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L o c a l i z a t i o n  of T r a n s p l a n t a t i o n  A n t i g e n s  in T i s s u e  Sect ions:  Effects  of V a r i o u s  F ixa t ives  and U s e  of 
T i s s u e  P r e p a r a t i o n s  o ther  than  F r o z e n  S e c t i o n s  

Research in t r ansp lan ta t ion  biology can benefi t  of 
qua l i t a t ive  informat ion  on the  precise histological  distri-  
bu t ion  of t r ansp lan ta t ion  ant igens in solid tissues. For  this  
type  of study,  immunof luorescence  appears  as one of the  
most  efficient technique.  However ,  p reserva t ion  of tissue 
ant igenic i ty  can impose l imi ta t ion  on the  choice of methods  
used to prepare  sa t is factory  sections for the  immuno-  
f luorescent test.  Detec t ion  of t r ansp lan ta t ion  or histo- 
compat ib i l i ty  ant igens in unf ixed cryos ta t  sections of 
normal  mouse tissues has been repor ted  using an indirect  
f luorescent  an t ibody  technique  1. The use of unfixed frozen 
sections in immunof luorescence  has major  disadvantages.  
Tissue morphology is f requent ly  dis tor ted in th in  unf ixed 
cryos ta t  sections. Fur thermore ,  some loss or d isplacement  
of antigenic mater ia l  can result  f rom the  thawing  of the 
section on the  slide or the  incubat ion  in aqueous media.  
To see whether  i t  was possible to avoid the  la t te r  p rob lem 
by fixation,  the  effects of var ious f ixa t ives  current ly  used 
in immunof luorescence  were invest igated.  In  addit ion,  
because the  morphology  is much  be t te r  preserved in sec- 
tions cu t  from tissue blocks embedded  in paraff in  af ter  
cold e thanol  f ixat ion,  f reeze-subst i tut ion or freeze-drying, 
than  in c ryos ta t  frozen sections, tissues prepared by these 
methods  were also used. The biological  system, reagents  
and the  immunof luorescent  technique  employed  in this  
work  have  been described in detai l  1. 

1. Ef/ects of ]ixatives. A series of air-dried cryos ta t  sec- 
t ions were fixed respect ive ly  in 70% alcohol, absolute  
ethanol ,  methanol ,  2-octanol and in 5,10 and 40% formal-  
dehyde at  room t empera tu re  for 2 h. The slides were then  
dried at  37~ for 15 min  and rinsed in phospha te  buffered 
saline before being used in immunof luorescent  tests. In  
all cases, these f ixat ion procedures resulted in the  loss of 
specific fluorescence. Al though  the s taining was preserved 
after  f ixa t ion  in acetone for 30 min  at  room tempera ture ,  
the  i m p r o v e m e n t  was slight, wi th  the  except ion of nervous  
tissues in which the  f luorescent  pa t t e rn  was be t t e r  de- 
f ined 2. 

Because tile choice Of f ixat ives  in immunofluorescence 
is still empirical ,  o ther  f ixing agents used in general  
h i s tochemis t ry  were tried.  Susa's, Zenker 's,  Carnoy 's  and 
Bouin ' s  solutions were all found to have  deleterious effects 
on h i s tocompat ib i l i ty  antigens. 

2. Use o/tissue preparations other than cryostat sections. 
A) Cold e thanol  f ixa t ion  and paraff in  embedding.  SAINTE- 
MARIE 3 has described a me thod  of prepar ing tissues for 
immure)fluorescence in which small  t issue blocks are pre- 
f ixed in e thanol  at  4~ dehydra ted  in pre-cooled alcohol, 
cleared in xylene  and f inal ly embedded  in paraff in  at  
56~ 5 blocks of tissues (spleen, liver, kidney,  cerebral  
cor tex  and sub-maxi l la ry  gland) were processed according 
to this  method.  I t  was found tha t  specific s taining could 
no longer be detected.  The  use of cold me thano l  instead of 
e thanol  to pref ix  and dehydra te  the  t issue blocks gave 
similar  results. 

B) Freeze-subst i tu t ion.  This method4 has been applied 
to i m m u n o f l u o r e s c e n t  studies ~ and found to p r o v i d e  
sections of be t te r  morphology  than  cryos ta t  preparat ions.  
The a im of this  t echnique  is to preserve ant igenic  mater ia l  
in its normal  posi t ion by  f ixation,  and to min imize  the  
cellular d is tor t ion produced by ice crystals.  Fo r  this  
purpose,  small  t issue blocks are snap-frozen at  low tem-  
pera ture  (--70~ and dehydra ted  by  successive changes 
of precooled (--70~ e thanol  over  a period of 3 to 4 days. 
Tissue blocks are then  passed over  several  hours th rough  
successive ba ths  of alcohol at  increasing t empera tu res  and 
embedded  in an alcohol-soluble wax. 

F ive  blocks of tissues (spleen, liver, kidney, cerebral  
cor tex  and sub-maxi l la ry  gland) were prepared by  this 
me thod  5 wi th  the  except ion t h a t  paraff in  at  56~ was 
used for embedding  instead of polyester  wax  at  37~ and 
this necessi ta ted previous clearing in Xylene. The sections 
were washed in phospha te  buffered saline. The loss of 
specific s ta in ing in sections f rom these blocks showed tha t  
h i s tocompa t ib i l i t y  ant igens were adversely  affected by  the  
procedures involved.  

C) Freeze-drying.  This me thod  provides  tissue sections 
in which the  morphology  is especially well  preserved and 
is therefore ve ry  suitable for the  s tudy  of cytological  
details. Fur thermore ,  no f ixa t ion  is required and the  dis- 
p lacement  or des t ruct ion of antigenic mater ia l  should 
theore t ica l ly  be avoided by  this procedure.  After  snap- 
freezing of small  tissue blocks, at  a t empera tu re  of ap- 
p rox ima te ly  --  160~ to avoid  the  format ion  of ice crystals,  
the  frozen wate r  is r emoved  by  subl imat ion  in vacuo a t  
--40~ The dried blocks are then  direct ly  embedded  in 
polyester  wax  or in paraffin.  5 ve ry  small  blocks of tissues 
(using the  same organs as above) were snap-frozen in a 
l iquid n i t rogen- isopentane  mix tu re  and dried in vacuo a t  
low t empera tu re  using a 'Pearse  t issue freeze-drier '  
apparatus .  Af te r  complete  drying, the  blocks were vacuum-  
embedded  in paraff in  a t  56~ The sections cut  f rom 
these blocks  showed br ight  blue-green autofluorescence 
to such an ex ten t  t ha t  specific s taining could no longer be 
dist inguished wi th  cer ta inty .  

In  the  last  3 methods,  petroleum, ether  and chloroform 
were used in addi t ion to xylene for the deparaff in izat ion 
of sections bu t  no difference was noted in the  results. 

Discussion. The present  results show t h a t  h is tocom- 
pa t ib i l i ty  ant igens are des t royed in c ryos ta t  sections 
t rea ted  wi th  var ious  f ixat ives.  Because of the l imi ted  
knowledge on the  chemical  na tu re  of h i s tocompat ib i l i ty  
antigens, the  mode of act ion of these f ixat ives  in the  
present  work  is not  understood.  In  SAINTE-MARIE'S 
technique,  the  deleterious effect of alcohol f ixat ives  found 
wi th  frozen sections is l ikely  to be responsible for the  in- 
ac t iva t ion  of h i s tocompat ib i l i ty  antigens. However ,  these 
ant igens could also have  been denatured by  hea t  since the  
tissue blocks were embedded  in paraff in  at  56~ 

In  the  f reeze-subst i tu t ion method,  the dena tura t ion  of 
antigens p robab ly  occurred late in the procedure (i.e. 
when the  t issue blocks were immersed  in alcohol at  in- 
creasing temperatures)  because f ixa t ion  by  e thanol  or 
methanol  at  low t empera tu re  (--70~ is negligible. As 
wi th  the  previous  technique,  dena tura t ion  by  hea t  m a y  
have  taken  place during embedding.  However ,  i t  remains  
possible t ha t  dena tu ra t ion  of t ransp lan ta t ion  antigens by  
heat  resul t ing f rom embedding  at  56~ migh t  be avoided 
by using an embedding  med ium of a lower mel t ing point .  
Inves t iga t ions  along these lines are in progress. 

The failure to obta in  sa t i s fac tory  preparat ions  wi th  the  
freeze-drying me thod  m a y  be due to excessive drying;  the  
op t imal  degree of drying can only be found empir ica l ly  
and i t  has no t  been possible to inves t igate  this dur ing t i le 
work  repor ted  here. A considerable increase of auto-  
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f luorescence in f reeze-dr ied  m a t e r i a l  ha s  been  repor tedS 
b u t  no  e x p l a n a t i o n  ha s  been  p roposed  for t h i s  effect. 

Our  resu l t s  i nd i ca t e  t h a t  in  spi te  of t he  d i s a d v a n t a g e s  
of unf ixed  c r y o s t a t  sect ions,  these  a p p e a r  as t he  on ly  
su i tab le  p r e p a r a t i o n s  for t he  loca l iza t ion  of t r a n s p l a n t a -  
t ion  an t igens  in solid t i ssues  b y  m e a n s  of i m m u n o f l u o -  
rescence.  

Rdsumd. Plus ieurs  f i xa t eu r s  p r o d u i s e n t  des effets d616- 
t~res sur  les an t ig6nes  de t r a n s p l a n t a t i o n  de la souris.  La  
f i xa t i on  ~ froid, la cong~ la t i on - subs t i t u t i on  e t  la cryo- 
dess ica t ion  ne  d o n n e n t  pas  de r6su l ta t s  sa t i s fa i san ts .  
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Effect of Blood Sampl ing Methodology on Plasma Levels of Corticosterone, Inorganic Phosphorus 
and Serum 5-Hydroxytryptamine  Concentrations1 

A wide v a r i e t y  of e x p e r i m e n t a l  fac tors  inc lud ing  t i m e  
of day2,  a sex 2, e n v i r o n m e n t a l  change  4-~ a n d  level  of 
anes thes i a  ~ h a v e  been  r epo r t ed  to inf luence  p l a s m a  cort i -  
cos terone  concen t r a t i ons .  I n  add i t ion ,  i t  has  been  sug- 
ges ted  t h a t  t he  m e t h o d o l o g y  used in o b t a i n i n g  b lood  
samples  m a y  also af fec t  p l a s m a  levels of cort icosteroneS.  
Therefore ,  t he  p r e s e n t  e x p e r i m e n t s  were u n d e r t a k e n  to  
explore  t he  poss ible  inf luence  of b lood s amp l ing  m e t h o d -  
ology on  se rum 5 - h y d r o x y t r y p t a m i n e  ( s e r o t o n i n ) ' a n d  
p l a s m a  inorganic  p h o s p h o r u s  as well  as p l a s m a  cort ico-  
s t e rone  concen t r a t i ons .  

Materials and methods. Anima l s  used in t he  p re sen t  s t u d y  
were female  Sp rague -Dawley  ra t s  (Char les-River)  t h a t  
were housed  2 pe r  cage for a t  leas t  3 weeks u n d e r  condi-  
t ions  of con t ro l led  l i gh t i ng  ( f luorescent  i l l u m i n a t i o n  f rom 
0400-1800) and  t e m p e r a t u r e  (24 J- 2~ P u r i n a  l a b o r a t o r y  
chow and  t a p  w a t e r  were ava i l ab le  ad  l ib i tum.  3 days  
pr io r  to  t he  e x p e r i m e n t  r a t s  were t r a n s f e r r e d  to i n d i v i d u a l  
cages. 

I n  all  e x p e r i m e n t s  r a t s  were t a k e n  i nd i v i dua l l y  f rom 
the  a n i m a l  q u a r t e r s  to  the  ad jo in ing  p r e p a r a t i o n  room 
were t h e y  were sub j ec t ed  to one of t he  fol lowing m e t h o d s  
for o b t a i n i n g  b lood samples  : D e c a p i t a t i o n  (DC), r a t s  were 
r ap id ly  d e c a p i t a t e d  ( <  20 sec fol lowing in i t ia l  hand l ing)  
a n d  2 ml  of t r u n k  b lood  col lected in a cen t r i fuge  t u b e  to  
wh ich  0.25 ml  ascorb ic  acid h a d  been  a d d e d ;  t he  r e m a i n -  
ing t r u n k  b lood  (3 ml) was col lected in a hepa r in i zed  
cen t r i fuge  tube .  Card iac  t a p  (CT), each  r a t  was  r a p i d l y  
weighed  and  in j ec t ed  w i t h  sod ium p e n t o b a r b i t a l  
(35 mg/kg,  i.p.). E x a c t l y  10 m i n  fol lowing p e n t o b a r b i t a l  
in jec t ion ,  5.0 to  6.0 ml  of b lood  was w i t h d r a w n  w i t h i n  
1 m i n  f rom t h e  h e a r t  in to  a 10 ml  sa l ine- r insed  syr inge  
(1 inch  21 gauge needle) .  2 ml  of h e a r t  b lood was t h e n  
in jec ted  in to  a cen t r i fuge  t u b e  to  wh ich  0.25 ml  of ascorbic  
acid h a d  been  a d d e d ;  t he  r e m a i n i n g  b lood  was depos i t ed  
in a hepa r in i zed  cen t r i fuge  tube .  J u g u l a r  ve in  t a p  (JV), 
r a t s  were r ap id ly  a n e s t h e t i z e d  w i t h  e ther ,  t he  e x t e r n a l  
j ugu l a r  ve in  exposed  a n d  2 m l  of b lood  col lected in a 
sa l ine- r insed  syr inge  (1 inch  21 gauge needle) fol lowing 
w h i c h  3.5 to  5.0 ml  of b lood was cOllected in a s epa ra t e  
hepa r in i zed  syr inge ;  b o t h  samples  were col lected w i t h i n  
3 ra in  fol lowing t i m e  of cage opening.  I n  all  cases, non-  
hepa r in i zed  b lood was mixed  gen t ly  w i t h  0.25 ml  of 
ascorbic  acid, cen t r i fuged  fol lowing clot  f o r m a t i o n  a n d  
se rum collected for  s e ro ton in  d e t e r m i n a t i o n s .  H epa r i n i zed  
b lood was cen t r i fuged  i m m e d i a t e l y  a n d  p l a s m a  col lected 
for cor t i cos te rone  a n d  inorgan ic  p h o s p h o r u s  d e t e r m i n a -  
t ions .  S a m p l i n g  periods,  wh ich  b e g a n  a t  08.00 or 16.30 h 
of t he  same day,  were a p p r o x i m a t e l y  90 ra in  in  du ra t ion .  

P l a s m a  levels of cor t i cos te rone  and  inorgan ic  phospho-  
rus were d e t e r m i n e d  b y  t he  f luo romet r i c  m e t h o d  of 
GUILLEMIN et  al. 9 and  co lor imet r ic  m e t h o d  of FISKE and  
SUBBAROW 10 respect ively .  The  f luoromet r i c  m e t h o d  of 
WEISSBACH et  al. 11 was used to d e t e r m i n e  se rum levels of 
sero tonin .  T h e  a m o u n t  of hemolys i s  was sub jec t ive ly  
e v a l u a t e d  a n d  cor re la ted  w i t h  t he  m e t h o d  of s amp l ing  
b lood  b y  us ing  an  a r b i t r a r y  scale of 0 = no  hemolysis ,  
+ = s l ight  hemolys is ,  + + = cons iderab le  hemolys i s  
and  + + + = nea r  m a x i m a l  hemolysis .  S t a t i s t i ca l  p robab i -  
l i t ies were der ived  f rom ana lys i s  of va r i ance  or S t u d e n t ' s  
t- test .  

Results. Analys i s  of va r i ance  revea led  a s ign i f ican t  dif- 
ference be tween  t he  cor t i cos te rone  va lues  of t he  3 groups  
d u r i n g  m o r n i n g  b u t  no t  a f t e r n o o n  e x p e r i m e n t s  (Figure 1). 
I n d i v i d u a l  compar i sons  showed  AM cor t i cos te rone  values  
of t he  CT group  to be  h ighe r  ( P < 0 . 0 5 )  t h a n  those  of DC 
or J V  groups ;  DC and  J V  groups  were no t  di f ferent .  AM- 
PM differences  ( P < 0 . 0 1 )  in  p l a s m a  cor t i cos te rone  were 
obse rved  in DC a n d  J V  b u t  no t  CT animals .  

As s u m m a r i z e d  in F igure  2, p l a s m a  inorganic  phospho-  
rus  was h ighes t  in  DC r a t s  a n d  lowest  in  CT an ima l s  a t  
b o t h  t i m e  po in t s ;  c o n c e n t r a t i o n s  in J V  ra t s  were in ter -  
med i a t e  and  d i f fe ren t  ( P <  0.01) f rom CT and  DC bled r a t s  
in  t he  AM b u t  no t  PM. AM-PM differences  in  inorganic  
p h o s p h o r u s  were no t  obse rved  in a n y  of t he  experi-  
m e n t a l  groups.  

As w i t h  t he  cor t i cos te rone  and  inorgan ic  phosphorus ,  
m a r k e d  differences  in  se ro ton in  c o n c e n t r a t i o n  were 
obse rved  (Figure 3). I n d i v i d u a l  compar i sons  ind ica ted  t h a t  
s e ro ton in  va lues  in  J V  ra t s  were h igher  a t  b o t h  t i m e  po in t s  
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