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T h e  F ixa t ive  A c t i o n  of U r a n y l  Ace ta te  in E l e c t r o n  

U r a n y l  a c e t a t e  ha s  been  widely  used b y  m a n y  e lec t ron  
microscopis t s  as  a c o n t r a s t i n g  a g e n t  s ince i t s  i n t r o d u c t i o n  
for t h a t  pu rpose  b y  STRUGGER 1. I n  t h i s  in i t ia l  work  u r a n y l  
a c e t a t e  was  used  on  t h e  b locks  p r io r  to  d e h y d r a t i o n  a n d  
e m b e d d i n g .  I t  was  l a t e r  r e c o m m e n d e d  for  t h e  s ame  p u r p o s e  
b y  WATSON * who,  ins tead ,  used i t  t o  s t a i n  u l t r a t h i n  sec- 
t ions .  Since t hen ,  u r a n y l  a c e t a t e  h a s  usua l ly  b e e n  used  to  
s t a i n  p r e p a r a t i o n s  a l r e a d y  e m b e d d e d  a n d  sec t ioned,  e i t he r  
a lone  or  in  c o m b i n a t i o n  w i t h  a lca l ine  lead.  

D u r i n g  t h e i r  i m p o r t a n t  work  on  t h e  f i xa t i on  of bac t e r i a l  
nucleus ,  RYTER a n d  KELLENBERGER 3 found  t h a t  u r a n y l  
ace t a t e ,  w h e n  used  before  t h e  d e h y d r a t i o n ,  as  done  b y  
STRUGGER, h a d  a s t ab i l i z ing  effect  on  D N A  fibri ls ,  p r e v e n t -  
ing t h e i r  agg rega t i on  d u r i n g  t h e  pos t e r i o r  s t eps  in  t h e  
spec imen  p r e p a r a t i o n  for  e l ec t ron  microscopy .  Since t h e n ,  
u r a n y l  a c e t a t e  t r e a t m e n t  of b locks  b e c a m e  of c o m m o n  use 
a m o n g  bac t e r i a l  e lec t ron  microscopis ts .  D u r i n g  s tud ies  on  
t h e  in f luence  of some fac to rs  i n v o l v e d  in t h e  RVTER- 
KELLENBERGER-fixation on  t h e  p r e s e r v a t i o n  of t h e  m e m -  
b r a n e s  of some G r a m - p o s i t i v e  bac te r i a ,  we found  t h a t  
u r a n y l  a c e t a t e  t r e a t m e n t  was  necessa ry  to  h a v e  well  f ixed 
mesosomes  in all  t h e  Bacillus s t r a i n s  s tud ied  4. Th i s  effect  
was  cons ide red  as a f i xa t ive  one  a n d  chemica l  s tud ies  were  
i n i t i a t e d  to  c lar i fy  i t s  m e c h a n i s m .  These  p r e l i m i n a r y  
s tud ies  showed  t h a t  t h e  a m o u n t  of p h o s p h o l i p i d  phos-  
p h o r u s  e x t r a c t e d  d u r i n g  t he  d e h y d r a t i o n  of Bacillus sub- 
tills f ixed b y  OsO4 a n d  t r e a t e d  w i t h  u r a n y l  a c e t a t e  was  
11 t i m e s  less t h a n  t h a t  e x t r a c t e d  f rom b a c t e r i a  of t h e  s ame  
cu l t u r e  n o t  t r e a t e d  w i t h  u r a n y l  ace ta t e .  Meanwhi le ,  u r a n y l  
a ce t a t e  s t a r t e d  to  be  used b y  severa l  e lec t ron  mic roscop i s t s  
before  d e h y d r a t i o n  on  h i g h e r  cells w i th  good resul ts .  These  
r e su l t s  h a v e  usua l ly  been  cons ide red  as  due  to  t he  con-  
t r a s t i n g  effect  of u r a n y l  ace ta t e .  S imi la r  r e su l t s  h a v e  b e e n  
f o u n d  w i t h  m a n y  d i f f e ren t  t i s sues  in  our  l a b o r a t o r y ;  in a 
c o m p a r a t i v e  work  ~ we s t ud i ed  t h e  in f luence  of t h e  t r e a t -  
m e n t  w i t h  u r a n y l  a c e t a t e  done  before  t h e  d e h y d r a t i o n  on  
t h e  u l t r a s t r u c t u r e  of r a b b i t  r e t i n a  cells. I n  t h i s  s t u d y  we 
found  a m a r k e d  i m p r o v e m e n t  in  t h e  p r e s e r v a t i o n  of 
severa l  s t r u c t u r e s  inc lud ing  ceil m e m b r a n e s .  Th i s  ef fec t  
was  cons ide red  as  due  to  a f i xa t i ve  r a t h e r  t h a n  c o n t r a s t i n g  
a c t i o n  of u r a n y l  a c e t a t e  a n d  was r e l a t ed  w i t h  t h e  effect  
desc r ibed  in Bacillus cells. T h e  chemica l  s tud ie s  done  w i t h  
B. subtilis were  t h e n  e x t e n d e d  to  a n i m a l  cells. Here  we 
sha l l  p r e s e n t  a br ie f  r e p o r t  on  t he  resu l t s  of t h a t  s tudy .  

T h e  b r a i n s  of severa l  S p r a g u e - D a w l e y  r a t s  were cu t  i n to  
b locks  a b o u t  1 cm 3 w h i c h  were  r a n d o m i z e d .  Severa l  
samples  w i t h  t he  same  we igh t  were t r e a t e d  in t h e  fol lowing 
ways :  (1) f ixed w i t h  P a l a d e ' s  OsO4 for 2 h a n d  d e h y d r a t e d  
in inc reas ing  c o n c e n t r a t i o n s  of e t h a n o l  (30, 50, 75 a n d  90 %, 
15ra in  each,  a n d  100%,  2 changes  of 3 0 m i n  each).  (2) As in 
(1) b u t  w i t h  a t r e a t m e n t  w i t h  u r a n y l  a c e t a t e  (0.5% in 
a c e t a t e - v e r o n a l  buffer)  for  2 h a t  r oom t e m p e r a t u r e  a f t e r  
t he  OsO4 f ixa t ion  a n d  before  t h e  d e h y d r a t i o n .  (3) Di rec t ly  
d e h y d r a t e d  in e t h a n o l  as in  (1) a n d  (2) w i t h o u t  a n y  f ixa-  
t ion .  (4) T r e a t e d  w i t h  u r a n y l  a c e t a t e  as in (2) w i t h o u t  
f i xa t ion  w i t h  OsO4, a n d  t h e n  d e h y d r a t e d  as descr ibed.  
(5) E x t r a c t e d  w i t h  c h l o r o f o r m - m e t h a n o l  (2/1, v /v)  as 
cont ro l .  The  a m o u n t  of p h o s p h o l i p i d  p h o s p h o r u s  lost  f rom 
b r a i n  t i ssue  in t he  OsO4, u r a n y l  a c e t a t e  a n d  e t h a n o l  was  
e s t i m a t e d  b y  t h e  F i s k e - S u b b a r o w - m e t h o d  a f t e r  e x t r a c t i o n  
w i t h  c h l o r o f o r m - m e t h a n o l  (2/1, v /v )  a n d  c o m p a r e d  w i t h  
t h e  a m o u n t  e x t r a c t e d  in (5). T h e  re su l t s  are  p r e s e n t e d  in 
t h e  Table .  Samples  f rom t h e  p r e p a r a t i o n s  (1) a n d  (2) were  
processed for e l ec t ron  mic roscopy  a f t e r  e m b e d d i n g  in 
L u f t ' s  E p o n  a n d  v iewed in a S iemens  E l m i s k o p  I A. As can  
be  seen in t h e  Table ,  t h e  t r e a t m e n t  w i t h  u r a n y t  a c e t a t e  
s ign i f i can t ly  r educes  t h e  a m o u n t  of p h o s p h o l i p i d  phos -  
p h o r u s  e x t r a c t e d  b y  t h e  e t h a n o l  (0 .16% of t h e  t o t a l  ex-  
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t r a c t e d  d i rec t ly  w i t h  c h l o r o f o r m - m e t h a n o l  in  c o m p a r i s o n  
w i t h  18.01%).  T h e  T a b l e  also shows t h a t  t h e  t r e a t m e n t  
w i t h  u r a n y l  a c e t a t e  d i r ec t ly  app l ied  to  t h e  b r a i n  t i ssue  
w i t h o u t  p rev ious  f i xa t ion  w i t h  OsO4 reduces  b y  a b o u t  
3 t i m e s  t h e  a m o u n t  of phospho l i p id  p h o s p h o r u s  e x t r a c t e d  
b y  t h e  e thano l .  I n  t h e  s a m e  e x p e r i m e n t ,  t h e  a m o u n t  of 
p r o t e i n  e x t r a c t e d  d u r i n g  d e h y d r a t i o n  was  f o u n d  t o  be  
4 t i m e s  less w h e n  t h e  t r e a t m e n t  w i t h  u r a n y l  a c e t a t e  was  
employed .  

These  r e su l t s  s u p p o r t  t h e  view, deduced  f rom m o r p h o -  
logical  obse rva t ions ,  t h a t  u r a n y l  a c e t a t e  h a s  a f i xa t i ve  
a c t i o n  w h e n  used  before  t he  d e h y d r a t i o n  of t h e  spec imens  
to  be  e m b e d d e d  a n d  sec t ioned  for  e l ec t ron  mic roscopy  6,7. 

Loss of phospholipid phosphorus during preparation for electron 
microscopy of rat brain 

Treatment Phospholipidie phosphorus 

Amount % of 
extracted/zg total 

1 OsO4 2.21 0.17 
Ethanol 237.30 18.01 

2 OsO4 2.21 0.17 
Uranyl acetate 0.79 0.06 
Ethanol 2.06 0.16 

3 Ethanol 836.60 63.51 

4 Uranyl acetate 2.10 0.16 
Ethanol 290.80 22.08 

5 Chloroform-methanol 1317.30 100.00 

Mean values from 3 experiments using the same amount of tissue. 

Resumen. L a  u t i l i zac i6n  del  a c e t a t o  de  u ran i lo  despu6s  
del osmio  d u r a n t e  l a  f i jaci6n,  r educe  la  c a n t i d a d  de  fos- 
folfpidos e x t r a l d o s  d u r a n t e  ta  d e s h i d r a t a c i 6 n  de  los te j idos ,  
lo que  d e m u e s t r a  sus  p rop i edades  de  f i j ado r  qu lmico .  
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