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Carbodiimide Fixation for Electron Microscopy and Immunoelectron Cytochemistry 

The  p o t e n t i a l  v a l u e  of c a r b o d i i m i d e  (CDI) as a f i xa t i ve  
for  immunof luo re scence  h a s  a l r eady  been  r epo r t ed  b y  
KENDALL, POLAK a n d  PEARSE 1. I n  c o n n e c t i o n  wi th  o u r  
i nves t i ga t i ons  in to  d e v e l o p m e n t  of an t i body - l abe l l i n g  
m e t h o d s  for e lec t ron  mic roscopy  2, and  t he  d e m o n s t r a t i o n  
of p o l y p e p t i d e  h o r m o n e s  a, we requ i red  a f ixa t ive  wh ich  
would  a) p rese rve  t h e  u l t r a s t r u c t u r e  of t he  t i ssue  a n d  t h e  
g r a n u l a r  s torage  fo rm of t h e  p o l y p e p t i d e  h o r m o n e s  a n d  
b) leave  t he  an t igen ic  site(s) of t he  p o l y p e p t i d e  ful ly  
r eac t i ve  to  labe l led  a n t i b o d y .  I n  th i s  c o m m u n i c a t i o n  we 
show t h a t  cond i t ions  of f i xa t i on  b y  CD1 which  give 
exce l len t  resu l t s  b y  immunof luo re scence  also p rov i d e  
good p r e s e r v a t i o n  of u l t r a s t r u c t u r e  a t  t he  e lec t ron  micro-  
scope level.  

Materials and methods, Canine tissues. Smal l  samples  oI 
d u o d e n a l  m u c o s a  were t a k e n  for b o t h  l i g h t  a n d  e lec t ron  
mic roscopy  to  s t u d y  t h e  effects  of f i xa t ion  in v a r y i n g  
c o n c e n t r a t i o n s  of CDI  on  immunof luo re scence  and  t i ssue  
u l t r a s t r u c t u r e .  

Tissue  was f ixed a t  4~ for  24 h in 2, 10, 15, 20, 30, 40 
and  50% solu t ions  of 1 - e thy l -3 (3 -d ime thy laminopropy l ) -  
c a rbod i im ide  h y d r o c h l o r i d e  ( E D A P - C D I )  (Sigma) in  
0.01 M p h o s p h a t e  buf fe red  saline,  p H  7.1. Af te r  f i xa t ion  
spec imens  were w a s h e d  for  24 h ( l ight  microscopy)  or 3 h 
(e lect ron microscopy)  in  0.1 M p h o s p h a t e  buffer  p H  7.1 
c o n t a i n i n g  0.1 M sucrose.  

Fo r  i m m u n o t l u o r e s c e n c e  s tud ies  t i ssues  were q u e n c h e d  
in A r c t o n  (Freon) 22. Cryos t a t  (5 am)  sec t ions  were cu t  a n d  
a n  ind i r ec t  t e c h n i q u e  for t h e  loca l iza t ion  of secre t in  was 
car r ied  ou t  4, u s ing  f luorescein- label led  an t i - gu inea  pig  
IgG (Hyland) .  

Fo r  e lec t ron  microscopic  s tud ies  t i ssues  were pos t - f ixed  
in  3% g l u t a r a l d e h y d e  in  0.1 M p h o s p h a t e  buf fe r  p H  7.1 
for 2 h, a t  4~ s u b s e q u e n t l y  washed  in severa l  changes  of 
0.1 M p h o s p h a t e  buf fe r  p H  7.1 c o n t a i n i n g  0.1 M sucrose 
a n d  pos t - f ixed  aga in  in 1% o s m i u m  t e t r o x i d e  in Mil lonig 
buf fe r  for I h a t  4~ Tissues  were t h e n  d e h y d r a t e d  t h r o u g h  
a n  a scend ing  e t h a n o l  series, t a k e n  t h r o u g h  e p o x y p r o p a n e  
and  e m b e d d e d  in a n  Ara ld i t e  mix tu re .  

U l t r a t h i n  sec t ions  were s t a ined  b y  aIcoholic u r a n y l  
a ce t a t e  a n d  lead c i t r a t e  a n d  v iewed  in a n  A E I  E M  6B 
e lec t ron  microscope .  

Murine  tissues. Samples  of panc rea s  were processed for 
e l ec t ron  m i c r o s c o p y  in  o rder  to  i n v es t i g a t e  u l t r a s t r u c t u r a l  
f ea tu res  of exocr ine  a n d  endoc r ine  panc rea s  us ing  CDI  as 
a f ixa t ive .  

Smal l  pieces of t i ssue  were f ixed in 10% E D A P - C D I  in 
0.01 M P B S  p H  7.1 for 1, 3, 7 or 24 h, an d  in 15% E D A P -  
CDI  for 3 or 24 h a t  4~ F o r  each  of these  e x p e r i m e n t s  
t i ssues  were w a s h e d  for 3 or 21 h, t h e  longer  per iods  of 
wash ing  be ing  to  rep l i ca te  cond i t ions  in w h i c h  CDI  f ixa-  
t i on  would  be  fol lowed b y  severa l  hou r s '  exposure  to  an t i -  
bodies  as needed  for i m m u n o l o g i c a l  r eac t ions  a t  u l t r a -  
s t r u c t u r a l  level.  

As controls ,  sma l l  samples  of t i s sue  were f ixed in 2% 
f o r m a l d e h y d e  (freshly p r e p a r e d  f rom p a r a f o r m a l d e h y d e  5) 
for i h a t  4~ t h e n  washed  for  21 h, or 3% g l u t a r a l d e h y d e  
as descr ibed  e lsewhere  8. 

A l l  samples  were pos t - f ixed,  a f t e r  washing ,  in  3% 
g l n t a r a l d e h y d e  in p h o s p h a t e  buffer  p H  7.1 a n d  pos t - f ixed  
aga in  in 1% o s m i u m  t e t r o x i d e  in Mil lonig buffer,  as 
descr ibed  prev ious ly .  

U l t r a t h i n  sect ions  were s t a ined  b y  alcoholic  u r a n y l  
ace t a t e  a n d  lead c i t r a t e  a n d  v iewed  in  an  A E I  E M  6B 
microscope.  

Results. Immuno/luorescence studies. Specific i m m u n o -  
f luorescence was  o b t a i n e d  w h e n  t issues  were f ixed in  2, 
10, 15 a n d  20 % E D A P - C D I .  F u r t h e r  increase  in concen t r a -  
t i on  of t h e  f i xa t ive  led to a decrease  of t h e  specific s ta in ing .  

Fig. 2. Dog duodenum fixed in 10% EDAP-CDI for 24 h, washed for 
3 h. The polymorphic granules of an enteroehromaffin (FC) cell are 
well preserved. Nuclear ehromatin distribution is unusual. • 7.500. 

Fig. 1. Dog duodenum fixed in 10% EDAP-CDI. Immunofluorescent 
localization of secretin (in the S cells). • 990. 
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Fig. 3. Exocrine pancreas (mouse) fixed in 10% EDAP-CDI for 1 h, washed for 21 h. Cytoplasmic membranes, nuclear chromatin and 
zymogen granules are all well preserved. • 17.500. 

Fig. 4. Endocrine pancreas (mouse) fixed in 10% EDAP-CDI for 24h. washed for 21 h. The pronlinent endocrine (fl) granules are mainly 
spherical without halo or dense cores. The nucleus (above) is well fixed, as is the nuclear membrane. Mitochondria (M) are less well pre- 
served. • 12.000. 

O p t i m a l  s t a in ing  was o b t a i n e d  w i t h  1 0 - 1 5 %  E D A P - C D I  
(Figure  1). Tissue p r e s e r v a t i o n  also seemed b e t t e r  a t  t h i s  
concen t r a t i on .  

Ultrastructural studies. Duodenal mucosa. R e a s o n a b l y  
good p r e s e r v a t i o n  was o b t a i n e d  w h e n  t issues  were f ixed 
w i t h  10% E D A P - C D I .  W i t h  lower or h ighe r  concen t ra -  
t ions  t he  q u a l i t y  of t he  f i xa t i on  decreased.  As shown  in 
F igu re  2, t he  t i ssue  c o m p o n e n t s  such  as cy top l a smic  
m e m b r a n e s ,  organel les  a n d  endocr ine  po lypep t ide  granules  
were genera l ly  wel l -preservedl  Nuclei,  however ,  were 
poor ly  fixed, especial ly  a t  h i g h  a n d  low concen t r a t i ons  of 
CDI,  and  showed a n  u n u s u a l  c h r o m a t i n  d i s t r ibu t ion .  

Pancreas. 10% CDI. Bes t  resu l t s  were o b t a i n e d  w h e n  
t i ssues  were f ixed for no  longer  t h a n  1 h. Cy top lasmic  
m e m b r a n e s ,  organel les  a n d  genera l  s t r u c t u r e  were well  
p re se rved  and  t he  nucle i  showed  a c h r o m a t i n  d i s t r i b u t i o n  
s imi la r  to  t h a t  found  in g lu t a ra ldehyde - f ixed  m a t e r i a l  
(Figure  3). A sho r t  wash ing  t i m e  a f t e r  f i xa t ion  also gave  
b e t t e r  t i ssue  p re se rva t ion ,  a n d  t h u s  t he  o p t i m u m  condi-  
t ions  appea red  to be  1 h f i xa t i on  fol lowed b y  a 3-h wash.  
H o w e v e r  a 1-h f i xa t ion  a n d  a 21-h wash  also gave b e t t e r  
p r e s e r v a t i o n  t h a n  a 3-h f i xa t i on  and  a 3-h wash.  

E n d o c r i n e  po lypep t i de  granules  were wel l -preserved 
even  in blocks w i t h  poor  f ixa t ion,  be ing  n u m e r o u s  an d  
showing  good e l ec t ron -dens i ty  (Figure  4). Exoc r ine  
(zymogen)  granules,  on t he  con t ra ry ,  were p re sen t  in  well- 
p re se rved  specimens,  b u t  a l m o s t  en t i r e ly  a b s e n t  in  t h e  
poor ly- f ixed  mate r ia l .  

15% CDI, Tissue p r e s e r v a t i o n  was no t  as good as w i t h  
10% CDI a n d  v e r y  few zymogen  granules  were r e t a ined  
in e i the r  t h e  long  or t h e  sho r t  f ixa t ion .  

Formaldehyde. F o r m a l d e h y d e - f i x e d  m a t e r i a l  showed 
good p r e s e r v a t i o n  of zy mo g en  granules ,  nucle i  a n d  cyto-  
p la smic  m e m b r a n e s ,  b u t  organel les  an d  endop lasmic  
r e t i cu lum a p p e a r e d  d i s t o r t ed  (Figure 5 ) :  E n d o c r i n e  
granules  were poor ly  preserved,  d e m o n s t r a b l y  less well  
t h a n  w i t h  CDI.  

Glutaraldehyde. G l u t a r a l d eh y d e - f i x ed  m a t e r i a l  showed,  
as expected ,  exce l len t  p r e s e r v a t i o n  of b o t h  endocr ine  a n d  
exocr ine  p a n c r e a s  inc lud ing  zy mo g en  granules .  

Discussion. Our  resul t s  show t h a t  wa te r - so lub le  carb0-  
d i imide  is a good f ixa t ive  for immunof luorescence ,  wh ich  
also preserves  u l t r a s t r u c t u r e  r e a s o n a b l y  well. I t  is the re -  
fore p o t e n t i a l l y  a va luab le  f i xa t ive  for i m m u n o e l e c t r o n -  
cy tochemica l  s tudies .  Cont ro l  e x p e r i m e n t s  w i t h  a ldehyde  
f ixa t ives  i nd i ca t e  t h a t  these,  a n d  especial ly  g lu ta ra l -  
dehyde ,  are b e t t e r  for t h e  p r e s e r v a t i o n  of s t r u c t u r a l  
in tegr i ty ,  G l u t a r a l d e h y d e  Call v e r y  se ldom be  used for 
i m m u n o e l e c t r o n c y t o c h e m i s t r y ,  however ,  s ince i t  i nh ib i t s  
t h e  s u b s e q u e n t  b i n d i n g  of label led  an t ibodies .  Fo rma l -  
d e h y d e  has  o f t en  been  used as a f i xa t ive  for i nves t iga t ions  
w i t h  labe l led  an t ibod ie s  a n d  some p o l y p e p t i d e  hormones ,  
such  as ACTH,  con t inue  to r eac t  readi ly .  Tile m a j o r i t y  
become  unreac t ive ,  a f te r  sho r t  per iods  of f ixa t ion.  

I n  t h e  p r e s en t  work  we obse rved  t h a t  br ie f  ( l -h)  f ixa- 
t i on  in CDI  gave  b e t t e r  s t r u c t u r a l  p r e s e r v a t i o n  t h a n  a 
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longer  f i xa t ion  (up to 24 h), even  w h e n  i t  was fol lowed b y  
a n  e x t e n d e d  wash ing  period.  The  dele ter ious  effects  of 
long f ixa t ion  were m u c h  more  e v i d e n t  in  pancreas ,  w h i c h  

is r ich  in a u t o l y t i  c enzymes ,  t h a n  in  duodenum,  where  
such  enzymes  are less ac t ive .  This  o b s e r v a t i o n  suggests  
t h a t ,  a f te r  the  in i t ia l  r ap id  f i xa t ion  reac t ion  of CDI, 
f u r t h e r  exposure  leads to  a b r e a k d o w n  of t h e  zy mo g en  
granules ,  w i t h  a release of ac t ive  p ro teo ly t i c  enzymes .  
H e n c e  i t  would a p p e a r  t h a t  the  ac t ion  of CDI on t issues  is 
b iphas ic ,  t h e  second phase  be ing  respons ib le  for d i s rup-  
t ion  of t h e  zymogen  granules ,  nucle i  an d  o the r  cons t i -  
t uen t s .  T h e  chemica l  or phys ica l  bas is  of th i s  b iphas ic  
effect  r e m a i n s  a m a t t e r  for specu la t ion  since t h e  k n o w n  
s ide- reac t ions  of CDI  1 cou ld  scarcely be  respons ib le  for a n y  
s ign i f ican t  d i s r u p t i o n  of s t ruc tu re .  I n  t h e  f i rs t  phase  i t  is 
cons idered  t h a t  cross- l inks  form b e t w een  t issue ca rboxy l  
a n d  amino  groups  wh ich  are in close p r o x i m i t y  a n d  t h a t  
these  s tabi l ize  a n d  f ix t h e  s t ruc ture .  I n  t h e  second phase  
i t  is conce ivab le  t h a t ,  u n d e r  the  inf luence  of t h e  CDI,  
condensa t i ons  occur  b e t w e e n  t issue groups  which  neces- 
s i t a te  s p a t i a l  r e a r r a n g e m e n t .  The  l a t t e r  t h e n  br ings  a b o u t  
a d e g r a d a t i o n  of s t r u c t u r a l  in tegr i ty .  

Zusammen/assung. I n  m i t  wasser l6s l ichen Carb0di -  
i m i d e n  u n t e r  b e s t i m m t e n  B e d i n g u n g e n  f ix ie r t em Gewebe 
k 6 n n e n  P o l y p e p t i d h o r m o n e  immunf luo re szenzop t i s ch -  
nachgewiesen  werden.  U n t e r  o p t i m a l e n  B e d i n g u n g e n  
f ix ier tes  Mate r ia l  i s t  auch  zur  Her s t e l lung  e lek t ronen-  
mik roskop i sche r  P r s  vorz f ig l i ch  geeignet.  Carbodi -  
imide  werden  desha lb  als F i x i e r u n g s m i t t e l  in e lek t ronen-  
op t i schen ,  i m m u n z y t o c h e m i s c h e n  S t u d i e n  vorgesch]agen.  
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Fig. 5. Exocrine pancreas (mouse) fixed in freshly prepared formal- 
dehyde for 1 h, washed for 21 h. Nuclei, zymogen granules and cyto- 
plasmic membranes are well preserved but there is considerable dis- 
tortion of the endoplasmic reticulum. • 5.250. 
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T h e  U s e  of I n c i d e n t  L i g h t  for C a r b o n  L o c a l i z a t i o n  

Cells of t he  re t i cu lo -endo the l i a l  sy s t em (RES)  are  mor-  
phologica l ly  he t e rogeneous  and  as such  m u s t  be ident i f ied  
b y  t he  func t iona l  c r i te r ion  of phagocy t i c  ac t iv i ty .  Colloidal 
c a r b o n  is usua l ly  used to iden t i fy  these  cells since the  
par t ic les  pe r s i s t  for a cons iderab le  per iod  of t i m e  af te r  
in ject ion,  are of a c o n v e n i e n t  size a n d  are eas i ly  recognized 
in some his to logica l  mater ia l .  However ,  t he  use of ce r t a in  
s t a in ing  t e c h n i q u e s  and  t he  h e a v y  depos i t ion  of p i g m e n t  
in  some t issues  m a y  m a k e  c a r b o n  loca l iza t ion  ted ious  
w h e n  a c o n v e n t i o n a l  t r a n s m i t t e d  l igh t  microscope is used, 
and  m a y  d e m a n d  a more  eff icient  m e a n s  of v i sua l i z ing  t h e  
in jec ted  par t ic les .  

Such  p r o b l e m s  were encoun t e r ed  in our  l a b o r a t o r y  
d u r i n g  an  i nves t i ga t i on  of t h e  d e v e l o p m e n t  a n d  e x t e n t  of 
t h e  R E S  in a n  a m p h i b i a n  species, Xenopus laevis 1. Anima l s  
of severa l  s tages  were in jec ted  w i t h  col loidal  c a r b o n  
( 'Dag  554', Acheson  Colloids, P l y m o u t h ,  E n g l a n d ;  or 
' P e l i k a n  Cll/1431a', Gi in the r  Wagne r ,  H a n n o v e r ,  Ger-  
many)  t h e n  ki l led a n d  f ixed whole  in  Bou in ' s  f luid a t  
va r ious  t i m e  in t e rva l s  the rea f te r .  P a r a f f i n - e m b e d d e d  
sect ions  of c a r b o n - i n j e c t e d  and  n o r m a l  an ima l s  were cu t  

in  S t u d i e s  of  the  R e t i c u l o - E n d o t h e l i a l  S y s t e m  

a t  6 bml, s t a ined  r o u t i n e l y  in h a e m a t o x y l i n  an d  eosin an d  
e x a m i n e d  for c a r b o n  up take .  H a e m a t o x y l i n  and  eosin was 
used since i t  gives exce l len t  h is to logica l  defini t ion,  b u t  i t  
obscures  c a r b o n  u p t a k e  where  d a r k l y  s ta ining,  closely 
p a c k e d  cells are located,  as in  l y m p h o c y t i c  Ioci. F u r t h e r -  
more,  p i g m e n t  in  t h e  fo rm of brown=black  me l an i n  gran-  
ules was  found  widely  d i s t r i b u t e d  in ~issues f rom b o t h  lar-  
va l  an d  p o s t - m e t a m o r p h i c  Xenopus: th i s  p i g m e n t  was  
p re sen t  n o t  on ly  in t h e  ep idermis  b u t  also over  all  coelomic 
m e m b r a n e s ,  mos t  b lood vessels  an d  in n u m e r o u s  glands,  
inc lud ing  t h e  t h y m u s ,  l iver,  spleen a n d  kidney.  T h e  mela-  
n i n  granules  are n o t  r e s t r i c t ed  to melanophores ,  where  t h e y  
can  be  read i ly  ident i f ied ,  b u t  m a y  also be  found  in ex t ra -  
cel lular  loca t ions  or in  p h a g o c y t e s  3, a. 
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