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ABSTRACT

THE DISTRIBUTION OF IRON IN DAPHNIA IN CONNEXION 

VflTR THE SYNTHESIS AND BREAKDOWN OP HAEIvîOGLOBIN.

E x p e r im e n ta l s t u d i e s  h av e  p r e v io u s ly  b ee n  made on 

I n v e r t e b r a t e s  w i th  h aem o g lo b in  i n  t h e  body f l u i d s .  In  

s p i t e  o f  t h i s  th e  s i t e  o f  f o m a t i o n  an d  breakdovm  o f  th e  

r e s p i r a t o r y  p ig m en t i s ,  in  many c a s e s  unknow n. The aim  

o f  t h i s  w o rk  h a s  b een  t o  show th e s e  s i t e s  in  an  a r t l i r o p o d ,  

w h ich  p o s s e s s e s  iiaem oglob in  i n  th e  b lo o d , nam ely D aphn ia  

( C r u s ta c e a ,  C la d o c e ra ) .

The h aem o g lo b in  o f  D aphn ia  i s  s y n th e s i s e d  in  th e  l a r g e  

f a t -  and  g ly c o g e n -  c o n ta in in g  c e l l s  o f  th e  f a t  b o d y . T h is  

i s  an  e x t e n s iv e  o rg an  w h ic h  l i n e s  th e  h aem o co e l and  so  i s  

ev e ry w h ere  b a th e d  by b lo o d . T hese f a t  c e l l s  o f t e n  c o n ta in  

i r o n  and som etim es h a e m o g lo b in . A s y n th e s i s  o f  h aem o g lo b in  

may a l s o  t a k e  p la c e  In  t h e  o v a r i e s .

A breakdow n o f  h aem o g lo b in  o c c u rs  In  th e  f a t  body 

w here I ro n  I s  fo u n d  In  an  unbound fo rm  when th e  b lo o d  

h aem o g lo b in  c o n te n t  f a l l s .  The f a t e  o f  I r o n  r e l e a s e d  from  

h aem o g lo b in  b reakdow n , d i f f e r s  i n  D ap h n ia . from  t h a t  in  

mammals. In  JJa fW ia  i r o n  h as  b een  fo u n d  in  th e  p a i r e d  

e x c r e to r y  o rg a n s  fo l lo w in g  a  lo s s  o f  h aem o g lo b in  from  th e  

b lo o d . E x p e r im e n ta l  s t u d i e s  and a  s tu d y  o f  th e  h i s t o l o g i c a l



d i s t r i b u t i o n  o f  I r o n ,  have in d i c a t e d  t h a t  t h i s  I r o n  I s  

e x c r e t e d .

Mammals r e t a i n  I r o n ,  a s  s t o r e s  o f  f e r r i t i n ,  b u t  

f e r r i t i n  h a s  n o t  b ee n  fo u n d  i n  D ap h n ia .

A h is to c h e m ic a l  t e s t  f o r  b i l e  p ig m e n ts , f a i l e d  to  

r e v e a l  any su c h  p ig m en ts  i n  D a p lin ia . G reen  p ig m en ts  

h ave  b een  fo u n d  i n  D ap h n ia ,  th e s e  a i e  som etim es c a r o te n o id  

p r o t e i n  co m p lex es , som etim es g re e n  d e r i v a t i v e s  o f  

h ae m o g lo b in , w h ich  a r e  n o t  b i l e  p ig m e n ts .*

P re l im in a ry  r e s u l t s  h av e  I n d ic a te d  t h a t  a  g e n e r a l  

in c r e a s e  o f  iiaem compounds acco m p an ies  an  i n c r e a s e  i n  

th e  h aem o g lo b in  c o n te n t  o f  th e  b lo o d .

The w ork i s  p r e s e n te d  a s  a  h i s to c h e m ic a l  s tu d y .  The 

d i s t r i b u t i o n  o f  in o r g a n ic  i r o n ,  o rg a n ic  i r o n  and haem i r o n ,  

h as  b een  s tu d i e d  and i t  h as  b een  fo u n d  t h a t  th e  d i s t r i b u t i o n  

o f  i r o n  i s  r e l a t e d  to  th e  c o n d i t io n  o f  th e  h aem o g lo b in  

in  th e  b lo o d .

Gome e x p e r im e n ta l  w ork h a s  b een  u n d e r ta k e n  to  c o n f irm  

h i s to c h e m ic a l  o b s e r v a t io n s .
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1 .  INTRODUCTION.

C e l l u l a r  r e s p i r a t i o n  i n  a n im a ls  i s  o f t e n  a id e d  

i n d i r e c t l y  by th e  t r a n s p o r t  o f  oxygen by r e s p i r a t o r y  

p ig m en ts  i n  th e  body f lu i d s #  T h ese  p ig m en ts  a r e  o f  f o u r  

ty p e s :  c h l o r o c r u o r in s ,  h a e m e r y th r in s ,  haem ocyan ins and

h a e m o g lo b in s ; t h e  two l a t t e r  p ig m e n ts  a r e  th e  m ost 

w id e ly  d i s t r i b u t e d .  C h lo ro c ru o r in ,  h a e m e ry th r in  and  

haem ocyan in  a r e  r e s t r i c t e d  t o  a n im a ls  o f  c e r t a i n  p h y la*  

C h lo ro c ru o r in  h as  b ee n  fo u n d  i n  p o ly c h a e to u s  a n n e l id s  su c h  

a s  S e rp u la  (L a n k e s te r  1867 ; Pox 1 9 2 6 ) . H a e m e ry th r in  

h a s  b een  found  in  s ip u n c u l id s  ( l a n k e s t e r  1 8 7 2 ) , a  s i n g l e  

a n n e l id  Mage Io n a  (Benham 1 8 9 6 ,)  and  a  b ra c h io p o d  L in g u la  

(K aw agu ti 1 9 4 1 ) . H aem ocyanin i s  l i m i t e d  i n  d i s t r i b u t i o n  

t o  g a s tro p o d  and cep h a lo p o d  M o llu s c a , d ecap o d  C ru s ta c e a  

an d  a r a c h n id s .

H aem oglobin  on th e  o th e r  hand  h a s  a  v /id e r  b u t  

s p o r a d ic  d i s t r i b u t i o n  an d  o c c u rs  I n  a n im a ls  o f  v a r y in g  

h a b i t s  an d  h a b i t a t s .  I t  i s  f o u r^  i n  a lm o s t  a l l  

v e r t e b r a t e s *  and  i s  o f  w id e s p re a d  o c c u r re n c e  among a n n e l id s  

and  e n to m o s tra c a n  C ru s ta c e a  (L a n k e s te r  1 872 ; H egnard  & 

B lan c h a rd  1883 ; Fox 1 9 4 9 ) . I t  i s  l e s s  w id e s p re a d  in  

X C e r t a in  f i s h  have r e c e n t l y  b e e n  d e s c r ib e d  a s  h a v in g  no 

h aem o g lo b in  i n  th e  b lo o d  (Ruud 1 9 5 4 ) .



o th e r  I n v e r t e b r a t e s  and  h a s  o n ly  b een  fo u n d  i n  i s o l a t e d  

g e n e ra  su ch  a s  an  o p li iu ro id  Q p h lu c tia  ( P o e t in g e r  1880) 

and  a  g a s tro p o d  m o llu sc  P la n o r b is  ( L a n k e s te r  1 8 7 2 )•

Some l a r v a l  D ip t e r a ,  d i l a t e  p a ram o ec ia  an d  Nem atoda 

h ave  a l s o  b een  shown to  c o n ta in  liaeu iog lobin#  O u ts id e  

th e  a n im a l kingdom  h aem o g lo b in  o c c u rs  i n  th e  r o o t  n o d u le s  

o f  th e  Legum inosae (Kubo 1 0 3 9 ) .

H aem oglobin  may o c c u r  in  s o l u t i o n  i n  th e  b lo o d  p la sm a , 

w i th in  b lo o d  o r  o th e r  c e l l s ,  o r  a s  m y o g lo b in  i n  m u s c le s .  

V e r te b r a te s  h ave  h aem o g lo b in  i n  r e d  b lo o d  c e l l s  and in  

m u s c le s . I n v e r t e b r a t e s  r a r e l y  have h aem o g lo b in  i n  e i t h e r  

b lo o d  c e l l s  o r  m u s c le s ;  th e  p ig m en t I s  u s u a l ly  in  

s o l u t i o n  i n  th e  b lo o d  p lasm a a s  i n  th e  E n to m o s tra c a .

Some i n v e r t e b r a t e s  iiavo h aem o g lo b in  v / i t h in  c e l l s ,  su c h  

a s  th e  co e lo ra ic  c o r p u s c le s  o f  Tha l a s  sema (Ohuye 1937) and 

S o le n  h a s  h aem o g lo b in  i n  b lo o d  c e l l s  (L a n k e s te r  1 8 7 2 ) .

V e r te b r a te  a n im a ls*  have liaem og lob in  th ro u g h o u t  

l i f e  and th e  c o n c e n t r a t io n  i n  th e  b lo o d  n o rm a lly  shows 

l i t t l e  v a r i a t i o n .  I n  some a n im a ls  e . g .  D aphnia (C la d o c e ra ,  

C ru s ta c e a )  t h e  am ount o f  h aem o g lo b in  i n  s o l u t i o n  in  th e  

b lo o d  p lasm a and o o n s e q u o n tly  th e  c o lo u r  o f  th e  a n im a l 

v a r i e s  g r e a t l y .  T h is  h as  been  shown t o  be d i r e c t l y  

in f lu e n c e d  ijy  th e  am ount o f  oxygen d i s s o lv e d  i n  th e  

« E x cep t o e l  l a r v a e .



s u r ro u n d in g  w a te r  s in c e  D aphn ia  g a in s  h aem o g lo b in  i n  

oxygen d e f i c i e n t  w a t e r ,  m a in ta in s  th e  p ig m en t w h ile  th e  

oxygen c o n te n t  o f  th e  w a te r  re m a in s  lo w , and  lo s e s  i t  

a g a in  i n  a e r a te d  w a te r  (Fox 1 9 4 8 ; Fox & P h ear 1 9 5 3 ) .

The c o lo u r  o f  th e  b lo o d  o f  a n  i n d i v i d u a l  c a n  change fl*om 

r e d  t o  c o l o u r l e s s  and  b ack  to  ro d  i n  t e n  d a y s .

I n  mammals, h aem o g lo b in  i s  s y n th e s i s e d  in  th e  r e d  

bone m arrow  w here th e  e r y th r o c y te s  d e v e lo p .  A f t e r  a  

l i f e  sp an  o f  a p p ro x im a te ly  120 d ay s  ( re v ie w e d  by 

Lemberg ^  Legge 1949 ) th e  e r y th r o c y te s  a r e  d e s t ro y e d  

m a in ly  i n  th e  s p le e n  and th e  c o n ta in e d  h aem o g lo b in  i s  

b ro k e n  down. The haem p a r t  o f  th e  m o le c u le  i s  f i r s t  

s p l i t  o f f  fro m  th e  g lo b in .  The haem i s  b ro k e n  down a s  

fo l lo w s  : i r o n  i s  rem oved from  th e  p o rp h y r in  and  te m 

p o r a r i l y  s to r e d  i n  th e  form  o f  f e r r i t i n  (a n  i r o n  p r o t e i n  

com plex  fo u n d  in  th e  s p le e n ,  bone marrow and  l i v e r  

(L a u fb e r g e r  1 9 3 7 ) ) ;  th e  i r o n  may be u se d  a g a in  i n  

f u r t h e r  h aem o g lo b in  s y n t h e s i s .  The re m a in in g  p a r t  o f  

th e  m o le c u le  -  th e  p o rp h y r in  -  i s  c o n v e r te d  t o  b i l e  

p igm en t i n  th e  c e l l s  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s te m , 

e x c r e te d  v i a  th e  b i l e  d u c t  and  so  l o s t  fro m  th e  b o d y .

The s i t e  o f  h aem o g lo b in  s y n th e s i s  and  breakdow n 

h a s  b een  i n v e s t i g a t e d  i n  a  v e ry  few i n v e r t e b r a t e s .  I n  

T h a la ssem a  c e l l s  c o n ta in in g  h aem o g lo b in  c i r c u l a t e  i n  th e



co e lo m . T hese c e l l s . a r e  form ed fj?om th e  p e r ito n e u m  

o v e r ly in g  th e  g u t  and ca n  he s e e n  t o  become p in k  b e f o r e  

b e in g  r e l e a s e d  i n t o  th e  body  c a v i t y .  I t  i s  assum ed t h a t  

haem atopofesis o c c u rs  h e re  (Ohuye 1 9 3 7 ) . The b lo o d  

c a p i l l a r i e s  o f  th e  young l e e c h  H b rp o b d e lla  a r e  c o l o u r l e s s .  

L a te r  th e s e  c o n ta in  lia em o g lo b in . The b o t r y o i d a l  t i s s u e  

i s  p in k  i n  new ly h a tc h e d  young and  s in c e  th e  b o t r y o i d a l  

t i s s u e  c o n ta in s  i r o n ,  i t  i s  assum ed t h a t  th e  h a e m o g lo b in , 

w h ich  l a t e r  c i r c u l a t e s  i n  th e  b lo o d  v e s s e l s ,  i s  form ed 

h e re  (v an  Emden 1929 ; L a n k e s te r  1 8 8 0 ) .

I t  h a s  b een  show n t h a t  some i n v e r t e b r a t e s  c a n  b r e a k  

down h aem o g lo b in  t o  g re e n  b i l e  p ig m e n ts . The b lo o d 

s u c k in g  bug R hodn ius p r o l ix u s  fo rm s b i l e  p igm en t from  

s m a ll  am ounts o f  in g e s te d  h aem o g lo b in  c i r c u l a t i n g  i n  th e  

haem ocoel (W ig g le sw o rth  1 9 4 3 ) . C hironom id  la r v a e  have 

g re e n  b i l e  p igm en t i n  th e  f a t  body . I t  i s  th o u g h t  t h a t  

th e s e  may be d e r iv e d  from  h aem o g lo b in  i n  s o l u t i o n  i n  th e  

haem ocoel (Fossom pes 1 9 3 7 ) .

T h u s , among th e  i n v e r t e b r a t e s  h aem o g lo b in  may be 

s y n th e s i s e d  i n  d i f f e r e n t  o r g a n s .  I t  i s  o f  i n t e r e s t  t o  

d i s c o v e r  more o f  th e  s i t e s  o f  s y n th e s i s  and breakdow n o f  

h aem o g lo b in  in  i n v e r t e b r a t e s .  Some a r th ro p o d s  i . e .  

C la d o c e ra ,  have t h e  a b i l i t y  b o th  to  g a in  an d  lo s e  haemo

g lo b in .  T h is  g a in  and  l o s s  c a n  b e  c o n t r o l l e d  by



a l t e r i n g  th e  d i s s o lv e d  oxygen c o n te n t  o f  th e  w a te r#  Thus 

a n im a ls  may be o b ta in e d  w h ic h  a r e  e i t h e r  g a in in g  o r  

lo s in g  h aem o g lo b in  and  so  form  i d e a l  m a t e r i a l  f o r  a  s tu d y  

o f  t h e  s i t e  o f  s y n th e s i s  and breakdow n o f  th e  b lo o d  

pigm ent#  F o r t h i s  r e a s o n  a  d a p h n id  h a s  b een  s e l e c t e d  -

f o r  a  h i s t o l o g i c a l  i n v e s t i g a t i o n  as  t o  t h e  s i t e  o f  

s y n th e s i s  and  breakdow n o f  h aem o g lo b in  i n  an  i n v e r t e b r a t e .
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2 .  PREVIOUS WORK ON D,

The s i t e  o f  s y n th e s i s  and  breakdow n o f  h aem o g lo b in  

i n  D aphn ia  h as  n o t  y e t  b een  i n v e s t i g a t e d ,  b u t  some 

p re v io u s  o b s e r v a t io n s  have b e e n  made by o th e r  w o rk e r s ,  

on t h e  g a in  and  lo s s  o f  haem oglob in#

A. G ain  o f  h ae m o g lo b in # *

I t  i s  known t h a t  a  s y n th e s i s  o f  h ae m o g lo b in  o c c u rs  

when t h e  s u r ro u n d in g  w a te r  h as  a  low d i s s o lv e d  oxygen  

c o n te n t  (Fox 1948 ; F ox , H a rd c a s t le  & D r e s e l  1949)#

T h e re  i s  a n  in v e r s e  r e l a t i o n s h i p  b e tw een  th e  oxygen 

c o n te n t  o f  th e  w a te r  and th e  c o n c e n t r a t i o n  o f  h aem o g lo b in  

i n  th e  b lo c d #  I n  oxygen d e f i c i e n t  w a te r  D aphn ia  d o es  n o t  

how ever c o n t in u e  t o  in c r e a s e  th e  c o n c e n t r a t io n  i n  t h e  b lo o d  

i n d e f i n i t e l y .  A f t e r  a  p e r io d  u n d e r  t h e s e  c o n d i t io n s  th e  

h aem o g lo b in  c o n c e n t r a t i o n  re m a in s  a p p ro x im a te ly  s te a d y  

w h ile  th e  oxygen c o n te n t  re m a in s  unchanged  (Fox and  P h ea r  

1 9 6 3 ) .

The h aem o g lo b in  c o n c e n t r a t io n  i s  f u r t h e r  in c r e a s e d  I f  

a d d i t i o n a l  i r o n  i s  added  w i th  an  a l g a l  d i e t  (Fox & P h ear 

1 9 5 3 ) .

T h u s , some f a c t o r s  w h ic h  in d u c e  h aem o g lo b in  s y n th e s i s  

a r e  known b u t  th e  s i t e  o f  s y n th e s i s  i s  n o t  know n.



B# Loss o f  h a e m o g lo b in .

I t  i s  known t h a t  a  l o s s  o f  h aem o g lo b in  o c c u rs  when 

th e  s u r ro u n d in g  w a te r  becom es w e l l  a e r a t e d  (Pox 1948)#

I t  i s  n o t  known w h e th e r  th e  l o s s  o f  h ae m o g lo b in  f o l lo w s  

breakdow n o f  th e  p ig m en t i n  th e  b o d y . The l o s s  o f  

h aem o g lo b in  c o u ld  be b ro u g h t a b o u t  by e x c r e t i o n  o f  th e  

w hole unchanged  h aem o g lo b in  m o le cu le  o r ,  on t h e  o th e r  h a n d , 

breakdow n m ig h t o c c u r  an d  be fo llo w e d  l y  e x c r e t i o n  o r  s to r a g e  

o f  th e  breakdow n p r o d u c ts .  By a n a lo g y  w i th  v e r t e b r a t e  

a n im a ls  th e s e  m ig h t be haem , i r o n ,  b i l e  p ig m en ts  o r
*

p o r p h y r in .  Some o f  th e s e  h ave  b een  lo o k e d  f o r  by  o th e r  

w o rk e rs .

The e x c r e to r y  o rg a n s  a r e  a  p a i r  o f  g la n d s  i n  th e  

m ELxillary segm en t commonly c a l l e d  s h e l l  g la n d s  b e c a u se  

th e y  l i e  w i th in  th e  s h e l l .  H aem oglobin i s  o c c a s i o n a l ly  

found  a c c u m u la te d  i n  one ( r a r e l y  b o th )  o f  th e  e x c r e to r y  

o r g a n s ;  i t s  tu b u le  i s  th e n  f i l l e d  w i th  th e  re d -b ro w n  

p ig m e n t. Pox (1 9 4 8 ) p o in t s  o u t  t h a t  t h i s  a c c u m u la tio n  

o f  p igm en t c o u ld  be i n t e r p r e t e d  a s  an  i n d i c a t i o n  o f  th e  

no rm al e x c r e t i o n  o f  h aem o g lo b in  i n  q u a n t i t i e s  to o  s m a l l  

t o  be u s u a l ly  s e e n ;  th e  a c c u m u la tio n  b e in g  a  r e s u l t  o f  

a  p a t h o lo g i c a l  c o n d i t i o n .  T h a t t h i s  c o n d i t io n  l a  

p a t h o lo g ic a l  i s  s u g g e s te d  by th e  f a c t  t h a t  many a n im a ls  

d i e  so o n  a f t e r w a r d s .  Fox h o w ev er, h a s  b een  u n a b le  t o
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d e t e c t  oxyhaem oglob in  o r  haem , in  a e r a t e d  w a te r  i n  w h ich  

D aphn ia  i s  l o s in g  haem oglob in#  T h is  s u g g e s ts  t h a t  tlio  

i n t a c t  h aem o g lo b in  m o le c u le  o r  ev e n  haem m o le c u le  i s  n o t  

e x c r e te d  a s  such#  A f f e c te d  a n im a ls  h ave  l e s s  h aem o g lo b in  

i n  t h e  b lo o d  th a n  n o im a l i n d iv id u a l s  so  t h a t  t h e  p ig m en t may 

have e s c a p e d  from  th e  b lo o d  i n t o  th e  e x c r e to r y  o rgan#  To 

sum raarize : h aem o g lo b in  i n  th e  e x c r e to r y  o rg a n  may be a

r e s u l t  o f  ( a )  n o rm al e x c r e t i o n  o f  th e  w hole h aem o g lo b in  

m o le cu le  o r  (b )  e s c a p e  o f  h aem o g lo b in  from  th e  b lo o d #

T h ere  i s  y e t  no c o n c lu s iv e  e v id e n c e  to  s u p p o r t  e i t h e r  

h y p o th e s i s .

I t  h a s  been  shown ( D r e s e l  1948) t h a t  some o f  th e  

h aem o g lo b in  i n  th e  b lo o d  o f  D ap h n ia  le a v e s  th e  body by a n  • 

e n t i r e l y  d i f f e r e n t  r o u te #  Tow ards t h e  end  o f  e a c h  i n s t a r  ' 

h aem o g lo b in  p a s s e s  from  th e  b lo o d  in to  t h e  o v a ry  and  

le a v e s  th e  body when th e  eggs a r e  l a i d .  I t  i s  p o s s ib le  

t h a t  a l l  th e  h ae m o g lo b in  le a v e s  th e  body by t h i s  r o u t e .

M ale D aphn ia  d o es  n o t  liave h aem o g lo b in  in  i t s  t e s t e s  b u t  

I  h av e  fo u n d  t h a t  th e  h aem o g lo b in  c o n te n t  o f  th e  b lo o d  

d e c r e a s e s  in  m a le s  i f  th e y  a r e  p la c e d  i n  w e l l  a e r a t e d  

w a te r .  T h is  c o u ld  i n d i c a t e  a  l o s s  o f  h aem o g lo b in  o th e r  

th a n  t l i a t  l o s t  i n  eggs b u t  p e rh a p s  t h e r e  i s  a  s e x u a l  

d i f f e r e n c e  and  h aem o g lo b in  le a v e s  th e  body by a  d i f f e r e n t  

r o u te  i n  m ales#
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A liaeraochromogen i s  found  In  th e  g u t  lum en o f  

D a p h n ia . Pox (1 9 4 8 ) , who named t h i s  compound d a p h n ia r u b in , 

s u g g e s ts  t h a t  i t  m ig h t be an  e x c r e to r y  p ro d u c t o f  

h ae m o g lo b in . T h is  m ig h t a c c o u n t f o r  th e  a b se n c e  o f  

h aem o g lo b in  o r  o th e r  haem i n  w a te r  c o n ta in in g  D aphn ia  

w h ich  i s  l o s in g  h a e m o g lo b in . R e s e a rc h  on  th e  o c c u rre n c e  

o f  haem ochrom ogens i n  th e  g u t  o f  i n v e r t e b r a t e s  h a s  b een  

u n d e r ta k e n  in  t h i s  d e p a r tm e n t by  M iss E . P h ear an d  i s  n o t  

d e a l t  w i th  h e re  in  d e t a i l .

B i le  p ig m en ts  have b een  lo o k ed  f o r  i n  D ap h n ia  b u t  

th e s e  have n o t  y e t  b een  fo u n d  (Fox 1 9 4 8 ) . S in c e  no  b i l e  

p igm ent h a s  y e t  been  found  i t  m ig h t be t h a t  a  haem g ro u p  

a f t e r  lo s in g  i t s  i r o n  a p p e a rs  a s  a  p r o to p o r p h y r in .  Fox 

(u n p u b lis h e d )  h as  lo o k e d  f o r  th e  r e d  f lu o r e s c e n c e  g iv e n  

by a  p o rp h y r in  i n  u l t r a - v i o l e t  l i g h t  b u t  c o u ld  f in d  n o n e ; 

n o r  c o u ld  he e x t r a c t  p o rp h y r in  w i th  a c e t i c  a c i d ;  he 

t h e r e f o r e  c o n c lu d e s  t h a t  haem m u s t be b ro k e n  down a t  once 

t o  compounds s im p le r  th a n  b i l e  p ig m en ts  o r  p o r p h y r in s .

Thus a  lo s s  o f  h aem o g lo b in  from  th e  body o c c u rs  

th ro u g h  th e  e g g s .  I t  i s  n o t  c e r t a i n  t h a t  a  breakdow n o f  

h aem o g lo b in  o c c u rs  and no p o s s ib le  breakdow n p r o d u c ts ,  

o th e r  th a n  d a p h n ia ru b in  have y e t  been  fouzxl.
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3 .  PRESENT STUDY.

I t  I s  o f  p a r t i c u l a r  i n t e r e s t  t o  know w h e th e r  th e  

h aem o g lo b in  p h y s io lo g y  i n  D aphn ia  r e s e m b le s  t h a t  o f  mammals 

w i th  fo rm a tio n  o f  b i l e  p ig m en ts  and s to r a g e  o f  i r o n  a s  

f e r r i t i n .  F u r th e r  i t  w ould be i n t e r e s t i n g  to  know w here 

s y n th e s i s  o c c u rs  and  i f  breakdow n o c c u rs  a l s o ,  th e n  w hat i s  

th e  f a t e  o f  t h e  breakdow n p ro d u c ts ?

W ith  th e s e  p rob lem s i n  m ind f i v e  m ain  s t u d i e s  have 

been  m ade:

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

( o th e r  th a n  haem i r o n )  i n  a n im a ls  w i th  v a ry in g  am ounts o f  

b lo o d  h a e m o g lo b in . T h is  m ig h t show th e  s i t e  o f  in ta k e  o f  

i r o n  a n d  p e rh a p s  an  a c c u m u la tio n  a t  th e  s i t e  o f  s y n t h e s i s .  

I f  i r o n  i s  r e l e a s e d  d u r in g  breakdow n t h i s  w ould  be r e v e a le d  

and  i t s  s u b s e q u e n t f a t e  i n d i c a t e d .  I f  i r o n  s t o r e s  a r e  

n o rm a lly  p r e s e n t  th e y  w ould be d e t e c t e d .

2 .  A h i s t o l o g i c a l  s tu d y  o f  th e  d i s t r i b u t i o n  o f  haem I n  

a n im a ls  w i th  v a ry in g  am ounts o f  b lo o d  h a e m o g lo b in . I t  

seem s l i k e l y  t h a t  a  p o s i t i v e  r e a c t i o n  t o  haem w ould  be 

g iv e n  by th e  o rg an  r e s p o n s ib le  f o r  s y n th e s i s  and  breakdow n 

o f  h ae m o g lo b in , a s  w e l l  a s  \yy th e  b lo o d . The s t r e n g t h

o f  th e  r e a c t i o n  w ould  dep en d  on th e  r a t e  o f  t r a n s f e r e n c e  

o f  h aem o g lo b in  from  th e  s i t e  o f  s y n th e s i s  t o  th e  b lo o d . 

T hese m ethods showed o th e r  haem p ig m en ts  i n  a d d i t i o n  t o
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haem oglob in#

3# C hem ical t e s t s  f o r  f e r r i t i n  w ere  made i n  o r d e r  t o  s e e  

w h e th e r  i r o n  s t o r e s  i n  D ap h n ia  w ere o f  th e  same n a tu r e  a s  

th o s e  i n  maxanals# I f  t h i s  p ro v ed  to  be t r u e  i t  w ould  be 

th e  f i r s t  r e p o r t e d  c a s e  o f  f e r r i t i n  in  a n  i n v e r t e b r a t e #

4# A h i s t o l o g i c a l  t e s t  f o r  b i l e  p ig m e n ts  was made w h ich  

d id  n o t  d e s t r o y  th e  t i s s u e s #  T h is  was an  im provem ent on  

th e  c h e m ic a l t e s t s  u sed  p r i o r  t o  t h i s  i n v e s t i g a t i o n ,  f o r  

th e  i d e n t i f i c a t i o n  o f  b i l e  p ig m en ts  in  D ap h n ia .

I n  a d d i t i o n  t o  th e s e  s t u d i e s  and  a s  a  r e s u l t  o f  th em  

some e x p e r im e n ta l  w ork h a s  b een  u n d e r ta k e n  to  c o n f irm  

h i s t o l o g i c a l  o b s e rv a tio n #
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4# MATERIAL AND CTOWRE METHOD#.

The l a r g e s t  d ap h n id  D aphn ia  magna S t r a u s ,  w as s e l e c t e d  

f o r  t h i s  i n v e s t i g a t i o n  and o b ta in e d  fro m  th e  g u l l  pond i n  

th e  London Zoo. U n le s s  o th e rw is e  s t a t e d  a l l  r e s u l t s  have  

been  o b ta in e d  from  m a tu re  f e m a le s .

A nim als w ere r e q u i r e d  in  w h ic h  th e  h aem o g lo b in  

c o n c e n t r a t io n  was i n  one o f  th e  f o l lo w in g  f o u r  s t a t e s  

1) in c r e a s in g !  2 )  d e c r e a s in g ;  ;3 )  a t  a  s t e a d y  l e v e l  and  

4 ) n e g l i g i b l e .  T hese  w ere o b ta in e d  by c o n t r o l l i n g  t l ^  

oxygen c o n te n t  o f  th e  w a te r .  F i l t e r e d  R eg en t* s  P a rk  la k e  

w a te r  was u s e d .

W e ll a e r a t e d  c u l t u r e s  w ere  o b ta in e d  in  th e  f o l lo w in g  

w ay: a n im a ls  w ere k e p t  i n  600  m l. g l a s s  t ro u g h s  w h ich

w ere c o v e re d  w i th  g l a s s  p l a t e s  to  p r e v e n t  th e  g ro w th  o f  

a  b a c t e r i a l  scum . 200  m l. c u l t u r e  w a te r  and  50  a n im a ls  

w ere p la c e d  i n  e a c h  t r o u g h .  V fell a e r a t e d  w a te r ,  8 9 ^  

s a t u r a t e d  w i th  a i r  a t  room  te m p e r a tu r e ,  c o u ld  be m a in ta in e d  

by t h i s  m e th o d . T hese c o n d i t io n s  w ere r e q u i r e d

(a )  t o  m a in ta in  a n im a ls  w i th  a  n e g l i g i b l e  h aem o g lo b in  

c o n c e n t r a t io n  ( c o lo u r l e s s  a n im a ls )  and

(b ) i n  o r d e r  t h a t  r e d  a n im a ls  sh o u ld  become c o l o u r l e s s  

(a n im a ls  lo s in g  h aem o g lo b in )

X The oxygen c o n te n t  was k in d ly  d e te rm in e d  by M iss  A . T a y lo r  

and  I,!r.. J .  G reen  u s in g  th e  m ic ro -W in k le r  m ethod (F ox  ^  

W in g f ie ld  1 9 5 8 ) .
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Poorly* a e r a te d  c u l t u r e s  w ere o b ta in e d  in  th e  f o l lo w in g  

w ay: a n im a ls  w ere  p la c e d  i n  u n co v e re d  100 m l.  o r  300 m l.

c o n i c a l  f l a s k s .  The oxygen c o n te n t  o f  t h e  w a te r  was 

re d u c e d  i n i t i a l l y  by b u b b lin g  n i t r o g e n  th r o u g h  i t  f o r  t h r e e  

m in u te s .  E ach  f l a s k  c o n ta in e d  a p p ro x im a te ly  1 a n im a l to  

4 m l; o f  c u l t u r e  w a te r ;  100 m l. f l a s k s  c o n ta in e d  22  a n im a ls  

and  90 m l. w a te r ;  300 m l. f l a s k s  c o n ta in e d  70  a n im a ls  and  

2 80  m l.  w a t e r .  The oxygen c o n te n t  o f  th e  w a te r  c o u H  be 

r a i s e d  i f  i t  became to o  low by lo w e r in g  th e  l e v e l  o f  w a te r  

i n  th e  c o n i c a l  f l a s k ;  t h i s  in c r e a s e d  th e  s u r f a c e  a r e a .  

W arn ing  t h a t  t h i s  w as n e c e s s a r y  was g iv e n  w hen th e  a n im a ls  

swam v e ry  n e a r  th e  s u r f a c e  o f  th e  w a t e r .  The c u l t u r e s  w ere  

k e p t  i n  th e  d a r k  s in c e  g re e n  a l g a l  fo o d  was u s e d ;  t h i s  

w ould  r a i s e  th e  oxygen c o n te n t  o f  th e  w a te r  by p h o to s y n th e s is  

i n  th e  l i g h t .  P o o rly  a e r a te d  w a to r ,  a p p ro x im a te ly  12^ 

s a t u r a t e d  w i th  a i r  a t  room te m p e ra tu re  c o u ld  be m a in ta in e d  

by t h i s  m e th o d . T hese c o n d i t io n s  w ere  r e q u i r e d

(a )  i n  o r d e r  t h a t  a n im a ls  c o u ld  be in d u c e d  t o  g a in  

h aem o g lo b in  (a n im a ls  g a in in g  liaem og lob in ) and

(b )  i n  o rd e r  t h a t  a n im a ls  co u ld  m a in ta in  a  s te a d y  h ig h  

h aem o g lo b in  c o n c e n t r a t io n  ( s te a d y  a n im a l s ) .

The e x p e r im e n ts  o f  Pox and  P h ear (1953) have shown 

t h a t  u n d e r  th e  c o n d i t io n s  i n  t h e  p o o r ly  a e r a t e d  c u l t u r e s ,  

a  g a in  i n  h aem o g lo b in  c o n c e n t r a t io n  i s  a p p a re n t  d u r in g  th e
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f i r s t  15 d a y s .  A f t e r  t h i s  p e r io d  th e  h aem o g lo b in  co n cen 

t r a t i o n  re m a in ed  a p p ro x im a te ly  s te a d y  f o r  a  f u r t h e r  13 d ay s 

when t h e i r  e x p e r im e n t c e a s e d .  I n  t h e  p r e s e n t  s tu d y  a n im a ls  

rem oved from  th e  p o o r ly  a e r a t e d  c u l t u r e s  a f t e r  15 d ay s 

w ere assum ed to  be m a in ta in in g  a  s te a d y  h aem o g lo b in  

c o n c e n t r a t io n .

Two m ethods o f  f e e d in g  v ;ere  t r i e d .  B akers* y e a s t  was 

added  t o  t h e  c u l t u r e  w a te r  by m eans o f  a  damp p a in tb r u s h ,  

b u t  p ro v ed  an u n s a t i s f a c t o r y  d i e t  s in c e  i t  was im p o s s ib le  

t o  c o n t r o l  t h e  oxygen c o n te n t  o f  th e  c u ltu i^ e  v /a te r .  The 

u n i c e l l u l a r  g re e n  a lg a  C h l o r e l l a  v u l g a r i s . B e iJ  was th e n  

tr ie d * . T h is  was grown on a g a r  s lo p e s  (medium o f  F e a r s a l l  & 

Loose 1 9 3 6 ) . The am ount o f  fo o d  g iv e n  was s t a n d a r d i s e d  by 

a d d in g  th e  a lg a  g r a d u a l ly  t o  th e  w a te r  an d  m e a su r in g  th e  

o p tic a l d e n s i t y  o f  th e  s u s p e n s io n  w i th  an  M .R.C. p h o to m e te r | 

3 0 /4 0  u n i t s  o f  C h l o r e l l a  was fo u n d  t o  be a  s u i t a b l e  am ount 

and  when th e  w a te r  was clianged  e v e ry  f i v e  d ay s  th e  fo o d  

was renew ed  to  t h i s  l e v e l .

I t  was d e s i r a b l e  t h a t  t h e  a n im a ls  m a in ta in e d  in  t h i s  

a r t i f i c i a l  way sh o u ld  have a d e q u a te  fo o d  and  th e  m eans t o  

s y n th e s iz e  h ae m o g lo b in . I t  i s  known t h a t  th o  nm iber o f  

eg g s  l a i d  in to  th e  b ro o d  pouch  d u r in g  any i n s t a r  i s  

in f lu e n c e d  by  th e  q u a n t i t y  o f  fo o d  a v a i l a b l e  in  p re c e e d in g  

i n s t a r s  ( I n g l e ,  Wood & Bant a  1 9 3 7 ) . U nder th e s e  e x p e r im e n ta l
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c o n d i t io n s  th e  a v e ra g e  egg  num ber was r a r e l y  l e s s  th a n  

f o u r t e e n  w h ich  in d ic a t e d  t h a t  a d e q u a te  fo o d  had b een  g iv en #

W hile  C h l o r e l l a  seem ed a n  a d e q u a te  d i e t  a s  ju d g e d  by- 

eg g  num ber, m ore h aem o g lo b in  was s y n th e s i s e d  when e x t r a  

i r o n  was added  (Fox ^  P h ear 1 9 5 3 ) . I t  was fo u n d  t h a t  i f  

a l l  c u l t u r e s  w ere g iv e n  s m a ll  am ounts o f  a d d i t i o n a l  i r o n ,  

th e  h i s t o l o g i c a l  d i s t r i b u t i o n  o f  i r o n  c o u ld  be m ore e a s i l y  

s tu d ie d #  T h is  i r o n  was g iv e n  by a d d in g  1 .0  m l.  o f  a  s t a b l e  

f e r r o u s  ammonium s u lp h a te  s o lu t i o n  ( o ; i 4  g .  i n  2 0 0  m l. 

d i s t i l l e d  w a te r )  c o n ta in in g  0 .1  mg. i ro n , d a i l y  to  e v e ry  

100 m l. c u l t u r e  w a te r ;  When l a r g e r  q u a n t i t i e s  w ere ad d e d ; 

i r o n  was fo u n d  a d so rb e d  on th e  e x o s k e le to n ^  e s p e c i a l l y  on 

th e  t h o r a c i c  lim b s  and th e  a n te n n a e ;  S in c e  t h i s  m ig h t have 

i n v a l i d a t e d  th e  r e s u l t s  th e  added  q u a n t i t y  o f  i r o n  was 

k e p t  lo w .

0 ^  t a t  io n  o f  th e  c u l t u r e  m ethod .

The d i s s o lv e d  oxygen c o n te n t  o f  t h e  c u l t u r e  w a te r  was 

ch eck ed  once i n  f o u r  days.* F lu c tu a t io n s  i n  oxygen c o n te n t  

m ig h t have o c c u rre d  betv /een  oxygen  d e te r m in a t io n s  ow ing to  

th e  b i r t h  o f  young and te m p e ra tu r e  c h a n g e s . V^hether th e s e  

w ere o f  s u f f i c i e n t  d u r a t io n  o r  e x t e n t  t o  in f lu e n c e  th e  

h aem o g lo b in  s t a t e  i s  n o t  known; t h i s  p o s s i b i l i t y  was 

b o rn e  i n  m ind i n  th e  i n t e r p r e t a t i o n  o f  r e s u l t s .
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SECTION 5

STUDY OF THE HISTOLOGICAL 

DISTRIBUTION OF IRON (NQN-HAEIvl) IN 

DAPHNIA.



21

5 • agUDY OP THE HISTOLOGICAL DISTRIBUTION OF IRON (NON-HAEl) 

T is s u e  i r o n  i s  fo u n d  in  th r e e  form s# F i r s t l y  a s  e a s i l y  

d e t e c t a b l e  i r o n  ( " in o r g a n ic ” o r  f r e e  i r o n )  i t  m ay.bo 

r e v e a le d  by. c h e m ic a l t e s t s  w i th o u t  p re v io u s  t r e a tm e n t .  

S e c o n d ly , bound i r o n  ( " o rg a n ic "  o r  m asked i r o n ) ,  n o t  so  

e a s i l y  d e t e c t a b l e ,  m u st be t r e a t e d  w i th  a c i d  a l c o h o l  b e fo r e  

t h e  c h e m ic a l t e s t s  a r e  a p p l ie d #  T h i r d ly ,  i r o n  p o rp h y r in s  

i n  e . g .  h a e m a tin ;  h ae m o g lo b in ; cy to ch ro m e , c a n  be r e v e a le d  

by m i c r o - i n c i n e r a t i o n  o r  a f t e r  t r e a tm e n t  w i t h  hyd ro g en  

p e ro x id e  (Brown 1 9 1 1 ). Raem i r o n ,  th o u g h  c h e m ic a l ly  a  bound 

fo rm i i s  n o t  r e v e a le d  a f t e r  a c i d - a l c o h o l  t r e a tm e n t .*  The 

te rm s  u sed  f o r  th e  t h r e e  i r o n  fo rm s , i n  th e  l i t e r a t u r e ,  a r e  

a l l  in e x a c t  b u t  th ro u g h o u t ' t h i s  w ork th e  d i s t i n g u i s h i n g  

te rm s  in o r g a n ic ,  o rg a n ic  and haem i r o n  w i l l  be used#

A n im a ls , i n  g e n e r a l  have m ore t i s s u e  i r o n  i n  th e  

o rg a n ic  th a n  th e  in o r g a n ic  s t a t e .  L iso n  (1936) m a in ta in s  

t h a t  in o r g a n ic  i r o n  i s  r a r e l y  fo u n d  in  t i s s u e s ,  a l th o u g h  

T o m p se tt (1934) had  found  t h a t  a l l  t h e  i r o n  (p re su m a b ly  

non-haem ) i n  th e  h en * s  egg  was in o r g a n ic .  I n o rg a n ic  i r o n  

i s  m o s tly  i n  th e  f e r r i c ,  more r a r e l y  th e  f e r r o u s ,  s t a t e  

(B o lle s -L e e  1950 ; P e a rse  1 9 5 3 ) .

X Red b lo o d  c e l l s  f a i l e d  t o  g iv e  a  p o s i t i v e  r e a c t i o n  f o r  

i r o n  a f t e r  b e in g  s u b je c te d  to  a c i d - a l c o h o l  t r e a tm e n t .
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The n a tu r e  o f  I r o n  I n  th e  t i s s u e s  o f  D aphn ia  i s  n o t  

known, n o r  i s  i t s  n a tu r e  a lw ay s u n d e r s to o d  i n  v e r t e b r a t e s ;  

a  l a r g e  l i t e r a t u r e  e x i s t s  on t h i s  s u b j e c t .  I n  v e r t e b r a t e s  

f e r r i c  i r o n  fo rm s com plexes w i th  n o n - d i f f u s i b l e  p h o sp h o ru s  

com pounds, e . g .  p h o s p o p r o te in s ,  b u t  n o t  w i th  s im p le  

p r o t e in s  su ch  a s  a lb u m in in  o f  egg w h i t e ,  g e l a t i n ,  e t c .  

(T o m p se tt 1 9 3 4 ) . I n  a d d i t i o n  i r o n  o c c u rs  i n  t i s s u e s  a s  

f e r r i c  h y d ro x id e  i n  " h a e m o s id e r in "  an d  f e r r i t i n ,  a s  w e l l  

a s  i r o n  p o r p h j ^ i n  i n  cy to ch ro m es and  h ae m o g lo b in .
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1 . ÜÏETHOPS.

The I ro n  d i s t r i b u t i o n  i n  D ap h n ia  h a s  b een  s tu d i e d  

l a r g e l y  by means o f  s im p le  h i s to c h e m ic a l  t e s t s ;  a  r a d i o 

a c t i v e  t r a c e r  te c h n iq u e  h a s  a l s o  b ee n  u se d  t o  c o n f irm  

some h is to c h e m ic a l  o b s e rv a t io n s #

The te c h n iq u e  u se d  f o r  o rg a n ic  (non-haem ) an d  in o r g a n ic  

i r o n  was t h a t  d e v is e d  by P e r i s  (1867) an d  u se d  w i th  s m a l l  

m o d i f ic a t io n s  by many w o rk e rs  s in c e  th e n  a s  th e  P r u s s ia n  

and  T u rn b u ll* s  b lu e  te c h n iq u e .  B u n tin g  (1949) h a s  r e c e n t l y  

re v ie w e d  th e  h i s to c h e m ic a l  d e t e c t i o n  o f  i r o n  and  recom m ended 

o th e r  m o d i f ic a t io n s  w h ich  a r e  l a r g e l y  u se d  h e re #

The p r i n c i p l e  in v o lv e d  in  t h e  d e t e c t i o n  o f  i r o n ,  u s in g  

th e  P ru s s ia n  b lu e  and T u rn b u ll^ s  b lu e  p ro c e d u re  i s  a s  

f o l l o w s : -  i r o n  i n  t i s s u e s  r e a c t s  w i th  a c i d  s o l u t i o n s  o f  

p o ta s s iu m  f e r r o c y a n id e  and f e r r i c y a n i d e  t o  fo rm  th e  i n t e n s e  

b lu e  f e r r i - f e r r o c y a n i d e  ( P r u s s ia n  b lu e )  and  f e r r o -  

f e r r i c y a n i d e  (T u rn b u ll* s  b lu e )  r e s p e c t i v e l y # ' F e r ro u s  i r o n  

can  th u s  be d i s t i n g u l s l i e d  from  f e r r i c  h i s t o l o g i c a l l y  s o  

lo n g  a s  f i x a t i v e s  have n o t  a l t e r e d  th e  s t a t e  o f  o x id a t io n  

o f  th e  e lem en t#

O th er te c h n iq u e s  e x i s t  f o r  t h e  d e t e c t i o n  o f  i r o n :  

th e  anmonium s u l p h i t e  m ethod (g u in k e  1 8 6 8 ) , th e  h a e m a to x y lin  

m ethod (M a llo ry  1938 e t c # )  and  th e  d i n i t r o r e s o r c i n o l  

m ethod (Humphrey 1936)# None o f  th e s e  i s  a s  s e n s i t i v e  a s
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W Srnim m ^nsm ^  1949}t h e  t e s t  abov#

The P ru s s la n ^ b lu e  p ro c e d u re  a s  u se d  i n  m îc ro c îie m is try  I s  

c a p a b le  o f  d e t e c t i n g  0#002T o f  i r o n  ( Id s o n  1 9 3 6 ) .
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a )  T ech n iq u e  f o r  in o r g a n ic  I r o n .

F i x a t i o n .

A nim als w ere  im m ersed f o r  tw e n ty ^ fo u r  h o u rs  i n  IQ ^ 

f o rm a l in  b u f f e r e d  to  pH 7 . 0 .  (The b u f f e r  m ix tu re  was added  

to  t h e  f i x a t i v e  i n  t h e  f o l lo w in g  p r o p o r t i o n :  4 g . sod ium

d ih y d ro g e n  p h o sp h a te  and  6 .5  g .  an h y d ro u s  d iso d iu m  

p h o sp h a te  p e r  l i t r e  o f  f i x a t i v e ) .

A f te r  f i x a t i o n  th e  m a t e r i a l  was w ashed in  7 0 ^  a l c o h o l  

. f o r  f i f t e e n  m in u te s  (tw o c h a n g es)  t l ie n  q u ic k ly  h y d r a te d .  

S t a i n i n g .

A nim als w ere l e f t  i n  th e  s t a i n i n g  r e a g e n ts  f o r  t h i r t y  

m in u te s  (The s t a i n i n g  s o l u t i o n  was p re p a re d  a s  f o l lo v /s :

E q u a l q u a n t i t i e s  o f  a  2% s o l u t i o n  o f  p o ta s s iu m  i ro n *  c y a n id e  

and  2% h y d r o c h lo r ic  a c id  v /ere m ixed  im m e d ia te ly  b e f o r e  u s e . )  

D u rin g  s t a i n i n g  th e  s o l u t i o n  re m a in e d  a  p a le  y e l lo w  c o lo u r  

and  was d i s c a r d e d  i f  a  g re e n  c o lo u r  d e v e lo p e d ;  ( t h i s  o c c u rs  

when i r o n  c y a n id e  r a d i c l e s  in  th e  r e a g e n t  b re a k  down and 

r e a c t  w i th  i n t a c t  r a d i c l e s  (B u n tin g  1 9 4 9 ) ) .

D e h y d ra t io n .

The a n im a ls  w ere w ashed  in  d i s t i l l e d  w a te r  (tw o ch a n g e s )  

X F o r  th e  d e t e c t i o n  o f  f e r r i c  i r o n ,  p o ta s s iu m  f e r r o c y a n id e  

was u s e d .

F o r t h e  d e t e c t i o n  o f  f e r r o u s  i r o n ,  p o ta s s iu m  f e r r i c y a n i d e  

was u s e d .
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an d  th e n  d e h y d r a te d  a s  f o l l o w s t  5 0 ^  a l c o h o l  ( f i v e  m ln s * ) |

7 0 ^  a l c o h o l  ( f i v e  m i n s . ) |  tw o c h a n g e s  9 5 ^  a l c o h o l  ( f i f t e e n  

m in s « ) |  tw o c h a n g e s  a b s o l u t e  a l c o h o l  ( f i f t e e n  m in s*  e a c h ) « 

The m a t e r i a l  was th e n  c l e a r e d  i n  a y  l o i  a n d  m o u n ted  i n  b a lsam *  

B u n tin g  i*ecomraends f i l t e r i n g  th e  m ix tu r e  o f  a c i d  a n d  

p o ta s s iu m  i r o n  c y a n id e s  b u t  t h i s  w as fo u n d  t o  make no  

d i f f e r e n c e  t o  th e  r e s u l t s  an d  s u b s e q u e n t ly  t h e  m ix tu r e  w as 

n o t  f i l t e r e d .  He a l s o  s t a i n e d  h i s  m a t e r i a l  f o r  s i x t y  

m in u te s  u s in g  f r e s h  s t a i n  a f t e r  t h i r t y  m in u t e s ;  t h i s  a l s o  

w as u n n e c e s s a r y  f o r  D a p h n ia * s i n c e  t h e  b lu e  c o l o u r  r e a c t i o n  

becam e no  s t r o n g e r  a f t e r  t h i r t y  m in u t e s ,  " c i a r i t e ” i s  

reoom nended  (B u n tin g  1 9 4 9 ; L i l l i e  1 9 4 8 ) a s  b e in g  a  s u i t a b l e  

m o u n tin g  medium  a f t e r  i r o n  s t a i n i n g  s i n c e  b a ls a m  p r e p a r a t i o n s  

f a d e  a f t e r  a  p e r io d  a n d  " c i a r i t e ” p r e p a r a t i o n s  do  n o t .  

" c i a r i t e "  h o w e v e r, i s  a t  p r e s e n t  u n o b ta in a b le  i n  t h i s  C o u n try  

G om ori (1 9 3 6 ) show ed t h a t  f a d in g  o f  t i s s u e s  c o u ld  n o t  be  

overcom e by  u s in g  n e u t r a l  b a ls a m ; t h i s  i n d i c a t e d  t l i a t  

f a d in g  m ig h t  be  a  r e s u l t  o f  r e d u c t i o n ,  n o t  o f  a c i d i t y ,  an d  

c o u ld  be overcom e by u s in g  a lm o s t  d r y  c a n a d a  b a ls a m  m ix e d  

w i th  o ld  r e s l n l f i e d  o i l  o f  t u r p e n t i n e ,  v /h ic h  c o n t a i n s  

p e r o x id e s .  I f  t h i s  w as d o n e  t h e  c o l o u r  d i d  n o t  f a d e  o v e r  a  

p e r io d  o f  f i v e  m o n th s . I n  t h e  p r e s e n t  w o rk , f a d i n g  o f  

P r u s s i a n  b lu e  s l i d e s  h a s  n o t  b e e n  a  s e r i o u s  p ro b lem  s i n c e  

r e s u l t s  h av e  b een  r e c o r d e d  fro m  f r e s h l y  m oun ted  m a t e r i a l  

a n d  G om ori’ s  r e f in e m e n t  h a s  n o t  b e e n  u s e d .
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b )  T ec h n iq u e  f o r  if tty an ic  |^ftpp^ha6i») laponp.

A nim als w ere  f i x e d  in  f o r m a l in  a s  f o r  in o r g a n ic  

i r o n ,  a f t e r  w h ic h , a n im a ls  w ere  l e f t  i n  a c i d - a l c o h o l  

(3 ^  c o n c e n t r a t e d  n i t r i c  a c i d  i n  95^  a l c o h o l )  f o r  a t  l e a s t  

tw e n ty  f o u r  h o u r s ,  a t  3 5 % . T h is  r e l e a s e d  th e  o r g a n ic  

I r o n  (unm asked i t )  so  t h a t  i t  c o u ld  now r e a c t  w i th  th e  

in o r g a n ic  i r o n  s t a i n i n g  r e a g e n t .  The unm ask ing  te c h n iq u e  

was d e v is e d  by ?^acallum  (1 8 9 5 ) . M ost i r o n  i s  i n  th e  

f e r r i c  fo rm  a f t e r  a c id  a l c o h o l  t r e a t m e n t .  The sp e c im e n s  

w ere  th e n  w ashed  i n  90^  a l c o h o l  an d  i n  w a te r ,  and  s t a i n e d  

i n  th e  P r u s s ia n  b lu e  in o r g a n ic  i r o n  s t a i n i n g  r e a g e n t  

( f o r  f i v e  m in s .  o n l y ) .  D e h y d ra t io n  and  m o u n tin g  w ere  

a s  b e f o r e .
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2 .  LIîvlITATIONS OF THE MKTHOI^.

F i x a t i o n  o f  I r o n .

Many f i x a t i v e s  h a v e  b ee n  u s e d  by r e s e a r c h  w o rk e rs  

f o r  i r o n  in  t i s s u e s  and  t h e r e  can  b e  l i t t l e  d o u b t  t h a t  

some o f  th e s e  h av e  b e e n  r e s p o n s i b l e  f o r  a r t e f a c t s #

C e r t a i n  f i x a t i v e s  a l th o u g h  g iv in g  go o d  h i s t o l o g i c a l  

d e f i n i t i o n  g av e  a  v a r i a b l e  i r o n  d i s t r i b u t i o n .  I  h a v e  

fo u n d  t h a t  lOjê f o r m a l in  b u f f e r e d  a t  n e u t r a l i t y  ( a s  

recom m ended by  L i l l i e  1948 a n d  B u n tin g  1 9 4 9 ) g iv e s  a  

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

d e t a i l  i s  p o o r .

B ou in*s f l u i d  o r  A l le n * s  m o d i f i c a t i o n  o f  i t ,  w as 

u s e l e s s  i f  in o r g a n ic  i r o n  was t o  be  d e t e c t e d  i n  D a p h n ia , 

th o u g h  recom m ended by  L iso n  (1 9 3 6 ) a n d  G om ori (1 9 5 1 )  

a n d  u s e d  s u c c e s s f u l l y  w i th  R h o d n iu s  p r o l i x u s  (W ig g le s w o r th  

1 9 4 3 ) .  I n  D ap h n ia  l i t t l e  i n o r g a n ic  i r o n  re m a in s  a f t e r  

B ouin  f i x a t i o n  an d  r e s u l t s  a r e  t o t a l l y  i n c o n s i s t e n t .

A lc o h o l ,  95^  o r  a b s o l u t e ,  g ave  good  c y t o l o g i c a l  

f i x a t i o n  b u t  th e  d i f f u s i o n  o f  P r u s s i a n  b lu e  f ro m  th e  

a n im a l co u M  be s e e n  b o th  d u r in g  an d  a f t e r  s t a i n i n g .

A f t e r  m o u n tin g , th e  t o t a l  i r o n  c o n t e n t ,  o f  t h e s e  a l c o h o l -  

f i x e d  a n im a ls  w as th u s  l e s s  th a n  i n  f o r m a l in  f i x e d  s p e c im e n s  

The d i s t r i b u t i o n  w as s i m i l a r  e x c e p t  f o r  i r r e g u l a r  b lu e  

p a tc h e s  i n  a l c o h o l  f i x e d  a n im a ls  a t . i n c o n s i s t e n t  s i t e s
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w h ich  c o u ld  be s e e n  a f t e r  m o u n tin g . T h ese  I  i n t e r p r e t  a s  

p ro b a b ly  c a u s e d  by d i f f u s i n g  i r o n  w h ic h  h ad  n o t  l e f t  th e  

b o d y .

. F o rm ol f i x a t i o n  h a s  one d is a d v a n ta g e  : a f t e r  i t s  u s e

m o st o f  t h e  i r o n  i s  i n  th e  f e r r i c  s t a t e ;  a l c o h o l i c  

f i x a t i o n  h a s  shown t h a t  some o f  t h i s  may h av e  b e e n  f e r r o u s  

i r o n .  (A s im p le  t e s t  s e rv e d  t o  show  t h a t  f e r r o u s  s a l t s  

a r e  q u ic k ly  tu r n e d  t o  f e r r i c  i n  b u f f e r e d  fo rm o l b u t  

re m a in e d  f e r r o u s  f o r  m ore th a n  24  h o u r s  i n  a l c o h o l . )  F o r  

t h i s  r e a s o n  t h e  n a t u r e  o f  t h e  i r o n  i n  a l c o h o l  f i x e d  sp e c im e n s  

w as p e r i o d i c a l l y  co m p ared  w i th  t h a t  o f  f o r m a l in  f i x e d  

sp e c im e n s  an d  an y  d i f f e r e n c e s  a r e  r e c o r d e d  i n  th e  r e s u l t s .

D i f f u s i o n  o f  i r o n .

T hough  t h e  P r u s s ia n  b lu e  m ethod  i s  s e n s i t i v e  t o  0 .0 0 2 T  

o f  i r o n ,  q u a n t i t a t i v e  s tu d y  i s  c o m p lic a te d  by  d i f f u s i o n  

o f  i r o n  from  th e  t i s s u e s .  D i f f u s i o n  o c c u r s  i f  a c id  

f i x a t i v e s  a r e  em p lo y ed  an d  i n  th e  lo w e r  a l c o h o l s  d u r in g  

d e h y d r a t io n .  T h ese  d i f f i c u l t i e s  w ere  overcom e by  b u f f e r i n g  

th e  f i x a t i v e s ,  l e a v in g  th e  t i s s u e s  i n  t h e  lo w e r  a l c o h o l s  

f o r  n o t  m ore th a n  5 m in u t e s ,  an d  d i s p e n s in g  w i t h  3 0 ^  a l c o h o l ;  

d i f f u s i o n  o f  i r o n  was th u s  l a r g e l y  overcom e i n  t h e  i n o r g a n ic  

i r o n  t e c h n iq u e .  D u rin g  th e  u n m ask in g  p r o c e s s  i n  a c i d -  

a l c o h o l  d i f f u s i o n  c o u ld  n o t  b e  c h e c k e d ;  q u a n t i t a t i v e  

s t u d i e s  i n  th e  o r g a n ic  i r o n  te c h n iq u e  c o u ld  n o t  t h e r e f o r e
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be m ad e . O rg a n ic  I r o n  3hœiB a  c o n s t a n t  d i s t r i b u t i o n  w h ic h  

c a n  be  a c c u r a t e l y  r e c o r d e d  b u t  q u a n t i t a t i v e  d a t a  h a v e  n o t  

b e e n  g iv e n .

A d s o r p t io n  o f  i r o n .

A c id  f i x a t i v e s  c a u s e  c e r t a i n  t i s s u e  e l e m e n t s ,  e s p e c i a l l y  

n u c l e i ,  t o  a t t r a c t  i r o n  a n d  g iv e  a  f a l s e  l o c a l i z a t i o n .

T h is  p r o v id e s  a  c o n v e n ie n t  s t a i n i n g  m e th o d  f o r  n u c l e i  

(Y J ig g le sw o rth  1 9 5 2 ) .  lÆuch o f  t h e  ecu?ly w o rk  o n  i r o n  i n  

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

The n e u t r a l  f i x a t i v e  u s e d  h e r e  h a s  overcom e t h i s  d i f f i c u l t y  

i n  th e  i n o r g a n i c ,  b u t  n o t  t h e  o r g a n ic  i r o n  t e c h n i q u e .  A m ore 

d i f f i c u l t  p ro b lem  t o  overcom e i s  th e  p r e s e n c e  o f  m in u te  

q u a n t i t i e s  o f  f r e e  i r o n  i n  r e a g e n t s .  G la s s - d i s  t i l l o d  w a t e r .  

I r o n - f r e e  a l c o h o l s  and  g l a s s  in s t r u m e n t s  h av e  b e e n  e m p lo y e d , 

b u t  h y d r o c h lo r i c  a c id  a lm o s t  i n v a r i a b l y  c o n t a i n s  m in u te  

t r a c e s  o f  i r o n  a n d  c a r e  h a s  b e e n  t a k e n  t o  t e s t  t h e  

c o n ta m in a t io n  o f  t h e  a c id s  u s e d .  As n u c l e i  h a v e  r a r e l y  

show n b lu e  i r o n  m a sse s  i n  t h e  i n o r g a n ic  i r o n  t e c h n iq u e  i t  i s  

assum ed  t l i a t  l i m i t a t i o n  o f  th e  m ethod  h a s  b e e n  o v e rc o m e .

B u n tin g  (1 9 4 9 ) m e n tio n e d  th e  phenom enon o f  p o s i t i v e  

P r u s s i a n  b lu e  r e a c t i o n s  i n  t h e  n u c l e i  o f  c e l l s  n e a r  th e  

s i t e s  o f  h a e m a t in  o r  h a e m o g lo b in . T h is  h a s  n o t  b e e n  o b s e rv e d  

i n  i n o r g a n ic  p r e p a r a t i o n s  o f  D a p h n ia .



31

P e n e t r a t i o n  o f  r e a g e n t s .

The c o n s t i t u t i o n  o f  t h e  in te g u m e n t  o f  a r t l i r o p o d s  

v a r i e s  d u r in g  e a c h  i n s t a r  an d  t h i s  m ig h t  a f f e c t  th e  

p e n e t r a t i o n  o f  c h e m ic a l  r e a g e n t s .  I t  i s  t o  be  e x p e c te d  

t h a t  t h e  d e g r e e  o f  p e n e t r a t i o n  o f  r e a g e n t s  i n t o  a n im a ls  

w h ic h  w ere  j u s t  a b o u t  t o  m o u l t ,  w o u ld  d i f f e r  fro m  t h a t  i n  

n e w ly -m o u lte d  a n im a l s .  R e s u l t s  show ed t h a t  a n im a ls  i n  

e i t h e r  o f  t h e s e  s t a g e s  becam e s o  b a d ly  d i s t o r t e d  w hen 

f ix e d  i n  f o r m a l in  t h a t  th e y  h a d  to  b e  d i s c a r d e d .

I t  i s  p o s s ib l e  t o  d e te r m in e  th e  a p p ro x im a te  num ber 

o f  h o u rs  w h ic h  h a v e  e l a p s e d  s in c e  t h e  l a s t  m o u l t  by  

e x a m in in g  th e  s t a g e s  i n  th e  d e v e lo p m e n t o f  em bryos i n  

t h e  b ro o d  p o u ch  (F o x  1 9 4 3 ) .  A n im a ls  o f  s i m i l a r  " i n s t a r  

a g e "  c o u ld  th u s  be s e l e c t e d .  When t h i s  w as d one  a n d  th e  

i r o n  d i s t r i b u t i o n  s u b s e q u e n t ly  r e c o r d e d ,  i t  w as s e e n  

t h a t  no  l a r g e  d i f f e r e n c e s  e x i s t e d  b e tw e e n  g ro u p s  o f  

i n d i v i d u a l s  o f  d i f f e r e n t  i n s t a r  a g e .  I t  i s  th u s  a p p a r e n t  

t h a t  p e n e t r a t i o n  o f  t h e  s t a i n i n g  r e a g e n t  h a s  b e e n  

a c c o m p l is h e d .
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3. RESvnrs.
S t r u c t u r e s  i n  w h ic h  i n o r g a n ic  and  o r g a n ic  (n o n -h a em ) 

i r o n  h a v e  b e e n  fo u n d  i n  D a p h n ia  a r e  i n d i c a t e d  i n  t a b l e  1 .

I r o n  h a s  b e e n  fo u n d  i n  t h e  m id g u t  w a l l s  ( I n c l u d i n g

th e  c a e c a ) ,  t h e  f a t  b o d y * , t h e  s h e l l  g l a n d s ,  t h e  o v a r i e s ,
a

th e  b lo o d  p la s m a , th e  ap p e n d ag e  m u s c le s  an d  t h e  l a b r a l  

g la n d s *  M ost o f  t h e s e  s t r u c t u r e s  m ay show  b o th  i n o r g a n i c  

an d  o r g a n ic  i r o n  b u t  t h e r e  a r e  j u s t  tw o e x c e p t i o n s ;  t h e  

ap p e n d ag e  m u s c le s  show in o r g a n ic  i r o n  a l o n e ,  th e  l a b r a l  

g la n d s  o n ly  o r g a n ic  iro n *

No i r o n  h a s  b e e n  fo u n d  i n  t h e  w a l l s  o f  th e  f o r e  a n d  

h in d  g u t ,  th e  b lo o d  c e l l s ,  t h e  h e a r t  m u s c u la t u r e ,  t h e  

s e p t a  l i m i t i n g  th e  b lo o d  c h a n n e l s ,  t h e  n e rv o u s  t i s s u e ,  t h e  

e y e  l e n s e s  o r  th e  v e s t i g i a l  a n te n n a r y  g l a n d s .

The ooncen1a‘a t i o n  o f  i r o n  v a r i e d  g r e a t l y  betv7een 

t i s s u e s .  T h is  w as e a s i l y  ju d g e d  by  e y e  A-om t h e  i n t e n s i t y  

o f  th e  P r u s s i a n  b lu e  r e a c t i o n .  I n d i v i d u a l  v a r i a t i o n  

o c c u r r e d ,  some a n im a ls  g iv i n g  no s t a i n i n g  r e a c t i o n  a n d  

im m atu re  a n im a ls  s t a i n i n g  s o  v a r i a b l y  t h a t  th e y  w e re  

d i s c o u n t e d .

*  f a t  b o d y  i s  th e  t o t a l i t y  o f  th e  f a t  c e l l s  ( J a g e r  193 5 )
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TABLE 1 .

TISSUES IN WHICH IRON HAS BEEN PODIH) IN DAPHNU*

INORGANIC ORGANIC
(NON-HAEM)

(P o re

(M id 
GUT WAIIS (

(M id g u t  c a e c a

(H in d

■li
PAT BODT

MAXILLARY ( s h e l l )  GIANDS 

OVARIES

BLOOD
(P la sm a
(
( C e l l s

(A ppendage 
MU3CÜIATURE (

(H e a r t

lAPRAL GIANDS

SEPTA L im i t in g  b lo o d  
c h a n n e ls

NERVOUS TISSUE

lENS OP EYE

INTEGUMENT

V e s t i g i a l  ANTENNARY GIANDS

+ i n d i c a t e s  i r o n  p r e s e n t .

.  i n d i c a t e s  no  t r a c e .

+

+

+

+

+

e

+

+

+

+

+
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A . ORGANIC IRON.

The d i s t r i b u t i o n  o f  o r g a n ic  i r o n  i n  D a tf in ia  w i t h  

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  b lo o d  h a e m o g lo b in , i s  

s u m iia r is e d  i n  t a b l e  2 .  More th a n  4 0 0  a n im a ls  h a v e  show n 

t h i s  c o n s t a n t  d i s t r i b u t i o n .

A f t e r  P r u s s i a n  b lu e  t r e a t m e n t ,  o r g a n ic  i r o n  w as fo u n d  

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

o v a r i e s  an d  th e  l a b r a l  g la n d s  o f  a l l  a n i m a l s .  T hus t h e  

d i s t r i b u t i o n  i n  t h e s e  s t r u c t u r e s  l a  u n r e l a t e d  t o  th e  

c o n c e n t r a t i o n  o f  lia e m o g lo b in  i n  t h e  b lo o d .  I r o n  w as 

fo u n d  i n  t h e  s h e l l  g la n d s  h o w e v e r , o n ly  w hen b lo o d  

h a e m o g lo b in  w as d e c r e a s i n g  a n d  i t  o c c u r r e d  h e r e  a t  n o  

o t h e r  tim e  •

The f a t  c e l l s ,  i n  s p i t e  o f  d i f f u s i o n ,  g av e  a  

b r i l l i a n t  P r u s s i a n  b lu e  r e a c t i o n ,  i n d i c a t i n g  a  l a r g e  

q u a n t i t y  o f  i r o n .  The P r u s s i a n  b lu e  r e a c t i o n  w as l e s s  

i n t e n s e  i n  o t h e r  s t r u c t u r e s  an d  t h e  b lo o d  p la sm a  so m e tim es  

g av e  o n ly  a  s l i g h t  r e a c t i o n .  T h is  may h av e  b e e n  b e c a u s e  

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

d i f f u s i o n  h ad  o c c u r r e d .

The i n t e n s i t y  o f  th e  P r u s s i a n  b lu e  r e a c t i o n  i n  th e  

t i s s u e s  v a r i e d  d i r e c t l y  w i th  t h e  q u a n t i t y  o f  i r o n  

a v a i l a b l e  to  th e  a n im a l  (aiKi w i t h  t h e  am oun t o f  d i f f u s i o n ) .  

T h is  w as shown by  m o d ify in g  th e  s t a n d a r d  c u l t u r e  c o n d i t i o n s



35

TABLE 2 .
d is t r ib u t io n  of ORGANIC IRON IN DAPHNIA.

COLOUR—
1£SS

ANIMAIS

ANIMAIS
GAINING

HAMJOGLOBIN
STEADY
AI^IMAIS

ANDÆAIS
LOSING

HAHvîOGIÛBIN

( A nt* + + + 4*
. (

HID GUT ( M id . + + +
WALIS (

( P o s t . + ♦ + 4-

CAECA + ; ♦ 4-

FAT CELIS + + +

SHELL GIANDS # * • +

OVARIES 4 + + 4-

BLOCD PIASHA V V V V

LABRAL GIANDS + + ♦ 4-

+ = p r e s e n t  

• ■ n o t  p r e s e n t  

V =  v a r i a b l e
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V

I n  t h e  f o l lo w in g  w ay . C o l o u r l e s s  a n im a ls  w e re  d e p r iv e d  

o f  a l g a l  fo o d  an d  I r o n  an d  l e f t  I n  w e l l  a e r a t e d  w a te r  f o r  

one w eek . T h e se  a n im a ls  c o n t a in e d  l i t t l e  t o  no  I r o n  I n  

th e  t i s s u e s  a f t e r  t h a t  p e r io d *  VIhen I r o n  w as p r e s e n t  I n  

th e  a n im a ls  I t  was l o c a t e d  I n  th e  o v a r ie s *  C o l o u r l e s s  

a n im a ls  w ere  th e n  p la c e d  I n  w a t e r  c o n t a i n i n g  C h lo r e 1 1 a  b u t  

no  I r o n ,  f o r  s e v e n  d a y s*  T h ese  a n im a ls  show ed m ore I r o n  

I n  t h e  t i s s u e s ,  t h a n  s t a r v e d  a n im a ls  a f t e r  t h a t  p e r i o d .  

VJhen a n im a ls  w e re  p la c e d  I n  w a te r  c o n t a i n i n g  C h lo re 1 1 a  

an d  a d d i t i o n a l  I r o n  ( a s  I n  c u l t u r e  m e th o d s )  a  m ore I n t e n s e  

P r u s s i a n  b lu e  r e a c t i o n  w as n o te d  I n  t h e  t i s s u e s  a f t e r  a  

f u r t h e r  s e v e n  d ay s*  T he o r g a n ic  I r o n  c o n t e n t  o f  c o l o u r l e s s  

D a p h n ia  I s  t h e r e f o r e  r e l a t e d  t o  th e  q u a n t i t y  o f  a v a i l a b l e  

I ro n *

T hus D a p h n ia  a b s o r b s  I r o n  w hen h a e m o g lo b in  s y n t h e s i s  

l a  n o t  t a k i n g  p l a c e .  I f  t h e  t i s s u e s  c o n t a i n  l i t t l e  I ro n *  

When l a r g e  I r o n  s t o r e s  w e re  I n i t i a l l y  p r e s e n t  I t  w as 

Im p o s s ib le  t o  d e t e c t ,  w i t h  t h i s  t e c h n i q u e ,  w h e th e r  t h e  

a d d i t i o n  o f  I r o n  t o  t h e  e n v iro n m e n t I n c r e a s e d  t h e  I r o n  I n  

I t h e  b o d y ; s i n c e  th o u g h  th e  r e a c t i o n  g iv e n  a t  t h e  en d  o f  

f e e d in g  w as I n t e n s e  I n  s u c h  a n i m a l s ,  a  s i m i l a r  I n t e n s e  

\ r e a c t i o n  w as g iv e n  b e f o r e  t h e  a d d i t i o n  o f  I r o n .  I t  I s  

th u s  I m p o s s ib le  t o  s a y  t h a t  t h e  a d d i t i o n  o f  I r o n  I n  a l l  

c a s e s  I n c r e a s e s  I r o n  s t o r e s .  T h is  c o u ld  be  t e s t e d  

q u a n t i t a t i v e l y  w i t h  a n  a s h in g  te c h n iq u e *
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T he f a c t  t h a t  I r o n  l a  a b s o rb e d  w hen  s y n t h e s i s  o f  

h a e m o g lo b in  I s  n o t  o c c u r r i n g  l a  I n t e r e s t i n g  s i n c e  t h i s  

d i f f e r s  f ro m  th e  c o n d i t i o n  I n  mammals w h e re  u p ta k e  o f  

I r o n  f ro m  t h e  fo o d  I s  s l i g h t  an d  r e g u l a t e d .  G ra n lc k  

(1 9 4 6 ) s u g g e s t s  t h a t  f e r r i t i n  I n  t h e  g u t  w a l l  a c t s  a s  a  

r e g u l a t o r .  He f u r t h e r  s u g g e s t s  t h a t  w hen I r o n  I s  

r e q u i r e d  by  t h e  body  I t  I s  r e l e a s e d  f ro m  f e r r i t i n  I n  th e  

g u t  w a l l .  A p o f e r r l t l n ,  I . e .  f e r r i t i n  m in u s  I r o n ,  I s  

l e f t  I n  t h e  g u t  w a l l .  A p o f e r r l t l n  I s  q u i c k ly  t u r n e d  

b a c k  t o  f e r r i t i n  by  a b s o r p t i o n  o f  I r o n  f ro m  t h e  f o o d .

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

c a n  be  a b s o rb e d  a n d  n o  m o re .

T he c h i e f  c a l l  f o r  I r o n  I n  mammals I s  f o r  h a e m o g lo b in  

s y n t h e s i s .  I r o n  I s  n o r m a l ly  p r o v id e d  f ro m  s t o r e s  I n  t h e  

s p l e e n ,  t h e  b o n e  m arrow  a n d  th e  l i v e r .  A s m a l l  d a l l y  

u p ta lce  o c c u r s  t o  m e e t a  s i m i l a r  s m a l l  d a l l y  l o s s  o f  I r o n ;  

t h e  u p ta k e  may be I n c r e a s e d  I n  c e r t a i n  p a t h o l o g i c a l  

a n a e m ia s .  U p tak e  o f  I r o n  I n  D a p h n ia  I s  u n r e l a t e d  t o  t h e  

am ount o f  h a e m o g lo b in  I n  t h e  b lo o d  s i n c e  I r o n  I s  a b s o rb e d  

w hen t h e r e  I s  no c a l l  f o r  h a e m o g lo b in  s y n t h e s i s .

C o l o u r l e s s  D a p h n ia  h a s  a p p a r e n t l y  n o  m eans o f  r e g u l a t i n g  

t h e  u p ta k e  o f  I r o n  I n  t h e  c o n c e n t r a t i o n s  u s e d  h e r e .  ( 0 . 1  m g. 

ad d e d  d a l l y  t o  e v e r y  100  m l. o f  c u l t u r e  w a t e r . )

R e g u la t io n  o f  I r o n  I n ta k e  may p e rh a p s  o c c u r  a t  h ig h e r  I r o n
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c o n c e n t r a t i o n s .  The i r o n  c o n t e n t  o f  pond w a te r s  h a s  b e e n  

fo u n d  to  r a n g e  b e tw een  2 m g. p e r  l i t r e  an d  no d e t e c t a b l e  

i r o n .  (One i s o l a t e d  v a lu e  o f  6 0  m g. i r o n  p e r  l i t r e  h a s  

b een  r e c o r d e d  (C h a n d le r  u n p u b lis h e d ) ) .  The s t a n d a r d  c u l t u r e s  

u se d  had  t h e r e f o r e  l e s s  i r o n  th a n  i s  so m etim es a v a i l a b l e  

t o  a n im a ls  i n  p o n d s .

The d i s t r i b u t i o n  o f  o r g a n ic  i r o n  i n  D a p h n ia ,  w i t h  th e  

e x c e p t io n  o f  th e  s h e l l  g l a n d s ,  i s  t h u s  In d e p e n d e n t  o f  th e  

c o n c e n t r a t i o n  o f  h ae m o g lo b in  i n  t h e  b lo o d .

The h i s t o l o g i c a l  fo rm  o f  th e  i r o n .

The h i s t o l o g i c a l  fo rm  o f  o r g a n ic  i r o n  i n  th e  f a t  body 

i s  r e l a t e d  to  t h e  c o n c e n t r a t io n  o f  h ae m o g lo b in  i n  t h e  b lo o d .  

The h i s t o l o g y  o f  th e  f a t  body  was s t u d i e d  by J à g e r  (1 9 3 5 ) 

who d e s c r i b e d  th e  l a r g e  n u c l e i  o f  th e  f a t  c e l l s .  He a l s o  

d e s c r ib e s  a  l i g h t  " sp a c e  a ro u n d  t h e  n u c le u s "  w h ic h  h a s  now 

b een  s e e n  i n  P r u s s ia n  b lu e  p r e p a r a t i o n s .  The c y to p la s m  o f  

th e  f a t  c e l l s  r e a c t s  v a r i a b l y  w i t h  t h e  P r u s s i a n  b lu e  r e a g e n t s :  

i t  may s t a i n  u n ifo rm ly  o r  show g r a n u l a r  b lu e  d e p o s i t s .  

Som etim es th e  c y to p la s m  re m a in s  u n s ta in e d  b u t  i n  i t  l i e  

d e e p  b l u e ,  s i n g l e  o r  m u l t i p l e  s t r a n d s  o v e r ly in g  a n o th e r  

b lu e  c r y s t a l l i n e  s t r u c t u r e .  C o lo u r le s s  a n im a ls  an d  th o s e  

i n  w h ich  th e  h a e m o g lo b in  c o n c e n t r a t i o n  i s  i n c r e a s i n g  h av e  

f a t  c e l l s  i n  w h ic h  th e  c y to p la s m  s t a i n s  d i f f u s e l y  ( P i g .  1 . 

B ,C ) . G ra n u la r  i r o n  i s  p r e s e n t  i n  t h e  f a t  c e l l s ,  ( P ig .  l .A )



_ . -  Pigure 1.

ippeeranoe of organic iron  in  f a t  c e l l s  of Daphnia lo s in g
haemoglobin*
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o f  a n im a ls  w h ic h  a r e  l o s i n g  h a e m o g lo b in  and  th o s e  i n  

w h ic h  th e  h a e m o g lo b in  c o n c e n t r a t i o n  i s  s t e a d y ;  s i m i l a r l y  

t h e  b lu e  i r r e g u l a r  s t r a n d s  o f  i r o n  ( P ig .  1 . D , E , P ) h av e  

b e e n  s e e n  o n ly  i n  many a n im a ls  w h ic h  a r e  l o s i n g  h a e m o g lo b in  

an d  a  few  a n im a ls  i n  w h ic h  t h e  h a e m o g lo b in  c o n c e n t r a t i o n  

i s  s t e a d y .  «

S t r a n d s  o r  c r y s t a l s  h av e  n e v e r  b ee n  o b s e rv e d  i n  l i v i n g  

f a t  c e l l s  o f  D a p h n ia ,  s o  t h a t  th o s e  shown a f t e r  s t a i n i n g  

c o u ld  be a r t e f a c t s .

Num erous s m a l l  o r  l a r g e  f a t  g lo b u le s  c a n  e a s i l y  be 

s e e n  i n  l i v i n g  D ap h n ia  I n  t h e  f a t  c e l l s .  T h ese  g lo b u le s  

may b e  c o lo u r e d  w i t h  c a r o t e n o i d  p ig m e n ts  n a t u r a l l y  o r  c a n  

bo a r t i f i c i a l l y  c o lo u r e d  by m eans o f  t h e  S udan  IV t e c h n i q u e .  

D u r in g  P r u s s i a n  b lu e  t r e a t m e n t  a l l  c o l o u r  d i s a p p e a r s  fro m  

th e  f a t  g l o b u l e s .  The p o s i t i o n  o c c u p ie d  b y  t l ie  f a t  

g l o b u le s  d u r in g  l i f e  c a n  b e  s e e n  a f t e r  th e  t r e a t m e n t .

O rg a n ic  i r o n  i s  fo u n d  i n  a l l  t h e  c y to p la s m ic  p a r t s  

o f  t h e  o v a ry  a f t e r  P r u s s i a n  b lu e  s t a i n i n g .  The c y to p la s m  

s t a i n s  a  u n ifo rm  b lu e  c o l o u r .  Y o lk  i n  t h e  o v a ry  d o es  n o t  

g iv e  a  P r u s s ia n  b lu e  r e a c t i o n .  The p o s i t i o n  o nce  o c c u p ie d  

by f a t  g lo b u le s  i n  l i f e ,  c a n  be s e e n  a f t e r  P r u s s i a n  b lu e  

t r e a t m e n t .  T h e se  a r e  fe w e r  t h a n  i n  t h e  f a t  b o d y .

T he s h e l l  g la n d s  o f  D ap h n ia  w ere  d e s c r i b e d  b y  C la u s  

( 1 8 7 5 ) .  T h o se  e x c r e to r y  o rg a n s  e a c h  c o n s i s t  o f  a  c l o s e d
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i n t e r n a l  s a c c u l e ,  a  lo n g  w in d in g  l a b y r i n t h  an d  a  s h o r t e r  

v e s i c l e  l e a d i n g  t o  th e  o r i f i c e  i n  t h e  r e g io n  o f  th e  

v e s t i g e a l  m a x i l l a .  D . m agna show s no  h i s t o l o g i c a l  d i s t i n c t i o n  

b e tw e e n  th e  l a b y r i n t h  an d  t h e  v e s i c l e .  O rg a n ic  i r o n  i s  

fo u n d  i n  t h e  s h e l l  g la n d  when t h e  h a e m o g lo b in  c o n t e n t  

o f  t h e  b lo o d  i s  d e c r e a s i n g .  G ra n u la r  i r o n  i s  l o c a t e d  i n  

th e  w a l l s  o f  th e  l a b y r i n t h .  The g r a n u le s  a r e  i r r e g u l a r ,  

m ore r a r e l y  s p h e r i c a l .  The w a l l s  o f  t h e  l a b y r i n t h  h av e  

n o t  b e e n  o b s e rv e d  to  show t h e  s t r a n d  f o r m a t io n  o f  i r o n  o r  

a  u n ifo rm  b lu e  c o l o u r .  A u n ifo rm  b lu e  c o l o u r  h a s  b e e n  

o b s e rv e d  i n  t h e  lum en o f  b o th  t h e  l a b y r i n t h  a n d  th e  v e s i c l e .  

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

The s h e l l  g la n d s  o f t e n  c o n t a i n  a c c u m u la t io n s  i n  t h e  

w a l l s  an d  t h e  lum en  d u r i n g  l i f e .  T h ese  a r e  so m e tim es 

brow n o r  th e y  m ay b e  w h i te  b y  r e f l e c t e d  l i g h t  a n d  b la c k  

by t r a n s m i t t e d  l i g h t .
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B. INORGANIC IRON.

The s t r u c t u r é e  I n  w h ic h  i n o r g a n ic  i r o n  h a s  b e e n  

o b s e rv e d  h av e  a l r e a d y  b e e n  i n d i c a t e d  ( t a b l e  1 )*  T hey 

a r e  I t h e  m id  g u t  w a l l s ,  th e  f a t  c e l l s ,  th e  s h e l l  g l a n d s ,  

t h e  o v a r i e s ,  th e  b lo o d  p la sm a  an d  th e  m u s c le s  o f  t h e  

appe iM îages.

The o b s e rv e d  d i s t r i b u t i o n  o f  I n o r g a n ic  i r o n  I n  

r e l a t i o n  t o  t h e  c o n c e n t r a t i o n  o f  b lo o d  h a e m o g lo b in  I s
I /  I -

shown i n  t a b l e  5 .  U n l ik e . t h e  d i s t r i b u t i o n  o f  o r g a n ic  

i r o n  ( t a b l e  2 ) ,  t h a t  o f  i n o r g a n ic  i r o n  i s  r e l a t e d  t o  th e  

c o n c e n t r a t i o n " o f  b lo o d  h a e m o g lo b in .

T h is  h i s t o c h e m i c a l  te c lm iq u e  d o e s  n o t  a l lo w  a c c u r a t e  

q u a n t i t a t i v e  d a t a  t o  b e  g i v e n .  D i f f e r e n c e s  I n  t l ie  I n t e n s i t y  

o f  t h e  P r u s s i a n  b lu e  r e a c t i o n  h a v e  t h e r e f o r e  b e e n  r e c o r d e d  

i n  t h e  fo l lo T /in g  w a y :-  A s t r o n g  b lu e  r e a c t i o n  v/as r e c o r d e d  

a s  +++ i n  t h e  t a b l e  5 .  A b lu e  r e a c t i o n ,  o b v io u s ,  b u t  n o t  

I n te n s e  w as r e c o r d e d  a s  ++ i n  t a b l e  3 .  Some t i s s u e s  g av e  

a  s l i g h t  p a l e  b l u e - g r e e n  r e a c t i o n .  T h is  w as r e c o r d e d  a s  + 

i n  t a b l e  3 .  T h is  l a s t  c o lo u r  r e a c t i o n  m ig h t  i n d i c a t e  t r a c e s  

o f  i r o n  n o r m a l ly  p r e s e n t  o r  m ig h t  r e p r e s e n t  i r o n  w h ic h  

h a s  d i f f u s e d  fro m  a n o t h e r  s i t e .  A n e g a t iv e  r e a c t i o n  w as 

r e c o r d e d  a s  .  i n  t a b l e  3 .

D u r in g  th e  in o r g a n ic  i r o n  t e c h n i q u e ,  no  b lu e  m a t e r i a l  

w as o b s e rv e d  l e a v in g  th e  a n i m a l s ,  e i t h e r  d u r in g  s t a i n i n g
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o r  s u b s e q u e n t  d e h y d r a t io n .  D i f f u s i o n  o f  I r o n  h ad  e v i d e n t l y  

b e e n  p a r t i a l l y  o v e rco m e .

The r e s u l t s  o b ta in e d  fro m  th e  I n o r g a n ic  i r o n  te c h n iq u e  

a r e  p r e s e n te d  I n  t h e  f o l lo w in g  w a y :-

Tho d i s t r i b u t i o n  o f  I r o n  a n d  th e  I n t e n s i t y  o f  th e  I r o n  

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

t h e  f o u r  s t a t e s  o f  b lo o d  h a e m o g lo b in .

T h is  d i s t r i b u t i o n  I s  i l l u s t r a t e d  I n  F ig u r e s  2 ,  3 ,  4 &

6 an d  su m m arized  i n  t a b l e  3 a t  t h e  e n d  o f  t h i s  s e c t i o n .

(p a g e  6 0 )#  . - -

The f i g u r e  p a g e s  ( 2 ,  3 ,  4 ,  & 6) a r e  a r r a n g e d  a s  f o l lo w s  I 

e a c h  c o n t a in s  a  s im p le  a n a to m ic a l  s k e t c h  o f  D a p lin ia .

Two o u t l i n e  d ra w in g s  below  I n d i c a t e  th e  d i s t r i b u t i o n  o f  

f e r r i c  an d  f e r r o u s  I n o r g a n ic  I r o n .  T ra c e s  o f  I r o n  a r e  

o m i t t e d  fro m  t h e  f i g u r e s  an d  d o t t e d  s t r u c t u r e s  a r e  ad d e d  

f o r  c l a r i t y .  " - -,
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a .  aWRgANIC IRON IN COLOURIfiSS ANIMAIS ( F i g .  2 .  T a b le  3
co lum n  1 ) .

The m a j o r i t y  o f  c o l o u r l e s s  a n im a ls  g av e  s l i g h t  

P r u s s i a n  an d  T u r n b u l l* s  b lu e  r e a c t i o n s .  A bou t 2 0 0  a n im a ls  

h a v e  b e e n  t e s t e d .  P a r t s  o f  t h e  m id - g u t  w a l l s  an d  th e  f a t  

c e l l s  g a v e  a  p a le  b lu e  r e a c t i o n .  No r e a c t i o n  w as o b s e rv e d  

I n  t h e  m id  g u t  c a e c a ,  th e  s h e l l  g l a n d ,  th e  o v a r i e s ,  th e  

b lo o d  p la sm a  o r  t h e  ap p en d ag e  m u s c le s .

The o r g a n ic  I r o n  s t u d y  I n d i c a t e d  t h a t  I r o n  I s  a b s o rb e d  

by  c o l o u r l e s s  a n i m a l s .  The I n o r g a n ic  I r o n  r e s u l t s  do n o t  

s u b s t a n t i a t e  t h i s  th o u g h  th e y  do  n o t  c o n t r a d i c t  I t .  P e rh a p s  

I n o r g a n ic  I r o n ,  a b s o rb e d  th r o u g h  th e  g u t  w a l l s ,  r a p i d l y  

becom es bound I n  t h e  b o d y . U nm asking w i t h  a c i d  a l c o h o l  

I s  th e n  r e q u i r e d  t o  r e v e a l  I t .

T he g u t  lum en  c o n t a in s  C h lo re  11a an d  I r o n ,  an d  

f r e q u e n t l y  g iv e s  an  I n t e n s e ‘c o l o u r  r e a c t i o n  f o r  I n o r g a n ic  

I r o n .  The g u t  c o n t e n t s  n o rm a lly  o cc u p y  t h e  m id d le  an d  

p o s t e r i o r  t h i r d  o f  th e  m id  g u t .  The a n t e r i o r  g u t  lum en i s  

n o rm a lly  f r e e  o f  s o l i d  c o n t e n t s  and  d o e s  n o t  g iv e  a n  

I n o r g a n ic  I r o n  r e a c t i o n .  The I r o n  o f  t h e  g u t  c o n t e n t s  I s  

u s u a l l y  f e r r i c  i r o n  I n  c o l o u r l e s s  a n im a ls  b u t  some c o l o u r l e s s  

a n im a ls  h av e  f e r r o u s  i r o n  t h r o u ^ o u t .  T h e re  I s  no  

I n d i c a t i o n  o f  an  o x i d a t i o n  o f  I r o n  n e a r  th e  h in d  g u t  w h ere  

a n a l  s w a llo w in g  h a s  b e e n  I n  p r o g r e s s .  T h is  I s  I n t e r e s t i n g  

s i n c e  I t  h a s  r e c e n t l y  b e e n  s u g g e s te d  (Pox  1952) t l i a t  a n a l
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s w a llo w in g  i s  n o t  a  m echan ism  t o  a i d  r e s p i r a t i o n  i n  

C r u s ta c e a  th o u g h  i t  h a s  t h i s  f u n c t i o n  i n  some a q u a t i c  

i n s e c t s •

A few  c o l o u r l e s s  a n im a ls  show ed no c o l o u r  r e a c t i o n ,  

w h i le  a  few show ed i r o n  i n  a l l  t h e  p o s s i b l e  s i t e s  e x c e p t  

th e  s h e l l  g l a n d ,  b lo o d  p la sm a  a n d  ap p en d ag e  m u sc le s *

T hus, c o l o u r l e s s  a n im a ls  h av e  l i t t l e  in o r g a n ic ,  i r o n |
- j / j . -

t h a t  p r e s e n t  i s  i n  th e  f a t  c e l l s  an d  m id g u t  w a l l s .

No i r o n  i s  p r e s e n t  i n  t h e  s h e l l  g l a n d s .

Si
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b .  INORGANIC I R |m IN A N Ilà lS  Vf HIGH ARE SYMTHESISIMG 
HAB.ÎOQLOBIN» ( P i g .  3 .  T a b le  3 ,  Column 2 ) ,

D u r in g  h a e m o g lo b in  s y n t h e s i s  i n o r g a n ic  i r o n  i s  p r e s e n t  

i n  m o st o r g a n s .  More th a n  2 0 0  a n im a ls  h av e  b e e n  t e s t e d .

In  t h e  m a j o r i t y  a  p o s i t i v e  r e a c t i o n  f o r  f e r r i c  i r o n  w as g iv e n  

b u t  t h e  m id  g u t  c a e c a  an d  a  l e s s  m arked  f e r r i c  r e a c t i o n  by  

th e  f a t  c e l l s .  A p o s i t i v e  r e a c t i o n  f o r  f e r r o u s  i r o n  w as 

g iv e n  by  th e  r e m a in in g  m id - g u t  w a l l s ,  t h e  f a t  c e l l s  an d  

th e  o v a r i e s .  S om etim es f e r r o u s  i r o n  w as o b s e rv e d  i n  th e  

b lo o d  p la sm a  an d  i n  th e  e s p e c i a l l y  p ro m in e n t s a r c o p la s m  

(B in d e r  1 932) o f  th e  a n t e n n a l  an d  m a n d ib u la r  m u s c le s .

A n im a ls  f i x e d  i n  b u f f e r e d  f o r m a l in  g a v e  a  m ore i n t e n s e '  

r e a c t i o n  f o r  f e r r i c  i r o n ,  th a n  th o s e  f i x e d  i n  a lc o h o l#

A n im a ls  f i x e d  i n  a l c o h o l  show ed f e r r i c  i r o n  i n  th e  g u t  

c a e c a  b u t  m o s t ly  f e r r o u s  i r o n  e l s e w h e r e .  T h is  i n d i c a t e s  

t h a t  t h e r e  i s  f e r r i c  i r o n  i n  th e  g u t  c a e c a ,  b u t  p ro b a b ly

l a r g e l y  f e r r o u s  i r o n  e l s e w h e r e .  The T u r n b u l l* s  b lu e  r e a c t i o n

o f  sp e c im e n s  f i x e d  i n  a l c o h o l  o f t e n  a c q u i r e d  a  p u r p l e - b lu e  

h u e .

No i n o r g a n ic  i r o n  was o b s e rv e d  i n  t h e  s h e l l  g l a n d s .

I t  th u s  a p p e a r s  t h a t  d u r in g  s y n t h e s i s  o f  h a e m o g lo b in

i r o n  may b e  a b s o rb e d  th ro u g h  th e  g u t  w a l l  w h ere  i t  a p p e a r s

i n  th e  f e r r o u s  fo rm  e x c e p t  i n  th e  a n t e r i o r  c a e c a .  The 

d i f f e r e n t  s t a t e s  o f  o x i d a t i o n  o f  i r o n  i n  th e  c a e c a  an d  

th e  r e m a in in g  g u t  w a l l s  i s  s t r i k i n g  an d  a t  p r e s e n t  u n e x p la in e d ;
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Fl^gurc 5.

The d is tr ib u t io n  o f  iro n  in
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I n  man I t  h a s  b e e n  s u g g e s te d  (L a n c e t  1951) t h a t  I r o n  

i s  a b s o rb e d  by th e  i n t e s t i n a l  m ucosa  i n  th e  f e r r o u s  fo rm .

I n  D a p h n la # i f  f e r r o u s  i r o n  i s  a b s o rb e d  an d  r a p i d l y  c o n v e r t e d  

t o  f e r r i c  fo rm  i n  t h e  c a e c a ,  t h e n  f e r r o u s  i r o n  s h o u ld  a lw a y s  

be p r e s e n t  i n  t h e s e  o r g a n s ;  a  s l i g h t  f e r r o u s  r e a c t i o n  i s  

so m e tim es  o b ta in e d .

A f u r t h e r  e x p l a n a t i o n  i s  p o s s i b l e .  I r o n  fo u n d  i n  th e  

c a e c a  may be i n  t h e  p r o c e s s  o f  b e in g  e x c r e t e d  f ro m  t h e  body 

i n t o  th e  g u t  lu m en . H om ologous s t r u c t u r e s  a c t  a s  e x c r e to r y  ' 

o rg a n s  i n  o t h e r  C r u s ta c e a  e . g .  i n  b a r n a c l e s .

The f a t  c e l l s ,  o v a r i e s  a n d  g u t  w a l l s  a r e  th e  p r i n c i p a l  

o rg a n s  c o n t a i n i n g  I n o r g a n ic  i r o n .  T h is  s u g g e s t s  t h a t  th e y  

may b e  s i t e s  o f  s y n t h e s i s  o f  h a e m o g lo b in . The f a t  c e l l s  l i e  

i n  t h e  h a e m o c o e l an d  a r e  c o n s t a n t l y  b a th e d  by  th e  b lo o d .

T he o v a r i e s  a s  w e l l  a s  th e  b lo o d  n o rm a l ly  c o n t a i n  h a e m o g lo b in  

an d  i t  was c o n c lu d e d  (F o x ,. H a r d c a s t l e  & D r e s e l ,  1 949 ) t h a t  

t h i s  p ig m e n t p a s s e d  fro m  t h e  b lo o d  i n t o  th e  o o c y te s .  The 

p r e s e n c e  o f  i r o n  i n  t h e  o v a r i e s  o f  D a p h n ia  g a i n in g  h a e m o g lo b in  

s u g g e s t s  how ever t h a t  some o f  t h e  p ig m e n t may b e  s y n th e s i z e d  

i n  s i t u . The s i m p l e s t  i n t e r p r e t a t i o n  o f  th e  i r o n  i n  th o  g u t  

w a l l s ,  i s  t h a t  i t  i s  a b s o rb e d  h e r e .

On f o u r  o c c a s io n s  I  h av e  fo u n d  r e d  a n im a ls  w i th  r e d  

f a t  c e l l s ,  i n  a d d i t i o n  to  th e  u s u a l  r e d  b lo o d  an d  p in k  

o v e i r ie s .  T h is  w as i d e n t i f i e d  a s  o x y h a e m o g lo b in .*  The 

M K in d ly  i d e n t i f i e d  by P r o f e s s o r  F o x .
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a n im a ls  came f ro m  tw o d i f f e r e n t  s o u r c e s  a n d  show ed t h a t  

haenK >globin may be p r e s e n t  i n  th o s e  c e l l s  a n d  may a l s o  be 

s y n t h e s i s e d  h e r e .

I r o n  I s  fo u n d  i n  t h e  n o n -y o lk y  r e g io n s  o f  th e  o v a ry  

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

A few  o f  t h e  a n im a ls  t e s t e d  g av e  a  n e g a t iv e  r e a c t i o n ,  

w h i le  a  few  show ed no  r e a c t i o n  i n  th e  a n t e r i o r  g u t  

d i v e r t i c u l a .  T h is  w as u n r e l a t e d  t o  th e  s t a g e  o f  t h e  i n s t a r .

T h u s ,  a n im a ls  w h ic h  a r e  g a in in g  h a e m o g lo b in  h av e  

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

o v a r i e s .  M ost o f  t h e  i r o n  i s  f e r r o u s  i r o n  b u t  t h a t  i n  

th e  m id - g u t  c a e c a  i s  i n  th e  f e r r i c  fo rm . O th e r  s t r u c t u r e s  

so m e tim es  h av e  in o r g a n ic  f e r r o u s  i r o n  i . e .  ^b lood  p la sm a

a n d  ap p e n d ag e  m u s c le s .
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c .  IIIORGAMIO IRON III AIIH/IALS WHICH ABE LOSING HAEMOGLOBIN.
( F i g .  4 ,  5 ,  T ab le , 3 , co lum n 3 . )

A n im a ls  w h ic h  a r c  l o s i n g  h a o m o g lo b in  show a  s t r i k i n g l y  

d i f f e r e n t  i r o n  d i s t r i b u t i o n .  M ore t l ia n  4 0 0  h av e  b e e n  t e s t e d .  

P a r t s  o f  th e  s h e l l  g la n d  now g iv e  a n  i n t e n s e  an d  g r a n u l a r  

f e r r i c  i r o n  r e a c t i o n  i n  th e  m a j o r i t y  o f  a n im a l s .  The g u t  

c a e c a  f r e q u e n t l y  g iv e  a n  i n t e n s e  b u t  n o n - g r a n u la r  b lu e  

r e a c t i o n .  T he f a t  c e l l s  s i m i l a r l y  show  a n  i n t e n s e  b lu e  

r e a c t i o n  f o r  f e r r i c  i r o n .

I r o n  i s  n o t  fo u n d  th r o u g h o u t  th e  s h e l l  g la n d s  ( F i g .  5 a ) |  

i t  h a s  n e v e r  b e e n  o b s e rv e d  i n  t h e  c lo s e d  i n t e r n a l  s a c c u l e ,  

b u t  t h e  w a l l s  o f  th e  l a b y r i n t h  show l a r g e  and  s m a l l  

i r r e g u l a r l y  sh a p e d  b lu e  m a s s e s .  I t s  lum en show s n o n - g r a n u la r  

b lu e  c o n t e n t s ,  w h ic h  c a n  b e  m oved a lo n g  t h e  lum en by 

p r e s s i n g  o n  t h e  a n im a l  g e n t l y ,  w i t h  th e  f l a t  ed g e  o f  a  

B o r r a d a U e  n e e d l e .  The v e s i c l e  l e a d i n g  to w a rd s  t h e  o r i f i c e  

lia s  i i o n - g r a n u l a r  b lu e  c o n t e n t s  a n d  t h e s e  a r e  d i s p o s e d  i n  

p a tc h e s  a lo n g  i t s  l e n g t h .

The d i s t r i b u t i o n  s u g g e s t  t h a t  i r o n  i s  b e in g  e x c r e t e d  

i n t o  th e  lu m e n -o f  t h e  l a b y r i n t h  a n d  th e n  l e a v in g  th o  body  

th r o u g h  th e  v e s i c l e .  A se c o n d  i n t e r p r e t a t i o n  i s  t h a t  

i r o n  i n  th e  w a l l  o f  th e  l a b y r i n t h  i s  b e in g  r e a b s o r b e d  b a c k  

i n t o  t h e  b o d y , ^ h i s  l a t t e r  a ssu m es t h a t  an  i r o n - c o n t a i n i n g  

com pound h a s  f i r s t  o f  a l l  b e e n  p a s s e d  i n t o  t h e  lu m en . T h is
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Figure 4 

The d is tr ib u t io n  o f  iron  in  
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Figure 6*

Ihe d is tr ib u t io n  o f  iron  in  the z h e l l  glands o f  

DAPHNIA LOSING HAEMOGLOBIN.
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I s  d i s c u s s e d  m ore f u l l y  l a t e r .  I f  I r o n  i s  l e a v in g  t l ie  b o d y , 

th e  c o n c e n t r a t i o n  o f  I r o n  I n  t h e  s u r ro u n d in g  w a te r  s h o u ld  

i n c r e a s e  an d  t h e  am ount i n  t h e  body  s h o u ld  d e c r e a s e ,  

iiix p e rim en ts  h av e  b e e n  made t o  t e s t  t h i s  h y p o th e s i s  an d  a r e  

d e s c r ib e d  l a t e r .

F e r r i c  i r o n  I s  fo u n d  I n  t h e  w a l l s  o f  t h e  g u t  c a e c a .

T h is  m ig h t  b e  n ew ly  a b s o rb e d  i r o n  o r  i r o n  w h ic h  i s  to  be 

e x c r e t e d .  T h is  w as t e s t e d  e x p e r i m e n ta l ly  a s  f o l l o w s .

' Red a n im a ls  w ere  p la c e d  u n d e r  m o d if ie d  c u l t u r e
.a

c o n d i t i o n s : -  tw e n ty  a n im a ls  i n  100 m l .  t a p  w a te r  i n  a  ' ' 

2 5 0  m l.  t r o u ^ .  No in o r g a n ic  i r o n  w as ad d e d  to  t h e  w a te r  

b u t  a  l i t t l e  C h lo re 1 1 a j w h ic h  c o n t a i n s  no  d e t e c t a b l e  

in o r g a n ic  I r o n ,  w as ad d e d  a s  f o o d .  A f t e r  f i v e  d a y s  th e s e  

w ere  f i x e d  a n d  s t a i n e d  i n  t h e  u s u a l  w ay . The a n im a ls  show ed 

a  v e r y  l i t t l e  i n o r g a n ic  i r o n  i n  t h e  g u t  lu m e n , th e  g u t  

c a e c a  g av e  a n  i n t e n s e  b lu e  r e a c t i o n .  T h is  s u g g e s t s  t h a t  

i r o n  msy be  e x c r e t e d  th r o u g h  t h e  g u t  c a e c a  a t  t h i s  tine s in c e  

t h i s  I r o n  c o u ld  n o t  h av e  come fro m  th e  f o o d .

T he h i s t o l o g i c a l  a p p e a ra n c e  o f  i r o n  i n  t h e  f a t  c e l l s  

w as s i m i l a r  t o  t h a t  d e s c r ib e d  i n  t h e  o r g a n ic  i r o n  te c h n iq u e  

f o r  a n im a ls  l o s i n g  h a e m o g lo b in , ^ k ca ll g r a n u le s  o f  i r o n  o r  

l a r g e  " s t r a n d - l i k e ” f o r m a t io n s  o f  i r o n  h av e  b ee n  o b s e rv e d  

( P i g .  1 h ,  E , F ) .

The f a t  b o d y  i s  an  o rg a n  o f  d e f i n i t e  fo rm  ( J a g e r ;  1 9 3 5 ) .
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I t  c o n s i s t s  o f  th e  t h o r a c i c  m ass w i th  e x t e n s io n s  i n t o  

th e  h a e m o c o e l. P ro c e s s e s  o f  t h e  o rg a n  e x te n d  i n t o  th e  

f i v e  p a i r s  o f  t h o r a c i c  l im b s ;  * o t h e r s  p a s s  p o s t e r i o r l y  on  

b o th  d o r s a l  an d  v e n t r a l  s i d e s  o f  th e  m id an d  h in d  g u t .  

A n o th e r  e x te n d s  i n t o  t h e  c a r a p a c e  b lo o d  s in u s  an d  comes 

i n t o  i n t i m a t e  c o n t a c t  w i th  t h e  lo o p s  o f  t h e  s h e l l  g la n d .

Limb e x t e n s io n s  o f  t h e  f a t  body  so m e tim es  show no  i r o n  

i n  t h i s  s t a t e  o f  b lo o d  h a e m o g lo b in  w h i le  th e  r e m a in d e r  o f  

th e  f a t  body  d o e s  s o .  The f a t  body  v a r i e s  i n  s i z e  a n d  i s  

s a i d  t o  b e  c o n s t a n t l y  b ro k e n  down an d  r e p l a c e d  ( J a g e r  1 9 3 5 ) .  

Though th e  o rg a n  v a r i e s  i n  s i z e  a c c o r d in g  t o  i t s  f a t  

c o n t e n t ,  no  c y t o l y s i s  o f  c e l l s  h a s  b ee n  o b s e rv e d  d u r in g  

t h i s  s t u d y .

A w eak T u r n b u l l ’ s  b lu o  r e a c t i o n  i s  g iv e n  by  th e  

m id d le  and  p o s t e r i o r  m id - g u t  w a l l s  a n d  so m e tim es  by  th e  

c a e c a .  T h e re  i s  n o  in o r g a n ic  f e r r o u s  i r o n  i n  th e  o v a r i e s ,  

f a t  c e l l s ,  s h e l l  g l a n d s ,  b lo o d  o r  ap p en d ag e  m u s c le s .

A n im a ls  f i x e d  w i t h  a l c o h o l  show a  s i m i l a r  d i s t r i b u t i o n  o f  

f e r r i c  an d  f e r r o u s  i r o n .

T h u s , m o st i r o n  i s  p r e s e n t  i n  t h e  m id -g u t  c a e c a ,  

th e  f a t  c e l l s  a n d  t h e  s h e l l  g l a n d s .  T h is  i r o n  i s  f e r r i c  

i r o n ;  i r o n  i n  th e  f e r r o u s  fo rm  i s  p r e s e n t  i n  s m a l l  

q u a n t i t i e s  i n  th e  g u t  w a l l s .
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d .  INORGANIC IRON DISTRIBUTION IN ANBIAL5 WITH A STEADY

EAEPJOGDOBIN ISVEL. ( F i g .  6 .  T a b le  3 ,  co lum n 4 . )

T h ese  a n im a ls  showed a  d i s t r i b u t i o n  o f  i r o n  s i m i l a r  

t o  t h a t  in  a n im a ls  g a in in g  h aem o g lo b in #  A bou t 2 0 0  a n im a ls  

h av e  b ee n  t e s t e d .  The f a t  c e l l s  a g a in  a p p e a r  t o  c o n t a i n  

b o th  f e r r i c  and  f e r r o u s  i r o n  w i t h  m ore f e r r i c  i r o n  th a n  

o c c u r s  i n  a n im a ls  g a i n in g  h a e m o g lo b in , b u t  no  i n t e n s e  b lu e  

r e a c t i o n s  w ere  o b t a i n e d .

I n  th e  m a j o r i t y  o f  a n im a ls  t h e  g u t  c a e c a  g av e  a  p a le  

b lu e  r e a c t i o n  f o r  f e r r i c  a n d  f e r r o u s  i r o n .  The r e s t  o f  

th e  g u t  a n d  t h e , o v a r i e s  show ed f e r r o u s  i r o n  a l o n e .  I t  w as 

i n t e r e s t i n g  t o  o b s e rv e  t h a t  th e  s h e l l  g la n d s  c o n ta in e d  no 

i r o n .  I r o n  o n ly  a p p e a r s  i n  t h a t  o rg a n  when th e  h a e m o g lo b in  

c o n t e n t  o f  t h e  b lo o d  i s  d e c r e a s i n g .

A few  sp e c im e n s  h av e  b e e n  o b s e rv e d  t o  c o n t a in  i n o r g a n ic  

f e r r o u s  i r o n  i n  t h e  b lo o d  a n d  i n  t h e  s a r c o p la s m  o f  th e  

a n t e n n a l  an d  m a n d ib u la r  m u s c le s .

T hus t h e  f a t  c e l l s  have  m ore i r o n ,  th e  g u t  c a e c a  and  

o v a r i e s  l e s s  i r o n  th a n  a p p e a r  i n  th e s e  o rg a n s  i n  a n im a ls  

w h ic h  a r e  g a i n in g  h a e m o g lo b in . The i r o n  d i s t r i b u t i o n  in  

a n im a ls  w i th  a  s t e a d y  h a e m o g lo b in  c o n c e n t r a t i o n  t h e r e f o r e  

r e s e m b le s  t h a t  o f  a n im a ls  g a i n in g  h a e m o g lo b in , r a t h e r  th a n  

t h a t  o f  a n im a ls  w h ic h  a r e  l o s i n g  t h e  b lo o d  p ig m e n t.



Figure 6.

The d is tr ib u tio n  o f  iro n  in  

ANIMALS WITH "STEADT" HAEMOGLOBIN.
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A SUMMARY QP THE MAIN RESULTS QP THE STlgBT»

The m id g u t  w a l la  ( e x c e p t  th e  c a e c a ) .

The m id g u t  w a l l s  may c o n t a i n  b o th  th e  f e r r i c  an d  

f e r r o u s  fo rm s o f  I r o n ;  th e  p o s t e r i o r  p a r t  shows m ore 

I r o n  th a n  t h e  a n t e r i o r ;  t h i s  may be c a u s e d  by d i f f u s i o n  

o f  i r o n  s in c e  th e  g u t  c o n te n t s  a r e  r e s t r i c t e d  t o  th e  

p o s t e r i o r  p o s i t i o n .  F e r ro u s  i r o n  h a s  b een  o b s e rv e d  h e r e  

I n  a n im a ls  from  c u l t u r e s  w i th  a  low oxygen c o n te n t#  B o th  

f e r r o u s  and  f e r r i c  fo rm s h av e  b ee n  o b s e rv e d  i n  a n im a ls  

fro m  w e l l  a e r a t e d  w a te r#

The m id g u t  c a e c a .

T l»  m id g u t  c a e c a  show no i r o n  in  c o l o u r l e s s  a n im a ls ,  

an d  none i n  a  s m a l l  p r o p o r t i o n  o f  o th e r  a n im a ls#  An 

in t e n s e  r e a c t i o n  f o r  f e r r i c  i r o n  i s  o b s e rv e d  h e re  when 

b lo o d  h a œ io g lo b in  i s  d e c r e a s in g  and  a  p o s i t i v e - b u t  n o t  

in t e n s e  r e a c t i o n  wlien s y n th e s i s  i s  t a k in g  p la c e #  T ra c e s  

o f  f e r r o u s  I r o n  may be s e e n  h e r e  I n  a l l  b u t  c o l o u r l e s s  

a n im a l s .

The f a t  c e l l s .

The f a t  c e l l s  r a r e l y  g iv e  a  n e g a t iv e  r e a c t i o n  f o r  

in o r g a n ic  i r o n .  The l a r g e s t  q u a n t i t y  o f  i r o n  i n  th e s e  

c e l l s  i s  se e n  when th e  b lo o d  h ae m o g lo b in  i s  d e c r e a s i n g :  

t h i s  i r o n  i s  i n  t h e  f e r r i c  s t a t e #  A t o th e r  t im e s  l e s s
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i n t e n s e  r e a c t i o n s  a r e  o b ta in e d #  The f a t  c e l l s  show a  

p o s i t i v e  r e a c t i o n  f o r  f e r r o u s  i r o n  when h a e m o g lo b in  

s y n t h e s i s  i s  i n  p r o g r e s s  an d  f o r  f e r r o u s  an d  f e r r i c  i r o n  

when a  s t e a d y  l e v e l  h a s  b e e n  a tta in e d #

The s h e l l  g la n d s  #

The s h e l l  g la n d s  g iv e  a  n e g a t iv e  r e a c t i o n  f o r  f e r r o u s
'  '  V

i r o n #  I r o n  i n  t h e  f e r r i c  fo rm  i s  fo u n d  i n  some p a r t s  o f  

t h e  o rg a n s  w hen b lo o d  h a e m o g lo b in  i s  d e c r e a s in g #

The o v a r i e s # -

The o v a r i e s  h ave  n o t  b e e n  o b s e rv e d  t o  g iv e  i n t e n s e  

r e a c t i o n s  f o r  in o r g a n ic  i r o n #  F e r r o u s  i r o n  o c c u r s  d u r in g  

s y n t h e s i s  o f  h a e m o g lo b in  an d  w hen t h e  s t e a d y  l e v e l  h a s  b e e n  

a t t a i n e d #

b lo o d  a n d  th e  m a n d ib u la r  an d  a n t e q y S t  m u s c le s  #

T h ese  d o  n o t  g iv e  i n t e n s e  r e a c t i o n s  f o r  i n o r g a n ic  iro n #  

F e r r o u s  i r o n  h a s  b e e n  s e e n  i n  a n im a ls  fro m  c u l t u r e s  o f  low o x y g en  

c o n te n t#  B u t sp e c im e n s  may a l l  show a  p o s i t i v e  r e a c t i o n  

an d  o t h e r s  fro m  t h e  same f l a s k ,  on  th e  n e x t  d ay  f a l l  t o  j

show t h i s  -  r e s u l t s  a r e  q u i t e  i n c o n s i s t e n t #  i
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TABLE 3 .

DISTRIBUTION OP INORGANIC IRON IN D/

COLOURLESS
ANIMALS

animals
GAINING Hb.

ANIMALS
LOSING >îb.

ANIMALS WITH 
STEADT Hb.

F erric  Ferrous F erric  Ferrous F erric  Ferrous F erric  Ferrous

(A nt. V z  
MID (
SOT (Mid. V s  
witusC

(B ts t .

• •

+ ♦ 

♦ ♦

+ # e

♦ ♦ 

♦ ♦

+

♦♦

•  ̂ ♦♦

MID GOT CABOA • # ♦ ♦

FAX cm iiS ♦ ♦ ♦ ♦♦ •M* 44-

SHELL (&ANDS • • • * +4 + # • •

OVARIES • • ♦♦ * # ♦

BLOOD • • ♦ • # ♦

AFPRNDACæ
MOSCHiES • • ♦ J • # ♦

Beactien with inorganic reagents 
♦4-f intense blue 
4 * blue but %wt intense

4 pale blue
• negative
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‘K. SECTION 6

. /  r -  - -

fe ;

STUDY OF ■ THE HTSTOLOGICAL 

DISTRIBUTION OF . HAEM IRON

IN DAPHNIA.
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6 . STUDY QP THE HISTOLOGICAL DISTRIBUTION OF HAEIÆ m m  
IN DAPHNIA#

Haem com pounds a r e  known to  o c c u r  I n  D a p h n ia ;  

h a e m o g lo b in  i s  fo u n d  i n  s o l u t i o n  i n  th e  b lo o d  p la sm a  

( l a n k e s t e r  1 8 7 2 ) an d  i s  p r e s e n t  I n  t h e  e g g s  ( T é s s l e r  1932)< 

H aem o g lo b in  h a s  a l s o  b e e n  i d e n t i f i e d  i n  th e  f a t  c e l l s  

( s e e  page  49 )' a n d  a  haem ochrom ogen i n  th e  m id g u t  lum en 

(FOX 1 9 4 8 ) .

D u r in g  h a e m o g lo b in  s y n t h e s i s  a  p o s i t i v e  h a e m o g lo b in  

r e a c t i o n  m ig h t be  d e t e c t a b l e  a t  t h e  s i t e  o f  s y n th e s i s #

The d i s t r i b u t i o n  o f  h a e m o g lo b in  h a s  t h e r e f o r e  b e e n  s t u d i e d  

h i s t o l o g i c a l l y  i n  a n im a ls  i n  w h ic h  th e  c o n c e n t r a t i o n  o f  

b lo o d  p ig m e n t i s  1 )  i n c r e a s i n g ,  2 )  d e c r e a s i n g ,  3 )  a t  a  

s t e a d y  l e v e l  an d  4 )  n e g l i g i b l e .

T h e re  i s  n o  s p e c i f i c  s t a i n  f o r  h a e m o g lo b in  a l th o u g h  

e o s i n ,  s a f r a n i n  a n d  o ra n g e  G, show a n  a f f i n i t y  f o r  th e  

p ig m e n t .  A c id  f u c h s i n  h a s  r e c e n t l y  b e e n  c la im e d  a s  a  

s p e c i f i c  s t a i n  f o r  h a e m o g lo b in  ( H i r s c h l e r  1 9 4 9 ) ,  good  

r e s u l t s  h a v in g  b e e n  o b ta in e d  w i t h  v e r t e b r a t e  (a m p h ib ia n )  

an d  i n v e r t e b r a t e  ( t u b i f i c i d  an d  c h iro n o m id )  h a e m o g lo b in . 

The p r i n c i p l e  o f  th e  p r o c e s s  i s  n o t  e x p la in e d  c h e m ic a l ly  

an d  i n  t h e  o r i g i n a l  p a p e r  o t h e r  s t r u c t u r e s  w h ic h  a r e  n o t  

known t o  c o n t a i n  h a e m o g lo b in  a l s o  s t a i n ,  f o r  e x a m p le , 

y o lk  o f  o o c y t e s .*

X A c id  f u c h s i n  s t a i n s  a l l  t i s s u e s  o f  D a p h n ia .
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H aem o g lo b in  c a n ,  how ever be  I d e n t i f i e d  h i s t b l o g i c a l l y ;  

f i r s t l y  by m eans o f  t h e  p e r o x id a s e  r e a c t i o n  w h ic h  i s  g iv e n  

by haem  com pounds an d  s e c o n d ly ,  s p e c t r o s c o p i c a l l y *  The 

d i s t r i b u t i o n  o f  haem  com pounds i n  D a p h n ia  h a s  b e e n  s t u d i e d  

by  a  p e r o x id a s e  te c h n iq u e *

i
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1 .  METHODS.

T he two m e th o d s  m o s t v /ld e ly  u s e d  by  ^ e v i o u s  w o rk e rs  

f o r  t h e  I d e n t i f i c a t i o n  o f  p e r o x id a s e s  a r e ,  th e  b e n z id in e  

te c lm iq u e  o f  A d le r  an d  A d le r  (1 9 0 6 ) an d  th e  c y a n o l  o r  z i n c -  

le n b o  te c h n iq u e  o f  L is o n  (1 9 3 6 ; 1938)*  The p r i n c i p l e  o f

t h e  b e n z id in e  te c h n iq u e  i s  a s  f o l lo w s *  u n d e r  s l i g h t l y  

a c i d  c o n d i t i o n s  an d  i n  t h e  p r e s e n c e  o f  a  p e r o x id a s e ,  

b e n z id in e  i s  o x id i s e d  b y  h y d ro g e n  p e r o x id e  t o  a n  u n s t a b l e  

b lu e  a n d  f i n a l l y  a  brow n compound* The b e n z id in e  te c l in iq u e  

h a s  b een  w id e ly  u s e d  b u t  r e c e n t l y  th e  c y a n o l  te c h n iq u e  h a s
V

b ee n  u s e d  b e c a u s e  I t  lia s  some h i s t o l o g i c a l  a d v a n ta g e s .

The p r i n c i p l e  o f  th e  c y a n o l  t e c h n iq u e  i s  a s  follow;s%  

r e d u c e d ,  c o l o u r l e s s  c y a n o l  i s  c o n v e r te d  i n t o  a  s t a b l e  b lu e  

com pound, by  m eans o f  th e  b reakdow n  o f  p e r o x id e  by 

p e r o x id a s e  # The a d v a n ta g e s  o f  th e  cyftjnol m e th o d  a r e  t h a t ,

a )  t h e  c o l o u r  r e a c t i o n  g iv e n  i s  m ore i n t e n s e  an d  s t a b l e  

th a n  t h a t  o f  t h e  b e n z id in e  m e th o d , b )  a n im a ls  c a n  be 

d e h y d r a te d  i n  t h e  u s u a l  way an d  m ou n ted  i n  b a lsa m  w i th o u t  

l o s s  o f  c o lo u r  an d  c )  c y a n o l  i s  s a i d  (L is o n  195 6 ) n o t  t o  

g iv e  a  r e a c t i o n  w i th  some th e r m o s ta b le  t i s s u e  p e r o x id a s e s  

w h ic h  t h u s  m akes i t  a  m ore s p e c i f i c  t e s t  f o r  h a e m o g lo b in  

th a n  b e n z id i n e . Gomori ( 1 9 5 1 ) ,  r e v ie w in g  th e  h i s t o c h e m i c a l  

s t a i n i n g  m e th o d s  f o r  p e r o x id a s e s  s a y s  “ id s o n ^ s  z i n c - l e u o o  

t e c h n iq u e  i s  so  v a s t l y  s u p e r i o r  t o  a l l  o t h e r  m e th o d s  t h a t
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it  Should be used exclusively# I t  is highly selective 

f o r  haemoglobin.”

L ison*  s  m ethod  h a s  been  m o d if ie d  by  o t h e r  w o rk e rs  

i n  a n  e f f o r t  t o  make i t  a  s p e c i f i c  t e s t  f o r  iiaem o g lo b in #  

F a u t r e y  & L am bert (1 9 3 7 ) u se d  a  t e c h n iq u e  e m p lo y in g  

c y a n o l  w h ic h  th e y  m a in ta in e d  w o u ld  s e l e c t i v e l y  s t a i n  

v e r t e b r a t e  h a e m o g lo b in s  an d  n o t  o t h e r  t i s s u e  haems# T h is  

m eth o d  r e l i e s  on  th e  f a c t  t h a t  th e  i s o e l e c t r i c  p o i n t  o f  

v e r t e b r a t e  h a e m o g lo b in  i s  m ore a l l c a l in e  th a n  th e  m a j o r i t y  

o f  t i s s u e  p r o t e i n s  ( F a u t r e y  & L am bert 1937)#  U n f o r tu n a te ly  

t h e  i s o e l e c t r i c  p o in t  o f  i n v e r t e b r a t e  h a e m o g lo b in s  i s  m ore 

a c i d  a n d  th e  m ethod  w o u ld  n o t  s e l e c t i v e l y  s t a i n  th e s e #

D unn (1 9 4 6 )  s i m p l i f i e d  th e  te c h n iq u e  o f  F a u t r e y  & L a m b e rt, 

an d  h i s  m o d i f i c a t i o n  was u s e d  i n  t h i s  s tu d y #  The d e t a i l s  

a r e ;

F i x a t i o n .  D a p h n ia  w as f i x e d  f o r  2 4 -2 8  h o u r s  i n  4 ^  

fo rm a ld e h y d e  b u f f e r e d  a t  n e u t r a l i t y #  (The b u f f e r  m ix tu r e  

i s  g iv e n  on p age  25 )#

S t a i n i n g . A f t e r  h y d r a t i o n ,  a n im a ls  w ere  s t a i n e d  i n  a  

c y a n o l  " w o rk in g ” s o l u t i o n  ( s e e  b e lo w ) f o r  n o t  m ore th a n  

f i v e  m in u te s  an d  w ashed  q u ic k ly  i n  d i s t i l l e d  w a te r#  

D e h y d r a t io n . A n im als  w e re  d e h y d r a te d  i n  a  s e r i e s  o f  

a l c o h o l s ,  c l e a r e d  i n  x y l o l  an d  m oun ted  i n  c a n a d a  b a lsam #

The c y a n o l  "w o rk in g "  s o l u t i o n  was made u p  f ro m  th e
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s t o c k  s o l u t i o n  a s  f o l l o w s :

S to c k  s o l u t i o n .  A m ix tu r e  o f  10  g .  z in c  d u s t  and  2 * 0  ml# 

g l a c i a l  a c e t i c  a c i d  w as ad d ed  t o  a  s o l u t i o n  o f  1 #0  g# 

c y a n o l  i n  100 ml# d i s t i l l e d  w a te r#  T h is  m ix tu r e  w as 

b o i l e d  so  t h a t  th e  c y a n o l  becam e r e d u c e d ,  an d  th e  m ix tu r e  

re m a in e d  c o l o u r l e s s  f o r  a  few  m on ths#

"W ork ing" s o l u t i o n .  J u s t  b e f o r e  u s e ,  1 0  m l# s t o c k  m ix tu re  

w e re  f i l t e r e d .  To t h e  f i l t r a t e  2 ml# g l a c i a l  a c e t i c  a c i d  

a n d  1 ml# h y d ro g e n  p e r o x id e  w ere  added#  -The w o rk in g  

s o l u t i o n  meta th e n  r e a d y  f o r  u se#

t . -
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T e s t s  t o  d e te rm in e  w h e th e r  th é  Dühh m ethod  f o r  h a e m o g lo b in  
i s  s p e c i f i c .

Dunn (1 9 4 6 ) s t a t e s  t h a t  h i s  c y a n o l  m ethod  s t a i n s  

h a e m o g lo b in ;  h e  m akes no  m e n tio n  o f  o t h e r  haem  com pounds 

w h ic h  may a l s o  r e a c t  w i th  c y a n o l#  S in c e  i t  w as im p o r ta n t  

t o  know I f  o t h e r  com pounds d i d  t h i s ,  a  s e l e c t i o n  o f  

m a t e r i a l s  w as s u b j e c t e d  t o  h i s  t e s t  f o r  h aem o g lo b in #

1# C h e m ic a l com pounds# Human h a e m o g lo b in  i n  s o l u t i o n  a n d  

s u b s t a n c e s  d e r iv e d  f ro m  i t  w ere  t e s t e d #  T h ese  w e re :  

p y r id in e  haem ochrom ogen , h a e m a t in ,  haem in# P u re  n o n 

human c r y s t a l l i n e  b i l i v e r d i n  an d  b i l i r u b i n  w ere  s u b j e c t e d  

t o  t h e  t r e a tm e n t  i n  a d d i t i o n  to  g l y c i n e ,  f e r r i c  c h l o r i d e  

an d  f e r r o u s  l a c t a t e #

2# W hole a n im a ls  # The a n im a ls  s e l e c t e d  w ere  o f  tw o 

c a t e g o r i e s  a )  th o s e  known to  h av e  haem  com pouixis i n  th e  

b lo o d ,  i# e #  C hironom us p lu m o su s l a r v a e ;  T u b if e x  t u b i f e x  

an d  r e d  D a p h n ia  m agna,

b )  th o s e  w i th o u t  haem  com pounds i n  t h e  b lo o d ,

i . e #  N e b a l ia  b i p e s ;  Gammarus sp# an d  v a r i o u s  C opepoda#

3# T i s s u e s  o r  o r g a n s . The t i s s u e s  and  o rg a n s  s e l e c t e d  w ere  

o f  two c a t e g o r i e s  a )  th o s e  known to  h av e  haem  com pounds, 

i# e #  hum an r e d  c e l l s ;  b u c c a l  m ass o f  H e l ix  p o m a tia ;  

h e a r t  m u sc le  o f  C a rc in u s  m aenas an d  f l i g h t  m u s c le s  o f  a  

l o c u s t .



68

b )  th o s e  I n  w h ic h  haom com pounds h a v e  n o t  b e e n  

i d e n t i f i e d ,  i . e #  h aem o cy an in  i n  b lo o d  o f  H e l ix  p o m a b ia ; 

c law  m u sc le  o f  C a rc in u s  m aenas a n d  e y e  o f  P a la e o m o n e te s  

v a r i a n a  #

R e s u l t s .  T a b le  4 l i s t s  th e  r e a c t i o n  o f  a l l  m a t e r i a l s  

t e s t e d  t o  c y a n o l#  S u b s ta n c e s ,  an d  a n im a ls  known t o  

c o n t a i n  haem  com pounds g av e  p o s i t i v e  r e a c t i o n s #  Haemo

g l o b i n  an d  i t s  haem  d e r i v a t i v e s  i n  s o l u t i o n  g av e  p e r o x id a s e  

r e a c t i o n s  b u t  h a e m o c y a n in , a s  e x p e c t e d ,  d id  n o t  d o  t h i s #  

G ly c in e ,  i r o n  s a l t s ,  b i l e  p ig m e n ts  an d  t i s s u e s  n o t  known 

t o  c o n t a i n  haem  com pounds,  a l l  g av e  n e g a t iv e  r e a c t i o n s #

From t h e s e  t e s t s  i t  may be i n f e r r e d  t h a t  a l l  haem  com pounds 

w i l l  r e a c t  w i th  r e d u c e d  c y a n o l  a n d  p e ro x id e  t o  g iv e  a  

b lu e  d e r i v a t i v e #  T h is  i s  n o t  t h e r e f o r e  a  s p e c i f i c  s t a i n  

f o r  h aem o g lo b in #
_ •-  / '  . -r . : . ;

&
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TA B LE  4 .

B B IO T IO W  OF VARIO US M ATER IALS TO CYANOL.

MATERIAL TESTED HABl COMPOUND REACTION TO CYANOL

Haemoglobin Haemoglobin ♦

Q rrid ine haemochromogen Haemochromogen ♦

Haematin Haematin t

Haemin Haemin

B iliv e r d in # #

B ilir u b in # •

G lycine * •

F erric  c h lo r id e •

Ferrous la c ta te •

Chironomus Haemoglobin ♦

Ih b ifex Haemoglobin ♦

Daphnia (red ) Haemoglobin ♦

N ebalia • •

Gammarus • •

Copepoda * •

üiman red  c e l l s Haemoglobin ♦

B uccal m ass-H elix Qytochromes * ♦

H eart m uscle-C aroinus cytochrom es 4

F X i^ t m u scle -lo cu st cytochrom es ♦

Blood -  H elix * •

Claw m iscle-C aroin us • #

• #

# in d ic a t e s  n o  haem  p r e s e n t  r n d  n e g a t iv e  r e a c t io n  t o  c y a n o l 
4  in d ic a t e s  a  p o s i t iv e  r e a c t io n  t o  c y a n o l

•  b a n d , a t  6 0 5  ;  6 6 6  a n d  5 6 0  w e re  i d e n t i f i e d  t y  i t t s e  B . H ie a r .
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2 .  LimTATIONS OP THE I.'IETHODS»

The Dunn m ethod  f o r  th e  i d e n t i f i c a t i o n  o f  haem  

com pounds w as a p p l i e d  t o  D a p h n ia » I t  w as s e e n  t h a t  some 

f a c t o r s  l i m i t e d  th e  s u c c e s s  o f  th e  te c h n iq u e -  w hen w h o le  

a n im a ls  w ere  p la c e d  i n  t h e  r e a g e n t s  a f t e r  s t a i n i n g ,  a  

l i t t l e  b lu e  m a t e r i a l  was so m e tim es s e e n  l e a v i n g  th e  

a n i m a l s ,  some d i f f u s i o n  e v i d e n t l y  ta lc s  s  p la c e  « I n  o t h e r  

a n im a ls  i t  w as c l e a r  t h a t  t h e  c y a n o l  r e a g e n t s  w ere  n o t  

p e n e t r a t i n g  th e  a n im a l s ;  t h i s  w as i n d i c a t e d  by  th e  

f o l lo w in g  o b s e r v a t i o n :  a f t e r  f i x a t i o n  i n  4 ^  fo rm a ld e h y d e ,

r e d  D ap h n ia  becam e re d -b ro w n  i n  c o lo u r *  T h is  p lg n e n t  

so m e tim es  a c c u m u la te s  i n  t h e  e a r a p a c e  b lo o d  s i n u s ,  f ro m  

w h ere  i n  a  l i v i n g  a n im a l ,  b lo o d  i s  r e t u r n e d  t o  th e  h e a r t  

(B ^ ro u a rd  1 9 0 5 ) .  The r e d -b ro w n  h a e m o g lo b in  d e r i v a t i v e  

so m e tim es  f a i l e d  t o  g iv e  a  c y a n o l  p o s i t i v e  r e a c t i o n *  T h is  

w as c e r t a i n l y  ow ing  t o  l a c k  o f  p e n e t r a t i o n  o f  t h e  r e a g e n t s  

s i n c e  a f t e r  p i e r c i n g  t h e  b lo o d  s p a c e  w i th  a  s h a r p  n e e d le  

a n  im m ed ia te  b lu e  r e a c t i o n  c o u ld  b e  o b ta in e d *  F o r t u n a t e l y  

th e  num ber o f  a n im a ls  sh o w in g  t h i s  w as low  an d  s u c h  

a n im a ls  w ere  d is c a r d e d *  T h e re  w as one f u r t h e r  l i m i t a t i o n *  

The b lo o d  i n  t h e  h ae m o co e l g av e  a  p o s i t i v e  r e a c t i o n  t o  

c y a n o l  w hen h a e m o g lo b in  w as p r e s e n t*  I t  w as t h e r e f o r e  

o f t e n  n e c e s s a iy  t o  v iew  i n t e r n a l  s t r u c t u r e s  th r o u g h  a  

b lo o d  l a y e r  id i i c h  w as o y a n o l  p o s i t i v e *  O rgans w i t h



q u a n t i t i e s  o f  haem w ould  be  s e e n  th r o u g h  t h i s  b u t  o t h e r s  

w i t h  l e s s  haem  w o u ld  be m ore d i f f i c u l t  t o  s e e .  T h is  

l i m i t a t i o n  w as overcom e i n  p a r t ,  by  s e c t i o n i n g  th e  

m a t e r i a l ^  so  t h a t  i n t e r n a l  s t r u c t u r e s  c o u ld  be  exam ined#
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3# RESUIffSe

H aem og lob in  I n  D ap h n ia  h a s  p r e v io u s l y  b e e n  i d e n t i f i e d  

s p e c t r o s c o p i c a l l y  i n  th e  b lo o d y  th e  o v a r i e s  an d  th e  f a t  

c e l l s .  The e x p e c te d  p o s i t i v e  r e a c t i o n  t o  c y a n o l  w as g iv e n  

hy t h e s e  s t r u c t u r e s .  I n d i v i d u a l s  w i t h  r e d  b lo o d ,  p in k  

o v a r i e s  o r  r e d  f a t  c e l l s  p ro d u c e d  a  s t r o n g  b lu e  c o l o u r  

r e a c t i o n  a f t e r  f i x a t i o n  an d  s u b s e q u e n t  c y a n o l  t r e a t m e n t .

A haem ochrom ogen h a s  b e e n  fo u n d  i n  th e  i n t e s t i n a l  lum en 

o f  D a p h n ia .  T h is  w o u ld  be e x p e c te d  t o  r e a c t  t o  c y a n o l  ' 

l i k e  o t h e r  haem  com pounds, b u t  i t  i s  n o t  c e r t a i n  t h a t  t h i s  

w as s o ,  s in c e  th e  o v e r ly in g  g u t  w a l l  g av e  a  b lu e  r e a c t i o n  

a n d  t h i s  c o u ld  m ask  a  r e a c t i o n  i n  th e  lu m en . T hough  th e  

g u t  w a l l  d i d  n o t  i n v a r i a b l y  c o n t a i n  a  p e r o x id a s e  ( s e e  p ag e  7 j  

t h e  g u t  lum en w as n e v e r  o b s e rv e d  t o  r e a c t  when a  n e g a t iv e  

r e a c t i o n  w as g iv e n  by  t h e  g u t  w a l l s .

When s e l e c t e d  a n im a ls  w i t h  d i f f e r e n t  h a e m o g lo b in  

c o n c e n t r a t i o n s  i n  t h e  b lo o d  w ere  t e s t e d  w i t h  c y a n o l ,  tw o 

o b s e r v a t io n s  w ere  m ade. M ost t i s s u e s  an d  o rg a n s  h av e  

show n a  p o s i t i v e  p e r o x id a s e  r e a c t i o n ;  t h i s  i s  m ore i n t e n s e  

a n d  w id e s p re a d  w hen th e  h a e m o g lo b in  c o n t e n t  o f  th e  b lo o d  

i s  h ig h  b u t  l e s s  so  when th e  h a e m o g lo b in  c o n t e n t  i s  lo w .

T h e re  seem s t o  be some c o r r e l a t i o n  b e tw e e n  th e  p r e s e n c e  

o f  h a e m o g lo b in  i n  t h e  b lo o d  an d  haem p ig m e n ts  i n  o t h e r  

t i s s u e s .  I t  f o l lo w s  t h a t  c o l o u r l e s s  a n im a ls  show ed a
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n e g a t iv e  r e a c t i o n  w i t h  c y a n o l .  T h is  c o u ld  i n d i c a t e  t h a t  

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

s y n t h e s i s  o f  haem .

The d i s t r i b u t i o n  o f  haem , shovm by  th e  c y a n o l  te c lm iq u e  

i s  su m n iarized  i n  t a b l e  5 .  I n  o r d e r  t o  s i m p l i f y  t h i s ,  co lum ns 

2 ,  3  an d  4 show th e  d i s t r i b u t i o n  o f  r e d  a n i m a l s ,  f o r  e a c h  

o f  t h e  t h r e e  h a e m o g lo b in  p h a s e s .

a .  C o l o u r l e s s  a n im a ls  (T a b le  5 ,  co lu m n  1 ) .

The m a j o r i t y  o f  c o l o u r l e s s  a n im a ls  g av e  n e g a t iv e  

r e a c t i o n s  t o  o y a n o l  i n  a l l  o r g a n s ,  b u t  i n  som e, t h e  h e a r t  

an d  a p p e n d a g e  m u s c le s ,  a n d  a n t e r i o r  m id - g u t  w a l l s  c o n ta in e d  

s m a l l  q u a n t i t i e s  o f  haem . ^

b .  jAuilmals g a i n in g  Iiaem o g lo b in  (T a b le  5 ,  co lum n 2 ) .

A n im a ls  l i v i n g  i n  w a te r  c o n t a in i n g  l i t t l e  d i s s o l v e d  

o x y g en  i n c r e a s e  th e  h a e m o g lo b in  c o n t e n t  o f  th e  b lo o d ,  an d  

h e n c e  t h e i r  c a p a c i t y  t o  r e a c t  w i t h  c y a n o l .  A t t h i s  tim e  

s t r o n g  p e r o x id a s e  r e a c t i o n s  w ere  g iv e n  by  t h e  h e a r t  and  

ap p e n d a g e  m u s c le s ,  t h e  a n t e r i o r  p a r t s  o f  t h e  m id - g u t ,  

i n c lu d i n g  th e  c a e c a ,  and  th e  l e n s e s  o f  t h e  com pound e y e .

L ess  i n t e n s e  r e a c t i o n s  w e re  g iv e n  b y  th e  f a t  c e l l s ,  th e  

l a b r a l  g l a n d s ,  t h e  n e rv o u s  t i s s u e  a n d  th e  p o s t e r i o r  m id 

g u t  w a l l s .  An o c c a s i o n a l  w eak r e a c t i o n  was s e e n  i n  th e  

s h e l l  g l a n d s .  The f o r e  an d  h i n d - g u t  w a l l s  d i d  n o t  g iv e  

a  p e r o x id a s e  r e a c t i o n .  The b lo o d  c e l l s .



74

o v a r i e s  and  in te g u m e n t*  r e a c t e d  i n c o n s i s t e n t l y #  S in c e  t h i s  

o c c u r r e d  i n  a l l  b u t  c o l o u r l e s s  a n im a ls  t h e  i n c o n s i s t e n t  

r e a c t i o n s  a r e  d e s c r i b e d  m ore f u l l y  a t  th e  en d  o f  t h i s  

s e c t i o n  (p ag e  7 6 ) #

P in k  a n im a ls  a p p e a r  t o  c o n t a i n  l e s s  haem  th a n  r e d  

a n i m a l s ,  w h ic h  may be a p p r o a c h in g  th e  s t e a d y ,  h i g h ,  

h a e m o g lo b in  c o n c e n t r a t io n #  T h is  w as s u g g e s te d  b y  th e  

o b s e r v a t io n  t h a t  p in k  i n d i v i d u a l s  g av e  l e s s  i n t e n s e  r e a c t i o n s  

t o  c y a n o l  i n  m o st o r g a n s ,  t h a n  d i d  r e d  i n d i v i d u a l s #

The h a e m o g lo b in  i n  r e d  f a t  c e l l s  g av e  a n  i n t e n s e  

r e a c t i o n  t o  c y a n o l ;  t h i s  i s  a  r a r e  o c c u r r e n c e ,  h o w e v e r, and  

r e d  f a t  c e l l s  h av e  n o t  b e e n  o b s e rv e d  i n  a n im a ls  fro m  t h e  

s t a n d a r d  l a b o r a t o r y  c u l t u r e s  (p a g e  1 5 ) ,  b u t  o n ly  i n  sp e c im e n s  

c o l l e c t e d  r e c e n t l y  fro m  ponds#

The r e a c t i o n  i n  th e  h e a r t  an d  a p p e n d a g e  m u s c le s  was 

e s p e c i a l l y  i n t e r e s t i n g ,  s i n c e  m u sc le  h a e m o g lo b in  an d  

c y to c h ro m e  h av e  n o t y e t  b een  r e p o r t e d  i n  D a p h n ia ,  a l th o u g h  

th e y  h a v e  b e e n  lo o k e d  f o r  (F ox  1948) ê The p e r o x id a s e  r e a c t i o n  

i s  n o t  g iv e n  b y  t h e  s a r c o p la s m  b u t  o n ly  by th e  m y o f ib r i l s #  

S in c e  many t i s s u e s  c o n t a i n  haem , th e  num ber o f  p o s s i b l e  

s i t e s  o f  s y n t h e s i s  o f  h a e m o g lo b in  i s  l a r g e #  The a n t e r i o r  

The c u t i c l e  i t s e l f  g iv e s  a  n e g a t iv e  r e a c t i o n ,  s t e l l a t e  

c e l l s  u n d e r n e a th  th e  c u t i c l e  r e a c t  i n c o n s i s t e n t l y #
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g u t  c a e c a ,  f a t  c e l l s  and  o v a r i e s  a r e  t h e  o n ly  o rg a n s  w h ic h  

c o n s i s t e n t l y  h av e  haem , and  i n o r g a n ic  n o n -h aem , i r o n ,  

d u r in g  h a e m o g lo b in  s y n th e s i s »  T h is  s u g g e s t s  t h a t  s y n t h e s i s  

m ig h t  o c c u r  i n  some o r  a l l  o f  t h e s e  o r g a n s .  The f a c t  t l i a t  

th e  g u t  c a e c a  c o n t a in  m ore haem  t'n an  th e  o t h e r  s t r u c t u r e s  

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

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

w o u ld  be  d e te r m in e d  t y  th e  r a t e  o f  t r a n s f e r e n c e  o f  p ig m e n t 

fro m  th e  s i t e »  I f  t h e  r a t e  o f  t r a n s f e r e n c e  w ere  h ig h  th e n  

a  w eak  r e a c t i o n  c o u ld  be g iv e n  b y . t h e  o rg a n  o f  s y n t h e s i s »

A l l  t h e s e  s t r u c t u r e s  c o u ld  t h e r e f o r e  be  o rg a n s  o f  s y n t h e s i s .

c* . A n im a ls  l o s i n g  h a e m o g lo b in » (T a b le  5 ,  co lum n  3 )»

A n im a ls  l o s i n g  h a e m o g lo b in  g a v e  v a r i e d  r e a c t i o n s ,  

a n d  t h e s e  a p p e a re d  t o  be  r e l a t e d  t o  t h e  h a e m o g lo b in  c o n t e n t  

o f  t h e  b lo o d .  A f t e r  a  few  d a y s  i n  a e r a t e d  w a te r  th e  

d i s t r i b u t i o n  o f  haem re s e m b le d  t h a t  i n  r e d  a n im a l s .  A f t e r  

two w eek s w hen th e  b lo o d  h a e m o g lo b in  h ad  d i s a p p e a r e d  th e  

d i s t r i b u t i o n  w as t h a t  o f  c o l o u r l e s s  a n i m a l s .  The s h e l l  

g la n d s  o f  many a n im a ls  now g av e  a  p o s i t i v e  r e a c t i o n  t o  

c y a n o l ;  i n  o t h e r s ,  a  p o s i t i v e  r e a c t i o n  i n  th e  c a r a p a c e  b lo o d  

s p a c e ,  made i t  Im p o s s ib le  t o  b e  s u r e  t h a t  t h e  e x c r e t o r y  o rg a n  

a l s o  c o n ta in e d  haem . When t h e  p o s i t i v e  r e a c t i o n  i n  th e  s h e l l
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g la n d  was c l e a r l y  s e e n ,  t l ie  liaem a p p e a re d  t o  be  i n  t h e  

w a l l s  o f  th e  l a b y r in t h #  The f a t  c e l l s  g ave  a  m ore 

i n t e n s e  r e a c t i o n  t o  c y a n o l ,  w hen h a e m o g lo b in  w as b e in g  

l o s t  th a n  a t  o t h e r  t i m e s .

d# A n im a ls  w i th  a  s te a d y  h i g h  h a e m o g lo b in  c o n c e n t r a t i o n  
(T a b le  5 ,  co lum n 4 )#

lie d  a n im a ls  r e a c t e d  i n  t h e  same way a s  th o s e  w h ic h  

w e re  g a i n in g  Iiaem oglob in#

I t  w as r e p o r t e d  above ( page  7 4 )  t h a t  th e  b lo o d  c e l l s ,  

t h e  o v a i l e s  an d  th e  in te g u m e n t g av e  i n c o n s i s t e n t  r e a c t i o n s #  

S o m e tim e s , i n t e n s e  b lu e  r e a c t i o n s ,  so m e tim es  n e g a t iv e  

r e a c t i o n s  w ere  g iv e n #  I t  w as e x p e c te d  t h a t  th e  o v a r i e s  

w o u ld  show v a r i a b l e  am o u n ts  o f  liaem , s i n c e  t h e  c o n ta in e d  

h a e m o g lo b in  v a r i e s  i n  q u a n t i t y  ( b r e s e l  1948)#  T he b lo o d  

c e l l s  a n d  in te g u m e n t  h av e  n o t  b e e n  s e e n  t o  c o n t a i n  

i n o r g a n ic  o r  o r g a n ic  (n o n -h aem ) i r o n  an d  so  a r e  u n l i k e l y  

t o  b e  s i t e s  o f  s y n t h e s i s  o f  th e  b lo o d  p ig m en t#  I l e v e r t l i e l e s s  

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

p r e s e n t  u n e x p la in e d #

T h u s , haem  ccmxpounds a p p e a r  t o  be  m ore w id e s p re a d  i n  

D a p h n ia  t h a n  was o nce  th o u g h t#  The g r e a t e s t  q u a n t i t i e s  

o f  haem  liave b e e n  fo u n d  i n  th e  b lo o d ,  th e  h e a r t  an d  

a p p e n d a g e  m u s c u la tu r e ,  t h e  a n t e r i o r  m id  g u t  w a l l s  an d  t h e
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e;^e l e n s e s .  The haem  I n  t h e  b lo o d  i s  I ia e m o g lo b in ; t l m t  

i n  th e  g u t  v /a l l s  c o u ld  be d a p h n ia r u b ln  b u t  ti io  n a tu r e  o f  

t h e  liaem compound i n  t h e  m u sc le c  an d  e y e  l e n s e s  i s  n o t  

knovm#

- The c y a n o l  t e c h n iq u e  i n d i c a t e s  t h a t  a )  c o l o u r l e s s  

a n im a ls  h av e  l i t t l e  haem , b )  a  s y n t h e s i s  o f  haem  may 

accom pany th e  s y n t i i e s i s  o f  b lo o d  I ia e m o g lo b in , c )  th e  s l i e l l  

g la n d s  h av e  a  liaem com pound i n  a l l  b u t  c o l o u r l e s s  a n im a ls  

a n d  d )  th e  . f a t  c e l l s  c o n t a in  l e s s  haem  t l ia n  t h e  b lo o d  o r  

m u s c le s  b u t  h av e  th e  l a r g e s t  q u a n t i t i e s  w hen h a e m o g lo b in  

i s  b e in g  l o s t #
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TAHL3S 5.

THE DISTRIBUTION OF HAEM COMPOUNDS IN DAPHNIA

ANIMALS COLOURLESS RED,
GAINING

HAEMOGLOBIN

RED,
LOSING

HAEf40GL0BIN

RED, 
WITH STEADT 
HAEMOGLOBIN

BLOOD PLASMA * ++♦ 444

MUSCLES HEART * +++ 4+4 444

APPENDAGE # 444 444

MID GUT VAU£ Ant. # +++ 444 444

MLÔU # 444 444

P o st. * ♦ 4 4

MID GUT CAECA # 444 444

ETE LENSES * 444 444

FAT CELLS . # ♦ 44 4

LABRAL GLANDS # ♦ 4 4

NERVOUS TISSUE # ♦ 4 4

FOBS GUT WALLS # • • > •

HIND GUT WALLS • • • •

SHELL (LANDS • V V V

HAXH) CEILS • V Y V

OVARIES • V ? V

INTEGUMENT V V V

R eaction  w ith  gyanol*

in te n se  b lu e  
b lu e  

4» p a le  b lu e
• n eg a tiv e
V in co n sisten t*
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SECTION 7

■ TESTS FOR F E R R irm  AND 

BIIE PIŒ'ENTS. .

vm H t

tr..
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7 .  TESTS FOR FERRITIN AM) B IIE  PIGMENTS.

A . TESTS FOR FERRITIN.

S to r e d  i r o n  i n  mammals i s  l a r g e l y  i n  t h e  form  o f  

f e r r i t i n ,  a  c r y s t a l l i s a h l e  compound c o n t a i n i n g  2Q^ -  2 4 ^  

f e r r i c  i r o n  l i n k e d  to  a  p r o t e i n  -  a p o f e r r i t i n .  F e r r i t i n  

i s  n o t  fo u n d  i n  a l l  t i s s u e s ,  b u t  i s  c o n c e n t r a t e d  i n  th e  

l i v e r ,  s p le e n  an d  r e d  bone m arro w , t h e  s i t e s  o f  b reak d o w n  

o f  r e d  b lo o d  c e l l s  (G ra n ic k  1943)#  F e r r i t i n  c a n n o t  be 

c r y s t a l l i s e d  fro m  a l l  m anm als ( M io h a e l is  1944) # U n t i l  

r e c e n t l y  i t  h ad  n o t  b e e n  fo u n d  o u t s i d e  t h e  c l a s s  M am m alia, 

b u t  T ecce  (1 9 5 2 ) fo u n d  f e r r i t i n  an d  c r y s t a l l i s e d  i t  f ro m  

th e  l i v e r  o f  a n  e la s m o b ra n c h ,  S c y I l iu m  c a n ic u la #  He c o u ld  

n o t  f i n d  i t  i n  t h e  s p l e e n  o f  t h i s  d o g f i s h  o r  fro m  th e  l i v e r  

o f  t e l e o s t e a n  f i s h e s #  I t  h a s  n o t  y e t  b e e n  fo u n d  i n  an y  

i n v e r t e b r a t e #

The s tu d y  o f  t h e  d i s t r i b u t i o n  o f  i r o n  i n  D ap h n ia  h a s  

n o t  i n d i c a t e d  t h a t  th e  m e ta b o l is m  o f  h a e m o g lo b in  i n  

D ap h n ia  w as s i m i l a r  t o  t h a t  i n  mammals# N e v e r th e le s s  i t  

w as o f  i n t e r e s t  to  know w h e th e r  i r o n  s t o r e s ,  i n  th e  fo rm  

o f  f e r r i t i n  w e re  a t  any  tim e  p r e s e n t#  The P r u s s i a n  b lu e  

te c h n iq u e  h a s  shown t h a t  f e r r i c  non-haem  i r o n  i s  so m e tim es 

p r e s e n t#  F e r r i t i n  w as t h e r e f o r e  lo o k e d  f o r  i n  D a p h n ia  

a f t e r  p r e l im in a r y  t e s t s  on v e r t e b r a t e  t i s s u e s #
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The m ethod  o f  i d e n t i f i c a t i o n  o f  f e r r i t i n .

L a u fb e rg e r  (1 9 3 7 ) f i r s t  c i y s t a l l i s e d  f e r r i t i n  b u t  

m o s t o f  th e  s u b s e q u e n t  w ork  on  th e  r o l e  o f  f e r r i t i n  h a s  

b e e n  done by  G ra n ic k  a n d  h i s  s c h o o l#  The f e r r i t i n  o f  

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

on a  s l i d e ,  w i t h  a  10{2 s o l u t i o n  o f  cadmium s u l p h a t e .

C r y s t a l s  o f  f e r r i t i n  fo rm  u n d e r  th e  c o v e rs  l i p  a f t e r  t h r e e  

m in u te s .  T h ese  a r e  o f  tw o  t y p e s :  s m a l l ,  y e l lo w  o c ta h e d r a

an d  l a r g e  o ra n g e -b ro w n  tw in n e d  o c t a h e d r a .

R e s u l t s .

C r y s t a l s  o f  f e r r i t i n  w ere  o b ta in e d  from  h o r s e  and  

human s p le e n #  The t e s t  w as th e n  a p p l i e d  t o  a  l a r g e  

sa m p le  (600  a n im a ls  ) o f  t e a s e d  p in k  D a p h n ia , f ro m  w h ic h  

th e  s u r ro u n d in g  w a te r  had  b e e n  re m o v e d ; no c r y s t a l s  

fo rm ed  u n d e r  th e  c o v e rs  l i p .  C o l o u r l e s s  an d  r e d  a n im a ls  w ere  

th e n  u se d  b u t  no f e r r i t i n  c o u ld  be i d e n t i f i e d .  O th e r  

c o n c e n t r a t i o n s  o f  cadm ium  s u l p h a t e ,  n am ely  3 ^ :  6 ^ :  8 ^ ,  

a l s o  f a i l e d  to  c r y s t a l l i s e  a n y  f e r r i t i n .  The t e a s e d  

sa m p le s  o f  D ap h n ia  c o n ta in e d  a  h ig h  p r o p o r t i o n  o f  e x o 

s k e l e t o n  w h ic h  r e d u c e d  th e  q u a n t i t y  o f  m a t e r i a l  i n  w h ic h  

f e r r i t i n  w as l i k e l y  t o  b e  found#  A m eth o d  o f  e x t r a c t i o n  

a n d  i s o l a t i o n  o f  f e r r i t i n  fro m  h o r s e  s p le e n  i s  known 

(G ra n ic k  1 9 4 2 ) .  The e x t r a c t i o n  a n d  s u b s e q u e n t  i s o l a t i o n  

o f  f e r r i t i n  w as t h e r e f o r e  a t te m p te d  u s in g  a  l a r g e  sa m p le



32

o f  D a p h n ia  f ro m  w h ic h  th e  o u r r o u n d in g  w a te r  h a d  b e e n  

rem oved*

The m ethod  o f  e x t r a c t i o n  a n d  I s o l a t i o n  o f  f e r r i t i n *

W ith  h o r s e  s p le e n  th e  m e th o d  I s  a s  f o l l o w s :  a  p o r t i o n

o f  h o r s e  s p l e e n  I s  th o r o u g h ly  t e a s e d  w i t h  d i s t i l l e d  w a t e r .

The brcw n a q u e o u s  e x t r a c t  s o  fo rm e d  I s  th e n  f i l t e r e d .  The 

f i l t r a t e  I s  made u p  t o  5 0  m l .  w i t h  d i s t i l l e d  w a te r  a n d  

h e a te d  t o  8 0 % . M ost p r o t e i n s  a r e  c o a g u la t e d  b y  h e a t i n g  

t o  t h i s  t e m p e r a tu r e  b u t  f e r r i t i n  I s  n o t .  M ost o t h e r  p r o t e i n s  

a r e  now c o a g u la t e d  a n d  th u s  f e r r i t i n  I s  s e p a r a b l e  f ro m  them  

b y  f i l t e r i n g  t h e  h e a te d  f i l t r a t e ;  t h e  p r e c i p i t a t e  I s  th u s  

rem o v ed . The f i l t r a t e  s o  fo rm e d  I s  m e a su re d  a n d  t l i e  

r e m a l n l i ^  p r o t e i n s  a r e  s a l t e d  o u t  w i t h  ammonium s u l p h a t e  

(3 0  g .  ammonium s u lp h a t e  a d d e d  t o  e v e r y  100 m l. o f  f i l t r a t e ) .  

S a l t i n g  o u t  t a k e s  p la c e  I n  a  r e f r i g e r a t o r  a t  0 % .  o v e r n i g h t .  

T he s u s p e n s io n  s o  fo rm ed  I s  t h e n  c e n t r i f u g e d  down an d  th e  

s u p e r n a t a n t  f l u i d  rem o v ed . The co cg u lu m  I s  r c d l s s o l v e d  

I n  w a te r  an d  t h e  vo lum e m e a s u re d . Cadmium s u lp h a t e  I s  

a d d e d  t o  c r y s t a l l i s e  th e  f e r r i t i n  (5  g .  cadm ium  s u l p h a t e  

t o  e v e r y  1 0 0  m l. s o l u t i o n ) .  The I s o l a t i o n  I s  c o m p le te d  

b y  c e n t r i f u g i n g  down l i g h t l y .

R e s u l t s .

T he I s o l a t i o n  o f  f e r r i t i n  w as s u c c e s s f u l l y  a t t e m p te d  

u s in g  h o r s e  s p l e e n  a n d  w as th e n  t r i e d  o n ,  r e d ,  p in k  an d
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c o l o u r l e s s  D a ito ila »  No c r y s t a l s  o f  f e r r i t i n  w ere  o b ta in e d *  

Thus t h e  n o n -h aem  I r o n  o f  D ap h n ia  I s  a p p a r e n t l y  n o t  

i n  t h e  fo rm  o f  f e r r i t i n #  T h is  I s  a s  I n  some v e r t e b r a t e s *  

N on-haem  I r o n  w h ic h  I s  f e r r i c  a n d  bound t o  a  p ro  to  i n  I s  

fo u n d  i n  t h e  l i v e r  a n d  s p l e e n  o f  o x , s h e e p ,  d e e r  an d  

c h i c k e n ;  f e r r i t i n  c a n n o t  h o ï/e v e r  be  c r y s t a l l i s e d  f ro m  

th e s e  a n im a ls  w i th  cadm ium  s u l p h a t e  ( U l c h a e l l s  1 9 4 4 )*  I t  

seem s t h e r e f o r e  t h a t  th e  s t o r a g e  I r o n  I n  th e  l i v e r  a n d  

s p l e e n  o f  v e r t e b r a t e s ,  n e e d  n o t .a lw a y s  be I n  t h e  fo rm  o f  

f e r r i t i n  a n d  I t  I s  t h e r e f o r e  n o t  s u r p r i s i n g  t o  f i n d  t lm t  

I t  c a n n o t  be c i y s t a l l i s e d  Svam  D a p h n ia  «

I ■

A
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B. 1:ESTS FOK BIPS PlgaiËHTS.

V e r t e b r a t e s  c o n t in u o u s ly  b r e a k  down t h e  haem  o f  b lo o d  

h a e m o g lo b in  to  b i l e  p ig m e n ts  a n d  i r o n .  The f o r m a t io n  o f  

b i l e  p lg n e n ts  h a s  b e e n  l e s s  s t u d i e d  I n  o t h e r  a n i m a l s ,  b u t  

th e y  seem  to  be o f  w id e s p re a d  o c c u r r e n c e .  I t  lias b e e n  

shown t l i a t  so n é  I n v e r t e b r a t e s  e . g .  b lo o d  s u c k in g  b u g s  (W ig- 

g le s w o r th  1 9 4 3 ) ,  fo rm  b i l e  p ig m e n ts  fro m  h a e m o g lo b in ; 

o t h e r s  h av e  h a e m o g lo b in  b u t  n o  b i l e  p ig m e n ts .

I t  h a s  n o t  y e t  been  showm t h a t  a  b reak d o w n  o f  

h a e m o g lo b in  o c c u rs  i n  D ap h n ia , an d  n o  b i l e  p ig m e n ts  h a v e

b een  fo u n d  ( Fox 1 9 4 8 ) .  A s tu d y  o f  th e  I r o n  d i s t r i b u t i o n
%

o f  D a p h n ia , h a s  h o w ev er i n d i c a t e d  t h a t  b reak d o w n  d o e s  

o c c u r ,  s i n c e  a  r e l e a s e  o f  u n b ound  I r o n  I s  a p p a r e n t  I n  t h e  

b o d y , d u r in g  h a e m o g lo b in  l o s s .  F o r  t h i s  r e a s o n  b i l e  

p ig m e n ts  h av e  a g a in  b een  lo o k e d  f o r  I n  D a p h n ia .

The m e th o d  o f  I d e n t i f i c a t i o n  o f  b i l e  p ig m e n ts .

The m eth o d  u s e d  was a  h i s t o l o g i c a l  a d a p t a t i o n  o f  th e  

i o d in e  r e a c t i o n  u s e d  to  d e t e c t  t h e  p r e s e n c e  o f  b i l e  p ig m e n ts  

I n  u r i n e .  Tlxese p ig m e n ts  become g re e n  i n  c o l o u r  v/hen t i n c t u r e  

o f  I o d in e  I s  a d d e d .  S t e i n  (1 9 3 5 ) u s e d  th e  same r e a g e n t  

I n  a  h i s t o l o g i c a l  t e c h n i q u e ,  w h ic h  w as f o l lo w e d  I n  t h i s  

s t u d y .  The c h e m ic a l  b a s i s  o f  t h e  r e a c t i o n  I s  n o t  u n d e r 

s to o d  b u t  I t  I s  s a i d  t o  be s e n s i t i v e  an d  t e s t s  h av e  shown 

I t  t o  be s p e c i f i c  f o r  b i l e  p ig m e n ts  ( S t e i n  1 9 3 6 ) ,
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The t e s t s  f o r  b i l e  p ig m e n ts  w ere  made i n  t h e  f o l lo w in g  

w ay : D a p h n ia  w as f i x e d  i n  10^  f o r m a l i n ,  em bedded I n

p a r a f f i n  w ax an d  s e c t i o n e d  a t  8 ^ .  A f t e r  b e in g  d e p a r a f f i n e d  

a n d  h y d r a t e d ,  s e c t i o n s  w ere  l e f t  I n  th e  I o d in e  f e a g e n t  

(3  p a r t s  l u g o l ' s  s o l u t i o n :  1  p a r t  t i n c t u r e  o f  I o d in e )  f o r  

1 0  h o u r s ,  t h e n  w ash ed  I n  d i s t i l l e d  w a te r  a n d  d e c o l o r i z e d  

I n  a  s o l u t i o n  o f  so d iu m  h y p o s u lp h i t e  (3 0  s e c s . ) *  A f t e r  

w a s h in g ,  s e c t i o n s  w ere  c o u n t e r s t a i n e d  I n  carm alum  f o r  

t h r e e  h o u r s ,  w ash ed  a g a i n  I n  d i s t i l l e d  w a t e r ,  t h e n  d e h y d r a te d  

w i t h  a c e to n e ^ ,  c l e a r e d  I n  x y l o l  a n d  m o u n ted  I n  c a n a d a  

b a lsam *  E m e ra ld  g r e e n  g r a n u le s  I n d i c a t e  th e  p r e s e n c e  o f  

b i l e  p ig m e n ts*

R es u l t s .

The m e th o d  w as s u c c e s s f u l l y  a t t e m p te d  on  s e c t io n e d  

human k id n e y  w h ic h  h ad  c o n t a in e d  b i l e  p ig m e n t, b u t  d u l l ,  

n o t  e m e ra ld  g r e e n  g r a n u l e s  w ere  se e n *  P e a r s e  (1 9 5 3 ) ,  

s i m i l a r l y  h a s  n o t  b e e n  a b l e  t o  o b t a i n  e m e ra ld  g r e e n ,  b u t  

o n ly  d u l l  g r e e n  g r a n u l e s ,  w i t h  t h i s  m ethod* A c o n t r o l  

w i th o u t  b i l e  p ig m e n t show ed n o  s u c h  g r a n u le s  a f t e r  s t a i n i n g *

No g r e e n  g r a n u l e s  w ere s e e n  I n  s e c t i o n e d  D ap h n ia  w h ic h  

h a d  b e e n  l o s i n g  h a e m o g lo b in , o r  I n  r e d ,  o r  c o l o u r l e s s  a n im a ls *  

»  A lc o h o l i c  d e h y d r a t io n  I s  I m p o s s ib le  s i n c e  a l c o h o l  d i s s o l v e s  

t h e  g r e e n  c o l o u r  p ro d u c e d  I f  b i l e  p ig m e n ts  a r e  p r e s e n t*
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T h u s , t h e r e  seem  t o  be  no  b i l e  p ig m e n ts  d e t e c t a b l e ,  

by  t h i s  m e th o d  I n  D a p h n ia  b u t  g r e e n  p ig m e n ts  h av e  

o c c a s i o n a l l y  b e e n  s e e n  I n  t h e  b lo o d  an d  s h e l l  g la n d s  o f  

l i v e  a n i m a l s .  On one o c c a s i o n ,  t h r e e  a n im a ls  w i t h  " g r e e n  

b lo o d "  w ere  h e a t e d  t o  above 7 0 %  an d  th e y  becam e b r i g h t  

o ra n g e  I n  c o l o u r ,  t h i s  g r e e n  p ig m e n t w as n o t  t h e r e f o r e  a  

b i l e  p ig m e n t ,  b u t  a  o a r o t e n o ld  p r o t e i n  co m p lex . A n o th e r  

l i v e  a n im a l ,  w i t h  g re e n  b]x)od w as r e - e x a m in e d  a f t e r  15 

m in u te s  a n d  th e  p ig m e n t w as n o  lo n g e r  I n  t h e  b lo o d  b u t  

I n  t h e  s h e l l  g l a n d s .  T h is  a l s o  becam e b r i g h t  o ra n g e  I n  

c o l o u r  when h e a te d  t o  ab o v e  7 0 % . The su d d e n  a p p e a ra n c e  

o f  th e  c a r o t e n o ld  co m p lex  I n  th e  s h e l l  g la n d  w as I n t e r e s t i n g  

and  h a s  o n ly  o n ce  b ee n  o b s e rv e d  d u r in g  t h i s  s t u d y .

A l l  g r e e n  p ig m e n ts  d id  n o t  becom e o ra n g e  on h e a t i n g ,  

h o w e v e r . On a lm o s t  a l l  o c c a s io n s  w hen a  g r e e n  p ig m e n t h a s  

b een  s e e n  I n  th e  s h e l l  g l a n d s .  I t  h a s  b e e n  a s s o c i a t e d  h e r e  

w i th  c o n c e n t r a t e d  h a e m o g lo b in . A f t e r  t h e  a n im a ls  liad  been  

s u b j e c t e d  t o  th e  h i s t o l o g i c a l  t e s t  f o r  b i l e  p ig m e n ts  

( S t e i n  1 9 3 5 ) ,  t h e  g r e e n  c o l o u r  d i s a p p e a r e d  an d  th e  c o n t e n t s  

o f  t h e  s h e l l  g la iK i I . e .  h a e m o g lo b in  a n d  th e  g re e n  p ig m e n t,  

becam e b ro w n . T h is  g r e e n  s u b s t a n c e  w as n o t  t h e r e f o r e  a  b i l e  

p ig m e n t .

On f o u r  s e p a r a t e  o c c a s i o n s ,  h a e m o g lo b in  c o n c e n t r a t e d  I n  

t h e  lum en o f  t h e  s h e l l  g la n d s  h a s  become g re e n /b ro w n  I n



37

c o lo u r  o v e r n ig h t#  T h is  s u g g e s t s  t h a t  t h e  g r e e n  p ig m e n t 

m ig h t h a v e  b ee n  a  h a e m o g lo b in  d e r i v a t i v e #  S in c e  b a c t e r i a  

a r e  a lm o s t  a lw ay s  p r e s e n t  i n  t h e  s h e l l  g la n d s  t o g e t h e r  

w i t h  a c c u m u la te d  h a e m o g lo b in , w h ic h  h a s  becom e g re e n /b ro w n  

i n  c o l o u r ,  one i s  re m in d e d  o f  th e  " v i r i d a n s  e f f e c t ” f i r s t  

o b s e rv e d  by S c h o t tm u l l e r  (1 9 0 3 )#  T h is  i s  shown w hen some 

m ic ro -o rg a n is m s  grown on b lo o d  a g a r  p l a t e s  c a u s e  a  g r e e n  

d i s c o l o r a t i o n  a ro u n d  t h e  c o lo n ie s #  S i m i l a r l y  o x y h aem o g lo b in  

s o l u t i o n s  can  becom e g r e e n i n  c o l o u r  b y .  b a c t e r i a l  a c t i o n  

e#g# by  S ta p h y lo c o c c u s  a u r e u s (L em berg  & Legge 1949)#

P e rh a p s  b a c t e r i a  w h ic h  h av e  o f t e n  b een  s e e n  i n  t h e  s h e l l  

g l a n d s ,  a r e  a c t i n g  o n  t h e  c o n ta in e d  h a e m o g lo b in  i n  a  

s i m i l a r  way# H o ld en  ( 1 9 4 7 ) ,  on th e  o th e r  h a n d ,  h a s  

d i s c o v e r e d  t h a t  su ch  s im p le  c h e m ic a l  s u b s t a n c e s  a s  am m onia, 

u r e a ,  p y r i d i n e ,  p h e n o l s ,  c o u ld  p ro m o te  t h e  f b rm a t io n  o f  g r e e n  

p ig m e n ts  s u c h  a s  p se u d o h a e m o g lo b in  an d  c r u o r a l b i n  fro m

h a e m o g lo b in  w i th o u t  b a c t e r i a l  i n t e r v e n t i o n .
• *

When m ore sp e c im e n s  a r e  a v a i l a b l e  f o r  e x a m in a t io n  i t  

may be p o s s i b l e  to  d e t e m i n e  th e  n a t u r e  o f  th e  g r e e n  

p ig m e n t ,  s p e c t r o s c o p i c a l l y #  S u ch  sp e c im e n s  a r e  r a r e l y  

fo u n d  h o w e v e r, ”h a e m o g lo b in u r ia ” o c c u rs  i n  a b o u t  o f  a  

p o p u l a t i o n ,  a n d  o f  t h i s  1 $ ,  o n ly  a n  o c c a s i o n a l  sp e c im e n  

show s th e  g r e e n  p ig m e n t I n  t h e  s h e l l  g la n d s *
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T h u s , b i l e  p ig m e n ts  h a w  n o t  b een  fo u n d  i n  D aphn ia#  

O reen  p ig m e n ts  i n  ü e  b lo o d  a r e  so m e tim es  c a r o t e n o l d  

co m p lex e s  I  th o s e  i n  t h e  s h e l l  g la n d s  a r e  so m e tim es  

c a r o t e n o l d  c o m p le x e s , so m e tim es  a p p a r e n t l y  g r e e n  h a e m o g lo b in  

d e r i v a t i v e s  #

i
■ I
■r ^

■ ■ ■
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8 .  TEE SIGNIFICANCE OP THE PRESENCE OF IKON IN THE SHELL 
GIANDS.

E x p erlm en ta li. w ork  o n  th e  l o s s  o f  h a e m o g lo b in  I n  Dapiihnla.

H is to c h e m lc a l  t e a t s  h av e  I n d i c a t e d  th e  I r o n  d i s t r i b u t i o n  

i n  D a p h n ia » F e r r i c  I r o n  h a s  b e e n  I d e n t i f i e d  I n  t h e  s h e l l  

g la n d s ,-  ( among o t h e r  o r g a n s )  o f  a n im a ls  lA ilc h  a r e  l o s i n g  

b lo o d  h aem o g lo b in *  T h is  i r o n  i s  p r e s e n t  h e r e  a t  no  o t h e r  

tim e*  I t  was o f  i n t e r e s t  t o  know t h e  s i g n i f i c a n c e  o f  t h i s  

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

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

th e  body? When d o e s  i r o n  f i r s t  a p p e a r  i n  t h e  s h e l l  g la n d  

a n d  w hen d o e s  i t  c e a s e  t o  be fo u n d  th e r e ?  Some e x p e r im e n ts  

h a v e  b een  made t o  d e te r m in e  th e  s i g n i f i c a n c e  o f  t h i s  I r o n  

i n  t h e  s h e l l  g la n d s *

The tim e  o f  th e  f i r s t  a p p e a r a a c e  o f  ir< » i i n  t h e  s h e l l  

g la n d  w as d e t e m i n e d ,  a f t e r  r e d  a n im a ls  h ad  b een  l e f t  i n  

a e r a t e d  w a te r  i n  o r d e r  t o  l o s e  h a e m o g lo b in , a n d  h ad  b een  

f i x e d  a n d  s t a i n e d  f o r  i r o n  a t  i n t e r v a l s .  F u r t h e r  th e  t im e  

o f  d i s a p p e a r a n c e  o f  th e  i r o n  fro m  th e  s h e l l  g la n d s  w as 

a s c e r t a i n e d .  T h ese  e x p e r im e n ts  a r e  d e s c r i b e d  I n  s e c t i o n  1* 

O th e r  e x p e r im e n ts  t o  t e s t  t h e  h y p o th e s i s  t h a t  i r o n  i s  

e x c r e t e d  a r e  d e s c r i b e d  I n  s e c t i o n  2*
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SECTION 1# APPEAriAIîCE OF IRON IN THE SHELL GLm PS.

S L roe e x p e r im a n ts  w ere  m d e  i n  o r d e r  t o  d i s c o v e r  

ThÊien i r o n  w as p r e s e n t  i n  t h e  s h e l l  g la n d s  d u r in g  th e  l o s s  

o f  h a e m o g lo b in  f ro m  t h e  b lo o d #

E x p e r im e n t 1 . Red a n im a ls  w ere  c o l l e c t e d  fro m  t h e  g u l l  

pond a t  t h e  A )ndon Z o o ; 6 0  a n im a ls  v /ero  p la c e d  i n  t r o u g h s  

o f  w e l l  a e r a t e d  w a t e r ,  a  l i t t l e  Q li lo r e lJ a  b e in g  ad d e d  a s  fo o d #  

F i x a t i o n s  a n d  t e s t s  f o r  i r o n  w e re  th e n  made a t  c o n v e n ie n t  

i n t e r v a l s  u p  to  6 0  h o u rs  a f t e r  t r a n s f e r e n c e  t o  th e  e x p e r im e n ta l  

c o n d i t io n s #

The r e s u l t s  a r e  su m m arized  i n  t a b l e  6# O ut o f  a  t o t a l  , 

o f  44 a n i m a l s ,  68  show ed i r o n  i n  t h e  gA iell g l a n d s ;  I r o n  

was already i n  t h e  s h e l l  g l a n d  a f t e r  1 h o u r#  I n  t h i s  

e x p e r im e n t  th e  s t a t e  o f  h a e m o g lo b in , i n  t h e  a n im a ls  a t  th e  

b e g in n in g  o f  th e  e x p e r im e n t  w as n o t  know n; th e y  c o u ld  Iiave 

b ee n  l o s i n g  h a e m o g lo b in , so t h a t  t h e  p r e s e n c e  o f  i r o n  i n  t h e  

s h e l l  g l a n d  w i t i i i n  a n  hour* o f  t r a n s f e r e n c e  t o  a e r a t e d  w a te r  

m ig h t  be  a  r e s u l t  o f  c o n d i t i o n s  b e f o r e  t h e  experixoD nt began#



TABIE 6 .

T h e f i r s t  a p p e a ra n c e  o f  I r o n  i n  t h e  s h e l l  g la n d s *
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T il t» ,  i n  h o u rs  
s p e n t  i n  open  

t r o u t s .

Number f i x e d . Number w i th  i r o n  
i n  t h e  s h e l l

g la n d s  #

1 2 2

4 2 2

6 2 2

a 4 4

.  1 0 4 ' " 4

23 4 4

24 8 4

5 0 18 16

A se c o n d  exps r im e n t  was made in  w h ic h  i t  was laiown 

t h a t  t h e  a n im a ls  w ore n o t  l o s i n g  h a e m o g lo b in  b e f o r e  th e  

e x p e r im e n t  b e g a n .

E x p e r im e n t 2# Tw ent^T^five c o l o u r l e s s  a n im a ls  v/ore p la c e d  

i n  e a c h  o f  s i x  e x p e r im e n ta l  c o n i c a l  f la sk %  c o n t a i n i n g  9 0  m l 

f i l t e r e d  la k e  w a te r  a n d  w i t h  C h lo re  11a a s  food#  Tlie 

o x y g en  c o n t e n t  o f  th e  w a te r  w as r e d u c e d  by  b u b b l in g  n i t r o g e n  

th r o u g h  i t  b e f o r e  t h e  e x p e r im e n t  began#  The a n im a ls  becam e 

p5nk  end  th e n  r e d  i n  c o lo u r #  When t h e  a n im a ls  v /ere r e d  i n  

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

w a te r#  E ach  o f  t h e s e  t r o u g h s  c o n ta in e d  2 5  a n im a ls  i n  100  ml<
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f i l t e r e d  la k e  w a te r  w i th  O h l o r e l l a  a s  fo o d *  The p e r c e n ta g e  

a i r  s a t u r a t i o n  o f  t h e s e  c u l t u r e s  w as h i ^ .  I n i t i a l l y  89/i* 

D u r in g  tJ ie  f o l lo w in g  s i x  d a y s  th e  r o d  a n im a ls  becam e p in k  

i n  c o lo u r*  P ljK itio n s  e n d  t e s t s  f o r  i r o n  w ere  made a f t e r  

th e  a n im a ls  h ad  b e e n  i n  t h e  t r o u g h s  f o r  1 ,  2 ,  4 an d  6 d a y s*  

TÎÎ0  num ber o f  a n im a ls  w i t h  i r o n  i n  t h e  s h e l l  g la n d s  was 

r e c o r d e d .

The r e s u l t s  o f  one s u c h  e x p e r im e n t  a r e  g iv e n  i n  t a b l e  

7* No i r o n  w as o b s e rv e d  i n  t h e  s h e l l  g la n d s  d u r in g  th e  

f i r s t  tw o d ay s  i n  a e r a t e d  w a te r  b u t  by t h e  f o u r t h  d a y  n e a r l y  

a l l  a n im a ls  show ed i r o n  h e re *  T h e r e f o r e  3 -4  d a y s  a f t e r  

r e d  a n im a ls  h av e  b ee n  t r a n s f e r r e d  t o  a e r a t e d  w a t e r ,  i r o n  

a p p e a r s  i n  t h e  s h e l l  g la n d s *  I t  i s  th u s  c l e a r  t h a t  i n  

e x p e r im e n t  1 .  t h e  a p p e a ra n c e  o f  i r o n  i n  t h e  s h e l l  g l a n d ,  

b e f o r e  3 -4  d a y s ,  was a  r e s u l t  o f  th e  c o n d i t i o n s  b e f o r e  

th e  e x p e r lm e n t  b e g a n , i . e .  th e  a n im a ls  c o u ld  h av e  b e e n  

l o s i n g  h ae m o g lo b in *

TABIE 7 .

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

T im e; i n  d a y s  
s p e n t  i n  open  

t r o u g h s .

Number f lx o d # Number w i t h  I r o n  
I n  t h e  s h e l l  

g l a n d s •

1 10 0

2 30 0

4 . 15 13

______ 6 - . ; ... .... 3 0 17
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By t h e  s i x t h  d ay  a b o u t  h a l f  o f  th e  a n im a ls  t e s t e d  

show ed no  i r o n  i n  t h e  s h e l l  g l a n d s ,  a  p o s s i b l e  e x p l a n a t i o n  

o f  t h i s  i s  s u g g e s te d  below* I n  a  l a b o r a t o r y  p o p u la t i o n  o f  

D a p h n ia ,  l i v i n g  i n  c o n s t a n t  c u l t u r e  c o n d i t i o n s ,  a  r a n g e  o f  

v a lu e s  f o r  t h e  h a e m o g lo b in  c o n t e n t  o f  t h e  b lo o d  can  be 

o b ta in e d .  G e n o ty p ic  v a r i a t i o n  m ay, i n  p a r t ,  a c c o u n t  f o r  t h i s *  

A n o th e r  p o s s i b i l i t y  i s  t h a t  t h e  l a b o r a t o r y  p o p u la t io n  

c o n t a in s  a n im a ls  o f  d i f f e r e n t  a g e s ,  some h a v in g  b e e n  b o rn  

s i n c e  th e  b e g in n in g  o f  th e  e x p e r im e n t*  T h e se  a n i m l s  

h a v in g  h ad  l e s s  tim e  i n  t h e  c u l t u r e  c o n d i t i o n s  show 

o o r r e s p o n d in g  d i f f e r e n c e s  i n  h a e m o g lo b in  c o n te n t*  T hus a
I

" r e d "  p o p u la t i o n  c o n t a i n s  some " p in k "  a n im a ls  an d  th e s e  p in k

i n d i v i d u a l s  w i l l  l o s e  t h e i r  b lo o d  p ig m e n t b e f o r e  t h e  red*

T h e r e f o r e  a  random  s e l e c t i o n  o f  n  im a ls  f ro m  a  r e d  p o p u l a t i o n ,

w h ic h  i s  l o s i n g  h a a o ^ o b i n  i n  w e l l  a e r a t e d  w a t e r ,  w i l l  so o n

in c lu d e  i n d i v i d u a l s  w h ic h  h a v e  l o s t  a l l  t h e i r  h a e m o g lo b in .
*

T h is  h y p o th e s i s  i s  s u p p o r te d  by  t h e  f o l lo w in g  o b s e r v a t io n #

When th e  r e d d e s t  a n im a ls  w ere  s e l e c t e d  f o r  th e  P l* u ss lan  

b lu e  t e s t  d u r in g  h a e m o g lo b in  l o s s ,  m ore a n im a ls  show ed i r o n  

i n  t h e  s h e l l  g la n d s  th a n  show ed i t  when a  random  s e l e c t i o n  

w as made#

T h u s , i r o n  a p p e a re d  i n  t h e  s h e l l  g la n d s  3 -4  d a y s  a f t e r  

h a e m o g lo b in  l o s s  h ad  begun*# Â lo n g e r  e x p e r im e n t  was now 

X Fox and  P h e a r  (1 9 5 3 ) p#188 show t h a t  a d e c r e a s e  i n  t h e  

h a e m o g lo b in  c o n t e n t  o f  th e  b lo o d  o c c u r s ,  d u r in g  th e  f i r s t  

day i n  w e l l  a e r a t e d  w a te r#
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m ade. I n  o r d e r  t o  s e e  vihen I r o n  c e a s e d  t o  o c c u r  i n  t h e  s h e l l  

g la n d s  d u r in g  h a e m o g lo b in  lo s s #

E x p e r im e n t 5# T h is  e x p e r im e n t  was s e t  u p  a s  i n  e x p e r im e n t  

2  b u t  t i ie  r e d  a n im a ls  re m a in e d  i n  open t r o u g h s  u n t i l  th e y  

w ere  c o l o u r l e s s #  The w a te r  i n  t h e  t r o u g h s  was ch a n g ed  

a f t e r  e v e r y  s i x  d a y s  an d  C h lo re  l i a ,  v/as added#

The r e s u l t s  a r e  su m m arised  i n  t â )  l e  8# M o st a n im a ls  

show ed i r o n  i n  t h e  s h e l l  g la n d s  d u r in g  th e  f i r s t  3 -1 0  d a y s  

a f t e r  t r a n s f e r e n c e  t o  t h e  o p en  t r o u g h s #  When t h e  b lo o d  

h ad  become c o l o u r l e s s ,  no  i r o n  w as o b s e rv e d  i n  t h e  s h e l l  

g la n d s #

TABIE 8 #

T he d l s a p p e a r a n o #  i r o n  fro m  t h e  s h e l l  g l a n d s •

C o lo u r  o f  
th e  b lo o d

T im e , I n  d a y s  
s p e n t  I n  o p en  

t r o u g h s

NunAer
f i x e d

Number w i th  I r o n  I n  
th e  s h e l l  g la n d s *

Red 5 1 0 7

R ed 4 2 0 2 0

P in k 10 10 8

P a le  p in k 15 1 0 6

V ery  p a l e -

p in k 16 10 3

C o l o u r l e s s 18 15 0

C o lo u r l e s s 19 5 0
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I t  i s  t h u s  c l e a r  t h a t  i r o n  a p p e a r s  i n  t h e  s h e l l  

g la n d s  w hen a n im a ls  a r e  l o s i n g  h a a n o g lo b ln ,  3 - 4  d a y s  

a f t e r  t h e  I n i t i a t i o n  o f  h a e m o g lo b in  lo s s *  I r o n  d i s a p p e a r s  

f ro m  t h i s  o rg a n  w h e n  t h e  b lo o d  h a e m o g lo b in  h a s  b e e n  l o s t *  

I t  may t h e r e f o r e  be  t h a t  th e  i r o n  i n  t h i s  o rg a n  i s  

t h a t  r e l e a s e d  fro m  h ae m o g lo b in  breakdow n* An a p p a r e n t  

d e c r e a s e  i n  haem  com pounds o c c u r s  i n  o t h e r  t i s s u e s  and  

a c c o m p a n ie s  th e  l o s s  o f  h a e m o g lo b in  fro m  t h e  b lo o d  s o  

t h a t  t h e  i r o n  i n  t h e  s h e l l  g l a n d  c o u ld  h a v e  o r i g i n a t e d  f ro m  

t h e s e  o t h e r  haem  com pounds o r  f ro m  b lo o d  h ae m o g lo b in *
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THE SIQNIFICMTCE OF THE HRESMICE OF IRON IN THE SHELL QIAM)S#

SECTION 2 .  EXPERIMENTAI. V̂ QRK TO TEST THE HYPOTHESIS OF
EXCRETION OF IRON à DURING HAMOGLOBIN LOSS»

I r o n  i s  p r e s e n t  i n  t h e  lum en o f  t h e  s h e l l  g la n d s  o f  

D ap h n iS j  d u r in g  h a e m o g lo b in  l o s s ,  and  may be e x c r e t e d  fro m  

t h e  bo d y  i n t o  t h e  s u r r o u n d in g  w a te r#  I f  i r o n  i s  e x c r e t e d ,  

i t  may be p o s s i b l e  t o  d e t e c t  i t  i n  t h e  w a te r  an d  to  show 

t h a t  t h e  i r o n  c c a i t e n t  o f  t h e  w a te r  i n c r e a s e s ,  a s  h a e m o g lo b in  

i s  l o s t  f ro m  t h e  b lo o d #  The i r o n  c o n t e n t  o f  w a te r  c o n 

t a i n i n g  D ap h n ia  w h ic h  i s  l o s i n g  h a e m o g lo b in , h a s  t h e r e f o r e  

b e e n  m easu red #

The th io c y a n a te  m ethod  o f  e s t i m a t i o n  o f  i r o n  i n  n a t u r a l  w a te r s

The i r o n  c o n t e n t  o f  th e  w a te r  w as e s t i m a t e d  by m eans 

of th e  t h i o c y a n a t e  m e th o d , p ro p o s e d  by O s s ia n  (1 8 3 7 )#  The 

m ethod  h a s  r e c e n t l y  b e e n  c r i t i c a l l y  r e v ie w e d  by  Woods and  

M e llo n  (1 9 4 1 )#  P o ta s s iu m  t h i o c y a n a t e  i n  s o l u t i o n  g iv e s  

a n  im n e d ia te  c o lo u r  r e a c t i o n  w i th  f e r r i c  i r o n  i n  a c id  

c o n d i t io n s #  The i n t e n s i t y  o f  t h e  c o lo u r  r e a c t i o n  i s  an 

i n d i c a t i o n  o f  t h e  q u a n t i t y  o f  i r o n  p r e s e n t#  When t h i s  

c o l o u r  i s  co m pared  w i th  t h a t  o f  i r o n  s t a n d a r d  s o l u t i o n s ,  

s i m i l a r l y  t r e a t e d  w i th  t h i o c y a n a t e ,  t h e  q u a n t i t y  o f  i r o n  

i n  t h e  unknown s o l u t i o n  c a n  be e s t im a te d #

The e s t i m a t i o n  p ro c e e d s  i n  two s t a g e s #  The i r o n  

s t a n d a r d s ,  and  th e n  t h e  s o l u t i o n s  o f  unknown i r o n  c o n t e n t  

a r e  p r e p a r e d  f o r  c o l o r i m e t r i c  co m p ariso n #  A f t e r  p r e p a r a t i o n
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t h e  t h i o c y a n a t e  r e a g e n t  i s  ad d ed  to  e a c h  s o l u t i o n  an d  

c o l o r i m e t r i c  c o m p a riso n  f o l lo w s  im m e d ia te ly *

The p r e p a r a t i o n  o f  i r o n  s t a n d a r d s *

The s t a n d a r d s  o f  known i r o n  c o n t e n t  w e re  p r e p a r e d  a s  

f o l l o w s :  0*722 g .  f e r r o u s  ammonium s u l p h a t e ,  FeSO^CNH^)»

w ere  d i s s o l v e d  i n  50  ml* g l a s s  d i s t i l l e d  w a te r  

an d  2 0  ml* c o n c e n t r a t e d  s u l p h u r i c  a c id *  The s o l u t i o n  was 

w arm ed, and  p o ta s s iu m  p e rm a n g a n a te  s o l u t i o n  (0*2 N* »  6*3 g* 

i n  1 l i t r e  g l a s s  d i s t i l l e d  w a te r )  a d d e d , u n t i l  a  f a i n t  

p in k  c o lo u r  p e r s i s t e d *  T h is  s o l u t i o n  w as th e n  d i l u t e d  to  

1 l i t r e  I 1 m l* now c o n ta in e d  0*1 mg* o f  i r o n *  T h is  

c o n s t i t u t e d  th e  s t o c k  f e r r i c  i r o n  s o l u t i o n ,  a n d  s t a n d a r d s  

f o r  u s e  w e re  p r e p a r e d  fro m  i t  i n  th e  f o l lo w in g  w ay: 0*6 m l.

an d  1*0  ml* s to c k  i r o n  s o l u t i o n  w ere  e a c h  d i l u t e d  to  4 0  ml* 

w i t h  d i s t i l l e d  w a te r*  T h re e  d ro p s  o f  0*2 N* p o ta s s iu m  

p e rm a n g a n a te  s o l u t i o n  a n d  0*5 m l* o f  6N* n i t r i c  a c i d  w ere  

ad d ed *  E ach  s o l u t i o n  was th e n  d i l u t e d  to  50  ml#, w i t h  

d i s t i l l e d  w a t e r ;  t h e  i r o n  c o n c e n t r a t i o n s  o f  th e  s t a n d a r d s  

th u s  p r e p a r e d  w ere  1*0  mg* i r o n  p e r  l i t r e  an d  2*0  mg* i r o n  

p e r  l i t r e *

T he p r e p a r a t i o n  o f  t h e  s o l u t i p # #  to  be  t e s t e d *

The w a te r  o f  unknown i r o n  c o n te n t  w as f i r s t  b o i l e d  

w i t h  n i t r i c  a c i d ,  (5 0  ml* w a te r  w ere  b o i l e d  w i t h  5 ml* o f  

6N* n i t r i c  a c id  f o r  5 m in s * ) ;  t h i s  r e l e a s e d  i r o n  f ro m
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o r g a n ic  c o m b in a t io n  i n  a l g a l  c e l l s  e tc #  To t h i s  s o l u t i o n  

3  d r o p s  o f  0#2 N# p o ta s s iu m  p e rm a n g a n a te  s o l u t i o n  w ere  

added#  The sam p le  was th e n  le f t  t o  co o l#

E s t im a t i o n  o f  i r o n  c o n te n t#

P o ta s s iu m  th io c y a n a te  s o l u t i o n ,  (5  m l# o f  a  s o l u t i o n  

c o n t a i n i n g  2 g# p o ta s s iu m  th io c y a n a te  i n  100 ml# g l a s s  

d i s t i l l e d  w a te r )  was ad d ed  to  t h e  c o o le d  sam p le  o f  unknown 

i r o n  c o n t e n t  and t o  e a c h  s t a n d a r d  i r o n  s o lu t io n #  The 

c o l o u r  r e a c t i o n  w as com pared  im m e d ia te ly  b y  m eans o f  a  

D ubosq c o lo r im e te r #  The c o lo u r  f a d e s  q u i c k ly  on s t a n d i n g ,  

i s  d e e p e n e d  b y ,a n  e x c e s s  o f  t h i o c y a n a t e  an d  l e s s e n e d  by 

a n  e x c e s s  o f  a c i d  (Woods a n d  M e llo n  1941)#
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E x p e r im e n ts #

Red a n im a ls  w ere  o b ta in e d  a n d  l e f t  t o  l o s e  h a e m o g lo b in , 

i n  c o v e re d  t r o u g h s  o f  w e l l  a e r a t e d  t a p  w a te r#  C o lo u r l e s s  

a n im a ls  w e re  s i m i l a r l y  p la c e d  i n  w e l l  a e r a t e d  w a te r  an d  l e f t  

f o r  t h e  same p e r io d #  The c o l o u r l e s s  a n im a ls  w i th  v e r y  l i t t l e  

b lo o d  h a e m o g lo b in  a c t e d  a s  c o n t r o l s #  The i r o n  c o n te n t  o f  

th e  w a te r  w as e s t i m a t e d ,  b o th  a t  th e  b e g in n in g  a n d  en d  o f  th e  

e x p e r im e n t#  T ap  w a t e r ,  i n s t e a d  o f  f i l t e r e d  la k e  w a t e r ,  w as 

u s e d ,  i n  o r d e r  t h a t  t l ie  b a c t e r i a l  c o n t e n t  o f  t h e  w a te r  s h o u ld  

b e  lov;# A h ig h  b a c t e r i a l  c o n t e n t  c o u ld  h a v e  a l t e r e d  th e  

i r o n  a n d  o xygen  c o n c e n t r a t i o n s #

I t  w as d e s i r a b l e  t h a t  t h e  f a e c e s  o f  t h e  c o n t r o l  and  

e x p e r im e n ta l  a n im a ls  s h o u ld  be  s i m i l a r ,  s i n c e  th e s e  w o u ld  

be ad d e d  to  t h e  w a te r  d u r in g  th e  e x p e r im e n t  an d  so  c o u ld  

ch a n g e  t h e  i r o n  c o n t e n t  o f  t h e  w a te r#  B e fo re  t h e  e x p e r im e n t  

b eg an  t h e r e f o r e ,  a n im a ls  w ere  l e f t  f o r  4 d a y s ,  i n  s e p a r a t e  

t r o u g h s  o f  w a t e r ,  w i t h  C h lo re  11a  a s  fo o d  (5 0  u n i t s ,  a s  

m e a su re d  by  th e  M#R#C# c o l o r im e te r )  # I t  was assum ed  t h a t  

a f t e r  t h i s  p e r io d  g r e a t  d i f f e r e n c e s  i n  t h e  g u t  c o n t e n t s  

an d  f a e c e s  o f  c o n t r o l  a n d  e x p e r im e n ta l  a n im a l s ,  w ould  h av e  

b een  overcom e# D u rin g  th e  e x p e r im e n ts  d e a d  a n im a ls  w ere  

rem oved  m o rn in g  an d  ev e n in g ^  t h i s  was n e c e s s a r y  s i n c e  a f t e r  

t h e i r  d e c a y  i r o n  w ou ld  h av e  b e e n  ad d e d  t o  th e  c u l t u r e  w a t e r #
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T he f i r s t  e x p e r im e n t  w as  made u s in g  50 a n im a ls  I n  

8 0 0  m l.  o f  w a t e r ,  w h ic h  was Iro p t a r t i f i c i a l l y  a e r a t e d .  

C h l o r e l l a  (3 0  u n i t s )  was a d d e d  a s  fo o d  end  th e  e x p e r im e n t  

l a s t e d  f o r  7 d a y s .  The r e s u l t s  a r e  su m m arized  i n  t a b l e  9 .  

The I n i t i a l  I r o n  c o n t e n t  o f  th e  w a te r  c o u ld  n o t  be  m e a s u re d . 

No m a tc h in g  o f  c o l o u r  was p o s s i b l e ,  e v e n  w hen th e  lo v /e s t  

i r o n  s t a n d a r d  was u s e d .  A f t e r  7  d ay s  t h e  i r o n  c o n t e n t  o f  

th e  w a t e r ,  i n  w h ic h  D a p h n ia  w as l o s i n g  h a e m o g lo b in , e x c e e d e d  

t h a t  o f  one c o n t r o l  b u t  n o t  t h a t  o f  t h e  o t h e r .  The r a n g e  

o f  r e a d i n g s  b e tw e en  t h e  tw o c o n t r o l  t r o u g h s ,  w as g r e a t e r  

th a n  th e  d i f f e r e n c e  b e tw e e n  t h e  e x p e r i m e n ta l  an d  c o n t r o l  

t r o u g h s .

TABIE 9 .

T he i r o n  c o n t e n t  o f  w a te r  c o n t a in i n g  D ap h n ia  a f t e r  7  d a y s  o f
h a e m o g lo b in  l o s s .

A n im a ls C o lo u r l e s s L o s in g  h a e m o g lo b in .

T ro u g h 1 2 1 2

V o l. o f  w a t e r ,  m l . 2 0 0 2 0 0 2 0 0 2 0 0

No. o f  a n im a ls

b e g in n in g 5 0 5 0 5 0 5 0

e n d 39 25 22 32

d e a th s 11 26 2 8 18

I r o n  c o n t e n t  a t
b e g in n in g ,  mg . / l i t r e

NOT
DETECTABIE

NOT
DETECTABIE.

I r o n  c o n t e n t  a t  
e n d ,  m g . / l i t r e 0 .6 4 0 .4 3 0 .6 1 0 .6 7
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The e x p e r im e n t v/as tw ic e  r e p e a t e d ,  b u t  t h e  num ber o f  

a n im a ls  u s e d  w as d o u b le d ,  2 0 0  m l .  o f  w a te r  now c o n ta in e d  

100  a n i m a l s .  The a r t i f i c i a l  a e r a t i o n  o f  t h e  w a te r  w as 

d i s p e n s e d  w i t h  s i n c e  th e  r e d  a n im a ls  becam e p a le  w i th o u t  t h i s .  

A t th e  b e g in n in g  o f  th e  e x p e r im e n ts  th e  i r o n  c o n t e n t  o f  th e  

w a te r  an d  C h l o r e l l a  w as e s t i m a t e d ,  s i n c e  t h e r e  w as no  

d e t e c t a b l e  i r o n  i n  th e  w a te r  a l o n e .  The q u a n t i t y  o f  C h l o r e l l a  

a d d e d  t o  th e  w a te r  was r e d u c e d  t o  2 0  u n i t s  i n  th e s e  tw o 

e x p e r im e n ts  I  t h i s  r e d u c e d  th e  e x c e s s  f o o d ,  o n  w h ic h  i r o n  

c o u ld  be a d s o r b e d ,  t o  a  m inim um . The w a te r  and  c o n t e n t s  

v /ere s t i r r e d  v i g o r o u s l y ,  b e f o r e  i r o n  e s t i m a t i o n s  w ere  made^ 

s in c e  t h e  i r o n  c o u ld  h av e  s e t t l e d  on  th e  b o tto m  o f  th e  t r o u g h s  

The se c o n d  e x p e r im e n t  l a s t e d  f o r  5 d a y s ,  th e  t h i r d ,  f o r  

6 d a y s .

The r e s u l t s  o f  e x p e r im e n ts .  2 an d  3  a r e  su m m arized  i n  

t a b l e s  10  a n d  1 1 ,  r e s p e c t i v e l y .  I n  b o th  e x p e r im e n ts  th e  

i n i t i a l  i r o n  c o n t e n t  o f  w a te r  a n d  C h l o r e l l a  w as 0 .6 3  mg. 

i r o n  p e r  l i t r e .  A t t h e  en d  o f  e x p e r im e n t  2 ,  t h e  i r o n

c o n t e n t  o f  t h e  w a te r  i n  t h e  e x p e r im e n ta l  t r o u g h s  e x c e e d e d
\

t h a t  i n  t h e  c o n t r o l s .  A t t h e  e n d  o f  e x p e r im e n t  3 ,  t h i s  w as 

n o t  30 h o w e v e r , a n d  th e  i r o n  c o n t e n t  o f  th e  e x p e r i m e n ta l  

t r o u g h s  e x c e e d e d  t h a t  o f  one c o n t r o l  b u t  n o t  th e  o t h e r .
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TABIE 1 0 .

The I r o n  c o n t e n t  o f  w a te r  c o n t a in in g  D a p h n ia  a f t e r  5  d a y s  o f
h a e m o g lo b in  l o s s .

A n im a ls C o lo u r le s s L o s in g  h a e m o g lo b in .

T ro u g h 1 2 . 1 2

V o l.  o f  w a t e r ,  m l. 2 0 0 2 0 0 2 0 0 200

No. o f  a n im a ls

b e g in n in g 100 100 100 100

en d 74 73 77 81

d e a th s 2 6 2 7 23 19

I r o n  c o n t e n t  a t  
b e g in n in g ,  
m g . / l i t r e 0 .5 3 0 .5 3 0 .5 3 0 .5 3

I r o n  c o n t e n t  a t  
e n d ,  mg . / l i t r e 0 .0 4 0 .4 2 0 .4 8 0 .4 9
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TABIE 1 1 .

The I r o n  c o n t e n t  o f  w a te r  c o n t a i n i n g  D ap lw la  a f t e r  6 d a y s  o f

h a e m o g lo b in  l o s s .

A n im a ls 1 C o lo u r le s s l o s i n g  h a e m o g lo b in

T ro u g h 1 2 1 2

V o l. o f  w a t e r ,  m l. 2 0 0 2 0 0 2 0 0 2 0 0

N o. o f  a n im a ls

b e g in n in g 100 100 100 100

e n d 58 47 69 59
/
d e a th s 42 53 31 41

I r o n  c  cm t e n t  a t  
b e g in n in g ,  
m g . / l i t r e 0 .5 3 0 .5 3 0 .5 3 0 .5 3

I r o n  c o n t e n t  a t  
e n d ,  m g . / l i t r e 0 .2 4 0 .1 9 0 .2 4 0 .2 1

tv
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I t  i s  th u s  c l e a r  t h a t  an  e x c r e t i o n  o f  i r o n  by  D ap lin ia  

w h ic h  i s  l o s i n g  h a e m o g lo b in , h a s  n o t  b e e n  r e v e a l e d  by t h i s  

te c h n iq u e #  I t  may w e l l  be t h a t  an  e x c r e t i o n  o f  i r o n  d o es  

o c c u r ,  b u t  t h a t  i t  h a s  b e e n  b ey o n d  t h e  l i m i t s  o f  th e  m ethod  

t o  r e v e a l  i t .

The a c c u r a c y  o f  t h e  m ethod  w as r e s t r i c t e d  by tw o 

f a c t o r s .  F i r s t l y ,  a  h ig h  d e a th  r a t e ,  w h ic h  w as p o s s i b l y  a  

r e s u l t  o f  dam age s u s t a i n e d  d u r in g  th e  s e t t i n g  u p  o f  th e  

e x p e r im e n t  an d  s e c o n d ly  b y  th e  low i r o n  c o n c e n t r a t i o n  o f  

th e  w a t e r ,  wl i c h  w as n e v e r  g r e a t e r  th a n  t h a t  o f  th e  lo w e s t  

s t a n d a r d  ( c o n t a i n in g  1 .0  mg. i r o n  p e r  l i t r e ) .

The r a n g e  o f  r e a d i n g s  b e tv /een  t h e  c o n t r o l  t r o u g h s  was 

g r e a t e r  th a n  th e  d i f f e r e n c e  b e tw e en  th e s e  and  th e  e x p e r im e n ta l  

t r o u g h s .  I t  i s  th u s  l i k e l y  t h a t  t h e  v a lu e s  o b ta in e d  a t  th e  

e n d  o f  e x p e r im e n ts  2' and  3 m e re ly  show ed th e  d e c r e a s e  i n  

i r o n ,  a s  C h l o r e l l a  was consum ed .

I t  was d e s i r a t ) l e  t h a t  a  m ore s e n s i t i v e  te c h n iq u e  s h o u ld  

b e  u se d  a n d  an  a t t e m p t  was made t o  I n c o r p o r a t e  r a d i o a c t i v e  

i r o n  i n t o  D a p h n ia .  F i r s t l y  i n t o  t h e  g u t  a n d  th e n  i n t o  th e  

b lo o d  an d  s h e l l  g l a n d s .  S u b s e q u e n t ly ,  when a c t i v a t e d  r e d  

a n im a ls  w ere  l o s i n g  h a e m o g lo b in , th e  a c t i v i t y  o f  th e  w a te r  

w as m e a s u re d , ( a s  c o u n ts  p e r  m in u te  on a  G e ig e r  c o u n t e r ) .

I f  r a d i o a c t i v e  i r o n  i s  e x c r e t e d  by  D ap h n ia  th e  a c t i v i t y  o f  

th e  v /a te r  w i l l  i n c r e a s e  a s  h a e m o g lo b in  i s  l o s t  fro m  t h e  b o d y .
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RADIOACTIVE IRON STUDY*

1 . THE A SSm ilA TIO N  OP RADIOACTIVE IRON BT DAHHUA.

R a d io a c t iv e  I r o n  w as o b ta in e d  fro m  th e  A tom ic E n e rg y  

R e s e a ic h  E s t a b l i s h m e n t ,  H a r w e l l .  Pe®* ( h a l f - l i f e  47 d a y s )  

w as u s e d  i n  a  f e r r i c  c h l o r i d e  s o l u t i o n  ( 1 .8  mg. F e /m l .  

s o l u t i o n )  M easu red  vo lum es o f  t h i s  s o l u t i o n  w ere  ad d ed  

to  w a te r  c o n t a i n i n g  D a p h n ia ,  an d  th e  i r o n  u p ta k e  w as e s t im a te d  

by m e a s u r in g  th e  a c t i v i t y  o f  i n d i v i d u a l s  a f t e r  th e y  h ad  

b e e n  i n  t h e  w a te r  f o r  a  p e r i o d .

B a t i n a t i o n  o f  r a d i o a c t i v i t y .

The a c t i v i t y  o f  an  i n d i v i d u a l  w as d e te rm in e d  b y  p la c in g
. >

i t  on a  t h i n  g l a s s  p l a t e ,  w h ic h  w as h e ld  i n  p la c e  toy m eans 

o f  a  lo o p  o f  f i l t e r  p a p e r  an d  d ro p p e d  o n  th e  window o f  a
I

G e ig e r - M ii l le r  c o u n te r  tu b e ;  t h e  a c t i v i t y  w as r e c o r d e d  a s  

c o u n ts  p e r  m in u t e .  T en c o n s e c u t i v e ,  one m in u te  r e a d i n g s  

v /e re  ta k e n  f o r  e a c h  i n d i v i d u a l ,  an d  th e  a v e ra g e  o f  th e s e  

g av e  à n  e s t i m a t e  o f  th e  a c t i v i t y .  The b a c k g ro u n d  a c t i v i t y  

w as e s t i m a t e d  s i m i l a r l y  an d  was ta k e n  b e f o r e  e a c h  

e x p e r im e n ta l  r e a d i n g .

H T h is  s tu d y  was made p o s s i b l e  th r o u g h  th e  k in d n e s s  o f  

D r .  G e o f f r e y  B o u rn e , an d  was u n d e r ta k e n  i n  th e  H is to lo g y  

D e p a rtm e n t o f  th e  London H o s p i t a l  M e d ic a l  S c h o o l .



107

D e t a i l s  o f  m e th o d .

T h i r t y  c o l o u r l e s s ,  m a tu re  i n d i v i d u a l s  o f  D ap lin ia  w ere  

p la c e d  i n  a  300  m l. c o v e re d  t r o u g h  c o n t a i n i n g  150 m l .  t a p  

w a t e r .  S i m i l a r l y ,  30  c o l o u r l e s s  a n im a ls  w ere  p la c e d  i n  a  

c o n i c a l  f l a s k  c o n t a in i n g  150 m l .  t a p  w a t e r .  The w a te r  i n  

th e  c o n i c a l  f l a s k  was k e p t  p o o r ly  a e r a t e d  (2 0  % a i r  

s a t u r a t e d )  by  b u b b l in g  a  g as  m ix tu re  th r o u g h  th e  w a te r  

c o n t i n u o u s l y .  A s m a l l  q u a n t i t y  o f  y e a s t ,  a s  f o o d ,  was 

ad d e d  to  t h e  w a te r  i n  t h e  t r o u g h  a n d  th e  f l a s k .  R a d io a c t iv e  

i r o n  was th e n  a d d e d  to  t h e  v / a t e r ;  0 .9  m l f e r r i c  c h l o r i d e  

s o l u t i o n  c o n t a in i n g  1 .6 2  m g. Fe»® t o  e a c h  d i s h .  A n im a ls  

w ere  rem oved  a t  I n t e r v a l s ,  d ro p p e d  i n t o  t a p  w a te r  f o r  a  , 

few  s e c o n d s  a n d  t h e i r  a c t i v i t y  w as th e n  m e a s u re d . S in c e  

i t  was p ro b a b le  t h a t  some o f  t h i s  a c t i v i t y  w o u ld  r e p r e s e n t  

c o n ta m in a t io n  on t h e  s u r f a c e  o f  t h e  b o d y , th e  a c t i v i t y  

w as m e a su re d  a g a in  a f t e r  a n im a ls  h a d  b e e n  in  n o n - a c t iv e  t a p  

w a te r  f o r  an  h o u r .

R e s u l t s .

A n im a ls  i n  t h e  t r o u g h  re m a in e d  c o l o u r l e s s ,  th o s e  i n  

th e  f l a s k  becam e p in k  a f t e r  4 d a y s ,  a n d  r e d  a f t e r  7 d a y s .

A l l  t h e  a n im a ls  t e s t e d  show ed a  m e a s u ra b le  a c t i v i t y  o v e r  

t h a t  o f  t h e  b a c k g ro u n d . The r e s u l t s  a r e  sum m arized  in  

t a b l e  12a and  b .  A f t e r  1 d a y , c o l o u r l e s s  a n im a ls  g av e  

a p p r o x im a te ly  95 c o u n ts  p e r  m in u te ,  t h i s  in c r e a s e d  t o  

a p p r o x im a te ly  146 c o u n ts  p e r  m in u te  a f t e r  4 d a y s ,  an d
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T a b le  1 2 .

The t o t a l  a c t i v i t y  o f  c o l o u r l e s s  a n im a ls  an d  a n im a ls  

g a i n in g  h a e m o g lo b in  fro m  t h e  a c t i v e  Fe®® s o l u t i o n .

Time i n  t r o u g h ,  
d a y s .

B aclcground
c o u n ts /m in .

C o lo u r l e s s  i n d i v i d u a l s  
c o u n ts /m in .

1 1 2 .7 1 1 5 .5

1 2 .3 8 3 .9

4 1 3 .7 1 3 7 .3

1 0 .7 1 5 5 .7

6 1 3 .1 2 0 7 .4

1 1 .2 1 5 4 .3

1 2 .0 1 7 7 .6

A .

Tim e i n  t r o u g h ,  
d a y s  .

B ackground  
. c o u n ts /m in .

A n im a ls  g a i n in g  h a e m o g lo b in  
c o u n t s /m in .

1 1 8 .5 1 3 3 .7

1 3 .8 1 0 1 .3

4 1 2 .1 1 2 2 .3

1 3 .0 1 1 6 .3

6 1 0 .6 7 9 .81
1 1 .5 7 5 .3

1 1 .7 8 4 .0

.  ....... ..........................

3 .
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a p p r o x im a te ly  180  c o u n ts  p e r  m in u te  a f t e r  6 d a y s  ( t a b l e  12 ) 

Red a n im a l s  g av e  a p p r o x im a te ly  115 c o u n ts  p e r  m in u te  

a f t e r  1 d a y ;  a b o u t  th e  same a c t i v i t y  a f t e r  4 d a y s ,  an d  

a  lo v /e r  a c t i v i t y ,  a p p r o x im a te ly  80 c o u n ts  p e r  m in u te  a f t e r  

6 d a y s .  E v id e n t ly  th e  a n im a ls  i n  t h e  f l a s k  w ere  g e t t i n g  

l e s s  i r o n  th a n  th o s e  i n  t h e  t r o u g h .

A f t e r  b e in g  l e f t  i n  t a p  w a te r  f o r  an  h o u r  a l l  a n im a ls  

show ed a  l o s s  i n  t o t a l  a c t i v i t y  a n d  in  some a n im a ls  u p  to

t w o - t h i r d s  o f  t h e  a c t i v i t y  w as l o s t  ( t a b l e  13 ) .  Red
»

a n im a ls  d e f a e c a t e d  so o n  a f t e r  t r a n s f e r e n c e  t o  th e  t a p  

w a t e r ,  c o l o u r l e s s  a n im a ls  d id  n o t  do s o .  T h is  c o u ld  be 

a  sh o c k  r e a c t i o n  a n d  may a c c o u n t  f o r  th e  g r e a t e r  l o s s  i n  

a c t i v i t y  shown by some r e d  a n im a ls  a f t e r  w a s h in g , t l ia n  

w as show n by c o l o u r l e s s  a n im a l s .

E v id e n t ly  much o f  th e  a c t i v i t y  c o u n te d  i n i t i a l l y ,  was

t h a t  o f  c o n ta m in a te d  a re a s  s u c h  a s  e . g .  th e  l im b s  and/ ^

c a r a p a c e ,  a n d  i t  i s  n o t  c e r t a i n  t h a t  i r o n  h a s  b ee n  

a b s o rb e d  i n t o  t h e  b o d y . F o r t i l l s  r e a s o n  r a d io - a u to g r a p h s  

w e re  made i n  o r d e r  to  d e te r m in e  w h e th e r  an y  i n t e r n a l  

s t r u c t u r e s  c o n ta in e d  i r o n .



110

T a b le  1 3 .

The a c t i v i t y  o f  a n im a ls  b e f o r e  an d  a f t e r  w a s h in g .

A. C o lo u r le s s  a n im a ls

A c t i v i t y  b e f o r e B ackground A c t i v i t y  a f t e r B ack g ro u n d .
w e a k in g .

c o u n t s /m in . c o u n t s /m in .

w a s h in g . 

c o u n t s /m in . c o u n t s /m in .

1 1 1 .5 1 2 .7 7 9 .2 1 2 .3

1 3 7 .3 1 3 .7 1 0 8 .1 1 0 .7

1 5 5 .7 1 0 .7 1 1 8 .9 1 3 .9

2 0 7 .4 1 3 .1 9 5 .1 1 1 .7

1 5 4 .3 1 1 .2 5 0 .2 1 3 .1

1 7 7 .6 3 2 .0 6 9 .8 1 1 .3

B>AnimaIs  g a in in g  h aem og lob in .

A c t i v i t y  b e f o r e B ackground A c t i v i t y  a f t e r B ack g ro u n d .
w asm Jig

c o u n t s /m in . c o u n t s /m in .

w a s h in g .

c o u n t s /m in . c o u n t s /m in .

1 3 3 .7 1 3 .5 1 0 6 .6 1 3 .8

1 2 2 .3 1 2 .1 6 6 .1 1 3 .0

1 1 6 .3 1 3 .0 42 .8 1 3 .4

7 9 .8  , 1 1 .3 4 3 .4 1 1 .7

7 5 .3 1 0 .6 4 1 .3 1 1 .6

3 4 .0 1 1 .6 2 8 .6 1 3 .0



I l l

The m ethod  o f  a u to r a d lo g r a p h y  a s  a p p l i e d  t o  Da

M ethods i n  a u to r a d io g r a p h y  h a v e  b ee n  re v ie w e d  by 

B ourne ( 1962 ) .  U sin g  D a p h n ia # r a d io a u to g r a p h s  w e re  made i n  

t h e  f o l lo w in g  way# A nim als to  be u se d  w ere  w ashed  f o r  

24  h o u rs  i n  t a p  w a te r  a n d  t h e i r  a p p ro x im a te  a c t i v i t y  w as 

e s t im a te d #  T hey  w e re  th e n  f i x e d  in  n e u t r a l  lOjJ f o r m a l in  

f o r  24  h o u r s ,  w ash ed  i n  7 0 ^  a l c o h o l ,  d e h y d r a te d  to  

a b s o l u t e  a l c o h o l ,  and p la c e d  on a  c l e a n  g l a s s  p l a t e  t o  d ry #  

S in c e  i t  w as e s s e n t i a l  t o  th e  s u c c e s s  o f  t h e  m e th o d  t h a t  

no m o is tu r e  s h o u ld  r e m a in ,  th e  m a j o r i t y  o f  r a d io a u to g r a p h s  

h av e  been  made u s in g  a n im a ls  w h ic h  w e re  p la c e d  i n  an  o v e n , 

a t  3 6 ®C. f o r  2 0  m in u te s  to  d r y  th o ro u g h ly #  A f t e r  t h i s  

p e r io d  th e  a n im a ls  w ere  q u i t e  d ry  an d  b r i t t l e #  A n im als  

w e re  th e n  p la c e d  on  a  p h o to g r a p h ic  p l a t e  ( I l f o r d  t h i n  

f i l m ,  h a l f  to n e  N 5 9 ), f l a t t e n e d  w i t h  a  c l e a n  g l a s s  p l a t e  

a n d  k e p t  i n  c o n t a c t *  w i th  th e  e m u ls io n  by  p l a c in g  b o th  

p l a t e s  b e tw e en  w ooden s h e e t s  w h ic h  w ere  s c re w e d  f i r m l y  

t o g e t h e r # The l e n g t h  o f  e x p o s u re  v a r i e d  fro m  4 t o  11 

d a y s ,  th e  w h o le  a p p a r a tu s  w as k e p t  i n  a  c u p b o a rd  i n  th e  

d a r k  room#

R a d io a u to g ra p h s  w ere  made o f  c o l o u r l e s s  a n im a ls  

( f i g u r e  7 ) ,  w h ic h  h a d  b e e n  l i v i n g  i n  t r o u g h s  o f  w e l l  

K O r i g i n a l  c o n t a c t  m e th o d  w as t h a t  o f  H a m ilto n , 8 0 ^ 4- 

E ic h o r n  (1 9 4 0 )#
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a e r a t e d  w a te r  f o r  9 days#  ( 150 ml# t a p  w a te r#  0#9 ml# 

a c t i v e  f e r r i c  c h l o r i d e  s o l u t i o n ) ;  a n im a ls  g a in in g  

h a e m o g lo b in  ( f i g u r e  8 ) ,  v ü ilc h  h a d  b ee n  i n  p o o r ly  a e r a t e d  

w a te r  f o r  9 d ay s#  (1 5 0  m l# t a p  w a t e r .  0#9 ml# a c t i v e  f e r r i c  

c h l o r i d e  s o l u t i o n ) ;  a n im a ls  l o s i n g  h a e m o g lo b in  ( f i g u r e  9 ) ,  

w h ic h  h ad  been  rem o v ed  fro m  t h e  a c t i v e  f e r r i c  c h l o r id e  

s o l u t i o n  w hen r e d ,  an d  l e f t  i n  a e r a t e d  w a te r  f o r  5 d a y s  

i n  o r d e r  t h a t  th e y  m i ^ t  l o s e  h aem o g lo b in #

R e s u l t s  o f  a u t o r a d i o g r a p h i c  p ro c e d u re  i n  D a p h n ia #

C o l o u r l e s s  a n im a ls  ( a c t i v i t y  3 0  c o u n ts /m in * )  

e x p o s e d  f o r  4 d a y s ,  showed i r o n  i n  t h e  r e g io n  o f  th e  g u t  

lu m e n , i t  w as n o t  p o s s i b l e  t o  be  s u r e  i f  i r o n  was a l s o  i n  

th e  g u t  w a l l .  A g e n e r a l  s l i j ^ t  d a r k e n in g  o f  t h e  p l a t e  

s u g g e s te d  t h a t  a  s u r f a c e  c o n ta m in a t io n  may h av e  b e e n  

p r e s e n t  ( f i g u r e  7 . ) . .  A n im als  g a i n in g  h a e m o g lo b in  ( a c t i v i t y  

2 0  c o u n t s /m in .  ) e x p o s e d  f o r  4 d a y s  show ed a  w eak  

r e a c t i o n  i n  t h e  r e g i o n  o f  th e  g u t  lum en an d  i n  th e  e g g s .

The o u t l i n e  o f  t h e  body w as i n d i c a t e d  i n  t h e  p l a t e  ( f i g u r e  8 ) 

t h i s  c o u ld  h av e  b e e n  on t h e  s u r f a c e  o f  t h e  body  o r  p e rh a p s  

j u s t  u n d e r  i t  i . e .  i n  t h e  b lo o d ,  ^ in c e  t h e r e  i s  no  

a p p a r e n t  r e a s o n  why r e d  a n im a ls  s h o u ld  b e  m ore c o n ta m in a te d  

th a n  t h e  c o l o u r l e s s  a n i m a l s ,  t h i s  m ig h t w e l l  be i n  t h e  b lo o d .  

Two o t h e r  o b s e r v a t io n s  s u b s t a n t i a t e  t h i s .  A f t e r  f i x a t i o n  

b lo o d  a c c u m u la te s  i n  t h e  b r a c t s  o f  th e  t h o r a c i c  l im b s  i n
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RADIQAUTOœAPHS, SHOHIKQ RADIOACTIVE IRON IN DAPHNIA. 

P l a t e s  e x p o s e d  t o  r a d i o a c t i v e  a n lz ia l  f o r  4  d a y s*

F ig u r e  7# C o l o u r l e s s  an im a l*

g u t  lum en

D -o u rface
c o n ta m in a t io n

e g g s ?

F ig u r e  3* Anlm a,l g a i n in g  h a e m o g lo b in

i io ra c lc  lim b s

F ig u r e  9* A n im al l o s i n g  h aem o g lo b in *

/A g u t  lum en 

- S h e l l  g la n d

ih o ro c lc  llra b e
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some a n im a ls  I t h e s e  c o u ld  b e  c le a i* ly  s e e n  on  some 

r a d io a u to g r a p h s *  The s e c o n d  o b s e r v a t io n  i s  r e c o r d e d  

b e lo w  (p a g e  116)#

A n im als  l o s i n g  h a e m o g lo b in  ( a c t i v i t y  =£1= 2 0  c o u n t s /m i n . )
.

show v a r i a b l e  am o u n ts  o f  I r o n  I n  t h e  g u t  lu m en . I n  th e  l im b s  

and  I n  t h e  s h e l l  g l a n d .  T h is  w as I n d i c a t e d  on th e  p l a t e  

e x p o s e d  f o r  4 d a y s ,  b u t  v/as m ore c l e a r l y  s e e n  a f t e r  

e x p o s u re  f o r  b o th  7 an d  11  d a y s  ( f i g u r e  10 ) ,

No d a r k e n in g  o f  t h e  p h o to g r a p h ic  p l a t e  I n  th e  r e g i o n  

o f  th e  s h e l l  g la n d s  w as s e e n  when c o l o u r l e s s  a n im a ls  and  

a n im a ls  g a in in g  h a e m o g lo b in  w e re  e x p o se d  f o r  7 an d  11 d a y o . 

F a th e r  e v id e n c e  o f  t h e  p r e s e n c e  o f  r a d i o a c t i v e  i r o n  i n  t h e  

b lo o d  o f  r e d  a n im a l s .

T he t o t a l  a c t i v i t i e s  o f  3 a c t i v a t e d  r e d  a n im a ls  w h ic h
I

h ad  b e e n  w ash ed  i n  n o n - a c t iv e  t a p  w a te r  f o r  24  h o u r s ,  w ere  

co u n ted *  The c a r a p a c e s  v /ere  th e n  p i e r c e d  n e a r  t h e  p o s t e r o -  

d o r s a l  s p in e  an d  r e d  b lo o d  c o u ld  b e  s e e n  t o  l e a v e  th e  

a n im a ls *  D rops o f  t h i s  b lo o d  w ere  c o l le  c t e d  o n  f i l t e r ^  

p a p e r  an d  th e  a c t i v i t y  m e asu re d  a s  c o u n ts  p e r  m in u te .  I n

o r d e r  t o  make c o n d i t i o n s  c o m p a rab le  d u r in g  t h e s e  c o u n ts
\

a n im a ls  w ere  p la c e d  d i r e c t l y  on t h e  f i l t e r  p a p e r  v h e n  t h e i r  

a c t i v i t y  w as b e in g  c o u n te d .  I n s t e a d  o f  on th e  g l a s s  p l a t e  

a s  b e f o r e .

The r e s u l t s  ( t a b l e  14 ) show t h a t  I n  th e  3 a n im a ls
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RADIOAOTOœAPHS, SHOWING RADIOACTIVE IRON IN DAPHNIA. 

P l a t e s  e x p o s e d  t o  r a d i o - a c t i v e  a n im a ls  f o r  11 d a y s .  

- . F ig u re  1 0 .

A n im als  l o s i n g  h a e m o g lo b in .

h e l l  g la n d

I
I

g u tI

± h o r a c l c  l im b s

r\
- '!  -ti-gut

/ ,  / '
/  r " '  -' s h e l l  g la n d

^ ^ -4 :h o ra c ic  lim b s
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t e s t e d  much o f  th e  a c t i v i t y  was i n  t h e  b lo o d ,  s i n c e  th e  

c o u n t  o b ta in e d  f io m  th e  b lo o d  a l o n e ,  w as a lm o s t  e q u a l  t o  

t h a t  f  c r  t h e  w ho le  a n ia n a l . I t  i s  Imown t h a t  s e l f  a b s o r p t i o n  

o f  a c t i v i t y  o c c u r s  s o  t h a t  th e  c o u n t g iv e n  by  th e  b lo o d  

m ig h t be  d i s p r o p o r t i o n a t e l y  l a r g e .  S in c e  much o f  th e  

r a d i o a c t i v i t y  fro m  Fe®® i s  d e r i v e d  f ro m Y r a d ia t io n ,  how ever 

i t  i s  p r o b a b le  t h a t  l i t t l e  s e l f  a b s o r p t i o n  o c c u rs  a t  th e s e  

t h i c k n e s s e s ,  a n d  much o f  t h e  a c t i v i t y  i s  t h e r e f o r e  i n  t h e  

b lo o d .

T a b le  1 4 .

A c t i v i t y  o f  w h o le  a n im a l  an d  b lo o d  o n ly »  co m p a re d .

A c t i v i t y  o f  
r e d  a n i m l .

2 6 .4

4 2 .7

3 9 .1

B ack g ro u n d .

2 2 .7

1 4 .5

1 3 .0

A c t i v i t y  o f  
r e d  b lo o d .

2 1 .5

3 7 .0

3 5 .2

B a ck g ro u n d .

2 2 .7

1 1 .7

1 1 . 8

T hus i t  i s  p ro b a b le  t h a t  r a d i o - a c t i v e  i r o n  i s  a s s im i 

l a t e d  by a n im a ls  g a i n i n g  h a e m o g lo b in . ï ’u r t h e r ,  i r o n  i s  

a p p a r e n t l y  p r e s e n t  i n  t h e  b lo o d  a t  t h i s  t im e  an d  i n  th e  

s l i e l l  g l a n d  d u r in g  h a e m o g lo b in  l o s s .  I t  i s  n o t  c e r t a i n  

w h e th e r  c o l o u r l e s s  a n im a ls  a b s o r b  r a d i o a c t i v e  i r o n ,  i t  

h a s  o n ly  b e e n  i d e n t i f i e d  w i t h  c e r t a i n t y  i n  th e  g u t  lu m en .
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When c o l o u r l e s s  a n im a ls  an d  a n im a le  g a in in g  h a e m o g lo b in  

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

a n im a ls  a c q u i r e  t h e  g r e a t e r  a c t i v i t y  an d  l e s s  o f  t i l l s  i s  

re m o v a b le  b y  w a sh in g  p ro b a b ly  b e c a u s e  r e d  a n im a ls  d e f a o o a to  

an d  so  l o s e  a c t i v i t y  when p la c e d  i n  a e r a t e d  w a t e r .

.Li
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2 .  THB BSTEIATION OF RADIOACTIVE IRON IN  WATER IN WHICH 
DAPHNIA m  LOSING HAEMOGLOBIN.

A c t i v a t e d ,  c o l o u r l e s s  a n d  r e d  a n im a ls  w ere  o b ta in e d  a s  

d e s c r ib e d  on  page 107  .  A l l  a n im a ls  w e re  th e n  l e f t  i n  t a p  

w a te r  f o r  2 4  h o u r s  i n  o r d e r  t o  rem ove s u r f a c e  c o n ta m in a t io n .  

The r e d  a n im a ls  w e re  th e n  b  f t  t o  lo s e  h a e m o g lo b in  i n  4 

c o v e re d  t r o u g h s .  E a c h  t r o u g h  c o n ta in e d  30  ml# t a p  w a t e r ,

2  i n d i v i d u a l s  an d  a  l i t t l e  y e a s t  a s  f o o d .  C o lo u r le s s  

a n im a ls  a s  c o n t r o l s ,  w ere  s e t  u p  i n  a  s i m i l a r  m a n n e r . S am ples 

o f  w a te r  w are  rem oved  fro m  e a c h  f l a s k  a f t e r  t h e  f o u r t h  an d  

s e v e n th  day  an d  t h e  a c t i v i t y  o f  th e  w a te r  wasv e s t i m a t e d .

T h is  w as d o n e  by p l a c in g  th e  w a te r  ( a b o u t  8  m l . )  i n  a  

G e ig e r - M u l le r  l i q u i d  c o u n t e r ,  an d  r e c o r d in g  i t s  a c t i v i t y  

a s  c o u n t s  p e r  m in u te .  The a v e ra g e  o f  t e n  c o n s e c u t iv e  

r e a d in g s  w as ta k e n  t o  be  t h e  a c t i v i t y  o f  t h e  w a t e r .  The 

b a c k g ro u n d  a c t i v i t y  w as c o u n te d  b e f o r e  e a c h  e x p e r im e n ta l  

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

e s t i m a t i o n s .

R e s u l t s .

The a c t i v i t y  o f  t h e  w a te r  i n  th e  c o n t r o l  an d  

e x p e r im e n ta l  t r o u g h s ,  a n d  t h a t  o f  t h e  b a c k g ro u n d , i s  

r e c o r d e d  i n  t a b l e  1 5 .
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TABIE 1 5 .

ACTIVITY OP WATER CONTAINING COLOÜRLESS ANIMAIS AND A im iA IS 

LOSING HAHÆOQLOBIN a f t e r  4 d a y s .  I n  o o u n ts  p e r  m in u te .

COLOURIESS BACKŒ10TJND LOSING HAEM OG10BIN BACKŒîOUHD.

2 4 .5 2 9 .0 2 1 . 8 2 2 . 8

2 2 .5 2 2 . 2 2 0 .4 2 2 . 0

2 2 .3 1 8 . 1 2 2 . 1 2 1 . 0

2 2 .3 2 0 .3 2 4 .6 2 4 .9

ACTIVITY OF WATER CONTAINING COLOUR LESS ANIMAIS AIHi AIIII.1AIS 

LOSING HAES".OGLOBIN a f t e r  7  d a y s ,  i n  c o u n ts  p e r  m in u te .

GOLODRIESS BACKGROUND LOSING BAEC«IOGLOBIN BACKGROUND

2 3 .6 1 9 .6 3 0 .5 2 4 .4

2 1 . 6 2 0 .4 2 8 .4 2 5 .9

2 3 .6 2 3 .9 2 6 .9 2 7 .1

2 5 .7 2 3 .1 2 5 .4 2 1 .3
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A f t e r  4  d a y s *  t h e  a v e ra g e  a c t i v i t y  o f  t h e  f o u r  

c o n t r o l s  a n a  e x p e r im e n ta l  t r o u g h s *  a n d  th e  b ac k g ro u n d *  

w as a s  f o l l o w s : -

C o l o u r l e s s  ( C o n t r o l )  2 8 .9  c o u n ts  p e r  m in u te  

B ackground  2 2 .4  * « ■

l o s i n g  h a e m o g lo b in  2 2 . 2  " "

B ack g ro u n d  2 2 .6  " '  "

A f t e r  4 d a y s*  t h e  a c t i v i t y  o f  th e  w a te r  i n  w h ic h  

D a ik in ia  w as l o s i n g  h a e m o g lo b in  w as t h e r e f o r e  n o t  ab o v e  

t h a t  o f  tb e  b a c k g ro u n d  o r  t h a t  o f  t h e  c o n t r o l .  A f t e r  

7  d a y s  t h e  a v e ra g e  a c t i v i t y  o f  t h e  f o u r  c o n t r o l  an d  

e x p e r i m e n ta l  t r o u g h s  en d  th e  b ac k g ro u n d *  w as a s  f o l l o w s : -  

C o l o u r l e s s  ( C o n t r o l )  2 3 .6  c o u n ts  p e r  m in u te

B ack g ro u n d  2 1 .7  " " "

l o s i n g  h a e m o g lo b in  2 7 .8  " ", "

B ack g ro u n d  2 4 .6  "  " "

A f t e r  7 d ay s*  th e  a v e ra g e  a c t i v i t y  o f  th e  w a t e r ,  i n  

i f t i i c h  D ap h n ia  w as l o s i n g  h a e m o g lo b in *  e x c e e d e d  t h a t  o f  

th e  c o l o u r l e s s  c o n t r o l s  by  4 .2  c o u n ts  p e r  m i n u t e . . T he 

a v e ra g e  b a c k g ro u n d  c o u n t  h ad  a l s o  in c r e a s e d *  by  3 . 1  c o u n ts  

p e r  m in u te .  T hough a  d i f f e r e n c e  i s  a p p a r e n t  b e tw e en  t h e  

c o n t r o l  a n d  e x p e r i m e n ta l  a n im a ls  i t  i s  e x t r e m e ly  s m a l l .

I n  v ie w  o f  th e  low a c t i v i t y  c o u n ts  t h e  e x p e r im e n t  

w as r e p e a t e d  w i t h  tw ic e  th e  num ber o f  i n d i v i d u a l s  i . e .

4  a n im a ls  i n  3 0  m l; w a te r  i n  e a c h  t r o u g h .  Two t r o u g h s
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I n s t e a d  o f  f o u r  w ere  u s e d  h o w e v e r . The w a te r  was t e s t e d  

a f t e r  1 1  d a y s*  when th e  r e d  a n im a ls  h ad  l o s t  a lm o s t  a l l  

t h e i r  b lo o d  h a e m o g lo b in . The r e s u l t s  a r e  r e c o r d e d  i n  t a b l e  

1 6 . .

TABIE 16

ACTIVITY OF WATER CONTAINING COLOURIESS AHDlAIfi AKD ANB1AIS 

IXXSIMG HABilOOIOBIN* a f t e r  1 1  d a y s  * i n  c o u n ts  p e r  m in u te .

COLOORIESS BACKGROUm) LOSING HAEIilOGLOBIN BACIOæOUlIDi»

1 9 .4 1 9 .2 2 5 .2 2 0 .4

2 0 . 0 1 9 .4 2 1 . 0 1 7 .2

A f t e r  11  d ay s*  t h e  a v e r a g e  a c t i v i t y  o f  t h e  w a t e r ,  i n  

w h ic h  D a p h n ia  w as l o s i n g  h ae m o g lo b in *  e x c e e d e d  t h a t  o f  th e  

c o l o u r l e s s  c o n t r o l s  b y  3 .4  c o u n ts  p e r  m in u te .  T he a v e ra g e  

b a c k g ro u n d  a c t i v i t y  h a d  n o t  in c r e a s e d *  b u t  h a d  d e c r e a s e d  

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

I t  i s  t h u s  e v i d e n t  t h a t  w hen i n d i v i d u a l s  o f  D ap h n ia  

a r e  l o s i n g  h a e m o g lo b in , w i t h  r a d i o a c t i v e  i r o n  i n  t h e  s h e l l  

g l a n d s ,  a  s l i g h t  i n c r e a s e  o f  a c t i v i t y  c a n  be r e c o r d e d  i n  

t h e  w a t e r ,  a f t e r  a  p e r io d  o f  11  d a y s .  I t  i s  a l s o  e v id e n t  

t h a t  an  a c c u r a t e ,  q u a n t i t a t i v e  e s t i m a t e  o f  th e  i n c r e a s e  

c a n  o n ly  be d e te r m in e d  i f  m ore d a t a  a r e  o b ta in e d .  T h is  

m ig h t  b e  p o s s i b l e  i f  m ore t r o u g h s  w ere  u s e d ,  an d  th e  num ber 

o f  c o n s e c u t iv e  one m in u te  r e a d i n g s  i n c r e a s e d  f ro m  1 0  

t o  p e r h a p s  3 0 .  T h is  m ig h t  rem ove th e  e f f e c t  o f  th e  ' 

o c c a s s i o n a l  h i g h  b a c k g ro u n d  c o u n t .

R a d io a u to g ra p h s  h a v e  c o n f irm e d  th e  p r e s e n c e  o f  i r o n  

i n  t h e  b lo o d  an d  e g g s  o f  a n im a ls  w h ic h  h a v e  h a e m o g lo b in . 

C o l o u r l e s s  a n im a ls  ca n  becom e r a d i o a c t i v e ,  b u t  i t  h a s  

n o t  b e e n  p o s s i b l e  to  d e te r m in e  th e  i r o n  d i s t r i b u t i o n  i n  

t h e s e  a n im a ls  by  t h i s  m e th o d . A n im a ls  w h ic h  a r e  l o s i n g  th e  

b lo o d  p ig m e n t show r a d i o a c t i v e  i r o n  i n  t h e  s h e l l  g l a n d s .
.  i

The s tu d y  h a s  t h e r e f o r e  c o n f irm e d  th e  i n o r g a n i c  i r o n  

te c h n iq u e *  i n  t h a t  i r o n  h a s  b e e n  show n i n  th e  e x c r e t o r y  

o r g a n s  w hen th e  h a e m o g lo b in  o f  t h e  b lo o d  i s  d e c r e a s in g *  

P r e l im i n a r y  w ork  on  th e  t r a c i n g  o f  t h i s  i r o n  i n t o  t h e  

w a te r  h a s  s u g g e s te d  t h a t  t h e  i r o n  i s  e x c r e t e d  suid s o  

l e a v e s  th e  body#
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DISCUSSION.

The s t u d i e s  made h a v e  s u g g e s te d  m ore t h a n  one 

p o s s i b i l i t y  f o r ^ a )  th e  s i t e  o f  a b s o r p t i o n  o f  i r o n ,  b )  t h é  

v a le n c y  o f  t h e  i r o n  id ien  a b s o r b e d ,  c )  t h e  s i t e  o f  s y n t h e s i s  

o f  h a e m o g lo b in  and  d )  th e  s i t e  o f  b reak d o w n  o f  h a e m o g lo b in .

The p o s s i b i l i t i e s  a r e  d i s c u s s e d  b e lo w .

The f o r e  an d  h in d  g u t  w a l l s  c o n t a i n  no d e t e c t a b l e  i r o n ,  

an d  th u s  may be  assum ed  to  p la y  n o  p a r t  i n  th e  a b s o r p t i o n  

o f  i r o n .  The m id  g u t  w a l l s  c o n t a i n  b o th  i n o r g a n ic  an d  

o r g a n ic  i r o n i  a b s o r p t i o n  c l e a r l y  t a k e s  p la c e  h e r e .  T he 

p a r t i c u l a t e  g u t  c o n t e n t s  a r e  m o s t ly  fo u n d  to w a rd  th e  h in d  

r e g i o n  o f  th e  m id g u t ,  t h e  a n t e r i o r  r e g io n  o f  t h e  m id g u t  

c o n t a i n s  no  s o l i d  c o n t e n t s  a f t e r  f i x a t i o n  an d  n o  d e t e c t a b l e  

I r o n .  T h u s , i r o n  w h ic h  i s  a b s o rb e d  by th e  a n t e r i o r  m id - g u t  

w a l l s  m u s t p a s s  fo rw a rd s  f ro m  th e  s o l i d  c o n t e n t s  b e h in d .

T h is  p a r a l l e l s  th e  c o u r s e  ta k e n  b y  t h e  f o o d ,  w h ic h  I s  

d i g e s t e d  p o s t e r i o r l y  w h i le  a b s o r p t i o n  o c c u r s  i n  th e  a n t e r i o r  

m id  g u t  a lo n e  (von  Dehn 1 9 3 0 ) .  Some o f  th e  i r o n  p r e s e n t

in  t h e  m id  g u t  w a l l s ,  a d j a c e n t  t o  l a r g e  q u a n t i t i e s  o f  i r o n
/

I n  t h e  g u t  lu m e n , may h a v e  d i f f u s e d  fro m  t h e  lum en I n t o  

th e  g u t  w a l l  d u r in g  th e  t r e a t m e n t ;  t h i s  c o u ld  n o t  h av e  

o c c u r r e d  i n  t h e  a n t e r i o r  m id g u t#

The v a le n c y  o f  th e  i r o n  i n  some p a r t s  o f  t h e  g u t  w a l l s  

i s  a p p a r e n t l y  d e te r m in e d  by th e  a e r a t i o n  o f  t h e  o u t s i d e  w a te r#
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When a n im a ls  a r e  i n  p o o r ly  a e r a t e d  w a t e r ,  th e  i r o n  i n  th e  

m id g u t  w a l l s  ( e x c e p t  c a e c a ) ,  i s  i n  t h e  f e r r o u s  fo rm .

When a n im a ls  a r e  i n  w e l l  a e r a t e d  w a te r  th e  i r o n  i n  t h e  m id  

g u t  w a l l s  ( e x c e p t  c a e c a ) ,  i s  p a r t l y  f e r r i c  i r o n  b u t  a l s o ,  

i n  p a r t  f e r r o u s  i ro n #  The v a le n c y  o f  t h e  i r o n  i n  t h e  g u t  

c a e c a  h o w e v e r , i s  n o t  r e l a t e d  t o  t h e  a e r a t i o n  o f  th e  w a t e r ;  

f e r r i c  i r o n  may o c c u r  h e r e  when t h e  v /a te r  i s  e i t h e r  w e l l  o r  

p o o r ly  a e r a t e d .  L arg e  q u a n t i t i e s  o f  f e r r i c  i r o n  o c c u r  when 

th e  h a e m o g lo b in  c o n t e n t  o f  t h e  b lo o d  i s  c h a n g in g  i . e .  d u r in g  

g a i n  a n d  l o s s  o f  h a e m o g lo b in ; b u t  n o t  w hen th e  h a e m o g lo b in  

c o n t e n t  i s  s t e a d y  o r  n e g l i g i b l e #  A t t h e s e  t im e s  th e  

q u a n t i t y  may be  s m a l l  o r  n e g l i g i b l e  a n d  may be f e r r o u s  o r  

f e r r i c  i r o n #

I t  i s  n o t  known i n  w h a t fo rm  i r o n  i s  a b s o rb e d  by 

D a p h n ia . I n  m an, d i v a l e n t  i r o n  i s  m ore r e a d i l y  a b s o rb e d  

th a n  t h e  t r i v a l e n t  fo rm  ( P i r r i e  1950) an d  i t  i s  n o t  c e r t a i n  

why t h i s  s h o u ld  be  so# I t  may b e  t h a t  f e r r i c  s a l t s  m u s t 

be c h a n g e d  t o  t h e  f e r r o u s  s t a t e  b e f o r e  a b s o r p t i o n ;  o r  b o th  

fo rm s may be a b s o rb e d  t o  an  u n e q u a l  d e g r e e ;  o r  f e r r i c  i r o n  

may b e  l e s s  a v a i l a b l e  f o r  a b s o r p t i o n  b e c a u s e  i t  m ore 

r e a d i l y  fo rm s  i n s o l u b l e  com pounds i n  th e  g a s t r o - i n t e s t i n a l  

t r a c t  (M oore e t  a l . ,  19 4 4 )#  A p p a r e n t ly  o t h e r  mammals s u c h  

a s  t h e  d o g  a n d  th e  r a t  a b s o r b  b o th  i r o n  fo rm s  e q u a l ly  w e l l ,  

an d  t h i s  c o u ld  be s o  i n  D a p h n ia .
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The m echan ism  o f  I r o n  a b s o r p t i o n  I n  mammals h a s  b een  

e n v is a g e d  by G ra n ic k  (1 9 4 6 ) i n  t h e  f o l lo w in g  w ay : i r o n  ca n

be a b s o rb e d  o n ly  when t h e  p r o t e i n  to  w h ic h  i t  becom es 

a t t a c h e d  i n  th e  g u t  w a l l  i . e #  a p o f e r r i t i n ,  i s  n o t  f u l l y  s a t u r 

a t e d  w i th  i r o n .  An i n t e r n a l  c a l l  f o r  i r o n  i s  m e t by r e l e a s e  

o f  i r o n  f ro m  th e  s a t u r a t e d  f e r r i t i n  i n  t h e  g u t  w a l l  so  t h a t  

m ore i r o n  can  th e n  be a b s o rb e d . E v id e n t ly  th e  m echan ism  

i s  d i f f e r e n t  i n  D a p h n ia ,  s in c e  no  f e r r i t i n  c a n  be  d e te c te d #

The g u t  o f  D aphn ia  i s  ev e ry w h e re  b a th e d  by b lo o d ,  so  

t h a t  i r o n  m u s t p a s s  th r o u g h  t h e  b lo o d  s p a c e  i n  o r d e r  t o  

r e a c h  o th e r  o r g a n s .  I n o r g a n ic  i r o n  i s  found  i n  th e  b lo o d  

when a n im a ls  l i v e  i n  p o o r ly  a e r a t e d  w a t e r ,  t h i s  i s  f e r r o u s  

i r o n ;  no  in o r g a n ic  f e r r i c  i r o n  i s  fo u n d  i n  th e  b lo o d . T h is  

c o u ld  be b e c a u se  f e r r i c  i r o n  more r e a d i l y  fo rm s co m p lex es w i t h  

o th e r  com pounds (H eubner 1 9 2 6 ) ,  an d  so  o c c u rs  i n  th e  b lo o d  

a s  o r g a n ic  i r o n  a l o n e .  The o r g a n ic  i r o n  s tu d y  d id  n o t  g iv e  

a  s a t i s f a c t o r y  a n sw e r t o  t h i s ,  s i n c e  p ro b a b ly  ow ing t o  

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

Qy a n a lo g y  w i t h  v e r t e b r a t e s ,  s y n t h e s i s  o f  h ae m o g lo b in  

m ig h t o c c u r  i n  D ap h n ia  a t  a  s i t e  c o n t a in in g  i r o n ,  e i t h e r  a s  

s t o r e s  i n  t h e  f rm  o f  f e r r i t i n  o r  n ew ly  a b s o rb e d  i n o r g a n i c ,  

d i f f u s i b l e  i r o n .  S i m i l a r l y ,  h a e m o g lo b in  w ou ld  be  e x p e c te d  

t o  be p r e s e n t  th o u g h  p e rh a p s  i n  s m a l l  q u a n t i t i e s #  No 

f e r r i t i n  h a s  b e e n  fo u n d  i n  D ap h n ia  how ever an d  th e  v a r i a b l e
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r e a c t i o n  o f  a n im a ls  c o l l e c t e d  fro m  t h e  f i e l d ,  s u g g e s t s  

t h a t  c o n s t a n t  i r o n  s t o r e s  a r e  n o t  m a in ta in e d ,  b u t  t h a t  

i r o n  i n  t i s s u e s  i s  r e l a t e d  t o  th e  q u a n t i t y  o f  i r o n  

a v a i l a b l e  i n  th e  fo o d  an d  w a te r*  The o rg a n  o f  s y n t h e s i s  

o f  h a e m o g lo b in  may t h e r e f o r e  show i n o r g a n ic  i r o n  an d  haem  

ir o n *  T h is  c o n d i t i o n  i s  f u l f i l l e d  by  t h r e e  s t r u c t u r e s  o n l y ,  

th e  a n t e r i o r  m id g u t  w a l l s ,  t h e  f a t  c e l l s  and  t h e  o v a r i e s  * 

T hough t h e  a p p e n d ag e  m u s c le s  so m e tim e s  c o n t a i n  b o th  

i n o r g a n i c  an d  haem  i r o n ,  t h e  i n o r g a n ic  i r o n  i s  i n  t h e  

s a r c o p la s m  w h i le  t h e  haem  i r o n  i s  i n  t h e  m y o f i b r i l s *

The s y n t h e s i s  o f  b lo o d  h a e m o g lo b in  may o c c u r  i n  t h e  

a n t e r i o r  g u t  w a l l s *  I t  i s  l i k e l y  h o w ev er t h a t  t h e  haem  

h e r e  i s  n o t  h a e m o g lo b in  b u t  a  h aem ochrom ogen , w h ic h  h a s  now 

b e e n  fo u n d  i n  t h e  g u t  w a l l s  ( F h e a r ,  p e r s o n n e l  c o m m u n ic a tio n )  

a s  w e l l  a s  i n  t h e  lum en ( f o x  19 4 8 )*  T he b lu e  r e a c t i o n  t o  

c y a n o l  c o u ld  h a v e  b e e n  g iv e n  b y  t b i s *  No o x y h ae m o g lo b ln  

b a n d s  h a v e  b e e n  i d e n t i f i e d  i n  t h e  a n t e r i o r  g u t  w a l l s  an d  

i n  t h e  a b s e n c e  o f  o t h e r  e v id e n c e  i t  i s  s im p le r  t o  assum e 

t h a t  t h e  i n o r g a n ic  i r o n  i n  t h e  a n t e r i o r  c a e c a  i s  n ew ly  

a b s o rb e d  i r o n  w h ic h  w i l l  b e  u s e d  f o r  s y n t h e s i s  e ls e w h e re *

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

s y n t h e s i s *  B o th  h a v e  i n o r g a n i c  an d  haem  i r o n  d u r in g  th e  

s y n t h e s i s  o f  b lo o d  h a a n o g lo b in *  On f o u r  s e p a r a t e  o c c a s s i o n s ,  

o x y h a e m o g lo b in  h a s  b ee n  i d e n t i f i e d  s p e c t r o s c o p i c a l l y  i n  th e
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f a t  c e l l s ,  w h ic h  h av e  a p p e a re d  q u i t e  r e d .  The n o rm a l 

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

be b e c a u s e  t h e  r a t e  o f  t r a n s f e r e n c e  o f  haem i n t o  th e  b lo o d  

i s  h i g h .  The o v a r i e s  a r e  known t o  c o n t a i n  h a e m o g lo b in .

S in c e  b o t h  t h e s e  o r g a n s  a r e  c o n s t a n t l y  b a th e d  b y  b lo o d  th e y  

c o u l d  be th e  s i t e s  o f  s y n t h e s i s  o f  b lo o d  h a e m o g lo b in .

B e fo re  c o m p le t in g  th e  d i s c u s s i o n  a s  t o  t h e  s i t e  o f  s y n t h e s i s  

o f  h a e m o g lo b in , i t  i s  i n t e r e s t i n g  t o  r e c a l l  t h a t  a  

s y n t h e s i s  o f  o t h e r  haem  ccxnpounds a c c o m p a n ie s  h a e m o g lo b in  

s y n t h e s i s .  A t t h e  p r e s e n t  m om ent i t  i s  im p o s s ib le  t o  s a y  

nil e t h e r  t h i s  o c c u r s  i n  s i t u  i n  e a c h  o r g a n ,  o r  i n  one 

s t r u c t u r e  a l o n e .  I t  i s  f i r s t  n e c e s s a r y  t o  c o n f i r m  a  

q u a n t i t a t i v e  i n c r e a s e  i n  haem* I t  h a s  h ow ever b e e n  o u t s i d e  

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

haem  a t  low  o x y g e n , i n d i c a t e d  by  t l ie  c y a n o l  m ethod*  I t  i s  

t h e r e f o r e  p ro p o s e d  t h a t  a  s y n t h e s i s  o f  h a e m o g lo b in  o c c u r s  

i n  th e  f a t  c e l l s  a n d  p e rh a p s  a l s o  i n  th e  o v a r y .

The m o s t i n t e r e s t i n g  an d  s u r p r i s i n g  r e s u l t s  h a v e  b e e n  

show n f±»om t h e  s tu d y  o f  a n im a ls  w h ic h  a r e  l o s i n g  h a e m o g lo b in . 

A b o u t t h r e e  t o  f o u r  d a y s  a f t e r  h a e m o g lo b in  l o s s  h a s  b e e n  

i n i t i a t e d ,  l a r g e  q u a n t i t i e s  o f  i n o r g a n i c  i r o n  a r e  p r e s e n t  

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

s h e l l  g la n d s *  The P r u s s i a n  b lu e  r e a c t i o n  g iv e n  by th e  g u t  

c a e c a  a n d  f a t  c e l l s  i s  m ore i n t e n s e  a t  t h i s  t im e  th a n  a t
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a n y  o t h e r  an d  th e  r e a c t i o n  I n  th e  s h e l l  g la n d  o c c u r s  a t  no 

o t h e r  tim e #  T h is  r e l e a s e  o f  i n o r g a n i c  i r o n  a c c o m p a n ie s  th e  

l o s s  o f  h a e m o g lo b in  a n d  th e  i r o n  may w e l l  be  d e r i v e d  f ro m  i t #  

A g e n e r a l  d e c r e a s e  i n  haem  com pounds a t  t h i s  t im e  i s  

i n d i c a t e d  by t h e  c y a n o l  t e c h n iq u e ,  so  t h a t  some o f  th e  i r o n  

c o u ld  h a v e  o r i g i n a t e d  f ro m  t h e  b reak d o w n  o f  o t h e r  haem  

com pounds# I n  w h ic h  o f  t h e s e  o rg a n s  d o e s  h a e m o g lo b in  

b reak d o w n  t a k e  p la c e ?  R e s u l t s  h a v e  i n d i c a t e d  t h a t  t h e  g u t  

c a e c a  a r e  e x c r e t i n g  i r o n  a t  t h i s  t im e ,  s i n c e  i n  th e  a b s e n c e  

o f  i r o n  i n  th e  g u t  lu m e n , i r o n  i s  s t i l l  fo u n d  i n  t h e  g u t  

c a e c a #  The i r o n  i n  t h i s  p a r t  o f  th e  g u t  may t h e r e f o r e  be 

r e l e a s e d  f ro m  h a e m o g lo b in  b reak d o w n  e l s e w h e r e ,  t o  be  

s u b s e q u e n t ly  e x c r e t e d  b y  th e  g u t  c a e c a #

I t  i s  p r o b a b le  t h a t  a  b reak d o w n  o f  h a e m o g lo b in  t a k e s  

p la c e  i n  t h e  f a t  c e l l s #  More i r o n  i s  show n i n  t h e s e  c e l l s  

d u r in g  lia e m o g lo b in  l o s s  th a n  a t  an y  o t h e r  t i m e ,  som e o f  

t h i s  c o u ld  be  i r o n  w h ic h  h a s  b e e n  c o n v e r t e d  t o  t h e  t r i v a l e n t  

f ro m  th e  b i v a l e n t  fo rm , f o l lo w in g  t r a n s f e r e n c e  t o  a e r a t e d  

w a te r*  The r e s u l t s  o f  a  s h o r t  e x p e r im e n t ,  i n d i c a t e  h o w e v e r , 

t h a t  some o f  t h i s  i r o n  h a s  come fro m  a n o t h e r  s o u r c e ,  

p r o b a b ly  h a e m o g lo b in *  Red a n im a ls  w h ic h  h a v e  n o  in o r g a n i c  

i r o n  i n  t h e  f a t  c e l l s ,  c a n  be o b ta in e d  by f e e d i n g  th em  o n  

C h l o r e l l a  a l o n e .  I f  t  e s e  r e d  a n im a ls  a r e  th e n  t r a n s f e r r e d  

t o  a e r a t e d  w a t e r ,  i r o n  o n ce  a g a i n  a p p e a r s  i n  q u a n t i t y  i n  th e
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f e r r i c  form  i n  th e  f a t  c e l l s ,  * e n  th e  h a e m o g lo b in  c o n t e n t  

o f  th e  b lo o d  f a l l s .  T h is  c o u ld  n o t  h a v e  b ee n  a  r e s u l t  o f  

th e  d i r e c t  o x i d a t i o n  o f  i n o r g a n i c  i r o n  a l r e a d y  p r e s e n t ,  n o r  

c o u ld  i t  h av e  b e e n  a b s o r b e d  f ro m  t h e  fo o d  s in c e  no  fo o d  w as 

a d d e d  when t h e  a n im a ls  w e re  t r a n s f e r r e d  to  a e r a t e d  w a t e r .

T h is  s u g g e s t s  t h e r e f o r e  t h a t  th e  f e r r i c  i r o n  i s  r e l e a s e d  f r o n  

a n o t h e r  s o u r c e ,  p r o b a b ly  fro m  t h e  b reak d o w n  o f  h aem o g lo b in *  

One f u r t h e r  p o i n t  s u p p o r t s  t i i i s  h y p o th e s i s *  The r e a c t i o n  

o f  th e  f a t  c e l l s  t o  c y a n o l ,  i s  s t r o n g e r  w hen h a e m o g lo b in  i s

b e in g  l o s t  f ro m  t h e  b lo o d ,  th a n  a t  a n y  o t h e r  tim e*  T h is

c o u ld  be  h a e m o g lo b in  a w a i t i n g  breakdow n*

T he s h e l l  g l a n d s  a l s o  c o n t a i n  i r o n  w hen  h a e m o g lo b in  

i s  b e in g  l o s t  f ro m  th e  body* T he p r e s e n c e  o f  i r o n  i n  t h e  

e x c r e t o r y  o rg a n s  s u g g e s t s  t h a t  i r o n  m ig h t  be  e x c r e te d *

F u r t l i e r ^ t h e  i r o n  i s  p r e s e n t  i n  t h e  lu m e n , a s  w e l l  a s  i n  t h e

w a l l s  o f  t h e  s h e l l  g l a n d s ,  a n d  i n  t h a t  p a r t  o f  t h e  tu b u le  

n e a r e s t  t h e  o r i f i c e ,  n a m e ly , t h e  v e s i c l e *  Some i r o n  m u s t 

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

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

f ro m  t h e  s h e l l  g la n d  when h a e m o g lo b in  h a s  l e f t  th e  body*

I t  h a s  b ee n  p o s s i b l e ,  b y  a s h in g  a n i m a l s ,  t o  show a  

d e c r e a s e  i n  t h e  t o t a l  i r o n  i n  t h e  body  a f t e r  h a e m o g lo b in  

h a s  g o n e  fro m  t l io  b lo o d *  I t  i s  known t h a t  some i r o n  i s  

l o s t  # i e n  h a e m o g lo b in  p a s s e s  i n t o  t h e  e g g s  s o  t h i s  knov ;ledge
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o f  a  d e c r e a s e  i n  t o t a l  i r o n ,  d o e s  n o t  c o n f i n a  a  l o s s  o f  

i r o n ,  o t h e r  t h a n  t h a t  i n  eg g s#  An a t t e m p t  w as made t o  u se  

m a le s  f o r  t h e  a s h in g  a n a l y s i s ,  w hen t h e r e  w o u ld  be no  

c o m p l ic a t io n  o f th e  l o s s  o f  i r o n  th r o u g h  eg g s#  The maximum 

num ber o f  m a le  D a p h n ia  a v a i l a b l e  a t  a n y  one t im e  h o w e v e r, 

w as 1 2 0 ,  i n s u f f i c i e n t  f o r  a n a l y s i s #

I t  h a s  b e e n  e x c e e d in g ly  d i f f i c u l t  t o  p ro v e  a n  e x c r e t i o n  

o f  i r o n ,  u s in g  q u a n t i t a t i v e  m e th o d s#  A th io o y a n a te  m ethod  

w as n o t  s u f f i c i e n t l y  s e n s i t i v e #  The r a d i o a c t i v e  i r o n  s tu d y  

h o w e v e r , y i e l d e d  r e s u l t s  w h ic h  s u p p o r t  th e  h y p o th e s i s  t h a t  

i r o n  i s  e x c r e t e d ,  b u t  i t  h a s  n o t  b een  p o s s i b l e  t o  o b t a i n  

a n  a c c u r a t e  a s s e s s m e n t  o f  t h e  q u a n t i t y  e x c r e te d #

I s  h a e m o g lo b in  b ro k e n  down i n  t h e  s h e l l  g la n d ?  The 

p r e s e n c e  o f  l a r g e  d e p o s i t s  o f  i r o n  m akes th e  e x c r e t o r y  o rg a n s  

a s  l i k e l y  s i t e s  o f  h a e m o g lo b in  b reak d o w n  a s  t h e  f a t  c e l l s ,  

e s p e c i a l l y  s i n c e  i n o r g a n i c  i r o n  i s  fo u n d  h e r e  a t  no  o t h e r  

t i m e # The s h e l l  g l a n d s  seem  f r e q u e n t l y  t o  c o n t a i n  haem  

com p o u n d s, b u t  t h e s e  may be o x i d a t i v e  haem  enzym es a n d  n o t  

h a e m o g lo b in  a w a i t in g  breakdow n#

The i r o n  i n  t h e  w a l l  o f  t h e  l a b y r i n t h  o f  t h e  s h e l l  

g la n d s  c o u ld  be i r o n  a w a i t in g  e x c r e t i o n  o r  i r o n  r e a b s o r b e d  

f ro m  th e  lum en  o f  th e  g la n d #  I f  th e  l a t t e r  w ere  s o  D a p h n ia  

w o u ld  be  c o n s e r v in g  i r o n ,  a s  d o e s  th e  mammal# I f  r e a b s o r p t i o n  

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

i I
‘ i 1
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o n ly  p e r t  o f  t h e  g la n d  w h ic h  c a n  r e a b s o r b  th e  i r o n *

S i m i l a r l y ,  t h e  l a b y r i n t h  i s  t h e  o n ly  p a r t  o f  t h e  g la n d  w h ic h  

e x c r e t e s  i r o n  i n t o  t h e  lu m e n , s in c e  th e  s a c c u l e  c o n t a i n s  

no  i r o n  an d  t h e  v e s i c l e  c o n t a in s  no  i r o n  i n  t h e  w a l l s *  I t  

i s  d i f f i c u l t  t o  c o n c e iv e ,  h o w e v e r , t h a t  th e  i r o n  i n  t h e  

lu m en  o f  th e  v e s i c l e  i s  m e re ly  a n  a c c i d e n t a l  e s c a p e  o f  i r o n  

w h ic h  c o u ld  n o t  be a b s o rb e d  i n  th e  l a b y r i n t h *  A l l  th e  

e v id e n c e  a v a i l a b l e  s u g g e s t s  t h a t  some i r o n  i s  e x c r e t e d  

a n d  a l l  t h e  i r o n  i n  t h e  g la n d  n a y  we U  h av e  t h e  sam e f a t e  *

The r e s u l t s  t h e r e f o r e  i n d i c a t e  t h a t  h a e m o g lo b in  i s  b r o k e n  

down an d  i r o n  i s  r e l e a s e d ,  i n  t h e  f a t  c e l l s  a n d  p e rh a p s  i n  

th e  s h e l l  g la n d s *  I r o n  i s  p a s s e d  i n t o  t h e  lum en o f  t h e  

l a b y r i n t h ,  th r o u g h  t h e  v e s i c l e ,  t o  t h e  o r i f i c e  and  som e, 

p e rh a p s  a l l  i s  e x c r e te d *

VIhen th e  h a e m o g lo b in  c o n t e n t  o f  t h e  b lo o d  o f  D ap h n ia  

h a s  r e a c h e d  a  s te a d y  h i g h  c o n c e n t r a t i o n ,  t h e  i r o n  d i s t r i b u t i o n  

r e s e m b le s  t h a t  o f  a n im a ls  w h ic h  a r e  s y n t h e s i z i n g  h a e m o g lo b in *  

T h e re  a r e  s l i g h t  d i f f e r e n c e s  h o w ev er i n  t h e  q u a n t i t y  o f  

i r o n  i n  t h e  g u t  c a e c a ,  f a t  c e l l s  a n d  o v a r i e s  w h ic h  a r e  

d i f f i c u l t  t o  u n d e r s ta n d *  No in o r g a n ic  i r o n  i s  p r e s e n t  i n  

t h e  s h e l l  g l a n d s  a t  t h i s  t im e ,  s o  t h a t  e x c r e t i o n  o f  i r o n  

th r o u g h  th e  s h e l l  g l a n d s  i s  n o t  t a k i n g  p la c e *  By a n a lo g y  

w i t h  v e r t e b r a t e s  t h e  h a e m o g lo b in  m o le c u le  w o u ld  be  e x p e c te d  

t o  h a v e  a  f i x e d  l e n g t h  o f , l i f e  and  a f t e r  a  p e r io d  t o  b r e a k
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dow n. No r e l e a s e  o f  i r o n  t o  t h e  s h e l l  g .ands c a n  be  

d e t e c t e d  a t  t h i s  t im e  lio w e v e r , b u t  p e rh a p s  a  t u r n o v e r  i s  

r e s t r i c t e d  t o  t h e  f a t  c e l l s .  T h is  m ig h t  a c c o u n t  f o r  t h e  

i n c r e a s e d  i r o n  c o n t e n t  o f  th e  f a t  c e l l s  i n  a n im a ls  w i t h  

a  s t e a d y  h a e m o g lo b in  c o n c e n t r a t i o n .

I t  i s  n o t  kncwm how th e  " s t e a d y  l e v e l "  i s  m a in ta in e d #  

T he r a t e  o f  s y n t h e s i s  o f  h a e m o g lo b in  may b e  c o n s t a n t  b u t  

a f t e r  a  t im e  an  i n c r e a s e  o f  h a e m o g lo b in  may c e a s e  b e c a u s e  

m ore h a e m o g lo b in  i s  p a s s e d  i n t o  t h e  e g g s ;  t h i s  c o u ld  be  

t e s t e d  q u a n t i t a t i v e l y  by  e s t i m a t i n g  t h e  haem  c o n t e n t  o f  

em bryos#  P e r h a p s ,  ho w ev er t l ie  r a t e  o f  s y n t h e s i s  o f  

h a e m o g lo b in  v a r i e s  a n d  d e c r e a s e s  d u r in g  th e  " s t e a d y  l e v e l " ,  

b e c a u s e  l e s s  i r o n  i s  a b s o rb e d #  C e r t a i n l y ,  th e  g u t  c a e c a  

h a v e  l e s s  i r o n  a t  t h i s  t im e  ü ia n  w hen a  g a i n  i n  h a e m o g lo b in  

c o n t e n t  i s  e v id e n t#  I f  a  tu r n o v e r  o c c u r s  a f t e r  a  p e r i o d ,  

i t  m u s t be  l i m i t e d  to  t h e  f a t  c e l l s  s i n c e  no  r e l e a s e  o f  

I r o n  i n t o  t h e  s h e l l  g l a n d s  o c c u rs  w h i le  a n im a ls  r e m a in  i n  

p o o r ly  a e r a t e d  w a te r  u p  t o  50 d a y s  # I t  w o u ld  be i n t e r e s t i n g  

t o  s e e  v d ae th e r i r o n  a p p e a r s  i n  t h e  s h e l l  g l a n d s  i f  a n im a ls  

a r e  r e a r e d  and  k e p t  i n  p o o r ly  a e r a t e d  w a te r  f o r  t l i e i r  

d u r a t i o n  o f  l i f e #  When m ore d a t a ,  on th e  " s t e a d y  l e v e l "  

become a v a i l a b l e ,  t h e  i r o n  d i s t r i b u t i o n  may be m ore 

a c c u r a t e l y  i n t e r p r e t e d #
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I t  i s  t h u s  a p p a r e n t  t h a t  th e  me t a h o l l s m  o f  I r o n  

com pounds I n  D a p h n ia  i s  u n l i k e  t h a t  i n  v e r t e b r a t e s *  The 

p r o c e s s e s  o f  e c o n o m ic a l  r e t e n t i o n  o f  i r o n ,  r e g u l a t i o n  o f  

i r o n  i n t a k e ,  s t o r a g e  o f  i r o n  a s  f e r r i t i n  an d  f o r m a t i o r  o f  

b i l e  p ig m e n ts ,  s u c h  a s  o c c u r  i n  mammals,  a r e  n o t  p r a c t i c e d  

by  D a p h n ia * D a p h n ia  seem s n o t  t o  h av e  b i l e  p ig m e n ts  o r  
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L. . I i 5aV

( Repr inted  f r o m  Nature ,  Vol .  173, p.  782, Apr i l  24 , 1954)

Iron E xcre tion  by Daphnia d u r ing  
H æ m o g lo b in  Loss

Daphnia contains hæmoglobin in solution in tho 
blood. The concentration of the hæmoglobin is 
variable and depends upon the quantity of oxygen  
dissolved in the outside water : the less oxygen, the 
redder is the blood^. I have made a histological 
study of the distribution of iron in the tissues of 
Daphnia magna Straus when gaining or losing 
hæmoglobin in response to a changed oxygen content 
of the water, and have found that when hæmoglobin 
is being lost from the blood, inorganic iron accumu
lates in the excretory organs.

The paired maxillary glands, or shell glands, of 
Daphnia are the excretory organs. 'Each consists of 
a closed internal coelomic end-sac, the saccule, a long 
winding tube, the labyrinth, and a terminal loop, the 
vesicle, opening to the exterior^. These shell glands 
lie in the hæmocœle and so are bathed by circulating 
blôod. The presence of inorganic iron was shown by 
Bunting’s modification^ of the Prussian blue histo- 
chemical technique. This does not reveal the iron in 
hæmoglobin.

Iron was found in the shell glands only at the time 
when the hæmoglobin concentration in the blood was 
decreasing, which suggests that the iron is derived 
from the breakdown of hæmoglobin and that it is 
being excreted. The distribution of iron within the 
shell gland supports this view, for iron was found 
both in the walls and in the lumen of the middle 
section or labyrinth, but only in the lumen of the distal 
section or vesicle. No iron was found in the inner 
portion or saccule. In  the labyrinth walls the iron 
stains as blue granules, but in the lumen it stains as a 
diffuse blue coloration. It is thus apparent that iron 
is excreted from the walls into the lumen of the 
labyrinth and thence passes through the vesicle lumen 
out of the body.

At the same time as iron appears in the shell glands 
of Daphnia which is losing hæmoglobin, it is found 
in the walls of the paired anterior gut cæca and in the 
cells of the fat body. One cannot be certain that 
the iron in the gut cæca is being excreted, since, un
like the shell glands, the cæca also have iron when the 
blood is gaining hæmoglobin. But more iron is present 
in the cæca of animals when losing hæmoglobin than 
at other times, which points to excretion. In the 
fat body, too, there is most iron when Daphnia 
is losing hæmoglobin, and this suggests that here is a



site of hæmoglobin breakdown, with the liberation 
of iron to be excreted by the shell glands and perhaps 
by the gut cæca.

The expulsion from the body of iron derived from 
hæmoglobin breakdown is in direct contrast to the 
state of affairs in mammals, where the iron from the 
continuous destruction of red blood cells is con
served and used again for further hæmoglobin 
synthesis. In some mammals the iron derived from 
hæmoglobin breakdown is temporarily stored as 
ferritin'*, an iron-protein complex found in liver, 
spleen and bone marrow. I have been unable to 
obtain crystals of ferritin from Daphnia with the aid 
of cadmium sulphate, but it must be remembered 
that no ferritin has been found in oxen, sheep or deer.

Another strikmg difference between Daphnia and 
vertebrate animals is that in the latter, which 
continuously break down the hæmoglobin of old red 
blood corpuscles, the hæm portion of hæmoglobin, 
after losing its iron, is excreted as bile pigment, 
whereas in Daphnia no bile pigment has been detected, 
either in extracts of large numbers of individuals® or 
histologically. For the latter purpose I have used the 
method of Stein®. Since not only has no bile pig
ment been foimd in Daphnio. losing hæmoglobin, liut 
also no porphyrin either®, it appears that the hæm 
is broken down beyond the bile pigment or porphyrin 
stage to simpler colourless compoimds.

The work reported here will be described in full 
elsewhere.

M. Wendy  Smartdge
Bedford College,

University of London.
Feb. 11.
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