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1• I a t r o d u o t i  on

Two g e n e ra l m ethods have u s u a l ly  b een  employed i n  th e  s tu d y  o f  growth 

and d i f f e r e n t i a t i o n  o f  t e e t h .  They a re*  ( l )  o b se rv a tio n  o f d ev e lo p in g  

t e e th  a t  v a r io u s  s ta g e s  o f  grow th; (2 )  t r a n s p l a n ta t io n  o f  whole o r  p a r t i a l  

to o th  p r im o rd ia  in to  h e te ro to p ic  p o s i t io n s  o r  to  n u t r i t i v e  m edia o u ts id e  

o f th e  bo d y .

I n v e s t ig a to r s  i n  numerous f i e l d s  o f  developm ental s tu d ie s  have used  

th e  t r a n s p l a n t  method e x te n s iv e ly  i n  s tu d y in g  th e  p ro c e sse s  o f  grow th and 

d i f f e r e n t i a t i o n .  A r e l a t i v e l y  sm all amount o f  w ork has been  done* how ever, 

i n  w hioh th e  s o f t  t i s s u e  e lem en ts  o f  t e e t h  germs have b een  t r a n s p la n te d .

1 .  REVIEW OF THE LITERATURE.

I n  1374, Legros and M a rg ito t removed d e n ta l  f o l l i o l e s  from  young 

pups im m ed ia te ly  a f t e r  d ea th  and t r a n s p la n te d  them su b o u taae o u sly  in to  

g u in ea  p ig s  o r  o ld e r  d o g s . The h e te r o t r a n s p la n t s  w ere a l l  l o s t  th ro u g h  

su p p u ra tio n  o r r e s o r p t io n  as  were m ost o f  th e  h o m e o tra n sp la n ts . Seven o u t 

o f  tw e n ty -s ix  h o m eo tran sp lan ts  su rv iv e d  and underw ent f u r th e r  developm ent. 

No re fe re n c e  was made t o  th e  e x te n t  o f g row th . These in v e s t ig a to r s  w ere , 

how ever, th e  f i r s t  to  show t h a t  p u lp -o d o n to b la s t  t i s s u e  i s  ab le  to  su rv iv e  

and produce new d e n t in  when tr a n s p la n te d .

The in v e s t ig a t io n s  o f H uggins, M o C arro ll, and D ah lberg , 1934, 

c o n s is te d  o f th e  a u to t r a n s p la n ta t io n  o f to o th  germ elem en ts to  th e  connec­

t i v e  t i s s u e  o f  th e  abdom inal w a ll o f young pups* Young pups betw een  th e  

ages o f  3 and 6 weeks w ere used  as  donors in  a l l  o p e ra t io n s .  The a u th o rs  

made th r e e  s ig n i f i c a n t  o b s e rv a tio n s .

They were*
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(1 ) O dom toblaB t-pulp t r a n s p l a n ts  showed a  s l i g h t  d e n t in  form a­

t i o n  a f t e r  tw e n ty -s ix  days*

(8) The enam el e p ith e liu m *  i s o la te d  from o th e r  d e n ta l  t i s s u e s *  

shewed no tendency  to  form  new enam el when i t  was t r a n s p la n te d .  I n  a d d i­

t i o n ,  th e r e  was a  t o t a l  d isa p p e a ra n c e  o f a m e lo b la s ts .

(3) E n t i r e  to o th  p r im o rd ia  w ere t r a n s p la n te d  and grow th m ain­

ta in e d  f o r  tw e n ty - f iv e  d a y s . No a c tu a l  grow th m easurem ents w ere made. 

There was a  p r e s e rv a t io n  o f  th e  o y l in d r io a l  o h a ra c te r  o f th e  am e lo b la s ts  

and th e  fo rm a tio n  o f  new enam el in  normal r e l a t i o n  t o  th e s e  o e l l s  and to  

new ly form ed d e n t in .  The in f lu e n c e  o f m esorderm ic co n n ec tiv e  t i s s u e  d e r i ­

v a t iv e s  on th e  form  and fu n c t io n  o f  e p ith e liu m  was dem o n stra ted  in  t h i s  

m anner.

Hahn, 1941, s t a t e d  t h a t  th e  enam el e p ith e liu m , i n  w hole o r  in  p a r t ,  

i s  n e c e s s a ry  f o r  o d o n to b la s t fo rm a tio n  and f o r  e s ta b l i s h in g  th e  p a t te r n  

o f  th e  fu tu r e  to o t h .  The d e n ta l  p a p i l l a  seem ingly  o rg a n iz e s  under th e  in ­

f lu e n c e  o f  th e  enam el e p i th e liu m . This e p ith e liu m  i s  n o t e s s e n t i a l ,  how­

e v e r ,  f o r  th e  p ro d u c tio n  o f  d e n t in  a f t e r  th e  o d o n to b la s ts  have been  formed 

o r f o r  m a in ta in in g  th e  form  o f th e  d e n tin  once a la y e r  o f  o a l c i f i e d  t i s s u e  

h as  been  l a i d  down. Thus, an i n t e r r e l a t i o n s h i p  betw een su p p o rtin g  t i s s u e s  

and e p ith e liu m  i s  shown to  e x is t*

W i l l i s ,  1935, p e r f e c te d  a  te c h n iq u e  f o r  i n t r a c e r e b r a l  im p la n ta tio n  

o f  em bryonic t i s s u e  i n  r a t s .  Minoed t i s s u e  from  embryos o f v a r io u s  ages 

was in tro d u c e d  in to  th e  c e r e b ra l  hem isphere* No s p e c i f ic  r e s u l t s  w ere ob­

ta in e d  due to  th e  d iv e r s i t y  o f  th e  t i s s u e s  t h a t  were im p la n te d . However, 

th e  b r a in  ap p ea rs  t o  be h ig h ly  fa v o ra b le  s i t e  fo r  suoh im p la n ts , in  wh5.ch
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c a r t i l a g e ,  bone, t e e t h ,  s a l i v a r y  g land  t i s s u e ,  and s k e le t a l  m uscle grow 

r e a d i ly  and d i f f e r e n t i a t e  w e l l .

G la s s to n e , 1936, in  h e r  in v e s t ig a t io n  used th e  m olar to o th  germs 

o f e ig h te e n  t o  tw en ty -one day r a t  embryos c u l tu re d  in  v i t r o .  Hanging 

drop  p r e p a ra t io n s  were used  th ro u g h o u t th e  i n v e s t ig a t io n .  Her o b se r­

v a t io n s  showed t h a t  o d o n to b la s t fo rm a tio n  could  be w atched b u t t h a t  de­

g e n e ra tio n  s t a r t e d  a f t e r  fo u r te e n  to  tw en ty  days in  v i t r o .  A f u r th e r  

f in d in g  was t h a t  tw en ty  days o f d e n t in  fo rm a tio n  in  v i t r o  was of th e  

same m agnitude a s  fo u r  days in  v iv o .  She proved t h a t  em bryonic d e n ta l  

t i s s u e  was d i f f e r e n t i a t e d  n o rm ally  when i s o la te d  from  i t s  b lood  su p p ly , 

nervous sy stem  a tta c h m e n t, and su rro u n d in g  bone, and c u l t iv a t e d  in  v i t r o .

F u r th e r  w ork by G la ss to n e , 1938, d em o n stra ted  ousp d i f f e r e n t i a t i o n  

in  th e  m o la r t e e th  o f  th e  r a t .  These in  v i t r o  o u l tu r e s  co rresponded  to  

norm al d i f f e r e n t i a t i o n  from  th e  f i f t e e n t h  day of f e t a l  l i f e  t o  p a r t u r i ­

t i o n .  The t i s s u e  c u l tu r e  experim en ts  show t h a t  th e  developm ent o f th e  

ousps i s  a  s e l f - d i f f e r e n t i a t i n g  p ro c e s s .

A ccord ing  t o  G la s s to n e , 1952, h a lv e d  m olar t e e t h  p rim o rd ia  from  

tw en ty  t o  tw en ty -o n e  day r a b b i t  embryos developed  t h e i r  norm al whole 

to o th  p a t t e r n  o f cusps when c u l tu re d  in  v i t r o .  At tw en ty -tw o  d ay s , 

when o d o n to b la s ts  and d e n t in  a p p e a r , t h i s  c a p a o ity  f o r  r e g u la t iv e  d e v e l­

opment i s  l a r g e ly  l o s t .

Hahn, 1941, t r a n s p la n te d  v a r io u s  p o r t io n s  o f  th e  s o f t  t i s s u e s  o f 

th e  d e v e lo p in g  can ine  t e e th  o f  young fem ale dogs i n to  th e  o v a r ie s  o f  th e  

same a n im a ls .  'Hie u n e ru p ted  m a x illa ry  ca n in e s  o f fem ale  dogs, a p p ro x i­

m a te ly  s ix  weeks o ld ,  w ere used  in  a l l  e x p e r im e n ts . He found th a t
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'o d o n to b la s t -p u lp  t i s s u e s  r e ta in e d  t h e i r  form  and produced norm al d e n t in  

a f t e r  f i f t e e n  days t r a n s p la n ta t io n *  I s o la te d  enam el e p ith e liu m  f a i l e d  to  

m a in ta in  i t s  c e l l u l a r  p a t t e r n  and  form ed e p i th e l iu m - l in e d  c y s ts*  The 

t r a n s p la n te d  t i s s u e s  showed no g r e a t e r  c a p a c i t ie s  f o r  d i f f e r e n t i a t i o n  in  

th e  ovary  th a n  in  o th e r  s i t e s  of t r a n s p l a n t a t i o n  p re v io u s ly  u se d .

In  1941, N ukolls c u l t iv a t e d  m olar t e e t h  p rim o rd ia  from one day 

o ld  r a t s  in  v i t r o *  The a u th o r  seemed to  be i n t e r e s te d  in  te c h n iq u e  a lo n e  

a s  no s p e c i f i c  r e fe re n c e s  w ere made t o  degree  o f developm ent.

L osee, 1943, grew tw en ty  to  tw en ty -one day em bryonic u p p e r r a t  

f i r s t  m o la rs  in  v i t r o  u s in g  th e  d e p re s s io n  s l i d e .  He used  a h o llo w - 

ground s l i d e ,  th e  ho llow ed o u t p o r t io n  o f w hioh se rv ed  a s  a d i s h .  The

t r a n s p l a n t s  w ere p la ced  in  a medium of em bryonic c h ic k  e x t r a c t  and  r a b b i t

b lo o d  plasm a* The chamber was s e a le d  by p la c in g  a cover s l i p  o v e r th e

d e p re s s io n  and  p a r a f f in in g  th e  edges to  th e  s l i d e .  As soon as  th e  s l id e

was p re p a re d  i t  was p la c e d  in  an  in c u b a to r  a t  38° c .  The c u l tu r e  was 

t r a n s p la n te d  to  a  f r e s h  medium e v e ry  f o r ty - e i g h t  h o u rs . The to o th  germ 

was th u s  k e p t a l iv e  f o r  s e v e n ty - e ig h t  days i n  v i t r o .  However, no de­

s c r i p t i o n  was given o f  th e  d eg ree  o f  d i f f e r e n t i a t i o n  a s  compared t o  a 

to o th  grow ing in  v iv o . An im proved in  v i t r o  te c h n iq u e  appears to  be h i s  

m ain c o n t r ib u t io n .

More r e c e n t ly  S hap iro  and MaoLean, 1945, t r a n s p la n te d  d ev e lo p in g  

can in e  o r i n c i s o r  t e e t h ,  o f 1 to  5 month o ld  k i t t e n s ,  in  p la ce  o f  p e r ­

m anent can ine o r  p rem o lar t e e t h  removed from  o ld e r  an im als  and , in  a 

few c a s e s ,  o f young an im a ls  a p p ro x im a te ly  th e  same age as  th e  d o n o rs . 

They to o k  i n t r a - o r a l  roen tgenogram s a t  f r e q u e n t  i n t e r v a l s  a f t e r  th e
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.o p e r a t io n .  These in d ic a te d  t h a t  th e  t r a n s p l a n t ,  i f  i n t a c t ,  beoame e s ­

t a b l i s h e d  i n  th e  a lv e o la r  so c k e t o f th e  h o s t  and o o n tin u ed  i t s  d ev e lo p ­

m ent.

As f a r  a s  oan be d e te rm in e d , the  a n t e r i o r  chamber o f  th e  e y e , up 

to  th e  p r e s e n t  t im e , h a s  n o t  been  used a s  a  s i t e  f o r  t r a n s p la n t in g  de­

v e lo p in g  d e n ta l  t i s s u e .  The e y e , as a  s i t e  f o r  im p la n ta t io n ,  i s  ex­

tre m e ly  f a v o ra b le ,  th e  m ajo r advantage b e in g  th e  ea se  o f o b s e rv a tio n  

of th e  t r a n s p l a n t  a t  v a r io u s  in t e r v a l s  in  th e  co u rse  o f grow th and o th e r  

changes.

A lb r in k  and W allac e , 1951, p re se n te d  ev idenoe w hich in d ic a te s  t h a t  

th e  a n t e r i o r  chamber i s  conducive to  th e  grow th o f  t r a n s p la n te d  em bryonic 

t i s s u e .  They found t h a t  a  medium composed o f  a  m ix tu re  o f  b e e f  aqueous 

humor and ZOfo d e s io c a te d  embryo e x t r a c t  r e s u l t s  i n  e x te n s iv e  p r o l i f e r a ­

t i o n  o f  oh iok  f i b r o b l a s t s  w hich i s  s u p e r io r  to  t h a t  o b ta in e d  i n  m edia 

p re p a re d  from  d e s io o a te d  h o rse  serum , embryo e x t r a c t  and s a l in e  s o lu ­

t i o n .  The l a t t e r  axe components o f w id e ly  u sed  t i s s u e  c u l tu r e  media..

The a u th o rs  s t a t e  t h a t  th e  m ost im p o rtan t d i f f e r e n c e  betw een aqueous 

humor and serum m edia l i e s  i n  th e  low p r o te in  (and low a n tib o d y )  oon- 

t e n t  and h ig h  a so o rb a te  v a lu e s  o f th e  fo rm e r. The im portance o f th e  

low p r o te in  c o n te n t i s  u n c e r ta in ,  b u t  th e  c o rre sp o n d in g ly  low a n t i ­

body l e v e l  may reduoe in h ib i to r y  in f lu e n c e s .  The a u th o rs  su g g es t t h a t  

th e  much h ig h e r  le v e ls  o f  p r o te in  i n  serum may be th e  e x p la n a tio n  f o r  

th e  to x ic  e f f e o t s  o f  some s e r a .  They o bserved  t h a t  th e  c o n c e n tra tio n  

o f a so o rb a te  in  aqueous humor i s  abou t tw elve  tim es  t h a t  o f  p lasm a.

The s p e o if io  v ita m in  C le v e l s  re q u ire d  i n  f i b r o b l a s t  o u ltu re s  a re  u n -
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known, b u t  la r g e  am ounts o f  a so o rb a te  a re  found in  b o th  em bryonio and 

tum or t i s s u e s .

The same a u th o rs  r e p o r t  t h a t  th e  e f f i c a c y  ofaqueous humor a s  a 

t i s s u e  c u l tu re  n u t r i e n t  su g g e s ts  t h a t  th e  success o f i n t r a - o c u la r  t r a n s ­

p la n ta t i o n  depends on th e  a b i l i t y  o f  th e  f l u i d  to  m a in ta in  c e l l s  f o r  r e ­

l a t i v e l y  long  p e r io d s ,  or a t  l e a s t  u n t i l  •v a sc u la r iz a tio n  o co u rs , p e r ­

m i t t i n g  o o n tin u ed  g row th .

In  th e  l i g h t  o f th e  above m entioned  in v e s t ig a t io n s ,  i t  was o f i n ­

t e r e s t  to  th e  a u th o r  to  determ ine  th e  c a p a c ity  o f  th e  aqueous humor to  

su p p o r t em bryonio to o th  p r im o rd ia .

I I .  M a te r ia ls  and M ethods:

Tooth p rim o rd ia  o f f e t a l  r a t s  were t r a n s p la n te d  in to  th e  a n t e r io r  

chambers o f  th e  eyes of m ature male a lb in o  r a t s .  A lb ino  r a t s  were s e ­

l e c te d  a s  r e c ip ie n t s  s in c e  i t  was found th a t  t h e i r  non-pigm ented i r i d e s  

p e rm itte d  e x c e l le n t  v i s i b i l i t y .

Tie age o f th e  to o th  germs t o  be t r a n s p la n te d  was de term ined  by 

a c c u r a te ly  tim in g  th e  age o f  th e  embryos from  which th e  germs were to  

be ta k e n .  D a ily  v a g in a l  sm ears of th e  m others were s tu d ie d  r o u t in e ly .  

A f te r  a t  l e a s t  two norm al and r e g u la r  e s t ro u s  c y c le s  had occurred, m ales 

w ere in tro d u c e d  in to  th e  c a g e s . The f in d in g  of sperm atozoa in  th e  v a g in a l  

t r a c t s  in d ic a te d  t h a t  f e r t i l e  c o p u la tio n  had o c c u rre d . The day  th a t  

sperm atozoa w ere found was c o n s id e re d  t o  be th e  f i r s t  day of p regnancy .

The p reg n an t an im als  were s a c r i f i c e d  a c c o rd in g  to  th e  age o f th e  t r a n s ­

p la n t  d e s i r e d .  The body c a v i ty  was opened under s t e r i l e  c o n d itio n s  

and th e  embryo r a t s  removed a s e p t i c a l l y  as  needed. A ll in s tru m e n ts
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-w ere  s t e r i l i z e d  p re v io u s  to  t h e i r  use in  th e  o p e ra t io n .  A so a p e l was em­

ployed  t o  s e v e r  th e  m andib le  and body from  th e  to p  p o r t io n  o f  th e  head .

A ll f u r t h e r  m a n ip u la tio n  was done under a b in o c u la r  d i s s e c t in g  m ic ro sco p e . 

The se v e re d  head was th e n  p la c e d  on a d i s s e c t in g  p la te  (p re v io u s ly  p re ­

p ared  b la c k  p a r a f f i n  in  a w atch  g la s s )  and h e ld  in  p la c e  by in s e r t in g  

s t e r i l e  p in s  on each  s id e  in  th e  b u c c a l f o l d .  These p in s  a ls o  h e ld  th e  

b u co a l t i s s u e  away from  th e  f i e l d  of o p e ra t io n .  The mucous membrane was 

p e e le d  back  so a s  to  expose th e  bony s u r f a c e .  An in c i s io n  was made in  

th e  s o f t  p re m a x il la ry  bone and th e  b u c c a l p o r t io n  rem oved. The r i g h t  

in c i s o r  g e m  was exposed i n  t h i s  m anner. A s o a p e l was th e n  s l ip p e d  under 

th e  d e v e lo p in g  to o th  t o  e le v a te  i t  so t h a t  i t  co u ld  be rem oved. I t  was 

th e n  p la c e d  in  a w atch  g la s s  c o n ta in in g  s t e r i l e  mammalian s a l i n e  s o lu t io n .  

The l e f t  i n c i s o r  prim ordium  in  each case  was p la c e d  in  10% n e u t r a l  fo rm a lin  

and r e ta in e d  a s  a c o n t r o l .  A tw en ty -gauge  Quincke n e e d le  was a t ta c h e d  to  

a two o c . hypoderm io sy r in g e  p re l im in a ry  to  th e  o p e ra t io n .  For each  im­

p la n ta t i o n  th e  n e e d le  was lo ad ed  by ap p ly in g  i t s  b e v e l le d  p o in t  to  th e  

sm a ll end of th e  in c i s o r  and w ith d raw in g  th e  p lu n g e r s u f f i c i e n t l y  to  suck 

th e  prim ordium  and some s a l in e  s o lu t io n  in to  th e  end o f  th e  n e e d le .  The 

sy r in g e  was removed and a s t i l e t t e  in s e r t e d  in  th e  n e e d le .  I t  was moved 

s lo w ly  to w ard  th e  t i p  b r in g in g  th e  prim ordium  in to  p o s i t io n  n e a r  th e  

b e v e l le d  p o in t .  A ir  bu b b les  and s a lin e  s o lu t io n  were a l s o  ex p re ssed  

from  th e  n e e d le  in  t h i s  m anner. The r e c i p i e n t  an im als  w ere p la c e d  under 

l i g h t  e t h e r  n a r c o s is  j u s t  p r io r  to  th e  t r a n s p l a n t a t i o n .  The r a t  was 

h e ld  lo o s e ly  and th e  l i d s  o f th e  r i g h t  eye fo rc e d  a p a r t  w ith  th e  thumb 

and in d e x  f i n g e r .  S lig h t  p re s s u re  w ith  th e  f in g e r s  caused th e  eye to
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p ro tu d e . The e y e b a l l  was m a in ta in e d  in  t h i s  p o s i t io n  by th e  use o f a 

sm all cu rved  h e m o sta t. The b e v e l le d  t i p  of th e  need le  was th e n  i n t r o ­

duced th ro u g h  -the cornea i n t o  th e  a n t e r io r  chamber o f th e  ey e . The 

s t i l e t t e  was g e n t ly  pushed downward cau sin g  th e  to o th  prim ordium  to  flow  

from  th e  n e e d le .  In  o rd e r  to  p re v e n t th e  e x tru s io n  and esoape o f th e  

t r a n s p l a n t  th ro u g h  th e  i n o i s i o n ,  a l l  p re s s u re  e x e r te d  on th e  e y e b a ll  by 

th e  h em o sta t was r e le a s e d  b e fo re  th e  n eed le  was removed. The n eed le  was 

th e n  s lo w ly  w ithdraw n from  th e  c o rn e a l in c i s io n .  A b lu n t  nosed so ap e l 

was em ployed to  in su re  th e  r e te n t io n  of th e  t r a n s p l a n t  i n  th e  eye d u rin g  

rem oval o f  th e  n e e d le . There was v e ry  l i t t l e  b le e d in g  and b u t l i t t l e  

lo s s  o f aqueous humor. However, any  aqueous humor t h a t  exuded d u ring  

th e  o p e ra t io n  appeared  t o  be re p la c e d  w ith in  24 h o u rs . The t r a n s p la n ts  

were th e n ,  under g e n t le  p r e s s u r e ,  o r ie n ta te d  in  th e  a n t e r i o r  chamber, 

u s u a l ly  in  a t r a n s v e r s e  p o s i t i o n .  In  g e n e ra l ,  th e y  w ere lo c a te d  in  th e  

lo w est p a r t  of th e  an g le  betw een th e  i r i s  and th e  c o rn e a . The eye was 

th e n  w ashed th o ro u g h ly  w ith  s t e r i l e  s a l i n e .  A f te r  w ash ing , a sm a ll 

q u a n t i ty  of s u lfa n ila m id e  was s p r in k le d  on th e  su rfa c e  o f th e  e y e b a ll  

t o  p re v e n t in f e c t io n .  T h is  p roved  to  b e  a v e ry  s u c c e s s fu l  method f o r  

making in t r a o c u la r  t r a n s p l a n t s .

At au to p sy  th e  eyes w ere removed and p la c e d  in  10% n e u t r a l  fo rm a lin .  

In  o rd e r  to  f a c i l i t a t e  s e c t io n in g  o f th e  e y e s ,  th e  le n s  was removed 

th ro u g h  an opening in  th e  b a c k  o f  th e  eye a f t e r  f i x a t i o n .  The eyes con­

ta in in g  t e e t h  were d e c a lc i f i e d  in  5% n i t r i c  a c id  a f t e r  f i x a t i o n .  The 

t i s s u e s  w ere d eh y d ra ted  th ro u g h  a s e r i e s  of a lc o h o ls ,  c le a re d  in  carbon  

. t e t r a c h l o r i d e ,  and embedded in  p a r a f f i n .  S e r i a l  s e c tio n s  w ere p rep a red
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w henever p o s s ib le  and s ta in e d  w ith  hem atoxy lin  and e o s in .

1 .  Normal .Animals w ith  I n t r a o o u la r  T ra n s p la n ts ,

To p ro v id e  a  s ta n d a rd  o f com parison  f o r  th e  e x p e rim e n ta l r e s u l t s ,  

s e r i a l  s e c t io n s  were made o f d e c a lc i f i e d  heads of young r a t s  f ix e d  a t  

d a i ly  i n t e r v a l s  from  b i r t h  to  seven d a y s , and th e n  w eekly  up to  seven 

w eeks. The age of th e  to o th  p rim o rd ia  used  in  a l l  o f th e  fo llo w in g  ex­

p e rim e n ts  r e f e r s  to  days o f f e t a l  l i f e ,

Exp, A -  S ix  a d u l t  m ale r a t s ,  3 -5  months o ld , were g iven  i n t r a ­

o o u la r  t r a n s p l a n t s  o f  21 day i n c i s o r  p r im o rd ia . Weekly o b s e rv a tio n s  

w ere made under a d i s s e c t in g  m icrosoope on th e  p ro g re s s  o f th e s e  t r a n s ­

p l a n t s .  Four o f th e  an im als were s a c r i f i c e d  e ig h t months a f t e r  th e  d a te  

of t r a n s p l a n t a t i o n  and th e  eyes c o n ta in in g  th e  t r a n s p la n ts  removed f o r  

s e c t io n in g .  The f i f t h  an im al was s a c r i f i c e d  n in e ty  weeks a f t e r  th e  d a te  

o f  t r a n s p l a n t a t i o n .  The s ix th  an im al was s t i l l  a l iv e  21 months a f t e r  r e ­

c e iv in g  th e  t r a n s p l a n t .

Exp. B -  Four a d u l t  m ale  r a t s ,  3-5 months o ld , w ere g iv e n  i n t r a ­

o c u la r  t r a n s p l a n t s  o f 20 day in c i s o r  p r im o rd ia . T heir p ro g re ss  was f o l ­

lowed w eekly  by  o b se rv a tio n  th ro u g h  a d is s e c t in g  m ic ro sco p e . Three of 

th e  an im als w ere s a c r i f i c e d  n in e  months a f t e r  th e  d a te  o f t r a n s p l a n ta t io n  

The eyes c o n ta in in g  th e  t r a n s p la n ts  w ere removed and s e c tio n e d . The 

f o u r th  anim al was s a c r i f i c e d  t h i r t e e n  months a f t e r  th e  d a te  o f t r a n s p l a n t  

a t i o n .

Exp. C -  Three a d u l t  male r a t s ,  fo u r  months o ld ,  w ere g iv en  in ­

t r a o c u la r  t r a n s p l a n t s  o f  19 day in c i s o r  t r a n s p l a n t s .  They were observed  

w eek ly , s a c r i f i c e d  a f t e r  n in e  m onths, and th e  t i s s u e s  se c tio n e d  a s  above.
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Exp. D -  S ix  a d u l t  male r a t s ,  f i v e  months o ld , w ere g iven  i n t r a ­

o c u la r  t r a n s p la n ts  o f 18 day in c is o r  p r im o rd ia . They were observed  w eekly  

a s  in  th e  p rev io u s  th r e e  ex p e rim en ts . In  none o f th e se  d id  th e  t r a n s p la n ts  

grow, th e r e f o r e ,  t h e i r  eyes were n o t removed f o r  s e c t io n in g .

Exp. E -  S ix  a d u l t  m ale r a t s ,  fo u r  months o ld , were g iv en  i n t r a ­

o c u la r  t r a n s p la n ts  of 17 day in c i s o r  p r im o rd ia . Weekly o b se rv a tio n s  were 

made b u t  on ly  one t r a n s p l a n t  was s u c c e s s f u l .  The eye was removed from  

t h i s  an im al and se c tio n e d  n ine  months a f t e r  th e  da te  of t r a n s p la n ta t io n *

2 .  E x p erim en ta l Animals w ith  I n t r a o c u la r  T ra n s p la n ts .

P arke-D avis*  d e s ic o a te d  sheep th y r o id  in  powder form  was used  in  

a l l  f e e d in g  ex p erim en ts . The dosage v a r ie d  from  .25 -  .5  gm. d a i ly ,  de­

pending  upon th e  ex p e rim en t. In  o rd e r  to  in s u re  com plete consum ption o f 

a d e f in i t e  amount of th y ro id  m a te r ia l  th e  an im als were fe d  by means of 

a m o d ified  stomach tu b e .  The equipm ent c o n s is te d  o f  a tw en ty -gauge 

Quinoke n eed le  a t ta c h e d  t o  a 5 c c . s y r in g e .  Hie n eed le  was b e n t so th a t  

i t  co u ld  be e a s i l y  in s e r t e d  th ro u g h  th e  mouth and down th e  esophagus.

The powder was w eighed and mixed w ith  enough w a te r  to  make a f re e - f lo w in g  

l iq u id  su sp e n s io n . The m a te r ia l  was drawn up in to  th e  s y r in g e , th e  n eed le  

in tro d u c e d  in to  th e  esophagus, and th e  p lu n g e r in s e r te d  s lo w ly . In  t h i s  

m anner, th e  e f f ic ie n c y  of fe e d in g  was in c re a s e d , and an a c c u ra te  dosage 

a s s u re d .

I n je c t io n s  o f  sodium f lu o r id e  w ere g iv en  in  o rd e r  t h a t  th e  r a t e  

o f  d e n t in  grow th m ight be m easured, (Schour and Sm ith, 1934). This 

method o f v i t a l  s ta in in g  c o n s is te d  o f g iv in g  in t r a p e r i to n e a 1 in je c t io n s  

'o f  .1  cc o f a 2,5%  s o lu t io n  of so d iu m -f lu o r id e . A d i s t i n c t  s t r a t i f i -
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c a t io n  ap p ea red  in  th e  d e n t in  form ing  th e  c a lc i f y in g  a t  th e  tim e  of sodium 

f lu o r id e  a d m in is t r a t io n .

Exp. F -  To d e te rm in e  the-weekly grow th r a t e  of to o th  p rim o rd ia  

t r a n s p la n te d  in to  th e  a n t e r io r  chamber o f th e  ey e .

Eaoh o f  s i x  r a t s ,  c o n ta in in g  in t r a o c u la r  t r a n s p la n ts  of s e v e ra l

m onths d u r a t io n ,  was g iv e n  in je c t io n s  of .1  cc of 2.5% sodium f lu o r id e

onoe a  week f o r  th re e  su c c e s s iv e  w eek s . These in j e c t i o n s  w ere g iven  over 

th e  th r e e  weeks j u s t  p r io r  t o  s a c r i f i c e .  In  seven  o th e r  a n im a ls , th e  r a te  

o f  d e n t in  grow th  was d e te rm in ed  by m easuring  th e  w id th  of t h e  d e n t in  up to  

th e  tim e o f  th e  f i r s t  i n j e c t i o n  and d iv id in g  th e  f ig u r e  o b ta in e d  by th e  

number o f  w eeks in te rv e n in g  s in c e  th e  d a te  o f t r a n s p l a n t a t i o n .  The t r e a t ­

ment o f th e  in d iv id u a l  an im als  i s  summarized in  Table I .

Exp. G -  E f f e c t  o f  fe e d in g  d e s ic c a te d  th y ro id  g land  on th e  growth 

r a te  of to o th  p rim o rd ia  t r a n s p la n te d  in to  th e  a n t e r i o r  ohamber o f th e  ey e .

Eaoh of s ix  r a t s ,  c o n ta in in g  in t r a o c u la r  t r a n s p l a n t s  o f seven

months d u r a t io n ,  was fe d  .5  gm. o f d e s ic c a te d  th y r o id  g land  d a i ly  f o r

fo u r  weeks p r io r  t o  a u to p sy . C o n c u rre n tly , w eek ly  in j e c t i o n s  of .1  cc 

o f a  2.5/o s o lu t io n  o f  sodium f lu o r id e  w ere g iv en  so t h a t  th e  growth r a t e  

cou ld  be o b se rv ed . The t r a n s p l a n t s  were e ig h t  months o ld  when th e  an im als 

w ere s a c r i f i c e d .  The t i s s u e s  were th e n  p re p a re d  f o r  h i s to l o g ic a l  s tu d y .

3 . Tooth e ru p t io n  of new -born r a t s .

E xp. H -  E f f e c t  o f in je c t in g  th y ro x in  in to  new-born r a t s  on th e  

e ru p tio n  d a te  of t h e i r  i n c i s o r s .

Two l i t t e r s  com prising  tw e lv e  new -born r a t s  were u se d . Each 

of th e  tw e lv e  was g iv en  in j e c t i o n s  o f  .1  mg. o f th y ro x in  d a i ly  f o r  seven 

d a y s . E xam inations w ere made f r e q u e n t ly  so a s  t o  a s c e r ta in  th e  tim e o f
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e r u p t io n .  The th y ro x in  experim en t was run  in  o rd e r  to  o b ta in  f i r s t - h a n d  

d a ta  t o  compare w ith  th e  a c t io n  o f  fe e d in g  d e s ic c a te d  th y ro id  g la n d .

Exp. I  -  E f f e c t  o f f e e d in g  d e s ic c a te d  th y ro id  g land  to  new -born 

r a t s  on th e  e ru p t io n  d a te  o f  t h e i r  in c i s o r s .

Three l i t t e r s  co m p ris in g  sev en teen  new -born r a t s  were u se d . Each 

o f th e  se v e n te e n  was fe d  .25  gm« o f  d e s ic c a te d  th y r o id  g land  d a i ly  f o r  s ix  

d a y s . The an im als  w ere exam ined f r e q u e n t ly  in  o rd e r  t o  determ ine th e  tim e 

o f e ru p t io n  o f  th e  i n c i s o r  t e e t h .

I I I .  R e su lts

1 .  Normal an im als  w ith  in t r a o c u la r  t r a n s p l a n t s .

The c o n t ro l  p rim o rd ia  w ere s e c tio n e d  so as to  have a re c o rd  o f 

th e  i n i t i a l  ap p ea ran ce  o f th e  t r a n s p l a n t  f o r  th e  sake o f com parison . A 

tw en ty -o n e  day norm al prim ordium  i s  shown in  F ig u re  1 .

Exp. A -  The t o t a l  grow th o f  tw e n ty -o n e -d a y -o ld  t r a n s p l a n ts  i s  

in  e x ce ss  of any  of th e  o th e r  g ro u p s . The m ost h ig h ly  developed  t r a n s ­

p l a n t ,  shown i n  F ig u re  2 ,  i s  from  a  tw en ty -o n e -d ay  prim ordium  w hich grew 

in  th e  a n t e r io r  chamber o f  th e  eye f o r  tw en ty -o n e  m onths. The th ic k n e s s  

o f th e  d e n tin  was th e  c r i t e r i o n  u sed  to  in d ic a te  grow th in  a l l  th e  e x p e r i­

m en ts . The th ic k n e s s  of th e  in t r a o o u la r  t r a n s p l a n t ,  a t  i t s  g r e a t e s t  w id th , 

was compared w ith  a s im i la r  p o in t  m easured on s e r i a l  s e c t io n s  o f norm al 

t e e t h  p re p a re d  p r e v io u s ly .  The w id th  of th e  f iv e  m ost advanced tw en ty -  

o n e -d ay -o ld  t r a n s p l a n t s  ran g es  betw een 44 and 266 m ic ra . The w id e s t a re a  

o f  d e n t in  fo rm a tio n  in  a seven -w eek -o ld  norm al i n c i s o r  was found to  be 

170 m ic ra .  An in t r a o c u la r  t r a n s p l a n t  hav ing  a d e n t in  w id th  of 55 m icra 

a s  compared w ith  a th ree -w ee k  norm al in c i s o r  o f th e  same th ic k n e s s ,  i s
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•shown in  F ig u re s  3 and 4 .  A s im i la r  com parison i s  made in  F ig u re s  5 and 

6 between an in t r a o o u la r  t r a n s p l a n t  hav ing  a d e n t in  w id th  o f 266 m icra  

and a sev en -w eek -o ld  norm al in o is o r  having a d e n t in  w id th  of 170 m ic ra .

The sev en -w eek -o ld  norm al in c i s o r  was th e  o ld e s t  norm al i n c i s o r  a v a i la b le  

f o r  com parison w ith  th e  ex p e rim e n ta l t r a n s p l a n t s .  E v id e n tly  th e n ,  in  th e  

m ost s u c c e s s fu l  t r a n s p l a n t s ,  th e  grow th approaches t h a t  o f an a d u l t  an im a l.

Exp. B -  The grow th of th e  tw e n ty -d a y -o ld  t r a n s p l a n t s  approaches 

t h a t  a t t a in e d  by tw en ty -o n e -d ay  t r a n s p l a n t s .  The d e n tin  w id th  o f  th e  fo u r  

tw e n ty -d a y  t r a n s p la n ts  ran g es  betw een 39 and 99 m ic ra . F ig u re  7 shows a 

w e l l  dev elo p ed  tw en ty -d ay  t r a n s p l a n t  t h a t  was d is s e c te d  ou t o f th e  eye 

a f t e r  t h i r t e e n  months and photographed  in  t o t o .

E xp. C -  A ll  th r e e  o f  th e  n in e te e n -d a y  t r a n s p la n ts  s u rv iv e d , bu t 

developed  l e s s  e x te n s iv e ly  th a n  th e  tw en ty -and  tw en ty -o n e -d ay  t r a n s p l a n t s .  

The d e n t in  w id th  of th e  m ost h ig h ly  developed  n in e te e n -d a y  t r a n s p l a n t  i s  

50 m io ra .

Exp. D -  n e g a tiv e  r e s u l t s  w ere o b ta in ed  in  a l l  th e  e ig h te e n -d a y  

t r a n s p l a n t s .  R eso rp tio n  had  e v id e n tly  o ccu rred  soon a f t e r  t r a n s p l a n ta t io n .

Exp. E -  Only one o f  th e  sev en teen -d ay  t r a n s p la n ts  was found to  

s u rv iv e .  However, th e re  was very  l i t t l e  developm ent in  th e  s in g le  t r a n s ­

p la n t  t h a t  became e s ta b l i s h e d ,  as compared to  tw en ty -and  tw en ty -o n e -d ay  

t r a n s p l a n t s .  The i n f a n t i l e  s t a t e  of developm ent in  t h i s  t r a n s p l a n t  i s  

shovm in  F ig u re  8 . I t  re ac h ed  th e  s ta g e  t h a t  i s  shown in  th e  pho tom icro­

graph  a b o u t th r e e  months a f t e r  th e  d a te  o f  t r a n s p l a n ta t io n .  No f u r th e r  

developm ent was observed  from  t h a t  d a te  u n t i l  th e  tim e o f a u to p sy .

A ll  th e  t r a n s p l a n t s ,  r e g a rd le s s  of ag e , rem ained in  th e  a n t e r io r
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chamber o f th e  eye a f t e r  th e  t r a n s p la n ta t io n s  were made. The le n s  was 

found to  r e g re s s  in  many o f th e  e y e s . I t  was alm ost e n t i r e l y  m iss in g  in  

th r e e .  The a n t e r i o r  chamber of th e  eye was found to  occupy a la r g e r  a re a  

o f th e  in t r a o c u la r  c a v i ty  a f t e r  e x te n s iv e  grow th o f th e  t r a n s p l a n t .  Thus, 

th e  p o s t e r i o r  chamber became s m a lle r  and th e  le n s  e :x h ib ited  a r e g re s s io n  

in  s i z e .  The t r a n s p l a n t s  became a t ta c h e d  in  th e  ang le  betw een th e  i r i s  

and th e  c o rn e a . The p o in t  o f a tta ch m en t was n o t n e c e s s a r i ly  th e  bottom  

a re a  o f th e  a n t e r i o r  cham ber. In  n e a r ly  a l l  c a s e s ,  how ever, th e  a t t a c h ­

ment was n e a r  th e  p e r ip h e ry  o f th e  a n t e r io r  ohamber. W ith in  f o r ty - e ig h t  

h o u rs  a f t e r  th e  t r a n s p l a n ta t io n ,  n e a r ly  a l l  th e  p rim o rd ia  were a tta o h e d  

in  such  a m anner t h a t  t h e i r  p o s i t io n  d id  n o t change. A b lood  d o t  ap­

peared  on th e  base o f each prim ordium  th e  day  a f t e r  th e  t r a n s p l a n t  was 

made. The c l o t  p e r s i s te d  from  f iv e  to  seven days in  m ost c a s e s .  A m eri­

d io n a l  a r t e r y  in  th e  s c le r a  seems to  e n la rg e  and w ith in  e ig h t  to  te n  days 

te rm in a te s  in  a fan -sh ap ed  s e r ie s  o f  v e s s e ls  which co u rse  a lo n g  th e  s c le r o -  

c o rn e a l ju n c t io n  a d ja o e n t  to  th e  a t ta o h e d  t r a n s p l a n t .  The prom inent b lood  

c l o t  d is a p p e a rs  w ith  th e  developm ent of t h i s  perm anent b lood  su p p ly . The 

cornea was n o t  invaded  by b lood  v e s s e ls  a lth o u g h  some d id  course  a long  

th e  in n e r  s u r fa c e  of th e  co rnea in  re a c h in g  th e  t r a n s p l a n t .  The m a jo r i ty  

o f v e s s e l s  were in  c lo se  p ro x im ity  t o  th e  i r i s  o r  to  th e  an g le  between th e  

i r i s  and c o rn e a . They w ere found to  be embedded in  th e  i r i s  and s c le r o -  

c o m e a l  ju n c t io n .  Even though  th e  b lood supp ly  to  th e  t r a n s p l a n t  was well" 

d ev e lo p ed , i t  was alw ays con fined  to  th e  g e n e ra l v i c i n i t y  of th e  t r a n s ­

p l a n t .  Some of th e  t r a n s p la n ts  had b lo o d  v e s s e ls  c o u rs in g  over most of 

•the s u r fa c e  in  t h e i r  e a r ly  phases of g row th . However, th e  v e s s e ls  became
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lo c a l iz e d  a ro u n d  th e  b a s a l  re g io n  o f  th e  t r a n s p l a n t  as  growth c o n tin u e d . 

Two t y p i c a l  a tta c h m e n ts  a re  shown in  F ig u re s  9 and 10. Ho e x te n s iv e  en ­

la rgem en t of th e  eye was n o ted  in  any of th e  t r a n s p l a n t s .

A com plete  la c k  of pigm ent was n o te d  in  a l l  in t r a o c u la r  g ro w th s .

This i s  c o n t r a ry  to  th e  c o n d it io n  found in  normal i n c i s o r s .

2 .  E x p erim en ta l an im als  w ith  i n t r a o c u la r  t r a n s p l a n t s .

Exp. F -  Table I  in d ic a te s  th e  average  w eekly  e x te n t o f grow th 

and o th e r  p e r t i n e n t  in fo rm a tio n  f o r  t h i r t e e n  t r a n s p l a n t s .  The r e s u l t s  

in d ic a te  t h a t  th e  average  grow th v a r ie s  from  a low o f .7 7  m ic ra  to  a 

maximum o f 2 .9  m iora p e r  w eek. In  a d d i t io n ,  t e e t h  o f r a t s  g iv en  in ­

j e c t i o n s  o f  sodium f lu o r id e  a t  seven  day  i n t e r v a l s  in d ic a te  w eekly  d e n t in  

grow th o f a p p ro x im a te ly  2 .5  m ic ra .  F ig u re  11 i l l u s t r a t e s  th e  l a t t e r .

E xp. G -  F eeding  of d e s ic c a te d  th y ro id  g la n d  to  an im als  c o n ta in in g  

in t r a o c u la r  t r a n s p la n ts  s t im u la te d  th e  grow th o f  d e n t in .  The norm al 

grow th o f  d e n t in  in  t r a n s p la n ts  was found n o t to  exceed 3 .  m icra  p e r  

week ( th e  e n t i r e  ran g e  was from  .77  to  2 .9  m icra  p e r  w eek). The average  

.growth of s ix  th y r o id - t r e a t e d  t r a n s p l a n t s  was found to  be 5 .3  m icra  p e r  

w eek. T h is  would in d ic a te  an  in c re a s e d  grow th o f abou t 2 .5  m icra  or 

n e a r ly  a  d o u b lin g  o f th e  d e n t in  d e p o s i t io n  p e r week. These r e s u l t s  a r e  

i l l u s t r a t e d  i n  Table I I .  F ig u re  12 shows s e v e r a l  s t r a t i f i c a t i o n  r in g s  

in  th e  d e n t in  of a to o th  grow ing under in f lu e n c e  o f  th y ro id  hormone and 

in je c te d  w ith  sodium f lu o r i d e .

3 .  Tooth e ru p t io n  of new -born r a t s .

E xp . H -  I t  was observed  t h a t  th e  in o i s o r  t e e th  of new -born r a t s  

•erupted p re c o c io u s ly  when th e y  w ere g iv en  d a i ly  in j e c t i o n s  of .1  mg. o f
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22 20 3 5 .5

31 20 3 4 .5

36
......................

20 3 5 .8

38 21 3 5 .

45 21 3 5 .8

46
I—■---------- ---------

21 3 5 .3

Table I I .  Average Weekly D e n tin  Growth 
o f  Seven-m onth-o ld  Ih tr& o o u la r T rans­
p la n ts  Growing f o r  th e  L a s t Four Weeks 
Under th e  In f lu e n c e  o f  T hyro id  Hormone 
(d e s io o a te d  th y ro id  g la n d ) .
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A c c e le ra te d  In o is o r  E ru p tio n  Induced by Thyroxin I n je c t io n

L i t t e r

'1

Humber o f 
Animals

Number of 
Animals 
S u rv iv ing  
7 I n je c t io n s  
o f  ,1  mg.

Time o f  E rup­
t i o n  a f t e r  
B ir th  in  Hours

1
*

6 5
t

72 -  78

a I 6
i

4 80 -  84

A c c e le ra te d  In c is o r  E ru p tio n  Induced by Feeding D es icca ted  
T hyroid  Gland

L i t t e r

Number o f  
an im als

Number of 
Animals 
S u rv iv in g  6 
F eed ings o f 
•25 gm.

Time of Erup­
t i o n  a f t e r  
B irth  in  Hours

t

1 5
a

4 66 -  70

2
a

6 6 68 -  72

3 6 5 6 6 - 7 2

T ab le  I I I*  Comparison o f A c c e le ra tio n  o f  I n c is o r  
E ru p tio n  Induced by Feeding  D es icca ted  Thyroid 
Gland and I n je c t in g  T hyroxin.
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th y r o x in .  The in c i s o r s  w ere found to  e ru p t between 72 and 84 hou rs 

a f t e r  b i r t h .  Table I I I  in d ic a te s  th e  e ru p t io n  d a te  and o th e r  p e r t i n e n t  

in fo rm a tio n .

Exp. I  -  The e ru p tio n  of th e  in c i s o r  t e e t h  in  new -born r a t s  was 

a c c e le r a te d  by fe e d in g  .25  gm. d e s ic c a te d  th y r o id  powder d a i ly .  E rup­

t i o n  was found  to  ooour betw een 66 and  72 h o u r s .a f t e r  b i r t h .  These r e ­

s u l t s  a r e  i l l u s t r a t e d  in  Table I I I ,  A com parison  in d ic a te s  th a t  d e s ­

ic c a te d  th y ro id  g land  i s  s l i g h t l y  more e f f e c t iv e  th a n  th y ro x in  as  r e ­

g a rd s  a c c e le r a t io n  of e ru p t io n  o f i n c i s o r s .

IV. D isc u ss io n

The s u p e r io r i t y  of th e  eye as  a s i t e  f o r  th e  s tu d y  of to o th  grow th 

m ust be n o te d  in  com parison  to  o th e r  h e te r o to p ic  s i t e s .  Ifo d e f in i t e  

m easurem ents of th e  grow th  o f  t r a n s p l a n t s  in  o th e r  s i t e s  have b een  made. 

G la s s to n e , 1936, was th e  on ly  p re v io u s  in v e s t ig a to r  t o  in d ic a te  a r e ­

la t io n s h ip  betw een th e  grow th of t r a n s p l a n t s  and norm al t e e t h .  She 

oompared th e  grow th of th e  m ost s u c c e s s fu l  in  v i t r o  t r a n s p l a n ts  w ith  

t h a t  o f  a norm al fo u r -d a y -o ld  m o la r . The d i s t i n c t i o n  th a t  m ost o f  th e  

p re v io u s  in v e s t ig a to r s  have made i s  t h a t  d e n t in ,  o r some o th e r  s t r u c t u r e ,  

i s  e i t h e r  form ed o r i s  n o t  form ed. Thus, th e y  have been  m ain ly  con­

ce rn ed  w ith  w h e th e r v a r io u s  p o r tio n s  o f th e  em bryonic d e n ta l  t i s s u e  

w i l l  s u rv iv e  when t r a n s p la n te d  r a th e r  th a n  w ith  th e  e x te n t  to  w hich 

th e y  develop* T h e ir  p rob lem  in v o lv ed  a s tu d y  o f th e  r e la t io n s h ip s  o f 

th e  v a r io u s  p a r t s  o f  to o th  p rim o rd ia  to  one a n o th e r .  W i l l i s ,  1935, in  

p e r f e c t in g  a te c h n iq u e  f o r  in t r a c e r e b r a l  im p la n ta tio n  o f em bryonic 

t i s s u e ,  m ere ly  s t a t e s  t h a t  th e  b r a in  ap p e a rs  t o  be a h ig h ly  fa v o ra b le
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s i t e  f o r  t h e  t r a n s p l a n t a t i o n  o f  bone, t e e t h ,  e t c .  The work o f  S h ap iro  

and JfaoLean, 1945, i s  of im portance as i t  shows t h a t  d ev e lo p in g  p r i -  

m ordia c o n tin u e  t h e i r  developm ent when t r a n s p l a n te d  in  p lace  o f  p r e -  

m olar t e e t h  in  o ld e r  a n im a ls . However, t h e i r  work i s  e s s e n t i a l l y  a 

s tu d y  o f  th e  to o th  in  i t s  norm al p o s i t io n  w ith  a l l  o f i t s  n a t u r a l  advan­

ta g e s .  The su ccess  o f  th e  te c h n iq u e  o f  t r a n s p l a n t a t i o n ,  a s  d e sc r ib e d  

above, a s  w e ll  a s  th e  ease  o f co n tin u ed  o b s e rv a tio n  a re  b o th  f a c to r s  

w hich c o n t r ib u te  to  th e  s u p e r i o r i t y  of th e  a n t e r io r  chamber over o th e r  

t r a n s p l a n t a t i o n  s i t e s .  The o b se rv ab le  maximum d e n t in  growth o f 266 

m ic ra , over a p e r io d  o f n in e ty  d ay s , d em o n stra te s  a d e f in i t e  c o n tin u ­

a t io n  o f  g row th .

A ccord ing  to  th e  f in d in g s  o f  A lb rin lc  and W allace , 1951, th e  two 

f a c t o r s  c o n t r ib u t in g  t o  th e  su ccess  o f th e  aqueous humor a s  a t i s s u e  

c u l tu r e  medium a r e ;  (1 ) i t s  low p r o te in  (low  a n tib o d y )  c o n te n t;  (2) 

i t s  h ig h  a s o o rb a te  v a lu e s .  T h e ir  s u g g e s tio n  o f  a r e la t io n s h ip  betw een  

th e  la rg e  am ounts of a s c o rb a te  in  th e  aqueous hum or, as  a  co rre sp o n d ­

in g ly  h ig h  c o n te n t i n  b o th  em bryonic and tum orous t i s s u e  i s  an im p o rtan t 

f a c t o r .  T h is  may p o s s ib ly  r e f l e c t  h ig h e r  n eed s  o f  v ita m in  C f o r  o p tim a l 

g row th  by em bryonic and tum orous t i s s u e s .  The low  p r o te in  c o n te n t and 

h ig h  a s c o rb a te  v a lu e s  p ro b a b ly  c o n t r ib u te  to  th e  m ain tenance o f th e  

t r a n s p l a n t  u n t i l  v a s c u la r iz a t io n  o c c u rs .

The developm ent o f  a  b lo o d  su p p ly  t o  in t r a o c u la r  to o th  t r a n s p l a n ts  

p a r a l l e l s  t h a t  observed  by  F aw oett and h i s  co w o rk ers , 1947, when ova were 

t r a n s p la n te d  in to  th e  a n t e r i o r  cham ber. However, th e y  s t a t e  t h a t  th e  

co rnea g ra d u a l ly  beoomes edem atous and i s  invaded  by b lood  v e s s e l s .
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F u rth e rm o re , th e y  f in d  t h a t  due to  t h e i r  ch an g es, -which make th e  cornea 

somewhat opaque, a s tu d y  o f th e se  ova by d i r e c t  o b se rv a tio n  cea se s  to  

b e  p r o f i t a b l e  beyond th e  t e n th  o r  e le v e n th  d a y . The c o rn e a l in v a s io n  

by  b lood  v e s s e ls  was n o t  en coun tered  in  any  of th e  to o th  t r a n s p l a n t s .  

T h e re fo re , c o n s ta n t o b s e rv a tio n  was p o s s ib le  th ro u g h o u t th e  e n t i r e  

p e r io d  of g row th .

There i s  a l i m i t a t i o n  o f  grow th in  th e  in t r a o c u la r  t r a n s p la n ts  

a s  opposed to  norm al t e e t h  grow ing in  th e  jaw . This was shown by th e  

f a c t  t h a t  t r a n s p l a n t s ,  a s  o ld  a s  tw en ty -one m onths, had n o t p e n e tra te d  

th e  c o rn e a . M echanical l i m i t a t i o n  does n o t  seem to  be a f a c to r  in  in ­

t r a o c u la r  t r a n s p l a n t s .

R unner, 1347, r e p o r ts  t h a t  im p lan ted  embryos grow and th e  eye­

b a l l  f r e q u e n t ly  ru p tu re s  due to  th e  in t r a o c u la r  p re s su re  oaused by ex­

p an sio n  o f th e  g r a f t .  In  a d d i t io n ,  h e  s t a t e s  t h a t  im p lan ts  in  th o se  

eyes w hich do n o t r u p tu re  deepen in  c o lo r  and b eg in  to  d e c re a se  in  s iz e  

on ab o u t th e  te n th  d a y . S u bsequen tly  th e  aqueous humor becomes c l e a r ,  

th e  g r a f t  becomes s m a lle r  and d a rk e r  in  c o lo r ;  e v e n tu a l ly  b e in g  reduced  

to  a s c a r  on ab o u t th e  tw e n t ie th  d ay . D uke-E lder, 1934, s t a t e s  th a t  

s in c e  th e  d i s t e n s i b i l i t y  o f th e  envelope of th e  eye i s  r e s t r i c t e d  th e  

in t r a o o u la r  p re s s u re  may be v a r ie d  by a l t e r i n g  th e  volume occup ied  by 

i t s  c o n te n ts .  In  a d d i t io n ,  th e  s t r u c tu r e  of th e  eye i s  such t h a t  a 

d i l a t a t i o n  of th e  c a p i l l a r i e s  b r in g s  ab o u t a la rg e  in c re a s e  in  p r e s s u re .  

An in t r a o o u la r  t r a n s p l a n t  would i n t e n s i f y  th e  p re s su re  on t h i s  b a s i s .

The change i n  volume b ro u g h t abo u t by th e  in t ro d u c t io n  of a t r a n s p l a n t ,  

and th e  in c re a s e d  b lood su p p ly , would cause an in c re a s e d  p re s s u re
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a c c o rd in g  to  th e  above f a c t o r s .  T his i s  b u t one e x p la n a tio n  o f th e  

cause  o f  in o re a se d  in t r a o o u la r  p r e s s u re .  Browning, 1949, a g re e s  th a t  

m echan ica l f a c t o r s  p ro b ab ly  do n o t l im i t  g ro w th . He dem onstra ted  t h a t  

t r a n s p l a n t s  of ileum  o r stom ach e a s i l y  ru p tu re  the. co rn ea , and th o se  

o f  limb buds r e a d i ly  d is te n d  i t .  F u rth e rm o re , he s t a t e s  t h a t  th e  ru p ­

tu r e  of th e  co rnea  i s  n o t fo llo w ed  by any a p p re c ia b le  f u r th e r  grow th 

o f  th e  t r a n s p l a n t .  Favroett and h i s  cow orkers, 1947, s t a t e  t h a t  d e v e l­

oping  ova sometimes erode th ro u g h  th e  co rn e a l in c is io n  g iv in g  a  sem­

b la n c e  o f  th e  eye having ru p tu re d  a s  a r e s u l t  o f  th e  grow th of th e  

b l a s t o c y s t .  T h e ir  h i s to l o g io a l  ex am inations  r e v e a l  t h a t  th e  f e t a l  

t i s s u e  seldom  o ccup ies more th a n  tw o - th i rd s  o f th e  space a v a i la b le  in  

t h e  a n t e r i o r  cham ber. They, th e r e f o r e ,  su g g es t t h a t  th e  en largem ent 

may be due to  in c re a se d  p ro d u c tio n  of aqueous humor or to  in te r f e r e n c e  

w ith  i t s  a b s o rp t io n .  They advance th e  id e a  t h a t  e x tra v a s te d  b lood  in  

th e  a n t e r i o r  chamber nay i n t e r f e r e  to  some e x te n t  w ith  th e  a b s o rp tio n  

o f  aqueous humor v ia  th e  c a n a l of Schlemm, and t h a t  th e re  may be an  in ­

c re a se d  p ro d u c tio n  of f l u i d  as a r e s u l t  of abnorm al p e rm e a b il i ty  of th e  

b lood  v e s s e l s  o f  th e  eye.

At no tim e  d id  th e  in t r a o c u la r  to o th  t r a n s p la n ts  d is te n d  th e  

eye t o  any  g r e a t  e x te n t  or occupy th e  t o t a l  space a v a i la b le .  The to o th  

t r a n s p l a n t s  d id  n o t b r in g  ab o u t c o rn e a l r u p tu r e .  The eye became d i s ­

tended  o n ly  when in f e c te d .  G reene, 1947, made some in t e r e s t i n g  ob­

s e rv a t io n s  in  th e  course o f  t r a n s p la n t in g  v a r io u s  organs and  tum orous 

t i s s u e s  i n t o  th e  mouse e y e . He observed  t h a t  em bryonic o v a r ie s ,  k id n ey , 

s p le e n , e t a .  u s u a l ly  reac h  t h e i r  maximum s iz e  in  from  two t o  th r e e  w eeks,
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and no f u r th e r  in c re a s e  in  s iz e  o c c u rs . Some t r a n s p l a n t s  show no s ig n s  

of r e g r e s s io n  and appear a b le  to  p e r s i s t  th ro u g h o u t l i f e .  Tumor g row th , 

how ever, i s  r a p id  in  th e  a n t e r i o r  chamber and a f t e r  s e v e ra l  weeks causes 

th e  co rn ea  to  ru p tu re  and th e  tum or p ro tru d e s  a s  a fu n g a tin g  m ass. The 

tumor soon becomes in f e c te d  and d e a th  fo l lo w s .  H is o b s e rv a tio n s  on th e  

e a r ly  a t ta in m e n t of maximum grow th a re  c o n tra ry  to  th e  o b se rv a tio n s  r e ­

p o rte d  h e re  on in t r a o c u la r  t o o t h  t r a n s p l a n t s .  The to o th  p rim o rd ia  ap p ea r 

to  grow s t e a d i l y  over s e v e ra l  months and an  in te n s e  growth over a s h o r t  

p e r io d  does n o t o ccu r.

Browning, 1949, t r a n s p la n te d  t h i r t e e n  to  s ix te e n  day o ld  em bryonio 

p a r t s  in to  th e  a n t e r io r  chamber o f th e  r a t  eye and no ted  th a t  grow th o f  

th e s e  p a r t s  c e a se s  w ith  th e  com ple tion  of t h e i r  o rg a n iz a tio n  and d i f f e r ­

e n t i a t i o n .  He s t a t e s  t h a t  th e  t r a n s p la n te d  o rgans in c re a s e  t o  a s iz e  

com parable w ith  t h a t  n o rm ally  a t ta in e d  a t  b i r t h  and f u r th e r  grow th does 

n o t occur t h e r e a f t e r .  T issu e s  of new -born an im a ls  u s u a l ly  p e r s i s t  a f t e r  

t r a n s f e r  b u t show no in c re a s e  in  s i z e .  The developm ent o f to o th  p rim o rd ia  

does n o t f i t  in t o  th e  above p a t te r n  of developm ent. The r e s u l t s  in  t h i s  

paper in d ic a te  t h a t  d e f in i t e  and co n tin u ed , b u t  l im i te d  grow th is .  a t t a in e d .  

F ig u re  2 i l l u s t r a t e s  th e  m ost advanced t r a n s p l a n t  o b ta in ed  in  th e se  ex­

p e r im e n ts . However, l i m i t a t i o n  of growth i s  a f a c t o r  t h a t  i s  common to  

a l l '  i n t r a o o u la r  t r a n s p l a n t s .  Browning, 1949, su g g e s ts  t h a t  th e  la c k  of 

e x p re s s io n  of f u l l  growth p o t e n t i a l i t i e s  by  an  in t r a o o u la r  t r a n s p l a n t  may 

be  due to  a  la c k  of s t im u la to ry  f a c to r s  e la b o ra te d  by  th e  embryo a s  a 

w h o le . T h is  i s  d em onstra ted  b y  th e  more e x te n s iv e  grow th in  t i s s u e  c u l­

tu r e s  w here em bryonic t i s s u e  e x t r a c t  i s  in v o lv e d . The l i m i t a t i o n  o f grow th
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in  in t r a o o u la r  t r a n s p l a n t s  i s  a p rob lem  t h a t  m e r i ts  f u r th e r  in v e s t ig a t io n s

The f a o t  t h a t  17 and 18 day  o ld  to o th  t r a n s p l a n t s  do n o t  grow as  

w e ll  a s  19 , 20 , and 21 day  o ld  t r a n s p l a n t s  h a s  two p o s s ib le  e x p la n a tio n s#  

F i r s t ,  th e r e  may be a la c k  of o rg a n iz a t io n  a t  t h i s  tim e o f f e t a l  l i f e .  

Second, i t  i s  v e ry  d i f f i c u l t  to  remove to o th  germs in  th e  e a r l i e r  s ta g e s  

o f developm ent. The u se  o f s m a lle r  in s tru m e n ts  to  d i s s e c t  ou t th e  in o is o r  

p r im o rd ia  would enhance t h e i r  chances o f s u rv iv a l  and developm en t.

A b r i e f  rev iew  of th e  m ain f e a tu r e s  of developm ent a s s o c ia te d  w ith  

th e  v a r io u s  days i s  in fo rm a tiv e .

14 day . S l ig h t  th io k e n in g  o f  th e  o r a l  e p ith e liu m .

15 day . A d i s t i n c t  th ic k e n in g  and ingrow th  o f o r a l
e p i th e liu m ,

16 day# The d e n ta l  r id g e  h as  form ed and th e  b eg in n in g
o f a  f la s k -s h a p e d  enam el organ i s  p r e s e n t .

17 day . The d e n ta l  p a p i l l a  i s  capped by an enam el o rg an .

18 day . A t r a n s i t o r y  s ta g e .

19 d ay . Both o d o n to b la s ts  and a m e lo b la s ts  a re  d i f f e r e n ­
t i a t e d .

21 d ay . Ho d e n t in  o r enam el h as  b een  l a i d  down as  y e t .

I t  i s  e v id e n t t h a t  p re v io u s  to  t h e  n in e te e n th  day , to o th  p rim o rd ia  a re

s t i l l  in  a s ta g e  o f fo rm a tio n . A t t h a t  t im e , i t  i s  easy to  d i s tu r b  th e

norm al r e l a t io n s h ip s  o f th e  v a r io u s  p a r t s  in  removing p r im o rd ia .

The la c k  o f p ig m e n ta tio n  in  th e  in t r a o o u la r  t r a n s p l a n t s  i s  a s i g n i ­

f i c a n t  o b s e rv a tio n . A ccording to  A ddison and A pp le to n , 1926, th e  enam el 

i s  d iv id e d  in to  two l a y e r s ;  a t h i n  o u te r  and a t h i c k e r  in n e r  l a y e r .  The 

o u te r  la y e r  in  i t s  s u p e r f i c i a l  p a r t  c o n ta in s  th e  y e llo w  o r orange pigm ent 

w hich g iv e s  c o lo r  to  th e  enam el. They s t a t e  t h a t  th e  pigm ent covers  th e
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a n t e r i o r  tw o - th i rd s  of th e  enamel of th e  upper in c i s o r .  F u rth erm o re , th e y  

r e p o r t  t h a t  th e  p igm ented la y e r  makes up ab o u t a  f o u r th  o f  th e  w id th  o f

th e  enam el la y e r  i n  th e  to o th  o f  a f iv e  month o ld  a n im a l, F a r r i s  and 
*

G r i f f i t h ,  1949, s t a t e  t h a t  th e  p ig m en ta tio n  i s  f i r s t  seen  in  th e  r a t  in ­

c i s o r  a t  th r e e  weeks o f a g e . The y e llo w -o ran g e  o o lo r deepens w ith  ag e . 

F u rth e rm o re , th e y  s t a t e  •that th e  s ig n if ic a n c e  o f norm al p ig m en ta tio n  i s  

s t i l l  o b sc u re . However, changes in  p ig m en ta tio n  a re  o f te n  th e  e a r l i e s t  

dem o n strab le  re sp o n se s  to  v a r io u s  e x p e rim e n ta l p ro c e d u re s , Hodge, Luce- 

C lausen , and Brown, 1939, observed  th e  e f f e c t  o f r a d i a t i o n  on th e  pigmen­

t a t i o n  o f  norm al in c i s o r s .  They n o ted  t h a t  a l l  m easurem ents of degree of 

p ig m e n ta tio n  in  i n c i s o r  t e e th  o f  r a t s  co n fin ed  to  d a rk  q u a r te r s  in d ic a te d  

l e s s  p igm ent th a n  in  norm al r a t s ,  Ho e x p la n a tio n  of t h i s  phenomenon i s  

g iv e n . M. C. S m ith , 1933, observed  an absence or d im in u tio n  o f  pigmen­

t a t i o n  in  th e  in c i s o r s  o f anem ic r a t s .  She su g g e s ts  t h a t  th e  i r o n  c o n te n t 

o f th e  pigm ent m e r i ts  i n v e s t ig a t io n ,  A l im i te d  b lood  su p p ly  i s  c h a ra c te r ­

i s t i c  o f a l l  th e  in t r a o c u la r  t r a n s p l a n t s .  This l i m i t a t i o n  o f b lood supp ly  

may b e  an im p o rta n t f a c t o r  in  th e  la c k  o f  p ig m e n ta tio n .

Sodium f lu o r id e  proved e f f e c t iv e  i n  m easuring  d e n t in  growth in  

in t r a o c u la r  t r a n s p l a n t s .  I t  was found t h a t  an  in c re a s e  in  amount of 

d e n t in  oould be  m easured a t  a minimum of seven  day i n t e r v a l s .  The ex­

tre m e ly  l im ite d  grow th of th e  t r a n s p la n ts  p ro h ib i te d  m easurem ents a t  

s h o r te r  i n t e r v a l s .  Schour and Sm ith , 1934, de term ined  th e  r a t e  o f d e n tin  

d e p o s i t io n  in  th e  norm al r a t  i n c i s o r .  They gave a d u l t  r a t s  s e v e ra l  in ­

j e c t i o n s  of 0.3 o c , o f a  2 .5  s o lu t io n  o f sodium f lu o r id e  f o r ty - e ig h t  hou rs  

a p a r t  and th e n  k i l l e d  th e  an im als  f o r ty - e i g h t  hours a f t e r  th e  l a s t  in ­
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j e c t i o n .  They observed  t h a t  th e  d e n t in  showed a s t r a t i f i c a t i o n ,  w h ile  th e  

o d o n to b la s ts  and p u lp  appeared  to  rem ain n o rm al. They observed a p a i r  

o f  la y e r s  in  th e  d e n t in  f o r  each in j e c t i o n  of sodium f lu o r i d e .  They s t a t e  

t h a t  each p a i r  c o n s is ts  o f :

A. A l i g h t  la y e r  w hich r e p r e s e n ts  a  prim ary  and im m ediate r e a c t io n  

t o  t h e  i n j e c t i o n .  This la y e r  i s  im p e rfe c t in  fo rm a tio n  and c a l c i f i c a t i o n .

B. A d ark  la y e r  w hich im m ed ia te ly  fo llo w s  th e  l i g h t  one and r e ­

p r e s e n ts  a  re c o v e ry  r e a c t io n .  T his la y e r  i s  norm al in  fo rm a tio n  and n o r­

m al o r  e x c e ss iv e  in  c a l c i f i c a t i o n .

The w id th  o f each  p a i r  i s  ap p ro x im ate ly  32 u .  Thus th e  d a i ly  d e -  

p o s i t i o n a l  r a t e  i s  in d ic a te d  a s  b e in g  16 u .  per day.

The f a c t  t h a t  enam el grows a t  th e  same r a t e  as  d e n t in  was a s c e r ­

ta in e d  by  th e  same in v e s t ig a t o r s .  I n  a d d i t io n ,  th ey  n o ted  t h a t  fo u r  weeks 

a f t e r  th e  f i r s t  in j e o t i o n ,  th e  in c i s o r  began to  lo s e  i t s  orange pigm ent 

and l u s t e r .  R in g s , la c k in g  p ig m en t, on th e  o u te r  enamel s u r fa c e  co rresp o n d ­

ed to  a g iven  number o f  i n j e c t i o n s .  They s t a t e  t h a t  sodium f lu o r i d e  e x e r ts  

a  d i r e c t  lo c a l  a c t io n  on th e  enam el and d e n t in  o a lo ify in g  a t  th e  tim e o f 

i n j e c t i o n .  They su g g es t t h a t  when th e  sodium f lu o r i d e ,  which i s  h ig h ly  

s o lu b le ,  e n te r s  th e  b lo o d  s tream , th e  f lu o r in e  m olecu le  un ites  w ith  ca lc ium  

and form s ca lc ium  f l u o r i d e .  The l a t t e r  may be ta k en  up by th e  c e l l s  con­

cern ed  w ith  th e  fo rm a tio n  and c a l c i f i c a t i o n  o f enamel and d e n t in  and in ­

ju r e  them by a c t in g  in  a  way s im i la r  to  t h a t  of a f o r e ig n  body.

I t  was observed  t h a t  th e  i n c i s o r  t e e th  o f new -born r a t s  e ru p te d

p re c o c io u s ly  when d a i ly  in je c t io n s  of .1  mg. o f th y ro x in  were a d m in is te re d . 

The in c i s o r s  w ere found to  e ru p t betw een 72 and 84 h o u rs  a f t e r  b i r t h .

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



T his i s  in  agreem ent w ith  t h e  f in d in g s  o f  Kiarnofsky and C ro n k ite , 1939. 

They observed  th a t  th e  i n j e c t i o n  o f  th y ro x in  oaused  th e  e ru p t io n  o f th e  

in c i s o r s  between 70 and 80 h c u rs  a f t e r  b i r t h .  A ccord ing  to  F a r r is  and 

G r i f f i t h ,  1949, th e  e ru p tio n  o f th e  i n c i s o r  t e e t h  n o rm a lly  occurs betw een 

e ig h t  and te n  days a f t e r  th e  b i r t h  of th e  an im a l. 3he e ru p tio n  in  con­

t r o l  an im a ls  was found to  be  in  agreem ent w ith  t h e i r  f in d in g s .  D esicoa ted  

th y r o id  g lan d  proved to  be s l i g h t l y  more e f f e c t iv e  in  p rod u c in g  prem ature 

e ru p t io n  o f  th e  in c i s o r  t e e t h  o f new -born r a t s  th a n  d id  th y ro x in .  Ihe 

te c h n iq u e  o f a d m in is t r a t io n ,  how ever, may be an  im p o rtan t f a c t o r .  I t  i s  

p o s s ib le  t h a t  some of th e  in je o te d  th y ro x in  i s  l o s t  th ro u g h  th e  very  

t h i n  s k in  o f th e  new -born r a t .  I t  i s  a l s o  su g g e s te d  t h a t  d e s ic c a te d  th y ­

r o i d ,  a s  a w hole, may d i f f e r  from  th y ro x in  in  s t im u la t in g  grow th in  a d d i­

t i o n  t o  in c re a s in g  th e  m e ta b o lic  r a t e .  D es ic c a te d  th y ro id  a l s o  a c c e l­

e r a t e s  d e n t in  grow th in  in t r a o c u la r  to o th  t r a n s p l a n t s .

P re v io u s ly  H osk ins, 1927, had n o ted  a two day  a c c e le r a t io n  in  th e  

e ru p t io n  o f th e  in c i s o r  t e e t h .  She in je c te d  .1  mg. o f th y ro x in  every  

second o r t h i r d  d ay , b e g in n in g  u s u a l ly  when th e  r a t s  w ere two to  th r e e  

days o ld  and c o n tin u in g  t o  th e  f i f t e e n t h  d ay . She used  a c e ty l  th y ro x in , 

w hich a c c o rd in g  to  K en d a ll, 1929, i s  n o t a m e ta b o lic  s t im u la n t .  She b e ­

l i e v e s  t h a t  th y ro x in  c o n ta in s  elem ents which a f f e c t  th e  r a t e  o f  d i f f e r e n ­

t i a t i o n  a p a r t  from  th e  r a t e  o f energy  p ro d u c tio n . The a c c e le r a t io n  of 

to o th  e ru p t io n  was a t t r i b u t e d  t o  an  e f f e o t  o th e r  th a n  s t im u la t io n  of 

m e ta b o lic  r a t e .

A s t im u la t io n  of grow th p o te n t i a l  in  t e e t h  was a l s o  in d ic a te d  by 

R ow ntree, 1934. He found t h a t  r a t s  in je c te d  w ith  thymus e x t r a c t  (Hanson)
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showed g e n e ra l  p reco c io u s  developm ent and a o o e le ra te d  to o th  e ru p tio n  

fo llo w in g  d a i ly  in je c t io n s  of su c c e s s iv e  g e n e ra t io n s  o f a n im a ls . The 

in c i s o r s ,  w hich n o rm ally  e ru p t  on th e  e ig h th  to  te n th  day w ere found t o  

be e ru p te d  a t  b i r t h  in  th e  e ig h th  g e n e ra tio n  o f th y m u s - tre a te d  a n im a ls . 

This o b s e rv a tio n  has n o t  been confirm ed by o th e r s .

The o r ig in a l  p u rpose  of making in t r a o c u la r  t r a n s p l a n ts  was to  

enab le  th e  a u th o r  t o  o b serve  d i r e c t l y  th e  p ro c e s s e s  in v o lv ed  i n  grow th 

of t e e t h .  In  th e  co u rse  o f t h i s  in v e s t ig a t io n  th e  v a r io u s  o b se rv a tio n s  

r e p o r te d  h e re  were b ro u g h t to  l i g h t .

A few problem s su g g es ted  by t h i s  work shou ld  be m en tioned :

1 . The f a o to r s  t h a t  l im i t  th e  e x p re s s io n  of f u l l  grow th p o te n ­

t i a l i t i e s  o f in t r a o o u la r  t r a n s p l a n t s  w a r ra n t  f u r t h e r  i n v e s t ig a t io n .

2 . A f u r th e r  s tu d y  of th e  f a c t o r s  e f f e c t in g  p ig m en ta tio n  in  

in t r a o c u la r  t r a n s p l a n t s  may c o n tr ib u te  to  a  b e t t e r  u n d e rs ta n d in g  o f 

th e  p ro c e ss  o f  pigm ent d e p o s i t io n  in  norm al r a t  i n c i s o r s .

3 .  A com parison o f th e  r a t e  o f a c c e le r a t io n  in  to o th  e ru p tio n  

b ro u g h t ab o u t by a d m in is t r a t io n  o f d e s io o a te d  th y r o id  should  b e  made 

w ith  o th e r  m etabo lism  s t im u la t in g  d ru g s .

V. Summary.

1 . Tooth germs o f  embryo r a t s  grow , b u t  o n ly  to  a l im i te d  ex­

t e n t ,  when t r a n s p la n te d  in to  th e  a n t e r io r  chamber o f th e  eyes of a d u l t  

male r e c i p i e n t s .

2 . The a n t e r io r  chamber is  s u p e r io r  t o  o th e r  t r a n s p l a n ta t io n  

s i t e s  even  th ough  grow th o f to o th  germs i s  l im i te d .

3 . I n t r a o c u la r  t r a n s p l a n ts  o f to o th  germs o f  1 7 -1 8 -d ay -o ld  em­
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b ryos ap p ea r n o t to  grow a s  w e ll  as  th o se  o f 19, 20 , and 21 day  embryos.

4 .  Pigm ent n o rm ally  p r e s e n t  on th e  a n t e r io r  fa c e  o f  in c is o r  

t e e t h  f a i l s  t o  ap p ea r in  in t r a o o u la r  t r a n s p l a n t s .

5 .  F eed ing  o f d e s ic c a te d  th y ro id  g lan d  i s  e f f e c t iv e  in  a c c e l­

e r a t in g  growth of t e e t h  of norm al young a s  w e ll  as  t h a t  of em bryonic 

t e e t h  t r a n s p la n te d  t o  th e  ey e .
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LIST OF ILLUSTRATIONS

F ig *

F ig *

F ig s ,

F ig s ,

F ig .

F ig .

F ig .

F ig*

F ig .

F ig .

1 21-day  f e t a l  to o th  prim ordium  (R at $48)

2 Photograph  o f m ost advanced t r a n s p la n t
in  s i t u  (R at $ 5 0 )

, 3 and 4 In tr a o o u la r  t r a n s p l a n t  showing d e n t in
w id th  o f 55 m ic ra  (R a t $ 5 9 )

Normal to o th  4 weeks a f t e r  b i r t h  showing 
d e n t in  w id th  o f  55 m io ra  (N-4)

, 5 and 6 I n tr a o o u la r  t r a n s p l a n t  shewing d e n t in
w id th  o f  266 m io ra  (R at $ 4 9 )

Normal to o th  seven  w eeks a f t e r  b i r t h  
showing d e n t in  w id th  o f  170 m iora (N-7)

7 A w e ll-d e v e lo p e d  tw en ty -d ay  t r a n s p l a n t
removed from eye (R at $ 5 5 )

8 17-day  f e t a l  t r a n s p l a n t  showing l im ite d
grow th (R at $ 2 9 )

9 I l l u s t r a t i n g  ty p i c a l  a tta ch m en t o f  i n t r a ­
o o u la r  t r a n s p l a n t  (R a t $ 4 9 )

10 I l l u s t r a t i n g  ty p i c a l  a ttach m en t o f i n t r a ­
o o u la r  t r a n s p l a n t  (R at $ 5 1 )

11 D en tin  s t r a t i f i o a t i o n  o f norm al i n t r a ­
o o u la r  t r a n s p l a n t  a f t e r  NaF in je c t io n s  
(R at $ 1 6 )

12 D en tin  s t r a t i f i o a t i o n  o f in t r a o o u la r
t r a n s p l a n t  a f t e r  NaF in je c t io n s  and 
d e s io o a te d  th y r o id  fe e d in g  (R at $ 2 2 )

D, D e n t i n ;  0 ,  O d o n t o b l a s t s : .  P ,  Pu lp : .
A, A m e l o b l a s t s ", N, D e n t i n  S t r a t i f i c a t i o n  
a f t e r  ITaF I n j e c t i o n s .
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