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of s e p a r a t e  t h y m i c  lobes) were pe r fo rmed  in Pek ing  b r e d  
duck l ings  w i t h i n  36 h of h a t c h i n g .  Tes t  sk in  g ra f t i ng  was 
ca r r ied  o u t  a t  t he  age of 25-35 days .  T h e  p e r i p h e r a l  b lood 
p i c t u r e  was  m a d e  a t  i n t e r v a l s  g iven  in t h e  Table .  Differ-  
en t i a l  cell c o u n t  was  m a d e  f rom 150-200 wh i t e  b lood  cells 
classif ied as p o l y m o r p h s ,  monocy tes ,  sma l l  a n d  large  
l y m p h o c y t e s .  The  T a b l e  gives t h e  ave rage  p e r c e n t a g e  of 
sma l l  a n d  large l y m p h o c y t e s  f rom t h e  t o t a l  of wh i t e  cells 
scored.  T h e  S t u d e n t ' s  t - tes t  was  used  for  t h e  s t a t i s t i ca l  
e v a l u a t i o n  of t h e  resul ts .  All t h e  ducks  were kil led a t  t h e  
age of 80 days,  checked  for poss ible  r e m n a n t s  of t h e  re-  
m o v e d  organs ,  a n d  t h e i r  weight ,  as well  as t h a t  of t h e i r  
spleen,  was  r ecorded  a n d  expressed  r e l a t ive ly  to  t he  b o d y  
weight .  T h e  Tab le  shows t h a t  t he  e x t i r p a t i o n  of t h e  b u r s a  
of Fabricius a n d  t h y m u s  led to  a t r a n s i e n t  lower ing  on ly  of 
t h e  level  of the  smal l  l y m p h o c y t e s  in  t he  pe r iphe ra l  b lood ;  
in  all  t i le  t h r ee  e x p e r i m e n t a l  g roups  t he  s u r v i v a l  of sk in  
h o m o g r a f t s  f rom donors  be long ing  to  t h e  s ame  p o p u l a t i o n  
falls i n to  t h e  r ange  cha rac t e r i s t i c  for  n o n - t r e a t e d  cont ro l s ,  
showing  no  effects  of t he  r e m o v a l  of these  organs .  No 
h i g h e r  m o r t a l i t y  or  r e d u c t i o n  of t he  sp leen  or  b o d y  we igh t  
in c o m p a r i s o n  w i t h  con t ro l  b i rds  was  obse rved .  

These  resu l t s  seem to  be  in  c o n t r a s t  to  those  of SZEN- 
BERG, WARNER a n d  BURNET 9,10 who  found  t h a t  comple t e  
a t r o p h y  of t he  t h y m i c  co r t ex  (which  was  p r o d u c e d  in some 
ch ickens  b y  t h e i r  be ing  t r e a t e d  as 12-day-old  e m b r y o s  
w i t h  t e s tos t e rone )  caused  skin  h o m o g r a f t s  to  be  r e t a i n e d  
b y  such  b i rds  for  p ro longed  periods,  in  each  case u n t i l  
t h e i r  d e a t h  occur r ing  a t  t h e  l a t e s t  24 days  a f t e r  graf t ing .  
W i t h  r e g a r d  to  t h e  fac t  t h a t  ou r  surg ica l ly  t h y m e c t o -  
mized  ducks  a p p e a r  fu l ly  c o m p e t e n t  to  m o u n t  a n o r m a l  
h o m o g r a f t  r eac t ion ,  we feel t h a t  t he  r easons  for  t h i s  
d i f ference  s h o u l d  be  cons idered .  T h e  h o r m o n a l  t r e a t m e n t  
of c h i c k e n  e m b r y o s  s t r o n g l y  i m p a i r e d  t h e  v i a b i l i t y  of t h e  
h a t c h e d  b i rds ;  e v e n  t h o u g h  t he  h i s to logy  of t h e i r  g ra f t s  
r evea l ed  a s l igh t  ce l lu lar  in f i l t r a t ion ,  t h e  b i rds  were d y i n g  
w i t h  h o m o g r a f t s  in  place.  M a y  n o t  t h i s  fa i lure  differ  on ly  
q u a n t i t a t i v e l y  f rom the  n o r m a l l y  r a p i d  h o m o g r a f t  rejec-  
t i on  in  ch i ckens  s u b m i t t e d  to  a s imi la r  h o r m o n a l  t r e a t -  
m e n t  which ,  however ,  r e su l t ed  in  t he  a t r o p h y  of t he  b u r s a  
on ly  l eav ing  t h e  t h y m i c  co r t ex  i n t a c t  ? T h e  more  severe ly  
a f fec ted  ch i ckens  m a y  n o t  r e p r e s e n t  qu i t e  a su i t ab l e  sys- 
t e m  for  u s ing  t he  h o m o g r a f t  r e ac t i on  as a m eas u r e  of t h e i r  
i m m u n e  c a p a c i t y  for  f a t a l  r u n t  s y n d r o m e  is a more  gener-  
al ized c o n d i t i o n  w h i c h  m i g h t  in f luence  t h e  r a t e  of t h i s  
r e a c t i o n  even  ind i rec t ly .  

The  surgica l  b u r s e c t o m y  a n d  t h y m e c t o m y  a p p e a r s  to  
be of some a d v a n t a g e ,  a l t h o u g h  a comple t e  r e m o v a l  can-  
no t  a lways  be  g r a n t e d  (see Table)  ; as, howeve r ,  t he  o rgans  
c a n n o t  be  r e m o v e d  in th i s  w a y  u n t i l  a f t e r  h a t c h i n g ,  t h e  
fac to r  of t ime,  w h e n  t h e  effect  m a y  set  in, is to  be  t a k e n  
in to  account .  The  fac t  t h a t  in  d i f f e ren t  a n i m a l  species, or  
e v e n  d i f fe rent  l ines of t h e  s ame  species n- :4 ,  t he  effect  of 
t h e  n e o n a t a l  t h y m e c t o m y  c o n s i d e r a b l y  differs,  m i g h t  be  
in a g r e e m e n t  w i t h  t he  BURNET'S v iew 15 t h a t  t h e  func-  
t i o n a l  d e v e l o p m e n t  (or m a y b e  c a p a c i t y ) o f  t he  t h y m u s  
w i t h i n  t h e  p e r i n a t a l  pe r iod  m a y  v a r y .  Howeve r ,  ou r  f ind-  
ing of a n o r m a l  capac i ty  to  r e j ec t  h o m o g r a f t s ,  as d e m o n -  
s t r a t e d  in ducks  surgical ly  t h y m e c t o m i z e d  a t  h a t c h i n g ,  is 
n o t  in  accord  w i t h  the  BURNET'S e x p e c t a t i o n  t h a t  s u c h  
c a p a c i t y  shou ld  be  lost  in  s imi la r ly  t r e a t e d  ch ickens .  As 
t h e  d e v e l o p m e n t  of t he  h o m o g r a f t - r e j e c t i n g  c a p a c i t y  in  
newly  h a t c h e d  n o r m a l  chickens  is k n o w n  to  be  on  t he  
ave r age  even  more  a d v a n c e d  t h a n  in duckl ings ,  a n  i n h i b i t -  
ing effect  of t h e  surgical  t h y m e c t o m y  can  h a r d l y  be  ex-  
p e c t e d  in  t he  former .  W e  in tend ,  therefore ,  to  fol low t h e  
effect  of r e m o v i n g  t h y m u s  a n d / o r  b u r s a  of Fabricius in  
n id icolous  b i rds  w h i c h  are  a t  a lower s tage of t h e i r  i nd iv i -  
d u a l  d e v e l o p m e n t  a t  h a t c h i n g ;  should  t he  d e v e l o p m e n t a l  
s tage  of t h e i r  i m m u n e  sy s t ems  be  co r r e spond ing ly  low, 
p igeons  m i g h t ,  for  example ,  be  a f avourab le  e x p e r i m e n t a l  
sub j ec t  of choice.  

Zusammen/assung. Der  Einf luss  der  E x s t i r p a t i o n  y o n  
B u r s a  fabr .  u n d  T h y m u s  j u n g e r  E n t e n  wurde  zur  E r k l ~ -  
r u n g  de r  B e d e u t u n g  dieser  Organe  ftir die E n t w i c k l u n g  
de r  i m m u n o l o g i s c h e n  R e a k t i v i t ~ t  u n t e r s u c h t .  
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Effect  of  T h i o u r e a  T r e a t m e n t  on  T e m p e r a t u r e  
S e l e c t i o n  and S w i m m i n g  B e h a v i o u r  in PhoMnus 

phoxinus 

Groups  of Phoxinus phoxinus were  i m m e r s e d  in t h io -  
u r e a  (0.5 g/l) or  a e r a t e d  w a t e r  (controls)  a n d  k e p t  a t  
e i t h e r  20°C (~: I°C) or  12°C (ave rage  a q u a r i u m  t e m p e r a -  
tu re ,  r a n g e  9-15 ° C) for  four  weeks.  T e m p e r a t u r e  se lec t ion 
t e s t s  followed. 

T h e s e  t e s t s  were  ca r r ied  o u t  in  a n  a l u m i n i u m  t a n k ,  
h e a t e d  a t  one  end  a n d  cooled a t  t h e  o ther ,  c o n t a i n i n g  
w a t e r  to  a d e p t h  of 5 inches.  T h r e e  pe r s pex  baff les  w i t h  
large  c e n t r a l  holes  were p laced  a t  e q u a l  d i s t ances  a long  
t h e  t a n k .  Th i s  s y s t e m  gave  a h o r i z o n t a l  g r a d i e n t  of a b o u t  
5°C; t h e  r a n g e  of t h e  g r a d i e n t  could be  a d j u s t e d  a n d  t wo  
(19-23°C a n d  25-30°C) were  used.  

Single f ish were  p laced  c e n t r a l l y  in  t h e  t a n k  a n d  a 
per iod  of 2 h al lowed for recovery .  Pos i t i ons  were  t h e n  re-  
co rded  e v e r y  30 sec for  5 m i n  in e v e r y  q u a r t e r  of a n  hour .  

O b s e r v a t i o n s  were c o n t i n u e d  for 2 h ( thus  g iv ing  a t o t a l  
of 80 posi t ions)  or u n t i l  t h e r e  h a d  been  no change  in posi-  
t i on  for four  se ts  of readings .  Resul t s  were expressed  as  a 
p e r c e n t a g e  of t h e  t o t a l  n u m b e r  of obse rva t ions .  T e n  t e s t s  
were m a d e  for  e ach  g roup  of f ish;  each  of t h e  t e n  b e i n g  
car r ied  o u t  w i t h  a d i f fe ren t  ind iv idua l .  The  r a t e  of c h a n g e  
of pos i t ion  also gave  a n  ind ica t ion  of t he  i r r i t a b i l i t y  of t h e  
f ish a n d  t h i s  was  r ecorded  as pe rcen t age  n u m b e r  of t i m e s  
in w h i c h  t he  f ish r e m a i n e d  s t a t i ona ry .  

I n  t h e  t a n k  a f ish would  r e m a i n  mot ion le s s  for  a few 
seconds  a n d  t h e n  beg in  to  m o v e  r a p i d l y  a n d  e r ra t i ca l ly .  
Af te r  a v a r i a b l e  per iod  (always less t h a n  t h e  2 h al lowed) 
t h e  f ish s e t t l ed  down  and  b e c a m e  e i t h e r  s t a t i o n a r y  or  
e x h i b i t e d  on ly  occasional  m o v e m e n t s .  F i sh  t r e a t e d  w i t h  
t h i o u r e a  were  more  sens i t ive  to  d i s t u r b a n c e  a n d  m o v e d  
in shor t ,  e r ra t i c  burs t s .  

All f ish showed  t he  s ame  r e sponse  w h e n  t e s t e d  a t  t h e  
lower  t e m p e r a t u r e s  a n d  se lec ted  t h e  h i g h e s t  t e m p e r a t u r e  
ava i l ab le ;  resu l t s  for t hose  acc l ima t i z ed  a t  12°C s h o w n  in  
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T a b l e  I. A s imi la r  response  ha s  been  d e m o n s t r a t e d  b y  
o t h e r  workers  ~ 3. The  h ighe r  t e m p e r a t u r e s  p r o v e d  l e t h a l  
to  t he  con t ro l  fish acc l imat ized  a t  12°C: resu l t s  of t e s t s  on  
20°C acc l imat ized  fish are s h o w n  in Tab le  I i,  T he  con t ro l s  
se lected t h e  lower t e m p e r a t u r e s  or, p e r h a p s  more  cor- 
rect ly ,  avo ided  t he  h i g h e r  t e m p e r a t u r e s .  Th i s  was  n o t  
shown  b y  the  t h iou rea  t r e a t e d  fish. 

A t  lower t e m p e r a t u r e s  t h e  t h i o u r e a  t r e a t e d  f ish were 
more  mobi le  t h a n  t he  cont ro ls .  A n  increase  in t e m p e -  

T a b l e  I 

"- T ° C 
19 20 '21 '29 '23 % no.  t imes  

G r o u p  s t a t i o n a r y  

C 
Acc l ima t i sed  
a t  t 2 ° C  

+ T  
Acc l ima t i s ed  
a t  12°C 

1.'2 1.I 4.7 2'2.9 70.0 41.6 

4.3 17.4 18.`2 29.8 30.2 3'2.8 

T a b l e  I I 

- - . .  T °C 

G r o u p  
25 26 27 28 29 30 % no.  t imes  

s t a t i o n a r y  

C 
Acclimatised 
a t  20°C 

+ T  
Acclimatised 
at `20 ° C 

50.5 33.7 12.4 0.25 0.5 `2.6 15.0 

38.4 6.7 16.5 2(I.6 3.,1 14.4 38.0 

Average  of al l  records .  E a c h  f igure  r ep re sen t s  the  a v e r a g e  of n u m b e r  
of t imes  a t e m p e r a t u r e  was  se lected in t en  tests .  

r a t u r e  increased  the  m o b i l i t y  of t he  con t ro l s  so t h a t  t h e y  
b e c a m e  t he  more  mobi l e  g roup  b u t  d id  no t  af fec t  t he  ex- 
p e r i m e n t a l  group.  A c h a n g e  in b e h a v i o u r  of s a l m o n  fry 
as a resu l t  of t h i o u r e a  t r e a t m e n t  ha s  been  s h o w n  b y  HOAR 
et  al. 4 

The  b e h a v i o u r  of t he  t h i o u r e a  t r e a t e d  f ish could  be  ex- 
p la ined  b y  a loss of t e m p e r a t u r e  pe rcep t ion .  However ,  
e x p e r i m e n t s  fol lowing BULL'S 5 m e t h o d  h a v e  s h o w n  t h a t  
these  fish can  s t i l l  e s t ab l i sh  a c o n d i t i o n e d  ref lex  to a t e m -  
p e r a t u r e  increase.  An  a l t e r n a t i v e  e x p l a n a t i o n  d e p e n d s  on  
t h e  a n t i - t h y r o i d  ac t ion  of t h e  drug.  T h y r o i d  changes  a f fec t  
b e h a v i o u r  in fish*, a n d  as t h i o u r e a  a u g m e n t s  t o l e rance  to  
h igh  t e m p e r a t u r e s  ~-s t h i s  m a y  exp la in  t h e  m o v e m e n t  of 
t he  t h i o u r e a  t r e a t e d  f ish in to  t he  h i g h e r  t e m p e r a t u r e s .  I t  
is sugges ted  t h a t  a c h a n g e  in t h y r o i d  a c t i v i t y  is co r r e l a t ed  
w i t h  changes  in s w i m m i n g  b e h a v i o u r  w h i c h  lead to  a 
v a r i a t i o n  in t h e  se lected t e m p e r a t u r e .  

Rdsumd. Le t r a i t e m e n t  p a r  le th iour6e  a a u g m e n t 6  Ia 
mobi l i t6  chez Phoxinus phoxinus a u x  basses  t e m p 6 r a -  
lures ,  ma i s  n o n  a u x  h a u t e s  t e m p 6 r a t u r e s ,  g e s  cas t 4mo ins  
o n t  6vi t6 tes h a u t e s  t e m p 6 r a t u r e s ;  ce qu i  n ' 6 t a i t  pas  le eas  
chez  les poissons  soumis  ~ l ' exp6r ience .  Ces fa i t s  sugg6ren t  
une  corr61ation en t r e  le n o u v e a u  e o m p o r t e m e n t  e t  la 
g l ande  thyrok te .  
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2,2 ' -Dihydroxy-6 ,6 ' -d inaphthyl  Disulphide 
(DDD)  Diazo Blue B Reactive Granules in the 

Parathyroid Gland of the Rat and Toad 

I t  is c o m m o n l y  accep ted  t h a t  t he  p a r a t h y r o i d  g land  is 
a n  endocr ine  o rgan  w h i c h  e l abo ra t e s  a n d  re leases  a poly-  
pep t ide  ho rmone .  A l t h o u g h  severa l  i n t r a c e l l u l a r  m a t -  
er ials  h a v e  b e e n  i n t e r p r e t e d  as secre t ion ,  or  i t s  an tece -  
d e n t s  in the  p a r e n c h y m a l  cells of t h e  g l and  ~-~, a t t e m p t s  
to  d e m o n s t r a t e  morpho log ica l ly  p a r a t h y r o i d  h o r m o n e  or a 
r e l a t ed  s u b s t a n c e  w i t h i n  t h e  cells h a v e  n o t  b e e n  v e r y  
successful.  Dur ing  work  o n  chemocy to log i ca l  f ea tu re s  of 
t h e  r a t  p a r a t h y r o i d  g land  8, I h a v e  n o t e d  t h e  p resence  of 
2, 2 ' -d ihydroxy-6 ,  6 ' - d i n a p h t h y l  d i su lph ide  (DDD) d iazo  
b lue  B r eac t ive  g ranu les  w h i c h  cons i s t  of p r o t e i n s  w i t h  
s u l p h y d r y l  a n d  d i su lph ide  groups.  T h e  g ranu les  were  seen 
p r i m a r i l y  in  t he  c y t o p l a s m  of t he  p a r e n c h y m M  cells, a n d  
a d d i t i o n a l l y  on  t he  ou t e r  surface  of t h e  p l a s m a  m e m b r a n e  
a n d  w i t h i n  t h e  in t e r s t i t i a l  c o n n e c t i v e  t i ssue  space  inc lud-  
ing  t h e  vascu la r  endo the l i a l  ceils (Figure  1). Such  d i s t r i bu -  
t i on  p a t t e r n  ha s  led me  to  t h e  c o n s i d e r a t i o n  t h a t  t h e  

g ranu les  c an  pass  t h r o u g h  t h e  p l a s m a  m e m b r a n e  of t h e  
p a r e n c h y m a l  ceils a n d  m a y  t h u s  be  assoc ia ted  w i t h  t he  
sec re to ry  a c t i v i t y  of t he  cells. Therefore ,  t h e  ob jec t  of m y  
p r e s e n t  work  was to  e x a m i n e  t h e  m o r p h o l o g y  of t he  
g ranu les  u n d e r  va r i ed  condi t ions ,  in  a n  a t t e m p t  to  eluci- 
d a t e  t h e i r  cy tophys io log ica l  s igni f icance  r e l a t e d  to  t h e  
e l a b o r a t i o n  a n d  e l i m i n a t i o n  of h o r m o n e  in  t h e  p a r a t h y -  
roid g l and  of r a t s  of the  W i s t a r  s t r a i n  a n d  t o a d s  (Bu[o 
vulgaris ]aponicus). 

Tile m e t h o d  e m p l o y e d  in t h e  d e m o n s t r a t i o n  of t he  
D D D  diazo  b lue  B r eac t i ve  g ranu le s  in  t h e  t i ssue  was  t he  
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