s t r a t e d  by  S c h a r r e r  and S c h a r r e r  

(1 9 3 7 ) .  S in c e  t h e n ,  o t h e r  i n v e s t i g a t o r s  h a v e  shown t h a t  n e u ro 

s e c r e t o r y  c e l l s  a r e  p r e s e n t  i n  t h e  v e n t r a l  n e r v e  c o rd  and th e  

b r a i n  o f  L um bricus  t e r r e s t r i s  (Le G ra v e ,  1957; M arapao , 1959;

Gabe, 1966; and G o u d ie ,  1 9 6 8 ) .

A lth o u g h  d i f f e r e n t  t y p e s  o f  n e u r o s e c r e t o r y  c e l l s  h a v e  b een  

d e s c r i b e d  i n  v a r i o u s  s p e c i e s  o f  o l i g o c h a e t e s , H e r la n t -M e e w is  

(1956) h a s  c o n c lu d e d  t h a t  m o s t  o f  t h e  d i f f e r e n c e s  s e e n  a r e  a 

f u n c t i o n  o f  age  and s e c r e t o r y  a c t i v i t y .  On t h e  b a s i s  o f  l o c a t i o n ,  

a p p e a r a n c e  and s i z e ,  h o w e v e r ,  t h e r e  a r e  o n ly  two t y p e s  o f  n e u r o 

s e c r e t o r y  c e l l s  i n  L u m b r ic id a e ,  and t h e s e  c e l l s  h a v e  b e e n  d e 

s i g n a t e d  as a - c e l l s  and  b - c e l l s  (G o u d ie ,  1968 and M arapao , 1 9 5 9 ) .

The s e c r e t i o n s  o f  n e u r o s e c r e t o r y  c e l l s  i n  o l i g o c h a e t e  worms 

h a v e  b e e n  shown t o  b e  p h y s i o l o g i c a l l y  a c t i v e .  McVay (1942) demon

s t r a t e d  t h a t  hom o g en a tes  o f  t h e  b r a i n  o r  t h e  v e n t r a l  n e r v e  co rd  o f  

L u m bricus  t e r r e s t r i s  c o n t a i n e d  s u b s t a n c e s  w h ich  showed p o s i t i v e  

c h r o m a to g r a p h ic  r e s u l t s  i n  t h e  c r a y f i s h ,  C am barus .

O sm otic  and i o n i c  r e g u l a t i o n  i n  t h e  e a r th w o rm s ,  _E. f o e t i d a  

and 1L. t e r r e s t r i s  h a v e  b e e n  shown t o  b e  u n d e r  t h e  i n f l u e n c e  o f  

horm ones p ro d u ce d  i n  t h e  b r a i n  (Kamemoto, 1 9 6 4 ) .  Kamemoto e t  a l .  

(1962) had  p r e v i o u s l y  shown i o n i c  r e g u l a t i o n  i n  t h e s e  fo rm s .

4
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H i s to c h e m ic a l  s t u d i e s  o f  t h e  c e r e b r a l  g a n g l i a  from  L.  t e r r e s t r i s  

s u b j e c t e d  t o  h y p e r t o n i c  and h y p o to n ic  c o n d i t i o n s  l e d  G oudie

(1968) to  s u g g e s t  t h a t  s e c r e t i o n s  o f  t h e  a - t y p e  c e l l s  p l a y  a 

r o l e  i n  t h e  i o n i c  and  o s m o t ic  r e g u l a t i o n  o f  t h e  a n im a l .  O re n -  

s t e i n  (1971) d e s c r i b e d  n e u r o s e c r e t o r y  c e l l s  i n  t h e  v e n t r a l  n e r v e  

c o rd  s i m i l a r  i n  a p p e a r a n c e  t o  t h o s e  d e s c r i b e d  by  G oudie  i n  t h e  

b r a i n .  He d e m o n s t r a t e d  a  s i m i l a r  r e s p o n s e  by t h e  a - t y p e  c e l l s  

i n  t h i s  p a r t  o f  t h e  c e n t r a l  n e rv o u s  s y s te m  t o  o s m o t i c  s t r e s s .

He f u r t h e r  d e m o n s t r a t e d  t h a t ,  2-3 d a y s  a f t e r  d e b r a i n i n g ,  t h e  

n e u r o s e c r e t o r y  c e l l s  i n  t h e  v e n t r a l  n e r v e  c o rd  a p p a r e n t l y  became 

s e c r e t o r i l y  a c t i v e .

S t u d i e s  by d i f f e r e n t  r e s e a r c h  g r o u p s  h a v e  shown t h a t  t h e  

b r a i n  o f  o l i g o c h a e t e s  p r o d u c e s  s u b s t a n c e s  (ho rm o n es)  w h ich  a r e  

e s s e n t i a l  f o r  r e g e n e r a t i o n  (H ub l, 1956 ;  H e r l a n t - M e e w i s , 1 9 6 1 ) .

I n  h i s  s t u d i e s  w i t h  L u m b r ic id a e ,  Hubl fo u n d  t h a t  t h e  b - t y p e  c e l l s  

o f  t h e  c e r e b r a l  g a n g l i a  w e re  th e  s o u r c e  o f  t h e  horm ones  w h ich  

c o n t r o l  r e g e n e r a t i o n  i n  t h e  worm.

The horm ones o f  t h e  n e u r o s e c r e t o r y  c e l l s  i n  a n n e l i d s  h a v e  

a l s o  b e e n  i m p l i c a t e d  i n  t h e  r e g u l a t i o n  o f  g ro w th  and r e p r o d u c t i o n ,  

(G ave, 1966 ; H e r la n t - M e e w is ,  1956; D urchon , 1 9 6 2 ) .  From m o rp h o lo 

g i c a l  o b s e r v a t i o n s  b a s e d  on  h i s t o c h e m i c a l  s t u d i e s  o f  t h e  s u p r a -  

p h a r y n g e a l  g a n g l i a  o f  12. f o e t i d a  and L u m b ricu s  t e r r e s t r i s , H e r l a n t -  

Meewis (1955) n o t e d  t h a t  t h e  n e u r o s e c r e t o r y  p r o d u c t s  o f  t h e  a - c e l l s  

i n c r e a s e d  a t  t h e  t im e  o f  m a t u r a t i o n  and th e y  d e c r e a s e d  a t  t h e  end 

o f  o v i p o s i t i o n .  Removal o f  t h e  c e r e b r a l  g a n g l i o n  a t  t h e  t im e  o f
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m a t u r a t i o n  r e s u l t e d  i n  t h e  im m e d ia te  a r r e s t  o f  o v i p o s i t i o n  

and th e  m o r p h o l o g ic a l  a p p e a r a n c e  o f  a worm i n  h i b e r n a l  d i a 

p a u s e .  She a l s o  fo u n d  t h a t ,  i n  jS. f o e t i d a , a f t e r  rem o v a l  o f  

t h e  b r a i n ,  o v u l a t i o n  o c c u r r e d  o n l y  when t h e  c e r e b r a l  g a n g l i a  

and th e  p r e g a n g l i o n i c  c a p i l l a r y  n e tw o rk  had  b o t h  r e g e n e r a t e d .

From t h e s e  o b s e r v a t i o n s ,  H e r la n t -M e e w is  c o n c lu d e d  t h a t  s e c r e t o r y  

p r o d u c t s  o f  n e u r o s e c r e t o r y  c e l l s ,  p r o b a b l y  a - c e l l s  i n  t h e  b r a i n  

o f  E_. f o e t i d a  and L u m bricus  t e r r e s t r i s , w e re  r e s p o n s i b l e  f o r  

t h e  r e g u l a t i o n  o f  r e p r o d u c t i o n  i n  t h e s e  a n im a l s .

D urchon  (1962) o b s e rv e d  t h a t  e l e c t i v e  A b l a t i o n  o f  t h e  

c e r e b r a l  g a n g l i a  i n  IS. f o e t i d a , r e s u l t e d  i n  t h e  p r o g r e s s i v e  

d i s a p p e a r a n c e  o f  s o m a t ic  s e x  c h a r a c t e r i s t i c s  and t h e  a r r e s t  o f  

t h e  egg l a y i n g  p r o c e s s .  H ow ever, when t h e  g a n g l i a  r e g e n e r a t e d  

t h e  d i s a p p e a r e d  c h a r a c t e r i s t i c s  r e t u r n e d  t o  n o r m a l .  T h e se  ob 

s e r v a t i o n s  l e d  D urchon t o  s u g g e s t  t h a t  t h e  s e c o n d a r y  se x  c h a r 

a c t e r i s t i c s  o f  JS. f o e t i d a  a r e  c o n t r o l l e d  by horm ones o f  t h e  c e r e b r a l  

g a n g l i a .

I n  g e n e r a l ,  r e l a t i v e l y  l i t t l e  i s  known a b o u t  m e t a b o l i c  

m echan ism s i n  i n v e r t e b r a t e s  and even  l e s s  a b o u t  t h e i r  h o rm o n a l  

c o n t r o l .  Most o f  t h e  w ork done i n  t h i s  a r e a  h a s  b e e n  done w i th  

i n s e c t s ,  a r t h r o p o d s ,  t r e m a t o d e s  and r e l a t i v e l y  few o t h e r  i n v e r t e 

b r a t e s ,  (Van Der K l o o t ,  1962 ; Tombes, 1 9 7 0 ) .  L aw rence  e t  a l .  (1972) 

h a v e  shown t h a t  t h e  c e r e b r a l  g a n g l i o n  o f  I., t e r r e s t r i s  h a s  an e f f e c t  

on b lo o d  g l u c o s e  l e v e l s .  Removal o f  t h e  b r a i n  o f  t h e  worm r e s u l t e d  

i n  a d e c r e a s e  o f  g l u c o s e  l e v e l s ,  and i n j e c t i o n  o f  e x t r a c t s  o f  t h e
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c e r e b r a l  g a n g l i o n  r a i s e d  g l u c o s e  l e v e l s  o f  b o th  d e c e r e b r a t e d  

and n o n - d e c e r e b r a t e d  e a r th w o rm s .  Vanden Bosch (1970) demon

s t r a t e d  t h a t  two o f  t h e  f o u r  n i n h y d r i n  p o s i t i v e  f r a c t i o n s  of 

t h e  p a r t i a l l y  p u r i f i e d  w a t e r  e x t r a c t  o f  b r a i n s  o f  t h e  e a r t h 

worm c o n t a i n e d  h y p e r g ly c e m ic  f a c t o r s .

The b r a i n ,  c o r p o r a  c a r d i a c a  and c o r p o r a  a l l a t a  i n  i n s e c t s  

h av e  b e e n  s u g g e s t e d  t o  b e  t h e  s o u r c e  o f  a horm one o r  hormones 

w h ich  i n f l u e n c e  oxygen  c o n su m p tio n  and m e ta b o l i s m  i n  t h e s e  

a n im a l s .  L u s c h e r  and L e u t h f o l d  (1965) i n  t h e i r  s t u d y  o f  r e s p i r a 

t i o n  o f  i s o l a t e d  f a t  b o d i e s  from  L eucophae  m a d a r e , o b s e rv e d  t h a t  

t h e  a d d i t i o n  o f  b r a i n  o r  c o r p o r a  c a r d i a c a  h o m ogena te  to  th e  

medium e l e v a t e d  th e  r e s p i r a t i o n  o f  t h e  f a t  body s i g n i f i c a n t l y .  

W iens and G i l b e r t  (1965) a l s o  o b s e r v e d  t h a t  h om ogena te  o f  c o r p o r a  

c a r d i a c a  s t i m u l a t e d  oxygen c o n su m p tio n  o f  f a t  b o d i e s  from L,. 

m a d a r e . They s u g g e s t e d ,  t h e r e f o r e ,  t h a t  t h e  c o r p o r a  c a r d i a c a  may 

b e  a  s o u r c e  o f  s o m e th in g  (a  horm one) t h a t  s t i m u l a t e s  oxygen con

su m p t io n  and  r e d u c e s  c a rb o n  d i o x i d e  e v o l u t i o n  i n  v i t r o  by f a t  

b o d i e s  o f  L. m a d a r e . N e lso n  (1969) showed t h a t  rem ova l  o f  th e  

b r a i n  from  L_. t e r r e s t r i s  r e s u l t e d  i n  a  d e c r e a s e  o f  oxygen con

s u m p t io n  by  t h e  e x c i s e d  i n t e s t i n a l  and body  w a l l  t i s s u e s  o f  t h e  

worm up t o  t h e  t h i r d  day o f  d e c e r e b r a t i o n .  He a l s o  showed t h a t  

a d d i t i o n  o f  h o m o g en a te s  o f  t h e  b r a i n  t o  t h e  b a t h i n g  f l u i d  o f  t h e s e  

i n  v i t r o  s y s te m s  i n c r e a s e d  t h e  oxygen c o n s u m p t io n  o f  t i s s u e s  from 

b o t h  d e c e r e b r a t e d  and n o n - d e c e r e b r a t e d  w orm s.
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A n o th e r  e v id e n c e  f o r  t h e  h o rm o n a l  r e g u l a t i o n  o f  r e s p i r a 

t o r y  m e ta b o l i s m  i n  i n s e c t s  comes from  t h e  w ork of K e e ley  and 

W a d d i l l  ( 1 9 7 1 ) .  They h a v e  shown t h a t  a  n e u r o s e c r e t o r y  s u b s t a n c e  

p r o d u c e d  i n  t h e  b r a i n  and s t o r e d  i n  t h e  c o r p o r a  c a r d i a c a ,  when 

i n j e c t e d  i n t o  c a r d i e c t o m i z e d - a l l a t e c t o m i z e d  c o c k ro a c h e s ,  r e t u r n e d  

d e c r e a s e d  QC> 2  o f  t h e  f a t  body an d  m i t o c h o n d r i a  to  n o rm a l .  How

e v e r ,  K e e le y  and F r iedm an  (1969) h a d  d e m o n s t r a t e d  e a r l i e r  t h a t ,  

a d d i t i o n  o f  k ey  g l y c o l y t i c  and K re b s  c y c l e  i n t e r m e d i a t e s ,  d i s 

r u p t e d  c a r d i a c a  o r  m e t a b o l i c  c o f a c t o r s ,  had  no s i g n i f i c a n t  e f f e c t  

on t h e  oxygen c o n su m p tio n  o f  e i t h e r  t h e  f a t  b o d ie s  o r  t h e  m i t o 

c h o n d r i a  from  3 0 -d ay  c a r d i a t e c t o m i z e d - a l l a t e c t o m i z e d  J3. d i s c o i d a l i s . 

They h a d  s u g g e s t e d  t h a t  t h i s  o b s e r v a t i o n  may b e  due t o  a  b a s i c  

c h a n g e  i n  t h e  s t r u c t u r a l  o r  e n z y m a t i c  u n i t y  o f  t h e  m i t o c h o n d r i a  

i n  i n  v i t r o  s t u d i e s .

E x t r a c t i o n ,  i s o l a t i o n  and p u r i f i c a t i o n  o f  n e u r o s e c r e t o r y  

s u b s t a n c e s  (horm ones)  h a v e  b e e n  c a r r i e d  o u t  i n  i n v e r t e b r a t e s .  M ost 

o f  t h e  w ork  i n  t h i s  a r e a  h a s  b e e n  w i t h  i n s e c t s ,  m o l lu s c s  and 

c r u s t a c e a n s ;  o n ly  l i t t l e  h a s  b e e n  done  w i t h  a n n e l i d s .

Brown (1965) i s o l a t e d  n i n e  w a t e r - s o l u b l e  s u b s t a n c e s  from  

c o c k ro a c h  c a rd ia c u m ,  t h r e e  o f  w h ic h  a r e  p e p t i d e s .  The p e p t i d e s  

i n c r e a s e d  t h e  l e v e l s  o f  t r e h a l o s e  i n  t h e  hemolymph o f  t h e  c o c k 

r o a c h ,  and a l s o  an i n c r e a s e  i n  t h e  a m p l i t u d e  and f r e q u e n c y  o f  t h e  

c o c k r o a c h  h e a r t  and g u t .  T h e s e  e x t r a c t s  w ere  a c t i v e  e v e n  a t  v e r y  

low  c o n c e n t r a t i o n s .  Brown s u g g e s t e d  t h a t  t h e i r  e f f e c t  on t h e  

h e a r t  and t h e  g u t  does  n o t  n e c e s s a r i l y  r e p r e s e n t  a p h y s i o l o g i c a l
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f u n c t i o n  and t h a t  t h e i r  p a r t i c i p a t i o n  i n  o t h e r  h o m e o s t a t i c  

m echanism s m ust  b e  s u s p e c t e d .

Mordue and G o ls w o r th y  (1969) o b s e rv e d  t h a t  e x t r a c t s  of 

w ho le  c o r p o r a  c a r d i a c a  t a k e n  from  m a tu r e  m ale  L . m i g a t o r i a  and 

_S. g r e g a r i a  p r o d u c e  a  s i g n i f i c a n t  e l e v a t i o n  o f  t h e  t o t a l  hemo- 

lymph c a r b o h y d r a t e  when i n j e c t e d  i n t o  V_. a m e r ic a n a .  They s e p a 

r a t e d  f o u r  p e p t i d e  f r a c t i o n s  c h r o m a t o g r a p h i c a l l y  from  e x t r a c t s  

o f  w ho le  c o r p o r a  c a r d i a c e  f ro m  t h e s e  l o c u s t s .  Two o f  t h e s e  

f r a c t i o n s  p ro d u c e d  s i g n i f i c a n t  h y p e rg ly c e m ic  e f f e c t s  when a s s a y e d  

on P_. a m e r i c a n a .

Ic h ik a w a  and I s h i z a k a  (1 9 6 1 ,  1963) and I s h i z a k a  and I c h ik a w a  

(1967) e x t r a c t e d  b i o l o g i c a l l y  a c t i v e  w a t e r - s o l u b l e  s u b s t a n c e s  

( p o l y p e p t i d e s )  from  t h e  b r a i n  o f  t h e  Bombyx p u p a e .  A garw al and 

G re e b e rg  (1969) i s o l a t e d  p o l y p e p t i d e  compounds w i t h  h o rm ona l  

a c t i v i t y  ( m a in ta in a n c e  o f  r h y t h m i c i t y  i n  a c t i v e  h e a r t s )  from  f r e s h  

w a t e r  m o l l u s c s .  K l e i n h o l z  and  K im b a l l  (1965) e x t r a c t e d  w a t e r -  

s o l u b l e  p o l y p e p t i d e  s u b s t a n c e s  from  t h e  eye s t a l k  o f  t h e  c r u s t a c e a n  

_P. b o r e a l i c e s  and t h e s e  compounds showed c a r d i o r e g u l a t o r y  a c t i v i t y  

and h y p e rg ly c e m ic  a c t i v i t y .

Vanden Bosch (1970) d e v e lo p e d  p r e c e d u r e s  f o r  e x t r a c t i n g  t h e  

w a t e r  s o l u b l e  s u b s t a n c e s  from  ea r thw orm  b r a i n s .  T h e s e  w a t e r - s o l u b l e  

e x t r a c t s ,  w h ich  w e re  p a r t i a l l y  p u r i f i e d  by rem ov ing  m onoamines and 

w a t e r - s o l u b l e  l i p i d s ,  w e re  shown to  c o n t a i n  f o u r  n i n h y d r i n  p o s i t i v e  

f r a c t i o n s .  Two o f  t h e s e  f r a c t i o n s  w e re  shown t o  p r o d u c e  a h y p e r 

g ly c e m ic  e f f e c t  when i n j e c t e d  i n t o  e a r th w o rm s .
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As s t a t e d  p r e v i o u s l y ,  B i a n c h i  ( 1 9 6 7 ) ,  and O s a k i  (1966) 

h av e  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  am ine s e c r e t o r y  c e l l s  i n  t h e  

e a r th w o rm s ,  (). com planaturn  and E_. f o e t i d a . M yhrberg  (1972) 

l o c a l i z e d  m onoam ines i n  t h e  c e n t r a l  n e rv o u s  sy tem  o f  L . t e r r e s t r i s . 

Rude (1966) d e t e r m i n e d  t h a t ,  o f  t h e  c a te c h o la m in e s  p r e s e n t  i n  th e  

v e n t r a l  n e r v e  c o rd  o f  _L. t e r r e s t r i s , dopam ine p r e d o m in a te d  and 

r e l a t i v e l y  s m a l l  am oun ts  o f  a d r e n a l i n e  and n o r a d r e n a l i n e  w e re  p r e 

s e n t .  About t w i c e  a s  much s e r o t o n i n ,  an i n d o le a m i n e ,  was p r e s e n t  

a s  t h e  c a t e c h o l a m i n e s .  He a l s o  c o n c lu d e d  t h a t  m onoam ines c e r t a i n l y  

p l a y  a r o l e  i n  n e u r o t r a n s m i s s i o n  i n  t h e  e a r th w o rm . C a te c h o la m in e s  

h a v e  b e e n  shown t o  a c t  a s  n e u r o t r a n s m i t t e r s  i n  c e r t a i n  i n v e r t e b r a t e s  

f o r  exam ple  a r t h r o p o d s ,  m o l l u s c s ,  (M urdock, 1971 ; B u l l o c k  and 

H o r r id g e ,  1 9 6 5 ) .  W h e th e r  t h e y  p l a y  a  h o rm o n a l  r o l e  o v e r  and  above 

t h i s  r o l e  o f  s y n a p t i c  t r a n s m i s s i o n  i s  n o t  known. M yhrberg  (1972) 

c o n c lu d e d  t h a t  t h e  am ine  s e c r e t i n g  c e l l s  o f  t h e  c e n t r a l  n e rv o u s  

sy s te m  o f  I,, t e r r e s t r i s  d id  n o t  c o n t a i n  n e u r o s e c r e t o r y  g r a n u l e s  

and th u s  w e re  d i s t i n c t  from t h e  c h a r a c t e r i s t i c  n e u r o s e c r e t o r y  c e l l s .

Amines a r e  o b s e r v e d  t o  p ro d u c e  e f f e c t s  i n  many d i f f e r e n t  

o r g a n s  and t i s s u e s  o f  v e r t e b r a t e s ,  t h e  e f f e c t s  b e i n g  m a n i f e s t e d  i n  

a number o f  w a y s .  T h u s ,  t h e  h e a r t  w i l l  b e a t  m ore  f o r c e f u l l y  and 

more r a p i d l y  i n  r e s p o n s e  t o  c e r t a i n  a m in e s ,  w h i l e  sm ooth  m u sc le  

may c o n t r a c t  o r  r e l a x  d e p e n d in g  on i t s  a n a to m ic a l  l o c a t i o n  o r  on 

i t s  p h y s i o l o g i c a l  o r  p h a r m a c o l o g i c a l  s t a t u s ,  o r  b o t h .  Many t i s s u e s  

d i s p l a y  a l t e r a t i o n s  i n  m e ta b o l i s m  a f t e r  e x p o s u r e  t o  a m in e s ,  an 

e s p e c i a l l y  p r o m in e n t  m e t a b o l i c  e f f e c t  i s  t h e  i n c r e a s e  i n  g l y c o -  

g e n o l y s i s  p ro d u c e d  by  c a te c h o la m in e s  i n  t h e  l i v e r  and s k e l e t a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

m u s c le  o f  v e r t e b r a t e s .

W ith  r e g a r d  t o  i n v e r t e b r a t e  m e ta b o l i s m  v e r y  l i t t l e  h a s  

b e e n  done w i t h  a m in e s  e s p e c i a l l y  c a t e c h o l a m i n e s .  T h a t  s e r o t o n i n  

(5-HT) h a s  a  m u l t i p l e  r o l e  seems c l a r  (P a g e ,  1 9 5 8 ) .  S in c e  t h e  

e a r l y  e v id e n c e  t h a t  s e r o t o n i n  m ig h t  s e r v e  a s  a  c a r d i o r e g u l a t o r  

i n  m o l l u s c s  and c r u s t a c e a n s  (E rspam er and G h i r e t t i ,  1951; W elsh 

1963) , t h e r e  h a v e  b e e n  a d d i t i o n a l  i n d i c a t i o n s  t h a t  s e r o t o n i n  may 

p l a y  o t h e r  r o l e s  i n  c e r t a i n  i n v e r t e b r a t e s .  S e r o t o n i n  h a s  b e e n  

shown to  b e  a c t i v e  o n  a  number o f  i n v e r t e b r a t e  m u s c le  p r e p a r t i o n s  

(C o lh o u n ,  1 9 6 3 ) .  T h i s  e v id e n c e  would  p o i n t  t o  a  h o rm ona l  r o l e  o f  

t h i s  am ine  i n  i n s e c t s  and  p o s s i b l y  a l l  i n v e r t e b r a t e s .

E v id e n c e  h a s  b e e n  a c c u m u la t in g  t h a t  s e r o t o n i n  p l a y s  a  r o l e  

i n  c a r b o h y d r a t e  m e ta b o l i s m  i n  b o t h  v e r t e b r a t e s  and i n v e r t e b r a t e s ,  

(M ansour ,  1 9 5 9 a ,  19 5 9 b ,  1964, 1967 ; M ansour and M enard , 1960; 

S u t h e r l a n d  and R a i l ,  1962 ; Goodman and G ilm an ,  1 9 7 0 ) .  M ansour 

and Lago (1958) showed t h a t  a d d i t i o n  o f  s e r o t o n i n  t o  t h e  p a r a s i t i c  

t r e m a t o d e ,  F a s c i o l a  h e p a t i c a , p ro d u c e d  a c o n s i d e r a b l e  i n c r e a s e  i n  

g l u c o s e  u p t a k e ,  and i n c r e a s e d  p r o d u c t i o n  o f  l a c t i c  a c i d  a lo n g  w i t h  

an  i n c r e a s e d  m o t i l i t y .  T h ese  e f f e c t s  w e re  n o t  o b s e r v e d  when 

c a t e c h o la m in e s  w e re  a d d e d .  Mansour (1967) s u b s e q u e n t l y  fo u n d  t h a t  

t h e  a c t i v e  p h o s p h o r y l a s e  c o n t e n t  i n  t h e s e  p a r a s i t e s  was i n c r e a s e d  

f o l l o w i n g  a d d i t i o n  o f  s e r o t o n i n .  The s e r o t o n i n  i n c r e a s e d  t h e  

f o r m a t i o n  o f  3 ,  5-AMP i n  th e  p a r t i c u l a t e  p r e p a r a t i o n s  o f  t h e s e  worms 

w h i l e  t h e  c a t e c h o l a m i n e s  d id  n o t .

Work o f  M ansour and o t h e r s  h a s  shown t h a t  t h e  e f f e c t s  o f
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s e r o t o n i n  on c a r b o h y d r a t e  m e ta b o l i s m  i n  t h e  l i v e r  f l u k e  a p p e a r  

to  b e  a n a lo g o u s  t o  c e r t a i n  e f f e c t s  o f  c a t e c h o la m in e s  and g l u 

cagon  i n  mammalian t i s s u e s .  I n  t h e  l i v e r  f l u k e ,  f o r  e x a m p le ,  

s e r o t o n i n  a c t s  and s t i m u l a t e s  g l y c o g y n o l y s i s  d i r e c t l y  by 

a c t i v a t i n g  a d e n y l  c y c l a s e  and by p r o m o t in g  t h e  f o r m a t i o n  o f  

cyc lic-A M P t h u s  i n c r e a s i n g  p h o s p h o r y l a s e  a c t i v i t y ,

Moore and G o s s e l i n  (1962) h a v e  shown t h a t  s e r o t o n i n  i n 

c r e a s e d  t h e  endogenous  r e s p i r a t i o n ,  t h e  r a t e  o f  g ly c o g e n  u t i l i z a 

t i o n  and l a c t i c  a c id  p r o d u c t i o n  o f  t h e  g i l l s  o f  t h e  m o l l u s c ,  

M o d io lu s  d e m i s s u s , i n c u b a t e d  i n  s e a  w a t e r .  B o th  e p i n e p h r i n e  and 

n o r e p i n e p h r i n e  s t i m u l a t e d  l a c t i c  a c i d  p r o d u c t i o n  by  t h e  g i l l s  

b u t  o n l y  a t  c o n c e n t r a t i o n s  t e n  f o l d  h i g h e r  t h a n  t h a t  o f  s e r o t o n i n .  

M i l t o n  and  G o s s e l i n  (1960) o b s e rv e d  i n  E d u l i s , and M od io lu s  

d e m is s u s  r e s u l t s  s i m i l a r  t o  t h o s e  a b o v e .  S e r o t o n i n  i n c r e a s e d  t h e  

oxygen  c o n s u m p t io n  o f  hom o g en a tes  o f  t h e  g i l l  p l a t e s  o f  t h e s e  

m o l l u s c s .

Bauchau  e t  a l .  (1968) have  shown t h a t  s e r o t o n i n  i n c r e a s e s  

t h e  p h o s p h o r y l a s e  i n  t h e  m u sc le  o f  t h e  c r a b .

I n c r e a s e  i n  t h e  a m p l i t u d e  and f r e q u e n c e  o f  c o n t r a c t i o n  o f  

t h e  g u t  o f  .P. a m e r ic a n a  was c a u se d  by  t h e  a d d i t i o n  o f  s e r o t o n i n .

The g u t  was m ore s e n s i t i v e  to  s e r o t o n i n  t h a n  th e  w a t e r - s o l u b l e  

p e p t i d e s  e x t r a c t e d  from  t h e  c o rp u s  c a r d i a c u m ,  (Brown, 1 9 6 5 ) .  

S e r o t o n i n  h a s  b e e n  shown t o  s t i m u l a t e  t h e  c o n t r a c t i l i t y  o f  t h e  

h e a r t  o f  Venus m e r c e n a r i a  a t  much lo w e r  c o n c e n t r a t i o n  t h a n  th e  

c a t e c h o l a m i n e s .  I t  i s  s p e c u l a t e d  t h a t  s e r o t o n i n  h a s  a  h o rm o n a l  

r e g u l a t o r y  f u n c t i o n  i n  t h e  c a r b o h y d r a t e  m e ta b o l i s m  i n  i n v e r t e b r a t e s
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s i m i l a r  to  t h a t  o f  e p i n e p h r i n e  i n  some t i s s u e s  o f  h i g h e r  

a n i m a l s ,  (M ansour, 1 9 6 7 ) .
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MATERIALS AND METHODS

G e n e r a l  P r o c e d u r e s

The e a r th w o rm s ,  L um bricus  t e r r e s t r i s , w h ich  w e re  u s e d  

f o r  t h i s  i n v e s t i g a t i o n  w e re  o b t a i n e d  f rom  a  l o c a l  b a i t  shop 

i n  K alam azoo , M ic h ig a n .  The worms w ere  k e p t  i n  m o i s t  s o i l  and 

m a i n t a i n e d  a t  a  t e m p e r a t u r e  r a n g e  o f  f i v e  t o  s e v e n  d e g r e e s  

c e n t i g r a d e  i n  a  r e f r i g e r a t o r .  Only  t h o s e  worms w h ich  showed no 

body damages o r  s l u g g i s h n e s s  and had p r o m in e n t  c l i t e l l a e ,  an 

i n d i c a t i o n  o f  m a t u r i t y ,  w ere  u s e d  f o r  t h e  i n v e s t i g a t i o n .  The 

i n t e s t i n a l  and body  w a l l  t i s s u e s  w ere  u s e d  b e c a u s e  o f  t h e  d i f f e r 

en c e  i n  t h e i r  f u n c t i o n  and s t r u c t u r e .  The i n t e s t i n a l  t i s s u e  i s  

t h e  m ain  s t o r a g e  o r g a n  f o r  g ly c o g e n  and h a s  a  h i g h e r  m e t a b o l i c  

a c t i v i t y  t h a n  t h e  body  w a l l  ( U r ic h ,  1964; O g a ta  and M o ri ,  1 9 6 4 ) .  

A l l  m ea su rem e n ts  o f  oxygen  con su m p tio n  w e re  made t h r e e  d ays  p o s t -  

d e b r a i n i n g  b e c a u s e  i t  had  b e e n  shown t h a t  t h e  e f f e c t  o f  d e b r a i n i n g  

was m axim al a t  t h a t  t im e  ( N e ls o n ,  1 9 6 9 ) .  The f o l l o w i n g  g e n e r a l  

p r o c e d u r e s  and m e th o d s  w ere  a p p l i e d  t o  a l l  worms u n l e s s  o t h e r w i s e  

s t a t e d .

T i s s u e  P r e p a r a t i o n

A l l  worms w e re  a n e s t h e t i s e d  f o r  t h r e e  m in u te s  i n  t e n  p e r c e n t  

e t h a n o l .  A f t e r  t h e  t h r e e  m in u te s  t h e  worms w e re  rem oved from  t h e  

a l c o h o l  s o l u t i o n  and r i n s e d  i n  c o ld  t a p  w a t e r .  Some o f  t h e  worms

14
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w ere  d e b r a i n e d  and  some w e re  n o t .  The b r a i n  was e x c i s e d  by 

m aking  a  d o r s a l  l o n g i t u d i n a l  i n c i s i o n  from  t h e  se c o n d  segm en t 

t o  t h e  f i t h  s e g m e n t .  The b i l o b e d  . s u p r a p h a r y n g e a l  g a n g l i o n  

( t h e  b r a i n )  t h u s  ex p o sed  was q u i c k l y  and c a r e f u l l y  c u t  away from 

t h e  s u r r o u n d i n g  t i s s u e s  and rem oved . B o th  g r o u p s  o f  worms, e x p e r i 

m e n ta l  ( d e b r a i n e d )  and c o n t r o l  ( n o n - d e b r a i n e d )  w e re  p l a c e d  i n  m o is t  

p a p e r  t o w e l l i n g  i n  s e p a r a t e  c o n t a i n e r s  and m a i n t a i n e d  i n  t h e  r e f r i 

g e r a t o r  f o r  t h r e e  d a y s .  A l l  e x c i s e d  b r a i n s  w e re  p l a c e d  e i t h e r  i n  

one  m i l l i l i t e r  o f  c o n c e n t r a t e d  m e th a n o l  o r  i n  one  m i l l i l i t e r  o f  

ea r th w o rm  p h y s i o l o g i c a l  s a l i n e  and  k e p t  i n  t h e  f r e e z e r  com partm ent 

o f  a r e f r i g e r a t o r  a t  a  t e m p e r a t u r e  r a n g e  o f  -8 °C  t o  -1 0 °C  f o r  

f u t u r e  u s e .

A f t e r  t h e  t h r e e  d a y s  t h e  worms w ere  rem oved fro m  t h e  p a p e r  

t o w e l l i n g  and  s e c t i o n s  o f  t h e i r  i n t e s t i n e  and body w a l l s  w ere  

p r e p a r e d  f o r  a n a l y s i s  o f  oxygen c o n s u m p t io n .  T h i s  was done  by 

m aking  a  l o n g i t u d i n a l  i n c i s i o n  f rom  t h e  f i f t e e n t h  segm en t  t o  th e  

l a s t  p o s t e r i o r  s e g m e n t .  The body  w a l l  was t h e n  p in n e d  down to  

e x p o s e  t h e  i n t e s t i n e  and t h e  i n t e r s e g m e n t a l  p a r t i t i o n s  w ere  c u t  to  

f r e e  t h e  i n t e s t i n e  from  t h e  body w a l l .  The i n t e s t i n e  was s l i t  open 

and t h e n  rem oved  from  t h e  body o f  t h e  worm. C are  was t a k e n  t h a t  

no p a r t  o f  t h e  v e n t r a l  n e r v e  c o rd  a d h e r e d .  The t i s s u e  was r i n s e d  

t h o r o u g h l y  i n  c o l d  0.8% non n u t r i t i v e  i s o t o n i c  e a r th w o rm  p h y s i o l o 

g i c a l  s a l i n e ,  ( T a b le  1) to  rem ove n o t  o n ly  a l l  t h e  i n t e s t i n a l  

c o n t e n t s  b u t  d i g e s t i v e  enzymes a s  w e l l .  A 250 -  25 m i l l i g r a m  sam p le  

o f  t h e  i n t e s t i n a l  t i s s u e  was p l a c e d  i n  t h e  b a s i n  o f  t h e  m an o m e tr ic
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f l a s k .  T h is  250 m i l l i g r a m  t i s s u e  sa m p le  d i s p l a c e d  0 .2 5  m i l l i 

l i t e r s  o f  p h y s i o l o g i c a l  s a l i n e  ( Jo h n  N e l s o n ,  1 9 6 9 ) .  T h r e e  

m i l l i l i t e r s  o f  s a l i n e  was added  t o  t h e  t i s s u e  i n  t h e  b a s i n  o f  

th e  f l a s k  g i v i n g  a f i n a l  vo lum e o f  3 .2 5  m i l l i l i t e r s .

TABLE I

COMPOSITION OF THE ISOTONIC EARTHWORM 
PHYSIOLOGICAL SALINE USED IN THIS INVESTIGATION, 

(WELCH AND SMITH, 1969)

Compound Amount i n  M i l l i l i t e r s

0 .5 4  M NaCl 250 m l

0 .5 4  M KC1 5 ml

0 .3 6  M CaCl2 5 ml

0 .3 6  M MgCl2  1 m l

0 .4 4  M NaS04 1 ml

P h o s p h a te  B u f f e r  o f  pH 7 .4  100 ml

T h is  was d i l u t e d  t o  one  l i t e r  w i t h  d i s t i l l e d  w a t e r .

I n  t h e  c a s e s  w h e re  a d d i t i v e s  w e re  added  t o  t h e  c o n t e n t s  i n  

th e  b a s i n  o f  t h e  f l a s k  d u r i n g  th e  e x p e r i m e n t ,  th e  t h r e e  m i l l i l i t e r s  

o f  s a l i n e  was r e d u c e d  by  t h e  amount o f  a d d i t i v e  t o  b e  a d d e d .  The 

f l a s k  was r e f r i g e r a t e d  u n t i l  t h e  o t h e r  f l a s k s  w e re  r e a d y .

S e c t i o n s  o f  t h e  body w a l l  from  a p p r o x i m a t e ly  t h e  same a r e a  

from  w h ich  t h e  i n t e s t i n a l  t i s s u e s  w e re  rem oved w e re  c a r e f u l l y  

s c r a p p e d  so  as  t o  rem ove t h e  b lo o d  v e s s e l s ,  v e n t r a l  n e r v e  c o rd  and 

t h e  r e m a in s  o f  t h e  i n t e s t i n e .  T h e se  s e c t i o n s  o f  bod y  w a l l  t i s s u e s
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w e re  t h e n  r i n s e d  i n  c o ld  0.8% s a l i n e  a n d ,  u s i n g  t h e  same p r o 

c e d u re  a s  o u t l i n e d  a b o v e ,  t h e  t i s s u e s  w e re  p r e p a r e d  f o r  d e t e r 

m i n a t i o n  o f  oxy g en  c o n s u m p t io n .  The same w e ig h t  o f  t i s s u e  and 

vo lum e o f  s a l i n e  was u s e d .  I t  t o o k  a p p r o x i m a t e ly  s i x  t o  se v en  

m in u te s  t o  d i s s e c t  t h e  t i s s u e s  o u t  and s e t  them up i n  e a ch  mano- 

m e t r i c  f l a s k .  T o t a l  p r e p a r a t i o n  t im e  f o r  any  e x p e r im e n t  depended  

on t o t a l  num ber  o f  f l a s k s  p r e p a r e d .

D e t e r m i n a t i o n  o f  Oxygen Consum ption

Oxygen c o n s u m p t io n  o f  t h e  i n t e s t i n a l  and body  w a l l  t i s s u e s  

was m e a s u re d  by  W arburg m a n o m e tr ic  m ethod  ( U m b r ie t ,  1 9 6 8 ) .  The 

g a s  p h a s e  w as  a i r  and t h e  l i q u i d  p h a s e  was non  n u t r i t i v e ,  i s o t o n i c  

ea r thw orm  p h y s i o l o g i c a l  s a l i n e .  M anom etric  m e a s u re m e n ts  w ere made 

i n  a c o n s t a n t  t e m p e r a t u r e  w a t e r  b a t h  a t  1 4 .5 ° C - .5 ° C  e q u ip p e d  w i t h  

a  t h e r m o r e g u l a t o r .  A f o r t y  m in u te  t e m p e r a t u r e  and  p r e s s u r e  

e q u i l i b r a t i o n  p e r i o d  was a l lo w e d  w i t h  t h e  m anom eto r  s to p c o c k s  

opened  b e f o r e  any r e a d i n g s  w e re  t a k e n .  At t h e  end o f  t h e  f o r t y  

m in u te  e q u i l i b r a t i o n  p e r i o d ,  t h e  l e v e l s  o f  t h e  B r o d i e ' s  s o l u t i o n  

i n  t h e  m an o m e te rs  w e re  s e t  a t  250 m i l l i l i t e r s  and  t h e  m anom eter 

s t o p c o c k s  w e r e  c l o s e d .  R e a d in g s  w e re  t a k e n  a t  one  h o u r  i n t e r v a l s  

f o r  f o u r  h o u r s .

The W arburg  f l a s k s  and m anom ete rs  w h ich  w e re  u s e d  i n  t h i s  

i n v e s t i g a t i o n  w e re  c a l i b r a t e d  by u s i n g  t h e  m ethod  s u g g e s t e d  by 

U m b r ie t ,  ( 1 9 6 8 ) .  The f l a s k  c o n s t a n t  f o r  e a ch  f l a s k  was c a l c u l a t e d  

u s i n g  t h e  f o r m u la :
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Vg (273) + (V f )a
T

K =
Po

K: t h e  f l a s k  c o n s t a n t .

Vg: t h e  g a s  p h a s e  o f  t h e  c l o s e d  sy s tem  w hich

i n  t h i s  i n v e s t i g a t i o n  was a i r .

V f : t h e  vo lum e o f  t h e  f l u i d  p h a s e .  The t o t a l

vo lum e o f  f l u i d  u se d  i n  t h e  f l a s k  was 3 .3 5  

m i l l i l i t e r s  a t  a l l  t i m e s .  T h is  vo lum e was 

made up o f :

i .  250 mg o f  t i s s u e ,  

i i .  3 ml o f  i s o t o n i c  earthw orm  s a l i n e  

e x c e p t  i n  c a s e s  x^here a d d i t i v e s  

w e re  added  t o  t h e  f l a s k  c o n t e n t  

d u r in g  t h e  e x p e r im e n t ,  

i i i .  0 . 1  ml o f  p o t a s s i u m  h y d r o x id e ,  

a :  t h e  s o l u b i l i t y  o f  th e  g a s  (oxygen i n  t h i s

e x p e r im e n t )  i n  t h e  f l u i d  a t  T°C. ( a  = 0 .0 3 6 8 ,  

U m b r ie t ,  1 9 6 8 ) .

T ° :  t h e  t e m p e r a t u r e  o f  t h e  f l u i d  w h ich  was 1 4 . 5 - 0 . 5  C.

Pq : t h e  p r e s s u r e  o f  t h e  B r o d i e ' s  s o l u t i o n  i n  m i l l i 

l i t e r s  o f  m erc u ry  w h ic h  was 1 0 ,0 0 0 .

At t h e  end o f  t h e  f o u r  h o u r s  e a ch  t i s s u e  was b l o t t e d  dry  

and  p l a c e d  on  an aluminum pan w h ich  h a d  b e e n  p r e v i o u s l y  k e p t  i n  

a  d e s s i c a t o r  c o n t a i n i n g  d ry  r i t e  f o r  s i x  h o u r s  t o  a b s o rb  any

_+« _o
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m o i s t u r e  w h ich  m ig h t  b e  p r e s e n t  i n  t h e  p a n s .  The t i s s u e s  

w ere  d r i e d  t o  a  c o n s t a n t  w e ig h t  w i t h  an  Ohaus M o is tu r e  D e t e r 

m in a t i o n  W eigh ing  b a l a n c e ,  w i th  t h e  b u l b  s e t  a t  one i n c h  from  

t h e  pan  and  a t  a  s e t t i n g  o f  s i x .  T h u s ,  t h e  d r y in g  t e m p e r a t u r e  

was 2 50°F . A l l  t h e  e x p e r im e n t s  w ere  r u n  w i t h i n  a p p r o x im a te ly  

t h e  same t im e  p e r i o d ,  9am-2pm.

The r e s u l t s  o b t a i n e d  f o r  t h e  i n v e s t i g a t i o n  w ere  e x p r e s s e d  

i n  te rm s  o f  an  oxygen  q u o t i e n t .  The QC^ (d ry  w e ig h t )  d e n o te s  

m i c r o l i t e r s  o f  oxygen  consum ed, m e a s u re d  u n d e r  s t a n d a r d  c o n d i 

t i o n s ,  p e r  m i l l i g r a m  d ry  w e ig h t  o f  t i s s u e  p e r  h o u r .  The mean 

oxygen q u o t i e n t s  f o r  t h e  f o u r  h o u r s  w e re  d e te r m in e d  f o r  each  

t i s s u e  and t h i s  mean v a l u e  was u s e d  f o r  a l l  a n a l y s e s .

A n a l y s i s  o f  v a r i a n c e  was u s e d  t o  a n a l y s e  t h e  d a t a  s t a t i s t i 

c a l l y  and a  90 p e r c e n t  c o n f id e n c e  l i m i t  was u se d  f o r  s i g n i f i c a n c e .

E x p e r im e n ta l  P r o c e d u r e s

Oxygen C onsum ption  o f  T i s s u e s  From D e b r a in e d ,  C o n t r o l  N o n -D e b ra in e d  
D e b r a i n e d - D e c a p i t a t e d  and C o n t r o l  N o n - D e c a p i t a t e d  Earthw orm s

T h r e e - d a y  d e b r a i n e d  and n o n - d e b r a in e d  ea rthw orm s w ere  u s e d  t o  

s tu d y  t h e  e f f e c t  o f  t h e  a b s c e n c e  o f  t h e  b r a i n  on th e  oxygen con

s u m p t io n  ( b e t a b o l i s m )  o f  t h e  i n t e s t i n a l  and body w a l l  t i s s u e s  o f  

t h e  e a r th w o rm . The t i s s u e s  w ere p r e p a r e d  f o r  r u n s  u s in g  t h e  p r o 

c e d u re  p r e v i o u s l y  o u t l i n e d ,  e x c e p t  i n  t h e  c a se  o f  t h e  d e c a p i t a t e d  

worms w here  t h e  a n t e r i o r  t e n  se g m e n ts  o f  t h e  worm w ere q u i c k l y  

d e c a p i t a t e d  b e f o r e  d i s s e c t i n g  o u t  t h e  i n t e s t i n a l  and body w a l l
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t i s s u e s  a s  p r e v i o u s l y  d e s c r i b e d .  The d e c a p i t a t i o n  was done 

to  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  t h e  s u p r a p h a r y n g e a l  g a n g l i o n  

r e l e a s i n g  horm ones o r  s u b s t a n c e s  d u r in g  d i s s e c t i n  o u t  o f  th e  

t i s s u e s  b e in g  s t u d i e d  and th u s  i n f l u e n c i n g  t h e i r  oxygen con

s u m p t io n .

E f f e c t  o f  E arthw orm  B r a in  Hom ogenate and V e n t r a l  N erve  Cord 
Homogenate on t h e  Oxygen C onsum ption  o f  I n t e s t i n a l  and  Body 
W all  T i s s u e s  From C o n t r o l  and E x p e r im e n t a l  Earthw orm s

The e f f e c t  o f  hom ogena tes  o f  e a r th w o rm  b r a i n  and v e n t r a l  

n e r v e  c o rd  on oxygen c o n su m p tio n  o f  i n t e s t i n a l  and body  w a l l  

t i s s u e s  from  t h r e e - d a y  d e b r a i n e d  and  n o n - d e b r a in e d  worms w ere  

hom ogen ized  i n  a hand  g l a s s  h o m o g e n iz e r  f o r  f i v e  m in u te s  i n  

p h y s i o l o g i c a l  s a l i n e .  I n  a l l  c a s e s  t h e  volume o f  t h e  hom ogenate  

was a d j u s t e d  t o  g i v e  hom ogenate  c o n c e n t r a t i o n  o f  s i x  b r a i n s  p e r  

m i l l i l i t e r .  One m i l l i l i t e r  o f  t h e  b r a i n  hom ogenate  was added  

t o  t h e  m an o m e tr ic  f l a s k  w hich  c o n t a i n e d  2 ml o f  s a l i n e .  The 

f i n a l  c o n c e n t r a t i o n  o f  t h e  b r a i n  i n  t h e  f l a s k  was t h e r e f o r e  two 

b r a i n s  p e r  m i l l i l i t e r  o f  s o l u t i o n .  The e f f e c t  o f  one b r a i n  p e r  

m i l l i l i t e r  o f  s o l u t i o n  was a l s o  s t u d i e d .

1 .0 5 9  grams o f  v e n t r a l  n e r v e  c o rd  t i s s u e  waak hom ogen ized  i n  

s a l i n e  and  th e  volum e o f  t h e  hom ogena te  was b r o u g h t  up t o  10 m l.  

One m i l l i l i t e r  o f  t h e  m ix t u r e  was added  t o  2 ml o f  s a l i n e  i n  t h e  

W arburg f l a s k .  The e x p e r i m e n t a l  p r o c e d u r e  a s  d e s c r i b e d  b e f o r e  

was f o l lo w e d  t o  m e a su re  t h e  e f f e c t  o f  b r a i n  and v e n t r a l  n e r v e  c o rd  

hom ogena te  on t h e  ea r thw orm  body w a l l  and  i n t e s t i n a l  t i s s u e s .
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E f f e c t s  o f  Monoamines on t h e  Oxygen C onsum ption  o f  Body 
W all  and I n t e s t i n a l  T i s s u e s  From C o n t r o l  and E x p e r im e n ta l  
E arthw orm s

The e f f e c t  o f  t h e  m onoam ines, e p i n e p h r i n e  ( a d r e n a l i n e ) ,  

m o r a d r e n a l i n e ,  s e r o t o n i n ,  and dopam ine on oxygen  co n su m p tio n  

o f  ea r th w o rm  i n t e s t i n a l  and body  w a l l  t i s s u e  w e re  s t u d i e d .

D i f f e r e n t  c o n c e n t r a t i o n s  o f  e a c h  am ine  w e re  u s e d  and t h e  f i n a l  

c o n c e n t r a t i o n  o f  e a c h  am ine i n  t h e  m a n o m e tr ic  f l a s k s  a r e  t a b u 

l a t e d  i n  T a b le  I I .  The lo w e r  c o n c e n t r a t i o n s  w h ic h  w ere  u s e d  

w ere  t h o s e  w hich  h a v e  b e e n  shown by  v a r i o u s  i n v e s t i g a t o r s  t o  b e  

p r e s e n t  i n  t h e  v e n t r a l  n e r v e  c o rd  o f  L um bricus  t e r r e s t r i s  (Rude,

1 9 6 9 ) .  The s e c o n d  c o n c e n t r a t i o n s  u se d  w e re  t h e  same f o r  a l l  t h e  

am ines  so  t h a t  t h e i r  e f f e c t s  c o u ld  b e  com pared a t  t h e  same l e v e l .

TABLE I I

CONCENTRATION OF MONOAMINES ADDED TO THE 
INTESTINAL AND BODY WALL TISSUES OF 

LUMBRICUS TERRESTRIS

Amine C o n c e n t r a t i o n  i n  u g /m l  o f  s o l u t i o n

S e r o t o n i n  8 .3  1 6 .7

Dopamine 3 .3  1 6 .7

E p i n e p h r i n e  1 .3  1 6 .7

N o r a d r e n a l i n e  0 .3  1 6 .7

E x t r a c t i o n  o f  W ate r  S o l u b le  P o l y p e p t i d e s  o f  E arthw orm  B r a in  and 
R at B r a in

A d u l t  s p e c im e n s  o f  e a r thw orm s w e re  a n e s t h e t i z e d  i n  t e n  p e r c e n t  

e t h a n o l  and t h e i r  b r a i n s  w e re  d i s s e c t e d  o u t  u s i n g  t h e  same t e c h n i q u e
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u s e d  i n  t h e  d e b r a i n i n g  o f  worms d e s c r i b e d  p r e v i o u s l y .  The 

b r a i n s  w e re  d i s s e c t e d  o u t  a t  any  t im e  o f  t h e  day w h e n e v e r  i t  

was c o n v e n i e n t ,  e v e n  th o u g h  i t  was r e a l i z e d  t h a t  t h e  am ounts  

and  ty p e s  o f  compounds p r e s e n t  i n  t h e  b r a i n  u n d o u b te d ly  v a r y  

s e a s o n a l l y  a n d / o r  d i u r n a l l y .  The b r a i n s  w ere  k e p t  i n  c o n c e n 

t r a t e d  m e th a n o l  ( r e a g e n t  g r a d e )  and s t o r e d  i n  t h e  f r e e z e r  com

p a r tm e n t  o f  t h e  r e f r i g e r a t o r  a t  - 8 °  t o  -10°C  t i l l  t h e y  w e re  u s e d

t o  ru n  e x p e r i m e n t s .  The f o l l o w i n g  e x t r a c t i o n  and p u r i f i c a t i o n  

p r o c e d u r e s  w ere  d e v e lo p e d  by  Vanden Bosch ( 1 9 7 0 ) .  T h ese  b r a i n s

and t h o s e  w h ic h  w ere  rem oved d u r in g  p r e v i o u s  e x p e r im e n t s

( a l t o g e t h e r  2 ,6 0 0 )  w e re  hom ogenized  i n  4 ml o f  c o n c e n t r a t e d  m e th y l  

a l c o h o l  i n  a g l a s s  hand  h o m o g en iz e r  i n  an i c e  b a t h  f o r  f i f t e e n  

m i n u t e s .  The h o m o g en a te  was c e n t r i f u g e d  a t  1 0 ,0 0 0  rpm i n  an 

I n t e r n a t i o n a l  r e f r i g e r a t e d  c e n t r i f u g e  a t  a  t e m p e r a t u r e  s e t t i n g  of 

4°C f o r  20 m i n u t e s .  The s u p e r n a t e n t  was p o u re d  o f f  and t h e  homo- 

g e n a t i o n  and c e n t r i f u g a t i o n  p r o c e d u r e s  w e re  r e p e a t e d  t h r e e  more 

t im e s  on t h e  p e l l e t  f rom  t h e  c e n t r i f u g a t i o n ,  u s i n g  4 ml m e th a n o l  

f o r  each  h o m o g e n iz a t io n .  A l l  t h e  e x t r a c t i o n  and s e p a r a t i o n  p r o 

c e d u r e s  w ere  c a r r i e d  a t  4°C . The f o u r  s u p e r n a t e n t s  w ere  p o o le d  and 

t h e  m e th a n o l  was rem oved by vacuum e v a p o r a t i o n  u s i n g  R inco  r o t a t i n g  

e v a p o r a t o r .  The e v a p o r a t e d  m a t e r i a l  was t h e n  l y o p h i l i z e d .

T h ree  e x t r a c t i o n  p r o c e d u r e s  w ere  c a r r i e d  o u t  on t h e  r e s u l t i n g  

d r y  m a t e r i a l  t o  rem ove t h e  w a t e r  s o l u b l e  l i p i d s  and t h e  m onoam ines . 

The l y o p h i l i z e d  m a t e r i a l  was d i s s o l v e d  i n  3 m i l l i l i t e r s  o f  c h l o r o 

fo rm  : m e th a n o l :w a t e r  m i x t u r e  (2 ml c h lo r o f o r m :m e th a n o l  ( 2 :1 )  + 1 ml 

w a t e r ) . The w a t e r  p h a s e  was s e p a r a t e d  from  t h e  c h lo r o f o r m - m e th a n o l
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p h a s e  and i t  was r e - e x t r a c t e d  w i t h  an  e q u a l  volum e o f  c h l o r o -  

fo rm :m e th a n o l  ( 2 :1  v / v )  m i x t u r e .  The w a t e r  p h a se  was l y o p h i l i z e d .

To rem ove th e  am ines  t h e  l y o p h i l i z e d  m a t e r i a l  was d i s s o l v e d  

i n  2 ml e t h e r : w a t e r  m ix t u r e  (1 :1  v / v )  and t h e  pH was a d j u s t e d  t o  

two w i t h  c o n c e n t r a t e d  a c e t i c  a c i d .  The e t h e r  p h a se  was removed 

and  t h e  w a t e r  p h a s e  was r e - e x t r a c t e d  w i t h  1 ml e t h e r  a t  pH 8 .

T h in  l a y e r  c h ro m a to g ra p h y  was u s e d  t o  d e te r m in e  t h e  p r e s e n c e  

o r  a b s e n c e  o f  n i n h y d r i n  p o s i t i v e  s u b s t a n c e s  p r e s e n t  i n  t h e  w a t e r  

s o l u b l e  e x t r a c t  and t h e  c h lo r o f o rm  and e t h e r  e x t r a c t s .  The 

c h r o m a to p l a t e s  w ere  8" X 8" s q u a r e  s i l i c a  g e l  (Gelman) and t h e  s o l 

v e n t  s y s te m  was n - b u t a n o l : a c e t i c  a c i d : d i s t i l l e d  w a t e r  ( 2 : 1 : 1  v : v : v )  .

F o r ty  lam bda o f  e a c h  e x t r a c t  and s t a n d a r d s  o f  t h e  am ines  and 

m ix t u r e s  o f  a l l  t h e  am ines  w ere  a p p l i e d  i n  s m a l l  s p o t s  s e p a r a t e l y  

one in c h  from  t h e  edge  o f  t h e  c h r o m a t o p l a t e s  and one  in c h  a p a r t .

The c o n c e n t r a t i o n  o f  e a ch  o f  t h e  s u b s t a n c e  u se d  was 40 u g /m l  o f  

s o l u t i o n .  The s p o t s  w e re  a l lo w e d  t o  d r y  and t h e  p l a t e s  w ere  

d e v e lo p e d  f o r  two h o u r s  a f t e r  w h ich  th e  p l a t e s  w ere  d r i e d  u n d e r  a 

h o o d .  The p l a t e s  w ere  t h e n  s p ra y e d  w i t h  n i n h y d r i n ,  a l lo w e d  t o  d ry  

and th e n  d e v e lo p e d  f o r  f i v e  m in u te s  i n  an oven  a t  100°C.

The same e x t r a c t i o n  p r o c e d u r e  d e s c r i b e d  above was u se d  t o  

e x t r a c t  t h e  w a t e r  s o l u b l e  n i n h y d r i n  p o s i t i v e  s u b s t a n c e s  p r e s e n t  i n  

one  r a t  b r a i n  and t o  remove monoamines and w a te r  s o l u b l e  l i p i d s .

B io a s s a y  o f  t h e  P u r i f i e d  W ater  S o l u b le  E x t r a c t s  o f  Earthw orm  and 
R a t  B r a in

The e f f e c t  o f  t h e  p u r i f i e d  w a t e r - s o l u b l e  e x t r a c t s  on t h e  oxygen
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c o n s u m p t io n  o f  i n t e s t i n a l  and body w a l l  t i s s u e s  f rom  n o n - d e 

b r a i n e d  worms w e r e  s t u d i e d .  Two d i f f e r e n t  c o n c e n t r a t i o n s ,

1 6 .7  u g /m l  and 3 3 . 3  u g / m l .  o f  t h e  e x t r a c t  w e r e  u s e d .  The same 

e x p e r i m e n t a l  p r o c e d u r e  d e s c r i b e d  f o r  t h e  oxygen c o n s u m p t io n  

e x p e r i m e n t s  p r e v i o u s l y  w e r e  f o l l o w e d .
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RESULTS AND DISCUSSION

E x a m i n a t i o n  o f  t h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  ( T a b le  I I I )  

r e v e a l s  t h a t  t h e  body w a l l  i n  b o t h  s e t s  o f  worms, c o n t r o l  ( n o n -  

d e b r a i n e d )  and e x p e r i m e n t a l  ( d e b r a i n e d )  had  a  much l o w e r  QO2  

as  compared t o  t h e  i n t e s t i n a l  w a l l .  T h i s  was i n  a c c o r d a n c e  w i t h  

what  N e l s o n  (1969)  fo u n d ;  v i z .  t h a t  t h e  i n t e s t i n a l  t i s s u e  i n  t h e  

ea r thw orm  had  a much h i g h e r  l e v e l  of  m e t a b o l i c  a c t i v i t y  t h a n  t h e  

body w a l l .  I n  f a c t ,  i t  had  b e e n  d e m o n s t r a t e d  t o  be  one  o f  t h e  

t i s s u e s  w i t h  t h e  h i g h e s t  m e t a b o l i c  a c t i v i t y  i n  t h e  e a r thw orm  

( U r i c h ,  1964 ;  O g a t a  and M o r i ,  1 9 6 4 ) .

T a b l e  I I I  a l s o  shows a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  i n  

QO2  o f  t h e  t h r e e - d a y  d e b r a i n e d  worms f o r  b o t h  body w a l l  and i n 

t e s t i n e .  E x p r e s s e d  a s  p e r c e n t  c h a n g e ,  t h e r e  was a 7.9% d e c r e a s e  

i n  oxygen  c o n s u m p t io n  o f  body  w a l l  and a  43.8% d e c r e a s e  f o r  

i n t e s t i n a l  t i s s u e .  The d e c r e a s e  i s  much g r e a t e r  i n  t h e  i n t e s t i n a l  

w a l l  t h a n  i n  t h e  body w a l l .  N e l s o n  (1969)  showed t h a t  a f t e r  d e -  

b r a i n i n g  t h e  e a r th w o r m ,  t h e  m e t a b o l i c  a c t i v i t y  (oxygen  c o n s u m p t io n )  

o f  t h e  i n t e s t i n a l  w a l l  t i s s u e  d e c r e a s e d  g r a d u a l l y  and r e a c h e d  a 

minimum l e v e l  on a p p r o x i m a t e l y  t h e  t h i r d  day a f t e r  d e b r a i n i n g .

T h e s e  f i n d i n g s  s u g g e s t  t h a t  t h e  i n t e s t i n a l  t i s s u e  i s  u n d e r  some 

c o n t r o l  o f  t h e  b r a i n  i n  i t s  m e t a b o l i c  a c t i v i t y ,  a s  m e a s u r e d  by  t h e  

QC>2 ' T h i s  c o n t r o l  wh ich  i s  m os t  p r o b a b l y  h o r m o n a l ,  i s  e s s e n t i a l l y  

s t i m u l a t o r y ,  so t h a t  r e m o v a l  o f  t h e  b r a i n  c a u s e s  t h e  d e c r e a s e  i n  t h e  

hormone which  i n  t u r n  r e s u l t s  i n  d e c r e a s e d  oxygen c o n s u m p t io n .

25
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TABLE I I I

MEAN HOURLY OXYGEN QUOTIENTS OF 
INTESTINAL AND BODY WALL TISSUES FROM 3-DAY 

DEBRAINED AND NON-DEBRAINED EARTHWORMS

E x p e r im e n t  C o n d i t i o n  I n t e s t i n a l  Wall  QO? Body Wall  QO?

N o n - d e b r a i n e d  worms 0 . 5 8 8 - 0 . 0 1 2 0 . 3 5 2 - 0 . 0 0 3

3 - d a y  d e b r a i n e d  worms 0 . 3 3 5 - 0 . 0 1 0 0 . 3 2 0 - 0 . 0 0 1

P e r c e n t  d e c r e a s e  i n  QO2  4 3 .8 7 .9

QO2  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  

oxygen consumed p e r  m i l l i g r a m  o f  d ry  t i s s u e  w e i g h t  

p e r  h o u r  o f  t i m e .

15 = r u n s  f o r  e a c h  t i s s u e

In  a d d i t i o n  N e l s o n ' s  r e s u l t s  f u r t h e r  show t h a t  t h e  o x i d a t i v e  

m e t a b o l i s m  o f  i n t e s t i n a l  t i s s u e ,  when t h e  b r a i n ' s  i n f l u e n c e  i s  

removed,  i n c r e a s e d  a f t e r  t h r e e  days  to  a l e v e l  e q u a l  t o  o r  s l i g h t l y  

above t h a t  which i s  m a i n t a i n e d  u n d e r  t h e  i n f l u e n c e  o f  t h e  b r a i n .  

S e v e r a l  e x p l a n a t i o n s  can  be g i v e n  t o  a c c o u n t  f o r  t h e s e  f i n d i n g s .

The w r i t e r  f i n d s  t h e  f o l l o w i n g  e x p l a n a t i o n  v e r y  p l a u s i b l e .  Appro

x i m a t e l y  t h r e e  days  a f t e r  d e b r a i n i n g ,  n e u r o s e c r e t o r y  c e l l s  i n  t h e  

v e n t r a l  n e r v e  c o r d ,  s i m i l a r  i n  a p p e a r a n c e  h i s t o c h e m i c a l l y  t o  t h o s e  

i n  t h e  b r a i n ,  showed s e c r e t o r y  a c t i v i t y  ( O r e n s t e i n ,  1 9 7 1 ) .  Thus ,  

t h e s e  c e l l s  p o s s i b l y  assume t h e  f u n c t i o n s  o f  t h e  b r a i n  n e u r o e n d o 

c r i n e  c e l l s  t h r e e  d a y s  a f t e r  d e b r a i n i n g .

T a b l e  IV shows t h e  r e s u l t s  o f  a n o t h e r  s e r i e s  o f  e x p e r i m e n t s
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done  t o  d e t e r m i n e  w h e t h e r  t h e  d i s s e c t i o n  f o r  t i s s u e  r e m o v a l ,  

wh ich  t o o k  a p p r o x i m a t e l y  s i x  t o  s e v e n  m i n u t e s ,  was t r a u m a t i c  

enough t o  t h e  ea r thw orm  t h a t  i t  was a f f e c t i n g  t h e  r e s u l t s  ob

t a i n e d .  I t  was f e l t  t h a t  c u t t i n g  o f f  t h e  a n t e r i o r  s egmen ts  

( d e c a p i t a t i o n )  p r i o r  t o  t h e  d i s s e c t i o n  would  r e v e a l  any m a j o r  

e f f e c t  o f  t h e  d i s s e c t i o n  i f  t h e s e  w e r e  compared  t o  n o n - d e c a p i t a t e d  

e a r t h w o r m s .  T h i s ,  i n  f a c t ,  was d e m o n s t r a t e d  by  r e s u l t s  p r e s e n t e d  

i n  T a b l e  IV.  The QC^ of  t h e  d e c a p i t a t e d  n o n - d e b r a i n e d  worms was 

d e c r e a s e d  22.0% f o r  body  w a l l  and 25.0% f o r  t h e  i n t e s t i n a l  w a l l .  

N e l s o n  o b s e r v e d  s i m i l a r  r e s u l t s  i n  t h e  ea r thw orm  b u t  h i s  r e s u l t s  

w e re  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a s  h i s  o b s e r v a t i o n s  w ere  b a s e d  

on v e r y  few e x p e r i m e n t s .  The m a g n i t u d e  o f  t h e  e f f e c t  o f  d e c a p i t a 

t i o n  was v e r y  s i m i l a r  i n  te rms  o f  m e a s u r e d  QO2  c h a n g e s  o f  b o t h  t h e  

i n t e s t i n a l  and body w a l l  t i s s u e s .  No s u c h  d ro p  i n  QO2  was ob 

s e r v e d  i n  d e c a p i t a t e d  d e b r a i n e d  worms.  I f  i t  i s  assumed t h a t  t h i s  

r e s p o n s e  t o  t r a u m a  was m e d i a t e d  t h r o u g h  s e n s o r y  i n p u t  to  t h e  c e n 

t r a l  n e r v o u s  s y s t e m ,  and s u b s e q u e n t  r e l e a s e  o f  some f a c t o r  t h e n  i t  

becomes  p o s s i b l e  t o  e x p l a i n  t h e  s p e e d  w i t h  w h ich  t h e  i n f o r m a t i o n  

was t r a n s m i t t e d  and t h e  f a c t  t h a t  t h e  r e s p o n s e  was t h e  same i n  b o t h  

t h e  body w a l l  and t h e  i n t e s t i n a l  t i s s u e  c e l l s .  D e c a p i t a t i o n  of  t h e  

d e b r a i n e d  worms,  i n  t h i s  i n s t a n c e ,  d i d  n o t  r e s u l t  i n  s i g n i f i c a n t  

QO2  c h a n g e .  The se  r e s u l t s  s u p p o r t e d  t h e  p r e v i o u s  o b s e r v a t i o n  t h a t  

t h e  b r a i n  d o e s  i n d e e d  r e l e a s e  some s u b s t a n c e ( s )  w h ic h  does  i n f l u e n c e  

o x i d a t i v e  m e t a b o l i s m .
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TABLE IV

MEAN HOURLY OXYGEN QUOTIENTS OF THREE-DAY 
DEBRAINED, THREE-DAY DEBRAINED-DECAPITATED, 

NON-DEBRAINED, AND NON-DEBRAINED 
DECAPITATED EARTHWORMS

E x p e r i m e n t a l  C o n d i t i o n

N o n - d e b r a i n e d  worms

N o n - d e b r a i n e d -  
d e c a p i t a t e d  worms

P e r c e n t  d e c r e a s e

3 - d a y  c . e b r a i n e d  worms

3 - d a y  d e b r a i n e d -  
d e c a p i t a t e d  worms

P e r c e n t  i n c r e a s e

I n t e s t i n a l  W a l l  QO2  

0 . 5 9 6 ± 0 .0 1 3

0 . 4 4 6 + 0 .0 0 8  

25

0 . 31 1 ± 0 .017

0 . 3 1 2 ± 0 .017 

0 .3 2 2

Body Wall  QO? 

0 .4 7 8 + 0 .0 0 5

0 .3 7 3 ± 0 .0 1 3

22

0 . 3 1 5 1 0 .0 1 2

0 . 3 2 8 1 0 .0 1 5

4 .1 3

30 r u n s  f o r  e a c h  t i s s u e .

As t h e  ab o v e  s e r i e s  o f  e x p e r i m e n t s  d e m o n s t r a t e d  t h e  p o s s i b l e  

p r e s e n c e  o f  some s u b s t a n c e ( s )  a f f e c t i n g  o x i d a t i v e  m e t a b o l i s m ,  

f u r t h e r  e x p e r i m e n t s  w e r e  r u n  t o  d e m o n s t r a t e  t h a t  t h e  e f f e c t  of  

b r a i n  r e m o v a l  was i n d e e d  due  t o  some s u b s t a n c e  p r e s e n t  i n  t h e  b r a i n .  

The e f f e c t  o f  a d d i n g  c r u d e  b r a i n  e x t r a c t  t o  t i s s u e s  i n  v i t r o  was 

o b s e r v e d .  Two d i f f e r e n t  c o n c e n t r a t i o n s  w e r e  u s e d  and t h e  r e s u l t s  

a r e  p r e s e n t e d  i n  T a b l e s  Va and Vb.

T h i s  c r u d e  hom ogena te  c a u se d  an  i n c r e a s e  i n  QO2  i n  a l l  t i s s u e s , 

T a k in g  t h e  n o r m a l  worms ( n o n - d e b r a i n e d )  f i r s t  we s e e  a  22.9% i n 

c r e a s e  i n  QC> 2  f o r  t h e  i n t e s t i n a l  t i s s u e  and 13.6% i n c r e a s e  f o r  t h e  

body w a l l  a t  low c o n c e n t r a t i o n .  However ,  an i n c r e a s e  of  13.6% 

i s  q u i t e  h i g h  b e c a u s e  i f  we c o n s i d e r  t h e  d e c r e a s e  o f  7.9% ( s e e
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above  and T a b l e  I I I )  and a l s o  t h e  34.0% d e c r e a s e  be tw een  n o n 

d e c a p i t a t e d  c o n t r o l  and d e b r a i n e d  worms (T a b le  IV) t h e n  t h e  

homogenate  i n f l u e n c e  on t h e  body  w a l l  i s  i m p r e s s i v e  i f  n o t  a s  

d r a m a t i c  a s  t h e  i n t e s t i n a l  t i s s u e .  The t i s s u e s  f rom t h e  d e 

b r a i n e d  worms showed an i n c r e a s e  b u t  n o t  as  much as  t h e  n o n -  

d e b r a i n e d  t i s s u e s .  The i n c r e a s e  i n  QO2  o b s e r v e d  i n  a l l  t h e  

t i s s u e s  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% c o n f i d e n c e  l e v e l .

I t  may b e  r e c a l l e d  t h a t  t h r e e  da y s  a f t e r  d e b r a i n i n g  t h e  i n t e s t i n a l  

t i s s u e ,  had t h e  minimum QC^* The t h o u g h t  t h a t  t h e  c e l l s  would  b e  

r e s p o n s i v e  t o  t h e  s u b s t a n c e s  i n  t h e  b r a i n  a t  t h i s  p o i n t  h a s  be e n  

b o r n e  o u t  b e c a u s e  t h e  e f f e c t  o f  b r a i n  homogenate  on t i s s u e s  f rom 

d e b r a i n e d  worms was n o t  a s  g r e a t  as  t h a t  on t i s s u e s  f rom n o n -  

d e b r a i n e d  ( c o n t r o l )  worms.  M u l l e r  and Engelman (1968)  ha ve  shown 

t h a t  i n  L̂ . m a d a r a s , i f  b a s a l  m e t a b o l i s m  was h i g h ,  c o r p o r a  c a r d i a c a  

hom ogena te  i n h i b i t e d  r e s p o n s e  and i f  m e t a b o l i s m  was low,  i t  s t i m u 

l a t e d  m e t a b o l i c  a c t i v i t y .  Crude hom ogena te  o f  c o r p u s  c a rd i a c u m  

h a s  b e e n  shown to  c a u s e  b o t h  i n h i b i t i o n  and s t i m u l a t i o n  o f  t h e  g u t  

o f  t h e  c o c k r o a c h  (Brown, 1965;  Cameron,  1953;  Davey,  1 9 6 2 ) .  K e e l e y  

and F r i e d m a n ,  (1969)  d e m o n s t r a t e d  t h e  p o s s i b i l i t y  t h a t  r em o v a l  o f  

t h e  c o r p o r a  c a r d i a c a  and c o r p o r a  a l l a t a  r e s u l t e d  i n  a c hange  i n  

t h e  s t r u c t u r e  o f  e n z y m a t i c  u n i t y  o f  t h e  m i t o c h o n d r i a  and t h a t  t h e  

d e p r e s s i o n  i n  oxygen c o n s u m p t io n  o f  t h e  f a t  body  m ig h t  be  due  t o  t h e  

m a l f u n c t i o n i n g  o f  t h e  m i t o c h o n d r i a .  T h i s  o b s e r v a t i o n  c o u ld  e x p l a i n  

t h e  d i f f e r e n t  r e s p o n s e  o f  t h e  d e b r a i n e d  and n o n - d e b r a i n e d  t i s s u e s  

t o  t h e  ea r thworm  b r a i n  h o m o g en a te .
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TABLE Va

EFFECT OF EARTHWORM BRAIN HOMOGENATE ON THE OXYGEN CONSUMPTION OF 
ISOLATED INTESTINAL AND BODY WALL TISSUE FROM THREE-DAY DEBRAINED 
AND NON-DEBRAINED EARTHWORMS. THE FINAL CONCENTRATION OF THE 
HOMOGENATE IN THE FLASK WAS ONE "BRAIN PAIR" IS  EQUIVALENT TO 1 .5  
X 10 3  ug OF BRAIN TISSUE PER MILLILITER OF MIXTURE).

E x p e r i m e n t a l
C o n d i t i o n

N on-  deb r  a i n  ed 
worms

3 -day  d e b r a i n e d  
worms

I n t e s t i n a l  
No B r a i n  

Homogenate

.5 6 3 ^ 0 .0 2 2

. 4 6 5 - 0 . 0 0 6

W al l  Q02  

+ B r a i n  
Homogenate

. 6 9 2 - 0 . 0 0 6

.5 3 4 - 0 . 0 0 9

%

Change

2 3 .0

1 5 .0

Body W all  Q0£
No B r a i n  +  B r a i n

Homogenate  Homogenate

. 4 4 1 - 0 .0 0 7

. 3 8 9 - 0 . 0 0 6

.5 0 1 - 0 .0 2 7

. 4 3 4 - 0 . 0 1 3

QO2  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  oxygen  consumed p e r  m i l l i g r a m  

o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

15 r u n s  f o r  e ach  t i s s u e .

%

Change

1 3 .0

1 2 . 0

u>
o
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TABLE Vb

EFFECT OF EARTHWORM BRAIN HOMOGENATE ON THE OXYGEN CONSUMPTION OF 
ISOLATED INTESTINAL AND BODY WALL TISSUE FROM THREE-DAY DEBRAINED 
AND NON-DEBRAINED EARTHWORMS. THE FINAL CONCENTRATION OF THE HOMO
GENATE IN THE FLASK WAS EQUIVALENT TO TWO "BRAIN PAIR" PER MILLI

LITER OF MIXTURE

I n t e s t i n a l  Wall  QO2  Body W all  QO2

E x p e r i m e n t a l  No B r a i n  + B r a i n  % No B r a i n  + B r a i n
C o n d i t i o n  Homogenate  Homogenate  Change Homogenate  Homogenate

N o n - d e b r a i n e d  .551± 0 .003  .750± 0 .009  3 6 . 0  .4 22± 0 .002  .5 32± 0 .002
worms

3 - d a y  d e b r a i n e d  .487± 0 .019  . 6 0 3 ± 0 .0 2 1  2 4 .0  .396± 0 .023  .4 7 0 1 0 .0 1 4
worms

QO2  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  oxygen  consumer  p e r  m i l l i g r a m  

o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

15 r u n s  f o r  each  t i s s u e .

%

Change

26.0

1 9 . 0

u>
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TABLE VI

EFFECT OF VENTRAL NERVE CORD HOMOGENATE ON THE OXYGEN CONSUMPTION OF 
ISOLATED INTESTINAL AND BODY WALL TISSUES FROM THREE-DAY DEBRAINED 
AND NON-DEBRAINED EARTHWORM. THE FINAL CONCENTRATION OF THE HOMOGENATE 
IN FLASK WAS 1 . 5  X 10 5  mg. OF NERVE TISSUE PER MILLILITER OF SOLUTION

I n t e s t i n a l  W all  QO2  Body W all  QO2

E x p e r i m e n t a l  No V e n t r a l  + V e n t r a l  % No V e n t r a l  + V e n t r a l  %
C o n d i t i o n  Nerve  Cord Nerve  Cord Change Nerve  Cord Nerve  Cord Change

N o n - d e b r a i n e d  + +
worms . 6 0 2 - 0 . 0 0 3  .6 7 9 - 0 .0 0 7  1 2 .8  . 3 9 8 - 0 .0 0 2  . 4 7 4 - 0 . 0 1 7  1 9 .1

3 - d a y  d e b r a i n e d  + + + +
worms . 4 7 5 - 0 . 0 0 8  . 5 3 3 - 0 . 0 0 9  1 2 .2  . 2 9 6 - 0 . 0 0 3  . 3 3 3 - 0 . 0 0 4  1 . 0

QO2  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  oxygen  consumed p e r  m i l l i g r a m  

o f  d ry  t i s s u e  w e i g h t  p e r  h o u r .

9 r u n s  f o r  e ach  t i s s u e .
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From t h e s e  r e s u l t s  i t  can  be  s a i d  t h a t  t h e  o b s e r v a t i o n s  

made i n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s  ( d e c r e a s e  i n  QO2  o f  t h e  

t i s s u e s  f rom t h r e e - d a y  d e b r a i n e d  worms) were  due  t o  t h e  a b s e n c e  

o f  t h e  b r a i n  o r  s u b s t a n c e ( s )  p r o d u c e d  by  t h e  b r a i n  and n o t  some 

n e r v o u s  m echani sm.  F u r t h e r  e x a m i n a t i o n  o f  t h e  r e s u l t s  r e v e a l e d  

a  d o s a g e  r e s p o n s e  by t h e  t i s s u e s  t o  t h e  b r a i n  hom ogena te  b e c a u s e  

d o u b l i n g  amount  o f  b r a i n  homogenate  r e s u l t e d  i n  i n c r e a s e  o f  QC^ 

( T a b l e s  Va and  Vb).

The e f f e c t  o f  t h e  v e n t r a l  n e r v e  c o rd  hom ogena te  on t h e  i n 

t e s t i n a l  and body w a l l  t i s s u e s  were  s i m i l a r  t o  t h o s e  o f  t h e  b r a i n  

h o m o g e n a te ,  t h a t  i s  i n c r e a s e  i n  t h e  QO2 , b u t  t h e  m a g n i tu d e  o f  t h e  

i n c r e a s e  was s l i g h t l y  lo w e r  i n  a l l  t h e  t i s s u e s ,  (T a b le  V I ) .

The c r u d e  hom ogena tes  which  were  u s e d ,  c o n t a i n e d  a number o f  

s u b s t a n c e s  i n  a d d i t i o n  t o  t h e  s u b s t a n c e s  whose p r e s e n c e  t h i s  e x p e r i 

ment  was d e s i g n e d  t o  d e m o n s t r a t e .  I t  i s  p o s s i b l e  t h a t  some o f  t h e s e  

compounds,  mos t  o f  which  a r e  p r o b a b l y  n o r m a l l y  n o t  i n  c o n t a c t  w i t h  

t h e s e  t i s s u e s ,  a r e  now i n  c o n t a c t  w i t h  them and would  i n f l u e n c e  t h e  

outcome one way o r  a n o t h e r .  I n  v iew  o f  t h i s  d i f f i c u l t y  an a t t e m p t  

was made t o  f i n d  t h e  e f f e c t  o f  d i f f e r e n t  s e p a r a b l e  p o r t i o n s  o f  t h e  

h o m o g en a te .  The b i o g e n i c  amines  a d r e n a l i n e , n o r a d r e n a l i n e , s e r o t o n i n ,  

and dopamine  have  been  shown t o  be p r e s e n t  i n  t h e  b r a i n  and v e n t r a l  

n e r v e  c o r d  o f  t h e  e a r th w o r m .  Two d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e s e  

amines  were  added  t o  t h e s e  t i s s u e s  and t h e i r  e f f e c t  on QO2  m ea s u red  

i n  a t t e m p t  t o  i d e n t i f y  t h e  compound t h a t  h a s  b e e n  d e s c r i b e d  as  t h e  

s u b s t a n c e ( s )  f rom t h e  b r a i n  a f f e c t i n g  QC^. T a b l e s  V I I  t o  X I I  show
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t h e  r e s u l t  o f  t h e s e  r u n s .  The l o w e r  c o n c e n t r a t i o n s  u s e d  a r e  

t h o s e  r e p o r t e d  a s  t h e  c o n c e n t r a t i o n s  i n  t h e  b r a i n  and t h e  v e n t r a l  

n e r v e  c o r d  o f  Lum br icus  t e r r e s t r i s , ( s e e  m a t e r i a l s  and m e t h o d s ) .

I n  a l m o s t  a l l  t h e s e  e x p e r i m e n t s  t h e  v a r i o u s  amines  c a u s e d  

an i n c r e a s e  i n  QC> 2  o f  t i s s u e s  f ro m  b o t h  d e b r a i n e d  and n o n - d e b r a i n e d  

worms.  The low c o n c e n t r a t i o n  o f  s e r o t o n i n  a l s o  c a u s e d  a d e c r e a s e  

i n  t h e  QO2  o f  t h e  body  w a l l  t i s s u e s  f rom t h e  d e b r a i n e d  worms.

By f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  a l m o s t  a l l  t h e  d i f f e r e n c e s  were  

fo u n d  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  t h e  e x c e p t i o n  o f  t h o s e  

c h a n g e s  i n  t h e  n o n - d e b r a i n e d  body  w a l l  t i s s u e  w i t h  1 6 .7  u g /m l  of  

a d r e n a l i n e ,  ( T a b l e s  VI -  I X ) .  We s e e  t h a t  s e r o t o n i n  c a u s e d  t h e  

h i g h e s t  i n c r e a s e  i n  QC^ i n  a l l  t h e  t i s s u e s  and dopamine  t h e  n e x t .  

A d r e n a l i n e  and n o r a d r e n a l i n e  showed t h e  l o w e s t .  T h i s  i s  n o t  due 

t o  t h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  u s e d  s i n c e  one  o f  t h e  r u n s  

was done w i t h  t h e  same c o n c e n t r a t i o n s  of  e a c h  o f  t h e  a m i n e s . T h i s  

p r o v i d e s  an e a s y  method  of  c o m p a r i s o n .

From t h e s e  r e s u l t s  i t  c an  b e  s p e c u l a t e d  t h a t  p e r h a p s  e i t h e r  

s e r o t o n i n  o r  dopamine  o r  b o t h  p l a y  some r o l e  i n  t h e  m e t a b o l i c  

a c t i v i t y  o f  t h e  e a r th w o r m ,  L um b r i c u s  t e r r e s t r i s . O t h e r  t h a n  a  r o l e  

o n l y  i n  n e u r o n  t r a n s m i s s i o n  i t  h a s  b e e n  s u g g e s t e d  by  v a r i o u s  w o r k e r s  

t h a t  s e r o t o n i n  m i g h t  p l a y  a  r o l e  i n  c a r b o h y d r a t e  m e t a b o l i s m  s i m i l a r  

t o  t h a t  p l a y e d  by a d r e n a l i n e  i n  mammals (M ansour ,  1964:  Moore and 

G o s s e l i n ,  1962 ;  Goodman and G i lm a n ,  1 9 7 0 ) .
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TABLES V i l a  and V I lb

EFFECT OF DOPAMINE ON THE OXYGEN CONSUMPTION OF ISOLATED INTESTINAL 
AND BODY WALL TISSUES FROM THREE-DAY DEBRAINED AND NON-DEBRAINED

EARTHWORMS

E x p e r i m e n t a l
C o n d i t i o n

V i l a
I n t e s t i n a l  W al l  QO 
No

Dopamine
+ 1 6 .7  ug^ml 

Dopamine
%

Change
No

Dopamine

Body W all  QO2

+ 1 6 .7  ug /ml  
Dopamine

N o n - d e b ra i n e d
worms

+ +
. 5 6 9 - 0 . 0 0 2  .7 7 3 - 0 .0 0 7 3 5 .8 . 3 2 1 - 0 . 0 0 3 .4 0 2 - 0 . 0 0 3

3 - d a y  d e b r a i n e d  
worms .4 5 1 - 0 .0 0 2 . 5 7 7 - 0 . 0 0 3 2 8 .0 ,2 4 7 - 0 .0 0 1

+
,2 8 8 - 0 .0 0 2

V l l b

E x p e r i m e n t a l
C o n d i t i o n

N o n - d e b r a i n e d
worms

I n t e s t i n a l  W al l  QO„ 
+ 3 . 3  ug /ml  

Dopamine
No

Dopamine 

+ +
.4 9 1 1 0 .0 0 4  . 5 0 9 - 0 . 0 0 8

Change

3 .6

Body W all  QO2

No
Dopamine

+ 3 . 3  ug /m l  
Dopamine

. 2 7 6 - 0 . 0 0 4  . 2 8 1 - 0 . 0 0 2

3 - d a y  d e b r a i n e d  
worms

„+ +
. 3 9 0 - 0 . 0 0 6  . 4 0 1 - 0 . 0 0 3 2 . 8

+ + 
. 2 3 7 - 0 . 0 0 1  . 2 4 3 - 0 . 0 0 1

%

Change

25 .3

1 5 .8

%

Change

1.8

2 .5

QO2  = t h e  mean o x y g e n  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  o x y g e n  c o n su m e r  p e r  m i l l i g r a m

o f  c};ry t i s s u e  w e i g h t  p e r  h o u r .

9 r d n s  f o r  e ach  t i s s u e
co
Ln
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TABLES V i l l a  and V U I b

EFFECT OF SEROTONIN ON THE OXYGEN CONSUMPTION OF ISOLATED INTESTINAL 
AND BODY WALL TISSUE FROM THREE-DAY DEBRAINED AND NON-DEBRAINED EARTHWORMS

V i l l a

E x p e r im e n t a l
C o n d i t i o n

I n t e s t i n a l  Wall  QO2  

No + 1 6 .7  ug /m l  7=
S e r o t o n i n  S e r o t o n i n  Change

Body Wall  QO2  

No + 1 6 .7  u g /m l  %
S e r o t o n i n  S e r o t o n i n  Change

N o n - d e b r a i n e d
worms .5 9 6 - 0 . 0 0 3

+
, 8 4 8 - 0 .0 0 6 4 2 .4

+ +
, 3 8 7 - 0 .0 0 4  . 4 7 1 - 0 . 0 0 5  21 .7

3 - d a y  d e b r a i n e d  
worms

+ +
. 4 6 9 - 0 . 0 0 3  . 6 4 2 - 0 . 0 0 4  3 7 .1

+ +
. 2 6 8 - 0 .0 0 3  . 3 3 1 - 0 . 0 0 4  2 3 .5

V U I b

E x p e r i m e n t a l
C o n d i t i o n

I n t e s t i n a l  Wall  Q0„
No + 8 . 3  u g /m l  %

S e r o t o n i n  S e r o t o n i n  Change

Body Wall  QO- 
No + 8 . 3  ug /m l  %

S e r o t o n i n  S e r o t o n i n  Change

N o n - d e b r a i n e d
worms

+
, 5 3 3 - 0 .0 0 5

+
. 5 6 7 - 0 . 0 0 4  + 6 .4

+ +
. 3 1 5 - 0 .0 0 2  . 3 3 1 - 0 . 0 0 3  + 5 . 1

3 - d a y  d e b r a i n e d  +
worms . 4 2 5 - 0 . 0 0 2 . 4 8 8 - 0 . 0 0 3  + 1 . 5

+ +
, 2 9 7 - 0 .0 0 2  . 2 8 0 - 0 . 0 0 6 - 5 . 5

QO2  = t h e  mean o x y g e n  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  o x y g e n  c o n su m e r  p e r  m i l l i g r a m
o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

+  =
9 r u n s  f o r  e a c h  t i s s u e
an i n c r e a s e  i n  QO^
a  d e c r e a s e  i n  QO2

u>
CTi



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

TABLES IXa and IXb

EFFECT OF ADRENALINE ON THE OXYGEN CONSUMPTION OF ISOLATED INTESTINAL 
AND BODY WALL TISSUE FROM THREE-DAY DEBRAINED AND NON-DEBRAINED EARTHWORMS

IXa

E x p e r i m e n t a l
C o n d i t i o n

I n t e s t i n a l  W all  QO2

No
A d r e n a l i n e

+ 1 6 .7  ug /m l  
A d r e n a l i n e

Body W all  Q02  

% No + 1 6 .7  ug /m l  %
Change A d r e n a l i n e  A d r e n a l i n e  Change

N o n - d e b r a i n e d
worms

+ +
. 5 9 6 - 0 . 0 0 4  . 6 6 3 - 0 . 0 0 1 11 .2 . 4 4 9 - 0 . 0 0 3 .4 9 3 - 0 . 0 0 1  1 8 .8

3 - d a y  d e b r a i n e d  
worms .4 7 9 - 0 . 0 0 2  . 5 3 4 - 0 . 0 0 2  11 .5

+ +
. 3 8 1 - 0 .0 1 0  . 4 2 5 - 0 . 0 0 9  1 1 .5

IXb

E x p e r i m e n t a l
C o n d i t i o n

I n t e s t i n a l  Wall  QOo
No

A d r e n a l i n e
+ 1 . 3  ug /m l  
A d r e n a l i n e

Body W all  QO2  

% No + 1 . 3  ug /m l  %
Change A d r e n a l i n e  A d r e n a l i n e  Change

N o n - d e b r a i n e d
worms

+
. 5 3 6 - 0 .0 0 4 . 5 5 4 - 0 . 0 0 2  + 3 .4 , 3 9 2 - 0 .0 0 2  . 4 0 2 - 0 . 0 0 3 + 2 . 6

3 - d a y  d e b r a i n e d  
worms .4 7 4 - 0 . 0 1 0  . 4 6 5 - 0 . 0 0 5  - 1 . 9

+ +  
, 3 3 3 - 0 .0 0 2  . 3 1 2 - 0 . 0 0 3 - 6 . 3

QO2  = t h e  mean o x y g e n  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  o x y g e n  consum ed p e r  m i l l i g r a m
o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

+  =
9 r u n s  f o r  e a c h  t i s s u e
an i n c r e a s e  i n  QO2

a  d e c r e a s e  i n  QO2

c j



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

\

TABLES Xa and Xb

EFFECT OF NORADRENALINE ON THE OXYGEN CONSUMPTION OF ISOLATED INTESTINAL 
AND BODY WALL TISSUE FROM THREE-DAY DEBRAINED AND NON-DEBRAINED EARTHWORMS

Xa

E x p e r i m e n t a l  No
C o n d i t i o n  N o r a d r e n a l i n e

I n t e s t i n a l  Wall  QO£
+ 1 6 .7  ug /m l  5

N o r a d r e n a l i n e  Change

Body W al l  QO2  

No + 1 6 .7  ug /m l  %
N o r a d r e n a l i n e  N o r a d r e n a l i n e  Change

N o n - d e b r a i n e d
worms .5 2 1 - 0 .0 1 3 . 5 4 1 - 0 . 0 1 0 + 3 . 8 .4 0 2 - 0 .0 0 9 . 4 1 3 - 0 . 0 0 5 + 2 .7

3 -d ay  d e -  +
b r a i n e d  worms . 3 2 3 - 0 . 0 1 9 .3 3 1 - 0 . 0 2 3 + 2 . 5 .3 4 6 - 0 .0 0 4 . 3 5 4 - 0 . 0 1 1 + 2 . 3

Xb

I n t e s t i n a l  W a l l  QO2  Body W al l  QO2

E x p e r i m e n t a l  No + 0 . 3  ug /m l  % No + 0 . 3  ug /m l  %
C o n d i t i o n  N o r a d r e n a l i n e  N o r a d r e n a l i n e  Change N o r a d r e n a l i n e  N o r a d r e n a l i n e  Change

N o n - d e b r a i n e d  . + +
worms . 5 9 7 - 0 . 0 0 3  . 6 0 2 - 0 . 0 0 2  + 0 . 8  . 3 9 0 - 0 . 0 0 2  . 3 9 8 - 0 . 0 0 1  + 2 . 1

3—day de— -f- q- 4 -
b r a i n e d  worms . 4 1 1 - 0 . 0 0 2  . 4 0 4 - 0 . 0 0 3  - 1 . 7  . 3 0 1 - 0 . 0 0 1  . 3 0 4 - 0 . 0 0 1  + 1 . 0

QO2  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  of  m i c r o l i t e r s  o f  oxygen consumed p e r  m i l l i g r a m
o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

9 r u n s  f o r  e a c h  t i s s u e  to

+  = an i n c r e a s e  i n  QO2

-  = a d e c r e a s e  i n  QO2
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The w a t e r  s o l u b l e  e x t r a c t  f rom which  w a t e r  s o l u b l e  l i p i d s  

and monoamines were  removed was f o u n d  to  c o n t a i n  f o u r  n i n h y d r i n  

p o s i t i v e  compounds on t h i n  l a y e r  c h ro m a to g r a p h y  w i t h  rF  f a c t o r s  

a s  shown,  ( F i g u r e  1 ) .  These  w e r e  c o m p a r a b le  to  t h o s e  t h a t  Vanden-  

Bosch  (1970)  a l s o  i s o l a t e d  f rom  t h e  e a r thw orm  b r a i n  e x t r a c t  w h ich  

w e r e  p r o b a b l y  p o l y p e p t i d e s .  The r F  f a c t o r s  o f  t h e s e  compounds were 

d i f f e r e n t  f rom t h o s e  o f  t h e  f o u r  a m in e s  u s e d  i n  t h i s  i n v e s t i g a t i o n .

The c o n c e n t r a t i o n s  u se d  h e r e  a r e  a r b i t r a r y ,  t h e y  w e r e  a r r i v e d  

a t  by t r i a l  and e r r o r .  An a t t e m p t  was made t o  g e t  c o n c e n t r a t i o n s  

c o m p a r a b l e  t o  t h o s e  f o r  c a t e c h o l a m i n e s .  Looking a t  t h e  r e s u l t s  one 

s e e s  t h a t  t h e  w a t e r  e x t r a c t  p r o d u c e s  a l e s s e r  e f f e c t  t h a n  d o e s  

s e r o t o n i n  which  i s  s t i l l  s i g n i f i c a n t .  The i n t e s t i n a l  t i s s u e  i n  

b o t h  d e b r a i n e d  and n o n - d e b r a i n e d  worms r e a c t e d  in  a s i m i l a r  m anne r .  

T h e r e  i s  a  i n c r e a s e  of  6.9% on QO2  f o r  t h e  d e b r a i n e d  and 8.2% 

i n c r e a s e  f o r  t h e  n o n - d e b r a i n e d  t i s s u e s .  At t h e  h i g h e r  c o n c e n t r a t i o n  

t h e s e  v a l u e s  a r e  13.1% and 11.4% r e s p e c t i v e l y .  I n  m os t  o f  t h e  p r e 

v i o u s  r e s u l t s  t h e r e  h a v e  b e e n  b i g  d i f f e r e n c e s  in  d e b r a i n e d  and  n o n -  

d e b r a i n e d  t i s s u e s  where  t h e  d i f f e r e n c e  h a s  been  a  s i g n i f i c a n t  o n e .

We s e e  f u r t h e r  t h a t  a t  d o u b l e  t h e  c o n c e n t r a t i o n  t h e  i n c r e a s e  i n  QO2  

i s  n o t  v e r y  d i f f e r e n t  f rom t h e  l o w e r  c o n c e n t r a t i o n  t h a t  i s  11.4% and 

13.1% a s  compared w i t h  6.9% and 8.2%.

I t  i s  q u i t e  c l e a r  f rom t h e  r e s u l t s  o b t a i n e d  t h a t  a compound o r  

compounds i n  t h e  p a r t i a l l y  p u r i f i e d  w a t e r  e x t r a c t  was c a u s i n g  a 

g e n e r a l  i n c r e a s e  i n  m e t a b o l i c  a c t i v i t y ,  (T a b le  X I ) .  A l l  t h e  

d i f f e r e n c e s  r e c o r d e d  were  s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  t h e  e x c e p t i o n
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TABLES X Ia  and X lb

EFFECT OF WATER SOLUBLE EARTHWORM BRAIN EXTRACT (POLYPEPTIDES) ON THE 
OXYGEN CONSUMPTION OF ISOLATED INTESTINAL AND BODY WALL TISSUES FROM 

THREE-DAY DEBRAINED AND NON-DEBRAINED EARTHWORMS

XIa

E x p e r i m e n t a l
C o n d i t i o n

I n t e s t i n a l  Wall  QO2

No H20 
E x t r a c t

3 - d a y  d e b r a i n e d
worms

+
3 7 9 - 0 .0 0 3

+ 3 3 .3  ug /m l  
H20 E x t r a c t

N o n - d e b r a i n e d  +
worms . 5 3 6 - 0 . 0 0 2  . 5 9 7 - 0 . 0 0 1

+
. 4 3 4 - 0 .0 0 2

%

Change

11 .4

13 .1

Body Wall  Q02

No H20 
E x t r a c t

+ 3 3 .3  ug /ml  
H^O E x t r a c t

+ + 
. 3 9 2 - 0 .0 0 1  . 4 1 9 - 0 . 0 0 1

+ +  
, 3 0 5 - 0 .0 0 3  . 3 1 9 - 0 . 0 0 2

%

Change

0 . 1

Xlb

E x p e r i m e n t a l
C o n d i t i o n

N o n - d e b r a i n e d
worms

I n t e s t i n a l  Wall  Q02  

No H20 + 1 6 .7  ug /ml
E x t r a c t________  H^O E x t r a c t

+ + 
. 5 1 3 - 0 .0 0 3  . 5 5 5 - 0 .0 0 4

Body Wall  Q02

% No H20
Change E x t r a c t

+ +
8 . 2  . 4 2 1 - 0 . 0 0 3  . 4 1 7 - 0 . 0 0 3

+ 1 6 .7  ug /m l  
H20 E x t r a c t

%
Change

0

3 - d a y  d e b r a i n e d  + +
worms .4 2 0 - 0 . 0 0 2  . 4 4 9 - 0 . 0 0 1 6 .9 .3 0 0 - 0 .0 0 3 . 2 9 7 - 0 . 0 0 2 0

Q02  = t h e  mean oxygen  q u o t i e n t  i n  u n i t s  of  m i c r o l i t e r s  of  oxygen consumer  p e r  m i l l i g r a m

o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

9 r u n s  f o r  e a c h  t i s s u e  1
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o f  t h e  low c o n c e n t r a t i o n  run  f o r  t h e  body  w a l l  t i s s u e .  I t  was 

p r o b a b l e  t h a t  t h i s  s u b s t a n c e  may b e  a  p o l y p e p t i d e  i n  n a t u r e  b e 

c a u s e  n i n h y d r i n  p o s i t i v e  s u b s t a n c e s  w e r e  p r e s e n t  i n  t h i s  p a r t i a l l y  

p u r i f i e d  w a t e r  e x t r a c t .

We can  s e e  f rom t h e s e  r e s u l t s  t h a t  t h e  e f f e c t  c a u s e d  by t h e  

compounds ( p o l y p e p t i d e s )  e x t r a c t e d  f rom  t h e  b r a i n  c o u ld  p o s s i b l y  

b e  m e d i a t e d  t h r o u g h  a  d i f f e r e n t  m echan ism  from t h a t  by t h e  amines 

d i s c u s s e d  a b o v e .  Whereas  t h e  a m ines  g a v e  r e s u l t s  t h a t  s e p a r a t e d  

t h e  d e b r a i n e d  f rom n o n - d e b r a i n e d  worms t h e  p o l y p e p t i d e s  do n o t  o r  

a t  l e a s t  n o t  a s  d e f i n i t e l y  a s  t h e  a m i n e s .

We can  make t h e  f o l l o w i n g  h y p o t h e s i s  to  e x p l a i n  t h e  above 

o b s e r v a t i o n s .  We can  assume t h a t  t h e  p o l y p e p t i d e s  a r e  hormones 

w hich  a r e  r e l e a s e d  i n t o  t h e  b l o o d  s t r e a m  from t h e  b r a i n .  These  

i n t e r a c t  w i t h  e f f e c t o r  o r g a n  c e l l s  o r  o r g a n e l l e s  w i t h  s u b s e q u e n t  

r e l e a s e  o f  some m o l e c u l e  (may be an amine  s u c h  a s  s e r o t o n i n )  which  

i n  t u r n  a f f e c t s  c e r t a i n  enzymes t o  s p e e d  up m e t a b o l i c  a c t i v i t y .

I t  i s  i m p o s s i b l e  t o  compare t h e  amount o f  c hange  i n  QO2  o b t a i n e d  

w i t h  t h e  w a t e r  e x t r a c t  w i t h  t h a t  o b t a i n e d  w i t h  s e r o t o n i n  and t h e  

o t h e r  amines  s i n c e  one  c a n n o t  compare t h e  c o n c e n t r a t i o n s .  However ,  

i t  i s  p o s s i b l e  t h a t  t h e  e f f e c t  o f  t h e  p o l y p e p t i d e s  may o r  may n o t  

be  c o n n e c t e d  w i t h  t h a t  o f  t h e  a m i n e s .  I t  i s  q u i t e  p o s s i b l e  f o r  

t h e s e  compounds t o  a f f e c t  an i n c r e a s e  i n  QO2  t h r o u g h  d i f f e r e n t  

m echan ism .  I n  f a c t ,  i n  v i ew  o f  t h e  s e v e r a l  h u n d r e d  c e l l u l a r  p r o 

c e s s e s  t h a t  one  can  t h i n k  o f  t h a t  w i l l  r e s u l t  i n  i n c r e a s e d  oxygen 

u t i l i z a t i o n ,  t h e  l a t e r  e x p l a n a t i o n  seems t h e  more  r e a s o n a b l e  one 

o f  what  i s  h a p p e n i n g .
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We do s e e ,  h o w e v e r ,  i n  t h i s  e x p e r i m e n t  a  t r e n d  t h a t  h a s  

b e e n  m a i n t a i n e d  i n  a l l  p r e v i o u s  e x p e r i m e n t s ,  n a m e ly  t h a t  t h e  

i n t e s t i n a l  t i s s u e  was more r e s p o n s i v e  p e r  u n i t  w e i g h t  t o  t h e  

w a t e r  s o l u b l e  e x t r a c t  t h a n  t h e  body w a l l  t i s s u e .  T h i s  was t r u e  

f o r  b o t h  d e b r a i n e d  and n o n - d e b r a i n e d  t i s s u e s .

A s i m i l a r  e x p e r i m e n t ,  wh ich  was t o  s e r v e  a s  a n o t h e r  c o n t r o l ,  

was done  w i t h  r a t  b r a i n  s u b j e c t e d  t o  t h e  same e x t r a c t i o n  and p u r i 

f i c a t i o n  p r o c e d u r e  a s  was done f o r  t h e  ea r th w o rm  b r a i n s .  T hree  

n i n h y d r i n  p o s i t i v e  compounds were  i s o l a t e d  i n  t h e  p u r i f i e d  w a t e r  

e x t r a c t  and t h e i r  rF  f a c t o r s  a r e  shown i n  F i g u r e  2.  Two o f  the  

r F  f a c t o r s  w ere  c o m p a r a b l e  to  two r F  f a c t o r s  o f  t h e  ea r thw orm  

b r a i n  p o l y p e p t i d e s .  The r e s u l t s  o f  t h e  e x p e r i m e n t  r u n s  a r e  shown 

i n  T a b l e  X I I .  We s e e  t h a t  t h e r e  was no c o n s i s t e n t  p a t t e r n  i n  t h e  

e f f e c t s  c a u s e d  by t h e  w a t e r  e x t r a c t  f rom t h e  r a t  b r a i n .  With t h e  

t i s s u e s  f rom  n o n - d e b r a i n e d  worms we s e e  a s l i g h t  i n c r e a s e  i n  QO2  

f o r  t h e  i n t e s t i n a l  t i s s u e .  The s i t u a t i o n  was r e v e r s e d  f o r  t h e  body 

w a l l  whe re  low c o n c e n t r a t i o n s  ga ve  a d e c r e a s e  o f  3.0% and t h e  h i g h  

c o n c e n t r a t i o n  g a v e  an i n c r e a s e  o f  3 .4%. A l l  t h e s e  d i f f e r e n c e s  were  

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  With r e g a r d  t o  t h e  d e b r a i n e d  worms 

t h e  p i c t u r e  was d i f f e r e n t  b e c a u s e  a t  low c o n c e n t r a t i o n  t h e  i n t e s t i n a l  

t i s s u e  showed a  d e c r e a s e  i n  QO2  o f  4.6% and a t  a h i g h  c o n c e n t r a t i o n  

an i n c r e a s e  of  6 .0%. The body w a l l  showed an i n c r e a s e  o f  5.1% 

w i t h  low c o n c e n t r a t i o n  and a  d e c r e a s e  o f  7.0% w i t h  h i g h  c o n c e n t r a t i o n .  

A l l  t h e s e  e f f e c t s  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t .  From t h e s e  r e s u l t s  

i t  was d i f f i c u l t  t o  s a y  w h e t h e r  t h e  r a t  b r a i n  e x t r a c t  d i d  c a u se  any
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TABLES X l l a  and X l l b

EFFECT OF WATER SOLUBLE RAT BRAIN EXTRACT (POLYPEPTIES) ON THE 
OXYGEN CONSUMPTION OF ISOLATED INTESTINAL AND BODY WALL TISSUES 

FROM THREE-DAY DEBRAINED AND NON-DEBRAINED EARTHWORMS

X l l a

I n t e s t i n a l  W all  QOn
+ 3 3 . 3  ug /mlE x p e r i m e n t a l  

C o n d i t i o n

N o n - d e b r a i n e d  
worms

3 - d a y  d e b r a i n e d  +
worms . 4 3 1 - 0 . 0 0 3  . 4 5 7 - 0 . 0 0 5

No H20 
E x t r a c t

,+

HjO E x t r a c t

+
. 5 9 2 - 0 . 0 0 2  . 5 4 9 - 0 . 0 0 1

Body Wall  QO2  

% No H2 O + 3 3 . 3  u g /m l
Change E x t r a c t  H?Q E x t r a c t

- 7 . 2  . 3 8 8 - 0 . 0 0 2  . 4 0 1 - 0 . 0 0 2

4* +
+ 6 . 0  . 3 1 3 - 0 . 0 0 3  . 2 9 1 - 0 . 0 0 1

%

Change 

+ 3 . 4  

- 7 . 0

X l lb

E x p e r i m e n t a l
C o n d i t i o n

N o n - d e b r a i n e d
worms

3 - d a y  d e b r a i n e d  
worms

I n t e s t i n a l  W all  QO,
No H20 
E x t r a c t

+

„+

+ 1 6 .7  u g /m l
Ho0 E x t r a c t   ^----------------

.5 8 0 - 0 . 0 0 4  . 5 9 2 - 0 . 0 0 7

+
. 4 5 7 - 0 . 0 0 1  . 4 3 5 - 0 . 0 0 2

%

Change

+ 2 . 1

- 4 . 6

No H20 
E x t r a c t

Body W all  Q02

+ 1 6 . 7  ug /m l  
HgO E x t r a c t

+
. 4 2 5 - 0 .0 0 1 .4 1 1 ^ 0 .0 0 1

+ + 
. 3 2 4 - 0 . 0 0 7  . 3 4 2 - 0 . 0 0 2

%

Change

- 3 . 0

+ 5 .1

QO,

+  =

t h e  mean o x y g e n  q u o t i e n t  i n  u n i t s  o f  m i c r o l i t e r s  o f  o x y g e n  con su m ed  p e r  m i l l i g r a m

o f  d r y  t i s s u e  w e i g h t  p e r  h o u r .

9 r u n s  f o r  each  t i s s u e  

an i n c r e a s e  i n  Q0 2  

a d e c r e a s e  i n  Q0 2

-S'
Ln
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r e a l  change  i n  t h e  oxygen c o n s u m p t io n  o f  t h e  e a r thw orm  t i s s u e s .

I f  a ny  o f  t h e  p o l y p e p t i d e s  i s o l a t e d  from t h e  ea r thw orm  b r a i n s  

was a  ho rmone  t h e n  i t  was q u i t e  u n d e r s t a n d a b l e  why s i m i l a r  

p o l y p e p t i d e s  i s o l a t e d  f rom  t h e  r a t  d i d  n o t  r e s u l t  i n  a s i m i l a r  

c h a n g e .  An e xam ple  o f  t h i s  i s  s e e n  w i t h  r e g a r d  t o  d i f f e r e n c e s  

i n  s i m i l a r  p r o t e i n s  s u c h  as  m y o g lo b i n  and  h e m o g lo b in  o r  i n  i n s u l i n  

f rom  d i f f e r e n t  s p e c i e s  o f  a n i m a l s .  I t  i s  v e r y  l i k e l y  t h a t  i f  

t h e s e  p o l y p e p t i d e s  a r e  hormones  i n  b o t h  s e t s  o f  a n i m a l s  t h e  amino 

a c i d  s e q u e n c e  c o u l d  h a v e  a l t e r e d  w i t h  m u t a t i o n ,  e t c .  Mansour  e t  

a l .  ( I 9 6 0 )  h a v e  s u g g e s t e d  t h a t  r a r e l y  do mammalian hormones  a f f e c t  

i n v e r t e b r a t e s  i n  t h e  same m an n e r .  On t h e  o t h e r  hand  i f  t h e s e  i s o 

l a t e d  compounds w ere  s i m p l e  o r g a n i c  compounds one  would e x p e c t  v e r y  

l i t t l e  ( c h a n g e )  d i f f e r e n c e s  i n  t h e i r  e f f e c t  on b a s i c  m e t a b o l i c  

p r o c e s s ,  f o r  e x a m p l e ,  e f f e c t  o f  a d r e n a l i n e  i n  mammals compared t o  

t h a t  o f  s e r o t o n i n  and  a l s o  a d r e n a l i n  i n  some i n v e r t e b r a t e s .  The 

e x p e r i m e n t  w i t h  t h e  w a t e r  e x t r a c t s  f rom b o t h  t h e  ea r thworm  b r a i n  

and  r a t  b r a i n  show t h e  p r e s e n c e  i n  t h e  e a r th w o rm  b r a i n  o f  a  s u b -  

s t a n c e ( s )  p r o b a b l y  p o l y p e p t i d e  i n  n a t u r e  and d i s t i n c t  f rom mono

a m i n e s ,  w h ich  i n c r e a s e d  o x i d a t i v e  m e t a b o l i s m  o r  oxygen  u t i l i z a t i o n .
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SUMMARY

1. The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was t o  i n v e s t i g a t e  t h e  

c h e m i c a l  n a t u r e  o f  t h e  s u b s t a n c e  o r  s u b s t a n c e s  p r e s e n t  

i n  t h e  b r a i n  o f  L u m b r i c u s  t e r r e s t r i s  which  a f f e c t s  t h e  

o x i d a t i v e  m e t a b o l i s m  o f  e x c i s e d  i n t e s t i n a l  and body 

w a l l  t i s s u e  o f  t h i s  e a r t h w o r m .

2 .  The r e m o v a l  o f  t h e  b r a i n  o f  t h e  ea r thw orm  r e s u l t e d  i n  

d e p r e s s i o n  of  oxygen  c o n s u m p t io n  o f  i n t e s t i n a l  and  body 

w a l l  t i s s u e s ,  w i t h i n  t h e  f i r s t  t h r e e  d a y s  a f t e r  d e -  

b r a i n i n g .  The d e c r e a s e  i n  t h e  QO2  o f  t h e  i n t e s t i n a l  

t i s s u e  was h i g h e r  t h a n  t h e  d e c r e a s e  c a u s e d  i n  t h e  body 

w a l l .  D e c a p i t a t i o n  o f  t h e  e a r thw orm  b e f o r e  d i s s e c t i o n  

o f  t h e  i n t e s t i n a l  and body  w a l l  t i s s u e s  r e s u l t e d  i n  t h e  

l o w e r i n g  o f  QO2  o f  n o n - d e b r a i n e d  worms an'd no e f f e c t  on 

t h e  d e b r a i n e d  worms.  T h i s  o b s e r v a t i o n  s u p p o r t  t h e  above  

o b s e r v a t i o n  t h a t  r e m o v a l  o f  t h e  b r a i n  d e p r e s s e s  t h e  QO2  

o f  t h e  i n t e s t i n a l  and body  w a l l  t i s s u e s .

3 .  Homogenate  of  t h e  b r a i n  and t h e  v e n t r a l  n e r v e  c o r d  i n 

c r e a s e d  t h e  oxygen  c o n s u m p t io n  o f  t h e  i n t e s t i n a l  and body 

w a l l  t i s s u e s ,  t h e  b r a i n  homogenate  p r o d u c i n g  a  h i g h e r  

i n c r e a s e  i n  t h e  oxygen  c o n s u m p t io n .

4 .  W ate r  e x t r a c t i o n  o f  t h e  ea r thw orm  b r a i n  and r a t  b r a i n  was

c a r r i e d  o u t .  F o l l o w i n g  t h i s  t h e  w a t e r  e x t r a c t s  were  

p a r t i a l l y  p u r i f i e d  by rem ov ing  monoamines and w a t e r  s o l u b l e
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l i p i d s .  T h i s  w a t e r  s o l u b l e  m a t e r i a l  was t e s t e d  f o r  

b i o l o g i c a l  a c t i v i t y  on t h e  body w a l l  and  i n t e s t i n a l  

t i s s u e s  o f  t h e  worm.

5.  R e s u l t s  o f  t h e  a s s a y  showed t h a t  t h i s  p a r t i a l l y  

p u r i f i e d  w a t e r  e x t r a c t  c a u s e d  a  g e n e r a l  i n c r e a s e  i n  

m e t a b o l i c  a c t i v i t y  o f  a l l  t h e  t i s s u e s  e s p e c i a l l y  i n  

t h e  i n t e s t i n a l  t i s s u e .  I t  i s  p r o b a b l e  t h a t  n i n h y d r i n  

p o s i t i v e  f r a c t i o n s  p r e s e n t  i n  t h i s  e x t r a c t  were t h e  

s u b s t a n c e s  i n v o l v e d .  The r a t  b r a i n  e x t r a c t  d i d  n o t  

e l i c i t  any s i g n i f i c a n t  c h a n g e s .

6 . Of t h e  amines  ( a d r e n a l i n e ,  n o r a d r e n a l i n e ,  s e r o t o n i n  

and dopamine)  t e s t e d  s e r o t o n i n  and dopamine  seemed 

to  p l a y  some r o l e  i n  t h e  m e t a b o l i c  a c t i v i t y  o f  t h e  

e a r th w o rm ,  L um b r i c u s  t e r r e s t r i s .
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