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SOME O B S E R V A T I O N S  ON a -TRACK A U T O R A D I O G R A P H S  OF 

B I O L O G I C A L  S P E C I M E N S  

by 

H I L D E  L E V I  

Zoophysiological Laboratory, University o~ Copenhagen (Denmark) 

In recent years, our attention has been focussed on the possible harmful effect of 
thorium and its decay products when deposited in the organism. About 20 years ago, 
an opaque substance for use in X-ray visualization "Thorotrast"  was brought on the 
market and has been applied quite extensively. More recently, the question has been 
discussed in the literature whether thorotrast which contains thorium dioxide causes 
radiation damage .4,8,9,10,14 

Since thorium and most of its decay products are alpha emitters it seems promising 
to apply a autoradiography as a means ol studying the distribution of these substances 
in the organism and of estimating the radiation dose to which the tissue is subjected. 

The present work deals with the experience gained in an at tempt at an accurate 
localization and a quantitative determination of thorium and its decay products in 
biological specimens. In a later stage of the work, these investigations aim at a correlation 
between the intensity of intelnal irradiation and the damage caused by this irradiation 
in the tissue. Obviously, such study requires a reliable autoradiographic technique and 
a possibility of unambiguous interpretation of the autographs. 

EXPERIMENTAL 

Mammal ian  tissue containing thor ium and its decay products  and probably  contaminated  with 
r ad ium and its decay products  was studied. We have reason to assume tha t  the material  is ap- 
proaching equi l ibr ium wi th  the meso thor ium presumably  present  from the start.  

The plates found best  suited for the present  purpose are manufac tured  by  the Ea s tma n  Kodak 
Company  in U.S.A. They are nuclear emulsions of the denominat ion NTA which are sensitive to 
particles of high ionization power. The plates, 2 5 or 5 ° microns thick, show a very low background 
of r andom grains or t racks f rom natura l  contaminat ion.  After proper  processing, they are perfectly 
clear and free f rom spots  or surface impurit ies.  These plates  can be stored for several months .  

The t issue containing the radioactive substance had previously been carried througb a rout ine 
histological fixation and paraffin embedding procedure, and sections 5-8 microns thick were cut  on 
a microtome. When  placed on photographic  emulsions the sections are unstained.  In t ima te  contact  
between the emulsion and the t issue is obtained by  applying a technique proposed by EVANS ~ 
and ENDICOTT AND YAGODA 1. The sections are stretched on warm water, then  floated on cold distilled 
water, and finally lifted f rom the water  surface by  means of the photographic  plate to be used. The 
plate carrying the section is dried in air  and subsequent ly  stored for exposure in a light t ight  box 
containing a drying agent  which is considered of impor tance  for the suppression of la tent  image fading 
(cf. also 11 and 1~). 

* Only a few references of this  l i terature are given; for detailed studies of this  problem, the 
reader is referred to the medical journals.  
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Prior to processing of the plates, the sections are deparaffmed in xylol, the plates are carried 
from 99% to 75% alcohol and then soaked in water. They  are developed for 4 or 5 minutes  in Kodak 
D I9 developer, fixed in 3o% hypo, washed and dried. The sections are then stained in the rout ine 
manner  with hematoxyl in  and eosin, and mounted  with ba lsam and a cover slip. Al though the 
emulsion does take up the stain, this  does not  interfer with the microscopic examinat ion of the 
au tograph  under  high power, a t racks are easily and clearly visible in the emulsion when viewed 
th rough  the tissue. 

THEORETICAL 

The decay scheme of thorium leads us to expect tracks of various lengths representing 
different alpha particle energies. However, the NTA plate registers neither beta particles 
nor gamma rays as tracks. The first 4 decay products of thorium are solid and have 
long half lives (for example Th = lO l° years, MsTh = 6.7 years), their a energies are 
of the order of 4-5 MeV. Single a tracks from thorium and these decay products should 
be rather short, the range in emulsion of the longest amounting to about 17 microns. 
On the basis of the half lives it is improbable that  one nucleus undergoes several success- 
ive decays within the period of t ime used for exposure of the plates (days). Therefore, 
stars of a particle t lacks from the first part  of the decay scheme can be expected to be 
rare. 

The fifth step in the decay leads to thoron, a gas, half life 54.5 sec. All later decay 
products are solids of relatively short half lives. 

This fact allows to look for two different and characteristic features of the auto- 
graphs. In the first place, thoron being a gas means that  there is a possibility for diffusion 
away from the point at which thoron is formed. This means that  tracks may  be found 
in locations (underneath or even outside the tissue) some distance away from the 
location of the mother substance. Moreover, since all decay products following thoron 
have relatively short half lives, short also as compared with the exposure time of the 
plates, we can expect to observe a track stars representing the decay products of thoron. 
Also, it seems natural  that  the autograph should reveal a stars in sites which do not 
reveal visible deposites of thorium. The range in emulsion of each particle appearing 
as a track in such a star is determined by the well known energies of the particle. The 
longest track is that  of the a particle from ThC' with an energy of 8.62 MeV corre- 
sponding to a track length of 42 microns in emulsion. 

Finally, it can be assumed that  some of the thoron has a chance during the exposure 
of the plates to diffuse to regions outside the tissue section before decaying. I t  cannot 
surprise us then to find a considerable number of stars in parts of the emulsion which 
are not covered by the tissue section. The number of stars should greatly exceed the 
number of single tracks outside the tissue, and amount to many  times the background. 

FINDINGS 

Examination of the autographs with the tissue superimposed leads to observations 
which can be explained on the basis of the physics of the thorium decay. 

Most of the tissue examined shows regions where smaller or larger crystal-like 
foreign bodies can easily be distinguished. Other regions are tree f lom such particles. 
After a few days'  exposure of the emulsions carrying tissue sections, these "foreign 
bodies" are found to be the place of origin of a great number of a tracks entering the 
emulsion at all angles. The majori ty of these tracks is short and stars are very rare in 
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Fig. 2a 

Fig. 2b 
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Fig. 2c 

Fig. 2. Liver section. (a) tissue in focus; (b) and (c) emulsion in focus. Plate Kodak NTA, exposure 
56 days. Average IO tracks from 15o sq. micron clumps. Typical 4 prong ThX-star (b) and 3 prong 

Th star (c) in centre. 

the  immedia t e  p r o x i m i t y  of the  crys ta l - l ike  foreign bodies.  In  regions of the  t issue 
where foreign bodies  could not  be de tec ted  under  the  microscope (800 ×)  the  number  
of t r acks  and  their  lengths  v a r y  considerably.  In  some cases, single t racks  are numerous  
and  s tars  are  rare.  In o ther  cases, s tars  are found in grea t  number  and  they  domina te  
the  picture .  I t  has not  ye t  been possible to find a definite correla t ion between the 
t r ack  p ic ture  and  the t ype  of t issue examined.  

Moreover,  the  p la tes  show a grea t  number  of t r acks  in regions of the  emulsion 
outs ide the  t issue sections. Bo th  single t racks  and  s ta rs  occur. P la tes  car ry ing  tissue 
which reveals  a grea t  number  of s tars  under  the  t issue d i sp lay  many  s tars  at  some 
dis tance  from the  t issue proper ,  while on o ther  p la tes  single t racks  are dominan t  bo th  
under  the  t issue and  outside.  Most s ta rs  have  e i ther  3 or 4 prongs.  

The  backg round  of t r acks  due to na tu r a l  con tamina t ion  was de te rmined  on p la tes  
which were processed wi thout  hav ing  been in touch wi th  t issue sections. 
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ARTEFACTS 

Before a quanti tat ive or even qualitative interpretation of the present observations 
can be a t tempted it seems necessary to discuss a number of artefacts. 

I. The photographic emulsion proper is the cause of some surprising phenomena. 
The physics of elementary particles requires the path  of an alpha par t ic le- -a lso  in a 
photographic emuls ion- - to  be a straight line, sometimes showing a sharp bend towards 
the end of its range. The tissue autographs, however, depict a considerable number of 
bending tracks of a grain density which makes their classification as a tracks undis- 
putable. U-shaped and C-shaped tracks are frequent. There are several indications of 
this phenomenon being an artefact caused by distortion of the emulsion. Bending tracks 
are most frequent along the borderline of the tissue section and in its holes and inter- 
spaces. The direction of bending tends to be the same for a great number of tracks 
within a small region, while very few single tracks are bent in a crowd of straight ones. 
Occasionally, one branch of a star is curved, and this is, as a rule, a track diving steeply 
into the emulsion and traversing a large part  or even the total depth of the emulsion. 
This is apparently due to distortion. The literature on cosmic ray particle photographs 
contains a detailed discussion of similar phenomena, and several remedies are proposed 
all of which aim at a more careful processing of the plates (0CCHIALINI et al.5,8,7). 

A tissue section in direct contact with the emulsion slows down diffusion of the 
developer and fix. The uptake of water in the gelatin will be different underneath the 
tissue and outside, also the degree of swelling, the rate of washing and drying. The tissue 
and emulsion will probably dry to different water contents. All this can explain the 
formation of distortion in the emulsion, and also the fact that  the phenomenon is most 
pronounced at the borderline between tissue and emulsion, in holes and interspaces. 

2. A phenomenon which makes the quanti tat ive interpretation of the present auto- 
graphs rather ambiguous is the presence-- in  many cases - -o f  a great number of tracks 
in certain regions, preferably along the borderline of the tissue and in holes and inter- 
spaces, especially in the proximity of visible thorium deposits. The primary impression 
is that  some of the radioactive material is leached out of the tissue and carried into 
the paraffin embedding. I t  is typical of these clouds of tracks alongside the tissue that  
they consist exclusively of single tracks and that  the clouds appear as roundish for- 
mations. This points towards residual droplets of the solvent (maybe alcohol during 
fixation of the tissue) included in the paraffin embedding. Leaching phenomena are also 
encountered in the autoradiographic s tudy of tissue containing soluble beta emitters, 
for example, phosphorus or iodine a. 

Obviously, leaching of radioactive material makes the result of track countings in 
given regions very uncertain. The number of tracks may be much too high because 
leached material is re-deposited in a region where it has not been present originally, 
or, the track count is too low because par t  of the material originally present has been 
leached out. For this reason, the present author considers the development of a fixation 
method which avoids this phenomenon a very important task. Experiments are in 
progress using freezing-drying of the tissue. 

E V A L U A T I O N  

More than any of the artefacts discussed so far, a necessary correction of the results 
•e/erences p. 206. 
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for self-absorption complicates the qualitative and especially the quantitative evaluation 
of the autographs. Ii the radioactive substances were evenly distributed in the tissue 
or if they were aggregated to form bodies which are small as compared with the range 
of the a particles emitted, the correction for self-absorption would be accessible to a 
mathematical treatment, provided the thickness of the tissue section and the average 
size of the active bodies are known. In the present case, however, the radioactive material 
is deposited in the tissue in aggregates the sizes of which vary from clumps of i × I 
micron to clumps IOO × ioo microns wide (7 microns thick) (the particle size of the 
injected colloidal suspension is of the order of lO -2 microns). While for small size clumps 
the number of a particles emitted per time unit is proportional to their volume (third 
power of the radius) the radiation reaching the surrounding tissue from large size clumps is 
proportional to r 2 or even to a still smaller power of r. Moreover, the absorption coefficient 
of the tissue is different from that of the aggregates. These factors introduce considerable 
uncertainty both concerning the true number of tracks in a given tissue region and the 
grouping of tracks according to their lengths. The track of a short range a particle may 
appear relatively long if its point of origin is situated near the interphase tissue/emulsion. 
The track of a long range a particle may appear relatively short because the particle 
had to traverse the tissue at such an angle that  most of its path falls inside the tissue, 
or, it originates from the centre of a large clump of thorium deposit and has lost most 
of its energy on entering the emulsion. 

The question remains what information can be obtained from the autoradiographs 
of tissue containing thorotrast. In the first place, it is possible to obtain detailed infor- 
mation as to the site of the radioactive material in the body, and in different tissues. 
Moreover, there is no doubt that an overall counting analysis of the tissue autographs 
is not invalidated by absorption or self-absorption, and an estimate can be obtained of 
the total number of disintegrations per time unit reaching a given volume of tissue. 
This value offers a basis for dosage calculations. From the observations made so far it 
is apparent that  the major quanti ty cf the thorotrast is deposited in large clumps and the 
actual tissue dose therefore becomes much smaller than the dose calculated on the basis 
of the total number of disintegrations from a given quanti ty of thorium injected as 
thorotrast. It  need not be stressed that a correlation of this information with the 
histological findings may open the way for a better understanding of the effect of internal 
a irradiation on tissue and on various types of cells. Moreover, it may be possible, after 
further improvement of the histological as well as the photographic technique, to study 
the distribution of the different decay products of thorium, and other contaminants, 
as compared with the distribution of the mother substance in the organism. Such 
information, in turn, will give some indication as to which means would be worth trying 
in an at tempt  at removing the harmful components from the respective regions of the 
body. 
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POSTSCRIPT 

After the present manuscript was completed, a paper on similar problems appeared 
in abstract in the October 30, 195o, issue of Nuclear Science Abstracts 12. A discussion of 
the results of A. I. WILLIAMS must be postponed until her paper is accessible. 

S U M M A R Y  

The  app l i ca t ion  of a a u t o r a d i o g r a p h y  in  t he  s t u d y  of biological  spec imens  con ta in ing  t h o r i u m  
a n d  i ts  decay  p roduc t s  is descr ibed.  The  e x p e r i m e n t a l  procedure  is out l ined ,  var ious  a r t e fac t s  and  
necessa ry  cor rec t ions  are  d iscussed .  

R ~ S U M ~  

L ' app l i c a t i on  de l'a-autoradiographie ~ l 'T tude de sp@cimens biologiques  c o n t e n a n t  du t h o r i u m  
et  ses p r o d u i t s  de d@gradation es t  d@crite. L a  m@thode exp@rimentale es t  indiqu@e et  d ivers  art@- 
fac t s  et  cor rec t ions  n@cessaires son t  discut@s. 

Z U S A M M E N F A S S U N G  

Die A n w e n d u n g  der  a - A u t o r a d i o g r a p h i e  bei der U n t e r s u c h u n g  biologischer  Proben,  welche 
T h o r i u m  u n d  dessen  Ze r fa l l sp roduk te  en tha l t en ,  wird beschr ieben.  Die Methode  wird kurz  be- 
s p r o c h e n ;  ve r sch iedene  A r t e f a k t e  u n d  no t wend i ge  K o r r e k t i o n e n  werden  ausf i ihr l ich  er6rter t .  
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