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and Department/or Physical Cell Research, Karolinska Institutet, Stockholm (Sweden) 

Microradiography is increasingly becoming a tool of importance for several research fields such 
as biology, medicine, mineralogy and metallurgy. In the field of histochemistry quant i ta t ive  micro- 
radiography has  given new information on composition and function of cells and tissues 1. 

The dry weight (mass) of a histological or cytological s t ructure  in a biological tissue can be 
determined from its capacity to a t tenua te  extremely soft X-rays*. The method is based on measure- 
ment  of the photographic density in a microradiogram of the specimen and a s imultaneously micro- 
radiographed reference system. The microradiogram is registered on a fine grained photographic 
emulsion such as L ippmann  emulsion, Kodak Maximum Resolution Plate or Ea s tma n  Kodak 
Spectroscopic Plates 548 or 649. The resolution of the best of these fine grained emulsions is more 
than  IOOO lines per mm, but  granular i ty  varies from one batch to another.  Quant i ta t ive  micro- 
radiography permits  the determinat ion of the absorption of soft X-rays in cytological s t ructures  
as small as a few microns in diameter.  The theory for the cytological X-ray weighing procedure 
has  been described elsewhere 2. 

In order to calculate the dry weight of a cytological s tructure the microradiogram has to be 
recorded with extremely soft X-rays 1,*. The first equipment  for such weight determination worked 
with 8 A and softer X-rays and the specimen was in the high vacuum of the X-ray tube. The tube 
was evacuated during the exposure. Other types of apparatus  for weight analysis have been de- 
scribeda,4, 5 and they all have in common relatively complicated X-ray tubes tha t  have to be pumped 
continuously.  

Recently, sealed-off miniature X-ray tubes with very thin Be-qcindows have been developed 
a t  Philips X-ray laboratories, Eindhoven.  Earlier technical development  of these tubes  for thera-  
peutic t r ea tmen t  has  been described 6. The purpose of this note is to show how a newly developed 
X-ray tube provides us with very simple equipment  for quant i ta t ive  historadiography. Fig. i shows 
a photograph of one the models of this  small  tube. I t  is provided with a ]3e-window 5 °/~ in thickness 
and has  a o. 3 m m  focal spot. This tube could be energized with max. 3 mA at  5 kV using a simple 
small  high voltage generator. The sample-film holder (camera) is a t tached directly to the tube;  
the  advantage  is t h a t  the sample is outside the high vacuum of the  tube. If necessary the camera 
can be evacuated.  The ou tpu t  of this  part icular  tube is such tha t  the exposure t ime varies with the 
present  technique between 2 and 2o minutes  in the  2o00 to 5ooo volts range. 

The resolution of the microradiographic technique using this sealed-off miniature tube is highly 
satisfactory. Fig. 2 shows an optical enlargement of the microradiogram of a silver grid kindly 
supplied by Dr. V. E. COSSLETT. The width of each bar is 3/x and it is clearly demonstra ted tha t  
s t ructures  even smaller than  o. 5/z are resolved. Of course this resolution is not reached for objects 

Fig. I. Laboratory model of a miniature X-ray tube. A, anode; C, cathode; W, window. 
Fig. 2. Microradiogram of a silver grid. ]Each bar is 3/z thick. 

Fig. 3. Microradiogram of a microtome section of a blood vessel (2500 volts, 5 ° /x  Be-window). 
Fig. 4- Microradiogram of a thin ground section of bone showing the distribution of mineral salts 

(5ooo volts, 2oo/ t  Be-window). 
Fig. 5. Microradiogram of a section of epiphyseal cartilage with beginning calcification (top of the fig.) 

of the cartilage ceils (3000 volts, 5 ° /z  Be-window). 
Fig. 6 and 7. Microradiograms of sections from a rabbit  ear and a pathological kidney. In Fig. 7 

the individual cells of the tubuli  are clearly seen (25oo volts, 5 °/~ Be-window). 
Fig. 8. Microradiogram of a section through a kidney with pathological calcification (4000 volts, 

2oo/~ Be-window). 
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wi th  less cont ras t ,  such  as biological specimens.  The  microrad iogram (25oo volt) of a 5 # th ick  sect ion 
of a blood vessel  wall  is shown  in Fig. 3- I t  is clear t h a t  the  con t r a s t  is good, and  so is the  resolut ion.  
Figs. 5, 6 and  7 show mic ro rad iograms  of mic ro tome sect ions f rom rabbi t  ep iphysea l  cart i lage,  r abb i t  
ear  and  pathological  k idney  respect ively.  Fig. 4 t aken  wi th  a similar  tube  wi th  2oo/~ Be-window 
a t  5 kV i l lus t ra tes  t h a t  t he  t ube  also can  be used to s t u d y  the  d i s t r ibu t ion  of ca lc ium sal ts  in a 
g r o u n d  sect ion of bone  t issue.  A n o t h e r  examp l e  of th i s  type  of appl ica t ion  is Fig. 8 which  shows 
calcif icat ions in a k idney  (5/~ th ick  section).  

I t  was original ly sugges ted  t h a t  a smal l  reference s y s t e m  should  be r ad iog raphed  s i m u l t a n e o u s l y  
wi th  the  sample  s when  q u a n t i t a t i v e  m e a s u r e m e n t s  have  to be pe r fo rmed  in the  mic ro rad iogram.  
This  procedure  requires  a re la t ive ly  large l~onlogeneous field of X-rays .  The  reference s y s t e m  can 
be made  of t h in  nitrocellulose foils. B y  compar ing  the  dens i ty  of a biological s t ruc tu re  wi th  t h a t  
of the  s teps  in the  reference s y s t e m  the  weight  of the  s t ruc tu re  can  be compu ted  2. There  are cer ta in  
difficulties in p repar ing  a good reference s y s t e m  and  also in de te rmin ing  the  mass  of each stepa, ~. 
Several  m e t h o d s  have  been p roposed  b o t h  for the  p repa ra t i on  of the  reference s y s t e m  and  the  
m e a s u r e m e n t  of the  mass  of each step2,3, 7. The  s imple  cons t ruc t ion  of the  scaled off t u b e  as compared  
wi th  t h a t  of con t i nuous ly  p u m p e d  t ubes  enables  us, however ,  to e l imina te  the  necess i ty  of a reference 
sy s t em.  I n s t e a d  of expos ing  on ly  one spec imen  on each film, more,  e.g. six, dif ferent  samples  can  
easi ly be regis tered  on the  s ame  film. E a c h  sample ,  however ,  is exposed  differently,  i.e. t he  t ime  
is var ied  wi th  c o n s t a n t  X- r ay  i n t ens i t y  caus ing  different  densi t ies .  The  dens i ty  of the  X- r ay  image  
of the  s t r uc tu r e  to be inves t iga ted  and  t he  dens i ty  cor respond ing  to t he  inc iden t  X - r a y  i n t ens i t y  
are m e a s u r e d  in each of the  mic ro rad iograms .  As all s amples  are regis tered on the  s ame  film it is 
possible  f rom the  m e a s u r e m e n t  of t he  densi t ies  caused  by  the  inc ident  b e a m  to c o n s t r u c t  the  dens i ty -  
exposure  cu rve  for each ind iv idua l  pho tog raph ic  film, and  no s t a n d a r d  process ing  is necessa ry .  
F r o m  th i s  dens i ty  curve  the  X - r a y  t r an smi s s i on  of a n y  cytological  s t r u c t u r e  in a n y  of the  six different  
s amples  can be de te rmined .  In  order  to conve r t  X - r a y  t r an smi s s ion  into weight  per  un i t  area,  the  
n i t rogen  m a s s  absorp t ion  coefficient for the  rad ia t ion  m u s t  be known,  and  th is  coefficient is deter-  
mined  for each vol tage  used by  m e a s u r i n g  the  absorp t ion  of the  X- rays  in a cer ta in  d i s tance  of air. 

Summar i z ing ,  the  new t ube  descr ibed in th i s  c o m m u n i c a t i o n  m a k e s  q u a n t i t a t i v e  mieroradio-  
g r a p h y  simple.  The  ma in  a d v a n t a g e s  over  old e q u i p m e n t  for h i s t o r ad iog raphy  are : I. No con t i nuous  
p u m p i n g ;  2. Small  and  c o m p a c t  cons t ruc t ion ;  3. Simple h igh  vol tage  genera to r  of smal l  size; 4. No 
special  reference s y s t e m  requi red  if the  procedure  ind ica ted  above is followed; 5. H igh  image  reso- 
lu t ion  due to ve ry  smal l  focal spot .  

The  tube  is now being fur ther  tes ted  for h is toradiographic  work and  mos t  p robab ly  several  
modif icat ions of the  e q u i p m e n t  and  technica l  procedure  will be in t roduced.  The  goal is to get  an  
e q u i p m e n t  as easy  to use as an  o rd inary  l ight  microscope.  
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GUANOSINE TR IP HOSPHATE,  
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T H E  B R E A K D O W N  OF SUCCINYL COENZYME A* 
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The enzyme  s y s t e m  t h a t  ca ta lyzes  the  phosphory la t ion  of A D P * *  coupled to t he  b reakdown  
of succinyl  CoA consis ts  of a t  least  two enzymes  I and  an  addi t ional  coenzyme 2. The  l a t t e r  ha s  been 

* Suppor ted  by  g r an t s  f rom the  Amer ican  Hea r t  Associat ion and  the  Nat iona l  Hea r t  Ins t i tu te ,  
N . I .H .  

* * T h e  following abbrev ia t ions  will be used:  adenosine  di-, and  t r iphospha tes ,  A D P  and  A T P ;  


