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INTRODUCTION

Since E rn s t and B erta  S ch arre r f i r s t  d e sc rib e d  neu rosecre to ry  

c e l ls  in  the suprapharyngeal ganglion  (b ra in )  o f th e  earthworm,

LiffribviauB terre8tri8 (1937), th e re  have been a number of s tu d ie s  c a rr ie d  

out to  determ ine th e  d e ta i ls  o f th e  morphology o f th e se  c e l l s ,  the  

number o f k inds o f n eu ro secre to ry  c e l l s ,  and th e  ro le ( s )  they p lay  in  

the  fu n c tio n in g  o f  th e  earthworm. However, no th ing  i s  known about the  

chem ical n a tu re  o f th e se  s e c re t io n s ,  nor have they been dem onstrated to  

be tru e  hormones. E x tra c tio n , i s o la t io n  and p u r i f ic a t io n  o f neurosecre­

to ry  m a te r ia l  has been c a rr ie d  ou t in  in s e c t s ,  cru staceans  and m olluscs, 

bu t as of now th e re  have been no known p u b lic a tio n s  on th e  e x tra c tio n ,  

i s o la t io n  and p u r i f ic a t io n  of n eu ro sec re to ry  substances o r m a te r ia ls  

from th e  b ra in  o f  Lumbricus terrestris .

The f i r s t  purpose o f th i s  in v e s t ig a t io n  was to  develop procedures 

fo r  the e x tra c t io n  o f n inhyd rin  p o s i t iv e  w a te r-so lu b le  substances from 

the b ra in  o f  L, te x v e s tr is  and the  se p a ra tio n  and i n i t i a l  p u r i f ic a t io n  

of the  f r a c t io n s  th a t  were p re se n t in  th e  w a te r e x t r a c t .  Because some 

of the fu n c tio n s  o f  th i s  earthworm, which a re  c o n tro lle d  by substances 

p re se n t in  the  b ra in ,  a re  c o n tro lle d  in  v e r te b ra te s  by hormones which 

are  p o ly p e p tid e s , only those f a c to rs  in  the w a te r-so lu b le  e x tra c t  

which were n inhyd rin  p o s it iv e  were s tu d ie d . The d e c is io n  as to  what 

type of compound to  look fo r  was an a r b i t r a r y  d e c is io n  made by the  

in v e s t ig a to r  r e a l iz in g  o th e r types o f compounds which could be or a re  

b io lo g ic a l ly  a c tiv e  may a lso  be p re se n t in  th e  b ra in .
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Following s e p a ra t io n  o f f r a c t io n s ,  th e  second o b je c tiv e  was to  

determ ine i f  any fu n c tio n (s )  in  th e  earthworm could be dem onstrated to  

be  a f fe c te d  by any o f th e  f ra c t io n s  in  th e  w ate r e x t r a c t .  I f  any 

s p e c if ic  re g u la to ry  a c t iv i t y  or a c t i v i t i e s  could be dem onstrated fo r  

a f r a c t io n ( s ) ,  th e  e x tra c tio n  and i s o la t io n  p rocedures would then 

perm it a p a r t i a l  chem ical c h a ra c te r iz a tio n  o f th e  f a c to r ( s ) .  This 

would allow a comparison o f su b stan ces , presumably n eu ro sec re to ry , 

o f L. te r r e s tv i s  w ith  those  hormones which p lay  s im i la r  ro le s  in  o th e r  

an im als .

LITERATURE REVIEW

Because a l l  neurones can be c l a s s i f i e d  as n eu ro sec re to ry  due to  

th e i r  s e c re t io n  o f tr a n s m it te r  substances a t  t h e i r  axonal end ings, th e  

term  n eu ro sec re to ry  c e l l  has been lim ite d  in  th i s  in v e s t ig a t io n  to  

those  nerve c e l l s  which co n ta in  c h a r a c te r i s t i c  g ranu les and which 

produce p roducts  th a t ,  presum ably, have p h y s io lo g ic a l re g u la to ry  func­

tio n s  a t  a  s i t e  which i s  d is ta n t  from th e  b ra in  (B ullock and H orrldge 

1965). N eurosecretory  c e l l s  have been found in  a l l  anim als s tu d ie d  

excep t F o r ife ra  and C o e len te ra ta  (Novak 1966), a lthough  g ranu les which 

have been d escribed  as n eu ro sec re to ry  g ran u les  have been is o la te d  in  

hydra (Lentz 1965).

S charrer and S ch a rre r (1963), Bullock and E o rridge  (1965), Gabe 

(1966) and Novak (1966) have reviewed th e  l i t e r a t u r e  on in v e rte b ra te  

nervous system s, th e  n eu ro sec re to ry  c e l l s  found in  th e se  system s, and 

ro le s  p layed  by s e c re t io n s  o f th e se  c e l l s .  The p re s e n t l i t e r a t u r e  review  

w i l l  d ea l p rim a rily  w ith  a c o n s id e ra tio n  o f n e u ro se c re tio n  in  earthworms
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w ith  p a r t i c u la r  re fe ren c e  to Lwnbricu.8 t e r r e s t r i s . I t  i s  assumed th a t the  

n eu rosecre to ry  c e l l s  found in  L. t e r r e s t r i s  produce f a c to r s ,  as c o rre la ­

t io n  between re g u la to ry  fu n c tio n  and neurosecre to ry  a c t iv i ty  have been 

made in  grow th, rep ro d u ctio n  and osm otic re g u la tio n  (Herlant-Meewis 1956, 

Gabe 1966, Goudie 1968).

Hubl (1953) s ta te d  th a t  in  fo u r sp ec ie s  of o lig o c h e te s , in c lud ing  

Lurnbrieus, th e re  a re  two types of neurosecre to ry  c e l ls  and Herlant-Meewis 

(1956) re p o rte d  two types o f neu ro secre to ry  c e l ls  in  th e  b ra in  of 

Eisena fo e t id a .  Marapao (1959) describ ed  fo u r types o f c e l l s  (neuro­

se c re to ry ) in  th e  b ra in  of L. t e r r e s t r i s  which he d esignated  as A,

B - l, B-2 and C c e l l s . The A, B -l and C c e l ls  are considered  by Marapao 

to  re p re se n t one type of n eu ro sec re to ry  c e l l  in  vario u s  s tag es  of 

development o r s e c re to ry  a c t iv i t y .  The B-2 c e l ls  were considered  to 

be a s in g le  type o f n eu ro secre to ry  c e l l .  Goudie (1968), as a r e s u l t  

of h is to ch em ica l s tu d y , concluded th a t  th e re  were two types of 

n eu ro secre to ry  c e l l s  in  the  b ra in  o f L. t e r r e s tr i s  on th e  b a s is  o f 

a f f in i ty  o f th e  g ranu les fo r  Gomori's aldehyde fuch sin  s t a i n .  He 

designated  th e se  c e l l s  as types a and £ . Goudie considered  h is  a c e l ls  

to  be eq u iv a le n t to  the A, B -l and £  c e l l s  o f Marapao and th e  £  c e l ls  

to  be what Marapao d esignated  as B-2 c e l l s .  As d escribed  by Gabe 

(1966), o th e r  in v e s t ig a to rs  have rep o rte d  up to s ix  d i f f e r e n t  types of 

n eu ro secre to ry  c e l l s  in  th e  b ra in s  o f o lig o ch e te s . However, Gabe 

agrees w ith  Herlant-M eewis (1956) th a t  most d iffe re n c e s  seen  were a 

fu n c tio n  o f  age and se c re to ry  a c t iv i ty  and th a t on th e  b a s is  o f  lo ca­

tio n  and appearance, th e re  were only two types o f n eu ro sec re to ry  c e l ls  

in  Lum bricidae. Teichman, e t  d l  (1966) in  s tu d ie s  w ith  L. hurauleus
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and E isen ia  fo e tid a  a lso  rep o rte d  only two types of neu rosecre to ry  c e l ls  

in  the b ra in  o f th ese  earthworms which they designated  as A -l and A -2.

The A -l c e l ls  a re  ap paren tly  e q u iv a len t to the  s  c e l ls  o f Goudie (1968) 

and the  A-2 c e l l s  e q u iv a len t to  th e  b c e l l s  o f Goudie. Thus, on th e  

b a s is  of s tu d ie s  which have been done to  d a te , i t  may be concluded 

t h a t  th e re  a re  only two types o f  neu rosecre to ry  c e l ls  in  th e  b ra in  of 

L. te r r e s t r i s  on the b a s is  o f  th e  appearance of and th e  s ta in in g  

a f f i n i t i e s  of the  granules and th e  s iz e  of the  c e l l s .

The presence o f p h y s io lo g ic a lly  a c tiv e  substances in  the c e n tra l  

nervous system  of L. t e r r e s t r i s  was f i r s t  s tu d ie d  by McVay (1942).

She showed th a t  homogenates o f  L. t e r r e s t r i s  b ra in s  o r  v e n tra l nerve 

cords contained a substance o r  substances which gave p o s it iv e  chromato- 

p ho ro tro p ic  r e s u l t s  in  th e  c ra y f is h ,  Cambarus spp.

Herlant-Meewis (1956) suggested  th a t  neu rosecre to ry  c e l ls  a re  

concerned in  growth in  Lum bricidae because o f th e  m orphological changes 

which occur in  them during development o f E. fo e t id a .  Hubl (1956) 

c a r r ie d  out a s e r ie s  of experim ents on reg en e ra tio n  in  the  fou r sp e c ie s  

o f Lumbricidae and showed th e  im portance of the  b ra in  in  th e  re g e n e ra tio n  

o f lo s t  p o s te r io r  segm ents. H ub l's  experim ents in d ic a te d  th a t  th e  b ra in  

produced a su b stan ce (s) which was necessary  fo r  reg en e ra tio n  to  occur. 

Herlant-Meewis (1961) in  h e r  s tu d ie s  on th e  reg en e ra tio n  o f  th e  nervous 

system  in  the  earthworm, E. fo e t id a ,  n o ticed  th a t  a b la tio n  o f th e  

g an g lia  caused a c e ssa tio n  o f egg lay in g  and a lo s s  of secondary sex  

c h a ra c te r i s t ic s  which reappeared  only  when th e  g an g lia  and nervous 

system  connectives were com pletely regenera ted .
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Kamemoto (1964) and Kamemoto, e t  d l  (1962) In v e s tig a te d  osm otic 

and io n ic  re g u la tio n  in  L. te z v e e tr ie .  These s tu d ie s  showed th a t  the  

a b i l i t y  of the earthworm to  re g u la te  o sm o tica lly  was c o n tro lle d  by 

substances p re se n t in  th e  b ra in .  , In  a d d itio n , they were ab le  to  

dem onstrate th a t  n o t on ly  were sodium le v e ls  o f b lood  and coelomic 

f lu id  m aintained a t  d i f f e r e n t  c o n ce n tra tio n s , b u t th a t  th e  earthworm 

was ab le  to  m ain tain  th i s  sodium co n cen tra tio n  above th a t  o f th e  

environment up to  an environm ental le v e l o f  0 .1  molar sodium c h lo rid e . 

Thus, fa c to rs  p re se n t i n  th e  b ra in  were shown to  be  re sp o n s ib le  fo r  

th i s  a b i l i t y  of Lumbrieus to  re g u la te  io n ic a l ly .  Goudie (1968) sub­

je c te d  th ese  earthworms to  hyper- and hypo-osm otic cond itions  and 

s tu d ie d  the  e f f e c t  o f th e se  cond itions on th e  morphology of th e  & 

and neu rosecre to ry  c e l l s .  The a c e l ls  were shown to  lo se  g ranu les 

and to  develop vacuoles in  th e  cytoplasm  a f t e r  an exposure o f  one hour. 

This d ep le tio n  o f  g ran u les  and in c re a se  in  v a c u o liz a tio n  was su s ta in e d  

throughout the  tw en ty -fo u r hour p eriod  of exposure to  hyper- o r  

hypo-osm otic c o n d itio n s . Goudie a lso  observed th a t  th e  b_ c e l l s  demon­

s t r a t e d  what Marapao (1959) termed g en era lized  response o f b c e l l s  

to  a s t r e s s f u l  s i tu a t io n  which he caused by p r ic k in g  th e  worms. The 

response was c h a ra c te r iz e d  by a  more in te n s e  s ta in in g  o f the  granules 

of th e  b c e l l s .

Craig (1966) d id  a  s tudy  which im p lica ted  the  suprapharyngeal 

gang lion  in  th e  m aintenance o f blood g lucose le v e ls  in  L. t e r v e s t r i e . 

Her s tu d ie s  e s ta b lis h e d  an average blood g lucose  le v e l  o f  6 mg p e rce n t 

in  th e  earthworm. D ecereb ra tio n  caused th e  b lood g lucose  le v e ls  to 

drop to  zero w ith in  tw en ty -fo u r hours a f t e r  th e  o p e ra tio n . The le v e ls
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th en  in c re a s e d  f o r  up to  f i v e  days a f t e r  d e c e r e b r a t io n ,  b u t  n e v e r  

q u i t e  ro s e  to  th e  p r e - o p e r a t io n  b lo o d  g lu c o se  l e v e l s .  When worms 

w ere  s u b je c te d  to  sham o p e r a t io n s  th e  b lo o d  g lu c o se  l e v e l s  t r i p l e d  

and w ere s t i l l  above u s u a l  l e v e l s  a f t e r  tw e n ty -fo u r  h o u r s .  A lthough  

C r a ig ’s s tu d ie s  d id  n o t  show t h a t  th e  b r a in  r e g u la te s  b lo o d  g lu c o se  

le v e l s  i n  th e  earthw orm , th e y  do im p l ic a te  th e  b r a in  a s  p la y in g  a  

r o le  in  th e  m ain tenance o f  b lo o d  g lu c o se  l e v e l s .  I t  rem a in s  f o r  

f u r t h e r  s tu d ie s  to  e s t a b l i s h  t h a t  th e  b r a in  does o r  does n o t  p ro d u ce  

f a c t o r s ,  p resum ab ly  n e u r o s e c r e to r y ,  w hich p la y  a  r o l e  i n  th e  r e g u la t io n  

o f  g lu c o se  l e v e l s  i n  th e  earthw orm . However, work by D avid  C lough 

(p e rs o n a l  com m unication) h as  d em o n stra te d  t h a t  i n j e c t i o n s  o f  b r a in  

hom ogenate (2 b ra in s /w o rm ) e l e v a t e  b lo o d  g lu c o se  l e v e l s  above t h a t  

e l i c i t e d  by i n j e c t i o n  o f  s a l i n e  a lo n e .  Worms w hich w ere  i n j e c t e d  w ith  

album in  had  b lo o d  g lu c o se  l e v e l s  e q u iv a le n t  to  worms g iv e n  s a l i n e  

i n j e c t i o n s .  T h is  a b i l i t y  o f  s u b s ta n c e s  in  th e  b r a in  to  c a u se  m o b il i­

z a t io n  o f  c a rb o h y d ra te s  so  t h a t  b lo o d  g lu c o se  l e v e l s  a r e  e le v a te d  

may w e l l  b e  e v id e n c e  o f  a  r e g u la to r y  o r  horm onal r o l e .

The p re s e n c e  o f  am ine s e c r e t i n g  c e l l s  i n  th e  c e n t r a l  n e rv o u s  

sy stem  o f  th e  o l ig o c h e te ,  O cto la e iu m  com plana tium , was d e m o n s tra te d  

by B ia n c h i (1 9 6 7 ). The am ine s e c r e t i n g  c e l l s  a r e  lo c a te d  i n  th e  

l a t e r a l  re g io n s  o f  th e  b r a i n ,  su b e so p h a g e a l g a n g lio n  and th e  v e n t r a l  

n e rv e  c o rd . B ia n ch i p o s tu la te d  t h a t  th e  am ines w ere r e l e a s e d  from  

th e  p e r ik a ry o n  in t o  c a p i l l a r i e s  w hich  su rro u n d  th e  c e l l s  and w ere  

c a r r i e d  th ro u g h  th e  b lo o d  s tre a m  e x e r t in g  an  e f f e c t  on  b lo o d  p r e s s u r e  

and b lo o d  d i s t r i b u t i o n .  Rude (1969) d e m o n stra te d  by f l u o r e s c e n t  

te c h n iq u e s  t h a t  dopam ine and  n o r a d r e n a l in e  w ere  th e  m a jo r  c a te c h o l ­
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amines p re se n t in  th e  v e n tra l  nerve cord  o f  L. t e r r e s t r i s .  She a lso  

b e lie v e d  th a t ad ren a lin e  and DOPA were p re se n t b u t th e  techn iques used 

were no t s e n s i t iv e  enough to  d e te c t th e se  compounds.

In  th e  p re se n t in v e s t ig a t io n ,  procedures were developed to  e x tra c t  

and s e p a ra te  po lypep tide  and p o ly p e p tid e - l ik e  compounds from th e  b ra in  

o f L. t e r r e s t r i s  and to  t e s t  the various  f r a c t io n s  fo r  t h e i r  b io lo g ic a l  

a c t i v i t y ,  because in  v e r te b ra te s  po ly p ep tid e  hormones have been id e n t i ­

f ie d  which re g u la te  blood g lucose  le v e ls  (g lucagon), osm oregulation  

(v aso p ress in  o r ADH), and growth (growth re g u la tin g  hormone). I t  i s  

th e se  fu n c tio n s  which have been dem onstrated to  be c o n tro lle d  in  th e  

earthworm by substances p re se n t in  th e  b r a in .  Although i t  i s  r e a l iz e d  

th a t  in  v e r te b ra te s  and probably  a lso  in  in v e r te b ra te s ,  o th e r  hormones 

in c lu d in g  non-polypeptides a re  a lso  im p lic a ted  in  th e se  fu n c tio n s , 

only p rocedures which were known to  be e f f e c t iv e  in  th e  e x tra c t io n  o f  

p o ly p ep tid es  were used.

E x tra c tio n , i s o la t io n  and p u r i f ic a t io n  o f n eu ro secre to ry  hormones 

have been c a rr ie d  out in  in s e c t s ,  m olluscs and c ru s ta c e a n s . K arlson 

and H offm eiste r (1963) e x tra c te d  d r ie d  Borribyx pupae w ith  m ethanol, 

d r ie d  th e  methanol e x tra c t  and e x tra c te d  th i s  product w ith  b u ta n o l.

The b u ta n o l-so lu b le  f r a c t io n  contained  ecdyson which was found to  be 

a s te r o id .  Ichikawa and I s h iz a k i  (1961, 1963, 1967) homogenized 240 

b ra in s  from the  pupae of Borribyx in  1 ml o f  methanol and fo llow ing  

c e n tr ifu g a t io n ,  the  su p ern a tan t was d r ie d  in  vaouo. They then  d id  

an e th e rrw a te r  s e p a ra tio n  and te s te d  th e  f r a c t io n s  fo r  t h e i r  a b i l i t y  

to  cause metamorphosis in  Borribyx pupae. The e th e r  f r a c t io n  was 

in a c t iv e  bu t th e  w ater f r a c t io n  was a c t iv e .  U ltr a v io le t  ab so rp tio n
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a n a ly s is  in d ic a te d  th e  w ater f r a c t io n  to  con ta in  a po ly p ep tid e  

m a te r ia l .  The work o f  K arlson and Ichikawa show th a t  th e  use of 

m ethanol as an i n i t i a l  e x tra c t io n  so lv e n t can remove both  po lypep tide  

and s te r o id a l  compounds from t i s s u e .  T herefo re , th e  procedures 

developed in  th i s  in v e s t ig a t io n  and d escribed  in  th e  methods se c tio n  

o f  th i s  re p o r t were based on th e se  methanol e x tra c tio n  procedures 

to  in su re  th a t  the f in a l  e x tra c t  would most l ik e ly  co n ta in  po lypep tide  

compounds.

Mordue and Goldsworthy (1969) used methanol e x tra c t io n  and descending 

chromatography techn iques to  s e p a ra te  two b io lo g ic a l ly  a c t iv e  f ra c t io n s  

which were p o lypep tides from th e  corporum card iaca  o f th e  lo c u s t ,  

S c h is to c e r ia  g regaria  and Locusta  m ig ra to ria . These two f r a c t io n s  

were d is tin g u ish e d  by th e i r  d i f f e r e n t  e f f e c ts  in  assay system s used 

which were te s t s  fo r  c a rd io -e x c ito r  a c t iv i ty .

Brown (1965) used both  m ethanol and w ater techniques to  i s o la te  

po ly p ep tid e  hormones from th e  co rpora a l l a t a  o f  th e  cockroach,

P er ip la n e ta  americana. Agarwal and Greenberg (1969) s tu d ie d  card io ­

a c t iv e  agen ts in  g a n g lia  and h e a r ts  from fo u r spec ies  o f f re s h  w ater 

m o llu scs. They used w ater e x tra c t io n  techniques to  i s o la t e  po lypep tide  

compounds w ith  hormonal a c t iv i t y .  K leinholz and Kimball (1965) used 

w a te r  e x tra c tio n  techn iques to  i s o la te  po lypep tide  hormones from th e  

e y e s ta lk  o f th e  c ru s tac ean  Pandalus b o re a lis  which a re  c a rd io -re g u la to ry  

in  a c t io n .

Belamarich and T e rw il lig e r  (1966) Is o la te d  two po ly p ep tid e  

compounds from the p e r ic a r d ia l  organs o f Cancer b o re a lis  by a c e t ic  

ac id  p r e c ip i ta t io n  and e x tra c tio n .  The two compounds showed ca rd io -
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e x c i to r  a c t iv i ty  and seemed to  complement each o th e r .  The au thors 

used column chromatography ( S i l i c a  Gel G-25) to s e p a ra te  and p u rify  

th e  two components. I d e n t i f ic a t io n  was done through th e  use o f paper 

chromatography in  a b u ta n o l:a c e t ic  ac id rw a te r developing  system . Nin­

h y d rin  spray  reagen t was used to  lo c a te  the p o s it io n  o f  th e  po lypep tides 

on the  chromatography pap er. U ltr a v io le t  l ig h t  ab so rp tio n  a n a ly s is  

showed th e  components to  be  po lypep tide  compounds.

The s tu d ie s  described  in  th e  preceding p arag rap h s, p a r t ic u la r ly  

those d escrib ed  in  d e t a i l ,  show th a t  methanol e x t ra c t io n  follow ed by 

e th e r :w a te r  sep a ra tio n  and /o r th e  use o f Sephadex chromatography i s  

a r e a l i s t i c  method to  use f o r  th e  is o la t io n  and th e  s e p a ra t io n  o f 

po ly p ep tid e  compounds. These in v e s tig a tio n s  a lso  showed th a t  poly­

p ep tid es  which have been i s o la te d  from in v e r te b ra te  n e u ra l t i s s u e  

have b io lo g ic a l  a c t iv i ty  in  tho se  p a r t ic u la r  organism s.

METHODS AND MATERIALS 

Organisms and P rep a ra tio n

The worms, sp ec ie s  Lumbz*icu8 t e r r e s t r i s , purchased  from a lo c a l 

b a i t  s to r e  in  mid-summer and l a t e  f a l l ,  were considered  mature when 

a w ell-developed  c l i te l lu m  was p re s e n t. No p re c a u tio n s  were taken 

as to  tim e of day or season  when th e  b ra in s  were removed, a lthough i t  

was re a l iz e d  th a t  seaso n a l an d /o r d iu rn a l v a r ia t io n s  could be c o n tr i­

b u tin g  fa c to rs  as to th e  k inds and th e  co n cen tra tio n s  o f  compounds 

which might be p re se n t.

The worms were a n e s th e tiz e d  b e fo re  d ece reb ra tio n  by p lac in g  

them in  10% e th y l a lcoho l f o r  two m inutes. The b r a in  was exposed by
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m aking a m id -d o rsa l  i n c i s i o n  from  th e  second  segm ent to  th e  f i f t h  

segm ent and g e n t ly  sq u e e z in g  th e  worm in  th e  r e g io n  o f  th e  f o u r th  

segm ent. Unwanted t i s s u e  was g e n t ly  te a s e d  away from  th e  b r a in  and 

th e  b r a in  f r e e d  by c u t t i n g  th e  c o n n e c tiv e s  a t  t h e i r  a tta c h m e n t to  

the  b r a in .  I s o l a t e d  b r a in s  w ere  p la c e d  i n  m e th y l a lc o h o l  ( r e a g e n t  

g rad e ) and s to r e d  a t  -20°C  u n t i l  s u f f i c i e n t  b r a in s  w ere a v a i l a b l e  

f o r  e x t r a c t i o n .  Over a  s i x  month p e r io d ,  2 ,0 0 0  b r a in s  w ere c o l l e c t e d .

E x t r a c t io n  and F r a c t io n a t io n

A l l  e x t r a c t i o n  and s e p a r a t io n  p ro c e d u re s  e x c e p t f o r  column 

chrom atography w ere  c a r r i e d  o u t a t  4°C. E x t r a c t io n  was acco m p lish ed  

by hom ogenizing  th e  b r a in s  i n  4 ml o f  a b s o lu te  m ethano l i n  a  g round  

g la s s  hom ogenlzer f o r  15 m in u te s . The hom ogenate was th e n  spun  down 

a t  12 ,100  x G f o r  20 m in u te s  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 ­

fu g e  a t  a  te m p e ra tu re  s e t t i n g  o f  4°C. The s u p e r n a ta n t  was c a r e f u l ly  

poured  o f f  and th e  h o m o g e n iza tio n  p ro c e d u re  r e p e a te d  on th e  r e s id u e  

th r e e  more t im e s ,  u s in g  4 ml o f  m ethano l each  tim e . A l l  th e  s u p e r ­

n a ta n ts  w ere  p o o le d .
4

The m ethano l was rem oved by vacuum e v a p o ra t io n  u s in g  a  R inco 

e v a p o ra to r  and a  L i t t l e  G ia n t vacuum pump w ith  a  s e t t i n g  o f  25 pounds 

p e r  s q u a re  in c h .  The w e t m a te r ia l  was th e n  ly o p h i l i z e d .  The y i e l d  

o f  d r ie d  m a te r ia l  from  2 ,0 0 0  b r a in s  was 6 2 .4  mg.

T h ree  e x t r a c t i o n  p ro c e d u re s  w ere  used  to  remove w a te r - s o lu b le  

l i p i d s  and monoamines. A c c o rd in g ly , th e  l y o p h i l i z e d  m a te r ia l  was 

d is s o lv e d  i n  3 ml o f  c h lo ro fo rm :m e th a n o l :w a te r  (2 volum es HCCl3Me0H 

[2 :1 ]  a g a in s t  1 volum e H2O ). The f r a c t i o n s  w ere  s e p a ra te d  and th e
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w ater f r a c t io n  re -e x tra c te d  w ith  an equal volume o f chloroform :m ethanol 

(2 :1 ) . The chloroform :m ethanol and th e  w ater f ra c t io n s  were both  

ly o p h iliz e d . The e th e r  f r a c t io n  was shown by chromatography to  be 

devoid o f p o ly p ep tid e  compounds and was d iscarded . The w a te r-so lu b le  

f ra c t io n  was then  d isso lved  in  2 ml o f  e th e r :w a te r  (1:1 V/V) and the  

pH ad ju sted  to  3 .0  w ith  con cen tra ted  a c e t ic  ac id . The s o lu t io n  was 

shaken and the  e th e r  removed. The w a te r f r a c t io n  was then  re -e x tra c te d  

w ith  an a d d it io n a l  1 ml of e th e r . The pH of th e  w ater f r a c t io n  was 

then ad ju sted  to  a  pH of 8 ,0  w ith  5N sodium hydroxide and e th e r  

e x tra c tio n s  c a r r ie d  ou t as w ith  th e  a c id  pH. The pH adjustm ents were 

c a re fu lly  done to  avoid zones o f  h y p e r -a c id ity  o r - b a s ic i ty  in  the  

e x tra c tio n  s o lu tio n .  These p rocedures were suggested  by Dr. Edward G. 

D aniels o f The Upjohn Conpany to  remove the  amines l i s t e d  in  Rude (1969). 

The w ater e x t r a c t  was ly o p h iliz ed  and s to re d  a t  4°C u n t i l  used fo r  

f ra c t io n a t io n .  The period  o f s to ra g e  ranged from 1 week to  2 months.

The f in a l  y ie ld  was 2,7 mg of m a te r ia l  from 2,000 b ra in s  which amounts 

to  a y ie ld  o f approxim ately 1 .4  meg o f  m a te r ia l  p e r  b ra in .  P re lim inary  

work had shown th a t  from 4 to  8 n in h y d rin  p o s it iv e  f r a c t io n s  were 

p re se n t in  w a te r e x tra c t  of b r a in ;  th e re fo re ,  to  determ ine i f  any 

n inhydrin  p o s i t iv e  substances could be dem onstrated to  be  p re s e n t ,  

the  w ater s o lu b le  e x tra c t  was examined by th in  la y e r  chromatography 

(TLC) using  a  system  o f b u ta n o l:a c e tic  a c id :w a te r  (2 :1 :1  — V:V:V) 

and n inhydrin  sp ray  reagent to  lo c a te  compounds. The p la te s  were 

8" x 8" s i l i c a  g e l  (Gelman), Development took 45 m inutes a f t e r  

which th e  p la te s  were d ried  and then  sprayed  w ith  n in h y d rin  reag e n t.

The p la te s  were th en  p laced i n  a h o t oven a t  110°C fo r  5 m inutes to

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



12

develop th e  n inhyd rin  p o s it iv e  s p o ts .  Chromatography showed th e re  

were a t  l e a s t  fou r compounds p re s e n t in  the  w ater so lu b le  e x tra c t  which 

were n inhyd rin  p o s it iv e  (F igure 1 ). The whole e x t r a c t  was a lso  te s te d  

in  a w hite  chromatophore d isp e rs in g  assay to  confirm  th e  presence of 

b io lo g ic a l  a c t iv i ty  before  f r a c t io n a t io n  procedures were begun. (See 

under B ioassay of F rac tio n s)

S ep ara tio n  of th e  four f r a c t io n s  dem onstrated to  be p re se n t was 

accom plished by the  use of Sephadex column chromatography. A 30 ml 

column was made using Sephadex G—25 which had been e q u il ib ra te d  fo r  

th re e  hours in  d i s t i l l e d  w ater. The column s iz e  was 50 cm x 2.5 cm. 

Packing was accomplished in  one s te p  by pouring th e  Sephadex sus­

pension through a funnel in to  th e  column and then  allow ing  the 

column to pack by running d i s t i l l e d  w ater through i t  fo r  fou r hours.

Care was taken to  make su re  th e  column was he ld  in  a  v e r t i c a l  p o s it io n  

w hile  packing to  p reven t i t  from having any d is to r t io n s  which could 

r e s u l t  in  poor f ra c t io n a t io n .

The p a r t i a l l y  p u r if ie d  ly o p h iliz e d  w a te r-so lu b le  e x tra c t  was 

d isso lv ed  in  5 ml o f w ater and 1 /2  ml a liq u o ts  were run through th e  

column, one a t  a tim e, fo r 10 ru n s . The column was allow ed to  run  

u n t i l  the w ater head had reached th e  top o f th e  Sephadex and then 

th e  1/2 ml a l iq u o ts  o f e x tra c t so lu tio n  were p laced  on th e  column 

using  a 1 ml p ip e t te .  Care was taken  to  be su re  th e  top o f  the  

Sephadex was no t d is tu rb ed  when the  sample was added to  th e  column.

The sample was allowed to  run in to  th e  Sephadex and th en  w ater was 

added to  form a head of 3 cm above th e  Sephadex and m aintained 

throughout th e  run. The s o lv e n t used throughout f r a c t io n a t io n

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



Figure 1

Chromatographic P a tte rn s  o f Water E x trac t o f  Earthworm B rains

Solvent System 
BuOH:Acetic Acid:W ater 
2:1:1

Run was fo r  45 m inutes

Solvent F ront

O rig in

F ra c tio n  rF on TLC rF Column

1 .769 .422

2 .382 .466

3 .727 .533

4 .745 .844

Q
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was d i s t i l l e d  w a te r a t a flow r a te  o f 3 ml an hour. Flow was 

c o n tro lle d  by keeping the  w ate r in  a  1,000 ml se p a ra tio n  funnel 

and a d ju s tin g  th e  flow r a te  by means o f a stopcock. The funnel 

was connected to  th e  column by a rubber tu b in g . One h a l f  m i l l i l i t e r  

samples were c o lle c te d  fo r  a p e rio d  o f 24 hou rs. These samples were 

then  examined fo r  th e  p resence o f n in h y d rin  p o s itiv e  compounds.

Twenty lambda of s o lu tio n  from each sample was sp o tte d  on a s i l i c a  

g e l th in  la y e r p la te  (Gelman C o rp o ra tio n ). The p la te s  were then 

sprayed w ith  n inhyd rin  reagen t and p laced  in  a h o t oven a t  110°C fo r  

5 m inu tes. Samples which con tained  an amino a c id , p o ly p ep tid e  o r  

p ro te in  were in d ic a te d  by th e  development o f  a p u rp le  c o lo r.

Those aamplea which con ta ined  a n in h y d rin  p o s i t iv e  substance  

were run in  th in  la y e r  chromatography (TLC) using  8" x 8" s i l i c a  g e l 

chromatography p la te s  in  o rd e r to  determ ine which samples con tained  

id e n t ic a l  f r a c t io n s .  The developing system  was b u ta n o l:a c e t ic  a c id : 

w ater (2 :1 :1 ) .  Ten to  20 lambda o f th e  samples were sp o tte d  on a 

th in  la y e r  p la te .  The amount sp o tte d  was a su b je c tiv e  d e c is io n  

based  on the c o lo r  in te n s i ty  o f th e  n in h y d rin  s p o ts . While th e  

p la te s  were being  sp o tte d , a chromatography tank was s e t  up by 

pouring  200 ml o f th e  developing system  in to  the  tank  and covering  

to  allow  th e  atmosphere o f th e  tank  to  become s a tu ra te d  w ith  th e  

developing system . A fte r s p o ttin g  and making su re  a l l  sp o ts  w ere 

d ry , th e  p la te s  were p laced  in to  th e  ta n k . Ascending chromatography 

was c a r r ie d  out fo r  45 m inutes. The p la te s  were removed and th e  

so lv e n t f ro n t narked . Drying o f th e  p la te s  was by fo rced  warm a i r .

A fte r  d ry in g , th e  p la te s  were sprayed w ith  n inhydrin  and developed in
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a  h o t oven  a t  1003C f o r  5 m in u te s . Those sam ples  w ith  s im i l a r

rF  v a lu e s  w ere  combined as f r a c t i o n s  and u sed  i n  t e s t s  f o r  b i o l o g i c a l

a c t i v i t y .

B ioassay  o f  F r a c t io n s

The fo u r  f r a c t io n s  w hich w ere i s o l a t e d  from  th e  w a te r  e x t r a c t  

w ere t e s t e d  f o r  b io l o g ic a l  a c t i v i t y  by fo u r  b io a s s a y s .

C hrom atophore d is p e r s io n  assay

The ch rom atophore  d is p e r s in g  a s s a y  was used  by McVay (1942) to  

d e m o n s tra te  t h a t  hom ogenates o f  earthw orm  b r a in s  c o n ta in e d  a  s u b s ta n c e ( s )  

w hich had  b i o l o g i c a l  a c t i v i t y .  In  t h i s  i n v e s t i g a t i o n  t h i s  a ssa y  was 

u sed  i n i t i a l l y  to  d em o n stra te  c h ro m a to p h o ro tro p ic  a c t i v i t y  o f  b r a in  

hom ogenates and th e  u n f r a c t io n a te d  w a te r - s o lu b le  p o r t io n  o f  th e  i n i t i a l  

m e thano l e x t r a c t .  The f r a c t io n s  w ere  th e n  t e s t e d  by means o f  t h i s  

a s sa y  to  d e te rm in e  i f  one o r  more o f  them c o u ld  b e  r e s p o n s ib le  f o r  

th e  ch rom atophore  d is p e r s in g  a c t i v i t y  o f  b r a in  hom ogenates. The w h ite  

ch ro m ato p h o res  in  th e  ca rap ace  from  m edian  s e c t io n s  o f  each  h a l f  o f  

th e  th o ra x  o f  CambcaKS spp . w ere th e  t e s t  o b je c t s  f o r  th e  b io a s s a y .  

C arapace  s e c t io n s  w ere  p la c e d  i n  p h y s io lo g ic  s a l i n e  u n t i l  u sed . The 

ch ro m ato p h o res  ad h e re  to  th e  e x o s k e le to n  when i t  i s  removed and a r e  

e a s i l y  o b se rv e d  w ith  th e  u se  o f  a  d i s s e c t i n g  m ic ro sco p e . A lth o u g h  

b o th  re d  and w h ite  chrom atophores w ere  p r e s e n t ,  i t  h as  b een  demon­

s t r a t e d  t h a t  c e n t r a l  nervous sy s te m  hom ogenates o f  L. t e T r e s t r i s  

cau sed  c o n t r a c te d  w h ite  chrom atophores to  d i s p e r s e  w h ile  th e  re d  

ch ro m ato p h o res  w ere u n a f fe c te d .  To in s u r e  f u l l  c o n t r a c t io n  o f  th e
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w hite  chrom atophores, th e  c ra y fish  were k e p t In  an aquarium w ith  a dark  

bottom . The chrom atophores found In  th e  d o rsa l reg ion  a re  very  s e n s i­

t iv e  and r e a d i ly  d isp e rs e  in  p h y sio lo g ic  s a l in e  and those  a t  the 

v e n tra l  edge a re  r e la t iv e ly  u n reac tiv e ; th e re fo re ,  to  In su re  rep ro ­

duc ib le  r e s u l t s ,  th e  d o rsa l and v e n tra l  reg ions (approxim ately one 

cen tim eter) were removed and d iscarded .

Readings o f  chrom atophorotroplc a c t iv a t io n  were made on a  s c a le  

o f  0 to  5; f iv e  meaning f u l l  d isp e rs io n  o f  th e  chrom atophores. A ll 

t e s t s  were run In  p h y sio lo g ic  s a l in e .  The co n tro l s o lu tio n  was s a l in e  

and the t e s t  samples were whole b ra in  houogenate (20 b ra in s /m l)  in  

s a l in e ,  b ra in  re s id u e  from methanol e x t ra c t io n  resuspended in  1 ml 

s a l in e ,  u n fra c tio n a te u  whole e x tra c t  and in d iv id u a l e x t r a c t  f r a c t io n s .

The p iece o f carapace which was to  be used fo r  te s t in g  was immersed 

in  0 .5  ml of p h y s io lo g ic  s a l in e .  To th i s  was added 0 .1  ml o f  the 

so lu tio n  to  be te s te d .  A ll p ieces  of carapace  th a t  were used fo r  one 

t e s t  came from th e  same c ra y fish .

The d is p e rs io n  o f  w h ite  chromatophores i s  a continuous process 

and the  tim e in te r v a ls  fo r  observation  w ere a r b i t r a r i l y  chosen by th e  

au tho r. Readings were made a t  zero  tim e (no t e s t  s o lu tio n  added) and 

then every 15 m inutes fo r  1 hour a f te r  th e  t e s t  so lu tio n s  had been added. 

The samples were n o t randomized and because o f  the  s u b je c tiv e  n a tu re  

o f  the re a d in g s , i t  i s  adm itted  by th e  au th o r th a t  i t  was p o s s ib le  

th a t  a p o s i t iv e  b ia s  was involved in  th e  r e s u l t s  o f th e  a ssay . To 

c a lc u la te  d is p e rs io n  r e s u l t s  the  zero tim e read ings were su b tra c te d  

from th e  t e s t  re a d in g s . Epinephrine was a lso  te s te d  as to  i t s  a b i l i t y  

to  cause w h ite  chromatophore d isp e rs io n . D ilu tio n s  o f  1 :103 to
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1:109 were te s t e d .  R esu lts  were c a lc u la te d  as w ith  th e  o th e r  so lu ­

tio n s .

H y p e rg ly c e m ic  a s s a y

The f r a c t io n s  were assayed fo r  t h e i r  hyperglycem ic e f f e c t .  This 

was done by in je c t in g  the  f ra c t io n s  in to  earthworms and comparing and 

observing th e i r  e f f e c ts  on blood g lucose le v e ls  w ith  those e f f e c ts  of 

s a l in e  in je c t io n s  a lone. Blood g lucose le v e ls  were determ ined by the 

g lu c o s ta t method as m odified by C raig  (1966) fo r  m icrosam ples. This 

method invo lved  th e  p re p a ra tio n  of a 1:10 d i lu t io n  o f th e  b lood sample 

followed by p r e c ip i ta t io n  o f p ro te in s  w ith  zinc  s u l f a te  and barium  

hydroxide. The p ro te in - f r e e  f i l t r a t e  was used fo r  g lucose determ ina­

tio n s  (by th e  G lu co sta t method -  W orthington Biochem ical C o rpo ra tion ). 

The g lu c o s ta t method i s  s p e c if ic  fo r  6-D -giucose and does no t determ ine 

p en to ses , o th e r  hexoses, o r  o th e r  reducing  su b stan ces .

Blood sam ples te s te d  fo r  g lucose  co n ten t were from worms th a t  

had been In je c te d  w ith  one o f th e  fo llo w in g : s a l in e ,  b ra in  homogenate

in  s a l in e  (20 b ra in s /m l) ,  and each o f th e  4 f ra c t io n s  o f  b r a in  e x tra c t .  

One te n th  m i l l i l i t e r  of t e s t  s o lu tio n  was in je c te d  in to  t e s t  worms 

which had been debrained  24 hours p r io r  to  t e s t .  The worms were 

s a c r if ic e d  one hour a f t e r  in je c t io n s  were made and blood g lucose 

le v e ls  were determ ined. Blood samples ob ta ined  from each worm were 

about 10 lambda in  volume. To in su re  enough blood p e r  sam ple, 10 

worms were used fo r  each t e s t  and th e i r  b lood  samples pooled to  make 

one sam ple. In  making glucose a n a ly se s , d u p lic a te  samples w ere run 

from each poo led  sample and th e  r e s u l t s  averaged.
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G ly c o g e n o ly s i s  a s s a y

The next b ioassay  was a t e s t  of the e f f e c t  o f  F ra c tio n  1 on glyco­

g e n o ly s is . In  earthworm s, glycogen i s  s to red  in  chlorogonen c e lls  

lo c a te d  in  the w all o f th e  in te s t in e .  This was an i n  v i t r o  t e s t  and 

involved  q u a n t i ta t iv e  a n a ly s is  o f glycogen in  sam ples o f  in te s t in e  

b e fo re  and a f te r  exposure to  th e  b ra in  e x tra c t  f r a c t io n s .  The in t e s t in a l  

w a ll glycogen assay was developed by Radke (1969) and was a m od ifica tion  

of the  anthrone reagen t procedures o f Roe and D aily  (1966) in  which 

t i s s u e  was homogenized in  NaOH and p ro te in  p r e c ip i ta te d .  The glycogen 

was p re c ip i ta te d  from p ro te in - f r e e  so lu tio n  by e th an o l and was then  

assayed c o lo ro m e tr ic a lly . For each assay th re e  samples o f washed 

i n t e s t i n a l  t i s s u e  were weighed and p laced in to  t e s t  tubes labeled  

c o n tro l ( a ) ,  10 m inutes hold  (only s a l in e  added) (b ) ,  and 10 minutes 

ho ld  p lus e x tra c t  ( c ) . Homogenization of t i s s u e  in  tube  a was s ta r te d  

im mediately by a d d itio n  o f 3 ml o f IN NaOH. At th e  end o f  10 m inutes,

3 ml o f IN NaOH was added to  tubes b and c . Treatm ent o f  a l l  so lu tio n s  

was then according to  th e  method o f Roe and D aily  (1966).

H y p o -o sm o tic  a s s a y

The assay fo r  hypo-osm otic a c t iv i ty  by any o f  th e  w ater e x tra c t 

f ra c t io n s  was conducted by determ ining the  a b i l i t y  o f  decereb rated  

worms to  re g u la te  in  a  hypo-osm otic medium fo llo w in g  in je c tio n s  o f th e  

f r a c t io n s .  The procedures used fo r  th e  assay were developed w ith  th e  

a id  o f D r. Jean Lawrence. Worms were d ece reb ra ted  th re e  days b e fo re  

use and s to re d  a t  4°C in  wet tow eling . C ontrol groups o f  worms, which
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were no t d ece reb ra ted , were I s o la te d  a t  th e  same time and m aintained 

a t  4°C in  wet tow eling . On the day o f th e  t e s t  th e  worms were grouped 

in to  10 c la s s i f i c a t io n s  w ith  from 2 to  5 worms in  a group. The trea tm en t 

to  which each group was su b jec ted  i s  ta b u la te d  in  Table 1.

A ll in je c t io n s  which contained m a te r ia l derived  from b ra in  had an 

a c tu a l o r  c a lc u la te d  value o f 2 b ra in s  f o r  each worm. The in je c t io n s  

were given in  two p o r tio n s ,  0.05 ml in je c te d  a n te r io r  to  th e  d i t e l l u m  

and 0 .05 ml in je c te d  approxim ately half-w ay between th e  c l i te l lu m  and 

th e  p o s te r io r  end. A ll worms which were in je c te d  were f i r s t  an e s th e tiz e d  

in  10% e th an o l. The worms were m ain tained  in  ae ra ted  d i s t i l l e d  w ate r 

which had been ae ra ted  fo r  15 m inutes p r io r  to  immersion o f  worms. A ll 

worm groups were weighed a t  the  s t a r t  o f  the assay  a f te r  b lo t t in g  in  

paper tow eling . A ll w eights were rounded o f f  to  th e  n e a re s t 0 .1  gram. 

A fte r  immersion in  d i s t i l l e d  w a te r , worm groups were weighed every 

f i f t e e n  minutes fo r  th e  f i r s t  two hours and then  hourly  fo r  seven more 

hours (9 hours to t a l  tim e ) . R esu lts  were c a lc u la te d  as p e rce n t w eight 

gain  fo r  each time in te rv a l .

RESULTS AND DISCUSSION

At th e  onse t o f th is  in v e s t ig a t io n  th e  m a te r ia l ob ta ined  from th e  

methanol e x tra c tio n  procedure was shown to con ta in  a t  l e a s t  four 

n inh y d rin  p o s it iv e  (F igure 1) f r a c t io n s  by means o f ascending chroma­

tography. The f ra c t io n s  were considered  to  be po lypep tide  i n  n a tu re  

due to  th e i r  re a c tio n  to  n in h y d rin . The m a te r ia l was then  p a r t i a l l y  

p u r i f ie d  by perform ing e x tra c tio n  procedures to  remove l i p id s  which 

a re  w ater so lu b le . I t  i s  adm itted  by th e  au tho r th a t  i t  i s  p o s s ib le
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T a b le  1

C l a s s i f i c a t i o n  o f  Worm Group f o r  O sm o reg u la tio n  A ssay

D e s ig n a tio n

l a  D e c e re b ra tio n

lb  D e c e re b ra tio n  + a n e s th e s ia *

I c  D e c e re b ra tio n  + a n e s th e s i a  + s a l i n e  in j e c t io n * *

I d i  D e c e re b ra tio n  + a n e s th e s ia  + F r a c t io n  1 i n j e c t i o n

Id£  D e c e re b ra t io n  + a n e s th e s i a  + F r a c t io n  2 i n j e c t i o n

I d 3 D e c e re b ra tio n  + a n e s th e s ia  + F r a c t io n  3 i n j e c t i o n

Idif D e c e re b ra t io n  + a n e s th e s ia  + F r a c t io n  4 i n j e c t i o n

I e  D e c e re b ra tio n  + a n e s th e s ia  + B ra in  hom ogenate i n j e c t i o n  (20 b r a in s /m l)

I l a  Normal (no t r e a tm e n t)

I I  b Normal + a n e s th e s i a

* A n e s th e s ia  -  worms p la c e d  i n  10% EtOH f o r  2 m in u tes

** I n j e c t i o n  ■ 0 .1  ml o f  sam p le  in j e c t e d
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n o t a l l  o f  the  w a te r-so lu b le  l ip id s  were removed e i th e r  because th e  

e x tra c t io n  procedures were no t e f f e c t iv e  o r  the  p o s s ib i l i ty  o f  bound 

l i p id s .  Thus, any w a te r-so lu b le  s te ro id s  should have been removed 

which m ight have been included  w ith  th e  fo u r  f r a c t io n s .  S ince ca tech o l 

and in d o l amines are  p re sen t in  nervous t i s s u e  o f  L . t e r r e s t r i s  (Rude 

1969 and B lanchi 1967) and in  ou r la b o ra to ry ,  ep inephrine  has been 

dem onstrated  to  have a p o s it iv e  chrom atophoric e f f e c t ,  to  e le v a te  

blood g lucose  le v e ls  and to  in c re a se  w a te r uptake, i t  was necessary  

to  remove them as th e i r  presence would n o t perm it d e f in i te  d e term ina tion  

th a t  any b io lo g ic a l  a c t iv i ty  was due to  th e  n inhydrin  p o s i t iv e  f r a c t io n s ,  

a lthough  i t  i s  adm itted th a t  the p o s s i b i l i t y  e x is ts  th a t  a minor 

contam inent o f ep inephrine could s t i l l  be  p re se n t in  th e  f r a c t io n  and 

could have been re sp o n sib le  fo r  th e  a c t i v i t y  seen (Table 2 ) .

A f te r  removal o f w a te r-so lu b le  l i p id s  and amines, th e  m a te r ia l 

was run through a Sephadex 6-25 column which sep a ra ted  th e  fo u r 

f r a c t io n s  in to  in d iv id u a l components. I t  can be see  from F igure  1 th a t  

F ra c tio n  2 d id  n o t q u ite  match th e  low est sp o t in  th e  chromatograph 

of th e  whole b ra in  e x tra c t .  This m ight have been due to  an e f f e c t  on 

th e  movement o f  th e  f r a c t io n  when i t  was mixed w ith  th e  o th e r  th re e  

f r a c t io n s .  No fu r th e r  chem ical p rocedures were c a rr ie d  o u t and because 

o f t h i s ,  n o th ing  can be sa id  about th e  homogeneity o f each component.

I t  i s  p o s s ib le  th a t  each component could c o n s is t  o f more than  one 

compound. Because o f th e  e x tra c t io n  and is o la t io n  techn iques used and 

th e  know c h a r a c te r i s t ic s  o f Sephadex G-25, i t  i s  considered  by the 

au th o r th a t  th e  components is o la te d  a re  po ly p ep tid e  conpounds having 

a  m o lecu la r w eight in  th e  range o f  1500 to  3400. D e f in it iv e  p roof o f
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T a b le  2

C hrom atophore D is p e r s in g  A c t i v i ty  o f  B ra in  Homogenate,
W ater E x t r a c t  o f  B ra in s ,  and E x t r a c t  F r a c t io n s

V alues  o b ta in e d  a re  th e  av e ra g e  o f  f o u r  e x p e r im e n ts . In  each  

e x p e rim e n t th e  a b i l i t y  o f  t r e a tm e n ts  to  cau se  d i s p e r s a l  o f  w h ite  

ch rom atophores  was e x p re s s e d  on a  s c a l e  o f  from  0 to  5 . Z ero i n d i ­

c a te d  no a c t i v i t y  and 5 , maximum w h ite  ch rom atophore  d is p e r s in g  

a c t i v i t y .  A l l  t e s t  s o lu t io n s  had  a  c a l c u la te d  c o n c e n tr a t io n  o f  20 

b r a in s /m l .  R e s u lts  o f  th e  t e s t s  w ere  re a d  a f t e r  one h o u r .

C hrom atophore D is p e rs in g  
T rea tm en t*   V alue_____________

E p in e p h r in e  ( 1 :1 0 3 d i l u t i o n ) 3 .75

Whole E x t r a c t  (M ethanol) 2 .5

F r a c t io n  1 1 .7 5

F r a c t io n  2 0 .7 5

F r a c t io n  3 0 .7 5

F r a c t io n  4 0 .2 5

B ra in  Homogenate (20 b r a in s /m l) 3 .75

C o n tro l ( s a l i n e ) 0 .2 5

n  * 4

* 0 .1  ml o f  th e  in d i c a te d  s o lu t i o n  i n  s a l i n e  was added to  th e  
b a th in g  medium f o r  each  t e s t .  R e s u l t s  w ere  re a d  a f t e r  one 
h o u r .
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th e  HnH and s iz e  of m olecule can be o b ta in ed  by a  complete chem ical 

a n a ly s is  o f  each of the  components.

The f r a c t io n s  obta ined  by column chrom atographic s e p a ra tio n  were 

i n i t i a l l y  te s te d  fo r  th e  presence o f b io lo g ic a l ly  a c tiv e  f a c to r s  in  

th e  chrom atophorotropic assay o f McVay (1942). This assay t e s t s  th e  

d is p e rs in g  e f f e c t  o f  compounds on w h ite  chromatophores o f  th e  c ra y f ish .

The d is p e rs io n  and co n tra c tio n  o f  th e se  chromatophores i s  horm onally 

c o n tro lle d  in  th e  c ra y fish  (Bullock and H orridge 1965). A lthough any 

a c t iv i t y  shown by th e  f r a c t io n  i n  t h i s  assay  would not n e c e s s a r i ly  

im p lic a te  th a t  the  f ra c t io n s  con tained  f a c to rs  which a re  invo lved  in  

any p h y s io lo g ic a l p rocess in  earthworm s, i t  would account fo r  th e  

chrom atophorotropic a c t iv i ty  seen w ith  whole b ra in  homogenates.

Table 2 shows the r e s u l t s  o f  th e  chrom atophorotropic a ssay . As 

can be seen , whole b r a in  homogenate had a  chrom atophorotropic v a lu e  o f 

3 .7 5 . As i t  had been shown by McVay, 1942, th a t  ep inephrine a ls o  has 

such an e f f e c t ,  ep inephrine  was inc luded  in  th e  s e r ie s  o f su bstances  

te s te d  in  the  assay . R esu lts  o b ta in ed  from a  s e r ie s  o f  d i lu t io n s  o f 

ep in ep h rin e  a re  p resen ted  in  Table 3. An epinephrine s o lu t io n  w ith  a 

d i lu t io n  o f 1:10“ 3 was used in  t e s t in g  along w ith  e x tra c t s o lu tio n s  

as i t  had th e  g re a te s t  e f f e c t  i n  th e  a ssay . As seen in  Table 2, 

whole b ra in  homogenate and the  ep in ep h rin e  so lu tio n  had th e  g r e a te s t  

e f f e c t  on d isp e rs io n  o f w hite  chrom atophores. The chrom atophorotropic 

v a lue  fo r  th e  w ater e x tra c t  was 2 .5  compared to  3.75 fo r  th e  whole 

b ra in  homogenate. S ince th e  monoamines had been removed from th e  

w ate r e x t r a c t ,  the  f a c t  th a t co n s id e ra b le  chrom atophorotropic a c t iv i t y  

was s t i l l  p re se n t would In d ic a te  th e  p resence  o f b io lo g ic a l ly  a c t iv e
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T ab le  3

Chromatophore D ispersing  A c tiv ity  o f Epinephrine

Values ob ta ined  are  th e  average of four experim ents. In  

each experim ent the a b i l i t y  o f trea tm en ts  to  cause d is p e r s a l  o f 

w hite  chromatophore was expressed on a s c a le  o f  from 0 to  5. Zero 

in d ic a te d  no a c t iv i ty  and 5 , maximum w hite  chromatophore d isp e rs in g  

a c t iv i t y .

Treatm ent* Chromatophore D ispersing  Value

1 :1 0 3 2.25

ltlO*4 1 .0

1 :1 0 5 1.25

1 :1 0 6 0.75

1 :1 0 7 0 .5

1 :1 0 8 0.75

1:10 9 Trace

C ontro l ( s a l in e ) 0.25

n -  4

* 0 .1  ml of th e  in d ic a te d  ep in ep h rin e  d ilu tio n s  in  s a l in e  
was added to  th e  ba th ing  medium fo r  each t e s t .  R esu lts  
were read  a f t e r  one hour.
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fa c to rs  o th e r  than  ep inephrine  w ith  th i s  a c t iv i t y .  The r e s u l t s  from 

t e s t s  w ith  th e  fo u r f ra c t io n s  in d ic a te s  th a t  F rac tio n  1 has the  most 

a c t iv i t y ,  F rac tio n s  2 and 3 much le s s  a c t iv i t y  and F rac tio n  4 no a c t iv i t y .  

This does n o t n e c e s sa r i ly  mean th e re  a re  no fa c to rs  in  F rac tio n  4 

which could show chrom atophorotropic a c t iv i ty  as th e re  may be f a c to r s  

p re se n t which would show a c t iv i ty  i f  they were p re sen t in  a h ig h e r 

c o n ce n tra tio n . I t  i s  a lso  p o ss ib le  th a t  th e  e x tra c tio n  and i s o la t io n  

procedures o r environm ental fa c to rs  could have caused changes in  

m olecular s t r u c tu re  so as to  a l t e r  o r  d estro y  b io lo g ic a l a c t iv i t y .

The r e s u l t s  o f the  assay in d ic a te  th a t  i t  i s  p o ss ib le  th a t  a t  l e a s t  

p a r t  o f th e  chrom atophorotropic a c t iv i ty  seen  w ith  whole b ra in  homo- 

genates i s  the  r e s u l t  o f fa c to rs  p re se n t in  th e  f ra c tio n s  o b ta in ed  

from whole b ra in  e x tra c tio n .

The f i r s t  assay to t e s t  fo r  b io lo g ic a l  a c t iv i ty  o f th e  f r a c t io n s  

in  earthworms was a hyperglycem ic assay . C raig  (1966) had shown th a t  

d e c e re b ra tio n  re s u lte d  in  a decrease  in  b lood  glucose to  zero over the  

succeeding 24 hour p e rio d , which was follow ed by a gradual in c re a se  

o f  blood glucose le v e ls  to  n ear normal. Although Craig d id  n o t prove 

th e  b ra in  has a re g u la to ry  fu n c tio n  in  th e  c o n tro l o f blood g lucose  

le v e ls ,  th e  im p lic a tio n  was s t i l l  th e re . Clough (personal communication) 

d id  dem onstrate th a t  in je c tio n s  o f b ra in  homogenates (2 brains/w orm ) 

e lev a te d  blood g lucose le v e ls  above th a t  caused by in je c t io n  o f  s a l in e  

a lone . S o lu tions o f th e  f ra c t io n s  were made up to  contain  2 b r a in  

eq u iv a len ts  p e r 0 .1  ml. Table 4 shows th a t  F rac tio n s  1. and 2 c o n ta in  

a f a c to r  o r  fa c to rs  which e l i c i t e d  a d e f in i te  hyperglycemic response  

when in je c te d  in to  earthworms. F rac tio n s  3 and 4 gave a response th a t
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T a b le  4

Blood G lucose  L ev e ls  o f  Earthw orm s F o llo w in g  I n j e c t i o n  o f  
S a l in e  and th e  Four F r a c t io n s  o f  B ra in  E x t r a c t

T rea tm en t R e s u l t  (mgs X)

S a lin e  1 4 .0

F ra c t io n  1 23 .6

F ra c t io n  2 2 8 .4

F r a c t io n  3 1 3 .7

F r a c t io n  4 1 6 .25

A ll  i n j e c t i o n s  w ere 0 .1  m l. Worms w ere  a llo w ed  to  s ta n d  f o r  

1 h o u r and th e n  b lo o d  sam ples w ere  o b ta in e d .
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was eq u iv a len t to  s a l in e  I n je c t io n  a lone . As none o f  th e  f ra c t io n s  

caused a decrease  in  blood g lucose  le v e ls ,  i t  i s  on ly  p o s s ib le  to  

say th a t  th e  a c tiv e  f a c to r  o r  f a c to r s  in  F rac tio n s  1 and 2 may p ossib ly  

p lay  a ro le  in  th e  e le v a tio n  o f  b lood  glucose in  th e  earthworm. 

S t a t i s t i c a l  ana ly ses  were no t done because th e  d ram atic  r i s e  in  glucose 

le v e ls  caused by F rac tio n s  1 and 2 were obviously d i f f e r e n t  from the  

s a l in e  c o n tro ls .

Table 5 shows the  r e s u l t s  o f te s t in g  F rac tio n  1 in  a  g lycogenolysis 

assay . Only F ra c tio n  1 was te s te d  in  th is  assay due to  the  sm all 

amount o f  m a te r ia l a v a i la b le  f o r  th e  o th e r  th re e  f r a c t io n s .  The assay 

as used was in  the  p rocess o f d esign  and has s in c e  been re f in e d  to  

g ive a b e t t e r  assay . As can be seen  by examining r e s u l t s  p resen ted  

in  Table 5 , th e  worms tr e a te d  w ith  F rac tio n  1 had s l i g h t ly  more 

lo s s  o f  glycogen from the  i n t e s t i n a l  w a ll than th e  sample l e f t  w ith­

ou t trea tm en t w ith  F ra c tio n  1 (Sample B). I f  th e  r e s u l t s  o f  th i s  

assay are  combined w ith  th e  r e s u l t s  o f th e  hyperglycem ic a ssay , i t  

shows a  good p o s s ib i l i ty  th a t  a t  l e a s t  F rac tio n  1 , o r  a  f a c to r  o r  

f a c to rs  p re se n t in  F ra c tio n  1 , may p lay  a ro le  in  th e  m o b iliz a tio n  o f  

glycogen from th e  chlorgonen c e l l s  in  the  in t e s t i n a l  w a ll and as a 

r e s u l t  r a i s e  blood g lucose le v e ls .

The s tu d ie s  of Kamemoto, e t  a t  (1962) and Kamemoto (1964) have 

shown th a t  th e  b ra in  con ta in s a substance  o r  substances which are  

re sp o n s ib le  f o r  th e  c o n tro l o f osm otic and io n ic  r e g u la tio n . Table 6 

shows the  r e s u l t s  o f  te s t in g  th e  is o la te d  f ra c t io n s  in  an osm oregulation 

assay . When comparing r e s u l t s ,  i t  i s  in te r e s t in g  to  n o te  th e  e f f e c t  

caused by e th an o l on the  a b i l i t y  o f  th e  earthworms to  re g u la te
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T a b le  5

E ffe c t  o f  E x t r a c t  F r a c t io n  1 on G lycogen 
C o n te n t o f  I n t e s t i n a l  W all

R e s u l t s  a re  e x p re s s e d  i n  te rm s o f  m ill ig ra m s  g ly co g en  p e r  gram 

o f t i s s u e .  A:no t r e a tm e n t ,  B:10 m inute h o ld  and £ :1 0  m in u te  h o ld  

p lu s  e x t r a c t  F r a c t io n  1.

T r i a l A B C

1 1 .8 0 0 .0 0
0 .0 0

2 2 .0 5
1 .7 6 1 .1 7

1 .8 5
1 .1 1

3 0 .2 8
1 .3 8

1 .39
1 .5 4

0 .3 8 V
0 .8 9

4 1 .5 3
1 .5 3

0 .9 2
0 .9 2

1 .1 6
0 .9 7

5 5 .4 5
4 .9 5

3 .2 3
3 .3 7

1 .8 5
2 .0 3

IX (n) 2 2 .5 2 (9 ) 1 2 .5 4 (9 ) 1 0 .9 8 (8 )

- = X/2 
n 1 .1 3 0 .6 3 0 .5 5
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T a b le  6

B io a ssay  o f  E x t r a c t  F r a c t io n s  f o r  O sm o reg u la tio n  A c t iv i ty  

(p e rc e n t  w e ig h t g a in  f o r  each  sam ple  a t  each  tim e  p e r io d )

Time H a l i b l a lb I c Id i Id 2 Id3 Id 4 I e

15 min 0 0 0 0 0 0 0 0 0 0

30 min 4 .0 3 .9 2 .7 8 .4 4 .6 6 .8 4 .7 4 .3 1 .1 5 .5

45 min 8 .0 7 .8 5 .0 1 4 .3 8 .6 1 0 .4 9 .9 11 .9 5 .7 1 0 .6

60 min 8 .8 9 .8 5 .4 1 7 .1 1 1 .1 1 3 .3 1 4 .8 1 5 .4 8 .3 1 7 .1

75 min 9 .7 1 1 .8 6 .2 1 8 .7 1 4 .1 1 5 .3 1 6 .1 1 7 .0 9 .7 1 8 .8

90 min 1 1 .4 1 3 .1 7 .8 21 ,5 1 5 .8 1 7 .4 1 7 .4 19 .9 1 1 .2 2 1 .1

105 min 1 1 .1 1 4 .4 7 .8 21 .9 1 7 .5 1 7 .4 1 8 .1 2 1 .1 1 1 .5 2 0 .8

120 min 1 2 .0 1 5 .6 7 .5 23 .0 1 9 .2 1 8 .1 1 7 .4 3 1 .3 1 1 .5 2 0 .5

3 h r s 1 3 .7 1 6 .7 4 .6 2 7 .2 2 3 .4 2 0 .5 2 0 .2 2 6 .4 1 4 .4 2 4 .2

4 h rs 1 4 .3 1 8 .3 8 .1 3 0 .3 2 3 .7 2 1 .4 2 1 .2 27 .4 1 6 .8 2 5 .5

5 h r s 1 4 .6 2 0 .0 9 .2 3 2 .8 2 5 .4 2 2 .9 23 .9 2 6 .7 1 7 .6 2 2 .4

6 h r s 1 2 .6 22 ,4 9 .1 3 4 .1 2 6 .2 2 3 .1 2 3 .6 2 5 .2 1 5 .8 2 3 .5

7 h r s 1 2 .6 20 .9 8 .2 3 5 .5 2 7 .0 2 3 .0 2 4 .1 2 5 .2 1 7 .3 2 3 .6

8 h r s 8 .0 1 8 .3 7 .2 34 .0 2 4 .1 1 9 .5 2 0 .3 23 .4 1 1 .8 2 0 .6

9 h r s 7 .5 17 .9 7 .2 3 4 .0 2 4 .1 1 8 .3 1 8 .6 2 1 .7 8 .9 2 1 .0

I n t a c t I n t a c t
+

E th a n o l

D eb ra in D e b ra in
+

E th a n o l

D eb ra in
+

E th a n o l

m
+

E th a n o l

n
+

E th a n o l

in
+

E th a n o l

#4
+

E th a n o l

H omogenate
+

E th a n o l
+

S a l in e
i n j e c t i o n ho

VO
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o sm o tlca lly . The trea tm en t o f e thano l a n e s th e tiz a tio n  caused in ta c t  

worms to  gain  about tw ice as much w eight as in t a c t  worms which had 

had no t been a n e s th e tiz e d . When the  worms were su b je c te d  to  

d ece reb ra tio n  in  a d d itio n  to  e th an o l a n e s th e tiz a tio n ,  they gained about 

th ree  times as much w eight as th e  n o n -an es th e tized  worms. Because th e  

worms th a t were used to  t e s t  the e x tra c t  fr a c tio n s  were su b jec ted  to  

both an in je c t io n  o f  t e s t  so lu tio n  and to  e th an o l a n e s th e tiz a tio n , 

the im portant c o n tro l group i s  Group lb .  A n e s th e tiz a tio n  was c a rr ie d  

out w ith  10% e th a n o l fo r  a period  of 2 m inutes.

The r e s u l t s  in d ic a te  th a t each of th e  f r a c t io n s  co n ta in  a fa c to r  

o r  fa c to rs  which a re  a c tiv e  in  th i s  assay . A ll worms in  th e  t e s t  

groups gained le s s  w eight than th e  worms in  th e  c o n tro l group ( lb ) .

The assay design  l im i ts  the  t e s t  only to  an e v a lu a tio n  o f  th e  a b i l i ty  

o f the worms to  re g u la te  the uptake o f w ate r (expressed  in  the assay 

as w eight g a in ) ,  u s in g  the  c r i t e r i a  th a t  le s s  w eigh t ga in  means more 

a b i l i t y  to  r e g u la te  o sm o tlca lly . The r e s u l t s  show th a t  F rac tio n  4 

had the  most a c t iv i t y  ( le a s t  w eight gain ) and F ra c tio n s  1, 2 and 3 were 

about equal in  a c t iv i t y .  As can be seen , a l l  t e s t  groups showed an 

a b i l i t y  to r e g u la te  w ater uptake a f t e r  7 hours in  th e  hypo-osm otic so lu ­

t io n . F ra c tio n s  1 , 2 and 3 had an e f f e c t  about equal to  th a t  of b ra in  

homogenate, which was a slow er r a te  o f w a te r uptake than  shown by 

debrained , a n e s th e tiz e d  worms end showed a  le v e lin g  o f f  a f t e r  th re e  o r  

fo u r hours in  th e  hypo-osmotic s o lu tio n . F ra c tio n  4 showed a g re a tly  

Increased  osm oregulatory e f f e c t  re s u l t in g  in  very  l i t t l e  w eight gain  

by th a t  group o f worms. The mechanism o f a c t io n  can no t be deduced by 

the  assay system  used, bu t th e  p a t te rn  o f i n l t a l  ra p id  w eight gain
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fo llow ed by a le v e lin g  o f f  which i s  th en  follow ed by w eight lo s s  would 

seem to  in d ic a te  th a t the  a c tio n  i s  by way o f s tim u la tin g  d iu r e s i s .

The marked p reven tion  of w eight g a in  by F ra c tio n  4 could be by an 

immediate s tim u la tio n  of marked d iu r e s i s ,  by a p reven tion  o f w ate r 

uptake through some mechanism o r a com bination o f the  two.

SUMMARY

E x tra c tio n  of th e  suprapharyngeal ganglion  was c a rr ie d  o u t using  

m ethanol. The methanol e x tra c t  su p e rn a ta n t was d r ie d , then re-suspended  

in  w ater and the w a te r- in so lu b le  m a te r ia l d iscard ed . The w a te r-so lu b le  

e x tra c t  was fu r th e r  p u r if ie d  by e th e rrw a te r  and the  e th e r  f r a c t io n s  d is ­

carded and th e  w a te r-so lu b le  f r a c t io n  saved fo r  b io lo g ic a l t e s t in g .

The w ate r e x tra c t  was sep ara ted  in to  fo u r n inhyd rin  p o s it iv e  f r a c t io n s  

by sephadex column chromatography. The f ra c t io n s  were te s te d  fo r  

b io lo g ic a l  a c t iv i ty  in  a chrom atophorotropic assay using th e  w h ite  

chromatophores of the  c ra y fish  Cambarus spp . and in  th ree  assays in  

th e  earthworm Lm bviaus te r r e e tr ^ is ; th e  f i r s t  a hyperglycemic b lood  

assay , th e  second a g lycogeno lysis  a ssay , and th e  th ird  an osmoregula­

tio n  a ssay . R esu lts  o f the  assays have shown th a t  F rac tio n  1 was 

a c t iv e  in  a l l  assays bu t showed th e  h ig h e s t a c t iv i ty  in  th e  chromato­

p h o ro tro p ic  assay , the  hyperglycem ic a ssay , and th e  g lycogeno lysis assay . 

F ra c tio n  2 was a c tiv e  in  a l l  a ssays in  which i t  was te s te d  showing the  

g r e a te s t  a c t iv i ty  in  th e  hyperglycem ic a ssay . F rac tio n  3 was a c t iv e  

in  th e  chrom atophorotropic and the  osm oregulation  assays and in a c t iv e  

in  th e  hyperglycem ic assay. F ra c tio n  4 was th e  most a c tiv e  in  th e  

osm oregulation  assay and in a c tiv e  in  th e  chrom atophorotropic and th e
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hyperglycem ic a ssa y s . F rac tio n s  2, 3 and 4 were n o t te s te d  in  th e  

g lycogeno lysis  assay  due to  a la c k  o f m a te r ia l.

The methods used in  th e  chem ical e x tra c tio n  and th e  chrom atographic 

procedures in d ic a te d  th a t  the f ra c t io n s  contained  compounds which were 

probably p o ly p e p tid e  in  n a tu re . The r e s u l t s  o f th e  assays used fo r  

te s t in g  th e  b io lo g ic a l  a c t iv i ty  in d ic a te d  th a t  th e  e x tra c tio n  and th e  

i s o la t io n  p rocedures used re s u lte d  in  th e  is o la t io n  o f f r a c t io n s  which 

contained  a  f a c to r  (s) th a t  may p lay  a  ro le  in  th e  re g u la tio n  o f  th e  

p h y s io lo g ic a l p ro cesses  of carbohydrate  m etabolism and osm oregulation 

in  the earthworm Limbviaua te r r e s tz n # .
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