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A PHOTOMETRICAL METHOD FOR TESTING THE 
PRESENCE OF IRON IN THE CENTRAL NERVOUS

SYSTEM
M ária Wolle m ann

The re la tive ly  h igh iron  co n ten t o f the cen tra l n e rv o u s  system  which can be h isto - 
c hem ic all y d e te rm in ed  was a lready  th e  subject of s tu d y  o f investiga to rs a t the  beg inn ing  of 
th e  tw enties. In  1922 Spatz  (1) p u b lished  a detailed  su rv ey  of th is question. E m ploying  th e  
T urnbull-b lue  and  p russian-b lue reactions h e  ranged th e  d ifferen t brain centres accord ing  
to  the  s tre n g th  of the  iron  re a c tio n . He obtained th e  s tro n g est colour reaction in th e  globus 
pallidus an d  th e  su b s ta n tia  n ig ra .  The red nucleus a n d  th e  d e n ta te  nucleus were ranged  
in to  th e  second group, th e  cerebral cortex and cerebellar c o rte x  in to  the  first half o f th e  th ird  
group, an d  th e  teg m en tu m  p o n tis and  m edulla ob longata  in to  th e  second p a rt o f  th e  sam e 
group. He reg ard s the  sp ina l cord as apertain ing  to  th e  fo u rth  group in which he  d id  n o t 
ob ta in  an y  iron  reac tion  a t  all. T he centres were exam ined  m acroscopically, as well as m icro ­
scopically. Lubarsch (2), M etz  (3), M üller (4), Struwe (5) a n d  o th e rs  exam ined by sim ilar m e th o d s 
the  iron co n te n t o f th e  cen tra l nervous system  in no rm al a n d  pathologic brains.

The grouping  w as a Iso p a rtly  controlled by W uth  (6) by  chem ical q u a lita tive  e x a m in a ­
tions, he estab lished  by th e  N eum an reaction the  iron  c o n te n t  in  100 gr of d ry  su b s tan ce  
This m ethod  y ielded n u m e r ic a l  d a ta . The ratios ap p ro x im ativ e ly  agreed with S p a tz ’s g ro u p ­
ing, how ever, owing to  techn ica l reasons in the  case o f sm alle r c en tres , this estim a tio n  is no t 
appliable. T he sam e defect ad h ers  to  th e  h itherto  used co lo rim etrica l, photom etrical a n d  t i t r i -  
m etrical m e th o d s  y ielding num erical da ta .

The d isad v an tag e  o f th e  histochcm ical procedure is th a t  it only indicates th e  ionized 
iron ; i t  is know n on th e  o th e r han d , th a t a great p a r t  o f  th e  iron  occurs in o rganic bonds. 
The ca ta ly s ts  p laying a role in cell respiration  such as cy tochrom oxydase  and o th e r haein in  
ca ta ly sts  co n ta in  above all such iron. The iron occuring in  th e  form  of an organic b o n d  sp lits 
off during  th e  p o st m ortem  au to ly tic  processes, bu t also in  no small ex ten t owing to  h isto - 
chem ical procedures. T heoretically  i t  m ight be expected  th a t  in th e  areas con ta in ing  m ore 
organic iron , a g rea ter a m o u n t o f  ionized iron can be d e te c te d  by histochem ical p rocedures.

W e desired  to  su p p lem en t by q u a n tita tiv e ly  d eterm inating  m ethods th e  
h istochem ical m ethod  in tro d u ced  by Spatz. T he essen tia l quality  o f our m e th o d  
is th e  p ho tom etrica l m easuring  of th e  in ten sity  o f  th e  T urnbu ll-reaction  em ­
ployed b y  S patz . T herefore, even if th e  iron c o n te n t was also not de te rm in ed  
by purely  q u a lita tiv e  m ethods, nevertheless, th e  pho tom etrica l d a ta  afforded  
a far m ore ex ac t base regard ing  the  q u an tity  o f th e  iron  con ten t of the d iffe ren t 
centres, resp . tissue co n stitu en ts , than  the m eth o d s based  on purely su b jec tiv e  
estim ation  h ad  done.
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Method :

T en  hum an  b ra in s  ta k e n  ou t im m ed ia te ly  after exitus w ere exam ined  
b y  th e  following m eth o d  : 8 brains were fixed in  form alin, 2 in  a lcoho l. The 
fo rm e r were frozen an d  th e  2 la t te r  ones em b ed d ed  in  paraffine, resp . in  celloidine. 
T h e  frozen  slides were 40, th e  em bedded  ones 20 m icron th ick . On th e  sections 
o f  th e  b ra in s, reac tions w ith  p russian -b lue, on th e  rest, reactions w ith  T u rn ­
b u ll-b lu e  were carried  o u t. O f 212 slides 100 w ere subsequen tly  s ta in e d  w ith 
c a rm a lu m  for th e  m icroscopic ex am in a tio n  o f  th e  cells, 96 w ere m easured  
p h o to m e trica lly  w ith o u t being  sta ined  aga in , th e  rem aining ones d id  n o t  receive 
a n y  sep a ra te  tre a tm e n t serv ing  as contro ls fo r th e  photom etrica l m easu rings. 
T h e  m easurings were ca rried  ou t im m ed ia te ly  a fte r the  p re p a ra tio n  o f the  
slides as th e  colour reac tio n  is unstab le .

F o r the m easurings w hich were m ade w ith  th e  collaboration o f  P é te r  Szőr 
P h . D. a hom ogeneous lig h t source of 590 m . m icron  w avelength w as em ployed, 
th e y  w ere perform ed in  a photocell loaded  w ith  argon-rubid ium  in  th e  P hysical 
I n s t i tu te  of th e  U n iv e rs ity  o f Szeged. T h is w avelength  was chosen  because 
th e  lig h t absorb ing  m ax im u m  of prussian  a n d  T urnbull-b lue lies in  th e  red  ; 
h o w ev er, our photocell was n o t suffic ien tly  sensitive to  red  lig h t, th u s  an 
av e ra g e  value h ad  to  be ta k e n , in w hich b o th  factors could be b e s t b ro u g h t 
in to  corre la tion . T he lo g arith m  of th e  d ev ia tio n  tim e of th e  e lec tro m e ter is 
d ire c tly  p roportional to  th e  ligh t ab so rp tio n , i. e. in our case, as we are  no t 
d ea lin g  w ith a so lu tion , b u t w ith  d isp ersed  system , also to  th e  light 
d isp ers io n , and inverselv  p roportional to  th e  th ickness o f th e  slide. Thus

T

d  loge

T  is th e  deviation  tim e  o f th e  m easured  slide, To is the  dev ia tion  t im e  o f the 
c o n tro l, d  th e  th ickness, e th e  n a tu ra l lo g a rith m  and  a th e  ligh t abso rp tion  
in  p e r cen t. The value o f th e  iron can be d e te rm in ed  from  th e  lig h t ab so rp tio n  
in  th e  following m an n er : a solution o f p ru ss ian  and T urnbu ll-b lue , th e  iron 
c o n te n t  o f which has been  determ ined  is m ix ed  in various d ilu tions w ith  d is­
so lv ed  gelatine p la tes d ried  over m ercury  b y  th e  m ethod described b y  Fröhlich 
(7). S m all squares are  c u t ou t o f th e  p la te s , th e ir  thickness is d e te rm in e d  by 
a  n o n iu s  and  th e ir  ligh t abso rp tion  sim ilarly  to  th a t  of the slides. T h e  o b ta ined  
v a lu e s  w ere p lo tted  on a curve from  w hich th e  iron  concen tra tion  o f  th e  slide 
co u ld  be calculated .

H aving  m easured  th e  cen tra l nervous sy stem  a t  9 d ifferen t p o in ts  in a t 
le a s t 10 cases th e  resu lts  show n on th e  follow ing tab le  were o b ta in e d  :
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The pho tom etrically  m easu red  iron  con ten t o f th e  c en tra l nervous system  in m gr p e r cen t
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l .  1 9 10 4.5 4,5 4 4 3,25 ! 2,5 2

2. 10 и 4,5 5 4.25 4,25 3,5 2,75 2,25

3. 12 12 5 5,5 4,5 4,5 4 2,75 2,75

4. 12 12,5 5,5 6 5 5 4 3 2

5. 14 13 6 6 5 5,25 4,5 3,25 3,25

13

6. 15 14,5 6 6 5,5 5.25 4,75 3,25 3,25

14,5

7. 16 15 6.5 6.25 5,5 5,25 5 3,5 3,25

8. 16 16 6,5 6,5 6 5,5 5 3,5 3,25

4'
9. 17 16,5 7 7 6,25 6,25 5,5 3,5 3,5

17

10. 18 18 7,5 7,25 6,5 6,5 5,5 4 3,75

18

Average value 14,5 13.85 5,9 6 5,25 5,2 4,5 3,2 3,05

9  Acta M o r p h o lo g ic a
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F rom  the  ta b le  i t  can  be seen th a t  in  f a c t  the  am ount o f  iro n  co n te n t 
ran g es  as follows : th e  globus pallidus a n d  th e  su bstan tia  n ig ra  co n ta in  th e  
g re a te s t  am ount ; th e y  are  followed by  th e  re d  nucleus and th e  d e n ta te  nucleus 
a n d  th e se  in tu rn  b y  th e  cerebral co rtex , th e  cerebellar cortex , th e  te g m e n tu m  
p o n tis  an d  the  m edulla  o b longata  ; the  g ray  su b s ta n c e  of the spinal co rd  con ta ins 
th e  leas t. The sm aller th e  iron co n ten t o f  th e  b ra in  was, th e  m ore d iffused 
w as th e  reaction  a n d  th e  less was i t  possib le to  d e tec t iron g ranu les. B enea th  
th e  teg m en tu m  o f th e  pons th e  blue colour w as n o t  intense enough to  be d e tec ted  
m icroscopically , i t  cou ld  on ly  be seen on slides w ith  an underly ing  w h ite  base. 
T h e  assum ption  o f  th e  h igh  iron con ten t o f  th e  ex trapy ram idal sy s tem  is also 
su p p o rte d  by  th e  fa c t o f  th e  nonlethal c a rb o n  m onoxyde poisonings a tta c h in g  
specifically  the  e x tra p y ra m id a l system , th e  m ore  so since i t  is know n  th a t  
c a rb o n  m onoxyde form s a  com plex w ith  th e  iro n  o f the re sp ira to ry  fe rm en t 
d isp lac in g  i t  in th is  m an n e r from  the  re sp ira tio n . I t  is strik ing th a t  th e  m ost 
serious d istu rbances a p p e a r above all in  th o se  cen tres which co n ta in  th e  m ost 
re sp ira to ry  ferm ents. In  th e  white su b stan ce  th e  iron reaction  ap p e a rs  only 
su b seq u en tly  to  alcohol fixation  and v e ry  feeb le , th is  m ight be b ro u g h t ab o u t 
b y  th e  alcohol w ash ing  th e  iron from th e  a d ja c e n t gray substance  in to  the  
w h ite  one. The deficiency o f iron reaction  can  be easily explained on th e  base 
o f  H u szá k ' s (8) o b se rv a tio n  according to  w h ich  in  th e  respiration  o f  th e  w hite  
su b s ta n c e  th e  c a ta ly sa to r  contains copper, in s te a d  of iron.

In  th e  10 cases described  above th e re  w ere no pathologic changes, w hilst 
in  one  case th e  b ra in  o f  a p a tien t who h a d  d ied  o f progressive p a ra ly sis  was 
ex am in ed . The d a ta  o f  th is  case varied  from  th e  others inasm uch as i t  was 
also  visible to  th e  n ak e d  eye th a t  the  re a c tio n  in  th e  sub stan tia  n ig ra  o f th e  
one side was w eaker th a n  th a t  of the  o th e r side, r . s. 18 and 1. s. 11 m gr p e r cents 
w h ils t in  all th e  o th e r  cases, m easuring b o th  sides, always id en tica l re su lt, 
h a d  been  ob tained . B esides th is  the  cerebral c o r te x  also exhib ited  an  u n u su a lly  
h ig h  v alue  10 m gr p e r c en t. The form er find ing  is inconsistent w ith  th e  opinion 
t h a t  in  progressive p a ra ly s is  only the  reac tio n  o f  th e  cerebral co rtex  is enhanced .

Sum m arising th e  re su lt o f th e  in v e s tig a tio n  i t  can be s ta te d  th a t  th e  
g ra y  substance o f th e  m edulla  oblongata a n d  o f  th e  spinal cord also con ta in  
d iffu se ly  located iron .

Com paring o u r exam inations to  th o se  o f  S patz  they  show a progress 
in asm u ch  as th e y  enab le  th e  q u a n tita tiv e  d e te rm in a tio n  of th e  re la tiv e  iron 
v a lu es  p ho tom etrica lly . W e succeeded in  m easu rin g  the  in ten sity  o f  th e  iron 
c o n te n t  —  even i f  n o t ex tend ing  in to  ce llu la r conditions — b u t in  re la tiv e ly  
sm all areas of th e  b ra in . T he exam ination  d id  n o t o f course in d ica te  abso lu te  
iro n  values, as th e  iron  reactions described a b o v e  are only su itab le  to  th e  de­
te rm in a tio n  of ionized iron  in anorganic b o n d s , i t  can how ever, be assum ed 
t h a t  from  organic b o n d s post m ortem ly , o r  v ita lly , a larger a m o u n t o f  iron 
can  on ly  split o ff in  p laces where th ere  w as from  the  very first b io logically
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m ore present. F in a lly  it m igh t still be alleged th a t  th e  great iron co n ten t o f  the  
gray substan ce o f  th e  centra l nervous sy stem  is due to  th e rich b lood  su pp ly . 
As we em p loyed  hum an brains for our exp erim en ts it  was n ot p ossib le  to  wash  
them  perfectly  free, b u t referring to  H u szák 's (9) experim ents w e can sta te  
th a t h e, using dogs b led  to  d eath  and brains w ashed  free w ith  sa lt , a lso  found  
m ore cytoch rom oxyd ase and iron in the cortex  and in th e central gray  nuclei 
than  elsew here.

Our m ethod for th e  exam in ation  o f  iron can be used for th e  m easuring  
and eva lu ation  o f  th e  in te n s ity  o f  any kind o f  h istoch em ical colour reaction .

Sum m ary

Spatz  and o thers te s te d  by  B erliner-blau an d  T um b u ll-b lau  the  iron in  th e  g ra y  sub­
stance an d  in th e  nuclei o f  th e  cen tra l nervous system . T hey controlled th e  re su lts  on ly  by 
an  app ro x im ativ e  com parison o f th e  colours w ith th e  n aked  eye. The q u a n tity  o f  th e  iro n  m ay 
be te s te d  by  usual chem ical a n d  photom etrical m ethods app lied  on b ra in  e x tra c ts , b u t  this 
;s  no t th e  w ay on w hich e x ac t localisation  is possible. T he a u th o r com bining th e  tw o m ethods 
proved  th e  iron  p h o tom etrically  in  slides showing th e  iron reac tion , being a know n fa c t th a t  
th e  q u a n tity  o f iron is p ro p o rtio n a l to  light absorp tion . T he average resu lts  w ere as follows : 
1. su b s ta n tia  n igra  14,5 m gr % , 2. globus pallidus 13,8 m gr % , 3. d e n ta te  nucleus 5,9 m gr % , 
4. red  nucleus 6,0 m gr % , 5. cerebral cortex 5,25 m gr % , 6. cerebellar co rtex  5,2 m gr % , 
7. teg m en tu m  pontis 4,5 m gr % , 8. m edulla ob longata 3,2 m gr % , 9. sp inal cord  3,0 m gr % .

T he m ethod can be app lied  generally  in the  m easuring  of the  in ten sity  o f d iffe ren t h isto ­
chem ical colour reactions and  o f th e ir  q u an tita tiv e  de term ination .

Выявление железа в центральной нервной системе посредством фотометрии.

Мария Воллеман

В ы в о д ы
Железо находящиеся в сером веществе и ядрах центральной нервной системы 

было выявлено берлинским и турнбул синим по методу Шпаца и других. Результаты их были 
установлены лишь только приблизительно, путем справнения цветов с пустыми глазами. 
Хотя в обычных мозговых экстрактах посредством химического и фотометрического 
метода количество железа определяется точно, однако точную локализацию его устано­
вить не удается. Автор соединив преимущество обоих методов определил количество 
железа, которое в стоит соотношении с поглощенным светом путем фотометрии на пре­
паратах показывающиеся железную реакцию с постоянной толщиной.

Средние цифры определения следующие :
1. Substantia nigra 14,5 mgr °/0.
2. Globus pallidum 13,8 mgr "
3. Nucleus dentatus 5,9 mgr °/„.
4. Nucleus ruber 6,0 mgr 0 0.
5. Кора мозга 5,25 мгр. °/o
6. Кора можечка 5,2 мгр °/„.
7. Tegmentum pontis 4,5 mgr °/0.
8. Продолговатый мозг 3,2 мгр °/0.
9. Спинной мозг 3,0 мгр %.
Изложенное выше выяавление железа годно для измерения интенсивности коли­

чественного вычисления любой гистохимической цветной реакции.
9
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