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In 1932, F. K iss recognized in the cerebrospinal ganglia o f m am m als 
certain dark cells which he named m ultipolar cells and dem onstrated w ith  his 
own method o f prolonged osmic acid im pregnation.

These cells can be made conspicuous also w ith toluidine blue (B acsich; 
K iss , Gellert and Bacsicii, 1932) ; silver im pregnation and pyridine (B lair 
and Davies, 1933 ; Blair, Bacsich and Davies, 1935) ; acid fuchsin and light 
green after fixation  in Regaud’s flu id  com bined w ith postchromization (D. P icard 
and Mme Chambost, 1949).

Previously [3,4], we have dem onstrated K iss’ multipolar cells in  the 
spinal ganglia o f fowls and various m ammals by means of ferric haem atoxylin  
(Haidenhain), azocarmine (Azan, F igs. 4, 5), orange G (either haem atoxylin- 
eosin-orange G, or aniline blue orange G) and acid fuchsin (Figs. 1— 3). The 
stains were applied to specimen fixed  in Regaud, Orth, 10 per cent form al
dehyde or Tupa,1 followed by warm  postchrom ization, and also to specim ens 
fixed  in Aoyama and subjected to warm postchromization w ith 1 per cent 
cadmium chloride.

During the course of these investigations we had the opportun ity  of 
convincing ourselves of the clearly m ultipolar character of Kiss’ cells. Character
istic  pictures have been obtained particularly from the spinal ganglia o f  fowls.

There are, however, numerous authors who still recognize exclu sively  
pseudo-unipolar cells in the spinal ganglia. In 1953 E. G. Burghardt reviewed  
the literature on the subject, and investigated  histochemically phosphatase  
activ ity  in the spinal ganglia but failed to detect there multipolar cells. The 
phosphatase reaction was made use o f  also by other authors (Po lum bei, R o sk i^ 
and others) hut neither of them found differences between the cells o f  the spinal 
ganglia.

In the following, we wish to report on our histochemical studies in volv ing  
also reactions for complex lipoids o f  the cells o f the spinal ganglia. The e lectiv ity

1 Cr20 7K 2, 3% ..................  80 ml
Form alin ............................ 20 ,,
N 0 3U ..................................  1 g
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o f  K iss’ multipolar cells to  osm ic acid and azo-dyes (azocarmine and orange G) 
has induced us to em p loy  the above m ethods, as well as the fact that these  
d yes are taken up also b y  specimens which are treated with cadmium and 
chromium salts.

Methods

The material was o b ta in ed  from fowl (turkey, geese, ducks and poultry) and small m am 
m als (guinea pigs, rabb its , c a ts  and  dogs) which were b led to  death  for this purpose.

Serial sections were m ad e  and embedded in  p a ra ffin , w ith the technique described in 
d e ta il in  our preceding s tud ies [3,4].

After removal of th e  p a ra ffin  the specimens were subjected to treatm ent w ith  (i) acid 
haem ateine (Baker), (ii) Sudan  I I I ,  (iii) Sudan Black B , (iv) Sm ith—Dietrich, (v) periodic acid — 
Schiff.

Stains 1, 3 and 5 w ere app lied  also after pyridine ex trac tion  a t +60° C for 24— 48 hours, 
as well as after extraction  b y  m eans of alcohol-ether for 24—48 hours.

Results

(i) With haem ateine the best preparations were obtained on prolonged  
sta in ing  (8— 12 hours) at -(-58° C. Differentiation w as made under microscopical 
control. With acid haem ateine Kiss’ m ultipolar cells were stained electively. 
H aem ateine was in ten siv e ly  absorbed by the nucleus and by the cytoplasm  
o f the pericarion. The reaction  was positive also for the processes of the m ulti
polar cells which in d isp u tab ly  proves their m ultipolar character. The dark 
brown colour of the m ultipolar cells was easily  distinguished from the bluish 
shade of the m yelinated fibres. After intensive differentiation the cells showed 
a granular aspect sim ilar to  Nissl’s corpuscles (F igs. 6, 7, 8, 9).

After cold and w arm  pyridine extraction (-f- 60° C) for 24— 48 hours, 
or after alcohol-ether extraction  for the sam e period, the acid haem ateine  
reaction remained p o sitiv e .

(ii) Sudan III  d id  not differentiate the m ultipolar cells. W arm post- 
chromization for several days did not change th e  aspect of the cells.

(iii) With Sudan B lack  В the m ultipolar cells show a dark blue shade 
more intensive than th a t  o f  the myelinated fib res. B y this method the cells can 
b e easily compared w ith  th e  neighbouring pseudo-unipolar cells which do not 
sta in  with the same technique. The stain is d iffusely absorbed by the cyto 
plasm  of the pericarion (F ig . 10).

Extraction b y  p yrid in e or alcohol-ether, as mentioned under point (i), 
did  not change the Sudan Black staining o f  th e  multipolar cells.

(iv) With K u ltsch itsk y ’s haem atoxylin, m ultipolar cells are dem onstrated  
electively only by prolonged  staining for several days, or by previous supple
m entary chromization o f  the specimens (F ig. 11).

(v) With PAS (McManus-Hotchkiss) m ultipolar cells show a more intense 
shade and they can b e easily distinguished from  the pseudo-unipolar cells.



Fig. I. Spinal ganglion from turkey (1 : 36) f ix. R egaud. Color. Fuchsin green light 
Fig. 2. Sp. gangl. from dog (1 : 141). Fix. Regaud. Color. Fuchsin green light 

Fig. 3. Sp. gangl. from turkey (1 : 144). Fix. A oyama. Color Fuchsin — green light 
Fig. 4. Sp. gangl. from turkey (1 : 144). F ix. Regaud. Color Azan 

Fig. 5. Sp. gangl. from dog (1 : 144). Fix. Formol. Color Azan 
Fig. (). Sp. gangl. from turkey. Fix. Regaud. Color Macm. Baker





Fi". 7. S[>. gangl. from turkey. Fix. R egaud. Color. Haem. Baker 
Fig. ». Sp. gangl. from turkey. Fix. R egaud. Color Haem. Baker 

Fig. <). Sp. gangl. from dog. Fix. R egaud. Color Haem. Baker 
Fig. 10. Sp. gangl. from turkey. Fix. Regaud. Color Sudan black 

Fig. II. Sp. gangl. from dog. Fix. Regaud. Color Haem. Kultschitzkv 
Fig. 12. Sp. gangl. from turkey. Fix. Regaud. Color P. Л. S.
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The in tensity  of the reaction of multipolar cells is sim ilar to that of the connective  
tissue in  the capsule o f the ganglia (Fig. 12). The reaction is positive also after 
extraction with pyridine or alcohol-ether.

In contradiction with dyes 1, 3 and 4, the PAS reaction was p ositive in  
postchromized specimens fixed in H elly’s liquid.

(vi) In our microphotographs the m ultipolar character of K iss’ cells m ay  
be clearly seen, especially in the ganglia o f the fow l (Figs. 1, 6, 8, 10, 12).

Topographically, the cells are scattered all over the ganglia form ing groups 
at the periphery of the ganglia. It seem s that in birds they occupy one pole 
of the spinal ganglion, giv ing the im pression o f a genuine vegetative ganglion.

Discussion

(i) The diffuse stain ing of the m ultipolar cells w ith Sudan Black (F ig. 10) 
indicates the presence o f a lipoidic com ponent in the cytoplasm. Furtherm ore, 
K ultschitzky’s haem atoxylin and, especially acid haem ateine suggest the pre
sence o f phospholipids or galactolipids (Figs. 6— 9, 11).

(ii) Chromium and cadmium salts create stable lipoprotein com plexes. 
These are responsible for the fact that these cells take up specific lipoid reagents 
(Sudan Black, K ultschitzky’s haem atoxylin, acid haem ateine). Azo-dyes (azo
carm ine and orange G, see 1 and 2 in the bibliography) give the same results. 
The presence of a protein component in  the com plex is proved by its tak ing  
up H eidenhain’s ferric haem atoxylin (1 and 2).

The insolubility o f lipoids in pyridine at -)-60° C, and in alcohol-ether, 
is another evidence o f their becoming bound to a protein component under the 
action o f cadmium and chrome.

(iii) The intense PAS reaction o f the m ultipolar cells might be attributed  
to the presence of a hydroxil and an am ino group in the neighbourhood o f the 
double bond in the fa tty  acid ( W a l m a n ’ s hypothesis [17]), while galactoses in 
the galactolipids (L i l l i e  [16]) show that galactolipids m ay produce a PAS reaction.

The first hypothesis does not explain the difference between the m ulti
polar and the pseudo-unipolar cells, since Спи [2] has shown that unsaturated  
fa tty  acids are present in all nerve cells and axis cylinders.

On the other hand, the fact that the PAS reaction of the m ultipolar cells 
is positive both in specim ens (fixed in  R egaud, Aoyam a, etc.) which give the  
lipoid reaction, and in those (fixed in H elly’s fluid) which give a lipoid reaction  
also on postchrom ization is another evidence in favour of the hypothesis that  
Schiff’s reagent acts w ith the aldehyde formed at the levels of galactoses.

Consequently, the PAS reaction appears to  be sufficient evidence o f the 
galactolipid content o f the multipolar cells.
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Conclusion

(i) The m ultipolar cells of the spinal ganglia are electively dem onstrated  
b y  acid haem ateine (Baker), Sudan Black B , K ultschitzky’s haem atoxylin  and 
the periodic acid Sch iff reagent, after fixa tion  in 10 per cent form aldehyde, 
Orth, Regaud, Tupa or Aoyam a, and postchrom ized or postcadm ium ized.

(ii) The reaction o f multipolar cells is positive in specimens treated with  
periodic acid Schiff reagent, also in those fixed  in  Helly’s fluid.

(iii) The h istochem ical basis of the e lectiv ity  of multipolar cells is their 
galactolipid content. The galactolipid form s complexes under the prolonged  
action  o f osmium (K iss), o f  chromium and o f cadmium (Diculescu and coll.).

(iv) Morphological differences, as revealed b y  various prolonged m ethods 
and histochem ical differences prove that K iss’ multipolar cells are constant 
elem ents of the spinal ganglia o f fowls and mammals.

Summary

The existence of m ultipolar cells in the spinal ganglia has been confirmed by histochem ical 
m ethods in  postchromized or postcadmiumized specimens fixed in formaldehyde, O rth , Regaud, 
T upa and Aoyama.

The m ultipolar cells react w ith acid haem ateine, Sudan Black, K ultschitzky’s haem a- 
toxy lin  and the periodic acid Schiff reagent. These reactions are positive also after ex traction  
w ith  pyridine or by alcohol ether.

The different histochem ical character of K iss’ m ultipolar cells is due to th e ir galacto
lip id  content.
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ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ ПОЛИГОНАЛЬНЫХ КЛЕТОК КИШША

И. ДИКУЛЕСКУ, Г. БОРДА и 3. ПАСТЕА

Авторы проводили гистохимические исследования мултиполярных клеток спин
номозговых ганглий. Они фиксировали ганглии в формальдегиде, в смесях Орта, Tvna, 
Рего и Аойама, а затем обрабатывали их солями хрома, или же кадмия (в нагретом сос
тоянии).

Мултиполярные клетки реагируют (окрашиваются) кислым гематеином, судано- 
вым черным В, гематоксилином Кульчицкого и ПАСК. Эти реакции положительны даже 
после экстрагирования теплым пиридином, или же спирто-эфиром. Реакция ПАСК поло
жительна даже в случае веществ, фиксированных в смеси Гелли.

На основании этих наблюдений авторы пришли к тому заключению, что ганглиоз
ные клетки содержат галактолипоиды, которые не извлечимы и которые на действие осмия, 
хрома и кадмия выпадают.

HISTOCHEMISCHE UNTERSUCHUNGEN D ER  KISS-SCHEN POLYGONALEN ZELLEN

I. D IC U L E S C U , G. B O R D A  u n d  Z . P A S T E A

Die m ultipolaren Zellen der Spinalganglien wurden histochemisch untersucht. Die G an
glien wurden in Form aldehyd,in O rth-,Tupa-, R egaud-oder Aoyama-Gemisch fixiert und  danach 
m it Chrom bzw. m it Cadmiumsalzen (warm) behandelt.

Die m ultipolaren Zellen färben sich m it saurem H äm atoxylin, mit Sudan-Schwarz B, 
m it H äm atoxylin  K ultschitzky und m it PAS. Die R eaktionen sind auch nach E x trak tio n  durch 
Ä theralkohol bzw. warmes Pyridin positiv. Die PA S-Reaktion ist auch nach F ixierung  in 
Helly-Gcmisch positiv.

Auf Grund dieser Beobachtungen wurde gefolgert, dass die Ganglienzellen G alakto- 
lipoide en thalten , welche n icht extrah iert werden können und auf W irkung von Osmium, 
Chrom und Cadmium gefärbt werden.

Prof. I. D i c u l e s c u  I
Dr G. B o r d a . Bucuresjti, V. Spl. Independence! №  105,
Dr Z. P a s t e a . Roum ania
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