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Colloid or colloid-like substance in th e  hyp o th a lam u s-h y p o p h y sis  system  
can  he observed in  five places, i. e. betw een th e  cell groups of th e  ad en o h y p o ­
physis an d  in  th e  lum en o f th e ir  acinar s tru c tu re s  ; in  th e  cav ities o f  th e  pars 
in te rm ed ia  (in certa in  k in d s o f anim als in  w hich th e y  are developed, also  in  the 
cy sts  ; an d  in  rod en ts  in  th e  so-called residual lum en) ; in the  n eu ro h y p o p h y sis  ; 
in  th e  in fund ibu lum  ; an d  in  th e  an terio r p a r t  o f th e  h y p o th a lam u s. I n  th e  
la s t th ree  regions i t  can  be found  m ainly betw een  th e  fibres of th e  supraop tico - 
h y p o p h y sea l t ra c t,  b u t  i t  m ay  be no ted  also betw een  th e  ganglion cells o f the  
su p rao p tic  and p a ra v e n tr icu la r  nuclei or along th e  fib res of th e  t r a c t  connecting  
th e  tw o nuclei.

T he p itu ita ry  colloid h ad  already  been observed  b y  Virchow  (1, 1857), 
h u t  its  origin and  physio logical role are still con tested . There were a u th o rs  who 
a ttr ib u te d  i t  to  eosinophile [2] or basophile cells [3], while o th e rs  [4] were 
o f  th e  opinion th a t  th e  colloid substance m ay  orig inate  from  b o th  k in d s  of 
chrom ophile cells. To decide w hether th e  colloid in th e  p itu ita ry  is o f  only 
one or o f d ifferen t k inds w as f irs t a ttem p ted  b y  K raus  [5 ] who d iffe re n tia ted  
w ith  th e  a id  of his s ta in in g  m ethod  fuchsinophile, fuchsinophobe a n d  ta n n in -  
re s is ta n t colloids. In  his opinion th e  firs t tw o a re  degeneration  p ro d u c ts , while 
th e  la s t one a secretion  p ro d u ced  b y  active cell fu n c tion . A ccording to  C ollin  [6], 
an d  R oussy  an d  M osinger [7 ], th e  cells o f th e  adenohypophysis re lease th e ir  
p ro d u c t n o t only in to  th e  b lood  stream  b u t d irec tly  in to  th e  neu ro h y p o p h y sis  and 
th e re b y  also in to  th e  m id -b ra in . This phenom enon is m orphologically d e m o n s tra b le  
in  th e  form  o f colloid d ro p le ts  (neurocrinie colloidale). The m igra tion  o f  colloid 
can  be  experim en ta lly  enhanced  b y  ex tirp a tio n  o f  th e  upper cervical ganglion 
(R o u ssy  and  M osinger, 8, P opják, 9) or by  ad m in is tra tio n  o f p icro to x in  (  Bach- 
rach, Kovács an d  Varró, 10). Farkas [11] has observed  in hum ans th a t  th e  c y to ­
p lasm  of th e  cells o f th e  a n te rio r  lobe, especially o f  th e  basophile ones, swells, 
d is in teg ra tes  and , in th e  fo rm  o f granules, en te rs  th e  cav ity  of th e  ac in i and 
in to  th e  in terce llu lar spaces, an d  is carried  in to  th e  lum en of th e  cap illa ries .

* Lecture held a t the A nnual Meeting of H ungarian Pathologists and A natom ists in 
Szeged, October, 1951. (A cta Morph. Hung. 2, 71, 1952.)
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H e h a s  fu r th e r  noted  th a t  th e  basophile and ch rom ophobe cells m ig ra te  in to  
th e  neu rohypophysis  an d  in fu n d ib u lu m  w here th e ir  cytoplasm  d issociates 
in to  g ra n u le s , th e  nuclei b eco m in g  nude. Selye [12 ] ad m in iste red  a h y p e rto n ic  
s a lt so lu tio n  in to  th e  ju g u la r  v e in  o f white ra ts  ; 6 h o u rs  a fte r sacrificing  th e  
a n im a ls  h e  observed in  th e  adenohypophysis o f th e  an im als an increase o f th e  
h o lo c rin e  secretion of th e  b a so p h ile  cells, w ith  e x tre m e  d ila ta tio n  of th e  re sid u a l 
lu m e n  w h ich  contained an  a c c u m u la ted  serous or colloid-like substance. W h en  a 
h y p e r to n ic  NaCl solution m ix ed  w ith  try p an  blue w as adm in istered , th e  dye ap ­
p e a re d  in  th e  residual lu m en  w ith in  6 hours. On th e  b asis  o f these exp erim en ta l 
d a ta  Selye  is of the opinion t h a t  th e  colloid in  b o th  th e  an terio r lobe an d  th e  
re s id u a l lum en is the  ho locrine  p ro d u c t of the  basoph ile  cells.

Scharrer's and G a u p p 's  [13 ] ex am in a tio n s published in  1933 
o ffe re d  a  different e x p la n a tio n  for th e  o rig in  o f  th e  colloid. These 
a u th o r s  found  in th e  h y p o th a la m u s  secreting gang lion  cells w hich, in  th e ir  
o p in io n , are  able to  p roduce  colloid substance. R e c e n tly  Bargm ann  [14], using 
G öm örVs [15 ] a lu m -h aem ato x y lin  m ethod, h a s  succeeded in  d iffe ren tia tin g  
s e c re to ry  products along th e  ganglion  cells o f th e  su p rao p tic  and  p a ra v e n tr icu la r  
n u c le i a n d  the fibres o f th e  su p raop tic  p itu ita ry  t r a c t .  I l i id  [16] fo u n d  on 
h y p o p h y sec to m ized  frogs t h a t  th e  in fund ibu lar lobe of th e  an im als killed 
9 to  11 day s after th e  o p e ra tio n  w as filled w ith  a G öm öri positive colloid substance . 
A f te r  d issection  of the  s ta lk , a sim ilar substance cou ld  be found in  th e  cen tra l 
s tu m p . Drager [50] p laced  fib rin  foam  in  th e  sella tu rc ica  of h y p o p h y s­
e c to m ized  snakes. A fte r sacrific ing  the an im als he  was able to  d em o n stra te  
co llo id -d rop le ts  in th e  f ib r in  foam .

T h e  physiological ro le  o f  th e  colloid is eq u a lly  problem atic . Some au th o rs  
co n s id e r th e  substance a  degenera tion  p ro d u c t w hile  o thers regard  i t  as a 
se c re tio n  containing a c tiv e  m aterials. B argm a n n  e t al. [17 ] ho ld  th e  
G ö m ö ri positive colloid to  b e  th e  m orphollogically  tang ib le  carrier-substance  
o f  th e  poste rio r lobe h o rm o n es . In  the ir opinion th e se  horm ones are produced  
b y  th e  nuclei of th e  la rg e  cells o f the  a n te rio r  reg ion  o f th e  h y p o th a lam u s, 
f ro m  w here th ey  are co n v ey ed  through th e  fib re s  o f the  su p rao p tic -p itu ita ry  
t r a c t  in to  th e  neu rohypophysis  where on neura l s tim u li th e  p itu icy tes excre te  th em  
in to  th e  blood stream . I t  is e q u a lly  im aginable t h a t  th e  p roduc t of th e  cells of th e  
a n te r io r  lobe secreted  in to  th e  capillaries is th e  carrier-substance o f  some 
h o rm o n e  or horm ones o f  th e  anterior p i tu i ta ry .  N ow akouski [18] and  
C h irst [ 19] believe t h a t  th e  colloid d ro p le ts  o f th e  su p rao p tic -p itu ita ry  
t r a c t  are  physiological degenera tion  p ro d u c ts  o f  nerve fib res as th e y  have 
succeeded  in d e m o n s tra tin g  axonic fragm en ts in  them . A ccordingly , these 
a u th o rs  do not ascribe a  func tion  to  the  colloid.

O n the  basis o f th e  lite ra ry  d a ta  it  m a y  h e  s ta te d  th a t  th e  origin an d  
fu n c tio n  of the  colloid su b stan ce  of th e  h y p o th a la m o -p itu ita ry  system  form  
a  long  disputed b u t so f a r  undecided question . O ne of th e  reasons fo r th is  is, in
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our opinion, th a t  th e  n a tu re  an d  th e  chem ical com position  o f  th e  colloids 
p resen t in  th e  system  are  s till little  know n. T his is w hy in  th e  p re se n t investiga­
tions we have endeavoured  to  approach  th e  problem  of th e  orig in  an d  possible 
fu n c tio n  o f th e  colloid o f th e  m id b ra in -p itu ita ry  w ith  h istochem ical m ethods. 
The recognition  o f th e  chem ical com position m igh t, by  allow ing to  differentiate 
betw een  th e  colloids o f  d ifferen t p a rts , or b y  revealing  th e  h istochem ical p ro­
perties  o f  th e  g landu la r cells and  o f  th e  hypo thalam ic  gang lion , th ro w  some 
ligh t upon  th e  problem s o f origin an d  function .

Methods

The investigations were carried out on the hypothalam us and hypophysis o f dogs, rats 
and humans. 24 dogs of different sex and k ind ,kep tonam ixeddiet, ranging in w eight from 5 kgm- 
to  lOkgm., treated w ith0,5m g. of picrotoxin per kgm. of body weight or un trea ted , were sacrificed 
by intravenous adm inistration of air. The hypothalam us and the p itu ita ry  g land were removed 
together and after treatm en t w ith different fixatives embedded in paraffine. Frozen sections 
were also made from several coherent parts of the midbrain and the p itu itary  gland. 20 untreated 
white ra ts , ranging in weight from 120 gm. to 150 gm. kept on a mixed diet, were killed by injuring 
the medulla oblongata. The hypothalam us and pitu itary  gland w ere separately  removed, put 
into different fixatives and subsequently embedded in paraffine. Similarly were treated the 
hypothalam us and pitu itary  gland of 15 humans of different age and sex, who had died of 
different diseases. The specimens were removed soon after death . For fix a tio n  the following 
solutions were used. 10 per cent and 12 per cent formaldehyde ; 90 per cent, 96 per cent, and 
absolute ethanole ; Susa’s and Carnoy’s solutions ; 4 per cent basic lead acetate  ; and anhydrous 
acetone. The hypothalam us and pitu itary  glands were examined in serial cuts 4 to  6 p, th ick  
The thickness of frozen sections ranged from 10 p. to 30 p . The hypothalam us was exam ined in 
frontal and sagittal sections, while the p ituitary in horizontal ones.

(i) Gömöri's alum-haematoxylin staining. This method had been introduced by Gömöri [15] 
in 1939 for differentiating the beta cells of Langerhans’ islands. Bargm ann[ 14] found in 1950 
th a t certain ganglia and colloid substances of the m idbrain-pituitary system  m ay be stained 
w ith this method. According to  Noelzel [20]), the intim a of the vessels is also stained. The chemical 
composition of the substance stained is not yet known ; positivity can be estim ated only after 
staining following oxidation. Bargmann’1 s [14] method was used ; the m aterial was fixed in Susa’s 
solution and embedded in paraffine, then the deparaffinated sections were incubated  in Bouin’s 
chrome alum  solution a t 37° C for 24 hours and, after oxidation, w ith KMnO,, in acid medium, 
Gömöri’s alum -haem atoxylin stain  was applied for 10 minutes. After differentiation in hydro­
chloric acid alcohol the sections were counterstained w ith a 0,1 per cent solution of azocarmine.

(ii) Periodic acid-Schiff’s method (Me. Manus 21 and Hotchkiss 22). I ts  essence is that 
chemical substances liable to oxidation into aldehyde w ith periodic acid, yield a red colour 
when treated  with leucofuchsin. The hypothalam us and pituitaries were fixed in Susa’s solution 
or in 10 per cent formaldehyde and embedded in paraffine. The serial cuts m ade were oxidized 
w ith 1 p e rcen t periodic acid for 20 minutes and then placed in  Schiff’s reagen t for 15 to 20 
minutes. The nuclei were stained w ith Mayer’s haematoxyline. For counteistain ing, if necessary, 
phosphotungstic acid-orange G, or a 0,1 per cent aqueous solution of Lightgreen was used. As a 
control, sections with no previous oxidation w ith periodic acid were treated  w ith  Schiff’s reagent 
in the usual way. A positive reaction is given by polysaccharides (glycogen), acid mucopoly­
saccharides, glyco- and mucoproteins (e. g. gonadotropic hormones containing hexoseamine).
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certain  substances of lipoid nature (e. g. lecithine, kerasine, cephalin, phrenosine etc.) and also 
by num erous other materials [23]. I n  order to determine by w hat chemical substances the 
periodic acid-leucofuchsin positivity w as produced, the following histochem ical methods were 
em ployed.

(a) Saliva-amylase test. A lthough glycogen is dissolved in aqueous fixatives, for the 
sake of its  certain  exclusion the sections were exposed to digestion w ith  saliva for one hour 
before ox idation  with periodic acid. A p art from this, Best’s am m oniac carmine reaction too 
was carried  ou t.

(b) Demonstration o f metachromasia. To demonstrate acid mucopolysaccharides, meta- 
chrom atic staining with toluidine blue was employed. Sulphuric acid esters of a large molecule 
s ta r t  polym erization of the thiazine dye (e. g. toluidine blue) bound to  them  and the light ab­
sorbing capacity  of the complex th u s  produced will differ from  its surroundings (Michaelis 
and  Granick  [24]). The toluidine blue possesses three kinds of absorption  picture ; the monomer 
alpha is b lue , the dimer beta violet, w hile the polymer gamma is red. The gamma metachromasia, 
w hich is alcohol resistant, can be a ttr ib u te d  mainly to the presence of sulphate esters (Pearse [23]). 
In  our exam inations Sylven's [25, 26] m ethod was used. After fixa tion  in  4 per cent aquaeous, 
alkaline lead  acetate, complementary fixation  in 10 per cent formaldehyde, and embedding 
in  paraffine , the deparaffinated sections were stained for 10 m inutes w ith  0,2 per cent toluidine 
blue dissolved in 20 per cent ethanol.

(iii) Reactions used for demonstrating nucleoprolein. Two kinds of nucleoprotein can be 
d ifferen tia ted , ribo (pentose) nucleoprotein demonstrable in the cytoplasm  and nucleolus, and 
th e  desoxy (thymo) ribonucleoprotein characteristic of the nucleus. The former shows basophilia 
an d  m etachrom asia [23]. The basophilia is, however, lost after hydrolysis w ith ribonucléase [27, 
28, 2 9 ], or w ith warm n HC1. F o r fixation , Carnoy’s solution was u sed ; the deparaffinated 
sections w ere stained with m ethylgreen-pyronine for 1 hour and, after washing, differentiated 
in  alcohol. To prove tha t the basophilia  observed was due to  ribonucleic acid and not to  some
o ther compound, not Bracket's orig inal method was used b u t hydrolysis w ith n HC1 a t 37° C 

f o r  3 hours, which procedure suspends basophilia produced by ribonucleic acid. Desoxyribo­
nucleic acid was demonstrated w ith  Feulgen's reaction [31 ], th e  essence of which is th a t the acid 
depolym erized with n HC1 hydrolysis gives a red colour w ith Schiff’s reagent [32, 33, 34].

(iv) Differentiation o f lipoid or lipoid complexes, a) S taining w ith  Sudan III. b) When 
the  presence of Pas positive lipoid substances was suspected, extraction  w ith boiling in a m ixture 
of chloroform  and methanol for 8 to  16 hours was performed, according to the recommendation 

o f  Pearse [23 ]. Freshly removed an d  unfixed  specimens were trea ted  in  this way and subsequently 
em bedded in  paraffine. (It is im p o rtan t th a t the material should n o t be exposed to previous 
f ix a tio n  as by tha t procedure th e  lipoid substances are m ade to  form  insoluble complex com­
pounds.) O ther fat solvents (chloroform , concentrated alcohol, acetone) were also employed, 
c) Lorrain— Smith—Dietrich's [35 ] lipoid method was employed in  frozen sections according 
to  th e  •rig inal prescription.

(v) Other methods. K raus’ colloid staining method ; m ucin staining w ith vesuvine (Bis­
m arck  brown) ; argentophilia w ith  Gömöri’s method ; staining w ith Mallory’s triple dye ; 
haem atoxylin- eosine ; and van  Gieson’s stain.

Results

Gömöri s alum haem atoxylin  stain. W ith  th is  m e th o d  th e  colloid substance 
f o u n d  in  th e  neurohypophysis, infundibulum  an d  in  th e  an te rio r hypo thalam us 
is co lou red  bluish-black, w h ile  th e  colloids of th e  adenohypophysis and  m iddle 
lo b e  do  n o t stain . O f th e  a n te r io r  nuclei of th e  h y p o th a la m u s  only th e  cy toplasm
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of th e  ganglion cells o f th e  supraop tic  and  p a ra v e n tr icu la r  nuclei gives a positive 
reac tion . I t  is w o rth  n o tin g  th a t  n o t every  ganglion  cell tak es  on colour an d  th e  
reac tio n  in  th e  positive  ganglion cells is o f d iffe ren t in ten s ity . D ifference can 
he observed also accord ing  to  species, e. g th e  nucle i in  th e  dog are  m ore in tense ly  
s ta in ed  th a n  in  hu m an s o r ra ts . W ith  th is  m e th o d  som e o f th e  fib res o f th e  
sub rao p tico h y p o p h y sea l t r a c t  and  p a r t  o f th e  fib res  connecting  th e  ganglion 
cells o f th e  p a ra v e n tr icu la r  nucleus w ith  th e  su p rao p tic  one can  also be d e ­
m o n s tra te d . F ib res giving a  positive reac tio n  o ften  ap p ear like s trin g s  of pearls 
(P erlschnurfaser, B argm ann  17). The in tim a  o f th e  vessels is also s ta in e d  
an d  so are  th e  basoph ile  cells o f th e  adenohypophysis  if  GömörVs [15 ] 
orig inal m eth o d  is u sed . H ow ever, while th e  positive  reac tio n  o f  th e  basophile  
cells is b ro u g h t ab o u t also w ith o u t previous ox id a tio n , s ta in in g  o f  th e  colloid 
o f th e  n eu ra l p a r ts  is s tr ic tly  dependen t on th e  ox idation . I t  is n o tew o rth y  
th a t  Sávay  an d  C sillik  [36] could d em o n stra te  a positive re a c tio n  b o u n d  
equally  to  o x id a tio n  in  th e  cy toplasm  o f som e o f th e  sp ina l gang lion  cells o f 
ra ts .

P A S  reaction. T he  colloid substance observab le  in  all p a r ts  o f  th e  
h y p o th a lam us-hypophysis  system  yielded a p o sitive  re su lt w ith  M cM anus’ 
an d  H o tchk iss’ periodic leucofuschsin m eth o d . T h e  p o sitiv ity  o f  th e  colloids 
o f th e  n eu ro phypophysis , in fund ibu lum  a n d  o f  th e  an te rio r h y p o th a la m u s  is, 
how ever, less in tensive . T h e  reason  for th e  la t te r  phenom enon  m ay  consist 
in  th e  fa c t th a t  th e  colloid substance o f th e se  sites possesses few er groups 
oxidizable to  aldehyde th a n  th e  colloid o f th e  a n te rio r  or m iddle lobes. The 
m ethod  is m ost su ited  fo r dem onstra ting  b o th  th e  in ta c t  an d  d issociating  
cy top lasm  o f th e  basoph ile  cells m igra ted  in to  th e  po ste rio r lobe. A fte r coun ter- 
s ta in in g  w ith  orange G  i t  can  be n o ted  th a t  th e  p o s itiv ity  in  th e  an te rio r  lobe 
is re s tric ted  to  th e  cy to p lasm  of th e  basophile cells. T he sam e can  be observed  
a fte r s ta in ing  w ith  M allory’s trip le  dye, i. e. t h a t  i t  is alw ays th e  anilinophile 
cells w hich re a c t positiv e ly  to  th e  PAS reac tio n . I n  th e  cy to p lasm  o f eosinophile 
cells no g ran u la tio n  re a c tin g  positively to  period ic  acid  leucofuchsin  could 
be observed  in  an y  o f th e  cases. The chrom ophobe cells also rem ain  nega tive . 
The difference can be  w ell s tud ied  on ra ts . I n  th e  an te rio r  lobe o f  th e  h u m an  
p itu ita ry  g land  i t  can  be  estab lished  th a t  th e  colloid substance  occurring  in  th e  
lum ina  alw ays re a c ts  positive ly , regardless o f  th e  fa c t w h e th e r th e  acin i are 
form ed b y  eosinophile o r basophile cells. S im ilarly  as w ith  G öm öri’s alum - 
h aem ato x y lin  s ta in , th e  in tim a  of th e  vessels gives a positive  PA S reaction , 
ju s t  as th e  cy top lasm  o f th e  ganglion cells o f  th e  su p rao p tic  an d  p a ra v e n tr icu la r  
nuclei. N o t every  ganglion cell gives a positive reac tio n  w ith  th e  PA S m ethod  
and  differences in  in te n s ity  can  also be observed. T h e  p o s itiv ity  o f th e  cy toplasm  
o f th e  ganglion cells is, how ever, o f a m ild degree , in  com parison  w ith  the  
basophile  cells o f th e  adenohypophysis. S im ilarly , th e  fib res o f th e  above 
m en tio n ed  tra c ts  are  on ly  fa in tly  show n b y  th e  PA S reac tion .

4  A c ta  M orphologjca 1 1 1 2 .
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D ifferen tia tion  o f  colloids g iv ing  a positive P A S  reaction. To d e te rm in e  
w h e th e r in  th e  colloids found  a t  d iffe ren t sites i t  is th e  sam e sub tance  or severa l 
su b ta n c e s  d iffering from  each  o th e r  to  w hich th e  p o sitiv ity  is due, th e  follow ing 
m e th o d s  h a v e  been em ployed. P resen ce  o f glycogen has been excluded  b y  th e  
sa liva-am ylase  te s t. A fter an  h o u r ’s digestion  w ith  saliva all th e  glycogen was 
b ro k en  d o w n  and rendered  u n d em o n strab le , w hile th e  po sitiv ity  of th e  colloid 
su b s ta n c e s  persisted . B y th e  a id  o f  B e s t’s am m oniac carm ine reaction  i t  becam e, 
h o w ev er, ev id en t th a t  th e re  is som e glycogen in  th e  colloid o f th e  dog’s m iddle  
lobe. F o r  dem onstra ting  m ucopolysaccharides, metachromatic s ta in ing  
w ith  0 .2  p e r  cen t toluidine b lu e  w as used . On apply ing  th is , th e  colloid su b stan ce  
o f th e  m id d le  lobe show ed an  in ten siv e  d a rk  red  colouring, w hich p ro v ed  to  
he a lcoho l res is tan t. In  c o n tra s t  to  th is  so-called gam m a m etachrom asia  th e  
colloid in  th e  an terior lobe d id  n o t  s ta in  in a convincing m anner ; som etim es a 
v io le t co lo u r appeared to ta l ly  to  d isappear a fte r  a few seconds o f alcoholic 
d iffe re n tia tio n . The Nissl’s g ran u les  o f th e  ganglion cells showed a lesser degree 
o f m e tach ro m asia  which was h a rd ly  estim able . W ith  th e  m ucus-sta in ing  vesuvine  
(B ism arck  brow n) only th e  colloid o f  th e  m iddle lobe could be d em o n stra ted  
b u t  p o s itiv e  granules w ere rev ea led  also in th e  cy top lasm  o f th e  cells o f th e  
dog’s m id d le  lobe.

F u r th e r  d ifferen tia tion  w as rendered  possible b y  dem o n stra tin g  tissue 
basoph ilia  w ith  m ethy lg reen -py ron ine. The colloid o f b o th  th e  a n te rio r  an d  
m id d le  lobes showed a ff in ity  to  pyron ine while th a t  o f th e  h y p o th a lam o - 
n eu ro h y p o p h y sea l p a r ts  d id  n o t  s ta in  w ith  th a t  dye. The N issl’s g ranules o f  
th,e g an g lio n  cells o f th e  m id h ra in  w ere also sta in ed  b y  pyronine. The basoph ilia , 
h o w ev e r, could no t be d e m o n s tra te d  a fte r hydrolysis w ith  n  HC1 w hich  m eans 
t h a t  th e  N issl’s granules c o n ta in  ribonucleic acid. This observation  is in 
acco rd an ce  w ith  R oskin  s [37 ] resu lts . D ifferen tia tion  of th e  positively  
re a c tin g  substances was m ad e  on th e  basis th a t  a f te r  hydrolysis w ith  n  HC1 
a t  37°C fo r 3 hours th e  colloid o f  th e  adenohypophysis, sim ilarly  to  th e  basoph ile  
g ra n u le s  in  th e  cytoplasm  o f basoph ile  cells, lost its  basophilia  while th e  colloid 
o f  th e  m idd le  lobe could b e  s ta in ed  even afte rw ards. C onsequently  i t  is th e  
r ib o n u c leo p ro te in  w hich is re sponsib le  for th e  basophilia  of th e  colloid su b stan ce  
o f  th e  adenohypophysis, w ih le  th e  basophilia  o f th e  colloid in  th e  m idd le  lobe, 
co n sid e rin g  also its  m e ta c h ro m a tic  sta in ing  o f th e  gam m a ty p e , m ay  be ascribed  
to  a c id  m ucopolysaccharides co n ta in in g  su lphates in  e s te r binding. As a positive  
r e s u lt  could  nowhere be o b ta in e d  w ith  Feulgens's reaction, i t  m ay  be  s ta te d  
t h a t  in  no p a rt o f th e  m id b ra in -p itu ita ry  system  does th e  colloid con ta in  
n u c le o p ro te in  contain ing  desoxyribose  charac teris tic  of nuclei. I t  could be 
a s c e r ta in e d  b y  fu rth e r e x am in a tio n s  th a t  th e  G öm öri positive an d  periodic 
ac id -S ch iff positive colloid w hich  does no t show e ith e r basophilia  o r m e ta ­
c h ro m a s ia  and  is to  be found  in  the  neurohypophysis, in fu n d ib u lu m  and  
h y p o th a la m u s , cannot be d e m o n s tra te d  e ith er w ith  Göm öri’s m e th o d  o r b y
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m eans o f th e  PA S reac tio n , or even b y  s ta in in g  w ith  haem atoxy lin -eosine, if  
it  has been exposed to  boiling in a m ix tu re  o f  chloroform  and  m e th a n o l for 
four hou rs. The sam e has been observed also a fte r  tre a tm e n t w ith  cold ch loro­
form , e th e r, acetone, an d  concen tra ted  alcohol. The colloid of none o f  th e  
p a rts  could be sta in ed  w ith  Sudan I I I ,  w hile in  th e  cavities of th e  in te rm e d ia te  
p a r t  o f th e  h u m an  p itu ita ry  g land p h ag o cy tes  overfilled w ith  sudanoph ile  
su bstance  were freq u en tly  observed. Colloid d rop le ts  reac ting  p o sitiv e ly  to  
L orra in -S m ith -D ietrich ’s lipoid m ethod  w ere observed  in  hum an  n eu ro h y p o ­
physis.

Other methods. W ith  K rau s’ colloid m e th o d , th e  colloid su b stan ce  of 
th e  neu ra l p a rts  alw ays proved  fuchsinophile, d isp lay ing  in  th e  a n te r io r  and  
m iddle lobes fuchsinophile, fuchsinophobe a n d  tan n ic  acid re s is ta n t (pale 
reddish-v io let) p roperties. W ith  M allory’s tr ic h ro m  dye th e  colloid su b s ta n c e  
in  th e  m idbra in-neurophyophysis was u su a lly  sta in ed  b lu ish-red , in  th e  
adenohypophysis anilinophile, while in  th e  m idd le  lobe b o th  an ilinoph ile  an d  
orangeophile. W ith  G öm öri’s silver m ethod  no  argen toph ilia  w as observed  in 
any  o f th e  colloids. O n sta in ing  w ith  haem atoxy lin -eosine, th e  n eu ra l p a r ts  
p roved  to  be eosinophile, th e  m iddle lobe y ie ld ed  basophile p a tch es, an d  th e  
an te rio r  lobe again basophilia . W ith  van  G ieson’s dye th e  colloid was ev e ry w h ere  
sta ined  orange.

A ccording to  our exam inations, th e  tissu e  reactions o b ta in ed  w ith  
M allory’s and  K ra u s’s m eth o d  are not v e ry  su itab le  for d ifferen tia tion  o f th e  
colloid substances p resen t in  different areas. K ra u s ’m ethod  has been  severe ly  
criticized also b y  A b r ik o s so ff  [ 38 ]. The co lour developed w ith  th e  m e th ­
ods is often  va riab le  an d  th e  even tual d ifferences, a p a r t from  th e  in te n s iv e  
fuchsinophilia  of th e  m idbra in -neurohypophysis colloid, are o f such  a low  
degree th a t  th e y  do n o t p e rm it to  draw  conclusions.

D iscussion

On th e  basis o f th e  above exam inations i t  m ay  be s ta te d  th a t  in  th e  
hypo tha lam us-hypophysis  system  there  are th re e  h istochem ically  d iffe re n ti­
able k inds o f colloid substances presen t, one in  th e  adenohypophysis, one in  
th e  m iddle lobe and  a th ird  v a rie ty  in  th e  hy p o th a lam o -n eu ro h y p o p h y seal p a r t .  
The colloid o f th e  an te rio r lobe consists of ca rb o h y d ra te  hound  to  p ro te in  an d  
ribonucleopro tein  ; h istochem icaly  th e y  possess th e  sam e p roperties as th e  
cy top lasm  o f th e  basophile  cells. The colloid o f  th e  m iddle lobe is a m ucinelike  
com pound conta in ing  acid m ucopolysaccharides. T he colloid of th e  h y p o th a lam o - 
neurohypophyseal p a r t  m ay  be considered as a g lycolipo-protein.

A ccording to  ou r ow n experience, th e  »U nitarian«  th eo ry  on th e  colloid 
substance  occurring  in  th e  m id b ra in -p itu ita ry  sy s tem  seems to  be in a d e q u a te . 
The colloid substance  found in th e  neu rohypophysis , in fund ibu lum  a n d  th e

4 *
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a n te r io r  h y p o th a lam u s m ay , ow ing to  its  so lu b ility  in  fa t  so lvents, is t iso la ted  
G ö m ö ri p o s itiv ity  an d  also o n  accoun t o f  its  o th e r  reactions, ex p ressly  be 
d if fe re n tia te d  from  th e  p ro d u c ts  o f th e  a n te rio r  an d  m iddle lobes. O n th e  o th e r 
h a n d , th e  iden tica l chem ical n a tu re  o f th e  G öm öri positive substance in  th e  n eu ra l 
p a r t s  sp e a k s  in  favour o f  an  id en tica l origin. T he resu lts  of our e x a m in a tio n s  
m a d e  w ith  th e  aid of fa t  so lv en ts  agree w ith  th o se  o f H ild  [16], w ho e x tra c te d  
th e  G ö m ö ri positive su b stan ce  w ith  acetone an d  su bsequen tly  o b ta in e d  a 
p o s it iv e  reaction  on s ta in in g  th e  e x tra c t accord ing  to  G öm öri’s m e th o d . 
Schieb ler  [39 ] could e x tra c t  a Göm öri positive substance from  th e  
n e u ro h y p o p h y s is  of c a ttle  b y  cen trifug ing  a t  d iffe ren t speeds an d  se p a ra te d  
i t  f ro m  th e  o ther chem ical substances o f  th e  neurohypophysis ; he  also found  
t h a t  th e  G öm öri positive  su b stan ce  d isp layed  a positive succinodehydrogenase 
a c t iv i ty .  O n th e  basis  o f  o u r  ow n ex am in a tio n s an d  th e  above m en tio n ed  
l i t e r a r y  d a ta , th e  » n eu ra l orig in« o f th e  G öm öri positive colloid su b stan ce  of 
th e  m id b ra in -n eu ro h y p o p h y sis  can  h a rd ly  be d isp u ted , consequently  i t  does n o t 
o r ig in a te  from  eith er th e  a n te r io r  or th e  m iddle  lobe. This s ta tem en t is su p p o rted  
b y  se v e ra l au thors [40 ] w ho h ad  observed a colloid substance in  th e  n eu ro h y ­
p o p h y s is  of the  w hale in  sp ite  o f th e  fa c t th a t  in  these  anim als th e  a n te r io r  and  
m id d le  lobes are sep a ra ted  from  th e  n eu ra l lobe b y  a th ic k  sheath . As to  i ts  m ore 
p re c ise  orig in , i t  is m ore lik e ly  t h a t  th e  G öm öri positive substance is th e  p ro d u c t 
o f  t h e  sup raop tic  an d  p a ra v e n tr icu la r  nuclei owing to  th e  fa c t t h a t  o f 
a ll  th e  sites con tain ing  th e  G öm öri positive colloid substance only th ese  n uclear 
g ro u p s  show  the  m orphological signs, such as p lasm a swelling and  d is in teg ra tio n , 
o f  a  secre to ry  function .

A s to  th e  biological ro le  o f th e  G öm öri positive substance, th e  »horm one- 
c a rr ie r«  th eo ry  o f B arg m a n n  e t  al. has n o t been  supp o rted  b y  S á v a y  an d  
C s il l ik ’s above m en tio n ed  observ a tio n  accord ing  to  w hich som e o f th e  cells 
o f  t h e  spinal sy m p a th e tic  ganglia are  also G öm öri positive. As regards 
th i s  p rob lem , no d e fin ite  op in ion  can be form ed m erely  on th e  basis o f 
h is to c h e m ic a l ex am in a tio n s . W e en davour, how ever, to  approach  th e  prob lem  
b y  fu r th e r  functional m orpho log ical an d  biological investigations an d  o b se rv a ­
t io n s  o f  which som e a re  a lread y  in  progress.

T h e  colloid su b s ta n c e  o f th e  a n te rio r  lobe orig inates in  a ll p ro b ab ility  
f ro m  th e  cytoplasm  o f th e  basophile cells as is show n also b y  th e ir  agreeing 
h is to ch em ica l p ro p ertie s . T h e  d is in teg ra ted  partic les of th e  p ro top lasm  
e n te r  in to  th e  lum en o f th e  acin i or in to  th e  in terspaces betw een  th e  cells. This 
m a k e s  i t  possible to  ex p la in  our o b se rv a tio n  th a t  a colloid su b stan ce  w ith  
h is to ch em ica l p roperties e n tire ly  d ifferen t from  th e  eosinophile cy to p lasm  is 
so m e tim es  p resen t am ong  th e  eosinophile celles. As to  th e  ac tive  substances 
c o n ta in e d , the  PAS p o sitiv e  colloid su b stan ce  o f th e  an terio r lobe m a y  contain  
h o rm o n e s  of a g ly copro te in  ch a rac te r such  as gonadotropic or th y reo tro p ic  
h o rm o n es . These horm ones con ta in  in  th e ir  m olecules a no t negligible q u a n tity



HISTOCRKMICAL EXAMINATION OF THE COLLOIDS OF THE HYPOTHALAMUS-HYPOPHYSIS SYSTEM 177

of hexose or hexoseam ine, so th a t  th e y  cqn be  dem o n stra ted  b y  th e  PAS 
reac tio n . This is su p p o rted  b y  th e  ex am in a tio n s  of Catchpole [41 ], and 
K ovács, Bachrach  an d  H orváth  [42], w ho o bserved  th a t  follow ing c a s tra tio n  
th e  PA S positive  substance  of th e  a n te r io r  lobe is accum ula ted . Catchpole  
found  th a t  th e  gonado trop ic  horm one a n d  th e  PA S positive su b s ta n c e  of 
th e  adenohypophysis possess iden tical p ro p e rtie s  as to  so lub ility . S im ila rly , 
P urves  an d  Griesbach [43 ] no ted  an  increase  o f  th e  PAS positive  su b stan ce  
in  th e  an te rio r  lobe a fte r  th y ro id ec to m y . T he colloid su b stan ce  o f  th e  
adenohypophysis m a y  e n te r  in to  th e  cap illa ries, th e  cysts o f  th e  m id d le  
lobe, o r, especially  in  hum ans, also in to  th e  neurohypophysis from  w here  i t  
m ay  be followed as fa r  as th e  tu b e r c inereum . T h e  p ro d u c t invad ing  th e  n eu ra l 
p a r ts  is , how ever, well d ifferentiable b y  h istochem ical m ethods from  th e  G öm öri 
p o sitive  substance  an d  i t  occurred in  n o t m ore  th a n  a sm all p ercen tage  o f  th e  
in v estig a ted  cases an d  only  in  sm all am o u n ts . T he fairly  in freq u en t m ig ra tio n  
o f th e  basophile cells in to  th e  tu b e r c inereum  an d  th e ir  dissociation m ay  acco u n t 
for th e  observations according to  which in  th e  tu b e r  cinereum , beside a  considerab le  
q u a n ti ty  o f ad iu re tin  [44], vasopressor an d  oxitocic horm ones [45], g o n a d o tro ­
pic [46 ], or th y reo tro p ic  horm ones [47 J m a y  som etim es also be d e m o n s tra te d , 
a t  leas t in  traces . W e [48], how ever, could  n ev er d em onstra te  th e  p resence  
o f gonado trop ic  horm ones in  th e  tu b e r  c inereum  o f  rab b its  and  dogs, e i th e r  b y  
m eans o f th e  frog te s t  o r w ith  A schheim -Z ondek’s reaction  carried  o u t  in  
m a te ria l e x tra c te d  w ith  physiological saline. D em o n stra tio n  of th y re o tro p ic  
horm one in  saline e x tra c ts  o f  hum an  m id b ra in  w as perform ed on gu inea  pigs 
also w ith  a nega tive  re su lt.

T h e  colloid substance  of th e  m iddle lobe show s histochem ical p ro p e rtie s  
in  m a n y  respects sim ilar to  th a t  o f th e  a n te r io r  lobe, except th a t  in  th e  la t te r  
m a te ria l a m ucin-like substance  is also p re sen t. As we have succeeded, s im ila rly  
to  Rasm ussen  [49], in  dem onstra ting  a po sitiv e  g ranu la tion  in  th e  c y to p la sm  
o f th e  cells o f th e  p a rs  in term ed ia , i t  m ay  b e  supposed  th a t  th e  colloid o f  th e  
m iddle lobe o rig inates partly  from  the a n te r io r  lobe and  in  ce rta in  k in d s  o f 
an im als p a r tly  as a p ro d u c t of th e  cells o f th e  p a rs  in term edia.

O ur h istochem ical exam inations suggest th a t  in  th e  m id b ra in -p itu ita ry  
s y s te m  th e  m ig ra tion  o f several substances in to  d ifferen t d irections c a n  be 
observed . The colloid substances produced  m ay  e n te r  th e  vessels a n d  fro m  
th e re  th e  b lood  s tream , th e  th ird  v en tric le  an d  also th e  cereb rosp inal 
flu id . T he so-called neurocrin ia , i. e. th e  d ire c t m ig ra tion  o f th e  secre tion  of 
th e  g lan d u la r p a r t  in to  th e  nervous system  c an n o t be  denied b u t  i t  is b y  no 
m eans as sign ifican t as has been supposed b y  several au tho rs, because  th e  
m a jo r p a r t  of th e  colloid o f  th e  an te rio r lobe e n te rs  to  a g rea te r e x te n t in to  
th e  b lood  or th e  m iddle  lobe, and  because, on  th e  o th e r han d , in  th e  n e rv o u s  
system  its e lf  th e re  is also p roduced  a colloidlike su b stan ce  th a t  can be d iffe re n ti­
a te d  from  th e  fo rm er w ith  absolute c e r ta in ty  w ith  th e  aid of h istochem ical
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m e th o d s . T he fact th a t  a m orphologically  dem o n strab le  secretion is p ro d u c e d  
b y  th e  n e rv o u s system  raises new  problem s a n d  fu r th e r  functional e x am in a tio n s  
a re  n e e d e d  in  order to  c lear th e  biological ro le o f  th e  secretion.

Summary

1. The colloid substances of the hypothalam o-pitu itary  system have been exam ined by 
v a rio u s  histoehemical methods.

2. In  the system three colloid substances can be differentiated, one in the adenohypophy­
sis, one in  th e  middle lobe and a th ird  one in the hypothalam o-neurohypophyseal p art. The last 
one is th e  so-called Gömöri positive substance.

3. Histochemically the colloid of the adenohypophysis consists of ribonueleoprotein and 
ca rb o h y d ra te s  ; th a t of the middle lobe is a mucin-like compound containing acid mucosaccha- 
rides ; th e  colloid of the midbrain-neurohypophysis is probably a glyco-lipo-protein.

4. The colloid of the an terio r lobe possesses th e  same histoehemical properties as the 
cy to p la sm  of the basophile cells, so in all probability i t  takes its origin from them . The colloid 
su b s tan ce  of the middle lobe shows the properties o f the colloid of the anterior lobe, 
w h ile , on the other hand in certain  kinds of animals i t  can be considered as the product o f the 
cells o f th e  pars intermedia. The so-called Gömöri positive colloid is produced in  the hypo thala­
m us-neurohypophysis system.
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ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ КОЛЛОИДОВ 
ПОДБУГРОВОЙ— ГИПОФИЗАРНОЙ СИСТЕМЫ

Д . Бахрах, К. Ковач, Ф. Олах, В. Варро 

Р е з ю м е

1. Авторы исследовали разными способами коллоидальные вещества подбугровой- 
гипофизарной системы.

2. В этой системе можно различать 3 коллоидальных вещества : коллоид адено­
гипофиза ; коллоид средней доли гипофиза и подбугоровой-нейрогипофизарный коллоид 
(т. н. »G-положительное вещество«).

3. Гистохимически, коллоид аденогипофиза состоит из рибонуклеопротеидов и 
углеводов, коллоид средней доли является муциноподобной смесью, содержащей кислые 
мукосахариды. Коллоид промежуточного мозга и нейрогипофиза можно считать глико­
липопротеидом.

4. Коллоид передней доли обнаруживает гистохимические свойства плазмы 
базофильных клеток ; поэтому вероятнее всего, что он из этих клеток и происходит. 
Коллоидальное вещество средней доли отчасти обнаруживает свойства коллоида перед­
ней доли, а отчасти у отдельных видов животных, может считаться продуктом клеток 
средней доли. Тае называемый »G-положительный коллоид« выделяется в подбугровой- 
нейрогипофизарной системе.
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F ig .  1. Part o f the neurohypophysis-pars interm edia. Dog. Gömöri’s stain . 320)C.
F ig . 2. Part of the neurohypophysis. Dog. Gömöri’s stain. 320x.

F ig .  3 . Several Gömöri positive colloid droplets in the dog’s infundibulum. Gömöri’s stain. 160x 
F ig .  4 . Pearl-string-like positivity in the fibres of the dog’s supraoptico-hypophyseal tract 

(«Perlschnurfaser», Bargmann.) Gömöri’s stain. 320x.



Fig. 10. Gömöri positive colloid droplets in the hypothalamo-hypophyseal system of dog. 
Drawing made from microscopical picture. Gömöri’s stain



F ig . I I .  Colloid droplets of various staining from the pars intermedia of human hypophysis. 
Drawing made from microscopical picture. Kraus’s staining



F ig . 12. Periodic acid-Schiff positive colloid from the anterior lobe of human hypophysis. 
Drawing. PAS reaction-light green. Mayer’s haematoxylin
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Fig. 5. Infundihulo-hypophyseal part o f the dog. GomSri’s stain. 150x.
F ig . 6. Periodic acid-Schiff positivity in the pars intermedia of the dog. Pas reaction. 160x.

F ig . 7. Periodic acid-Schiff positive colloid in dog’s infundibulum. Pas reaction. 320x.
F ig . 8. Periodic acid-Schiff positive ganglion cells in supraoptic nucleus of dog. PAS reaction. 320x.
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F ig . 9. Neurosecretory phenomena in  the supraoptic nucleus o f dog. Drawing made from micro­
scopes! picture. Gömöri’s stain.


