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The Technic of X-Ray Histochemistry Applied to Neurohistology ~ 

In  o rder  to  o b t a i n  a more  comple t e  X - r a y  p i c tu r e  of 
t he  m i c r o c i r c u l a t o r y  p a t t e r n  in  t h e  b r a i n  t h a n  can  be  
o b t a i n e d  b y  i n j ec t i on  technics ,  a series of e x p e r i m e n t s  
was  u n d e r t a k e n  to  t r y  to  s t a in  t he  smal le r  vessels  for 
c o n t a c t  a n d  p r o j e c t i o n  X=ray mic roscopy  2,a. F o r  t h i s  
pu rpose  some of t h e  s t a n d a r d  h i s t o c h e m i c a l  r eac t ions  
deve loped  for  op t i ca l  mic roscopy  were  used, a n d  where  
necessa ry  modif ied ,  to  p roduce  X - r a y  images  of t h e  
vessels or neu rones  alone, or in  c o m b i n a t i o n ,  to  show 
t h e i r  in t e r re l a t ion .  

In  t h e  course of these  e x p e r i m e n t s  o n  d i f fe ren t  b r a i n  
regions  of b o t h  r a t s  a n d  h u m a n s ,  i t  was  noticed" t h a t  
m a j o r  cel lular  a n d  v a s c u l a r  p a t t e r n s ,  groups,  a n d  dis t r i -  
b u t i o n s  f r e q u e n t l y  s tood  ou t  w i t h  more  s t r i k ing  c o n t r a s t  
in  an  X - r a y  m i c r o g r a p h  t h a n  in a c o n v e n t i o n a l  p h o t o -  
mic rog raph .  I n  F igu re  1, a p a r a s a g i t t a l  sect ion of r a t  
b r a i n  s t a i ned  for  neurones ,  t h e  genera l  d i s t r i b u t i o n  of 
neu rones  t h r o u g h o u t  t he  b r a i n  s t em is qu i te  c lear ;  m a j o r  
f ibre  bundles ,  m o s t l y  u n s t a i n e d  a n d  the re fo re  rad io lucen t ,  
a p p e a r  dark :  The  g ranu le  cell l aye r  a n d  t h e  roof nuclei  
of t h e  ce rebe l lum (upper  r ight) ,  2 po r t i ons  of t he  large-  
celled mesencepha l i c  nuc leus  of V (upper  left, a n d  lef t  
of cen t r e  j u s t  be low f ibres  of t h e  super ior  cerebel la r  
peduncle) ,  a n d  t h e  f ibre  b u n d l e  of t h e  genu  of t he  facial  
n e r v e  ( r ight  of centre)  c an  al l  be  ident i f ied,  and  a long 
t h e  b o t t o m  of t h e  p i c tu r e  f rom lef t  to  r i g h t  a p p e a r  t h e  
large nuc lea r  mass  of t h e  pons ,  t he  f ibres  of t h e  cerebro-  
sp ina l  t r ac t ,  t h e  nuc leus  of t he  t r apezo id  b o d y  a n d  t h e  
infer ior  o l iva ry  nucleus .  Two h i g h e r  power  p ic tu res  of 
t he  2 po r t i ons  of t h e  mesencepha l i c  nuc leus  show t h e  
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Fig. 1. Rat hindbrain, paraffin section, approximately 20 ~. Adapta- 
tion of Gomori acid phosphatase technic at pH 5. (a) Contact 
microradiograph, Philips CMR-5 unit. Ilford high resolution emul- 
sion. • 19. 

Fig. 1. (b) Contact microradiograph, Philips 
CMR-5 unit. Spectroscopic emulsion (Kodak 
649-0). • 200. 
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Fig. 1. (c) Projection microradiograph, Coss- 
lett-Nixon XM-30 unit. Ilford high resolution 
emulsion. • 230. 

Fig. ]. Note that the wide spectrum radiation from the tungsten target of the contact unit at 3 kV (b) is more penetrating than the 
monochromatic aluminium radiation at 15 kV used in the projection microscope (e); (c) therefore shows less contrast than (b), but more 
of the delicate tissue detail around the neurones. 

Fig. 2. Hnman hypothalainus, supra-optic area, frozen section, approximately 35 [z. Direct lead incubation at pit  7, after Gomori. (a) Contact 
microradiograph, PhilipsCMR-5 unit, high resolution emulsion. • 50. (b) Microphotograph, same area (Zeiss photomicroseope). 
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degree of detail  t h a t  can be obta ined  wi th  different  X- ray  
and photographic  technics.  F igure  2a is an X- ray  micro- 
graph of a h u m a n  hypo tha l amus  in parasagi t ta l  section 
in which the  supra-opt ic  nucleus appears  on e i ther  side 
of the  dark, uns ta ined  fibre bundle  of the  optic  t ract .  
In  this  p repara t ion  bo th  the  blood vessels and the  nerve  
cells have  been stained. Figure  2c shows the  detai l  at  
high power ;  2b and d are microphotographs  of the  same 
specimen for comparison.  Figure  3a shows some neurones 
and the i r  ( l ightly stained) re la ted capillaries in the  centra l  
pa r t  of h u m a n  hypo tha l amus ;  3b is a mic rophotograph  
of the  same features ;  3c gives a low power  X- ray  survey 
of the  area. 

X-rays  are absorbed by  h e a v y  meta ls  and m a n y  histo:  
chemical  technics original ly developed for l ight  micro- 
scopy result  in meta l  deposits,  or  m a y  be al tered to do so. 
In  the  prepara t ions  shown, nerve  cells and blood vessels 
were bo th  stained by  adap ta t ions  of s tandard  histo- 
chemical  methods  t h a t  demons t ra te  the  sites of ac t iv i ty  
of the  non-specific phosphatase  enzymes.  I n  the  case of 
the  nerve  cells, the  per ikaryon,  'o r  cell body,  contains  
appreciable  amount s  of the  acid phosphatase  enzyme,  
for which Gomori  developed the  classic series of metal l ic  
react ions resul t ing in a final  p roduct  of insoluble lead 
sulfide at  the  enzyme ' s  site 4. By  trial  and error the  
incubat ion  t ime  m a y  be adjus ted  so t h a t  sufficient lead 
sulfide is prec ip i ta ted  to give well-defined X- ray  absorp- 

t ion wi thou t  al lowing diffusion to blur  the  image of the  
cell. In  the  case of the  blood vessels, the  endothel ia l  
cells of the i r  wails conta in  alkaline phosphatase,  and a 
number  of methods  u s i n g  this enzyme ' s  ac t iv i ty  and 
based on Gomori ' s  meta l  technics have  been used to 
outl ine the  vessels wi th  lead 5. Figures 2 and 3 show the  
pic ture  resul t ing f rom 2 of these methods :  Figure  2 is 
a direct  lead incuba t ion  at  p H  7 designed to show bo th  
cells and vessels by  compromis ing  be tween  the  two op t imal  
p H ' s  of the  acid and alkal ine phosphatases  (ptI  5 and 
p H  9), and Figure  3, a sequence of 2 direct  lead incubations,  
one at  p H  5 for cells, followed by  one a t  pI-I 9 for vessels. 
These figures emphasize  the  fact  t h a t  in prepara t ions  of 
this  t ype  the  same piece of tissue can be examined  by  
both,  l ight  and X- ray  microscopy.  

The  above examples  m a y  be main ly  useful as mor-  
phological  demons t ra t ions  ; s imilar  prepara t ions  migh t  f i t  
well into the  radiographic  and microangiographic  studies 
of areas and tissues when it  is desired to ex tend  the  range 
of magni f ica t ion  and detai l  beyond the  normal  l imi t  of 
s tandard  radiography.  The  readi ly  avai lable  commerc ia l  
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Fig. 2. (c) Contact microradiograph, Philips CMR-5 unit, spectroscopic emulsion. • 200. (d) Microphotograph, same area. 
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c o n t a c t  m i c r o r a d i o g r a p h  un i t s  a n d  t h e  specia l ly  con- 
s t ruc t ed  X - r a y  p ro jec t ion  microscopes  be ing  used in some 
research  l abora to r ies  2, ~ now- m a k e  i t  possible  to  o b t a i n  
X - r a y  images  t h r o u g h  a p p r o x i m a t e l y  t he  same  r ange  of 
magn i f i ca t ion  t h a t  is c u r r e n t l y  used b y  t he  l igh t  micro-  

scope. Two p r o p e r t i e s  of X - r a y s  t h a t  l i gh t  does n o t  share  
m a k e  such  X - r a y  images  w o r t h  cons ider ing:  (1) X - r a y s  
can  p e n e t r a t e  t h i ck e r  a n d  more  opaque  spec imens  t h a n  
l igh t  can,  an d  (2) X-rays ,  especial ly  w h e n  of t h e  charac-  
te r i s t ic  m o n o c h r o m a t i c  type ,  are  abso rbed  in a h igh ly  

Fig. 3. Human hypothalamus, frozen section, 
approximately 35 ~x. 2 direct lead incubations, 
1 at pH 5 and 1 at p i t  9, alter Gomori. 
(a) Projection microradiograph, Cosslett- 
Nixon XM-30 uI~it. High resolution emulsion. 
x 200. (b) Microphotograph, same area. 
(e) Projection microradiograph, Cosslett- 
Nixon XM-30 unit. High resolution emul- 
sioll. • 90. 
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specific way that  can yield much qualitative and quan- 
t i tative information about the absorbing element. This 
last property suggests tha t  the field of X-ray histo- 
chemistry, in addition to providing a new means for 
morphological demonstrations of structure and biochemi- 
cal distributions, may make important  contributions to 
qualitative and quanti tat ive chemical analyses at both, 
tissue and cellular levels. Biochemistry must often sacri- 
fice structure to obtain quanti tat ive chemical measure- 
ments; histochcmistry often preserves morphology at the 
expense of quanti tat ive accuracy; perhaps X-rays can  
help to bridge this gap. 

Zusammen/assung. I)emonstrationsvergleich r6ntgen- 
mikroskopisch behandelter Zellen und Blutgef~isse yon 
Ratten sowie yon menschlichem Gehirngewebe mit  opti- 
schen Standardmethoden, wobei Gomoris Bleisulfidtech- 
nik zur Bestimmuiig der Phosphataseenzymaktivit~t an- 
gewandt wurde. Die Brauchbarkcit der histochemischen 
Techllik ftir die R6ntgenologie wird diskutiert. 
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S t e r o i d e  u n d  F i b r o b l a s t e n w a c h s t u m  1 

Widersprtichliche Ergebnisse tiber den Einfluss ver- 
schiedener Kortikosteroide auf das Wachstum von Fibro- 
blasten waren Veranlassung zur 1)urchftihrung der vor- 
liegenden Uiitersuchungsreihe. \Vghrend ein Tell der 
Untersucher tiber die Wachstumshemmung von Fibro- 
blasten unter Kortisoneinwirkung. berichten, fanden 
andere 2-4 eiiie Waehstumsf6rderung. 

Es wurde der permanente MS, usefibroblastenstalnm ~ L ~> 
auf Htihnerembryonalextrakt,  K/ilberserunl und Hank- 
scher Salzl6sung in Vierkalltflaschen geztichtet (%Vechsel 
des Mediums jeden 2. Tag, Teilung der Kultnren jeden 
4. Tag). Durch Vorversuche wurden zwei stark wirksame 
Steroide (Prednisolon 5 und Betametason 6) ermittelt. 
24 h Ilach Teilung der Kulturen Znsatz yon zwai Ver- 
diinnungsreihen: Prednisolon 0,1-1-10-100-1000 y/ml 
und ]3etametason 0,01-0,1-1-10-100 y/ml 18 Stunden 
nach Einwirkung der Steroide Zugabe yon 1 !xe/mlalt- 
Thymidili  und weitere 6 Stundeii sp/iter Arretierung des 
Zellwachstums: Abl6sung dcr Zellen mit  0,06% Trypsin, 
%Vaschung mit IIankscher Salzl6sung, Fixierung mit  Eis- 
essig-Alkohol 1:3, Fgrbung mit Orcein. Die Autoradio- 
graphie erfolgte mit  Kodak AR 10 bet einer Expositions- 
dauer yon 10 Tagen. Von jeder Kul tur  wurdeii 10000 
Zellen differenziert. 

Abbildung 1 gibt dig Ergebiiisse wieder : Es besteht eine 
lineare Beziehung zwischen der Steroidkonzentration im 
Medium und dem Zellwachstum. Auch bet den niedrigsten 
Dosierungen ist eine deutliche Hemmwirkung nach- 
zuweisen. Entsprechend der Steroidkonzentration fanden 
sich bet den behandelten Kulturen weniger markierte 
Zellkerne als bet den unbehandelten Kontrollen. Dieser 
Befund steht im Gegensatz zu den Ergebnissen anderer 
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Prozentuel ler  Ante i l  Inark ier te r  Fibroblas ten.  

Autoren. FARNES et al. 2 fanden eineii Anstieg der Zell- 
proliferation yon fibroblasten~thnlichen :~lakrophagen in 
menschlichen Knochenmarkkulturen bet Prednisolon- 
konzentrationen zwischen 0,5 nnd 50 7/ml Medidm. MA- 
CII"[RA 3, I{ASCHE et al. 4 sahen bet hohen Steroidkonzen- 
trationen eine Wachstutnshemmung, bet niedrigen l)osen 
jedoch eine wachstumsanregende "vVirkung. Andere Auto- 
ren 7 ftihrten diesen Befund auf eine Arretierung der Mi- 
tosen zurtick, da bet niedrigen Steroiddosen der iibrigc 
Zellzyklns noch wenig gest6rt ist. I=FTTRE et al. s konnten 
dagegen keinc Wirkung der Steroide auf die Mitose naeh- 
weisen. 

Als zweitcn I3efund ergab die vorliegende untersuchung 
eine zehnmal stgrkere \Virkung des ]3etametasori:s im 
Vergleich zn Prednisolon, w~hrend andere Ant0ren dif- 
ferente Angaben machen 9. Weitere Untersuchungen tiber 
dig "Wirkung yon Steroiden auf andere Gewebe in vitro 
sind im Gange. 

Summary. To clarify the contradic tory results con- 
cerning the influence of diKerelit corticosteroids on growth 
of fibroblasts, the rate proliferation of L-cells under 
increasing doses of prediiisolone and tS-methazone was 
studied by measuring aiI-thymidine uptake. Growth was 
inhibited in a linear fashion by an increasing concentra- 
tion of steroids. /5-Inethazone had a 1.0 t imes stronger 
effect compared with an equal quant i ty  of prednisolone. 
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