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Effects of Thyrotropin  and Thiouracil  
on Embryonic  Chick Thyroid in vitro 

in  vi tro t he re  were n u m e r o u s  large  follicles in  the  e x p l a n t ,  
more  t h a n  in a n y  o t h e r  cu l tu re  e x a m i n e d  (Fig. A).  

I t  was r e p o r t e d  in p rev ious  a c c o u n t s  t h a t  o rgan  rudi-  
ments  of t h e  ch i ck  e m b r y o  deve lop  sa t i s f ac to r i ly  on  a 
med ium cons i s t ing  solely of a d u l t  t i s sue  de r iva t ivesL  In  
fur ther  e x p e r i m e n t s  on  these  l ines a p rocedu re  ha s  been  
evolved b y  us in  wh ich  t he  use of he te ro logous  a d u l t  
t issue d e r i v a t i v e s  as t he  l iqu id  cu l t u r e  m e d i u m  a n d  a 
cellulose m e m b r a n e  as t he  m e c h a n i c a l  s u p p o r t  for t he  
exp lan t s  h a v e  b e e n  i n t r o d u c e d  2. Th i s  p rocedure  is b u t  a 
modi f ica t ion  of Fel l ' s  c lassical  wa tch -g la s s  t e c h n i q u e  for 
the c u l t i v a t i o n  of e m b r y o n i c  o rgan  r u d i m e n t s  3. 

In  the  p r e sen t  e x p e r i m e n t s  t he  e m b r y o n i c  ch ick  t h y r o i d  
was chosen  for  c u l t i v a t i o n  w i t h  t he  l iquid  med ium-ce l lu -  
lose m e m b r a n e  cu l t u r e  p rocedure .  

The  d e v e l o p m e n t  i n  vi tro of t h e  e m b r y o n i c  ch ick  t hy -  
roid was desc r ibed  b y  CARPENTER 4. GAILLARD 5 r e p o r t e d  
on the  effect  of t h y r o t r o p i c  h o r m o n e  on  such  t h y r o i d s  in 
cul ture,  a d v a n c i n g  t he  a s s u m p t i o n  t h a t  t h e  f o r m a t i o n  of 
'colloid'  a n d  t h a t  of follicles m a y  be  d issoc ia ted  processes.  
Therefore,  e x p l a n t e d  t h y r o i d  r u d i m e n t s  were sub j ec t ed  
to the  inf luence  of t h y r o t r o p i c  h o r m o n e  a n d  th iou rac i l  
and  t h e i r  d e v e l o p m e n t  as  r ega rds  'col loid ' -  a n d  follicle- 
fo rmat ion  u n d e r  such  c o n d i t i o n s  was s tud ied .  

Resu l t s .  20 cu l tu re s  of t h y r o i d s  f rom 8-day ch ick  
embryos  were  g r o w n  on  t he  horse  se rum-ase i t i c  f luid 
medium.  Af t e r  2 days  i n  vi tro drop le t s  of 'col lo id '  were 
found s c a t t e r e d  t h r o u g h o u t  t he  exp l an t .  I t  is d i f f icul t  to  
define t h e i r  loca t ion  as be ing  in t r a -  or  i n t e rce l lu l a r  in 
posit ion,  s ince h i s to log ica l ly  t he  t issue,  a t  t h i s  s tage,  is a 
s y m p l a s m a t i c  s t r u c t u r e  w i t h o u t  cell borders% However ,  
some ' co l to id ' -d rop le t s  a p p e a r e d  s u r r o u n d e d  b y  3-5 
nuclei, t h e  s t r u c t u r e  sugges t ing  s t rong ly  smal l  follicles. 
After  a d d i t i o n a l  2 d a y s  of c u l t i v a t i o n  follicles were form-  
ed, wh ich  cons i s t ed  of 7 -9  cells in  sect ion,  a n d  were filled 
wi th  in t ra fo l l i cu la r  'colloid ' .  U p  to  8 days  i n  vi tro - a f t e r  
which per iod  t h e  cu l tu re s  were d i s c o n t i n u e d  - t h e  n u m b e r  
of follicles increased  s teadi ly .  

The  series of cu l tu res ,  in  wh ich  t h e  effects  of t h y r o -  
t rop in  (Ambinon ,  O r g a n o n ;  0.01 U) a n d  th iourac i l  
(0.4 ~) were  s tud ied ,  was  a r r a n g e d  as follows: B o t h  lobes 
of one e m b r y o n i c  t h y r o i d  were  c u l t i v a t e d  each  w i t h  a 
different  agen t .  T h u s  possible  i n d i v i d u a l  d i f ferences  were 
excluded a n d  t h e  cu l tu res  could  be  c o m p a r e d  as to  t he  
effects of t h e  agents .  One  lobe was  g rown  on a m e d i u m  
consis t ing of 5 d rops  of hor se  se rum,  2 of asci t ie  f luid a n d  
1 d rop  of A m b i n o n .  T h e  second  was  c u l t i v a t e d  on  a 
similar m e d i u m  in  w h i c h  1 d rop  of t h iou rac i l  was  s u b s t i t u t -  
ed for t h a t  of A m b i n o n .  I n  t o t a l  36 cu l tu res  were g rown 
and e x a m i n e d  18 of e ach  type .  

In  t h e  cu l tu re s  c o n t a i n i n g  A m b i n o n  t h e  follicles, fo rmed  
after 2 days  i n  vi tro,  were cons ide r ab ly  la rger  a n d  com- 
prised more  cells t h a n  those  seen a f t e r  t he  same  per iod  in 
explan ts  on  horse  s e rum-asc i t i c  f luid m e d i u m .  T h e y  were 
comparab le  to  t hose  w h i c h  fo rmed  on  t h e  l a t t e r  m e d i u m  
only a f t e r  3 -4  days  in cul ture ,  s ince t h e y  cons is ted  of 5-8 
cells in  sect ion,  a n d  were  filled w i t h  'colloid ' .  Af te r  4 days  
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Sections through 8-day thyroid rudiments after 4 days' cultivation: 
A on a medium containing Ambinon, showing many large follicles 
Iilled with 'colloid'; B, on a medium with thiouracil, showing small 

follicles, devoided of 'colloid'; ] = follicle. H.-E., x ll.tt). 

In  cu l tu res  c o n t a i n i n g  th iou rac i l  a f t e r  2 d a y s  n e i t h e r  
follicles nor  'col loid '  d rop le t s  were d iscernable .  On ly  a f t e r  
4 days  in  vitro ve ry  few smal l  follicles a p p e a r e d  in t h e  
e x p l a n t s  (Fig. B). W h e n  c o m p a r e d  to  t h e  cu l t u r e s  on  
A m b i n o n  a n d  those  g rown  on horse  se rum-asc i t i c  f luid 
only, these  e x p l a n t s  were g r ea t l y  r e t a r d e d  w i t h  r ega rd  to  
b o t h  'colloid '  a n d  follicle fo rma t ion .  A l t h o u g h  on  t h e  
7 th  to 8th  d a y  of c u l t i v a t i o n  t h e  d i f ferences  m e n t i o n e d  
seem to  become  less p ro n o u n ced ,  t h e  f o r m a t i o n  of t y p i ca l  
in t ra fo l l icu la r  'col loid '  was  n o t  e v i d e n t  even  a t  t h i s  s tage.  

C o m m e n t .  In  the  t h y r o i d  of 8 -day  ch ick  e m b r y o s  g rown  
on t h e  horse  se rum-asc i t i c  f luid m e d i u m  t h e  f i rs t  follicles 
a p p e a r e d  a f te r  two  days.  I n  c o m p a r i s o n  w i t h  t h e  n o r m a l  
g land  the  onse t  of follicle f o r m a t i o n  was one d a y  earl ier .  
The  inf luence  of t h y r o t r o p i c  h o r m o n e  revea led  i tself  in  t h e  
ear ly  d i f f e r en t i a t i on  of follicles, a n d  in t h e i r  large size a t  
the  onse t  of t he i r  f o rma t ion .  T h e  effect  of t h iou rac i l  was  
ev i d en t  in the  m u c h  de l ayed  d i f f e r en t i a t i o n  of t h e  fol- 
licles a n d  in t h e  a l m o s t  comple t e  a r r e s t  of 'col lo id '  f o rma-  
t ion.  T h e  di f ferences  in  d e v e l o p m e n t  of t h e  e m b r y o n i c  
t h y r o i d  on  va r ious  cu l tu re  m e d i a  were m o s t  consp i cuous  
a f t e r  t h e  4 th  day.  T h e  t h y r o t r o p i n  exe r t ed  i ts  in f luence  on  
t h e  onse t  of t h e  'col loid '  f o r m a t i o n  r a t h e r ,  t h a n  o n  t h e  
follicle d e v e l o p m e n t .  Thiourac i l ,  on  t h e  o t h e r  h a n d ,  re- 
t a r d e d  b o t h  t h e  'col loid '  a n d  follicle fo rma t ion .  
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These f indings cor robora te  GAILLARD'S conclus ion t h a t  
the  fo rma t ion  of 'colloid '  and  t h a t  of follicles in t h e  
embryon ic  t hy ro id  are dissocia ted processes  5. T h e y  sug- 
gest,  moreover ,  t h a t  t he  t h y r o t r o p i e  a n d  a n t i t h y r o i d  
agents  can  exe r t  the i r  respec t ive  effects  on  the  embryon ic  
gland in vitro a l ready  dur ing  the  s tage  of his tological  
d i f ferent ia t ion .  The agen t s  used a f fec ted  the  f o r m a t i o n  
of 'colloid '  more  m a r k e d l y  t h a n  t h a t  of follicles. 

H.  SOBEL and  FI. LEURER 

Department o/ Zoology, Hebrew University, Jerusalem 
(Israel), January 13, 1958. 

Zusammen/assung 

Schi lddr f i senanlagen  von  H t i h n e r e m b r y o n e n ,  in Ambi -  
n o n - M e d i u m  kul t iv ier t ,  en twicke ln  sich schnel ler  und  zei- 
gen beschleunig te  intrafoll ikul/ ire Kol lo idbi ldung.  Mit 
Thiourazi l  b e h a n d e l t e  K u l t u r e n  liessen r e t a rd i e r t e  Fol-  
l ikelbi ldung und  Kot lo idb i ldung  e rkennen .  

The  Organ ic  A c i d - S o l u b l e  P h o s p h a t e  Contents  of 
M a m m a l i a n  and Avian  Er y t hr o c y t e s  at the  

B e g i n n i n g  of Pos tnata l  Life 

In  a p rev ious  c o m m u n i c a t i o n  I i t  has  been po in t ed  ou t  
t h a t  t h e  organic  acid-soluble  p h o s p h a t e  (OAS-P)  level in 
t h e  e r y t h r o c y t e s  of t he  n e w b o r n  dog and  r abb i t  is v e r y  
low in compar i son  to  t h a t  in t h e  adu l t  animM. This  is a 
f inding wh ich  is n o t  a t  all in accord  wi th  observa t ions  
r epo r t ed  b y  o the r  inves t iga tors  in var ious  an imal  species. 
All t he  d a t a  in t he  l i te ra ture  avai lable  to  us indica te  t h a t  
age and  the  O A S - P  con ten t s  of the  cellular e lements  cor- 
re la te  jus t  t he  o the r  way  round.  The red  blood ceils of 
t he  l amb e, the  calf ~, and  the  y o u n g  r a t  4, are r icher  in 
c o m p o n e n t s  con ta in ing  O A S - P  t h a n  the  adul t s  of these  
species. I t  is on th is  basis t h a t  GUEST and  RAPOPORT 5 re- 
gard  the  re la t ive ly  h igher  organic  p h o s p h a t e  level of t he  
e ry th rocy t e s  as charac te r i s t ic  of the  young  of all mammals .  
W i t h  a v iew to  e luc ida t ing  the  prevai l ing  con t rad ic t ions  
our  analyses  were e x t e n d e d  to  numerous  m a m m a l i a n  
species and  a n u m b e r  of domes t ic  birds.  The p resen t  pape r  
incorpora tes  t he  resul ts  ob ta ined .  

The organic  p h o s p h a t e  f rac t ions  were d e t e r m i n e d  f rom 
whole  blood in t he  main  according  to  BOMSKOV'S m e t h o d  6. 
The co r respond ing  p h o s p h a t e  levels of the  red  cells were 
ca lcula ted  on basis  of the  h e m a t o c r i t  values.  The so- 
called r e s i s t an t  f rac t ion  (Pacid soluble -- PlS0) con ta ins  the  
p h o s p h o g l y c e r a t e - p h o s p h a t e s  of t he  blood. E x c e p t  for the  
r u m i n a n t s ,  in t he  red blood cells of the  m a m m a l s  the  over-  
whe lming ly  g rea te r  p a r t  of t he  f rac t ion  consis ts  of 2, 3- 
d iphosphog lyce ra t e .  S imul t aneous ly  wi th  t he  work ing  
up  of t h e  b lood of the  newborns ,  d e t e r m i n a t i o n s  were  in 
eve ry  case m a d e  f rom adu l t  an imals  as welt. Since the  
d a t a  we o b t a i n e d  for  t h e m  agreed largely w i t h  t he  d a t a  
in t he  l i te ra ture ,  we  were  c o n t e n t  to  use a re la t ive ly  smal l  
n u m b e r  of adul ts .  Our  f indings,  p r e sen t ed  numer ica l ly  in 
t he  a t t a c h e d  TaMe, a p pea r  to  p e r m i t  the  following con- 
clusions. 
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Tile average values of OAS-P and resistant P in the erythrocytes 
of newbon~ and adult animais 

Ordo 

Ungulata . . . .  

! 
Carnivora 

" " " 1 

Rodentia . . . 

Primates . . . 

Rasores . . . .  

Lamellirostres . 

Species 

Horse 

Pig 

Cattle 

Sheep 

Goat 

Dog 

Cat 

Rabbi t  

Guinea pig 

Man 

Chicken 

Turkey 

Duck 

Group 1 

OAS-P }Resist. P 
Number {p ) "Pacs ac. sol. i . oi. 

Of - Pin?rg.) -P~sa) 
animals - - -  

rag/100 ml cells 

N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 
N 
A 

4 51 '05 
3 51 "87 
9 75"19 
5 102'62 
5 42'98 
4 12'05 
6 57'77 
3 20'87 
2 58.85 
2 15'33 

14 34"71 
5 53'42 

10 19'16 
3 21.17 

20 42 '68 
6 80 "48 
6 36.20 
3 49'30 
3 48'30 
3 48'03 

10 90'97 
3 95'73 
4 119"75 
3 98"23 
3 108'43 
4 116"20 - - -  • 

39-58 
42"17 
35"53 
72"30 
27-30 

5.13 
29.17 

3"47 
33.25 

6.20 
13-03 
40-48 
10-00 
14.40 
16.68 
53-23 
26"33 
36-20 
30.90 
33-83 

1 N = Newborn, A = Adult 

(1) F r o m  the  po in t  of v iew raised in t he  in t roduct ion ,  
the  m a m m a l s  we s tudied  can be d iv ided  in to  3 groups. 
In  4 species (dog, rabb i t ,  pig, and  guinea pig), the  red 
blood cells con ta in  subs t an t i a l l y  less O A S - P  in the  new- 
born  t h a n  in t he  adul t  animal .  W i t h  tile r u m i n a n t s  (cattle, 
sheep and  goat) t he  s i tua t ion  is jus t  the  reverse :  in rela- 
t ion  to  those  of t he  adul ts ,  t he  e r y t h r o c y t e s  of t he  new- 
borns  are r e m a r k a b l y  r ich in O A S - P .  The ra t  too can be 
classed wi th  th is  group.  Final ly,  we have  man ,  t he  dog and 
the  cat ,  who  show no appreciable  differences in t he  two 
age groups.  

The average  values  for domes t i c  b i rds  agree in the 
var ious  age groups.  

(2) The d a t a  in the  Table  show t h a t  f rom a m o n g  the 
organic  acid-soluble p h o s p h a t e  compounds ,  i t  is the 
phosphog lyce ra t e s  (belonging to  t he  r e s i s t an t  fraction), 
t h a t  are respons ib le  for  a n y  differences,  for the  resis tant  
P c o n t e n t s  invar iab ly  change  wi th  the  changes  in the 
O A S - P  level. Accordingly,  in nuc lea ted  e ry throcy tes  
devoid  of p h o s p h o g l y c e r a t e  (avian), t he  O A S - P  level is 
p rac t ica l ly  t h e  same in t h e  two  age groups.  

(3) As ear ly  as 1898, cons iderable  dif ferences  were 
descr ibed  b y  ABDERHALDEN ~, in  t he  p h o s p h a t e  contents  
of the  b lood of var ious  m a m m a l i a n  species,  Since the 
s tudies  of RAPOPORT and  GUEST s, tile f rac t ion  which  shows 
the  wides t  q u a n t i t a t i v e  differences  b y  species, is known to 
be fo rmed  by t h e  phosphog tycera tes .  Co n t r a r y  to  these 
condi t ions  prevai l ing in adu l t  animals ,  in t he  red  cells oI 
n e w b o r n  m a m m a l s  differences accord ing  to  species of a 
subs t an t i a l l y  lower degree were only  observed  by  us. 
Pa r t i cu la r ly  s t r ik ing  is the  grea t  s imi la r i ty  of t he  resistant  
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