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e s t ab l i shed  b e t w e e n  cell pos i t ions  6-7 and  G~ + M t akes  
1.5 h, t h e n  labeled  d a u g h t e r  cells m i g r a t e d  f rom t h e i r  
po in t  of or igin to  t he  vi l lus  base  a t  a r a t e  of 1.3-1.5 cell 
pos i t ions  pe r  h. 

Discussion.  The  d i s t r i b u t i o n  of cells in D N A  syn thes i s  
i n l m e d i a t e l y  a f t e r  3 H T d r  in jec t ion  (Figure 4) suggests  
t h a t  t he  c r y p t a l  p o p u l a t i o n  can  be  s u b d i v i d e d  in to  a 
region of h igh  p ro l i fe ra t ion  (cell pos i t ions  8-14) a n d  a re- 
g ion of cell spec ia l iza t ion  (cells 1-8). S imi lar  o b s e r v a t i o n s  
h a v e  been  r epo r t ed  b y  o the r  i nves t iga to r s  ~-9 However ,  if 
a t t e n t i o n  is focused on  t h e  p rogen i to r  cells pos i t ioned  in 
t he  deeper  regions of t he  crypt ,  i t  appea r s  t h a t  an  a sym-  
me t r i ca l  d iv i s ion  does no t  necessar i ly  a c c o u n t  for t he  
m a i n t e n a n c e  of t he  s t e a d y  s t a t e  in t h e  mouse  d u o d e n u m .  

If  t he  r a t e  of cell m i g r a t i o n  (1.3-1.5 cell pos i t ions  pe r  h) 
p r e s e n t e d  in F igure  3 is c o m p a r e d  t o  t he  d i s t r i b u t i o n  of 
p ro! i fe ra t ing  ceils (Figure  4), i t  appea r s  t h a t  a sym-  
me t r i ca l  d iv i s ion  m a y  be  t he  m o s t  c o m m o n  form in t he  
deeper  po r t i ons  of t h e  mouse  c r yp t a l  ep i the l ium.  For  
example ,  d a u g h t e r  ceils t h a t  are p roduced  deep in t he  
c r y p t  (cell pos i t ions  10 t h r o u g h  14) can  on ly  m i g r a t e  f rom 
5.2-6.0 cell pos i t ions  d u r i n g  t he  G 1 (du ra t ion  of 4 h) 
fol lowing t he  d iv i s ion  t h a t  p roduced  t h e m .  Therefore ,  
these  p rogeny  a r r ive  in t he  region (cell pos i t ions  5 
t h r o u g h  9) conduc ib le  to  a h igh  p r o b a b i l i t y  of prol i fera-  
t i on  a t  a t i m e  w h e n  t h e y  are a b o u t  to  en t e r  a new S- 
phase  ~,3,10. I n  add i t ion ,  if t he  p rogen i to r  cells p r e s en t  in 
t he  region be low cell 14 are considered,  e.g., t h e  P a n e t h  
zone 12, p rogeny  of these  d iv is ions  could r e m a i n  in the  
c r y p t  for 2 or more  cell cycles before  t h e y  are able  to  
m ig ra t e  in to  t he  regions  of cell specia l izat ion.  Thus ,  i t  is 
conc luded  t h a t  d iv is ions  of p rogen i to r  cells deep in t he  
c r y p t  will p r o b a b l y  p roduce  2 p rogen i to r  cells t h a t  will a t  
leas t  en t e r  one more  d iv is ion  cycle before  t h e y  specialize. 
I n  order  to  c o m p e n s a t e  for this ,  an  equa l  n u m b e r  of d ivi -  
s ions t h a t  p roduce  2 special ized p rogeny  m u s t  occur. 
I n s p e c t i o n  of F igures  3 a n d  4 reveals  t h a t  such  a d iv i s ion  
could poss ib ly  occur  b e g i n n i n g  w i t h  cell pos i t ions  9 or 10. 
Thus ,  t h e  cu tof f  p o i n t  for t he  decision b e t w e e n  2 t ypes  
of d a u g h t e r  cell p r o d u c t i o n  m u s t  lie be t w een  cell pos i t ions  
9 and  10. This  is r easoned  because  t he  cells m o s t  l ikely to 

special ize i m m e d i a t e l y  a f t e r  d iv i s ion  and  du r ing  the  s h o r t  
G 1 phase  (4 h) are those  p r e s e n t  in  t he  uppe r  regions  (cell 
pos i t ions  1-10). F u r t h e r m o r e ,  i t  shou ld  be  e m p h a s i z e d  
t h a t  a p rogen i to r  d iv i s ion  could also give rise to  2 p rogeny ,  
one special ized a n d  t he  o t h e r  a progeni tor .  Th i s  p h e n o -  
m e n o n  would  depend  u p o n  t he  pos i t ion  of t h e  d i v i d i n g  
cell, t h e  r a t e  of migra t ion ,  t he  i n t e n s i t y  of a possible  feed- 
b a c k  inh ib i t ion ,  a n d  t h e  f ina l  pos i t ion  of t h e  d a u g h t e r  
cells before  D N A  syn thes i s  is e i the r  i n i t i a t ed  or pre-  
c luded  7,10. 

I t  has  been  sugges ted  b u t  no t  conclus ively  d e m o n s t r a t e d  
t h a t  all c r y p t a l  cells are p o t e n t i a l l y  p rogen i to r  ceils 7,10,11. 
Thus ,  ana lys i s  of t h e  changes  in t h e  p ro l i fe ra t ive  vs. t h e  
m a t u r a t i o n  zones u n d e r  a v a r i e t y  of e x p e r i m e n t a l  condi-  
t ions  m a y  lead to  a g rea t e r  u n d e r s t a n d i n g  of t h o s e  
m e c h a n i s m s  t h a t  b r i n g  a b o u t  cell spec ia l iza t ion  9. 

Zusammen[assung.  Der  Z u s a m m e n h a n g  zwischen de r  
Te i lung  yon  Ursp rungsze l l en  u n d  der  Di f fe renz ie rung  
ih re r  Toch te rze l l en  wurde  a n h a n d  yon  Ep i the lze l l en  des 
D u o d e n u m s  weisser  M~tuser u n t e r s u c h t .  U m  den  Z u s t a n d  
des (~steady state~> zu e rha l t en ,  l i nden  die fo lgenden  
A r t e n  v o n  Te i lung  der  Ursp rungsze l l en  s t a t t :  1) zwei 
neue  Ursp rungsze l l en ;  2) zwei d i f ferenzier te  Toch te r -  
zel len;  oder  3) eine neue  Ursprungsze l le  u n d  eine d i f -  
fe renzier te  Tochterzel le .  
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Experimental Goiter: Ultrastructure and Autoradiography 

Goiters  can  be  induced  expe r i m en t a l l y  b y  t h e  p ro longed  
feeding of a def ic ient - iodine  d ie t  in m a n y  l a b o r a t o r y  
animals .  Previous ly ,  u l t r a s t r u c t u r e  a n d  sec re to ry  cycle of 
t h y r o i d  cells in  con t ro l  an ima l s  h a v e  been  ex tens ive ly  
s tud ied  (EKHOLM 1, WISSIG 2, LUPULESCU a n d  PETRO- 
VICla), b u t  l i t t le  is k n o w n  a b o u t  t he  f ine s t r u c t u r e  of 
goiters (FELDMAN4). I n  par t i cu la r ,  few h a v e  a t t e m p t e d  a 
co r re l a t ion  be tween  t h e  u l t r a s t r uc t u r e ,  r a d i o a u t o g r a p h y  
a n d  r a d i o c h r o m a t o g r a m s  in goi ter  induced  b y  low iodine 
diet .  I n  sp i te  of t he  r ecen t  in t e res t  in  o t h e r  goi t rogenic  
factors,  chronic  iodine def ic iency r e m a i n s  t h e  m a i n  cause  
of goiter .  

B iochemica l  d isorders  revea led  t h a t  t h e  t r i i odo thy ro -  
n i n e / t h y r o x i n e  (T3/T4) ra t io  increases  p rogress ive ly  in t he  
fol l icular  cells of t he  iod ine-def ic ien t  r a t  t h y r o i d  (STUDER 
a n d  GREERS). 

Th i s  s t u d y  deals  w i t h  t he  u l t r a s t r u c t u r a l  p a t t e r n  of t he  
iod ine-def ic ien t  g o i t e r s  in  r a t s  and  w i t h  t he  in t r ace l lu la r  
d i s t r i b u t i o n  of r ad io i od i na t ed  prote ins .  

Mater ials  and methods. For  i n d u c t i o n  of goi te r  ma le  
W i s t a r  ra ts ,  we igh ing  180-200 g, were used. T he  f i rs t  

group,  t he  controls, ,  received a s tock  l a b o r a t o r y  diet ,  con-  
t a i n i n g  0.9-1.2 ~zg I /g  food. The  second group was fed for 
4 m o n t h s  w i t h  a m o d i f i e d - R e m i n g t o n  low iodine diet ,  
c o n t a i n i n g  0.03-0.04 ~g I /g  food. 

Rad io iod ine  (1~I) was  in jec ted  i.p. (275 ~zC) in to  5 ra ts ,  
2-6  h before  sacrificing,  for l igh t  a n d  e lect ron microscopic  
a u t o r a d i o g r a p h y .  The  o the r  15 f rom each group  rece ived  
i.p. in jec t ions  of 12 ~xc 131I for c h r o m a t o g r a p h i c  ana lys i s  
of t h y r o i d  t issue. For  u l t r a s t r u c t u r a l  p a t t e r n  of t h e  
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thyro id ,  t he  specimens  were f ixed in veronol -buf fe red  
osmium t e t rox ide  and then  e m b e d d e d  in Ves topa l -W or 
Epon-812.  The grids were s ta ined wi th  lead c i t ra te  and  
examined  under  electron microscope.  For  e lec t ron micro- 
scopic r ad ioau tography ,  CARO'S and  VAN TUBERGEN'S 6 
m e t h o d  was used. 

The b iosynthes i s  of hormones  were s tud ied  using 
TONG and  CHAIKOFF 7 procedure.  Pronase  was used as the  
hydrol i t ic  enzyme and iodine conta in ing  compounds  
were separa ted  by ascend ing  ch roma tog raphy .  

R e s u l t s .  Elec t ron  microscopic observa t ions  showed 
typica l  secre tory  cells in control  ra t  t hy ro id  (Figure 1). 
In  iodine-def ic ient  goiters, there  are in te res t ing  ul t ra-  
s t ructura l  changes,  including hype r t roph ic  microvilli ,  
small  apical  vesicles (Figure 2) and m a n y  dense granules 
or oval bodies.  The rough endoplasmic  re t icu lum (RER) 
was d i s t ended  and there  were m a n y  conf luent  ergasto-  
p lasmic  sacs or cisternae.  This d is tens ion causes a severe 
d isorganiza t ion  of the  u l t r a s t ruc tu ra l  o rgane l les ' (F igure  
3), which consis ted of swollen mi tochondr ia ,  large colloid 
droplets ,  and  m a n y  free polysomes  a r ranged  in ' rose t tes ' .  
Other  changes  involved enlarged nuclei r ich in ch roma t in  
and  the  Golgi complex  was hyper t roph ied .  

E lec t ron  microscopic r ad ioau tographs  d e m o n s t r a t e d  
t h a t  mos t  of the  developed grains of 125I were  found  over  
dense droplet ,  endoplasmic  re t iculum and  apical  cell 
border  (Figure 4). 

Radio iodine  up take  (131I) showed a marked  increase in 
t hy ro id  up take  in the  goi trous ra ts  which accumula ted  
75% of admin i s t e red  dose as compared  wi th  the  controls  
only  25%. Goitrous ra t s  have  a s ignif icant  increase of 
labeled monoiodo t ry ros ine  (MIT) and t r i i odo thy ron ine  
(T3); bu t  a decrease of d i iodotyros ine  (DIT) and  thy -  
roxine (T4) (Figure 5). 

Fig. 2. Goiter due to low iodine diet-hyperplastie and hypertro- 
phied microvilli (MV); many apical vesicles, colloid is reduced; d, 
desmosolne JC, junctional complex; other abbreviations as in Figure 
1. x 22,000. 

Fig. 3. Goiter due to low iodine diet. There is great distension and 
disorganization of the endoplasmie reticulum (middle zone of 
thyroid cell); several cisternac (C1) containing in their lumen a 
condensed inaterial, have become confluent, swollen mitochrondria 
(M); other abbreviations as in Figure 1. • 22,000. 

Fig. 1. Control rat thyroid. 2 follicular cells, separated by inter- 
celhdar space (IS); FC, follicular colloid; MV, microvilli; AV, apical 
vesicles; ES, ergastoplasmie sac; M, mitochrondrion; GC, Golgi 
complex; N, nucleus with pores (arrow); DG, dense granule. 
• 22,000. 

6 L. CARO and R. VAN TUBERGEN, J. Cell Biol. 75, 173 (1962). 
7 W. TONG and T. CHAIKOFF, J. biol. Chem. 232, 939 (1958). 

Fig. 4. Goiter due to low iodine diet. Electron microscopic radio- 
autograph 6 h after 125I. Developed grains are located over the 
dense droplets (CD) and also over the ergastoplasmic sacs. • 22,000. 
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Figi 5. Chromatographic distribution of labeled iodoaminoacids in 
dense rat and in goiter by low iodine diet. MIT, monoiodotyrosine; 
DIT, diiodotyrosine; T3, Triiodotyroxine; T4, thyroxine; MIT/DIT, 
ratio; T3/T4, ratio. 

Discussion and conclusions. In  th i s  s tudy ,  t he  u l t ra -  
s t r u c t u r a l  changes  were cor re la ted  w i t h  r a d i o a u t o g r a p h y  
and  b iochemica l  d isorders  for a b e t t e r  u n d e r s t a n d i n g  of 
pa thogenes i s  of goiter .  T he  mos t  s ign i f ican t  changes  were 
ex tens ive  e n l a r g e m e n t  of t he  endop lasmic  r e t i cu lum 
(RER) ,  increased  in n u m b e r  of colloid d rop le t s  a n d  of 
dense  granules ,  h y p e r t r o p h y  of microvi l l i  and  Golgi 
appa ra tu s .  R a d i o a u t o g r a p h y  showed a g rea te r  a v i d i t y  of 
these  goi ters  for rad io iodine ,  t he  deve loped  gra ins  were 
located  a t  t he  pe r iphe ra l  colloid and  in t race l lu la r ly .  
R a d i o c h r o m a t o g r a m s  revea led  t he  p r e d o m i n a n c e  of M I T  
over  D I T  a n d  T3 over  T4. The  e n l a r g e m e n t  of RI?;R is 
p r o b a b l y  r e l a t ed  to increased  p ro t e in  syn thes i s  b u t  t h e  
poss ib i l i ty  of a defec t ive  t r a n s p o r t  of t h y r o g l o b u l i n  
t h r o u g h  t he  endop la smic  channe l s  c a n n o t  be  ignored.  

This  e n l a r g e m e n t  of endop lasmic  r e t i cu lum ind ica tes  t h a t  
t he  cel lular  m a c h i n e r y  can  ope ra t e  ac t ive ly  in goiter .  
A n o t h e r  i n t e r e s t i n g  f ind ing  is t he  increased  n u m b e r  of 
dense  g ranu les  or  lysosomes re fe r red  to as ' zymogen- l ike '  
g ranules ;  these  c o n t a i n  acid p h o s p h a t a s e  a n d  p r o b a b l y  
are i nvo lved  in pro teo lys i s  of t hy rog lobu l in .  The  ev idence  
in th i s  r e p o r t  suppor t s  t h e  a r g u m e n t  t h a t  f ine s t r u c t u r a l  
changes  ill iod ine-def ic ien t  t h y r o i d s  are induced  b y  
endogenous  T S H - o v e r s t i m u l a t i o n ,  as well as b y  a lack of 
iodine.  

T h y r o g l o b u l i n  i od ina t ion  t akes  p lace  a t  t h e  cell-colloid 
pe r iphery ,  m a n y  deve loped  gra ins  m a y  also be  sca t t e red  
over  t he  dense  d rop le t s  and  e rgas top la smic  sacs. This  
i n t r ace l lu l a r ly  i od ina t ion  as well as t h e  p r e d o m i n a n c e  of 
M I T  and  T3 over  D I T  a n d  T4 respect ive ly ,  po in t s  to  a 
h o m o s t a t i c  cel lular  m e c h a n i s m  t h a t  works  to  spare  t he  
iodine a n d  syn thes ize  less i od ina ted  h o r m o n e s  in goiters.  

Rdsumg. Une  6 tude  corr61ative c o n c e r n a n t  les modif ica-  
t ions  u l t r a s t ruc tu re l l e s ,  a u t o r a d i o g r a p h i q u e s  et  bio-  
ch imiques  a 6t6 fa i te  dans  le gol t re  e x p 6 r i m e n t a l  p rovoqu6  
p a r  une  ca rence  prolong6e en iode chez les rats .  I1 s ' e s t  
p rodu i t  une  d i l a t a t i o n  e t  une  d6sorgan i sa t ion  ex tens ive  
du  r6 t i cu lum endop lasmique ,  accompagn6es  d ' u n e  aug-  
m e n t a t i o n  des granules  denses,  des gou t tes  colloidales, 
de m~me q u ' u n e  h y p e r t r o p h i e  de l ' appa re i l  de Golgi  et  des 
microvil l is .  L ' a u t o r a d i o g r a p h i e  m e t  en 6vidence une  
i od ina t ion  intrac611ulaire. 
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Failure to Produce  T u m o u r s  in Cattle with  20-Methylcholanthrene  and 3 ,4 -Benzpyrene  

W e  failed to f ind  in t he  ava i l ab le  l i t e ra tu re1 ,  2 a n y  
r e p o r t  a b o u t  t he  effects  of chemica l  ca rc inogens  l ike 
2 0 - m e t h y l c h o l a n t h r e n e  (MCA) a n d  3 ,4 -benzpy rene  in 
cat t le .  T u m o u r s  i nduced  in mice a n d  r a t s  b y  these  car- 
c inogens  are k n o w n  to  possess  d i s t i nc t  an t i gens  3. I n  t h e  
course  of a n  i n v e s t i g a t i o n  des igned to  s t u d y  t he  specific 
an t i gens  of chemica l ly  i nduced  t umour s ,  1 m e m b e r  each  
f rom 1 iden t ica l  t w i n  pa i r  (female, Je r sey  breed) a n d  2 
f r a t e r n a l  f emale - female ,  t w i n  pa i rs  ( one  Je r sey  a n d  one 
Fr ies ian  breed) were i n j ec t ed  s.c., b e h i n d  t he  left  f lank,  
w i t h  400 m g  of MCA suspended  in olive oil. A t  t he  t i m e  of 
th i s  in ject ion,  these  a n i m a l s  were 4 -6  m o n t h s  old;  315 
days  later ,  a ge la t in  capsu le  c o n t a i n i n g  250 m g  of pow- 
dered  MCA was i m p l a n t e d  in to  each  a n i m a l  a t  approx i -  
m a t e l y  t he  same  s i te  as t he  or ig inal  in ject ion.  One 
m e m b e r  each  f rom 2 o t h e r  iden t i ca l  t w i n  pa i rs  (female, 
one Fr i e s i an  a n d  one Gue rnsey  breed)  received u n d e r  
anae s the s i a  one 5 m g  pe l le t  each  of 3, 4 -benzpyrene  u n d e r  
t he  capsule  of t he  r i g h t  k idney .  10 weeks la ter ,  a ge la t in  
capsule  c o n t a i n i n g  250 m g  of powdered  MCA was im- 
p l a n t e d  b e h i n d  t he  lef t  f l ank  of these  2 an i m a l s  also. These  
2 an ima l s  were a b o u t  one yea r  old a t  the  b e g i n n i n g  of t he  
expe r imen t .  

All t he  a n i m a l s  were housed  in a g rassy  p a d d o c k  more  
t h a n  a n  acre  in  area.  T h e y  were fed ad  l i b i d u m  w i t h  green  

grass ,  Luc ien  h a y  a n d  c rushed  oats ,  and  were regular ly  
p rov ided  w i t h  sa l t  l ick a n d  were sub jec t  to  r e g u l a r  
phys ica l  e x a m i n a t i o n .  Blood smear s  f rom these  ca t t l e  
were e x a m i n e d  i m m e d i a t e l y  before  t h e i r  exposure  to  t he  
carcinogens,  t h e n  once eve ry  6 m o n t h s  and  a t  t he  t ime  of 
killing. T h e  2 cows wh ich  received b e n z p y r e n e  pel lets  in  
t h e i r  k i d n e y  were sub jec t ed  to i.v. p y e l o g r a p h y  a n d  
needle  b iopsy  of t he  pe l le t  i m p l a n t e d  k i d n e y  a b o u t  6 
m o n t h s  a f t e r  i m p l a n t a t i o n  of t he  pellets .  A b o u t  1 m o n t h  
a f t e r  t he  biopsy,  exp lo r a to ry  l a p a r o t o m y  was per formed.  
Af te r  the  l a p a r o t o m y ,  b o t h  these  a n i m a l s  deve loped  pul-  
m o n a r y  compl i ca t ions ;  i of t h e m  died a week  la te r  a n d  
t h e  o the r  was  ki l led a f t e r  a m o n t h .  The  o the r  3 an imal s  
and  the i r  co- twins  were killed 36 m o n t h s  a f t e r  the  begin-  
n ing  of t h e  expe r imen t .  A u t o p s y  was pe r fo rmed  on. all  
an ima l s  ,and t issues  were e x a m i n e d  his tological ly.  A p a r t  
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