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F i x a t i o n  f o r  E l e c t r o n  M i c r o s c o p y  a n d  the Retent ion  

Local iza t ion  of noradrena l ine  (NA) in t i ssue  s torage  
si tes has  been  s tud ied  by  r ad ioau tograph ic  s tudies  w i th  
3H_noradrenal in e (3H_NA) 1-3. However ,  t he  p r epa ra t i on  
of t issues for e lec t ron  mic roscopy  could resu l t  in changes  
in the  c o n t e n t  or  d i s t r i bu t ion  of NA.  I n  t he  p r e sen t  s tudy ,  
we have  inves t iga ted  the  effect  of f ixa t ion  and  d e h y d r a t i o n  
procedures  on t issue r ad ioac t iv i ty  (3H) der ived  f rom 
aH-NA. 

Methods.  Four  male  a lb ino  r a t s  (250-270 g) were anaes-  
the t i zed  w i t h  p e n t o b a r b i t o n e  a n d  250 I~C (~  31 [zg) of 
3H-NA was infused i.v. in each  r a t  over  a 15-rain per iod  
caus ing a mean  blood pressure  rise of a p p r o x i m a t e l y  
50 m m  Hg. The an imals  were decap i t a t ed  5 min  af ter  t h e  
end of t he  infusion.  Samples  of hear t ,  spleen,  m e s e n t e r y  
and  vas  deferens  were  t a k e n  for  f ixat ion.  The r e m a i n d e r  of  
each  o rgan  was  f rozen  over  solid c a rbon  d ioxide  and  
ana lysed  f luor imetr ica l ly  for NA con ten t4 ;  t o t a l  t i ssue  
r ad ioac t iv i ty  and  aH-NA c o n t e n t  were measu red  b y  l iquid 
scint i l la t ion spec t rome t ry .  The t issue samples  for  f ixa t ion  
(cut in to  pieces of a p p r o x i m a t e l y  1 m m  3) were  weighed  
and  f ixed in  e i ther  (a) o smium t e t rox ide  (1%) in 0 . 1 M  
cacody la t e  buffer  (pH 7.4) (OsO4), (b) g lu t a r a ldehyde  (2%) 
- fo rma ldehyde  (2%) in 0 . 1 M  cacody la te  buffer  (pH 7.4) 
(aldehyde) or (c) po t a s s ium p e r m a n g a n a t e  ~ (3%) in phos -  
p h a t e  buffer  (pH 7.0) (KMnO4). Af te r  (a) and  (c), the  t i ssue  
samples  were  d e h y d r a t e d  in alcohol;  a f te r  (b) t i ssues  were  
r insed wi th  buffer ,  post-fLxed wi th  OsO 4 and  d e h y d r a t e d  
in alcohol.  The  f ixed t issues  were  hyd ro ly sed  wi th  N a O H  
(2M).  All f ixat ives ,  washes  and  t i ssue  hyd ro ly sa t e s  were 
neut ra l ized  and  decolorized wi th  E D T A ,  H,Oz or oxalic 
acid, as required,  and  t h e  r ad ioac t iv i ty  (all) of each was  
measured .  

IZeserpine (2 m g / k g  s.c.) was  g iven to  2 of t h e  r a t s  18 h 
pr ior  to  t he  infusion of 3H-NA. 

Resul ts  and discussion.  Tissues f rom cont ro l  and  reser-  
p ine - t r ea t ed  ra ts  took  up  3H-NA to differ ing e x t e n t s  
(Table I). The to t a l  sI-I c o n t e n t  of t he  t issue samples  t a k e n  
for  f ixa t ion  (derived f rom t h e  sum of t he  ~H c o n t e n t  of 
f ixa t ive  solut ion,  buffer  washes ,  pos t - f ixa t ion  and  dehy-  
d r a t i o n  solut ions  and  the  h y d r o l y s a t e  of t he  f ixed tissue) 

o f  a H - N o r a d r e n a l i n e  b y  T i s s u e s  

was  comparab le  in m o s t  cases w i th  the  to ta l  3H c o n t e n t  of 
t he  r emain ing  unf ixed  t issue (Table I). This  indica tes  t h a t  
t h e  t issue samples  t a k e n  for f ixa t ion  were  r ep re sen t a t i ve  
of t h e  t i ssue  mass  as a whole,  a n d  p rov ides  a reasonable  
basis  for t he  compar i son  of t he  p ropo r t i ona l  d i s t r ibu t ion  
of ZH be tween  samples  t rom fixed and  unf ixed  tissues. 

The pe rcen tage  of aH re ta ined  in f ixed t i ssue  d e p e n d e d  
on the  n a t u r e  of t he  f ixa t ive  and  on the  t issue used 
(Table II) .  W i t h  all f ixa t ion  procedures ,  t h e  r ad ioac t iv i ty  
was  found  ma in ly  in t h e  f ixa t ion  solu t ions  and  t h e  f ixed 
t issue and  only  a smal l  p ropo r t i on  (less t h a n  10%) was 
found  in t he  buffer  washes,  pos t - f ixa t ion  solut ions  and  
alcohols. Af ter  KMnO 4 t r e a t m e n t ,  less r ad ioac t iv i ty  was  
found  in t he  f ixed t issue t h a n  af ter  OsO 4 or  a ldehyde  
f ixa t ion ;  th i s  suggests  t h a t  t h e  ab i l i ty  of KMnO4 to  r e t a in  
N A  in t issues  is m u c h  less t h a n  t h a t  of t he  o the r  f ixa t ives  
used.  

The p ropo r t i on  of r ad ioac t iv i ty  re ta ined  by  the  t issue 
samples  af ter  f ixa t ion  was m u c h  less in t i ssues  f rom 
re se rp ine - t r ea t ed  ra t s  t h a n  f rom contro l  ra ts .  I n  cont ro l  
a n d  r e se rp ine - t r ea t ed  t i ssues  (Table II)  t h e r e  was  an  
a p p r o x i m a t e  re la t ionsh ip  b e t w e e n  the  p ropor t ion  of radio-  
ac t iv i ty  p re sen t  as aH-NA in the  unf ixed  t i ssue  and  the  
p ropo r t i on  of r ad ioac t i v i t y  r emain ing  in t he  f ixed t issue.  
The  re la t ionship  was closest  a f te r  a ldehyde  f ixa t ion ;  a f te r  
i2)sO 4 re la t ive ly  more  ~H was  re t a ined  in t h e  f ixed t issue,  
a f t e r  K M n O ,  re la t ive ly  less. 

Af te r  reserpine,  t he  pe rcen tage  of ~H p r e s e n t  in unf ixed  
t issues as 3H-NA is reduced  (Table II) .  This  suggests  t h a t  
reserpine  decreased t h e  u p t a k e  of aH-NA and  increased 
the  me tabo l i sm  of 3H-NA. Af te r  OsO4 f ixat ion,  some a t  
least  of t hese  me tabo l i t e s  m u s t  h a v e  been  re t a ined  in t he  
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Table I. Total noradrenaline (NA) and total radioactivity (all) 
content in unfixed tissue, and total aH content of samples of tissue 
taken for fixation (mean of experiments on 3 fixatives) 

Tissue Treat- NA Total aH Total ZH in 
ment tzg/g in unfixed fixed tissue 

tissue (mean for the 
epm × 10-~]g 3 fixatives) 

epm x 10-6lg 

Table II. The radioactivity (~H) retained in tile tissue after fixation 
given as a percentage of the total aH of the tissue sample 

Tissue Treat- Percentage of ~H remaining 
ment in tissues after fixatioa 

OsO 4 Aidehyde KMnO 4 

Percentage of 
aH in unfixed 
tissues as ~H-NA 

Heart C 1,1 1.1 2.3 2.0 1.9 1.8 
R ~ • 0.8 0.8 0.7 0.6 

Spleen C 1.l 1.I 0.6 0.6 0.4 0.5 
R ~ ~ 0.3 0.3 0.2 0.3 

Mesentery C 0.4 0.4 0.5 0.6 0,3 0.4 
R ~ • 0.2 0.2 0.2 0.2 

Vasdeferens C 13.0 9.0 0.5 0.6 0.2 0.5 
R ~ ~ 0.5 0.5 0.4 0.4 

Heart C 72 86 66 61 63 40 63 65 
R 62 55 17 32 2 1 18 12 

Spleeu C 66 58 53 50 35 30 57 49 
R 37 57 13 7 20 12 9 10 

Mesentery C 43 58 30 25 4 10 46 51 
R 17 29 5 8 9 10 5 8 

Vasdeferens C 56 63 25 41 20 17 40 38 
R 13 31 17 17 I1 12 10 14 

Total SH content of fixed tissues was derived from the sum of the 
3H content of fixative solutions, buffer washes, post-fixation and 
dehydration solutions and the hydrolysate of the fixed tissue. 
Tissues from 2 control (C) and 2 reserpine-treated (R) rats were used. 

Not measurable. 

The total was derived from the sum of the ~H count in all fixatives, 
buffers, pogt-fixation solutions, alcohols and fixed tissue hydro- 
lysate. The percentage of total radioactivity present as aH-NA in 
unfixed tissue is given for comparison. The rats used are the same as 
in Table I. 
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f ixed t i ssue  as t he  p e r c e n t a g e  r e t e n t i o n  of aH was g rea t e r  
t h a n  could  be  a c c o u n t e d  for  b y  3H-NA alone.  Af t e r  alde-  
h y d e  f ixa t ion ,  t he  p e r c e n t a g e  r e t e n t i o n  of SH was  s imi la r  
to  t h e  p e r c e n t a g e  of 3H p r e s e n t  in  un f i xed  t i ssues  as 
3H-NA, wh ich  sugges t s  t h a t  m e t a b o l i t e s  h a d  b e e n  los t  a n d  
on ly  3H-NA r e t a i n e d  b y  t h e  f i xa t i on  process.  Af t e r  
t ( M n O  4 f ixa t ion ,  t h e  p e r c e n t a g e  r e t e n t i o n  of 3H was  low 
so t h a t  in  a d d i t i o n  to  t he  loss of me tabo l i t e s ,  some a t  
leas t  of t h e  3H-NA m u s t  h a v e  been  lost.  However ,  i t  is 
possible  t h a t  w i t h  all t h e  f ixa t ives  used, some of t h e  3H in 
t he  f ixed t i ssue  is due  to  me tabo l i t e s .  

These  e x p e r i m e n t s  do n o t  e s t ab l i sh  w h e t h e r  f i xa t i on  
resu l t s  in  t h e  r e t e n t i o n  solely of 3H-NA in t issues.  The  
smal l  size of t h e  f ixed t i s sue  sample  a n d  t h e  effects  of t h e  
f i xa t i on  process  would  m a k e  i t  a l m o s t  imposs ib le  to  de te r -  
m i n e  chemica l ly  t h e  fo rm in wh ich  t h e  3H is fixed. How-  
ever ,  t h e  good correlatiorL obse rved  b e t w e e n  t he  p e r c e n t a g e  
of aH p r e s e n t  as  ~H-NA in  un f i xed  t i s sues  a n d  t he  r e t e n t i o n  
of ~H b y  t i s sues  a f t e r  a l d e h y d e  f i x a t i o n  sugges t s  t h a t  t h i s  
f i x a t i o n  r e t a i n s  m o r e  N A  a n d  less m e t a b o l i t e s  t h a n  o t h e r  
f i xa t i ve s ;  t h i s  is c o n s i s t e n t  w i t h  t h e  specific h i s t o c h e m i c a l  
a f f in i ty  of g l u t a r a l d e h y d e "  a n d  f o r m a l d e h y d e :  for  ca te -  
c h o l a m i n e s  s. 

Rdsumd. Le d 6 g a g e m e n t  de Ia r ad ioac t i v i t 6  des t i ssus  
qu i  c o n t i e n n e n t  3H-NA et  fix6s p o u r  la microscopic  61ec- 
t r o n i q u e  es t  in f luenc6  p a r  le genre  des  t i ssus  (cceur, ra te ,  
m6sentSre ,  c ana l  d6f6rent)  e t  p a r  le f ixa t i f  uti l is6 (o smium 
t6 t roxyde ,  g l u t a r a l d 6 h y d e - f o r m a l d ~ h y d e ,  e t  p e r m a n g a n a t e  
de  po ta s s ium) .  Les  mei l leurs  r~su l t a t s  s o n t  o b t e n u s  p a r  la  
c o m b i n a i s o n  g l u t a r a l d 6 h y d e - f o r m a l d 6 h y d e ,  car  les p ropor -  
t ions  de  la  r a d i o a c t i v i t 6  conserv6es  d a n s  ces t i ssus  fix6s 
son t  s imi la i res  a u x  p r o p o r t i o n s  de  ~H-NA d a n s  les mSmes 
t i s sus  non-fix6s.  
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Centrioles in Hepatocytes 

Centr ioles ,  w h i c h  a re  smM1 c y t o p l a s m i c  bod ies  of a b o u t  
150-200 n m  in d i a m e t e r  a n d  300-350 n m  in l e n g t h  con-  
c e r n e d  w i t h  o r g a n i z a t i o n  of t h e  sp ind le  d u r i n g  cell 
d iv i s ionL  h a v e  r a r e l y  b e e n  r e p o r t e d  in  a d u l t  m a m m a l i a n  
l iver  cells. BERNHARD a n d  DE HARVEN ~ o b s e r v e d  a 
cen t r io le  in  a p a r e n c h y m a l  cell of a mouse  in  w h i c h  t h e  
l iver  was  i n f i l t r a t ed  w i t h  l eukemic  cells b u t  n o t e d  t h a t  
t h e  h e p a t o c y t e s  were  showing  r e g e n e r a t i v e  ac t iv i ty .  T h e y  
p o i n t e d  o u t  t h a t  ' d a n s  la  cellule hCpa t ique  e t  darts les 
cellutes t u b u l a i r e s  rCnales de  Mammif~res ,  le cen t r io le  a 
6t6 dCcrit  e n  mic roscop ique  op t ique .  I1 es t  done  s u r p r e n a n t  
de c o n s t a t e r  que  les spCcialistes e lec t ronic iens  de ces d e u x  
t i ssus  ne  s e m b l e n t  pa s  y avo i r  obse rv6  de cen t r io le ' .  
DAVID ~ m e n t i o n e d  t h a t  he  f o u n d  cen t r io les  in  l iver  cells 
of gu inea-p igs  r ecove r ing  f rom p ro longed  fas t ing  as well  
as in  e m b r y o n i c  l iver  cells 3 b u t  s t a t e s  t h a t  ' t h i s  s t r u c t u r e  
h a s  n e v e r  b e e n  descr ibed  f r o m  n o r m a l  l ive r  cells '  ~. More  
r e c e n t l y  AFZELIUS a n d  SCHOENTAL 4 r e p o r t e d  t h e  occur-  
r e n c e  of 3 cen t r io les  w i t h i n  a l ive r  cell of a wean l ing  r a t  in  
w h i c h  t h e  l ive r  h a d  b e e n  d a m a g e d  b y  r e t r o r s i n e  t r e a t m e n t .  
T h e y  cons ide red  th i s  f i nd i ng  of s ign i f icance  because  of 
t h e  lack  of d o c u m e n t a t i o n  of cen t r io les  in  normal l iver  
cells. 

I n  our  l abo ra to ry ,  l iver  was  inc luded  as one  of a n u m b e r  
of d i f f e ren t  t i s sues  f rom y o u n g  a d u l t  r a t s  in  a n  e lec t ron  
microscopic  s u r v e y  for 9 + 0 ci l ia~-L I n  t i s sues  in  w h i c h  
cilia were  n o t  r ead i ly  a p p a r e n t  i t  was necessa ry  to  e s t ab -  
l ish  t h e i r  absence  b y  e x a m i n i n g  closely t he  cen t r io les  of 
m a n y  cells s ince i t  is f r o m  these  organel les  t h a t  cil ia t a k e  
t h e i r  origin,  Th i s  c o m m u n i c a t i o n ,  wh ich  is a r e t r o s p e c t i v e  
s t u d y  of f ind ings  in t he  r a t  l iver,  ha s  2 purposes ,  (1) to  
show t h a t  cen t r io les  a re  c o m m o n l y  f o u n d  in  n o r m a l  as 
well  as r e g e n e r a t i n g  h e p a t o c y t e s  of t h e  r a t ,  a n d  (2) to  
d e m o n s t r a t e  t h a t  more  t h a n  2 cen t r io les  c an  occur  in  a 
s ingle h e p a t o c y t e  in  n o r m a l  l iver.  T h e  resu l t s  also i n d i c a t e  
t h a t  cilia, are  n o t  a s soc ia t ed  w i t h  cen t r io les  in  h e p a t o c y t e s  
of n o r m a l  a n d  r e g e n e r a t i n g  l iver.  

Smal l  pieces of l ive r  were t a k e n  f rom 3 n o r m a l  60-day  
v i rg in  f emale  S p r a g u e - D a w l e y  r a t s  w h i c h  h a d  rece ived  
no  t r e a t m e n t  of  a n y  kind,  a n d  f rom g roups  of  3 r a t s  
ki l led 22, 48 a n d  72 h a f t e r  p a r t i a l  (2[3) h e p a t e c t o m y .  
T h e y  were  f ixed in v e r o n a l - b u f f e r e d  o s m i u m  t e t r o x i d e  8 
for  2 h a t  4 °C, d e h y d r a t e d  in  a b s o l u t e  e t h a n o l  a n d  em-  
b e d d e d  in E p o n  8129. Sec t ions  were c u t  w i t h  glass  k n i v e s  
on  a Can lb r idge  H u x l e y  or  L K B  u l t r a m i c r o t o m e  usua l ly  
a t  600-900 ~ .  T h e y  were s t a ined  w i t h  lead x0 before  b e i n g  
m o u n t e d  on  u n c o a t e d  copper  gr ids  a n d  be ing  e x a m i n e d  in 
a S iemens  E l m i s k o p  1 e l ec t ron  microscope  a t  a n  acceler-  
a t i n g  vo l t age  of 80 kV. 

Normal liver. Centr io les  are p r e s e n t  in  n o r m a l  r a t  
h e p a t o c y t e s .  E l e c t r o n  m i c r o g r a p h s  of 23 cent r io les  were 
t a k e n  d u r i n g  t h e  survey ,  t h i s  r e p r e s e n t i n g  n o t  more  t h a n  
a t h i r d  of t h e  t o t a l  n u m b e r  of cen t r io les  found.  Of t h e  
23 e x a m p l e s  a n a l y s e d  in re t rospec t ,  17 showed  1 cen t r io le  
in  t he  p l a n e  of sect ion,  6 in  T.S.  (F igure  1), 4 in  L.S.  
(Figure  2) a n d  7 in  ob l ique  sect ion.  F i v e  of t h e  r e m a i n i n g  
e l ec t ron  m i c r o g r a p h s  showed  2 cen t r io les  (diptosomes)  in  
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