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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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u n d e r  t he  l ight  microscope,  m a n y  of t he  e r y t h r o c y t e s  an d  
c i rcu la t ing  mega lob las t s  c o n t a i n e d  typ ica l  Cabo t  rings.  
Sepa ra t e  coversl ip  f i lms of pe r iphe ra l  b lood f rom these  
p a t i e n t s  were also f ixed in ace t a t e -bu f fe red  fo rmal in  
p H  7.1 s a n d  s t a ined  w i t h  f resh ly  p r e p a r e d  amrnon iaca l  
s i lver  r eagen t  to  d e m o n s t r a t e  lys ine-r ich  and  arg in ine-  
r ich  h i s t o n e s ,  

Pe r iphe ra l  venous  b lood was also o b t a i n e d  f rom these  
p a t i e n t s  in a hepar in ized  V a c u t a i n e r  tube .  The  t u b e  
c o n t a i n i n g  the  pe r iphe ra l  b lood was  cen t r i fuged  a t  1500 
r p m  (450 g) in a C lay -Adams  Safeguard  ang le -head  cen- 

t r i fuge  for 15 min,  an d  t h e  s u p e r n a t a n t  p l a s m a  was  
removed .  T h e  e r y t h r o c y t e s  were washed  twice  in H a n k ' s  
so lu t ion  a n d  f ixed for 3 h in ace t a t e -bu f fe red  fo rmal in  
p H  7.1 s a t  25~ A m m o n i a c a l  s i lver  s t a in ing  of t h e  
e r y t h r o c y t e s  in suspens ion  was pe r fo rmed  accord ing  to  
t h e  m e t h o d  of MCRAE a n d  MEETZ9 an d  t h e  e r y t h r o c y t e s  
were suspended  in a smal l  vo lume  of p h o s p h a t e - b u f f e r e d  
sal ine a t  p H  7.0. 

The  t u b e  c o n t a i n i n g  t h e  e r y t h r o c y t e  suspens ion  was 
cen t r i fuged  an d  t h e  p h o s p h a t e - b u f f e r e d  sa l ine  rep laced  
w i th  2 changes  of 0.2 M sucrose in 0.1 M p h o s p h a t e  buf fe r  

Fig. 1. Typical Cabot rings in 
peripheral blood erythrocytes. 
Wright's stain, • 1800. 

Fig. 2. Ammoniacal silver-stain of 
peripheral film, ilIustrating eryth- 
rocytes containing loop or figure- 
eight structures closely resembling 
Cabot rings visualized with 
Wright's stain. Brown, black, or 
orange particles appear to adhere 
to the ring, • 1800. 

Fig. 3. Ultra~tructural views of 
thin sections of ammoniacal silver- 
stained erythrocytes containing 
silver deposits arranged in partial 
loops and figure-eight patterns 
resembling those seen in Figure 1. 
Occasional random silver deposits 
seemingly unassociated with the 
partial ring or loop forms are seen 
in the cytoplasm of these erythro- 
cytes, • 10,000. 
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p H  7.2. Approx ima te ly  0,5 ml of this cell suspension was 
t ransferred to a Swinny adap te r  conta ining a 0.45 lxm 
Millipore filter. Pressure was applied to a syringe filled 
wi th  sucrose phospha te  buffer  to p a c k  the  fixed cells 
against  the  membrane .  The  Swinny adap te r  was r emoved  
and the  excess sucrose buffer  was wi thd rawn  wi th  a 
pipet te .  

Approx ima te ly  3-4 drops of sterile chick serum were 
layered over  the  packed ceils. A 1.0 ml syringe conta in ing 
sterile chick serum was used to force as much  serum as 
possible th rough  the  filter. The  excess serum was r emoved  
from the  f i l ter  and 95~ e thanol  was then  forced toward  
the  fi l ter wi th  a syringe to form a p lasma clot  around the 
fixed, packed erythrocytes .  The p lasma clot  a t t ached  to 
the  fi l ter was r emoved  from the  Swinny adapter ,  placed 
into 95% ethanol,  followed by  2 changes in absolute  
ethanol ,  inf i l t ra ted wi th  propylene  oxide and Epon,  and 
embedded  in Luf t ' s  E p o n  mixture .  Sections were made  
wi th  a d iamond knife on a Reicher t  Ore-U2 u l t rami-  
crotome,  post-s ta ined wi th  u rany l  magnes ium aceta te  and 
lead c i t ra te  and examined  and pho tographed  wi th  an 
AEI -Cor in th  275 electron microscope. 

E ry th rocy te s  obta ined  f rom pat ients  wi th  several  o ther  
types  of anemia  including 5 pa t ien ts  wi th  chronic ery- 
th remic  myelosis (DiGuglielmo syndrome),  3 pa t ien ts  
wi th  severe au to immune  hemolyt ic  anemia,  1 addi t ional  
pa t ien t  wi th  severe un t rea ted  pernicious anemia,  and 
presumed normal  individuals  were also fixed in aceta te-  
buffered formalin,  s tained wi th  the  ammoniaca l  silver 
reager/t, and examined  ul t ras t ructura l ly .  None of these 
pat ients  had  Cabot  rings detectable  in per ipheral  blood 
e ry throcytes  s ta ined wi th  Wr igh t ' s  stain. 

Results. Typica l  Cabot  rings were observed in approxi-  
ma te ly  one per 500 e ry throcytes  in films of the  2 perni- 
cious anemia  pa t ien ts '  per ipheral  bloods stained wi th  
~Vright's s tain (Figure 1). In  thei r  per ipheral  blood films 
stained wi th  the  ammoniaca l  si lver reagent ,  1-2 ery thro-  
cytes per 500 e ry throcytes  conta ined brown or black- 
s taining loop or f igure-eight  s t ructures  closely resem- 
bling those seen in the  Wright - s ta ined  specimens. Brown,  
orange, or black-s ta ining granular  part icles of ten adhered 
to these rings or  loops (Figure 2). 

W h e n  u l t ra - th in  sections of the  ammoniaca l  silver- 
s tained e ry throcytes  were v iewed under  the  electron 
microscope, electron dense silver deposits  resembling 
loops or serpent ine figures were observed wi th  a f requency  
approx imat ing  tha t  seen in the  per ipheral  blood films. 
Par t i a l  loops and circular pa t te rns  were also noted  
(Figure 3). Silver impregnat ion  of o ther  e ry throcytes  no t  
conta in ing the  s t ructures  resembling loops or  rings was 
no t  observed,  and no ' m a t r i x ' - t y p e  s t ructure  or f i lamen- 
tous s t ructures  could be  detected under lying the  silver 

granules. No s t ructures  resembling Cabot  rings or par t ia l  
r ing forms were observed u l t ras t ruc tura l ly  in erythro-  
cytes from the  pa t ien ts  wi th  chronic e ry thremic  myelosis, 
f rom the  pa t i en t  wi th  un t rea ted  pernicious anemia  whose 
e ry th rocy tes  did not  conta in  Cabot  rings on Wright -  
s ta ined peripheral  blood films, f rom the  pat ients  wi th  
au to immune  hemoly t ic  anemia,  or from the normal  
individuals.  

Discussion. The present  u l t ras t ruc turaI  s tudy  employing  
u l t ra - th in  sections demons t ra t ed  dense silver deposits  in 
arrays  suggest ing loop or serpent ine f igure-eight  pa t te rns  
tha t  resemble par ts  of Cabot  rings seen in per ipheral  blood 
e ry throcytes  viewed by  l ight  microscopy. The  binding of 
this h is tochemical  s tain suggests the local izat ion of 
arginine-r ich his tone in the  Cabot r ing in a manner  
analogous to the  u l t ras t ruc tura l  localizat ion of arginine- 
rich his tone by  the  ammoniaca l  si lver reagent  in the  
he te rochromat in  of e ry th rob las t  nuclei  9. Since it  is 
u l t ras t ruc tura l ly  impossible to dist inguish his tone from 
hemoglobin in the  e ry th rocy te  wi th  convent iona l  s taining 
methods  using uranyl  and lead salts, i t  is no t  surprizing 
tha t  a his tone componen t  b inding to the  ammoniaca l  
s i lver  react ion p roduc t  could no t  be visualized benea th  the  
s i lver  deposits.  

I n  addit ion,  the  present  studies employing  uranyl  
magnes ium acetate,  a stain t h a t  is preferent ia l  for nucleic 
acids, could no t  demons t ra te  preferent ia l  s ta ining of 
macromolecules  associated wi th  t he  si lver deposits. 
Consequently,  the  observat ions  described suggest  t h a t  
D N A  is ei ther  absent  f rom the  Cabot  r ing or present  in 
quant i t ies  too small  to be detected by  this procedure.  
Likewise, in the  present  studies, s t ructures  resembling 
mi to t ic  spindle f i laments  could no t  be visual ized benea th  
the  silver deposits. 

W h y  abnormal i t ies  of arginine-r ich his tone should 
manifes t  themselves  in a r ing-shaped s t ructure  is un- 
known. Arginine-r ieh histones are synthesized wi th in  the  
cy top lasm of ceils on polysomes 1~ and his tone bio- 
synthesis  and composi t ion are abnormal  in pernicious 
anemia  megaloblasts  n. For  reasons as ye t  unclear,  i t  is 
possible t h a t  in severe pernicious anemia,  a por t ion  of the  
arginine-rich h/stone synthesized wi th in  the  cy top lasm 
m a y  no t  become f i rmly bound to D N A  as i t  would  nor-  
mally,  and t h a t  ' cy toplasmic  currents '  as described 
recent ly  by  BESSIS 5 could cause the  arginine-r ich his tone 
to condense and assume a loop or  f igure-eight  appearance.  
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Summary. Studies were conducted  on the ovogonia  of human  embryos  at  the  age of 33, 35 and 40 days. Myelin-like 
bodies in the  nuclei  and in the  cy top lasm were observed.  In  o ther  cases, the  ovogonium conta ined 4-5 myelin-l ike 
bodies or iented round the  centrioles.  This is supposed to represent  an ear ly  phase of corpus balbiani  format ion.  

Many authors  (MooRE and MCALEAR 1, STANG-BOSS 2) 
c la im a defini te  role of the  nucleus in d ic tyosome forma-  
tion. KESSEL a asserts t h a t  the  nucleus controls the  mor-  
phogenesis of cy tomembranes .  RuBY and WEBSTER 4 
have  observed a deve lopment  of Golgi appara tus  f r o m  
myel in- l ike nuclear  fo rmat ion  in ba t  ovogonia.  SCHARRER 
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