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features  of th is  cell, i.e. the  high n u m b e r  of free r ibosomes 
and the  re la t ive scarci ty  of cy toplasmic  organelles, suggest  
an early s tage of dif ferent ia t ion.  Successively, a cer ta in  

d i f fe ren t ia t ion  takes  place a l though  advanced  evolut ional  
s tages have  no t  ye t  been observed.  As far as the  m e m -  
brane- r ich  s mo o t h  endoplasmic  re t icu lum is concerned,  
it  is possible for it  to  be a t r ans i en t  device for p roduc ing  a 
r emarkab le  a m o u n t  of m e m b r a n e s  in a re la t ively  ear ly  
s tage of cell d i f fe ren t ia t ion :  in th is  regard it has  to  be 
no ted  the  abundance  of m e m b r a n e s  b o t h  in t he  I and  in 
the  I I  t ype  ma t u r e  cells ; in the  former,  in fact, are typica l  
and  a b u n d a n t  the  e longated  curvi l inear  rough  cisternae,  
in t he  lat ter ,  sca t t e red  vesicle- and  tubule- l ike  struc-  
tures  pe rmea te  the  whole cy top lasmic  area. 

The occurrence of p leomorph ic  and of ten  concentr ic  
dense bodies in close topological  re la t ionship  wi th  smoo th  
endoplasmic  reticulmi1 m e m b r a n e s  suggests  the  possibi l i ty  
of the i r  der iva t ion  f rom the  s mo o t h  endoplasmic  re t icu lum 
itself - as of ten  occurs in Leydig  celIs in normal  and  exper-  
imenta l  condi t ions  s ; no tv / i ths tanding ,  morphological  
aspects  of gradual  changes  f rom whorls  of smoo th  endo- 
p lasmic  re t icu lum to dense bodies has no t  ye t  been 
observed.  Fu r the rmore ,  it  mus t  be r emarked  t h a t  con- 
centr ic  dense bodies qui te  s imilar  to  t h a t  descr ibed in the  
p resen t  repor t  are descr ibed in the  t y p e  I ceils of the  tas te  
bud  a. Beyond  this  fact, also the  f r equen t  occurrence of a 
reciprocal  p rox imi ty  of these  2 cell types  wi th in  the  t a s t e  
bud  suggests  the  hypo thes i s  t h a t  t he  cells descr ibed m a y  
be a t rans i t iona l  cell t y p e  precursor  of and  evolving 
toward  the  m a t u r e  I t y p e  ceil of the  t a s t e  bud.  

Riassunto. Nella p resen te  n o t s  ~ b r e v e m e n t e  anal izzato  
l ' a spe t to  u l t r a s t ru t tu ra l e  di una  cellula ta lora  osservabi le  
nel calice gus ta t ivo  e ca ra t t e r i zza ta  da una  notevole  
a b b o n d a n z a  di reticolo endoplasmat ico  liscio. 

C. OLIVI]ERI-SANGIACOMO 6 

Fig. 3, Many dense bodies mainly formed by closely apposed mem- 
branes are clumped in the high part of the figure. Note the one im- 
mersed in the smooth endoplasmic retieulum and surrounded by 
smooth eisternae circularly arranged. Glycogen-like particles are 
interspersed among the smooth network, x 22,000. 
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Signif icance of Fixat ion Procedure  for Preservat ion  of Arteries  

I t  has  been  shown t h a t  p la te le ts  and  subsequen t ly  
leucocytes adhere to subendothelial structures after 
removal of endothelium i, ~ or severe vascular injuryK In 
order to study particular phases of this dynamic process 
by electron microscopy, the fixation procedure should 
rapidly interrupt this process. During these experiments 
and experiments dealing with attachment and detach- 
ment of endothelium 4, we realized that the ultrastructure 
of arteries was highly dependent on how the initial 
fixative was applied. 

Burgunder rabbits of either sex weighing 2.5-3.5 kg 
were anesthetized with Numal | 2.5% glutaraldehyde in 
0 .1M p h o s p h a t e  buffer,  p H  7.4, 560 mOsm,  at  20-22~ 
was used as the  init ial  f ixa t ive  and appl ied as follows: 
1. Immers ion :  for 1-3 h. 2. In  s i tu:  f ixa t ive  was d ropped  
on the  ouside of the  c l amped  aor ta  in s i tu for 20 min.  
3. Per fus ion  w i thou t  pressure:  Approx.  1 cm of the  

abdomina l  aor ta  near  the  renal  ar ter ies  was d issec ted  and  
l igated proximal ly .  A silastic ca the t e r  was  in t roduced  to  
perfuse  10 ml  of Krebs -R inge r ' s  solut ion followed by  the  
f ixa t ive  for 20 min.  S imul taneous ly  the  iliac ar ter ies  were 
opened.  The conta iners  w i th  t he  Krebs -R inge r ' s  solut ion 
and the  f ixa t ive  were placed 100 cm above the  aorta.  
4. Per fus ion  wi th  pressure:  Same as 3, bu t  w i t h o u t  open-  
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Fig. 1. Light micrographs of rabbit aorta, a) Fixation in situ from outside. Wave-like elastic laminae, partial detachment of endothelium, 
numerous platelets aud erythrocytes in the lumen but not adhering to the wall b) Fixation by perfusion with defined pressure. Straight elastic 
laminae, flat endothelium which tightly adheres, empty lumen. 0.8 [zm thick Epou sections. Basic fuchsin and toluidine blue s. • 

ing the  iliac arteries.  5. Perfus ion wi th  def ined pressure:  
1 cm of the  abdomina l  aor ta  near  t he  renal  ar ter ies  and 
1 cm a t  the  b i furca t ion  were dissected,  leaving abou t  7 cm 
of the  vessel  un touched .  A silastic ca the te r  was in t roduced  
p rox imal ly  and  the  vessel  per fused  wi th  iKrebs-Ringer 's  
solution.  Dur ing  this  r insing,  a second silastic ca the te r  was 
in t roduced  distal ly.  The out f low of th is  ca the te r  was 
placed 60 cm above the  aor ta  (corresponding to approx.  
82 m m  Hg  pressure).  The vessel  was subsequen t ly  per fused  
wi th  the  f ixa t ive  for 20 min.  The conta iners  w i th  the  
Krebs -Ringer ' s  solut ion and  the  f ixa t ive  were placed 
100 cm above the  aor ta  (corresponding to approx.  136 m m  
Hg). The d issec ted  vessel segments  af ter  procedures  1-5 
were subsequen t ly  immer sed  in the  same f ixa t ive  for i h, 
s tored  overn igh t  a t  4~ in 0 . 1 M  p h o s p h a t e  buffer  
conta in ing  7% sucrose, pos t f ixed  for 1 h in 2% osmium 
te t rox ide  in 0 .1M p h o s p h a t e  buffer  a t  room tempera tu re ,  
d e h y d r a t e d  wi th  graded e thanols  and  embedded  in E p o n  
812. 

F ixa t ion  procedures  1, 2 and  3 y ie lded wave-l ike 
Mastic laminae  (Figure la) ,  whereas  procedures  4 and 5 
resul ted  in s t ra igh t  Mastic laminae  (Figure lb).  This  
conf i rms recen t  h i s tomet r i ca l  inves t iga t ions  of Gus~ i  
et  al. 5 on formal ine-per fused  r abb i t  aortas.  They  found  
s t ra igh t  elastic laminae  and  a decrease of t he  th ickness  
of t he  media  by  46% wi th  a mean  perfus ion pressure  of 
100 m m  Hg. In  our h a n d s  82 m m  Hg  was  suff icient  to 

ob ta in  s t ra igh t  elastic laminae.  This is near  t he  average 
diastolic pressure  of 80 m m  Hg measured  in our anes the-  
t ized rabbi ts .  These da t a  indicate  t h a t  the  elastic laminae  
of the  abdomina l  aor ta  are s t r e t ched  in vivo. Hence  the  
wave-l ike appearance  of elastic laminae  of ar ter ies  com- 
mon ly  seen in a n a t o m y  and p a t h o l o g y  t ex tbooks  is 
cons idered  to be a f ixa t ion  ar tefact .  

Ano the r  p a r a m e t e r  for s tudy ing  the  effect  of the  ini t ia l  
f ixa t ion  procedure  was the  inner  c i rcumference  of semi-  
t h in  sect ions cut  pe rpend icu la r ly  to the  vessel  axis. I t  
was measured  wi th  a ca l ibra ted  ocular in s teps  of 100 ~m. 
Figure  2 shows  t h a t  init ial  perfus ion wi th  def ined pressure  
yie lded s ignif icant ly  wider  inner  c i rcumferences  t h a n  
per fus ion  w i t h o u t  pressure.  The shor tes t  inner  circum- 
ference occurred wi th  f ixa t ion  procedure  2. Cont rac t ion  
of t he  aor ta  which  was observed dur ing  dissect ion m a y  
account  for this.  Hence  t r aumat i za t ion ,  as well as collapse 
due to low perfus ion pressure,  should be avoided  in o r d e r  
to get  op t ima l ly  p rese rved  arteries.  

The u l t r a s t ruc tn re  of endo the l i um was also h ighly  
d e p e n d e n t  upon  the  init ial  f ixat ion.  Especia l ly  immers ion,  
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Fig. 2. Inner circmnferenee of rabbit  aortas. 3 rabbits were used for 
each experiment, a) Fixation by perfusion with pressure of 82 mm 
ttg. b) Fixation by perfusion with pressure resulting from peripheral 
resistance, c) Fixation by perfusion without pressure, d) Fixation in 
situ from outside. 

Fig. 3. ]~lectron micrographs of endothelial cells (E) of rabbit  aortas, a) Fixation in situ from outside. Endothelial cells (E) bulge into the 
lumen (on top) and form 'arcades' (AR). Small electron dense zones ( � 9  of cytoplasm are seen at  adhering sites, resembling those found 
by Ts'Ao and GLAOOV 6 after part ial  ligation of rabbit  aortas. Internal elastic lamina (IEL). b) Fixation by perfusion without pressure. Con- 
tracted endothelial cell (E) with infoldings of nucleus. Smooth muscle cell (M). c) Fixation by perfusion with defined pressure. Flat  endothe- 
lial cell (E) with elongated nucleus is t ightly attached at the internal elastic lamina (IEL) and other subendothelial structures. Uranyl ace- 
tate and lead citrate. Bar = 1 Ezm. 
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Fig. 4. Electron micrographs of rabbit polymorphonuclear leucocytes (PMN) adhering to the wall of the aorta after remova ]of endothe- 
lium. a) Fixation in situ from outside. The leucocyte (PMN) is disintegrated, its outer membrane has disappeared and its granules are dis- 
persed. Relationship of the PMN to the platelets (PL) is poorly defined, b) Fixation by perfusion. The leucocyte (PMN) is intact and 
adheres to the platelets (PL) by a small pseudopod (arrow). Internal elastic lamina (IEL). Uranyl acetate and lead citrate. Bar = 1 [~m. 

bu t  also f ixa t ion  f rom outside,  resul ted  in endothe l ia l  
cells which  bulged in to  t he  lumen  and  were of ten  par t i a l ly  
de t ached  f rom the  subendothe l ia l  s t ruc tures ,  fo rming  
' a rcades '  (Figure 3a). In  contras t ,  endo the l ium f ixed by  
perfusion (procedures 3, 4 and 5) always adhered tightly 
to the subendothelial structures. Without pressure 
(procedure 3) endothelial cells were thicker and had 
infolded nuclei (Figure 3b). These are considered signs of 
contraction of endothelium~. We presume that this con- 
traction most probably occurred coincidently with a con- 
traction or a collapse of the whole aorta. The most regular 
aspect of endothelium was obtained with procedure 5: 
Endothe]ium was mainly flat (Figure ib) and revealed 
numerous structural details (Figure 3c). These data dem- 
onstrate that fixation by perfusion is optimal for the 
ultrastructural preservation of endothelium and that the 
degree of contraction in which endothelial cells of un- 
treated vessels are preserved depends on the applied 
perfusion pressure. 

Preservation of particular phases of pathophysiological 
processes at the inner surface of vessels such as adhesion 
of blood cells at the damaged vessel wall s might especially 
depend on how fast the initial fixative comes into contact 
with these cells. To test this assumption, endothelium was 
selectively removed from aortas I in order to induce 
adhesion of platelets and subsequently leucocytes at the 
damaged vessel wall. 3 h later the aortas were fixed. 
Leucocytes in aortas fixed from outside were often in a 
state of disintegration (Figure 4a), whereas perfusion- 
fixed leucocytes were intact and had small pseudopods by 
which they remained attached despite the perfusion of the 
fixative (Figure 4b). Corresponding experiments in iliac 
and carotid arteries yielded similar results. 

Our data indicate that, in arteries fixed by immersion 
or in situ from outside, the following morphologic findings 
may represent fixation artefacts: I. Narrowing of the 
lumen reflected by a decrease of the inner circumference 
and by wave-like elastic laminae, 2. partial detachment, 

forming  of 'a rcades ' ,  con t rac t ion  and  i l l -defined ul t ra-  
s t ruc tu re  of endothe l ia l  cells, 3. d i s in tegra t ion  of leuco- 
cytes  adher ing  af ter  removal  of endothe l ium.  The endo-  
the l ium of ar ter ies  as well as pa thophys io log ic  processes 
such as leucocyte  adhes ion  to p la te le t s  and  subendothe l ia l  
s t ruc tures  were bes t  p reserved  by  init ial  perfus i0n f ixa t ion  
at  adequa te  pressure.  

Zusammen/assung. Die Morphologie der  Aor tenwand ,  
die U l t r a s t r u k t u r  des Endo the l s  und  der  nach  Endo the ] -  
en t f e rnung  h a f t e n d e n  Leucocy ten  wurden  am bes ten  
e rha l ten  durch  Per fus ionsf ixa t ion  mi t  e inem Druck  von  
ca. 80 m m  Hg. Demgegent iber  f i ihr ten  Immers ions f ixa t ion  
und  F ixa t ion  in s i tu durch  Auf t r0pfen  von  aussen zu 
E inengung  des Lumens ,  wel lenf6rmigen e las t ischen 
Lamellen,  te i lweiser  a rkadenf6rmiger  Abl6sung yon  
Endothelze l len ,  K o n t r a k t i o n  yon  Endothe lze l len  sowie zu 
Lyse yon Leukocyten ,  die nach  E n d o t h e l e n t f e r n u n g  an 
der  Gef~Lsswand haf ten .  
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