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a n i m a l s  were k e p t  u n d e r  t he  same l igh t ing  condi t ions .  
A t  t he  end  of t h e  f i rs t  p o s t n a t a l  m o n t h ,  b o t h  t r e a t e d  a n d  
u n t r e a t e d  r a t s  were decap i t a t ed ,  t h e  r e t i na s  of each  g roup  
were dissected o u t  a nd  d iv ided  in to  3 subgroups .  The  
1st subg roup  r e t i na s  were processed for l igh t  microscopy  
( H e m a t o x y l i n  a n d  Eos in  s ta in ing) .  T he  2nd subg roup  
r e t i na s  were used for m o n o a m i n e  oxidase  h i s t o c h e m i s t r y  10 
a n d  t h e  r e t i nas  a f t e r  t he  r eac t ion  were m o u n t e d  (wet 
m o u n t )  on  t he  slides a n d  obse rved  u n d e r  t he  l i gh t  mi-  
croscope to d e t e r m i n e  the  i n t e n s i t y  of t he  reac t ion .  The  
3rd subg roup  r e t i na s  were cu t  in to  equa l  size pieces for 
b iochemica l  r h o d o p s i n  d e t e r m i n a t i o n  1L 

Results. Histological ly ,  no  conspicuous  dif ference was 
obse rved  b e t w e e n  t he  t r e a t e d  a n d  u n t r e a t e d  re t inas .  All  
t he  r e t i na l  layers  were obse rved  in b o t h  t he  con t ro l  a n d  
e x p e r i m e n t a l  re t inas .  Foca l  a reas  of pyknosis ,  ka ryor -  
rhexis ,  karyolys is  a n d  necrosis  were a b s e n t  in  t h e  nuc lea r  
layers  of t he  t r e a t e d  a n d  u n t r e a t e d  re t inas .  However ,  t he  
nuc lea r  layers  (expecial ly t h e  ou t e r  nuc lea r  layer)  in t he  
con t ro l  r e t i na l  sect ions  were more  basophi l i c  t h a n  t he  
co r r e spond ing  layers  of t he  t r e a t e d  r e t i na s  u n d e r  t h e  
rou t ine  H e m a t o x y l i n  and  Eos in  s ta in ing .  H i s t o c h e m i c a l  
d e m o n s t r a t i o n s  of m o n o a m i n e  ox idase  (MAO) showed 
cons iderab le  d e v i a t i o n  in a m o u n t  b e t w e e n  t he  t r e a t e d  
a n d  u n t r e a t e d  re t inas .  The re  was a cons iderab le  dep le t ion  
of th i s  e n z y m e  in t h e  6 - h y d r o x y d o p a m i n e - t r e a t e d  r e t i nas  
as c o m p a r e d  w i t h  t he  con t ro l  r e t i na s  (Figures 1 and  2). 

B iochemica l  d e t e r m i n a t i o n  of r h o d o p s i n  revea led  a 
c o n c o m i t a n t  dep le t ion  of t he  v i sua l  p i g m e n t  in  t he  6- 
h y d r o x y d o p a m i n e - t r e a t e d  r e t i na s  (69.7% t r a n s m i s s i o n  
as m e a s u r e d  by  t he  s p e c t r o p h o t o m e t e r  a t  505 nm) as 
c o m p a r e d  w i t h  t h a t  of t he  con t ro l  r e t i nas  (45.2% t r a n s -  
miss ion  as m e a s u r e d  b y  t h e  spec t ropho tome te r ) .  

Discussion. Our  resu l t s  i nd ica t ed  t h a t  6 -hyd roxydop-  
amine  caused  s imi la r  effects on  t he  d e v e l o p m e n t  of t he  
v i sua l  sys t em of t he  n e o n a t a l  r a t s  as t h a t  in  t he  e m b r y o n i c  
ch ick  r e t i n a s  5, a l t h o u g h  t h e  effect  is less d ra s t i c  in t he  
m a m m a l i a n  model .  The  deple t ion  of MAO in t he  t r e a t e d  
r e t i na s  suppo r t s  t h e  idea t he re  has  been  a decl ine in 
a m o u n t  in  ca t echo l amines  in those  specimens.  The  con-  
c o m i t a n t  dep le t ion  of r h o d o p s i n  in t he  t r e a t e d  re t inas ,  
on  t he  o t h e r  h a n d ,  appea r s  to  s t r e n g t h e n  t h e  fo rmer  
h y p o t h e s i s  t h a t  ou t e r  s e g m e n t  f o r m a t i o n  (i.e. r h o d o p s i n  
f o r m a t i o n  a t  t he  same t ime)  m a y  be  d e p e n d e d  on  t h e  
a m o u n t  of ca t echo lamine rg i c  n e u r o t r a n s m i t t e r s .  
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s c o p y  1 
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Summary. Chick  b l a s t o d e r m s  were s tud ied  b y  s c a n n i n g  a n d  t r an smi s s ion  e lec t ron  mic roscopy  to  i den t i fy  b y  b o t h  
m e t h o d s  a t y p e  of t h read - l ike  s t r u c t u r e  ly ing on  t he  epiblas t .  The  s t r u c t u r e  was ident i f ied  b y  t r a n s m i s s i o n  mic roscopy  
as a long t e lophase  b r idge  c o n t a i n i n g  m i d - b o d y  and  spindle  r e m n a n t .  I t  appe ra s  to  p rov ide  cy top l a smic  c o n t i n u i t y  
b e t w e e n  on ly  2 cells. 

I n  t he  s t u d y  of t i le  ch ick  b l a s t o d e r m  b y  s c a n n i n g  
e lec t ron  mic roscopy  (SEM) a n u m b e r  of i nves t iga to r s  
h a v e  n o t e d  t he  a p p e a r a n c e  of long, t h r ead - l i ke  cords  s t re t -  
ch ing  a long  t he  surface  of t h e  epiblas t ,  a n d  c o n n e c t i n g  
t o g e t h e r  2 cells f r e q u e n t l y  located  some d i s t ance  a p a r t  2-6. 
JAcoB et  al. 6 obse rved  such  ' connec t i ng  cords '  b r idg ing  
up  to  5 cells a n d  r ega rded  t h e m  as a special  fo rm of 
in te rce l lu la r  connec t ion .  T h e y  t h o u g h t  i t  l ikely t h a t  t h e  
c o n n e c t i n g  cords  resu l ted  f rom t he  s epa ra t i on  of p rev ious ly  
con t iguous  cells. BANCROFT a n d  BELLAIRS 3 t h o u g h t  i t  
possible  t h a t  t he  t h r e a d s  m a y  func t ion  to p r ov i de  com- 
m u n i c a t i o n  b e t w e e n  cells t h a t  are n o t  i m m e d i a t e  neigh-  
bours .  

U n f o r t u n a t e l y  t he  t r ue  i d e n t i t y  of these  s t r u c t u r e s  ha s  
n o t  been  e s t ab l i shed  p rev ious ly  because  T E M  micro-  
g r a p h s  were n o t  usua l ly  p r e p a r e d  a n d  those  p u b l i s h e d  b y  
BANCROFT a n d  BtgLLAIRS g were n o t  of a d e q u a t e  q u a l i t y  
to  p rov ide  clues to  t he  i d e n t i t y  of t h e  s t ruc tu res .  In  l igh t  
of t he  u n c e r t a i n t y  a b o u t  t he  n a t u r e  of hese  s t ruc tu res ,  

we u n d e r t o o k  to e x a m i n e  t h e m  b y  T E M  as well  as b y  
SEM. 

Methods. Chick b l a s t o d e r m s  of H a m b u r g e r - H a m i l t o n  
s tages  4 to  9 were r e m o v e d  b y  a f i l ter  p a p e r  r ing,  f ixed 
in 2% cacody la t e  buf fe red  g l u t a r a l d e h y d e  for  20 rain,  
osmica ted ,  d e h y d r a t e d  w i t h  e thano l ,  a n d  dr ied b y  t he  
cr i t ica l  p o i n t  m e t h o d  w i t h  CO 2. Af te r  coa t ing  w i t h  silver,  
t he  spec imens  were e x a m i n e d  a t  20 K V  in an  H i t a c h i  
H H S  2R scann ing  microscope.  O t h e r  spec imens  were 
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Fig. 1. SElX{ micrograph of epiblast showing 3 rather  short bridges in this small area (arrows). Intercellular boundaries can be vaguely 
distinguished as rows of short microvilli. • 7,200. 

Fig. 2. SEM mierograph showing a long slender bridge resting on the surface of at  least 3 ceils. • 12,100. 

Fig. 3. TEM mierograph of a short bridge uniting cells separated by at  least 1 intervening cell. Mid-body is the dense area in the bridge. 
• 5,000. 

Fig. 4. Longitudinal section through the par t  of a long slender bridge which contains the mid-body. • 20,0Nlt?" 

Fig. 5. A bridge etose to its origin including the mid-body but  also showing the many mierotnbules of th~ spindle remnant.  X 29,000. 
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similar ly  f ixed bu t  processed by  rout ine  methods  for TEM. 
Sections were cut  paral le l  to the  epiblast  surface, s ta ined 
wi th  u rany l  ace ta te  and lead c i t ra te  and viewe'd in an 
A E I  801 electron microscope. 

Results and discussion. In  the  specimens examined  by  
SEM, long, slender bridges of the  type  i l lustrated by  the  
authors  quo ted  above,  were observed connect ing  toge ther  
ceils of the  epiblas t  (Figures 1 and 2). They  appeared to 
be most  numerous  in stage 5 and 6 embryos,  and consid- 
e rab ly  reduced in f requency by  stage 9. They  were much  
more common  on the  epiblast  t han  on the  hypoblas t ,  and 
were no t  seen  on the  ex t r aembryon ic  tissue. 

The  length  of th* bridges var ied  f rom 5 txm to a 
m a x i m u m  of 50 ~m. The v e r y  long ones had a d iamete r  of 
only about  0.1 txm, and the  shorter  ones were up to 0.4 ~zm 
wide. Where  the  ends of the  bridge fused wi th  the  cells 
g iving origin to it, t h e y  were funnel  shaped, bu t  otherwise 
the  caliber was usual ly  fair ly uniform. There  was, how- 
ever,  a character is t ic  cuff-like swelling usual ly  located 
about  mid-way  along the  bridge. 

The sections s tudied by  T E M  showed m a n y  microvi l l i  
projec t ing  f rom the  surface, and even tua l ly  sections were 
cu t  th rough  a s t ruc ture  resembling the  bridges seen by  
SEM. After  more experience in s tudying  such sections, a 
great  m a n y  bridges could be unequivoca l ly  identified.  
T h e y  consisted of a narrow, l inear  s t ruc ture  conta in ing 
m a n y  microtubules  which were associated wi th  dense 
mater ia l  in the  region corresponding to the  locat ion of the  
cuff  (Figures 3, 4 and 5). Thus,  the  morphology  of these 
s t ructures  corresponds exac t ly  to t h a t  of the  wel l -known 
te lophase bridge composed of spindle r emnan t  and mid-  
b o d y L  

The significance of this  observa t ion  is t h a t  i t  demon-  
s t ra tes  a persis t ing bridge be tween  daughte r  ceils which 
probably  remains  in tac t  long af ter  karyokinesis  is com- 
pleted. Bridges often connected  cells which were no t  

adjoining each o ther  and, in m a n y  instances which we 
observed,  the  daughte r  cells had  obviously  separa ted  f rom 
each o ther  a dis tance of several  cell diameters .  Presumab-  
ly, the  pressures crea ted  by  the  crowding of cells due to 
mitosis or migra t ion  caused the  points  of origin of the  
bridge to be moved  apart .  We  observed bridges passing 
over  4 in tervening ceils and JACOB et  al. 8 observed the  
br idging of 5 cells. 

I t  would be interest ing to learn whe ther  the  cells 
connected  by  the  bridge give origin to the  in te rvening  
cells. Possibly a second, or even  third,  mitosis could have  
t aken  place while the  earlier br idge persisted. We a t t emp-  
ted to inves t igate  this  possibi l i ty by  searching in sectioned 
mater ia l  for ceils connected  to a long bridge and also to a 
shorter  mid-body  as evidence of a second division, bu t  we 
were unsuccessful. Thus,  i t  is no t  possible to ascribe to the  
bridges any  special role in intercel lular  communica t ion  
comparab le  to t h a t  for cnidoblasts  of H y d r a  or spermat ids  
of testis, t h a t  is, a role in ensuring synchronous  dif- 
ferent ia t ion of clusters of cells s. Ra ther ,  i t  has come to be 
realized t h a t  the  close junct ion is bel ieved to faci l i tate  
intercel lular  communica t ion ,  and the  existence of close 
(and also t ight) junct ions  in the  ear ly  chick embryo  has 
been established 8. REVEL et  al. I~ have  also s tudied their  
d is t r ibut ion by  the  freeze e tch method,  and have  con- 
cluded t h a t  junct ions  in the  epiblast  m a y  be the  source of 
smaller  junct ions  la ter  associated wi th  migra t ing  mesen- 
chyme  cells. On the  basis of evidence presented here, the  
te lophase bridges provide  communica t ion  only be tween  
2 cells for a m a x i m u m  distance of about  50 sm.  
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Summary. Using the  ammoniaca l  si lver stain, Cabot  rings were identif ied in per ipheral  blood e ry throcytes  f rom pat ients  
wi th  severe un t rea ted  pernicious anemia.  Ul t ras t ruc tu ra l  studies of these e ry throcytes  showed silver deposits  in par t ia l  
loops and f igure-eight  forms, indica t ing  t h a t  arginine rich his tone m a y  be a p rominen t  component  of the  Cabot  ring. 

Since the i r  ini t ial  descript ion by  CABOT in 1903 2 , the  
na tu re  of the  unusual  oval  or f igure-eight  shaped inclu- 
sions found in e ry throcytes  of cer ta in  pa t ien ts  wi th  
severe un t r ea t ed  pernicious anemia  have  been a subject  
of l ively  controversy.  Al though  CABOT original ly bel ieved 
t h a t  these ' r ing bodies '  were nuclear  r emnan t s  8, sub- 
sequent  invest igators  have  no t  been able to demons t ra te  
D N A  in Cabot  rings 8, ~. Some authors  have  suggested t h a t  
Cabot  rings m a y  be r emnan t s  of mi to t ic  spindle fila- 
mentsS, whereas  others  have  suggested t h a t  t h e y  m a y  be 
l abora to ry  ar t i facts  ~. Recent ly ,  a cy tochemica l  s tudy  of 
Cabot  rings demons t ra t ed  t h a t  these s t ructures  possessed 
an unusual  a f f in i ty  for the  ammoniaca l  si lver reagent,  
and t h a t  they  s ta ined black or brown, indicat ing t h a t  one 
of thei r  components  was arginine-r ich h is toneL As a 
resul t  of the  abi l i ty  of the  react ion p roduc t  of the  am-  
moniaca l  s i lver  s tain to impregna te  the  Cabot  ring and 

the  high electron dens i ty  of silver, i t  was possible to 
s tudy  this  unique  s t ructure  under  the  electron micro- 
scope. 

Materials and methods. Fi lms of capi l lary per ipheral  
blood were ob ta ined  from 2 pat ients  wi th  severe un t rea ted  
pernicious anemia.  On Wright - s ta ined  coverslips viewed 
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