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By- means  of the method of double au toradiography descr ibed ,  combined autographs can be 
obtained of two differenL i so topes  in the s a m e  specimen.  

In the cou r s e  of cytological  and h i s tochemica l  invest igat ions it  is often n e c e s s a r y  to obtain two su p e r -  
posed  autographs  f r o m  the same spec imen  containing two dif ferent  rad ioac t ive  isotopes .  Somet imes  it 
would also be an advantage to obtain a single autograph without any manipulat ion of the specimen,  yet  r e -  
taining acces s  to it. 

The known method of double au toradiography is as follows. A photosens i t ive  l a y e r  is applied to the 
spec imen  and a f t e r  appropr i a t e  exposure  and p rocess ing , the  f i r s t  autograph is obtained. This spec imen  
and autograph are  then iso la ted  by a l aye r  of celloidin, the su r face  of which is  again covered  with photo-  
sens i t ive  emuls ion,  and a second autograph is obtained [4]. This method is not without impor tan t  d isadvan-  
tages :  1) The second l a y e r  of emuls ion  is sepa ra ted  f r o m  the spec imen  by a dis tance equal to the th ick-  
ne s s  of the f i r s t  l a y e r  of emuls ion  and the p ro tec t ive  l ayer ,  so that  resolu t ion  of the second autograph is 
cons iderab ly  impa i r ed  [3]; 2) obse rva t ions  cannot be  made s epa ra t e ly  on the spec imen  and second auto- 
graph,  because  the f i r s t  autograph l i es  between them; 3) while the f i r s t  autograph is being obtained the 
spec imen  is in contact  with photographic  p r o c e s s i n g  solutions; because  of the poss ib le  ex t rac t ion  of water -  
soluble compounds,  the scope of use  of the method is l imited;  4) it is  imposs ib le  to stain the spec imen  af te r  
both autographs  have  been  obtained. 

The w r i t e r s  se t  out to develop a method of double autoradiography in o r d e r  to obtain superposed  auto- 
graphs  of two di f ferent  i so topes  contained in the s ame  specimen.  The suggested method allows o b s e r v a -  
t ions to be  made s e p a r a t e l y  on both autographs,  excludes contact  be tween the spec imen  and p roces s ing  
solutions be fo re  the final in format ion  is  obtained, and enables  unfixed spec imens  to be  studied and then 
stained a f t e r  both autographs  have been  obtained. 

This  p r inc ip le  is put into p r ac t i c e  by using both sides of the specimen,  which is i sola ted during 
photochemical  p r o c e s s i n g  of the f i r s t  autograph. The four  s tages  of the method of double autoradiography 
are  i l lus t ra ted  in Fig. 1. 

The f i r s t  s tage (1) is that  of p r e p a r a t i o n  of the t r a n s p a r e n t  w a t e r - i m p e r m e a b l e  f i lm which s e r v e s  
s imul taneous ly  as the backing and p ro tec t ive  l a y e r  for  the specimen.  A solution of n i t roce l lu lose  in amyl  
aceta te  is poured  onto a ca re fu l ly  c leaned g lass  sl ide laid on a hor izonta l  p l a t fo rm and it is allowed to dry 
in a d u s t - f r e e  container .  After  the solvent  has  evaporated,  a n i t roce l lu lose  f i lm is fo rmed  on the slide. 
By vary ing  the concentra t ion  of n i t roce l lu lose  inthe solution and the volume of solution poured onto the 
slide, the th ickness  of  the f i lms  can be regulated.  A th ickness  of 5g was chosen so as to obtain adequate 
resolut ion of the autograph and sa t i s f ac to ry  mechanica l  p r o p e r t i e s  of the f i lm itself.  The slide with the 
f i lm is  then heated for  s e v e r a l  hours  at 80 ~ o r  kept in a vacuum for  s eve ra l  days.  In this way all t r a c e s  of 
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Fig. 1. Orde r  of opera t ions  in p repa ra t ion  of a double 
autograph: 1) g lass  slide; 2) n i t rocel lu lose  solution in 
amyl  acetate;  3) n i t roce l lu lose  fi lm; 4) sect ion of f rozen  
t issue;  5) t r a n s p a r e n t  p las t ic  backing; 6) r emovab le  e m u l -  
sion; 7) l a y e r  of liquid emulsion;  8) cove r  slip. 
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Fig. 2. Scheme of p r epa r ing  (a) and mounting (b) double 
autograph by the second method: 1) outer  ring; 2) p lace  of  
gluing; 3) f i r s t  l a y e r  of photographic  emulsion;  4) inner ring; 
5) middle ring; 6) Lavsan  film; 7) second l aye r  of photo-  
graphic  emulsion;  8) t i s sue  section; 9) slide; 10) cove r  slip; 
11) Canada ba l sam.  

solvent  a r e  removed  f rom the fi lm and the poss ib i l i ty  of development  of  a r te fac t s  during subsequent  contact  
with emuls ion  is  ruled out. A sect ion of f resh ly  f rozen t i s sue  obtained on a c ryos t a t  is  mounted d i rec t ly  on 
the f i lm sur face .  

The method can be used with sec t ions  obtained f rom ma te r i a l  embedded in paraf f in  wax o r  o ther  sub-  
s tances .  

The second s tage (I1) is that  of  p r epa ra t i on  of the f i r s t  autograph. The f i lm is undercut  with a r a z o r  
blade at the edge of the sl ide and is then eas i ly  removed  together  with the sect ion by means  of forceps ,  
The a r e a  of the f i lm backing is g r e a t e r  than the a r e a  of the section.  A litt le n i t roce l lu lose  solution 
in amyl aceta te  is applied around the edges of a p r e p a r e d  f i r m  celluloid or  t r a n s p a r e n t  p las t ic  backing with 
a smooth surface .  The detached f i lm is  mounted with the t i s sue  sect ion facing the backing. Care  mus t  be 
taken that  the solution causing the f i lm to adhere to the backing does not sp read  as f a r  as the section.  
Af te r  the f i lm has been  glued to the backing, the excess  f i lm is cut off. It was ver i f i ed  exper imenta l ly  that  
if the t e m p e r a t u r e  was kept constant  during mounting and subsequent photochemical  p rocess ing ,  the n e c e s -  
sa ry  isola t ion of the sect ion is maintained.  Removable  o r  liquid emuls ion is applied on top of the n i t ro -  
cel lulose film. After  suitable exposure ,  photochemical  p r o c e s s i n g  is  c a r r i e d  out in the usual  way. After  
drying, a c i r cu l a r  incision is made in the f i lm so as to r emove  the specimen.  
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In the third stage (III), f reed  f r o m  the f i r m  backing, the his toautograph is t r a n s f e r r e d  by the emuls ion  
to a g lass  slide which is f i r s t  s m e a r e d  with f r e sh  egg a lbumin to  obtain be t t e r  fixation of the autograph.  

The fourth s tage (IV) is that  of p r e p a r a t i o n  of the second autograph. After  decay of the isotope p r o -  
ducing the f i r s t  autograph,  the l ayer  of photographic  emuls ion  is applied d i rec t ly  to the specimen.  In this 
way the second autograph of the isotope with a longer  half- l i fe  per iod is  obtained. After  appropr ia t e  expo-  
sure  and photochemical  p r o c e s s i n g  the spec imen  is stained through the top l aye r  of photographic  emuls ion ,  
taken to xylol, and then mounted in Canada b a l s a m  and a cover  slip placed over  it. 

A pa ra l l e l  study was made of the mie rod i s t r ibu t ion  of iodine-131 and native iodine-127, introduced into 
a sect ion of unfixed thyroid  gland t i s sue  [2, 5]. To obtain the f i r s t  his toantograph,  the sect ion was i r r a -  
diated in a r e a c t o r  with ep icadmium neutrons,  as a resu l t  of which native iodine-127 was conver ted  into 
i ts  rad ioac t ive  isotope iodine-128 (T1/_2 =25 min). The act ivat ion and exposure  conditions for  p r e p a r i n g  the 
f i r s t  autograph and the quantity of iodine-131 introduced were  chosen so that the contr ibution of fi r a d i a -  
tion of iodine-131 in the f i r s t  autograph was negligible. After  complete  f iss ion of the iodine-128, the 
second autoradiograph was p r e p a r e d  f r o m  iodine-131, which has  a longer  half-life (T1/2 =8.14 days). 

In this expe r imen t  a r e s t r i c t i o n  was imposed  by the s ize  of the backing (not more  than 15 m m  in d ia-  
meter)  on which the spec imen  was i r r ad i a t ed  with ep icadmium neutrons  in the r e a c t o r  channel. When the 
s ize  of the backing was not so r igidly l imited,  another  p rocedure  was used, avoiding the use  of an in t e r -  
media te  backing. This p reven t s  poss ib le  deformat ion  of the backing f i lm together  with the spec imen  at the 
t ime  of mounting. This a l te rnat ive  e n s u r e s  control lable  isolat ion of the spec imen during photochemical  
p r o c e s s i n g  of the f i r s t  autograph. In addition, in this a l ternat ive ,  Lavsan  f i lm of s tandard th ickness  is 
used as backing fi lm, an impor tan t  fea ture  for  the product ion of s e r i a l  autographs.  It is also impor tan t  to 
note that  Lavsan  f i lms,  even when v e r y  thin, p o s s e s s  the n e c e s s a r y  mechanical  quali t ies.  

The double autograph (Fig. 2) is obtained by means  of a casse t te ,  consis t ing of th ree  concentr ic  t r a n s -  
pa ren t  p las t i c  r ings  fitting snugly together .  The in terna l  d i ame te r  of the s m a l l e s t  r ing is  de te rmined  by the 
s ize of the spec imen.  The height of the walls  of the two inner  rings is the same,  while the outer  r ing is 
slightly ta l l e r .  The th ickness  of the r ings is de te rmined  by the i r  s trength.  The Lavsan  fi lm (in this case  
4~ thick), us ing as isolat ing backing f i lm, is p laced on the inner  r ing and p r e s s e d  tightly f r o m  above by the 
middle ring. The pro jec t ing  edges of the f i lm a re  s t re tched  and cut off, and the r ings glued toge ther  at 
the i r  f ree  end with dichloroethane.  The sect ion of unfixed t i s sue  f r o m  a c ryos t a t  (the use  of fixed spec i -  
mens  is  also poss ib le  with this method) is then mounted on the smooth su r face  of the fi lm. The outer  r ing 
of the ca s se t t e  is then p laced  over ,  and this is  glued to the two inner r ings.  

The f i r s t  autograph is obtained on the side of the Lavsan  film, and reagents  for  photochemical  p r o -  
cess ing a re  poured  d i rec t ly  into the "ve s s e l "  fo rmed  by  the f i lm and edges of the casse t te .  The spec imen  
is  then comple te ly  isolated.  The second autograph is obtained d i rec t ly  on the side of the spec imen,  and the 
n e c e s s a r y  p r o c e d u r e s  a re  c a r r i e d  out in such a way that  the cor responding  reagen ts  a re  poured d i rec t ly  
into the ca s se t t e  f r o m  the opposi te  side. 

With this method, h i s tochemica l  reac t ions  can be c a r r i e d  out on the t i s sue  sect ion using the f i r s t  
th ree  s tages .  This modif icat ion has  ce r ta in  advantages  over  known methods [1]. The method of double 
autoradiography envisages  the use  of the mos t  sui table modern  m a t e r i a l s  for  his toautoradiography:  s e c -  
t ions of unfixed t i s sue  can be used  without contact  with water ,  good resolut ion is poss ib le  (because of the 
excel lent  mechanica l  p r o p e r t i e s  of Lavsan  f i lm,  its th ickness  can be reducedcons iderab ly) ,  and insulat ion 
of the spec imen  f r o m  the p r o c e s s i n g  solutions is  guaranteed.  In addition, the method is much s imp le r ,  
m o r e  re l iab le ,  and l e s s  labor ious .  

The sugges ted  method can be used  not only for  recording and cytological  local izat ion of an introduced 
rad ioac t ive  isotope and i ts  s table analogue a f t e r  neutron act ivat ion of the la t t e r ,  but it can also yield su p e r -  
posed autographs  of isotopes  with a Short andlonghal f - l i fe ,  and also of a single rad ioac t ive  isotope in an 
organic  and inorganic  form,  because  a f t e r  the f i r s t  autograph has been obtained, the inorganic  f o r m  can be 
Muted. By using emuls ions  with different  th resholds  of sensi t ivi ty ,  and also by vary ing  the th ickness  of 
the isolat ing backing film, a double autograph of radioact ive  sources  with different  l inea r  energy  l o s se s  can 
be obtained. 
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